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Background: The rate and volume of lumbar spinal fusion (LSF) surgery performed for patients aged 75 years and older increased in recent years. The purposes of our study were to identify factors associated with postoperative dissatisfaction and evaluate the predictive value of comprehensive geriatric assessment (CGA) for dissatisfaction at 2 years after elective short-segment (one- or two- level) LSF in patients aged 75 and older.



Methods: This was a retrospective study using a prospectively collected database of consecutive patients (aged 75 and older) who underwent elective short-segment transforaminal lumbar interbody fusion surgery for degenerative diseases from June 2018 to May 2020. Preoperative CGA consisting six domains was performed for each patient 1 day before the operative day. Univariate and multivariate analyses were performed to identify factors that predict for dissatisfaction with surgical treatment. The primary outcome was patient satisfaction with LSF surgery, as measured by the North American Spine Society (NASS) satisfaction scale. Secondary outcomes included postoperative complications, the length of stay, visual analog scale (VAS), and Oswestry Disability Index.



Results: A total of 211 patients were available for a follow-up at 2 years and included in our final study cohort with a mean age of 80.0 years. A total of 175 patients (82.9%) were included in the satisfied group, and 36 patients (17.1%) were included in the not dissatisfied group. In the dissatisfied group, there was a higher incidence of postoperative complications (30.6% vs. 14.3%, p = 0.024) and greater VAS scores for lower back (4.3 ± 1.9 vs. 1.3 ± 1.4, p = 0.001) and leg (3.9 ± 2.1 vs. 0.9 ± 1.3, p = 0.001). Multivariate regression analysis revealed that patients with greater CCI score [odd ratio (OR) 2.56, 95% CI, 1.12–5.76; p = 0.030 for CCI 1 or 2 and OR 6.20, 95% CI, 1.20–28.69; p = 0.024], and depression (OR 3.34, 95% CI, 1.26–9.20; p = 0.016) were more likely to be dissatisfied compared with patients with the CCI score of 0 and without depression.



Conclusions: Satisfaction after LSF in older patients (aged 75 and older) was similar to that of previously reported younger patients. Preoperative depression and higher CCI scores were independent risk factors for postoperative dissatisfaction two years after LSF surgery. These results help inform decision-making when considering LSF surgery for patients aged 75 and older.
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Introduction

With the rapid population aging, the incidence of lumbar degenerative disease is increasing, severely deteriorating the patient's quality of life (QoL), and increasing socioeconomic burdens (1). Lumbar spinal fusion (LSF) surgery is the standard treatment for lumbar degenerative disease. With the improvement of surgical techniques, the rate and volume of LSF surgery increased in recent years. Martin et al. (2) reviewed the National Inpatient Sample database and found that aggregate hospital costs increased by 177%, and the volume of elective lumbar fusion increased 62.3% from 2004 to 2015 in the United States, especially for elderly patients. A recent study using Finnish nationwide data showed that the increase in lumbar spinal fusions was highest among women over 75 years, with a 4-fold increase (3). Previous studies found that age did not impact on patient-reported outcomes (4–6). However, patients aged 75 and older may be more likely to refuse surgery than younger patients due to fear of high rates of morbidity and mortality. With the increase of age, the physiological function reserves of elderly patients decrease, especially changes in cardiopulmonary function and the nervous system (7). These may lead to reduced ability of older patients to tolerate surgical stress. Comprehensive assessments are needed to select patients who are more likely to benefit from surgical treatment when designing the treatment plans for high-risk patients.

Patient-reported outcome (PRO) measures of pain, disability, and health-related QoL are commonly used to evaluate the effect of LSF. Sivaganesan et al. (8) reported that 23% of patients with clinically relevant pain improvement nevertheless remained dissatisfied with surgery. Patient satisfaction is essential to evaluate the quality and effectiveness of medical care. Reimbursement of healthcare systems is linked to patient-reported satisfaction in many countries. Improving postoperative satisfaction is necessary for the current healthcare environment. Patient characteristics such as smoking status, psychological distress, low level of education, unemployment status and symptoms duration were associated with postoperative dissatisfaction in previous studies (9–13). The comprehensive geriatric assessment (CGA) is an effective tool for assessing a patient's functional age. The CGA evaluates an elderly patient's medical, psychosocial, functional, and environmental resources and links them with an overall plan of treatment and follow-up. Preoperative assessment can identify patients with physiologic dysfunction, including frailty, disability, depression, and malnutrition associated with poor clinical outcomes (14). The value of CGA in predicting long-term QoL and satisfaction has been demonstrated in previous studies on cancer surgery and hip fracture surgery (15–17); however, few studies on spine surgery included CGA in their analyses (18). Identifying the factors influencing older patient satisfaction after LSF surgery is critical to improve shared clinical decision-making. Thus, this study aimed to determine the level of satisfaction and identify factors associated with postoperative dissatisfaction 2 years after elective short-segment (one- or two- level) LSF in patients aged 75 and older.



Materials and methods

This was a retrospective study using a prospectively collected database. The ethical review committee of our hospital approved the study. Lumbar spine surgery is recommended for patients who have failed conservative treatment with medications or exercise for more than half a year, and the same experienced surgical team performed all surgeries. A midline incision was made for patients under general anesthesia. The nerve roots were decompressed by hemilaminectomy or laminectomy according to the preoperative lumbar symptoms, radicular symptoms and MRI. The vertebral pedicle screws of surgical segments were implanted under direct vision. To improve the fusion rates and restore the height of intervertebral height, cages filled with bone grafts were placed in the intervertebral space. We included consecutive patients (aged 75 and older) who underwent elective short-segment transforaminal lumbar interbody fusion surgery for degenerative diseases from June 2018 to May 2020. Patients undergoing surgery for lumbar trauma, tumors, infections were excluded.


Data collection

As published previously, we collected patients' demographic variables [age, sex, weight, body mass index (BMI), comorbidities, smoking status, and surgical history], American Society of Anesthesiologists (ASA), laboratory examination data (level of albumin, prealbumin and hemoglobin), primary diagnosis and baseline PRO scores [visual analogue scale (VAS), Oswestry Disability Index (ODI)], and surgery-related variables (operative time, number of fused levels, and estimated blood loss).

We conducted preoperative CGA for each patient 1day before the operative day. Our CGA consisted of six domains [Zung Depression Rating Scale (ZDRS), Activities of Daily Living (ADL), Instrumental Activities of Daily Life (IADL), Mini-Mental Status Examination (MMSE), Mini Nutritional Assessment (MNA), and Charlson Comorbidity Index (CCI)]. The severity of comorbidities was evaluated using CCI (19) and ASA grades. Functional status and dependency were evaluated using ADL (20) and IADL (21) scales. Cognitive function and psychological disorders were evaluated using the MMSE (22) and ZDRS (23, 24), respectively. The six domains of our CGA with their corresponding cutoff values are summarized in Table 1.


TABLE 1 Cutoff values for the six domains of our comprehensive geriatric assessment.
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Outcome measures

The primary outcome was patient satisfaction with LSF surgery at a 2-year follow-up, measured by the North American Spine Society (NASS) satisfaction scale. Answer choices of the satisfaction scale were as follows: (1) The treatment met my expectations; (2) I did not improve as much as I had hoped, but I would undergo the same treatment for the same outcome; (3) I did not improve as much as I had hoped, and I would not undergo the same treatment for the same outcome; and (4) I am the same or worse than before treatment. Patients who chose (1) and (2) were considered satisfied with surgical care and outcomes, and patients with the other answer choices were classified as dissatisfied and regretting the choice of surgical treatment (12). Secondary outcomes included VAS scores of lower back and leg pain, ODI, the incidence of complications, and the length of hospital stay.



Statistical analysis

Continuous variables were expressed as mean ± standard deviation and analyzed using the 2-tailed Student's t-test or Mann-Whitney U test depending on the variable type. Categorical variables were expressed as frequencies with percentages and analyzed using Fisher's exact or chi-square tests. All variables with a p-value <0.1 detected in univariate analyses were entered into multivariate logistic analyses for dissatisfaction. All statistical analyses were performed using SPSS Statistics 25 (SPSS, version 22.0, Inc., Chicago, IL, USA). Statistical significance was set at p < 0.05.




Results

A total of 218 consecutive patients (75 years or older) underwent short-segment LSF surgery for lumbar degenerative diseases from June 2018 to May 2020. All patients received preoperative assessments by a multidisciplinary team including experienced surgeons, internists, and anesthesiologists. Of the included 218 patients, three patients died of other diseases after the patient had been discharged home and four patients were lost to follow-up. A total of 211 patients were available for a follow-up at 2 years and included in our final study cohort with a mean age of 80.0. (Figure 1). Among these, 121 (57.3%) patients had a NASS satisfaction score of 1 at 2-year follow-up, 54 (25.6%) patients had a score of 2, 22 (10.4%) patients had a score of 3, and 14 (6.6%) patients had a score of 4 (Figure 2). A total of 175 patients (82.9%) were satisfied after 2 years of LSF surgery and included in the satisfied group, and 36 (17.1%) were dissatisfied and included in the not dissatisfied group. There were no significant differences between groups in baseline demographic characteristics, primary diagnosis, comorbidities, or laboratory data (Table 2). Compared to satisfied patients, dissatisfied patients showed a higher incidence of depression (25.0% vs. 9.1%, p = 0.002) and a higher rate of greater CCI scores (p = 0.017). There were no significant differences in ASA level (p = 0.383), ADL (p = 0.631), IADL (p = 0.682), MNA (p = 0.910), MMSE (p = 0.132), or procedure-related variables (Table 3). Table 4 presents the study population's postoperative clinical outcomes and VAS scores. In the dissatisfied group, there was a higher incidence of postoperative complications (30.6% vs. 14.3%, p = 0.024), greater ODI (44.0 ± 26.3 vs. 20.3 ± 17.2, p = 0.001) and VAS scores for lower back (4.3 ± 1.9 vs. 1.3 ± 1.4, p = 0.001) and leg (3.9 ± 2.1 vs. 0.9 ± 1.3, p = 0.001). There were no differences between the two groups in postoperative deep vein thrombosis, surgical site infection, and urinary retention.


[image: Figure 1]
FIGURE 1
Flow chart of study participants.
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FIGURE 2
North American Spine Surgery Satisfaction measure.



TABLE 2 Baseline characteristics and laboratory data of patients in the two groups.
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TABLE 3 CGA scores and procedure-related variables of patients in the two groups.
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TABLE 4 Postoperative outcomes of patients in both groups.
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Five factors (CCI score, depression, preoperative serum albumin, complications) with a p-value <0.1 in univariate analyses were included in multivariate logistic analyses. Multivariate regression analysis revealed that patients with greater CCI score [odds ratio, (OR) 2.56, 95% CI, 1.12–5.76; p = 0.030 for CCI 1 or 2 and OR 6.20, 95% CI, 1.20–28.69; p = 0.024], and depression (OR 3.34, 95% CI, 1.26–9.20; p = 0.016) were more likely to be dissatisfied with surgical treatment compared with patients with the CCI score of 0 (Table 5). Increasing CCI score was significantly associated with a higher rate of dissatisfaction (Figure 3). However, preoperative serum albumin and postoperative complications were not significantly associated with dissatisfaction.


[image: Figure 3]
FIGURE 3
Association between CCI and dissatisfaction rate.



TABLE 5 Multivariate logistic analysis for risk factors associated with dissatisfaction.
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Discussion

Patients of advanced age had a higher incidence of postoperative complications, readmission, and hospital costs after spinal surgery due to the presence of frailty and comorbidities (25–27); these findings suggest that comprehensive assessment is needed to select patients more likely to benefit from surgical treatment. Preoperative patient expectations, postoperative pain control levels, functional recovery, and cost of hospitalization are influenced by satisfaction. The NASS scale is a commonly used evaluation tool for patient-reported outcomes considering patient expectations and postoperative outcomes actuality. The objective of the present study was to measure the satisfaction of patients aged 75 years and older using the NASS scale and to identify independent risk factors for dissatisfaction with short-segment lumbar fusion surgery.

Previously, it was demonstrated that older age was not a risk factor for worse PRO, and elderly patients could also benefit from spinal fusion and show a good satisfaction rate (6, 28, 29). Our study found that 82.9% of patients were satisfied, and 6.6% were most dissatisfied with surgical treatment at the 2-year follow-up point. These results were similar to previous studies. Mummaneni et al. reviewed 502 patients (mean age of 61 years) undergoing surgery for degenerative lumbar spondylolisthesis and found that 82% of patients were satisfied with and 10.3% of patients were most dissatisfied with their surgery (12). Another study of patients over 80 years conducted by Hikata et al. found that 77.5% of patients were satisfied with surgical treatment (29). Our study validates previous findings that LSF surgery effectively improve QoL in patients aged 75 years and older.

The predictive value and details of CGA were extensively reported in various disciplines (18, 30, 31). Several studies evaluated the value of CGA and found that preoperative ASA grade, frailty, depression, and CCI scores were significantly associated with postoperative complications and PRO following spinal surgery (32, 33). The present study found that higher CCI scores and depression were independently associated with postoperative dissatisfaction. The CCI is a convenient tool that allows physicians to assess comorbidity severity and predict mortality risk for surgery patients (19). In a prospective observational study, Whitmore et al. (33) found that increasing CCI score was associated with an increased likelihood of major and minor complications. In another study of patients with single-level fusion surgery, the CCI score was a risk factor for less improvement in the Japanese Orthopedic Association lumbar score (34). Moreover, the CCI was also reported to be independently associated with length of hospital stay and unplanned readmission after lumbar spine surgery (35). Some researchers used other satisfaction evaluation tools to demonstrate the relationship between satisfaction and CCI and found the same conclusion. Benjamin et al. (36) conducted a retrospective review of 17,853 consecutive spinal patients and found that overall comorbid disease burden was a significant negative predictor for high Press Ganey satisfaction scores. Another study reported that high CCI was associated with lower Hospital Consumer Assessment of Healthcare Providers and Systems score of satisfaction (37). In the present study, we compared the baseline characteristics of the satisfied group with the dissatisfied group and found that no specific disease was associated with dissatisfaction. It is worth noting that the impact of comorbidities on satisfaction is multifaceted, and this finding highlights the importance of comprehensive assessments in patients aged 75 and older.

The ZDRS is a 20-item questionnaire with well-established reliability and validity (23). Depression, as measured using the Zung depression scale, was another domain of CGA associated with postoperative dissatisfaction in elderly patients (aged 75 years and older). The association between preoperative depression and postoperative outcomes was demonstrated in previous studies (9, 10). In a retrospective study of 8,585 patients, Zakaria et al. (38) found that preoperative depression (measured using the Patient Health Questionnaire-2) predicted worse satisfaction and inability to return to work. In another retrospective study, Levin et al. (9) analyzed the association between depression using the PHQ-9 and postoperative satisfaction after lumbar fusion. These results showed that patients with preoperative depression were more likely to be dissatisfied with physicians and nurses. The ZDSR was also identified to be effective in predicting postoperative satisfaction in patients undergoing revision lumbar surgery (39). Depressed patients (particularly those more than 75 years) may be more sensitive to preoperative mental stress and postoperative pain. It is necessary for these patients to understand their expectations and fully provide them with emotional support. Changes in depressive symptoms may have a more significant effect than preoperative depression on satisfaction and changes in other PRO after spine surgery (40).

In some previous studies, patient satisfaction showed a clear correlation with achieving clinical improvement in pain and disability after surgery (12, 29, 41). Nevertheless, Yoo et al. (42) found that actual postoperative results had a stronger correlation with patient satisfaction than the expectation-actuality discrepancy and postoperative improvement. In the present study, we found no difference in preoperative pain level and functional disability between the satisfied and unsatisfied groups, while the unsatisfied group had significantly higher postoperative pain scores. These findings suggest that surgeons should focus on achieving the best clinical outcome through surgery regardless of the duration and extent of the patient's preoperative symptoms.

Another postoperative outcome that should be noted is the incidence of postoperative complications. Consistent with several previous studies (12, 37, 43), multivariate regression analysis revealed that complication was not an independent risk factor for postoperative dissatisfaction in our patient cohort. Some reasons may potentially explain this finding. First, there were no severe postoperative complications such as myocardial infarction, cerebral infarction, or paralysis in our enrolled patients, and all patients with complications were discharged from the hospital after medical and surgical treatment. Second, the impact of confounding factors was amplified due to the small sample size. Moreover, preoperative comorbidities may have potential implications for postoperative complications, and these variables have a synergistic effect on postoperative satisfaction.

Several limitations in our study should be noted. First, this was a retrospective, single-center study evaluating the impact of CGA on satisfaction and postoperative CGA was not performed for patients. Prospective studies are needed to identify the changes in CGA score after surgery and the impact of improvement of preoperative depression on outcomes. Second, the small sample size of our study may decrease our findings' robustness. Third, only six CGA domains, pain level, and functional status were included, and QoL scales (e.g., Short Form 36 Health Status Survey, PHQ-9) that may be associated with satisfaction were evaluated. Finally, this study had a short follow-up time of 24 months. Indeed, satisfaction is an outcome that can fluctuate with the follow-up time. Long-term and continuous follow-up will help to identify changes in satisfaction over time. Despite these limitations, this is the first study to examine the value of the CGA for predicting surgical outcomes in patients aged 75 and older. Our findings could be implemented in clinical practice to improve shared decision-making when considering LSF for patients aged 75 and older.



Conclusions

The results of this study indicate that the satisfaction after LSF in older patients (aged 75 and older) was similar to that of previously reported younger patients. Multivariate analysis revealed that preoperative depression and higher CCI scores were independent risk factors for postoperative dissatisfaction two years after LSF surgery. Preoperative assessment using the Zung depression scale and CCI help inform decision-making when considering LSF surgery for patients aged 75 and older.
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Objectives: This study aims to compare the outcomes between two anterior decompression and fusion techniques to treat multilevel cervical spondylotic myelopathy (MCSM).



Methods: After the screening for eligibility, a total of 66 patients were admitted to this study. These participants underwent anterior surgeries due to MCSM in our hospital between June 2016 and July 2018. All participants underwent either the anterior cervical discectomy and fusion (ACDF) surgery (ACDF group) or the combination of ACDF and anterior cervical corpectomy and fusion (ACCF), which was the anterior cervical hybrid decompression and fusion (ACHDF) surgery group. All the patients were followed up ≥18 months, the average latest followed up time was 23.64 (±2.69) months. The length of hospitalization, operation time, blood loss, visual analog scale (VAS), Japanese Orthopaedic Association (JOA) score, improvement rate, Hounsfield units (HU) of C3–C7, cobb angle, and anterior column height of fusion levels pre and post operation were analyzed.



Results: There were no statistical differences between the ACDF and ACHDF groups regarding the length of hospitalization, operation time, blood loss, HU of C3–C7, VAS, JOA score, improvement rate, cobb angle, and anterior column height in fusion levels in pre-operation and 3 months after operation (all P > 0.05). However, compared with the ACHDF group, the ACDF group achieved significantly better improvement in the anterior column height of fusion levels in the final 18–29 months post-operatively (P < 0.05).



Conclusions: Both approaches of ACDF alone and a combination of ACDF and ACCF can achieve satisfactory outcomes in the treatment of MCSM, but ACDF has better outcomes in maintaining anterior column height of fusion levels.
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Introduction

Cervical spondylotic myelopathy (CSM) is the most common cause of spinal cord dysfunction (1). CSM often presents with clinical symptoms and signs of impaired upper motor neurons. Multilevel cervical spondylotic myelopathy (MCSM) is a pathological change that affects three or more segments in the cervical intervertebral disc and the surrounding tissues. MCSM often goes with hyperosteogeny, facet joint degeneration or hypertrophy, and ossification of the peripheral ligament (2). It may reduce patients’ ability to do daily activities or even lead to paralysis, which not only reduces patients’ quality of life, but also causes a substantial social-economic burden. The outcome of conservative treatment is usually insufficient to treat this condition. Immediate surgical intervention is always required once MCSM is diagnosed.

MCSM is generally caused by pathologies that directly compress the spinal cord on the ventral side of the spinal column. Clinically, there are several surgical procedures used to treat MCSM, with two basic approaches (3). The first is the anterior approach, which aims to directly relieve the compression, including anterior cervical discectomy with fusion (ACDF), anterior cervical corpectomy and fusion (ACCF), anterior cervical hybrid decompression and fusion surgery (ACHDF, the combination of ACDF and ACCF), anterior approach with zero-profile devices and artificial disc replacement (ADR). The second one is to widen the spinal canal indirectly by using the bowstring effect via a posterior approach including laminoplasty and laminotomy. Due to the pathologies of MCSM, the anterior approach is an effective but less invasive surgical procedure for patients whose compression is less severe. With the advantages of techniques and the popularization of surgical approaches, anterior surgery is becoming increasingly common for treating MCSM.

Among various techniques in the anterior approach, the zero-profile devices and ADR are newly developing devices which are not widely used for MCSM due to the relatively high surgical skill requirement of these devices and a narrow application range (4–7). Multiple segmental ACCF greatly changes the cervical spine structure and causes massive injuries (8). Studies have shown that ACCF in MCSM has no significant advantages over other procedures in terms of surgical outcomes (9–11). Currently, the two main anterior procedures used to treat MCSM are multi-segmental ACDF and the combination of ACDF and ACCF. These two approaches have demonstrated similar effectiveness and safety (8). However, there have been few comparisons between these two procedures as to which one delivers better outcomes for patients. Thus, the current study aimed to compare ACDF alone with the combination of ACDF and ACCF in treating three-level MCSM, with the purpose of determining the best procedure.



Patients and methods


Data collection

The patients who underwent anterior surgeries for MCSM with intervertebral disc herniation in our hospital between June 2016 and July 2018 were reviewed in our study. This research was approved by the Ethics Committee of the Third Hospital of Hebei Medical University; all patients agreed to participate in this study for publishing of data and images. Inclusion criteria were as follows: (1) the imagelogical examination showed three or more levels of compression; (2) fatigue or pain in the neck and shoulder, upper limb numbness, loss of muscle tone, or other symptoms caused by peripheral nerve injury in context of excluding other systemic diseases; (3) hypertonia, hyperreflexia, positive pathological; signs or symptoms of upper motor neuron injury. The exclusion criteria were as follows: (1) diagnosed with multi-segmental cervical spondylotic radiculopathy; (2) cervical surgery history; (3) cervical vertebral fracture, spinal cord injury; (4) cervical tumor, inflammation; (5) serious ossification of the posterior longitudinal ligament. To ensure the patients’ maximum benefits, the patients with severe compression to the spinal cord which is difficult to decompress using the ACDF surgery, and those patients with the compression came from the posterior vertebral body, were chosen to perform ACDF and ACCF combined surgery.



Surgical procedures

The operation level was determined by medical history, physical examination, and radiological examination. Before the operation, all the patients underwent tracheoesophageal push training to prevent post-operation sputum and dysphagia. Under general anesthesia, a Smith-Robinson incision was made on the right side of the neck. In the ACDF group (Figure 1), after the discectomy, the suitable poly ether ether ketone (PEEK) cages were implanted. In the ACHDF group (Figure 2), the severe compression levels were followed by vertebral corpectomy, and titanium mesh cages (TMC) were implanted with autogenous bone. Then, a single-level ACDF was implemented on the adjacent level. Both groups were fixed by a titanium plate with screws (eight in the ACDF surgery and six in the ACHDF surgery) that fit the centrum. All the surgeries were performed by the same surgeon.


[image: Figure 1]
FIGURE 1
Male, 69-year-old, underwent three-level anterior cervical discectomy and fusion (ACDF) surgery. (A) The pre-operational magnetic resonance imaging (MRI), (B) the x-ray of pre-operation, (C) operation after 3 months, and (D) the final follow-up.
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FIGURE 2
Female, 50-year-old, underwent one-level anterior cervical discectomy and fusion (ACDF) and one-level anterior cervical corpectomy and fusion (ACCF) surgery. (A) The pre-operational MRI, (B) the x-ray of pre-operation, (C) operation after 3 months, and (D) the final follow-up.




Radiological parameters

The radiological parameters were the cobb angle of fusion segments, the height of the anterior column in sagittal x-ray, and Hounsfield units (HU) values in computed tomography (CT). All data were measured by two researchers and the average value of two measurements was analyzed. Another expert was asked to evaluate the data to ensure accuracy. The cobb angle of fusion segments was measured as the angle between the upper endplate of the upper fusion vertebrae and the lower endplate of the lower fusion vertebrae (12). The height of the anterior column was measured as the average value of the anterior-inferior intersection of the lower vertebral body and the anterior-superior intersection of the upper vertebral body (Figure 3). The HU values (13) were measured using an elliptical region of interest function in the median sagittal position of the cervical spine (Figure 4).


[image: Figure 3]
FIGURE 3
The height of the anterior column (the mean value of two yellow arrows) and the cobb angle of fusion segments (the angle of two white lines).
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FIGURE 4
Using an elliptical region of interest function to evaluate the hounsfield units (HU) value in median sagittal computed tomography (CT) scan of the cervical spine, select the largest possible range of cancellous bone without including cortical bone.




Clinical assessment

Clinical parameters include the Japanese Orthopaedic Association (JOA) and visual analog scale (VAS), length of hospitalization, operation time, blood loss and improvement rate. All the patients underwent preoperative evaluation, and were followed up for 23.64 (±2.69) months on average.



Statistical analysis

All data were analyzed by SPSS 21.0 (IBM, Armonk, New York, United States) software. Continuous variables are presented as mean ± standard deviation (SD) when normally distributed, and as median (interquartile ranges, IQR) when the distribution was skewed. Independent t-tests were performed to compare radiological and clinical parameters for independent samples. Chi-square test was performed for categorical data. For continuous variables but not normally distributed, Mann-Whitney U-test was applied. Repeated measure ANOVA and the generalized estimating equation were used to compare the repeated measurement data. P < 0.05 was considered statistically significant.




Results

A total of 66 patients were enrolled in this study, and none of these patients experienced any severe complications. The general data between the ACDF and ACHDF groups did not show statistical differences in gender, age, BMI, complications, tobacco and alcohol addiction, course of the disease, and operation sections (Table 1). The HU values of cervical vertebrae C3–C7 were used to evaluate the bone mineral density and resistance to external forces in the two groups. In the ACDF group, the HU values were 321.91, 311.48, 310.83, 276.20, and 246.96 from C3 to C7 respectively. While in the ACHDF group the HU values were 337.93, 320.69, 320.80, 271.58 and 262.93 from C3 to C7 respectively (Table 2). In each vertebral segment, there were no statistical differences regarding to the HU values between the ACDF and ACHDF groups (P > 0.05).


TABLE 1 Comparison of general data between the two groups of ACDF and ACHDF.
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TABLE 2 The comparison of HU in C3–C7 of the two groups of ACDF and ACHDF.
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Comparisons of the length of hospitalization, operation time, blood loss, VAS, JOA score, and improvement rate showed no statistical differences between the ACDF and ACHDF groups (P > 0.05). In both ACDF group and ACHDF group, post-operation VAS and JOA scores showed improvements compared to pre-operative scores. The median VAS score decreased from 2 to 1 in the ACDF group, and from 3 to 1 in the ACHDF group. The JOA score of the ACDF group increased from 8 to 14, while in the ACHDF group increased from 8 to 13 (Table 3).


TABLE 3 The comparison of length of hospitalization (days), operation time (min), blood loss (ml), VAS, JOA score and improvement rate (%) of the two groups of ACDF and ACHDF.
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The anterior column height in the ACDF group was 76.96 (±9.72) mm, 80.89 (±9.26) mm, and 79.85 (±9.20) mm pre-operation, 3 months after surgery, and the last follow-up respectively. In the ACHDF group, the anterior column height was 73.10 (±8.62) mm, 76.56 (±7.30) mm, and 75.27 (±7.41) mm pre-operation, 3 months after surgery, and the last follow-up, respectively. The anterior column height at the final follow-up was lower compared to 3 months after surgery in both groups. However, there was a significant improvement when compared to the pre-operation (P < 0.05). In the last follow-up, the anterior column height was significantly higher in the ACDF than in the ACHDF groups (P < 0.05), indicating that the ACDF group was better than the ACHDF group. Although the improvement of the cobb angle showed statistical differences between the last follow-up and pre-operation within the ACDF group and not in the ACHDF group, there was no statistical difference between the ACDF and ACHDF groups (Table 4).


TABLE 4 The comparison of cobb angle (degree) and anterior column height (mm) of the two groups of ACDF and ACHDF.
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Discussion


The surgical methods for MCSM

MCSM is a multi-factor caused disease, including intervertebral disc degeneration, narrowing of the disc space, and osteophyte formation that changes the curvature of the cervical spine to be straight or reverse. The nerve damage is progressive and can cause disability. Conservative treatment is generally ineffective, and immediate surgical intervention is required (14). Many surgical procedures are used, including anterior, posterior, and combined anterior-posterior approaches (15). The anterior approach includes ACDF, ACCF, the combination of ACDF and ACCF, and with the use of zero-profile devices and ADR. The posterior approach includes laminectomy with or without fusion and laminoplasty (16). The combined anterior-posterior approaches include the first or second stage surgery and is only used to provide a greater effect on deformity correction. Due to the higher mortality and morbidity rates (17), the combined anterior-posterior surgery is not preferred by surgeons. Our previous study has shown that the combined anterior-posterior with posterior instrumented fixation is a good choice to treat adjacent segmental disease caused by ACCF (18).

The anterior approach was proposed by Smith and Robinson in 1958 (19) and was acknowledged by spinal surgeons. The anterior approach can remove the compression by excising the herniated disc, the osteophyte behind the vertebrae, and the posterior longitudinal ligament, especially in single-level cervical spondylosis (20). To date, the consensus on the best approach to treat MCSM has not been achieved due to the complex pathogenesis and compression from the front and rear of the cervical vertebrae. For patients with compression from the front, anterior approach surgeries are usually selected, including ACCF, ACDF, and the combination of ACDF and ACCF.

Long-segments ACCF is not the first choice usually. The direct vision is available using ACCF, with a large operative field and thorough decompression, but the damage and change to the anterior and middle columns are large, which cannot be ignored. In addition, multilevel segment fixation without enough bone structure induces more stress that may lead to screws loosening, displacement and other postoperative complications (21).

A multilevel ACDF surgery can alleviate the compression by removing the disc, osteophyte, and posterior longitudinal ligament directly. The surgery retains the structural stability of columns and restores physiological curvature. Multilevel ACDF also fits skipped-level cervical spondylosis patients to protect the normal disc (22), and is even chosen for cervical kyphosis. Moreover, ACDF is clinically favored due to a minimal barrier to entry and short learning curve for trainee surgeons. However, the ACDF approach also has certain drawbacks, such as tunnel vision, a limited operational field, and the inability to alleviate compression below the targeted disc level.

The combination of ACDF and ACCF is a technique that combines one segment of ACDF with ACCF to maximize the benefits of the two surgical methods. With a broader view of the severe segments and less damage to the mild segments, ACCF releases compression that comes from the vertebral bodies while ACDF removes moderate compression that comes from the diseased disc. However, our data show that ACDF has better outcomes in maintaining anterior column height in fusion levels when compared with a combination of ACDF and ACCF (Table 4).




The effect of restoring the anterior column height and curvature on patient outcomes

Upon imaging, MCSM frequently exhibits a reduction in disc height, which indicates compression and narrowing of the nerve root canal. Loss of anterior column height can cause folds in the posterior longitudinal ligament and ligamentum flavum, squeezing the spinal cord. If the height loss cannot be restored during surgery, the volume of the spinal canal will not be regained. Therefore, it is necessary to gain height and regain the curvature during the surgery to obtain satisfactory outcomes (23). Aiming to enlarge the nerve root canal and restore the tension of surrounding tissues, reconstruction of the anterior column with bone grafting can effectively remove compressive factors and immediately increase the anterior column height.

In our study, both multilevel ACDF and the combination of ACDF and ACCF can increase the anterior column height and improve VAS and JOA scores (Table 3). The height of the ACDF and ACHDF groups was lower in the final follow-up than in the 3-month follow-up, but without statistical difference. This result possibly relates to an adaptive response to the implant which can cause a small amount of subsidence of the anterior cervical column (24). Additionally, our study showed that the anterior column height in the ACHDF group was significantly lower compared to the ACDF group in the final follow-up. Also, the HU values did not show statistical differences between the ACDF and ACHDF groups. Previous reports showed that HU values were associated with compressive tolerance and represent bone mineral density in detecting the degree of osteoporosis (25), meaning that osteoporosis in the ACDF and ACHDF groups can be ignored. The difference in column height is most likely due to TMC compressing cancellous bone more firmly over the entire vertebral body than in the interbody fusion cage (26). According to other studies, a vertical reduction of more than 3 mm in the intervertebral disc space is related to severe narrowing of the neuroforamen (27). There is a risk of secondary surgical revision if the continuous subsidence and loss of curvature lead to a secondary compression to the nerve roots and spinal cord, while some studies showed that there is no relationship between subsidence and clinical outcomes (28). Despite the fact that three patients experienced screw issues, it has been believed that inadequate bone fusion causes implant problems rather than subsidence (12). The preservation of the endplate, the degree of osteoporosis, and the length of the implantation materials can impact the patient’s prognosis by influencing the column height at the fusion segments (29).

The restoration of cervical curvature is an important indicator of the efficacy of anterior cervical spine surgery. The maintenance of cervical spine curvature is a critical factor in preventing the deterioration of neurological function (23, 30). Most healthy cobb angle of C2–C7 ranges from 20° to 25°. This physiological pronation angle has a cushioning effect on the spinal cord. MCSM often causes the straightening or even reversal of the cervical spine. These changes would further aggravate the degeneration of the adjacent discs, small joints, and tissues. Studies on the vascular supply to the spinal cord have found that the decreased anterior-posterior diameter of the spinal cord is strongly correlated with the decreased spinal cord blood volume, and spinal cord ischemia induces neural function disorders (31). Axial symptoms also occur in patients with reverse cervical curvature. In the current study, the cobb angle was improved in both ACDF and ACHDF groups compared with the pre-operation. In the ACHDF group, the cobb angle showed no statistical differences compared with pre-operation. This result may be due to the difference of subsidence. The subsidence of the anterior intervertebral height was more than that of the posterior intervertebral height when ACCF was performed with the TMC (12). However, another study showed the opposite results (28). We speculate that it might be associated with the immediate cervical curvature of the patients when the fusion device is implanted. In addition, the depth of implant insertion, the degree of fit between the implant and the endplate, and the potential influence of the ACDF segment on the ACCF segment remain controversial and need to be further investigated.

It is worth noting that this is a single-center retrospective study. Due to the relatively small number of severe MCSM cases, the sample size is small, and the number of patients in the ACDF and ACHDF groups is unbalanced. Therefore, a multi-center prospective study is expected to further confirm our findings. Additionally, because of the short follow-up period, the exact timing of when the differences in anterior column height occurred is unknown. Therefore, further investigation of the maintenance of cobb angle and the height over a long period is required.




Conclusion

ACDF alone and the combination of ACDF and ACCF procedures have similar treatment outcomes in the treatment of MCSM. Compared with the combination of ACDF and ACCF procedures, ACDF alone can better maintain anterior column height.
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Objective: Vertebral augmentation techniques are widely used to treat osteoporotic vertebral compression fractures (OVCFs). Superior analgesic effects and shortened bed rest time means patients recover quickly, but prolonged unscheduled hospitalization can increase medical expenses and the risk of bed rest complications. The aim of this study was to investigate the reasons for prolonged hospitalization after vertebral augmentation surgery and to determine the relative risk factors.



Methods: A single-center retrospective study was conducted to enroll patients with OVCFs and accepted vertebral augmentation surgery from January 2017 to December 2017. Clinical information was collected from the Hospital Information System (HIS). The criterion of delayed discharge was postoperative hospitalization more than 3 days. Telephone interviews and medical history evaluations were conducted to confirm the exact reason for retention. The risk factors were analyzed by multiple logistic regression.



Results: Overall, 1,442 patients were included, and 191 (13.2%) stayed in the hospital for more than 3 days postoperatively. The reasons for delayed discharge were psychological factors (37.2%), residual pain (32.5%), cardiopulmonary complications (15.7%), nonspecific symptoms (8.4%), incision abnormalities (2.6%), thrombosis (2.1%), and postanesthesia reactions (1.6%). The multiple logistic model was significant; age (OR 1.028; 95% CI 1.009–1.046), preoperative stay (OR 1.192; 95% CI 1.095–1.298), operation type (OR 1.494; 95% CI 1.019–2.189), and the number of surgical segments (OR 2.238; 95% CI 1.512–3.312) showed statistical significance. In contrast, gender (P > 0.1) and chronic comorbidities (P > 0.1) were not predictors in this model.



Conclusion: Overall, 13.2% of OVCF patients who underwent vertebral augmentation surgery were not discharged within 3 days postoperatively, and several predictors were found. Preoperative communication and comprehensive evaluations are calling for more attention; physicians should adopt an appropriate medical process to enhance rehabilitation in geriatric orthopedics.
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Introduction

Osteoporosis has become a global disease of the elderly that develops with age and is thought to be the underlying cause of osteoporosis fractures (OFs). Osteoporosis vertebral compression fractures (OVCFs) are an important component of OFs, as approximately 520,000 incidents occurred in the European Union in 2010 (1). Symptomatic OVCFs cause severe pain, lead to inferior quality of life, and are related to increased mortality risk (2). Vertebral augmentation, including percutaneous vertebroplasty (PVP) and percutaneous kyphoplasty (PKP), is commonly used to treat acute OVCFs. These methods require less operating time, are minimally invasive, and have higher cost-effectiveness compared with conservative treatments. Patients receiving PVP/PKP experienced pain relief and functional recovery. Reduction of hospitalization time can not only save medical resources and the financial burden of patients but also reduce bed rest time, which is one inducement of imbalanced bone turnover (3, 4). Research has shown that even short-term bed rest after trauma increased acute bone resorption, along with decreased muscle strength and aerobic capacity (5). Therefore, vertebral augmentation has a unique advantage in treating acute OVCFs in the elderly (6, 7).

The application of vertebral augmentation technology calls for the concept of rapid rehabilitation in geriatric orthopedics, including the removal of preoperative fear, surgical confidence, postoperative rehabilitation training, and functional recovery. However, we observed that some patients could not be discharged within the scheduled time and even undergo successful surgery, which may be caused by various factors. A randomized controlled trial reporting that 23% of acute OVCFs retained chronic low back pain after PVP (8) caused concern about residual symptoms. Meanwhile, severe cement leakages were reported, despite low complication morbidity (9). Furthermore, poor health conditions of the elderly increase the risk of acute onset of chronic diseases. All of the above-mentioned points out that prolonged bed rest will lead to more complications of being bedridden and a growing number of financial expenditures of patients (10).

Database searching found no relevant study on prolonged hospitalization or delayed discharge after PKP/PVP surgery. Therefore, the purpose of this study was to investigate the causes and predictors of delayed postoperative discharge to provide an informative clinical reference for the rehabilitation of patients with OVCFs.



Materials and methods

We retrospectively reviewed patients who accepted PVP or PKP in our spine surgery department from January 1, 2017, to December 31, 2017, and all of the participants were in-patients. This study was performed in line with The Code of Ethics of the World Medical Association (Declaration of Helsinki) and was approved by the ethics committee of Honghui Hospital affiliated with Xi’an Jiaotong University.


Inclusion and exclusion criteria

All patients had to meet the following inclusion criteria: (1) persistent back pain after slight exertion of energy or trauma and no evidence of relief; (2) clinical and imaging examinations, including x-ray, computed tomography, and magnetic resonance imaging presenting an OVCF related to the back pain; (3) osteoporosis diagnosis by dual-energy x-ray absorptiometry; and (4) complete information in the medical record system. The exclusion criteria are the following: (1) pathological fractures, including hemangioma and spinal metastasis; (2) chronic fractures, vertebrae osteonecrosis (like Kümmell disease), and intravertebral vacuum cleft in the vertebrae; (3) other coexisting traumas in addition to the spine (rib, limb, and sacrum fractures); and (4) severe comorbidities and other local or systematic disorders that may prolong the hospitalization.

To obtain the most consistent results according to the clinical situation, we did not limit the number of surgical segments or the age of participants. Preoperative examinations including lower limb arteriovenous ultrasound, blood routine, liver and kidney function, electrolyte, coagulation index, and infectious diseases were routinely performed. Patients with unstable comorbidities were consulted with relevant departments, and surgical treatment was performed only after excluding contraindications. All patients were informed of the treatment strategies by the physician, including operating procedures and prognosis.



Surgical procedures

PVP or PKP was chosen according to the specific fracture form and economic condition. PVP combined with the free-hand reduction was considered when the compression degrees of vertebrae anterior column were less than 30%; PKP and free-hand reduction were preferred in patients with greater than 30% compression. Patients who required a PVP due to poor economic conditions were informed about the risk and signed a consent form.

All procedures were conducted with standard procedures by senior spinal surgeons. Antibiotics were used intravenously 1 h prior to the procedure. The free-hand reduction was performed in a prone position, and a moderate restoration under x-ray was acceptable. Most of the patients were treated under infiltration anesthesia with 1% lidocaine, while a few others were treated with general anesthesia (in consideration of strong fear of surgery). One or two trocars (KINETIC, China) were inserted into the pedicles of the object vertebrae under the surveillance of a C-arm x-ray (GE, American). The needles were inserted at the 3 or 9-o’clock position of pedicles with a specific inclination to approach the anterior third of the vertebrae body on anteroposterior and lateral radiographs. The vertebrae were then expanded by a balloon in PKP procedures. Pasta-like polymethylmethacrylate (PMMA, KINETIC, China) was injected until the cement approaching the posterior wall of the vertebrae or cement leakage was observed.

Patients remained in bed after surgery, and x-ray examination was undertaken within 12 h to ensure the cement location was good. Patients were advised to walk moderately with a plastic thoracolumbosacral orthosis (Hengshui Qianzhong Medical Equipment Co. Ltd., China) routinely on the second day after surgery. A 3-month brace stabilization was generally recommended.



Demographic data

To analyze the factors of delayed discharge after PKP/PVP, relevant clinical information covering gender, age, prehospital time, pre- and postoperative stays, preoperative bone mineral density (BMD), preoperative VAS, operation type, the number of surgical segments, and complete admitting/discharge diagnosis was obtained from the Hospital Information System (HIS). The third-day postoperatively VAS score was recorded to represent the pain relief at discharge. Diagnosis including cardiopulmonary diseases, hypertension, liver and kidney dysfunction, and diabetes was recorded as chronic comorbidities. Telephone interviews and medical history research were conducted to confirm the main reason for not being discharged on time.



Clinical outcomes

We used the following discharge criteria: (1) successful operation, no severe surgical complications such as cement embolism (in pulmonary arteries or cerebrovascular vessels) and intraspinal leakage (compressing the spinal cord or nerve root), which usually leads to urgent interventional thrombectomy or spinal decompression surgery; (2) visual analog scale (VAS) score decreased to below 4 (at most slight pain) (11–13); and (3) stable life signs, no acute comorbidities.

Subject to the requirements of local medicare policy and our hospital's clinical pathway, patients after vertebral augmentation surgery should be discharged within 3 days if they meet the above standard. Therefore, in this study, delayed discharge was considered to be postoperative hospitalization time over 3 days.



Statistical analyses

All statistical analyses were performed with Statistical Packages for Social Sciences V21.0 for Windows (SPSS Inc. Chicago, IL, USA). To describe the basic characteristics of the patients, quantitative variables were reported by means and standard deviations, while counts and percentages were recorded for qualitative variables. Chi-square tests and t-test/non-parametric tests were performed for univariate analyses, and P values <0.1 were considered significant temporarily. The Box–Tidwell test was used to verify whether a linear relationship existed between continuous independent variables and logit conversion values of dependent variables. Then, binary logistic analysis was performed to identify the predictors and odds ratios for delayed discharge, and P values <0.05 were considered significant.




Results

After filtering 1,877 patients who underwent PVP or PKP from January 1, 2017, to December 31, 2017, 1,442 patients (295 males and 1,147 females) with 1,549 treated vertebrae (1–4) were included in our study (Figure 1). The mean age of all patients was 71.95 ± 8.79 years (range 47–95). At a mean of 2.09 ± 1.33 days after injury, all patients came to the hospital and stayed for 4.01 ± 2.55 days in total, including 1.93 ± 1.58 days for preoperation and 2.06 ± 1.63 days for postoperation. The mean preoperative BMD and pre- and third-day postoperative VAS are shown in Table 1. Overall, 191 (13.2%) patients (mean age 73.58 ± 8.28) stayed in the hospital for more than 3 days after the surgery. The length of stay after the surgery was 5.09 ± 2.21 days (range 4–25), while the people discharged in 3 days had a shorter length of 1.59 ± 0.83 days (range 0–3) (Table 1).


[image: Figure 1]
FIGURE 1
Study flowchart.



TABLE 1 Clinical information and characteristics of patients.
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After referring to the case history, we recorded chronic comorbidities including hypertension, diabetes mellitus, coronary heart disease, arrhythmia, cerebral infarction, and chronic obstructive pulmonary disease. Overall, 715 (49.6%) patients suffered one or more chronic comorbidities before hospitalization, and the rest of the patients simply had osteoporosis except for other local diseases, which were not recognized as comorbidities (Table 1).

We carried out phone interviews combined with medical history research in HIS, summarized the main reasons for the delay, and sorted these in Figure 2. In total, 71 (37.2%) of 191 patients met the discharge criteria but required extra treatment, mainly concerning their physical condition relating to trauma and surgery. We regarded these as psychological factors and gave them conservative treatment and nutrition support therapy until all these patients were discharged to communities or rehabilitation facilities. Sixty-two (32.5%) patients complained of residual pain (VAS value ≥4, range 4–9) from the former location or elsewhere after the surgery. Conservative analgesia therapies like oral NSAIDs or diclofenac lidocaine intramuscular injection were performed daily in these situations, and all these patients were relieved to varying degrees and then finally discharged. Cardiopulmonary complications, including acute heart failure, atrial fibrillation, and pneumonia, were the third reason that caused 30 (15.7%) patients to prolong their postoperative stay. They got emergency treatments and were transferred to specific departments with medical consultations. In addition, 16 (8.4%) experienced general discomfort, covering fever, stomachache, and headache and gradually recovered after symptomatic treatments and observations. Five (2.6%) incision abnormalities, four (2.1%) lower limb thromboses, and three (1.6%) postanesthesia reactions were recorded. No patient sustained severe cement leakage that needed reoperation including interventional therapy or spinal canal decompression.


[image: Figure 2]
FIGURE 2
Reasons for delayed discharge.


We put gender, age, prehospital time, preoperative BMD, pre- and third-day postoperative VAS, preoperative stays, operation type, number of surgical segments, and chronic comorbidities into univariate analyses after all quantitative variables were proven to be nonnormally distributed. Gender, operation type, and chronic comorbidities were transformed into categorical data. As the results show in Table 2, age (P < 0.05), preoperative time (P < 0.001), preoperative VAS (P < 0.05), third-day postoperative VAS (P < 0.001), operation type (P < 0.05), and the number of surgical segments (P < 0.001) showed significance to delayed discharge, while prehospital time (P = 0.484), preoperative BMD (P = 0.396), and chronic comorbidities (P > 0.1) were not significant between the two groups. Gender (P = 0.056) approached statistical significance and was included in the multivariate analysis. A binary logistic analysis was performed to investigate the predictors of delayed discharge. Third-day postoperative VAS was excluded for direct relation to delayed discharge. The Box–Tidwell test showed a linear relationship between continuous independent variables and logit conversion values of dependent variables. Collinearity diagnostics showed negative results between the independent variables. Overall, the logistic model was significant (χ2 = 56.796, P < 0.001). Age (OR 1.028; 95% CI 1.009–1.046), preoperative time (OR 1.181; 95% CI 1.084–1.288), preoperative VAS (OR 1.271; 95% CI 1.070–1.510), operation type (OR 1.501; 95% CI 1.023–2.201), and the number of surgical segments (OR 2.231; 95% CI 1.503–3.310) showed statistical significance. Gender (P = 0.103) was not a predictor of delayed discharge of patients after PVP/PKP (Table 3).


TABLE 2 Univariate analysis of factors for delayed discharge.
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TABLE 3 Multivariate logistic analysis for delayed discharge.
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Discussion

OVCFs in patients with osteoporosis involve severe pain episodes. The efficacy of conservative bed rest treatment is still uncertain but can cause complications such as muscle weakness, atelectasis, thrombosis, and pressure ulcers (10). Previous research has reported that bone resorption increases from the second day of bed rest (3), implying the disadvantages of immobilization. Vertebral augmentation is widely used to restore OVCF patients more quickly; meanwhile, the procedure being performed as ambulatory surgery is growing (14), as minimally invasive and rapid surgical intervention measures are effective and acceptable for elderly patients with OVCFs. Delayed discharge is an important quality monitor in ambulatory surgeries, and prolonged postoperative hospitalization may be related to poor quality of care and patients’ low acceptance of ambulatory surgery, which may affect its superior cost-effectiveness (15).

To our knowledge, two high-quality studies about PVP surgery were published in 2009, querying the effectiveness of PVP and causing considerable controversy (16, 17). However, further studies have been conducted in subsequent clinical trials with strictly formulated inclusion criteria; PVP achieved more significant pain relief and vertebral height recovery than sham surgery (6). Nevertheless, current studies have shown similar analgesic effects of PVP and PKP (18). In this study, we have to note that all patients enrolled were in-patients because PVP/PKP were not carried out as ambulatory surgeries in our hospital during that time. Even so, our clinical pathway for the PKP/PVP operation required unified surgical and discharge standards, and patients with permitted situations were advised to discharge within 3 days after the surgery. Therefore, we can still obtain meaningful results by using this discharge indicator and providing advice for clinical work.

This study showed postoperative information about in-patients after vertebral augmentation surgery. Under the unified discharge standards, 191 (13.2%) patients stayed in the hospital longer than 3 days postoperatively, which was considered delayed discharge. All of the above patients got relevant treatments and reassessment and were finally discharged in a few days (range 4–25 days postoperatively). According to telephone interviews and medical history analyses, the reasons for delayed discharge related to incidence were psychological factors (37.2%), residual pain (32.5%), cardiopulmonary complications (15.7%), general discomfort (8.4%), incision abnormalities (2.6%), thrombosis (2.1%), and postanesthesia reactions (1.6%) (Figure 2). To further analyze the factors influencing delayed discharge, age, gender, prehospital time, pre- and third-day postoperative VAS, preoperative BMD, preoperative time, operation type, the number of surgical segments, and chronic comorbidities were included in univariate and multifactor analyses.

As we present in Table 3, age (OR 1.028; 95% CI 1.009–1.046), preoperative time (OR 1.181; 95% CI 1.084–1.288), preoperative VAS (OR 1.271; 95% CI 1.070–1.510), operation type (OR 1.501; 95% CI 1.023–2.201), and number of surgical segments (OR 2.231; 95% CI 1.503–3.310) were independent risk factors for delayed discharge after vertebral augmentation surgery in in-patients. The results indicated that, with each additional year of age, each more VAS point preoperatively, each additional day of preoperative hospitalization, every additional surgical segment and PKP compared with PVP, the risk of delayed discharge increased by 2.8, 18.1, 27.1, 50.1 and 123.1%, respectively. However, there were no significant associations between delayed discharge and gender, preoperative BMD, prehospital time, or chronic comorbidities. All of the factors from the logistic analysis will be discussed in the following sections.


Psychological factors

As previously mentioned, psychological factors were the most common reason for delayed discharge in this study, accounting for 37.2%. All of these patients had successful surgery and significant pain relief (VAS < 4) and met the discharge criteria. However, they rejected the discharge advice and asked for further conservative treatment in the hospital. Patients tend to like more comprehensive therapy when a fracture incident led to surgery, even if the pain got prominent relief. Mental disorders were excluded, and the feasibility of discharge was told to the patients and agents. Conservative treatment such as antiosteoporosis medication (calcitonin or intravenous bisphosphonates) and functional rehabilitation exercises was conducted. A retrospective study investigated the disposition of hospitalized patients after PVP. Approximately one-half of the patients (44%) living at home before surgery were discharged to rehabilitation facilities after surgery (19). Other areas of research, such as day-surgery laparoscopic cholecystectomy, have reported some factors responsible for delayed discharge, including psychosocial factors (20). On the one hand, patients usually believe that they should get more professional care than unsupervised rehabilitation at home. On the other hand, elderly age and comorbidities may burden them. It is the clinician’s responsibility to understand the patient's perception. Another study from Sweden (21) surveyed patients after ambulatory surgery and reported that psychological preparation, knowledge of recovery, rehabilitation assistance, and a sense of security were required when patients returned home. Meanwhile, poor preoperative conversations may result in inadequate preparation and excessive concerns; less home assistance also leads to rejection for returning home early, which indeed requires nursing strategies and rehabilitation centers. In our opinion, adequate psychological preparation is a prerequisite for elderly OVCF patients facing surgery or discharge. Patients need to know more about the experience of rapid recovery, therapeutic schedule, postoperative matters, and long-term rehabilitation; perioperative care of nurses was also indispensable.



Residual pain

Back pain is the leading symptom of OVCFs, but it could also come from adjacent soft tissue injuries. Thus, it is rational that pain relief is a subjective measure of surgical efficacy. In this study, patients with other injuries (such as distant fractures) were excluded to reduce bias, but inconspicuous injuries adjacent to the vertebrae were hard to detect. Sixty-two patients in the study complained of medium-to-severe pain (VAS value ≥4, range 4–9) after surgery, which was considered residual pain. Analgesic therapy was used after confirming no missing vertebral fractures, and all these patients got different levels of relief when finally discharged.

From Table 3, we found that preoperative VAS (OR 1.271), the number of surgical segments (OR 2.231), operation type (OR 1.501), and preoperative time (OR 1.181) were independent risk factors that led to prolonged discharge, which might be together associated with residual pain. Generally, multiple fractures are likely combined with greater energy of trauma, thus resulting in enduring pain and higher preoperative VAS. Ten of 62 residual pain patients during follow-up claimed that they got great relief in thoracolumbar but felt significant pain in the posterior superior iliac. We supposed that the elderly with weak muscle tend to get extra injury in places other than the spine, especially in the posterior superior iliac for an accidental tumble, which needs further research. Yan et al. (22) believed that OVCF combined with thoracolumbar fascia injury was related to residual back pain after PVP, and the surgery always resolved spinal disorders but usually ignored peripheral soft tissue damage (23).

During the procedure, the leakage of bone cement around the vertebral body can also cause postoperative back pain (24). Although there were no spinal cord or nerve root compressions by cement, there was still a possibility of back pain derived from intervertebral disc leakage (24). We recorded no severe cement leakage incident, but leakages surrounding the vertebrae happened occasionally. It was suggested that the operation be standardized to avoid the leakage of bone cement and the damage to the transverse process and intervertebral joints.

Moreover, nonunion of OVCF (also called Kümmell disease) will cause long-term pain that is difficult to relieve. Ischemic necrosis and exudation formed in the nonunion vertebral body, which are not conducive to adequate fixation of bone cement, made the efficiency uncertain (25). We have excluded all of the Kümmell diseases and chronic fractures, and no osteonecrosis was observed after surgery.

According to the mechanism of vertebral augmentation surgery, the volume of bone cement filling is closely related to pain relief. Some studies have shown that sufficient cement filling helps stabilize the vertebral body and relieve pain (26, 27). However, a classic study showed that 15% of the volume of the vertebral body could be filled to achieve effective safe balance (28). It is noteworthy that multiple factor analysis found that operation type (OR 1.501) was a predictor, indicating that PKP has a higher risk for delayed discharge than PVP. In this study, PVP usually performed on relatively slight compression vertebrae may be a reason. However, we suppose that cement filling in PVP could be more diffuse than a mass usually in PKP that may have a better analgesia effect, although previous studies suggested there was no significant difference in pain relief between PVP and PKP (18, 29).

In general, many issues influence residual pain after surgery, and no consensus has been reached. It should be noted that a comprehensive and accurate diagnosis before surgery plays a crucial role. Assessment of curative effects should be emphasized when accompanying adjacent injury. Furthermore, significant degeneration in the elderly also reminds us to identify the pain source accurately.



Age and cardiopulmonary complications

The mean age of the patients in this study was 71.95 ± 8.79 years, among which the delayed discharge population was 73.58 ± 8.28 (Table 1). Elderly patients are often admitted with various chronic diseases, with a risk of acute complications under trauma and surgical stress conditions. We have observed arrhythmias, atrial fibrillation, acute heart failure, acute hypertension, and acute exacerbation of chronic obstructive pulmonary diseases. All 30 patients with complications received in-hospital consultation with treatment suggestions, and serious cases were transferred to a specialized department. It is worth discussing that, although all of these patients were admitted with chronic diseases, the chronic comorbidity indicators were not predictors of delayed discharge after multifactor analysis (Table 3). We hypothesized that this was due to the high average age; there was an approximate rate of chronic comorbidities existing between the normal group and the delayed group (Table 1). The details of existing chronic comorbidities were yes or no, so it was difficult to distinguish the severity of specific diseases solely by diagnosis information in the medical records. In addition, high-risk patients were excluded from the surgical plan, resulting in selection bias. The occurrence of acute complications may be accidental. For this reason, clinicians need to strengthen the comprehensive evaluation during the perioperative period to reduce accidents.



Other events

Sixteen patients developed nonspecific symptoms of discomfort and complained of fever, headache, and stomachache, and general treatment was effective. Five patients reported incision pain but denied obvious deep structure pain while moving. We observed slight redness and swelling in the incisions, no fluid exudation, and neither fever nor abnormal laboratory results. As we know, vertebral augmentation has a rare incidence of infection, but it can still be a formidable and life-threatening complication. Surgery should be avoided for patients with infectious tendencies, and preventive antibiotic therapy should be conducted for those with low immune function in the perioperation period (30). Four thromboses might have been associated with bed rest under stress. Patients suffering from OVCF usually seek doctors after days of bed rest. Continuous immobilization and prolonged pressure on the limbs result in venous stasis, posing a risk of thrombosis (10). For the anesthesia methods, we usually choose infiltration anesthesia due to its safety and convenience; a small portion of patients underwent general anesthesia in consideration of pain stimulation. There were fewer cases of prolonged hospitalization due to postanesthesia reactions, which depended on a detailed preanesthesia evaluation.



Limitations

There were several limitations in the present study. First, only a few indicators of medical information were collected in this study. Thus, part of the results in the regression analysis seemed to be nondistinct, such as preoperative stay; it has not been completely explained how the preoperative extension prolonged the length of postoperation. Second, details of cement leakage in all 1,442 patients were not reported, although leakage surrounding the vertebrae can also cause postoperative residual pain. Further research requires improved clinical data for more details.




Conclusion

Overall, 13.2% of patients in this study who underwent vertebral augmentation surgery were not discharged within 3 days after surgery. The most common causes are psychological factors, residual pain, and cardiopulmonary complications. Multifactor analysis revealed that age, number of surgical segments, operation type, and preoperative stay were the main factors related to delayed discharge. Preoperative communication and comprehensive evaluations are calling for more attention, and physicians should adopt an appropriate medical process to enhance rehabilitation in geriatric orthopedics.
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Objective: To compare the clinical outcomes of unilateral biportal endoscopy/biportal endoscopic spinal surgery (UBE/BESS) via the posterior approach with those of interlaminar endoscopic lumbar discectomy (IELD) for the treatment of L5/S1 lumbar disc herniation.



Methods: We collected the clinical data of patients with L5/S1 lumbar disc herniation who had undergone endoscopic surgery at our center from January 2020 to July 2021, and 92 patients were included. They were divided into UBE/BESS (n = 42) and IELD (n = 50) groups. The incision length, operative time (overall operative, extracanal operative, and intracanal decompression times), intraoperative radiation exposure dose, changes in hemoglobin before and after surgery, postoperative hospital stay, visual analog scale (VAS) score for low back pain and leg, and Oswestry disability index (ODI) were statistically analyzed.



Results: One case incurred dural tear in the UBE/BESS group, and one case developed recurrence in the IELD group. Postoperatively, the VAS score and ODI index decreased significantly in both groups (P < 0.01). VAS and ODI scores (preoperative as well as 3 days, 3 months, 6 months, and 12 months after surgery), the overall operative time, and postoperative hospital stay were not significantly different between the two groups (P > 0.05). No statistical difference in intraoperative radiation exposure dose was noted between the two groups (P > 0.05). The surgical incision length was greater in the UBE/BESS group (P < 0.01), and pre- and postoperative hemoglobin changes were more pronounced in the UBE/BESS group (P < 0.01). The UBE/BESS group had a longer extracanal operative time and shorter intracanal decompression time (P < 0.01).



Conclusions: The clinical efficacy of UBE/BESS for L5/S1 lumbar disc herniation is comparable to that of IELD. Intraoperative radiation exposure doses were similar in both techniques. UBE/BESS required more time to identify tissue structures and a larger working space when operating outside the spinal canal; however, the efficiency of nucleus pulposus removal and nerve root release inside the spinal canal superseded that in IELD. Furthermore, the surgical incision in the UBE/BESS technique was longer, with greater actual blood loss during surgery, thus rendering UBE/BESS inferior to the IELD technique in terms of surgical trauma. Nonetheless, no significant difference was noted between the two techniques in the postoperative recovery time of patients.
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Introduction

Lumbar disc herniation is a disease that is commonly encountered in spine surgery, and it is the main cause of low back pain and lower-limb radiating pain, with a prevalence of 11%–13% in China (1, 2). Although most lumbar disc herniations can be relieved using conservative treatment (3, 4), 25% of affected patients still require surgery for recurrent symptoms (5). With the continuous advancement of medical technology, minimally invasive surgical techniques have gradually become an important part of the stepwise treatment process for lumbar disc herniation (6). In recent years, percutaneous uniportal endoscopic surgery has been widely used, achieving favorable clinical results (7–11). Interlaminar endoscopic lumbar discectomy (IELD) has exhibited immense technical advantages for L5/S1 lumbar disc herniation (12–17). However, the equipment involved is expensive and difficult to master (18, 19). In recent years, unilateral biportal endoscopy/biportal endoscopic spinal surgery (UBE/BESS) has emerged, providing a novel option for the minimally invasive endoscopic treatment of lumbar disc herniation (20, 21). Its use has rapidly proliferated owing to widely available equipment and the vast similarity of its surgical concept to that of conventional surgery. Few studies have compared the two techniques for the treatment of lumbar disc herniation. Therefore, to explore the differences between the two surgical techniques, this study examined and compared the clinical efficacy of UBE/BESS with that of IELD in the treatment of L5/S1 lumbar disc herniation via the interlaminar approach.



Materials and methods


Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) a clear diagnosis of L5/S1 lumbar disc herniation with significant lower extremity radiating pain, low back pain, and lower extremity motor and/or sensory dysfunction; (2) computed tomography scan and magnetic resonance image (MRI) of the lumbar spine consistent with clinical symptoms and signs; and (3) treatment with systematic conservative treatment for a duration >3 months. The exclusion criteria were as follows: (1) history of lumbar spine surgery at the L5/S1 segment; (2) lumbar spine infection, tumor, or trauma; (3) presence of lumbar instability and/or lumbar isthmic fracture; (4) concomitant severe psychiatric disorders; and (5) inability to tolerate general anesthesia.



Patients

This was a retrospective cohort study wherein the data of 92 patients with L5/S1 lumbar disc herniation treated at our center from January 2020 to July 2021 using spinal endoscopic surgery via the interlaminar approach were collected. The patients were recruited based on the inclusion and exclusion criteria, and they were all followed up for ≥12 months, mean 13.26 months. The preoperative clinical manifestations were low back pain, lower extremity radiating pain, and lower extremity motor and/or sensory dysfunction, and all patients had preoperative MRIs confirming the diagnosis of lumbar disc herniation (L5/S1).

UBE/BESS group: 23men, 19women, mean age was 45.57 ± 11.15 years (25–66 years), mean body mass index (BMI) was 24.53 ± 2.96. IELD group: 31men, 19women, mean age was 46.68 ± 12.09 years (22–67 years), mean BMI was 24.57 ± 3.71.

The study was conducted in accordance with the principles of the Declaration of Helsinki, and patients or their families provided written informed consent for the procedure.



Surgical technique

All surgical procedures were performed by the same experienced surgeon. Patients in both groups were placed in the prone position and underwent surgery under general anesthesia, and no postoperative drains were utilized in either group.


UBE/BESS

The inferior border of the affected L5 pedicle and superior border of the S1 pedicle were located using a C-arm and marked on the body surface. A longitudinal skin incision of approximately 5 mm was made at the proximal marker point, and an endoscopic puncture sheath was placed. A transverse skin incision of approximately 10 mm was made at the distal marker point, and a progressive dilator was placed. The puncture sheath and the dilator met together at the L5 spinous process and plate migration, and C-arm fluoroscopy was used to confirm the position. The dilator was subsequently removed and a periosteum detacher placed. After placement of the endoscope, the inferior margin of the L5 lamina was identified using radiofrequency hemostasis, followed by exposure of the interlaminar window. If necessary, the lamina was partially shaped using a grinding drill. The ligamentum flavum was incised at the medial edge of the articular eminence under endoscopic surveillance, and the canal was entered. After entering the spinal canal, the lateral margin of the S1 nerve root was revealed and the S1 nerve root can be retracted in the midline using a nerve puller to reveal the herniated disc. The herniated disc was removed, and the procedure was completed with adequate neurological decompression and hemostasis (Figure 1).


[image: Figure 1]
FIGURE 1
(A,B) Preoperative patient MRI and CT revealing L5/S1 disc herniation. (C,D) Intraoperative localization of UBE/BESS and establishment of proximal and distal access. (E) Establishment of a working space to expose the interlaminar window. (F) Medial retraction of the nerve root and exposure of the herniated disc. (G) Loosened nerve roots after disc removal. (H, I) Postoperative patient MRI and CT showed that the L5/S1 herniated disc had been removed.




IELD

Using a 6.9-mm endoscopic system, the center of the L5/S1 interlaminar window on the affected side was positioned under the C-arm and marked on the body surface. A longitudinal skin incision of approximately 7 mm was made at the marking point, a stepwise dilator and working tube were placed directly on the surface of the L5/S1 interlaminar window, and the position of the working tube was confirmed using C-arm fluoroscopy. After placement of the endoscope, the interlaminar window and ligamentum flavum were exposed. The superficial ligamentum flavum was removed using nucleus pulposus forceps. Subsequently, the deep ligamentum flavum was bluntly separated using a nerve stripper, and the ligamentum flavum was split using a working tube to facilitate entry into the spinal canal. The ligamentum flavum was removed to the medial edge of the facet joint using punches, and the dural sac and nerve root were exposed. Based on the location of the herniated disc, the disk fragment was removed in the axilla of the nerve root or shoulder (Figure 2).


[image: Figure 2]
FIGURE 2
(A,B) Preoperative patient MRI and CT revealing L5/S1 disc herniation. (C,D) Intraoperative positioning and access establishment. (E) Exposure of the interlaminar window. (F) Exposure of the prolapsed disc using a working tube in the axilla of the nerve root. (G) Loosened nerve roots after disc removal. (H,I) Postoperative patient MRI and CT showed that the L5/S1 herniated disc had been removed.





Postoperative management

Postoperative analgesic treatment was routinely administered. If no dural tear occurred, the patient could walk after 4 h post surgery; however, if a dural tear occurred, no special treatment was administered to asymptomatic patients, and bed rest for 5–7 days was prescribed for symptomatic patients. The patient's lumbar spine MRI was reviewed before discharge from the hospital. The patient was advised to wear a lumbar brace for 1 month and avoid strenuous activities for 3 months after surgery. Routine blood tests were performed 3 days after surgery, and the hemoglobin (Hb) level was recorded.



Observation indicators

The operative time was recorded for all patients and categorized as follows: (1) overall operative time, (2) extracanal operative time (time from skin incision to entry into the spinal canal), (3) intracanal decompression time (time from entry into the spinal canal to the end of the operation), (4) intraoperative radiation exposure dose, (5) operative incision length (measured as the sum of the two proximal and distal incision lengths in the UBE/BESS group), (6) operative related complications, (7) postoperative hospital stay, and (8) preoperative and postoperative day 3 Hb levels. The visual analog scale (VAS) scores of back/leg pain before and 3 days, 3 months, 6 months, and 12 months after surgery as well as the Oswestry disability index (ODI) before and 3 months, 6 months, and 12 months after surgery were recorded.



Statistical analysis

SPSS (version 26.0; IBM SPSS Inc., Chicago, IL, USA) software was used for statistical analyses. Normally distributed measures are expressed as the mean ± standard deviation ( ± s). Patient age, operative time, incision length, Hb, and postoperative hospital stay were compared between groups using the independent-samples t-test or independent-samples nonparametric test. Hb levels, as well as VAS and ODI scores at different time points, were compared within groups using the paired-samples t-test or paired-samples nonparametric test. The χ2 test was used to compare results between sexes among the patients in the two groups. Statistical significance was set at P < 0.05.




Results


Baseline information

Baseline information, such as age, sex, preoperative low back/leg VAS score, and ODI were not statistically significantly different between the two groups (P > 0.05), as shown in Table 1.


TABLE 1 Baseline information of UBE/BESS and IELD.
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Perioperative outcomes of UBE/BESS and IELD

Patients in both groups underwent surgery successfully. On comparing the two groups, the surgical incision length in the UBE/BESS group was significantly longer than that in the IELD group (P < 0.01). A significant difference in Hb level before and after surgery was noted in the UBE/BESS group compared with that in the IELD group (P < 0.01), suggesting that the actual blood loss in the UBE/BESS group was greater than that in the IELD group. No statistical difference in the total operative time was observed between the two groups (P > 0.05); however, the extracanal operative time was significantly longer in the UBE/BESS group than in the IELD group (P < 0.01), and the operative time for intracanal decompression was significantly shorter in the UBE/BESS group than in the IELD group (P < 0.01). The Hb level on postoperative day 3 was significantly different from the preoperative Hb level (P < 0.01) in both groups, as shown in Table 2.


TABLE 2 Comparison of perioperative date of UBE/BESS and IELD.
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Clinical outcomes

Postoperative VAS and ODI scores decreased significantly in the two groups compared with their preoperative scores (P < 0.01). No statistically significant differences in VAS and ODI scores at 3 days, 3 months, 6 months, and 12 months after surgery were noted upon comparing the two groups (P > 0.05) (Table 3).


TABLE 3 Comparison of clinical outcomes of UBE/BESS and IELD.
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The distribution and comparison of the VAS scores for low back/leg pain in the UBE/BESS group at each postoperative time point are shown in Figure 3, and those in the IELD group at each postoperative time point are shown in Figure 4. The distribution and comparison of the ODI at each postoperative time point between the UBE/BESS and IELD groups is shown in Figure 5.
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FIGURE 3
(A) Comparison of VAS scores for postoperative low back pain in the UBE/BESS group at each time point; no significant decrease was noted at 3 months postoperatively compared with that at 3 days postoperatively, and no significant decrease was noted at 12 months postoperatively compared with that at 6 months postoperatively (P > 0.05). Further significant decreases at 6 and 12 months postoperatively compared with that at 3 days and 3 months postoperatively were observed (P < 0.05). (B) On comparing the VAS scores for postoperative leg pain in the UBE/BESS group at each time point, no significant differences were noted at 3 days, 3 months, and 6 months postoperatively (P > 0.05), and a significant decrease at 12 months postoperatively compared with that at 3 days, 3 months, and 6 months postoperatively was observed (P < 0.05).
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FIGURE 4
(A) Comparison of VAS scores for postoperative low back pain in the IELD group at each time point; no significant differences were noted at 3 days and 3 months postoperatively (P > 0.05). A significant decrease occurred at 6 months postoperatively compared with that at 3 days and 3 months postoperatively (P < 0.01). No significant difference was noted between 12 months postoperatively and 3 days, 3 months, and 6 months postoperatively (P > 0.05). (B) Comparison of VAS scores for postoperative leg pain in the IELD group at each time point; significant decreases in VAS scores for postoperative leg pain were noted at 12 months postoperatively compared with that at 3 days, 3 months, and 6 months postoperatively (P < 0.01). No difference was observed between 6 months postoperatively and 3 months postoperatively (P > 0.05); however, a significant decrease occurred in both groups compared with that at 3 days postoperatively (P < 0.05).



[image: Figure 5]
FIGURE 5
In the two groups, significant differences in postoperative ODI were noted at each time point (P < 0.01), and the ODI decreased significantly with time.




Complications and recurrence

One case incurred a dural tear in the UBE/BESS group. The patient had no postoperative symptoms and did not complain of discomfort upon wearing a lumbar brace to enable mobility on the second day after surgery. Moreover, no special treatment was administered. In the IELD group, one case developed recurrence 7 months after surgery, with symptoms similar to those before surgery, and the diagnosis was confirmed by MRI. The patient recovered well after the revised endoscopic surgery.




Discussion

Lumbar disc herniation is a common disease in spine surgery, and it predominantly affects the L5/S1 segment (22, 23). The L5/S1 interlaminar window is large and located at approximately the same level as the L5/S1 intervertebral space (24); therefore, posterior endoscopic spinal surgery through the interlaminar window is more advantageous for the treatment of L5/S1 disc herniation. Therefore, IELD has been used to treat L5/S1 lumbar disc herniation in several previous studies (12–17). IELD was initially proposed by Professor Rutten in 2006 (25). In the same year, Gun Choi (26) reported the treatment of L5/S1 disc herniation via the interlaminar approach, achieving favorable clinical results. Since then, IELD has rapidly developed and emerged as a reliable technique for minimally invasive spine surgery. Because the operating channel of uniportal endoscopy is integrated with the endoscope, the surgical instruments involved are more slender than traditional surgical instruments, and the surgical procedure differs significantly from traditional surgery. Studies have increasingly shown that uniportal endoscopy is more difficult to master (18, 19). The biportal endoscopy technique was initially proposed in 1996 by De Antoni (27). By 2013, Soliman (28) had introduced the pump irrigation system to biportal endoscopic spinal surgery and proposed “irrigation endoscopic discectomy.” In 2017, Heo (29), for the first time, named the unilateral access biportal spinal endoscopy technique “Unilateral Biportal Endoscopy.” However, some scholars also called it “Biportal Endoscopy Spine Surgery (BESS)” (30–32). At present, both UBE and BESS represent biportal endoscopic spinal surgery (33). Since then, this technique has been rapidly developed by spine surgeons worldwide through continuous research and improvement. Many studies have demonstrated favorable clinical results from UBE/BESS and IELD in the treatment of lumbar disc herniation; nevertheless, research on the possible differences between the two techniques remains limited.

UBE/BESS has unique features compared with IELD: (1) In UBE/BESS, conventional arthroscopes and surgical instruments can be utilized to complete the surgical procedure without purchasing a special uniportal endoscopic system or supporting surgical instruments. (2) UBE/BESS involves two channels. The endoscope and operating instruments are in different channels, which can move independently and freely. This significantly increases the observation range of the endoscope and working area of the surgical instruments. (3) The surgical path and decompression process of UBE/BESS are similar to those of conventional microscopic lumbar discectomy, and studies have demonstrated that the learning curve of the UBE/BESS technique for lumbar disc herniation is 14 cases (31). (4) The distal operating channel of UBE/BESS is not restricted by a rigid working cannula, thus allowing the use of conventional, large-sized surgical instruments, such as an osteotome, rongeur, nucleus pulposus forceps, and nerve retractor, among others, and greatly improving the working efficiency.

Due to the lack of a rigid cannula to dilate the soft tissue in the UBE/BESS technique, blunt dissection of the muscle is required to create a working space before decompression of the spinal canal. Therefore, theoretically, UBE/BESS should result in greater blood loss and worse postoperative back pain than IELD. Certain studies have attempted to address these issues. Hao (34) retrospectively analyzed 40 patients with simple L4/5 disc herniation treated with endoscopy between 2018 and 2021, including 20 cases of UBE/BESS and 20 cases of uniportal endoscopic spinal surgery. In terms of intraoperative blood loss, operative time, postoperative hospital stay, and postoperative pain, uniportal endoscopic spinal surgery was superior to UBE/BESS. Jiang (35) retrospectively analyzed 54 cases of single-segment lumbar disc herniation treated with spinal endoscopy, including four, 33, and 17 cases of the L3/4, L4/5, and L5/S1 segments, respectively. All patients were divided into two groups: 24 and 30 patients in the UBE/BESS and uniportal endoscopy groups, respectively. One dura tear occurred in the UBE/BESS group, and no statistically significant differences were noted in terms of clinical outcome, pain control, and patient satisfaction among the patients in both groups. In this study, the researchers calculated the total surgical blood loss of patients based on hematocrit change before and after surgery and found the total blood loss in the UBE/BESS group to be significantly greater than that in the uniportal endoscopy group. In addition, the UBE/BESS group had a larger surgical incision, longer operative time and hospital stay, and higher total medical costs.

To the best of our knowledge, these are the only two studies to have compared the clinical efficacy of UBE/BESS with that of uniportal endoscopy in the treatment of lumbar disc herniation. However, the above two studies had certain shortcomings in terms of trial design. For example, patients in the control group were operated via the lateral foramen, which differed from the surgical path of the UBE/BESS technique; the control group was operated on under local anesthesia, whereas the trial group was operated on under general anesthesia; the trial group was operated on in the prone position in one study, whereas the control group was operated on in the lateral position; and the surgical segments in one of the studies were not similar in both groups. In the present study, we limited the surgical segment to the L5/S1 segment, and patients in both groups were operated on in the prone position under general anesthesia; moreover, both groups used a posterior trans-interlaminar approach to increase homogeneity, reduce trial bias, and improve the accuracy of the study.

According to our data, both the UBE/BESS and IELD groups achieved favorable clinical results, and postoperative low back pain, leg pain, and ODI scores significantly improved. No significant differences were noted between the two groups, exhibiting consistency with the two studies mentioned above (34, 35). We also found no difference between the two groups in postoperative low back pain, thus conflicting with Hao's results (34) but exhibiting consistency with Jiang's findings (35). This may be related to the fact that we performed blunt stripping of the spinous process lamina migrans when creating the working space in UBE/BESS and used this gap for anatomical identification after placement of the endoscope to rapidly enter the interlaminar window with minimal damage to the multifidus muscle. No significant difference in intraoperative radiation exposure was noted between UBE/BESS and IELD. In terms of operative time, no statistical difference in the overall operative time was observed between the two groups; nonetheless, we categorized the overall operative time based on our decision to enter the spinal canal as a marker and recorded the extracanal operative and intracanal decompression times as well. We found the extracanal time in the UBE/BESS group to be significantly longer than that in the IELD group, while the intracanal decompression time was significantly shorter than that in the IELD group, a phenomenon that reflects the difference between the two techniques during implementation. UBE/BESS required more time to identify the tissue structure and enlarge the working space when operating outside the spinal canal; however, nucleus pulposus removal and nerve root release proved more efficient after entering the spinal canal due to the operating habits and equipment. While IELD required significantly less time to operate outside the spinal canal because of the role of the rigid cannula, the inefficiency of the instruments and difference in operating habits prolonged the removal of the nucleus pulposus and fibrous ring after entering the spinal canal.

In terms of surgical trauma, the difference in postoperative hospitalization time between the two was not significant. The surgical incision length in the UBE/BESS group was significantly longer than that in the IELD group, and the pre- and postoperative Hb change was significantly greater in the UBE/BESS group than in the IELD group, indicating that the actual blood loss in the UBE/BESS group was greater than that in the IELD group. Because both endoscopic surgical techniques require intraoperative saline irrigation, the intraoperative blood loss could not be accurately estimated. Furthermore, the postoperative “hidden” blood loss could not be estimated because no drainage tube was used after surgery. Therefore, in this study, we selected the method of dynamic Hb monitoring to evaluate the actual postoperative blood loss. Certain studies have shown that dynamic monitoring of hematocrit and Hb can effectively and accurately reflect blood loss in surgical patients. Both are potentially useful in calculating the actual blood loss after surgery (36, 37). To reduce the influence of iatrogenic causes, such as preoperative, intraoperative, and postoperative transfusion effects on Hb, strict fluid and medication management were performed on all patients to render the two groups as homogeneous as possible and improve the accuracy of the study. Considering the length of the surgical incision and postoperative Hb level changes, we concluded that the UBE/BESS technique was more invasive than the IELD technique; nevertheless, it did not significantly affect the postoperative recovery time of patients.

This study has certain limitations. First, it is a retrospective study with a short follow-up time and a small sample size. Second, only L5 and S1 segments were compared in this study. In addition, IELD was the exclusive control procedure in this study, whereas microscopic discectomy is also an effective, minimally invasive method for the treatment of lumbar disc herniation. Therefore, these minimally invasive surgical techniques should be discussed together in future studies.

In conclusion, the UBE/BESS and IELD techniques are both safe and effective in the treatment of lumbar disc herniation. The introduction of dynamic Hb in this study revealed that IELD involves less actual blood loss and trauma for the patient than UBE/BESS, suggesting that UBE/BESS requires optimization in the future to further reduce trauma. The rigid cannula used in IELD potentially reduces the extracanal operative time. The surgical equipment used in UBE/BESS is more efficient in removing the nucleus pulposus and releasing the nerve roots.
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Objectives: The optimized enhanced recovery after surgery (ERAS) pathway for adolescent idiopathic scoliosis (AIS) patients has not been comprehensively described. The purpose of the study was to explore the feasibility and efficacy of an integral process of ERAS protocol in posterior spinal fusion (PSF) surgery for AIS patients without three-column osteotomy.



Methods: Based on the inclusion and exclusion criteria, a total of 90 AIS patients who underwent PSF were enrolled in the study. Forty-five patients followed a traditional pathway (TP) perioperative care and 45 were treated with an ERAS protocol designed and implemented by a multidisciplinary team. Patient demographic, clinical information, surgical data, and radiographic parameters were collected and analyzed retrospectively.



Results: There is no significant difference in age, gender, body mass index, preoperative hemoglobin level, Cobb angle, curve type, average correction rate, fusion segments, and screw number between ERAS group and TP group. Regarding the estimated blood loss (EBL), surgical duration, pain intensity, drainage duration, drainage volume, first ambulation time, postoperative length of stay (LOS), and the incidence of blood transfusion, they were significantly less in ERAS group than those of TP group.



Conclusions: Based on our findings, we found that the implementation of a standard ERAS protocol in AIS correction surgery could result in less EBL, lower pain intensity, early ambulation, shorter LOS, and rapid rehabilitation. We recommend the widespread adoption of ERAS protocols in AIS surgery.
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enhanced recovery after surgery, adolescent idiopathic scoliosis, posterior spinal fusion, length of hospital stay, multimodal analgesia





Introduction

Adolescent idiopathic scoliosis (AIS) accounts for the largest population of all types of spinal deformity, most of which need a correction surgery to prevent deformity from deterioration, especially in one's teenage (1–3). In China, it is reported the prevalence of scoliosis is as high as 1.02% in the pre-high school population, with more than 10,000 surgeries performed per annum (4). Posterior spinal fusion (PSF) has been proven to be an effective method and the standard procedure for AIS correction according to the current study (5, 6). Despite the advantages in radiological parameters improvement, PSF also brings massive pain, great physical trauma, and psychological stress to such patients (5, 7). The concerning challenges for postoperative care of PSF remain adequate pain control, effective management of opioid-related side effects, and delayed mobilization. Besides, postoperative hemorrhage, infection, or procedure-related complications may postpone recovery after surgery, with overall complication rates averaging approximately 9%–15% (8, 9).

First introduced by Kehlet in 1997 (10), an enhanced recovery after surgery (ERAS) pathway has been implemented in various surgical settings and shown to safely decrease the postoperative length of hospital stay (LOS) by 2–3 days and in the complication rate by 30%–50% while improving the satisfaction and outcomes following surgery (11). ERAS protocols consist of a series of evidence-based approaches to perioperative care, with the aim of reducing surgical-stress responses, early mobilization, early oral nutrition, early removal of urinary catheters, and prevention of nausea and vomiting (12, 13).

However, the optimized enhanced recovery after surgery pathway for AIS patients has not been comprehensively described. The efficacy of the protocol should be verified. We are going to report the comparison of the outcomes between the ERAS pathway and the traditional method for AIS postoperative care.



Methods

Ahead of the study, we received the approval of the ethics committee of BJCY hospital, CCMU (Approval number: ke2019–4-5), and it was performed in accordance with the Helsinki Declaration of 1964, and its later amendments. Informed consent was obtained from all individual participants included in the study.

Inclusion criteria were as follows: patients with AIS who underwent PSF without three-column osteotomy according to operation indications; aged 10–18 years; good physical and psychological status; no history of primary spinal surgery; and at least 1-year follow-up; curve correction achieved by pedicle screws and no procedure exposing the dura mater or performing three-column osteotomy. The PSF indications in AIS were spinal curvature >50° in those with a mature skeleton; or spinal curvature >45° in patients with an immature skeleton and orthotic management that did not prevent the curve from worsening (Cobb angle development >5° within 6 months). The exclusion criteria were: non-idiopathic scoliosis; history of spinal surgery; patients with hematologic diseases or preoperative hemoglobin (HB) level <100 g/L; those with missing data, and patients and families with poor compliance; other conditions that prevent compliance of the ERAS pathway.

We explored and started the ERAS protocol from 2018 to 2019, patients before this point underwent a traditional perioperative care method (traditional pathway group, TP), and those after received rapid recovery care (ERAS group). What should be noted, all patients in both groups underwent similar surgical procedures by the same surgical team. The PSF was achieved using the same pedicle screw-rod system. The surgical procedures were described as exposure of the spine from the skin to the periost, pedicle screws were placed using a standard technique. Facetectomy was performed to increase the spinal flexibility, improve the curve correction as well as facilitate spine fusion, rather than three-column osteotomy. Fusion was augmented using both autogenous and allogeneic bone grafts. Besides, complications were managed similarly and hospital discharge criteria were the same.

A standard ERAS protocol was designed and implemented by a multidisciplinary team comprising spine surgeons, anesthesiologists, nurses, a psychiatrist, and a nutritionist (the psychiatrist and nutritionist help to give a nutritional status evaluation and mental health assessment to optimize the status of patients) based on evidence-based elements and an understanding of rapid recovery principles. Before the protocol was developed, the traditional pathway of PSF perioperative care was executed by the same team, the comparison of procedures between the two groups is listed in Table 1 (14, 15). The ERAS protocol consisted of three components according to protocol order. The discharge guideline for the two groups is the same, namely, stable vital signs and good mental status, afebrile with no staining on the dressing, tolerable and reduced pain, a routine diet, independent of bowel movement, ambulating independently over 100 m without rest, and mastering the rehabilitation exercises independently.


TABLE 1 The protocol of ERAS method and traditional pathway.

[image: Table 1]


Outcome measures

Patient demographic, clinical information, surgical data, and radiographic parameters were collected retrospectively. The demographic information included the age, gender, and body mass index (BMI) of the patients. Clinical data, including preoperative and postoperative HB levels, postoperative pain intensity score (visual analog score, VAS), analgesic medicine use duration, drainage duration, first ambulation time, and LOS were documented. Radiological parameters in our study were preoperative and postoperative Cobb angle of the main curve, correction rate of the main curve, and curve type (Lenke classification for AIS). Surgical information including duration, estimated blood loss (EBL), instrumented levels, and screw numbers were extracted from the medical records. Postoperative complications and hospitalization of surgery were also analyzed.



Statistical analysis

The SPSS version 18 software (IBM Corp., Armonk, NY, United States) was used to perform statistical analyses. Two-sample independent t-test was conducted to assess the differences of continuous variables with parametric data between the two cohorts. [image: Inline Image] and Fisher's exact test was used to analyze differences of categorical variables in outcome variables, where a p value of ≤0.05 was considered statistically significant.




Result


Demographic characteristics

A total of 90 AIS patients who underwent PSF were reviewed, with 45 in the ERAS group and 45 in the traditional group. There are four and five male patients in ERAS group and TP group, respectively, with a total average age of 15.36 ± 1.33 and 15.35 ± 1.53 years, respectively. The demographic characteristics of the patients are shown in Table 2. There is no significant difference in age, gender, and BMI between ERAS group and TP group. Regarding preoperative hemoglobin level, Cobb angle, and Lenke classification for AIS of curve type, the difference is not statistically significant.


TABLE 2 Demographic characteristics.
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Surgical characteristics of two groups

Both groups achieved outstanding deformity correction, with an average correction rate of more than 75%. The Cobb angle of the main curve was corrected from 89.20° ± 11.70° to 20.38° ± 7.16° in the ERAS group and from 85.27° ± 10.16° to 19.96° ± 4.68° in the TP group. Similar fusion segments and screws were employed in both ERAS and TP groups. However, the EBL and surgical duration in ERAS group were significantly less than those of TP group (p = 0.000 and 0.000). The detailed information was listed in Table 3.


TABLE 3 Surgical information of two groups.
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Postoperative recovery characteristics

The postoperative hemoglobin in ERAS group (114.76 ± 6.74) was significantly higher (p < 0.001) than that of TP group (107.56 ± 6.46). The VAS for pain intensity of postoperative day (POD) 1 and POD 3 in the ERAS group was 3.89 ± 0.91 and 2.04 ± 0.64, both of which were significantly lower than those of the TP group (4.80 ± 0.84 for POD 1 and 3.04 ± 0.74 for POD 3). In terms of analgesic medicine applied duration, it was 2.36 ± 0.77 days in ERAS group and 4.51 ± 0.87 days in TP group, which exhibited statistical difference. Drainage duration and volume in the ERAS group were 1.38 ± 0.49 days and 61.13 ± 11.05 ml, both were less than those of the TP group (p < 0.001). The first ambulation time for patients in ERAS group is 2.27 ± 0.58 days, which was shorter than 4.96 ± 0.74 days for patients in TP group. The postoperative LOS in the ERAS group was significantly less than in the TP group (4.64 ± 0.86 vs. 6.22 ± 0.97). The allogeneic blood transfusion happened in 3 cases (6.67%) in ERAS group and 12 cases (26.67%) in TP group, which was significantly higher in TP group.

Of the 45 patients in ERAS group, 24 patients returned home on POD 4 (53.33%), 16 returned home on POD 5 (35.56%), 2 returned home on POD 6 (4.44%), and 3 returned home on POD 7 (6.67%). Of the latter 5 patients, 2 had a postoperative fever, 1 for wound infection, and 2 for nausea and vomiting, which were all postoperative complications in the ERAS group. In TP group, 10 patients returned home on POD 5 (22.22%), 21 returned home on POD 6 (46.67%), 9 returned home on POD 7 (20.00%), 4 returned home on POD 8 (8.89%), 9 returned home on POD 9 (2.22%). The complications in the TP group consisted of 4 cases of fever, 4 cases of wound infection, and 5 cases of nausea and vomiting. The overall postoperative recovery characteristics were shown in Table 4.


TABLE 4 Postoperative recovery characteristics and early complications of two groups.

[image: Table 4]




Discussion

The method of enhanced recovery after surgery was introduced 25 years ago by Kehlet (10). The components of the optimal idea were a series of evidence-based protocols of perioperative care to reduce surgical-stress responses and provide rapid rehabilitation for patients after operation. It has been reported and validated to be effective in various surgical procedures to accelerate postoperative recovery, which is an ideal concept for postoperative rehabilitation of posterior spinal fusion (11, 12, 16).

PSF for scoliosis is known as long duration, traumatic, heavy bleeding, and high risk of neurologic complications. The adoption of ERAS in scoliosis surgery has been explored before. Fletcher et al. reported a novel pathway for patients with AIS undergoing PSF that shortened the LOS without increasing the incidence of complications in 2014 (17). In 2021, Fletcher et al. found patients managed with both an ERAS pathway and a traditional pathway could have a rapid return to normalcy through a prospective dual-center study with 280 patients, but it was shown a 55% less LOS and a significantly less length of surgery and EBL in the ERAS group (18). Rather than a comprehensive and overall protocol for ERAS method, previous studies focus mainly on individual components of ERAS. An optimized ERAS pathway has been lacking in this setting. Thus, we seek to explore the feasibility and efficacy of an integral process of ERAS in PSF for AIS patients.

Based on the advanced experience of previous studies and the characteristics of young patients, we set a multidepartment protocol for AIS surgery including spine surgeon, nurse, anesthetist, psychiatrist, and nutritionist (19, 20). For preoperative preparation, the main goals are performing comprehensive assessment, optimizing the nutritional, psychological, and cardiopulmonary function status, alleviating the tension between patients and their families, and making good communication between doctors and patients. Besides scoliosis correction, it is of great importance to minimize surgical trauma, reduce blood loss, and maintain optimal blood pressure and temperature during operation. Postoperatively, performing satisfied pain management, accelerating rehabilitation, and preventing complications rank first. Nevertheless, spine deformity in adolescents affects the psychological status adversely. It is reported that 40% of AIS patients suffered from solitude and depression during and after treatment (21, 22). Deformity correction was reported to improve the physical and mental health of patients with AIS (23). Spine surgeons should keep aware that preoperative education could contribute to increasing self-confidence and reducing stress to improve patients' psychosocial status (24).


Intraoperative procedure to reduce the EBL

Some measures taken during operation to minimize the surgical trauma and reduce the blood loss were controlling the lowering of blood pressure and tranexamic acid (TXA). The efficacy of TXA to minimize blood loss in AIS surgery has been explored and verified without increasing the risk of deep vein thrombosis (25, 26). The comprehensive studies illustrated that the application of TXA could reduce total blood loss perioperatively and result in a higher hemoglobin level in patients undergoing spinal surgery (27, 28). In our study, the combination of TXA and controlled hypotension result in significantly less EBL and drainage volume, a higher postoperative hemoglobin level, and a lower incidence of blood transfusion in the ERAS group compared to the TP group.



Pain management

Postoperative pain management posed great challenges for AIS surgery. In addition to improving the quality of recovery, effective pain management reduces the patient's stress response, facilitates ambulation, and accelerates postoperative rehabilitation (29). Therefore, the significant role of multimodal analgesia is emphasized in all ERAS society guidelines (30). In the present study, the VAS of POD 1 and POD 3 in the ERAS group were significantly lower and the duration of analgesic medicine in the ERAS group was notably shorter than those of the TP group, which should be attributed to the effects of multimodal analgesia. The pain management for patients in ERAS group consisted of an incision infiltration of 0.375% ropivacaine, application of a patient-controlled analgesia pump (sufentanil + butorphanol), and COX-2 inhibitors medicine, which lead to both analgesia maintenance and reduced consumption of opioids (31).



Reduction of length of stay

Length of stay (LOS) is the indicator of better care, reducing potential medical complications, and rapid rehabilitation. The postoperative LOS in our study for patients in ERAS group is significantly shorter than TP group. The reduction in LOS of 1–2 days is similar to the previous studies (20). The improvement could attribute to the following reasons: optimization of the nutritional status, reduction in EBL during operation, successful postoperative pain management, and acceleration of rehabilitation.

Early ambulation, less complication, and length of stay are the goals of ERAS concept. In ERAS group, the average time of the first ambulation was 2.27 ± 0.58 days, significantly shorter than 4.96 ± 0.74 days in TP group. Satisfied pain management by multimodal analgesia helped to reduce the bedtime before getting to walk, which also contributed to starting a chain reaction to reduce nausea and vomiting and rapid recovery (32). However, the difference in complication incidence between ERAS and TP groups showed no statistical significance.



Limitations

Our study has limitations. Above all, it is a retrospective study with a small sample size within a single institution, which discounts the persuasive power of the conclusions. In addition, the surgeries were performed by a single surgeon, and as time goes by, the technique of surgery and skills proficiency might be a confounding factor to the outstanding results in the ERAS group. Therefore, a prospective randomized controlled study in multicenter is needed to verify the efficacy of the proposed comprehensive ERAS protocol.




Conclusions

Based on our findings, we found that the implementation of a standard ERAS protocol in AIS correction surgery could result in less EBL, lower pain intensity, early ambulation, shorter LOS, and rapid rehabilitation. We recommend the widespread adoption of ERAS protocols in AIS surgery.
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Purpose: Our research was designed to analyse the postoperative clinical results of patients suffering from single-segment thoracic ossification of the ligamentum flavum (TOLF) combined with dural ossification (DO) who underwent posterior laminar decompression and internal fixation.



Methods: This retrospective research included thirty-two patients who underwent surgery for ossifying the ligamentum flavum in the thoracic spine between January 2016 and January 2020. Patients were fallen into one group included patients with evidence of DO during surgery, and the other group included patients without evidence of DO. We assessed and compared general clinical characteristics and health-related outcomes before surgery and during follow-up.



Results: The DO group had a longer operation duration, more blood loss, and longer hospital stay (operation time: 94.75 ± 6.78 min vs. 80.00 ± 10.13 min, p < 0.001; blood loss: 331.67 ± 50.06 ml vs. 253.00 ± 48.24 ml, p < 0.001; length of hospital stay: 13.83 ± 2.76 days vs. 10.05 ± 2.33 days, p < 0.001).



Complications: There were 12 cases of cerebrospinal fluid leakage and 1 case of superficial wound infection in the DO group. However, the neurological recovery and health-associated quality of life (HRQOL) scores showed no statistically significant changes between the DO and non-DO groups (p > 0.05).



Conclusions: Posterior laminectomy and internal fixation combined with intraoperative resection of the ossified ligamentum flavum and dura is an efficient and relatively safe method for treating TOLF with DO, which can provide satisfactory results. Moreover, DO had no significant effect on postoperative neurological recovery and health-related quality of life scores.
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Introduction

As a chronic degenerative disease of the thoracic spine, ossification of thoracic ligamentum flavum (TOLF) is characterized by heterotropic thoracic OLF (1). In thoracic myelopathy, the incidence is often lower than ossification of the posterior longitudinal ligament (OPLL) and higher than herniation of the nucleus pulposus (HNP) (2). Patients with ossification of the thoracic ligament flavum are more common among East Asian populations, and the onset stage is mainly T9-T12. The prevalence of TOLF varies from 12.0% to 37.7% in different studies (3–5). To date, the pathogenesis of TOLF is not fully understood, and its main factors may be due to osteogenic cytokines (e.g., BMP) and mechanical stress (6–9).

For asymptomatic TOLF patients, surgery is rarely performed; however, thoracic spinal stenosis and spinal cord compression brought by TOLF are usually progressive and difficult to treat conservatively, requiring surgical treatment as soon as possible (10–14). When pressed, the ossified ligamentum flavum is in close contact with the dura mater, which may also ossify. The ossified ligamentum flavum and the dura fuse to form a hard-to-separate bone mass (9), which will undoubtedly enhance the difficulty of operation and the risk of complications such as spinal cord injury, CSF leakage and infection (15–17). Dural tearing of OLF is often considered to be caused by dural adhesion (DA) and dural ossification (DO) (16). Therefore, it is important to choose a more appropriate, safe and effective surgical approach. At the same time, there are relatively few studies on OLF with DO, and often the subjects with OLF are often multisegmental and the number of focal segments is not uniform (15, 16, 18, 19). In order to avoid the selective bias and reduce the error. So this paper includes patients with single-segment thoracic OLF with DO to further add to the analysis of the correlation between the surgical approach to TOLF with DO and postoperative clinical outcomes.



Materials and methods


Patient population

The institutional review board of our institution approved the current retrospective research, and a waiver of consent was acquired. The study evaluated patients receiving posterior lamina decompression and internal fixation for single-segment TOLF at our hospital between January 2016 and January 2020. Inclusion criteria: (1) TOLF diagnosed by CT or MRI with a single segmental lesion; (2) complete imaging and clinical data; and (3) patients followed up ≥24 months after surgery. Exclusion criteria: (1) history of thoracic or lumbar surgery; (2) previous history of infection, trauma, tumour, or congenital malformation; and (3) incomplete clinical records. Thirty-two patients (15 women and 17 men) were enrolled in the study. Patients were divided into two groups: the first group included 12 patients (9 females and 3 males) with intraoperative evidence of DO; the second group included 20 patients (6 females and 14 males) without evidence of DO.



Radiography

Preoperative radiology included general x-rays, computed tomography (CT), and magnetic resonance imaging (MRI). Preoperative plain x-ray exerted a significant effect on deciding the intraoperative site of TOLF. The location and extent of ossified spinal lesions were confirmed by performing CT scans. The location and number of segments influenced by TOLF, spinal cord engagement and any coexisting spinal disorders were determined by performing MRI.



Surgical procedure

All 32 patients were operated on by the same surgeon. Both groups underwent posterior laminar decompression and internal fixation. The related segment was preliminarily determined based on clinical manifestations and imaging examinations. Under general anaesthesia with endotracheal intubation, the patient was put in the prone position, and the surgical segment was positioned by fluoroscopy before the operation. The median incision on the posterior side was made with the lesion in the centre; the skin, subcutaneous tissue, and thoracolumbar dorsal fascia were incised in sequence; dissection of the paraspinal muscles occurred along the bilateral subperiosteal of the spinous process of the focal segment, stripped to the bilateral articular processes. Then, the spinous process and lamina were spread on both sides with a single hook to expose the intervertebral space of the focal segment. After the surgical incision was exposed and the decompression range was confirmed to be correct, the pedicle of the lesion segment was expanded to make a screw canal, the rongeur bit the spinous process of the corresponding vertebral body, the lamina and ligamentum flavum were removed with a drill, and the OLF in the lesion segment compressed the dura mater. A nerve peeler was used to assess the degree of adhesion of the OLF to the dura. In case of no adhesion, the OLF and lamina were pulled apart with forceps until the head and tail of the ossified tissue opened. One-third of the facet joints were opened outwards bilaterally, exposing the bilateral dura, which could be fully expanded. If there was dural ossification adhesion, the ossified dura mater was excised with a sharp knife, and the dural defect was repaired. Small dural tears were repaired with 4–0 silk sutures, and large dural defects were generally repaired with muscle flaps or adipose tissue. The dura mater was routinely covered with 1–2 layers of gelatine sponge. After thorough decompression, pedicle screws were placed on both sides of the lesion segment, connecting rods were placed on both sides, and nuts were fixed. The decompressed area was reflush with normal saline. A drainage tube was placed next to the median incision; instruments were counted; and the wound was sutured. According to the intraoperative exploration, there were 12 cases in the DO group and 20 in the non-DO group.

All patients were given routine antibiotic therapy within 3 days after surgery. Seven days after the surgery, the patients wore the brace to walk, and brace protection was kept for about 3 months.



Clinical evaluation

The following data of each patient were recorded: age, sex, BMI, smoking history, alcohol consumption history, history of hypertension, history of diabetes, duration of preoperative symptoms, estimated intraoperative blood loss (EBL), duration of surgery, length of hospital stay (LOH), compression segment of OLF, postoperative complications, the 36-item Short-Form Health Survey (SF-36) (20) and the modified Japanese Orthopaedic Association (mJOA) scoring system were adopted to assess the neurological improvement at preoperative and the last postoperative follow-up, with the highest mark of 11 indicating normal function, a total mark ≤3 indicating severe neurological impairment, 4–6 indicating moderate function, and ≥7 indicating mild function (12). The recovery rate (RR) was calculated as follows: (postoperative JOA score−preoperative JOA score)/(11− preoperative JOA score)× 100 (%), with excellent (RR ≥ 75%), good (75% > RR ≥ 50%), fair (50% > RR ≥ 25%), or poor (RR < 25%) (21).



Statistical analysis

The measurement data is shown as the mean ± standard deviation, and the counting data are totals and percentages. SPSS software (version 26.0; SPSS, Chicago, Illinois) was adopted to perform all analyses. The comparison of independent variables between the two groups was made by paired sample T test, independent sample T test, χ2 test or Fisher's exact test, and Mann–Whitney U test. Multivariate logistic regression was used to analyse the factors associated with dural ossification in patients with single-segment thoracic OLF. Modified odds ratios (aORs) and 95% confidence intervals (CIs) were used. A p value of <0.05 was of statistical significance.




Results


Patient population

Thirty-two patients with single-level TOLF who underwent posterior lamina decompression and fusion and internal fixation were selected for the current study. Based on the intraoperative exploration, the patients were fallen into the DO group (n = 12) and the non-DO group (n = 20). Table 1 summarizes the features of these patients. There was no great diversity between the two groups in age, sex, BMI, number of smokers, number of drinkers, incidence of hypertension or diabetes. A typical case is shown in Figure 1.


[image: Figure 1]
FIGURE 1
A patient with thoracic ossification of ligamentum flavum in T11/12. (A,B) Preoperative x-ray; (C-E) Preoperative coronal and axial section computed tomography scan; (F,G) Preoperative sagittal and axial section magnetic resonance imaging scan; (H,I) Postoperative x-ray; (J,K) Intraoperative photo and postoperative sample of ligamentum flavum ossification.



TABLE 1 Patient Backgrounds.
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Clinical characteristics

The mean preoperative symptom duration was 14.92 months in the DO group and 12.10 months in the non-DO group (p = 0.527). Compared with the non-DO group, the DO group had a longer operation duration, more blood loss, and longer hospital stay (operation time: 94.75 ± 6.78 min vs. 80.00 ± 10.13 min, p < 0.001; estimated blood loss: 331.67 ± 50.06 ml vs. 253.00 ± 48.24 ml, p < 0.001; length of stay: 13.83 ± 2.76 days vs. 10.05 ± 2.33 days, p < 0.001). Complications included cerebrospinal fluid leakage (DO group: 12, non-DO group: 0), spinal cord injury (DO group: 0, non-DO group: 0), superficial infection (DO group: 1, non-DO group: 0), and screw loosening/failure (DO group: 0, non-DO group: 0) (Table 2).


TABLE 2 Clinical characteristics.
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Distribution

Figure 2 shows the distribution of TOLF with DO. TOLF is more common in the lower thoracic vertebrae, with more than half (75%) of DO located in T9–T12.
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FIGURE 2
Distribution of OLF and DO: OLF was more common in the lower thoracic spine. More than half (75%) of the DO was located in T9-T12. DO, dural ossification; OLF, ossification of ligamentum flavum.




Postoperative neurological recovery and health-related quality of life scores

Both the DO and non-DO groups showed significant improvements in most health-related outcomes (Table 3). The mean mJOA for all patients gradually improved from 4.67 to 7.75 in the DO group and from 5.75 to 8.40 in the non-DO group. The RR was 50.83 ± 11.09% in the DO group and 53.15 ± 11.29% in the non-DO group. Although the mJOA score of the DO group was lower than that of the non-DO group, no great diversity was observed in neurological function recovery between the group with and without DO (p > 0.05). Surgical outcome: The DO group was excellent in 1 (8.3%) patient, good in 6 (50.0%) patients, fair in 5 (41.7%) patients and poor in 0 (0%) patients. The non-DO group was excellent in 1 (5.0%) patient, good in 12 (60.0%) patients, fair in 7 (35.0%) patients and poor in 0 (0%) patients (Table 2). Patients showed no worsened neurological symptoms. No great diversity was found in surgical effect between the two groups (p = 0.860). Preoperative spinal cord severity: in the DO group, 1 case was ≥7 (8.3%), 8 cases were 4–6 (66.7%), and 3 cases were ≤3 (25.0%). The non-DO group was divided into 5 patients (18.8%) with ≥7 scores, 14 patients (68.8%) with 4–6 scores, and 1 patient (12.5%) with ≤3 scores. No great diversity was observed in preoperative spinal cord severity between the group with and without DO (p = 0.211).


TABLE 3 Comparison of postoperative neurological recovery and health related quality of life.
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These clinical SF-36 outcomes showed no great diversities between the two groups during follow-up. For the SF-36, most measures, including social functioning, physical functioning, mental health, vitality, and general health, were significantly enhanced compared to presurgery, with the exception of bodily pain in the DO group (p > 0.05) (Table 3).



Multivariate logistic regression analysis

The variables related to DO in univariate analysis were operation time, length of hospital stay, and estimated blood loss. According to multivariate logistic regression analysis, the length of hospital stay and estimated blood loss were independently correlated with the DO group (length of hospital stay OR = 2.201, p = 0.024, 95% CI 1.110–4.365; estimated blood loss: OR = 1.033, p = 0.048, 95% CI 1.000–1.067) (Table 4).


TABLE 4 Multivariate logistic regression analysis of OLF with DO.
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Postoperative complications

The ossified dura and ligamentum flavum were directly resected in 12 patients in the DO group, so the dura was torn during the operation, resulting in CSF leakage. Small dural lacerations were repaired with 4-0 silk sutures, while large dural defects were usually repaired with muscle flaps or adipose tissue. CSF leakage was stopped after delayed drainage tube removal and conservative treatment with local pressure was applied for 5∼7 days. One patient developed a superficial wound infection, which was cured after 1∼2 weeks of specific antibiotic treatment.




Discussion


Distribution and incidence of TOLF and DO

Patients with TOLF are more common among East Asian populations, and the onset stage is mainly T9–T12 (3–5). This research describes the surgical experience of 32 Chinese patients who underwent single-segment TOLF with or without DO. TOLF was found to be mostly in the lower thoracic spine, with more than half (75%) of the DO located in T9–T12, consistent with previous studies.

The exact incidence of dural ossification in thoracic ligamentum flavum ossification is unclear because most articles mainly describe multisegmental TOLF, few studies have been conducted to explain the combination of DO in single-segment TOLF alone, and it has been suggested that the occurrence of DO is rare. In contrast, among the 32 patients with segmental TOLF included in this paper, 12 patients had combined DO, the prevalence of which was 37.5%, which is like the outcomes reported by Muthukumar and Li et al (16, 18). The incidence of TOLF with DO is relatively high. However, studies on the distribution and prevalence of DO are inadequate, and the present study further provides an additional explanation.



Surgical procedure and results

Surgical decompression has been the best treatment option for compressive myelopathy because TOLF-associated myelopathy influences the posterior part of the spinal canal (11–13). However, surgical decompression for TOLF with DO has been treated in different ways. Sun et al (11). reported two surgical approaches for the treatment of TOLF combined with DO: dural opening and removal of ossification and floating of the ossified dura by drilling and thinning. Wang et al (12). compared posterior decompression laminectomy with or without internal fixation and fusion therapy, and both surgical methods are effective methods for the treatment of TOLF and can provide satisfactory clinical improvement. In patients with thoracic spinal myelopathy combined with specific types of TOLF, the use of percutaneous total endoscopic posterior decompression (PEPD) is feasible as the most minimally invasive spinal decompression procedure. However, this surgical approach makes it difficult to treat TOLF patients with DO (13). In combination with the surgical approach of the abovementioned studies, this study adopts posterior laminar decompression and internal fixation, and if DO is found intraoperatively, it is removed together with TOLF. The great advantage of this surgical approach is complete decompression and avoidance of ossification recurrence. Although the thoracic spine has restricted motion and better stability compared to the cervical and lumbar spine, our previous study on the clinical efficacy analysis of laminectomy alone and with instrumentation in treating TOLF showed better clinical outcomes and lower perioperative complication rates after internal fixation laminectomy (LI) compared to postoperative laminectomy alone (LA) (22). For insurance purposes, we performed internal fusion of the operated segments to increase stability and safety and reduce the risk of complications in the thoracic spine.

In this study, no diversity was found in the preoperative duration of symptoms between the two groups compared with those without DO, but the DO group had longer surgery, more bleeding, and longer hospital stays. Multivariate logistic regression analysis showed no great diversity in operative time between the two groups, while intraoperative blood loss and length of hospital stay were related to the DO group. If the OLF adhered to the DO during the operation, it would be difficult to separate, so it would need to be removed together; when removing the DO, the surgeon needs to be careful to avoid spinal cord injury because the removal of the DO will cause CSF leakage, so the amount of blood loss during the operation is greater. Postoperative treatment with local pressure and delayed drainage tube removal is needed, so the length of stay is also longer.

In our study, the postoperative recovery of the two groups was mainly good and fair. This is similar to the results of Wang et al (12)., who reported that 8 (24.2%) patients had excellent recovery, 22 (66.7%) patients recovered well, 2 (6%) patients recovered fairly and 1 (3%) patient recovered poorly. However, compared with the complications in other studies, the complications in this study were relatively simple. The main complication in our study was CSF leakage, which was related to the surgical method adopted in this study. During the operation, we found that patients with DO would be directly excised together with TOLF, so patients with DO would suffer from CSF leakage caused by dural defects. Recovery is usually possible with intraoperative repair of the defective dura and with conservative postoperative treatment.



Postoperative neurological recovery and health-related quality of life scores

There are relatively few reports on the postoperative neurological recovery and quality of life of single segment TOLF combined with DO. Aizawa et al (23). reported that poor recovery after TOLF may be related to inadequate decompression. Sun et al (15). displayed that despite a diversity in JOA scores between the two groups both preoperatively and postoperatively, with the DO group being lower than the non-DO group, there is no statistically significant diversity in neurological recovery between the two groups. In this study, there was no significant difference in postoperative neurological function recovery between the DO and non-DO groups. This may be related to adequate decompression found in both groups. Therefore, under sufficient decompression, DO was not associated with the recovery of neurological function after TOLF. All patients in our research underwent posterior laminar decompression and internal fixation. At the follow-up examination, a significant improvement was found in the preoperative and postoperative JOA scores. However, most of the recovery was incomplete, with a mean value of 50.83 ± 11.09% for the DO group and 53.15 ± 11.29% for the non-DO group for RR. Similar to previous reports (14, 24, 25).

No great diversity was found in HRQOL between the two groups during follow-up. Nevertheless, most postoperative indicators of patients, including social function, physical function, mental health, vitality and overall health, were significantly enhanced, but the improvement in postoperative bodily pain showed no difference between the group with or without DO. This may be because DO mainly compresses the spinal cord centrally rather than the nerve roots, and therefore, the improvement in somatic pain is not significant.

There were some limitations in this study. First, the duration of follow-up was short, and longer follow-up is therefore needed to verify the outcomes of this research. Second, small sample size may affect the statistical results. Third, there may be some inherent biases in the retrospective study design and patient data. However, this article examines patients with single-segment TOLF with DO to add a more nuanced perspective on this type of disease.




Conclusions

Posterior laminectomy and internal fixation combined with intraoperative resection of the ossified ligamentum flavum and dura is an efficient and relatively safe method for treating TOLF with DO, which can provide satisfactory results. Moreover, DO had no significant effect on postoperative neurological recovery and health-related quality of life scores.
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Study Design: Retrospective analysis.



Objective: To evaluate bone quality and investigate asymmetrical development of the thoracic vertebral body in adolescent idiopathic scoliosis (AIS) based on Hounsfield unit (HU) measurements obtained from computed-tomography (CT) scans.



Summary of Background Data: HU value demonstrated higher reliability and accuracy than the traditional method, indicating that they could be used to individually evaluate and effectively assess the bone quality of every vertebra in the CT films.



Methods: Total 30 AIS patients classified as Lenke Type 1A and 30 paired controls were included in this study. Regions of interest for HU value were measured on three horizontal images of the thoracic vertebrae. HU measurements of the whole vertebral body in each vertebra were obtained. Using HU value, we separately measured the concave and convex sides of each vertebral body in patients' group, as well as within the left and right sides in controls.



Results: In controls, the mean HU value of T1–T12 thoracic vertebral bodies was 240.03 ± 39.77, with no statistical differences among different levels. As for AIS patients, in the structural curve, the apical region had a significantly lower HU compared with the other regions, and asymmetrical change was found between the concave and convex sides, most significantly in the apical region. In the non-structural curve, the average HU value was 254.99 ± 44.48, and no significant difference was found either among the different levels of vertebrae or between the concave and convex sides.



Conclusions: Abnormal and asymmetrical changes in bone quality of the thoracic vertebral body in patients with Lenke 1A AIS were indicated. Low bone quality in the convex side of the structural curve indicated stronger internal fixation in surgery to correct the deformity.



KEYWORDS
adolescent idiopathic scoliosis, bone quality, Hounsfield units, bone mineral density, spine





Background

Adolescent idiopathic scoliosis (AIS) is a complex three-dimensional deformity of the spine, characterized by lateral spinal curvature with a Cobb angle exceeding 10 degrees (1–4). The incidence of AIS is currently about 2%–3%, making it the most common spinal deformity in children (5). When untreated, progressive AIS is associated with restrictive lung disease, pain, severe deformity, and even mental health problems, posing a serious burden to the family and society (6, 7).

The causes of AIS are complex, including genetics, abnormal nervous-system function, endocrine abnormalities, biomechanical changes, and abnormal vertebral development (8, 9). Low bone quality had been found in AIS patients compared with healthy controls (10–17). AIS patients were reported to have poorer bone mineral density in bilateral femoral neck and central skeleton compared with controls (13, 14). Asymmetrical development of the vertebrae was also considered to be an important factor in the pathogenesis of AIS. Previous studies had established that longitudinal growth of the vertebral body in AIS patients was disproportionate (1, 9, 18). Asymmetrical changes in the width of thoracic pedicle in AIS patients vs. controls had also been found (19). However, only a few studies have evaluated the bone quality of the vertebral body in AIS patients.

The Hounsfield unit (HU) is a dimensionless unit generated from computed-tomography(CT) scans, which is obtained by linear transformation of the measured attenuation coefficient. HU value is considered an effective benchmark of bone quality (20–22). Compared with traditional methods, HU value permits more effective evaluation of the bone quality of every vertebral body, but it does not register the abdominal calcification that dual-energy x-ray absorptiometry scans cannot distinguish from attenuation (23–26). The purpose of our study is to evaluate bone quality and investigate asymmetrical development of the thoracic vertebral bodies based on HU measurements obtained from CT scans.



Material and methods


Subjects

Inclusion criteria for AIS patients were as follows: (1) careful screening to ensure that their scoliosis was idiopathic and classified as Lenke 1A (27); and (2) preoperative radiographs and CT images were available on file. Exclusion criteria for AIS patients were as follows: (1) proven or even suspected congenital, muscular, neurological, or hormonal cause of scoliosis; (2) receipt of spinal surgery or brace treatment; and (3) spinal infection or metabolic disease that could affect the accuracy of HU measurement. Inclusion criteria for controls were as follows: (1) gender, age, weight and height matched with patients; (2) clinical indications for CT (such as pneumonia) but no abnormal skeletal system findings assessed by a radiologist; and (3) no spinal bone infection or metabolic disease. Ultimately, 30 Lenke 1A AIS patients and 30 paired controls were included in our study. Therefore, total 30 structural curves (main thoracic curves) and 30 non-structural curves (proximal thoracic curves) were measured. Their demographic data were shown in Table 1.


TABLE 1 Demographic data of AIS patients and controls.
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Data collection and assessment

Demographic data, including age (year), height (cm), weight (kg) and body mass index (BMI; kg/m2) were collected. Standard whole-spine x-ray in the anteroposterior (AP), lateral and bending-position views were used. As shown in Figure 1, measurement of radiographic data mainly relied on the patient's whole-spine AP x-ray. We measured the Cobb angle and differentiated structural from non-structural curves by Lenke classification (27). A total 30 structural curves (main thoracic curves) and 30 non-structural curves (proximal thoracic curves) were measured. The apex vertebra (AV) was defined as the vertebral body farthest from the center sacral vertical line (CSVL). If the intervertebral disc was located at the farthest position, we collected data from the upper and lower vertebrae at the same time, bringing two apical vertebrae into one apical region. AV-1 was defined as the upper vertebra adjacent to AV; AV-2 was defined as the upper vertebra adjacent to AV-1; AV + 1 was defined as the lower vertebra adjacent to AV; AV + 2 was defined as the lower vertebra adjacent to AV + 1. The upper-end and lower-end vertebrae (UEV, LEV) were defined as the vertebrae with the largest inclinations at the head and at the tail of the curve respectively.


[image: Figure 1]
FIGURE 1
Measurement diagram of the AP x-ray of the whole spine. Three Cobb angles, including the structural and non-structural curves, was shown. The AV was defined as the vertebral body farthest from the CSVL. If the intervertebral disc was located at the farthest position, we collected data from the upper and lower vertebrae at the same time, bringing two apical vertebrae into one apical region. AV-1 was defined as the upper vertebra adjacent to AV; AV-2 was defined as the upper vertebra adjacent to AV-1; AV + 1 was defined as the lower vertebra adjacent to AV; AV + 2 was defined as the lower vertebra adjacent to AV + 1. The UEV and LEV were defined as the vertebrae with the largest inclinations at the head and at the tail of the curve respectively.


CT scans were performed on a 64-slice scanner (Toshiba Aquilion1 64-slice; Toshiba Medical Systems Corporation, Otawara-shi, Japan) at 120 kV and less than 200 mA, with a slice thickness of 0.5 mm and a resultant average radiation burden less than 10 mGy to reduce radiation exposure. During the scans, protections of sensitive glands were performed. Before taking measurements, 3D reconstruction of the CT film was performed and three suitable slices were obtained, as shown in Figure 2. The dashed white line represented the appropriate angulation on a reformatted workstation for obtaining the transverse CT image for each vertebra. HU value of the whole vertebral bodies, the concave and convex sides were separately measured at three locations of the vertebra on three horizontal planes: below the upper endplate of the vertebra, in the middle of the vertebra, and above the lower endplate of the vertebra. The solid yellow circle represented the areas that we focused on, which were used for HU measurement. The HU value of each vertebra was defined as the average HU value for all three planes. For each measurement, we drew the largest possible elliptical region of interest, excluding the cortical margins to prevent volume averaging.


[image: Figure 2]
FIGURE 2
Measurement diagram of HU value. (A) The dashed white line represents the appropriate angulation on a reformatted workstation for obtaining the transverse CT image for each vertebra, displaying different planes. (B–D) The dotted orange circle represents the area we focused on in three different planes of the same vertebra: below the upper endplate of the vertebra, in the middle of the vertebra, and above the lower endplate of the vertebra. (E–G) We drew the red line to divide the vertebra into concave and convex sides through the spinous process as shown. The solid yellow circle represents the area we focused on for HU value measurement.




Statistical analysis

We analyzed all data using GraphPad Prism version 8.0.1 (GraphPad Software, San Diego, CA, USA) and SPSS version 20.0 (IBM Corp., Armonk, NY, USA). HU value among different vertebrae and degrees of variation in different regions were compared via one-way analysis of variance (ANOVA) followed by Bonferroni's post hoc test. We compared HU value between the concave and convex sides of each vertebra using the paired t test. The results were considered to be significant when two-way P < 0.05, and the range of agreement was defined as mean ± standard deviations (SDs).




Results


Vertebral-body bone quality in the apical region of the structural curve was decreased in AIS patients

A total of 30 patients with Lenke 1A AIS and 30 paired controls were included in our study. The HU value of T1-T12 thoracic vertebral bodies in controls were shown in Table 2. There was no significant difference among the different levels (Figure 3A). As for AIS patients, the HU value in the apical region of the structural curve was significantly lower than that in other regions (Table 3 and Figure 3B), but in the non-structural curve we found no significant difference among HU value in different regions (Table 3 and Figure 3B). Besides, we found that the average HU value of structural curve in Lenke 1A AIS patients was lower when compared to controls (Supplementary Figure S1). Meanwhile, we compared the average HU value between the structural and non-structural curves in AIS patients, and found that there was a statistically significant decrease in the regions of structural curves (Supplementary Figure S2).
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FIGURE 3
Vertebral-body bone quality of the apical region of the structural curve was decreased in AIS patients. (A) HU value of thoracic vertebral bodies from T1 to T12 in controls. (B) HU value of different levels of vertebral bodies in AIS patients, including the structural and non-structural curves. Total 30 patients with Lenke type 1A AIS and 30 paired controls were included in this study. ns: no statistical significance; **P < 0.01 vs. SC-AV or NSC-AV group.



TABLE 2 Hu value in controls.
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TABLE 3 Hu value in AIS patients. .
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Asymmetrical changes in vertebral-body bone quality in AIS patients

HU values were measured within the left and right sides of thoracic vertebral bodies in controls and within the concave and convex sides of thoracic vertebral bodies in AIS patients. As shown in Figure 4A, no significant difference in HU value was found between the left and right sides in controls (Figure 4A). As for AIS patients, the structural curve showed significant asymmetrical changes in HU values between the concave and convex sides in the AV-2, AV-1, AV, AV + 1, and AV + 2 regions but not in the UEV or LEV region. In the non-structural curve, no significant difference was found between the concave and convex sides in the UEV, AV-1, AV, AV + 1, or LEV region (Figure 4B). Besides, HU values in convex were lower than that in concave in AIS patient, and this difference could be more obvious in the apical region (Figure 4C).
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FIGURE 4
Asymmetrical changes in vertebral-body bone quality in AIS patients. (A) HU value on the left and right sides of thoracic vertebral bodies in controls. (B) HU value on the concave and convex sides of thoracic vertebral bodies in different regions of the structural and non-structural curves in AIS patients. (C) Comparison of HU values within the concave and convex sides of thoracic vertebral bodies in different regions of the structural curve in AIS patients. Total 30 patients with Lenke type 1A AIS and 30 paired controls were included in this study. ns: no statistical significance; *P < 0.05 vs. convex group, **P < 0.01 vs. convex group.




In AIS patients, asymmetrical changes in vertebral-body bone quality were most significant in the apical region

To compare the degree of asymmetrical change between the concave and convex sides in different regions of AIS patients, we calculated the variation degree of bone quality (VDBQ) as follows:

VDBQ (%) = Σ[(HU value of concave side – convex side)
convex side]number of vertebrae involved in the region

As shown in Table 4 and Figure 5, we found that the VDBQ (%) in AV (26.82 ± 12.73) was higher than that in AV ± 2 (15.71 ± 12.24), UEV (7.28 ± 12.06) and LEV (3.30 ± 13.70), but we found no significant difference between AV (26.82 ± 12.73) and AV ± 1 (24.69 ± 12.73). The VDBQ in AV ± 1 (24.69 ± 12.73) was higher than that in AV ± 2 (15.71 ± 12.24), but no statistical difference among AV ± 2 (15.71 ± 12.24), UEV (7.28 ± 12.06) and LEV (3.30 ± 13.70) was found.
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FIGURE 5
In AIS patients, asymmetrical changes in vertebral-body bone quality were most significant in the apical region. Comparison of variation degree of bone quality in different regions of the structural curve in AIS patients. Total 30 patients with Lenke type 1A AIS and 30 paired controls were included in this study. *P < 0.05 vs. SC-AV group, **P < 0.01 vs. AV group, #P < 0.05 vs. AV ± 1 group.



TABLE 4 Variation degree of bone quality in different regions of the structural curve in AIS patients.
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Discussion

HU value was considered to be a effective method to evaluate bone quality in many studies. Correlations of HU value with T-score have been reported, and it has been proposed as the primary criterion in the diagnosis of osteoporosis when the HU value at the L1 vertebral body was less than 110 (28, 29). Christensen et al. found that HU value at the proximal femur could be used to predict the risk of fracture, and a decline in HU value was closely related to the occurrence of fracture (30). HU value shows higher reliability and accuracy than traditional methods and can be used to evaluate the bone quality effectively and individually of every vertebra included in CT films (23–25).

In our study, we found that vertebral-body bone quality in the apical region of the structural curve in AIS patients was decreased when compared to the controls. Abnormal bone metabolism was considered to be an important factor in the pathogenesis of AIS (1, 9, 31). In a previous study, a significant difference in the bone mineral density between patients with AIS and non-affected paired controls was proven (32). Li et al. reported that AIS patients had poorer bone mineral density of the bilateral femoral neck than controls (13), and lower bone volume from the histological sections of the spinous process taken from AIS patients was found (33). Besides, Almomen et al. reported that female AIS patients with greater higher Cobb angles exhibited a significantly higher risk of low bone density (34). Our study is the first to use the HU value obtained from CT scans to evaluate the bone quality of vertebral bodies in AIS patients.

The asymmetric bony growth of vertebral bodies in AIS patients had been previously reported (19, 35–39). In our study, we evaluated bone quality using HU value and found the asymmetrical bone quality changes between the concave and convex sides of thoracic vertebral bodies in the AV-2, AV-1, AV, AV + 1, and AV + 2 regions of the structural curve in AIS patients. Besides, the bone quality of the convex side of vertebral bodies was significantly lower than that in the concave side. In addition, asymmetrical change in vertebral-body bone quality was most significant in the apical region. Although the mechanism was still unclear, it suggested that there was an asymmetrical change during the development of the skeleton system in AIS patients. In a previous study, the average width of pedicle was smaller in the non-structural curve than that in the structural curve in AIS patients (19). In our study, asymmetric change between the concave and convex sides was found in the region of structural curve but no significant difference in non-structural curve with a p-value larger than 0.05. The non-structural curve referred to the temporary and compensable curve without structural changes, which indicated that the change existed primarily in the structural curve. Moreover, it remains elusive whether a significant difference between concave and convex sides would be shown with a larger Cobb angle of the non-structural curve in AIS patients, and further studies are needed.

In surgery to correct AIS deformities, choosing the suitable screw could be important (40, 41). As known, the length and width of pedicle were generally considered to be the major factors in the choice of pedicle screw fixation during a deformity correction surgery (42, 43). Meanwhile, in previous studies, the thickness of cortical bone of pedicle had been reported to be an important factor for enhancing holding force of pedicle screw, and the screw stability depends on the structural characteristics of the pedicle (44–46). Besides, the quality of cancellous bone was also considered to be an influencing factor on the holding force of pedicle screws. Lower bone mass was considered as an affected factor of pedicle screw loosening, and regional HU value of the screw trajectory could be a strong predictor of long-term screw fixation (47, 48). Zou et al. reported that HU value measured on CT was an independent predictor for pedicle screw loosening, and lower HU value was significantly correlated with higher risk of screw loosening (49, 50). Another study showed that anti-osteoporosis treatment could achieve strong pedicle screw fixation effectively with an increase in bone mineral density around the screw assessed by QCT (51).Our results found lower bone quality in the convex vs. the concave side in the AV, AV ± 1, and AV ± 2 regions of the structural curve in AIS patients, suggesting that surgeons should exercise increased vigilance when selecting pedicle screw dimensions, a thicker and longer pedicle screw should be better to provide stronger holding force for internal fixation on the convex side during surgery when the width and length were suitable.

This study had the following limitations. Our results can not be applied to males because only female subjects were included in our study. Additionally, only Lenke 1A AIS patients were included. It would be ideal if we could repeat the same measurements in AIS patients of all other Lenke types. Furthermore, this is a single-center study and the entire study cohort was recruited from the southern region of China, which limits generalizability to other geographic locations, including the differences of temperature and elevation.



Conclusions

Based on HU value obtained from CT scans of AIS patients, the bone quality of vertebral bodies in the apical region of the structural curve was significantly decreased compared with other regions, and asymmetrical changes were found between the concave and convex sides of vertebral bodies. Further, we found that the asymmetry was most significant in the apical region. In terms of application, thicker and longer pedicle screws should be chosen to provide stronger holding force for internal fixation on the convex side during surgery.
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Background: Enhanced recovery after surgery (ERAS) is an evidence-based multimodal perioperative management designed to reduce the length of stay (LOS) and complications. The purpose of the present study is to evaluate the recovery of physiological function, LOS, complications, pain score, and clinical efficacy in frail elderly patients undergoing multisegment fusion surgery after the implementation of the ERAS protocol.



Methods: Frail patients older than 75 years undergoing multilevel lumbar fusion surgery for degenerative discogenic conditions, lumbar spinal stenosis, and lumbar spondylolisthesis from January 2017 to December 2018 (non-ERAS frail group) and from January 2020 to December 2021 (ERAS frail group) were enrolled in the present study. Propensity score matching for age, sex, body mass index, and smoking status was performed to keep comparable characteristics between the two groups. Further recovery of physiological function, LOS, complications, pain score, and clinical efficacy were compared between the groups.



Results: There were 64 pairs of well-balanced patients, and the clinical baseline data were comparable between the two groups. There was significant improvement in terms of recovery of physiological function (10.65 ± 3.51 days vs. 8.31 ± 3.98 days, p = 0.011) and LOS (12.18 ± 4.69 days vs. 10.44 ± 4.60 days, p = 0.035), while no statistical discrepancy was observed with regard to complications between the groups, which indicated favorable outcomes after the implementation of the ERAS protocol. Further analysis indicated that more patients were meeting a minimally clinical important difference for the visual analog score for the legs and the Oswestry Disability Index in the ERAS frail group. With regard to postoperative pain, the score was higher in the ERAS frail group than in the non-ERAS frail group on postoperative day (POD) 1 (4.88 ± 1.90 in the ERAS frail group vs. 4.27 ± 1.42 in the non-ERAS frail group, p = 0.042), while there was no significant discrepancy on POD 2 (3.77 ± 0.88 in the ERAS frail group vs. 3.64 ± 1.07 in the non-ERAS frail group, p = 0.470) and POD 3 (3.83 ± 1.89 in the ERAS frail group vs. 3.47 ± 1.75 in the non-ERAS frail group, p = 0.266).



Conclusions: In this retrospective cohort study, we found a significant improvement in terms of LOS, recovery of physiological function, and clinical efficacy after the implementation of the ERAS protocol in elderly and frail patients undergoing multilevel lumbar fusion surgery, while there was no significant discrepancy with regard to complications, 90-day readmission, and postoperative pain.



KEYWORDS
enhanced recovery after surgery, frail, multilevel, lumbar fusion surgery, propensity score matching





Introduction

Enhanced recovery after surgery (ERAS) is an evidence-based, multidisciplinary perioperative approach adopted to decrease postoperative adverse events by mitigating stress response in patients following surgical intervention (1–4). First introduced for colon surgery, the ERAS protocol has been implemented successfully in various surgical specialties. Substantial attention has been paid to spine surgery, and several studies have found that patients undergoing lumbar fusion surgery (short-segment or multilevel) can benefit from the implementation of the ERAS protocol (5–10). Studies have demonstrated that ERAS for lumbar fusion could reduce hospitalization costs, postoperative pain, and complications, while facilitating the recovery of physiological function without adversely affecting readmission rates; this is the case irrespective of whether the protocol is implemented preoperatively, intraoperatively, or postoperatively (11, 12).

There is now an increased focus on desirable perioperative outcomes in vulnerable patients due to the increasing incidence of age-related disorders. Frailty is clinically defined as a syndrome characterized by decreased physiological reserve that can predispose patients undergoing surgery to suboptimal outcomes (13, 14). Moreover, previous studies have shown that frail patients are susceptible to an increased risk of complications, a longer length of stay (LOS), and more hospitalization expenditures arising from lumbar surgery (15, 16). Accurate risk stratification and predicting postoperative complications in time are imperative in older patients undergoing lumbar fusion surgery. The Fried frailty phenotype was described by Fried and colleagues (17), which is comprised of five variables, namely unintentional weight loss, self-reported exhaustion, low physical activity, slowness, and weakness. The score assigns one point for any of these factors and is calculated by adding each variable.

Previous studies have demonstrated the clinical efficacy of the ERAS protocol in lumbar fusion surgery; however, there has been a lack of sufficient data pool for evaluating ERAS in frail patients following lumbar fusion surgery, especially multisegment lumbar fusion surgery (8). Furthermore, with increasing age, elderly patients often suffer from comorbidities, making the vulnerable among them more prone to an increased risk of suboptimal outcomes (18). Against this background, this study aims to evaluate the return of physiological function, LOS, complication rates, pain scores, and clinical efficacy in frail elderly patients undergoing multisegment fusion surgery after the implementation of the ERAS protocol.



Methods


Population

This was a retrospective cohort study. This study was approved by the institutional review board in Xuanwu Hospital Capital Medical University (No. 2018086). Informed consent was waived due to the nature of the study design. Consecutive patients who underwent multilevel lumbar fusion surgery, defined as fusion segments greater than or equal to 3 before and after the implementing the ERAS protocol, were reviewed in this study. Inclusion criteria were (1) age >75 years; (2) undergoing multilevel lumbar fusion surgery for degenerative discogenic conditions, lumbar spinal stenosis, and lumbar spondylolisthesis; and (3) completed preoperative data. A multidisciplinary appraisal team was established in 2019 at our institution with the aim of minimizing selection bias, and the Fried phenotype score was evaluated by specially trained nurses. A patient was defined as frail if the score was >2. Exclusion criteria were (1) history of spinal surgery; (2) concomitant cervical surgery or thoracic spine surgery; and (3) lack of clinical data. The ERAS protocol was implemented in July 2019 to increase the reliability and comparability of the data, patients reviewed from January 2017 to December 2018 were classified as non-ERAS frail group, and those reviewed from January 2020 to December 2021 were classified as ERAS frail group. Propensity score matching for age, sex, body mass index (BMI), and smoking status was performed to maintain comparable clinical characteristics.



Enhanced recovery after surgery interventions

The ERAS protocol for multilevel lumbar fusion surgery was fully implemented in our department in July 2019 and a multidisciplinary assessment team was established. The ERAS program is a patient-specific perioperative management approach, and a tailor-made management regimen is adopted for patients by following ERAS principles. Our ERAS protocol consisted of preoperative, intraoperative, and postoperative interventions. The perioperative measures were (1) perioperative education and counseling: informing the patients about the risk of surgery and describing the ERAS pathway to ensure their understanding; (2) nutritional assessment: patients with malnutrition were provided with personalized and diet guidance and nutritional supplements from an expert nutritionist before surgery; (3) cessation of smoking and alcohol: 2 weeks before surgery; (4) no prolonged fasting: eating was permitted up to 6 h prior to surgery and carbohydrate-containing drinks were allowed up to 2 h before surgery; (5) multimodal analgesia: various analgesics were used according to pain stratifications; (6) antibiotic prophylaxis: within 1 h of the incision. Intraoperative interventions were (1) tranexamic acid: within half an hour of incision; (2) maintenance of normothermia: keeping temperature at 36–37°C; (3) local infiltration analgesia: 10 ml ropivacaine and 10 ml lidocaine; (4) standard anesthetic protocol: total intravenous anesthesia-based anesthetic technique with propofol, lidocaine, ketamine, ketorolac, antiemetics, and with up to 0.5% minimum alveolar concentration–inhaled anesthetics. Postoperative interventions were (1) early oral feeding: oral feeding after recovery from anesthesia; (2) early ambulation: patients with multilevel lumbar fusion surgery were suggested to ambulate out-of-bed with or without assistance within 48 h after surgery; (3) early removal of the bladder catheter: consider removing the catheter after 24 h; (4) multimodal analgesia: similar to the preoperative multimodal analgesia regimen with a patient-controlled analgesia pump.



Collected variables

Patient-specific and procedure-specific variables were reviewed from the medical records. The patient-specific perioperative variables included age, sex, BMI, smoking status, visual analog score (VAS) for the back and legs, Oswestry Disability Index (ODI) score before and after surgery, American Society of Anesthesiologists (ASA) classification, and Charlson comorbidity index (CCI) (19). The procedure-specific variables included operation time, intraoperative blood loss, intraoperative blood transfusion, LOS, fusion segments, 90-day readmission, and postoperative complications (i.e., deep vein thrombosis, pneumonia, surgical site infection, bacteremia, uroschesis, urinary tract infection, myocardial ischemia, neurological deficit, hematoma, delirium, spinal fluid leakage, and nausea and vomiting). We recorded the time to first ambulation, time to first bowel movement, and time to void, and the return of physiological function was defined as the sum of these parameters. Clinical efficacy was compared between the two groups according to the minimal clinically important difference (MCID) with a cutoff of 12.8 points for the ODI, 1.2 points for back pain, and 1.6 points for leg pain (20).



Surgical technique

A standard midline approach was performed to expose the posterior elements. The nerve roots were decompressed by hemilaminectomy or laminectomy according to the preoperative lumbar symptoms, radicular symptoms, and MRI. Spinal instrumentation was performed using a pedicle screw-rod construct, followed by a decompression of responsible segments with transforaminal lumbar interbody fusion. All surgeries were performed by the same team.



Statistical methods

Continuous variables were summarized as mean ± standard deviation when data were normally distributed, while categorical variables were expressed as frequencies and percentages. The continuous variables were analyzed using independent two-sample t-tests and categorical variables were compared using a chi-square test or the Fisher’s exact test. All statistical analyses were performed using SPSS software version 25.0 (SPSS, Inc., Armonk, NY, USA). P-values < 0.05 were considered statistically significant.




Results


Demographics

The detailed demographic patient data are presented in Table 1. After propensity score matching for age, sex, BMI, and smoking status, there were 64 pairs of well-balanced patients. The mean age was 79.94 ± 3.23 years and BMI was 25.24 ± 2.98 kg/m2 with 73.44% of women in the ERAS frail group. Analogously, the mean age was 79.32 ± 3.21 years and BMI was 25.69 ± 2.56 kg/m2 with 75.00% of women in the non-ERAS frail group. Patient-specific and procedure-specific baseline characteristics were comparable in both cohorts. CCI, ASA, pre-ODI, and pre-VAS for the back and legs were similar. In addition, there were no significant differences in terms of fusion segment, operation time, estimated blood loss, or intraoperative blood transfusions.


TABLE 1 Patients’ demographics.

[image: Table 1]



Perioperative outcomes

Perioperative characteristics are given in Table 2. There was no significant difference with regard to complication rates, 90-day readmission, post-ODI, post-VAS for the back, and post-VAS for the legs for both cohorts. However, there was a significant reduction in the LOS in the ERAS frail group (12.18 ± 4.69 days vs. 10.44 ± 4.60 days, p = 0.035).


TABLE 2 Perioperative outcomes between the enhanced recovery after surgery frail group and the non-enhanced recovery after surgery frail group.

[image: Table 2]


TABLE 3 Clinical efficacy described by recovery for the Oswestry Disability Index and visual analog score according to the minimal clinically important difference between groups.
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Recovery of physiological function

Significant improvements were seen on the first day of ambulation (3.42 ± 1.72 days vs. 2.38 ± 1.72 days, p = 0.010) and the first day of bowel movement (4.31 ± 1.32 days vs. 3.44 ± 1.47 days, p = 0.010) in the ERAS frail group. On average, the first day of bladder voiding occurred 0.42 days earlier (2.92 ± 1.79 days vs. 2.50 ± 1.84 days, p = 0.322) in the ERAS frail group, although no significant difference was observed. There was significant improvement in terms of recovery of physiological function in the ERAS frail group (10.65 ± 3.51 days vs. 8.31 ± 3.98 days, p = 0.011). The detailed characteristics are displayed in Figure 1.


[image: Figure 1]
FIGURE 1
Stacked bar graph denoting recovery of physiological function for the ERAS frail group and the non-ERAS frail group. ERAS, enhanced recovery after surgery.




Postoperative pain

The mean pain scores on postoperative days (PODs) 1–3 between the cohorts are illustrated in Figure 2. A significant difference was observed in the pain score on POD 1 (4.88 ± 1.90 in the ERAS frail group vs. 4.27 ± 1.42 in the non-ERAS frail group, p = 0.042), while there was no significant difference on POD 2 (3.77 ± 0.88 in the ERAS frail group vs. 3.64 ± 1.07 in the non-ERAS frail group, p = 0.470) and POD 3 (3.83 ± 1.89 in the ERAS frail group vs. 3.47 ± 1.75 in the non-ERAS frail group, p = 0.266).


[image: Figure 2]
FIGURE 2
Pain scores on POD 1–3 between the ERAS frail group and the non-ERAS group. POD, postoperative day; ERAS, enhanced recovery after surgery.




Clinical efficacy

There were 51 (79.69%) patients in the ERAS group and 40 (62.50%) patients in the non-ERAS frail group meeting an MCID for the ODI, respectively (p = 0.032). In addition, there was substantial improvement in the VAS for the legs in the ERAS frail group compared with that in the non-ERAS frail group (70.31% vs. 53.13%, p = 0.045). More patients were meeting an MCID for the VAS for the back in the ERAS frail group, without a significant discrepancy (67.19% vs. 60.94%, p = 0.461).




Discussion

ERAS is an evidence-based multidisciplinary perioperative pathway designed to achieve early convalescence, a reduction of LOS, and postoperative complications (5, 21, 22). Conspicuous perioperative outcomes in previous studies resulted in ERAS gaining in popularity in spine surgery. Although ERAS studies have increased exponentially, there is a dearth of studies investigating the implementation of the ERAS protocol in frail older patients (>75 years) (8). The present study indicated that the implementation of the protocol amplified the recovery of physiological function, improvement of clinical efficacy, and reduction of LOS.

Frailty is clinically defined as a syndrome characterized by a decreased physiological reserve, predisposing patients to undergo surgery to avoid suboptimal outcomes. Further, multilevel lumbar fusion surgery exhibits higher complication rates and a longer LOS than their short-level counterparts (18). Therefore, if there are no external meticulous interventions, frail elderly patients would incur an increased risk of suboptimal postoperative outcomes. In a recently published retrospective study of frail patients following 1- or 2-level transforaminal lumbar interbody fusion, Porche et al. (8) indicated that ERAS significantly improved the LOS compared with their non-frail counterparts. In the present study, we found a significant reduction in the LOS in the ERAS frail group, though there was no significant difference in complications. Based on clinical experience, postoperative wound pain is correlated with patient satisfaction (23). Hence, a multimodal analgesia regimen as a part of an ERAS protocol should help maintain pain in the tolerable range. In this study, there was a significant difference in the pain score on POD 1, while there was no significant discrepancy on POD 2 and POD 3. The pain score appeared to have decreased from POD 1 to POD 3, especially in the non-ERAS frail group. In our previously published study (24), we stated that the patient-controlled multimodal analgesia pump is usually removed on POD 3 in our department, and this practice might account for the pain score being a little higher on POD 3 than on POD 2 in the ERAS frail group.

Early ambulation is the backbone of the ERAS protocol, and ERAS is designed to reduce adverse events based on a theoretical rationale for diminishing surgical-related stress response and insulin resistance (25). Hence, early recovery of physiological function occurs after implementing the ERAS protocol theoretically. Consistent with Proche et al., the total days for recovery of physiological function were significantly lower in the ERAS frail group (pre-ERAS: 6.7 days, post-ERAS: 3.4 days, p < 0.001). In this study, the first day of ambulation occurred on average 1.04 days earlier, the first day of bowel movement occurred on average 0.87 days earlier, and the first day of bladder voiding occurred 0.42 days earlier in the ERAS frail group than in the non-ERAS frail group, respectively. Furthermore, the number of days to the recovery of physiological function was significantly less, with an average of 2.34 days earlier in the ERAS frail group.

Clinical efficacy is evaluated according to patient-reported health-related quality-of-life questionnaires including the ODI and VAS in spinal surgery studies. However, even subtle changes can yield statistically significant differences in sample sizes and measurement accuracy, and these are sufficient. Therefore, the MCID suggests a threshold to assess clinical efficacy, which makes intergroup analysis intuitive and explicit (20). In a retrospective study, Ayling et al. (26) indicated that there was no significant difference in the ODI and numeric rating scale between patients undergoing 1- to 2-level open transforaminal lumbar interbody fusion or minimally invasive transforaminal lumbar interbody fusion. Further analysis suggested that a higher baseline leg pain score predicted achieving the MCID in both cohorts. Jacob et al. (23) conducted a retrospective study suggesting that meeting an MCID for the back and leg pain was associated with patient satisfaction in lumbar decompression patients. Our study showed a significant improvement in the ODI and VAS after the performance of the procedures both in the ERAS frail group and in the non-ERAS frail group. In addition, despite finding the analogous preoperative and postoperative ODI, VAS for the back, and VAS for the legs, we found a significantly increased number of patients who met an MCID for the ODI and VAS for the legs after the implementation of the ERAS protocol. More patients in the ERAS frail group met an MCID in the VAS for the back; however, there was no significant difference because the postoperative patient-reported outcomes included in this study were evaluated before discharge, which provides favorable evidence for immediate recovery for daily activities after implementing the ERAS protocol in clinical practice.

This study was not without limitations. First, the study suffered from inherent limitations associated with retrospective analysis. Second, we did not perform multivariate analysis for patients who did not meet an MCID on the grounds of insufficient statistical power due to the small sample size. Finally, long-term patient-reported outcomes were not included in this study, as this study primarily focused on ERAS exposure with frailty as the variable, whereas ERAS is a multimodal management approach focusing on perioperative outcomes. Further multicenter studies with large cohorts are required to confirm our findings.



Conclusion

In this retrospective cohort study, we found a significant improvement in terms of the LOS, recovery of physiological function, and clinical efficacy after the implementation of the ERAS protocol in elderly and frail patients undergoing multilevel lumbar fusion surgery, while there was no significant discrepancy with regard to complications, 90-day readmission rates, and postoperative pain.
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Background: The aims of this study were to identify the relationship between the spinocranial angle (SCA) and clinical outcomes and to explore whether the SCA is a suitable indicator to predict clinical outcomes for patients with ossification of the posterior longitudinal ligament (OPLL).



Methods: Sixty-five patients with cervical OPLL who underwent laminoplasty with at least 24 months of follow-up were selected for the current study and were divided into two groups according to whether the SCA was greater than or less than the mean preoperative SCA. Sagittal alignment changes were compared between the groups. The Pearson correlation coefficient was applied to assess the relationship among sagittal parameters. Univariate and multiple linear regression analyses were applied to identify the relationship between the recovery rate (RR) and radiological parameters.



Results: Patients were classified into two groups based on the mean value of preoperative SCA (85.1°). SCA was negatively correlated with T1 slope (T1s) and cervical lordosis (CL) and positively correlated with the C2–7 sagittal vertical axis (cSVA) (p < 0.001). Patients with lower SCA had larger T1s and CL preoperatively and at the follow-up (T1s: p < 0.001; CL: p < 0.001) and showed greater loss of cervical lordosis after laminoplasty (p < 0.001). However, no significant differences in the incidence of kyphosis, Japanese Orthopaedic Association (JOA) or RR were noted between the two groups. Although Pre-SCA, Pre-CL, F/U-CL and Pre-T1sCL were significantly associated with RR, these indicators were not associated with RR in the multivariate regression analysis.



Conclusion: Patients with lower SCA tended to have higher T1s and CL before surgery and greater loss of cervical lordosis at the follow-up visit but still maintained a greater lordosis angle. Although preoperative SCA is significantly related to RR, the relationship is not sufficient to indicate that preoperative SCA can be used to predict clinical outcomes. Therefore, further research is needed to confirm the impact of SCA on clinical outcomes for OPLL.
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Introduction

Ossification of the posterior longitudinal ligament (OPLL) refers to a phenomenon of abnormal ossification of the ligament that is slow in the pathological process, and its specific pathogenesis is unclear. For cervical OPLL patients with severe clinical symptoms, anterior or posterior surgical intervention methods are currently used to facilitate decompression to relieve nerve compression and preserve nerve function. The scope of ossification lesions is often large and spans multiple segments. Patients with OPLL typically exhibit severe spinal cord compression accompanied by hypertrophy or ossification of the ligamentum flavum and spinal stenosis, which can easily cause nerve damage during anterior surgery. This notion led to increased interest in the use of laminoplasty in the treatment of cervical spine OPLL (1). Specifically, posterior spinal canal enlargement and laminoplasty achieved good prognostic effects during treatment (2, 3). Currently, cervical sagittal parameters are receiving increasing attention and are widely used to predict quality of life (4–7). Among them, the spinocranial angle (SCA), T1 slope (T1s) and C2–7 sagittal vertical axis (cSVA) are considered to be the three parameters that can better reflect sagittal balance and are also key research objects in the future (8). Regardless of whether it is T1s or cSVA, relevant studies on the evaluation of the sagittal alignment of cervical OPLL have been performed (9–11). However, although SCA, which is defined as the angle between a line from the sella turcica centre and C7 endplate and the C7 plateau line, has been reported to exhibit a significant correlation with many sagittal parameters (12), few studies have attempted to explore and correlate SCA with clinical results. Therefore, exploring the relationship between SCA and clinical outcomes is necessary.

The aim of our study was to explore the relationship between SCA and surgical effects after laminoplasty for cervical OPLL and to identify the significance of SCA as a predictor of clinical outcomes in patients with OPLL.



Materials and methods


Patient population

We retrospectively reviewed 65 consecutive patients (33 males and 32 females) with cervical OPLL who underwent laminoplasty between January 2010 and December 2016 in the Department of Spinal Surgery, the Third Hospital of Hebei Medical University (Figure 1). We included patients with (1) OPLL diagnosed by computed tomography; (2) completed radiographic and clinical data available; and (3) greater than 24 months of follow-up data. We excluded the following patients: (1) previous surgery involving the cervical spine; (2) cervical fractures, tumours, and metabolic disorders; (3) follow-up period less than 2 years; and (4) radiological parameters that were too unclear to measure. Health-related outcomes were evaluated preoperatively and at the follow-up period, including the Japanese Orthopaedic Association (JOA) (score 0–17) and recovery rate (RR) (postoperative score-preoperative score)/(17-preoperative score) × 100%).


[image: Figure 1]
FIGURE 1
Spinocranial angle (SCA): the angle is defined as the angle between the C7 slope and the straight line joining the middle of the C7 end plate and the middle of the sella turcica. T1 slope (T1s): the angle between a horizontal line and the superior endplate of T1 or C7. C2–C7 lordosis (CL): the angle between the lower plate of C2 and the lower plate of C7. C2–C7 SVA (cSVA): the distance from the posterior, superior corner of C7 to the plumbline from the centroid of C2.




Radiographic analysis

Lateral radiographs of the cervical spine were obtained preoperatively and at the 2-year follow-up. Radiological parameters included SCA, T1s, cervical lordosis (CL), cSVA, and T1sCL, which were measured as follows (Figure 2): (1) SCA is deﬁned as the angle defined between the C7 slope and the straight line joining the midpoint of the C7 end plate and the midpoint of the sella turcica. (2) T1s is deﬁned as the angle between the upper endplate of T1s and a horizontal line. (3) CL is deﬁned as the angle formed by the inferior end plates of C2 and C7. (4) cSVA is deﬁned as the horizontal distance from the posterior, superior corner of C7 vertebra to the plumbline from the centroid of C2 vertebra. (5) T1sCL is deﬁned as the angle that is calculated based on the T1 slope minus C2–C7 lordosis. Here, Δ represents the change of each sagittal parameter.
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FIGURE 2
Posterior cervical surgery was performed to release the compression. Lateral x-ray of cervical spine was taken in a male patient with OPLL at preoperative and postoperative. A is preoperative, B is postoperative.


All of the patients had undergone posterior cervical singledoor laminoplasty. The surgeries were conducted by the same group of surgeons followed by the same procedure. The decompression and fixation surgeries were described briefly as follows: The patients were in the prone position after anesthesia was performed with close monitoring. After the skin, subcutaneous, and fascia were cut, bilateral paraspinal muscles were peeled off to expose the posterior structure of vertebral. The surgery only cut the muscle longitudinally, not horizontally. At the same time, the muscles that did not interfere with the surgery were left intact. The posterior vertebral plates were turned over and then fixed in a position where the spinal canal was enlarged. The decompression range of vertebral lamina is C3–C6.



Statistical analysis

Data are revealed as the number of subjects in each group or the mean ± standard deviation and were calculated by SPSS (version 22.0; SPSS Inc., Chicago, IL, USA). Each independent variable was compared between the two groups using the independent-sample t test or Mann-Whitney U test and the χ2 test or Fisher's exact test. The Pearson correlation coefficient was applied to assess the relationships among preoperative SCA, preoperative T1s, preoperative CL, preoperative cSVA and preoperative T1sCL. Univariate and multiple linear regression analyses were applied to evaluate the relationship between RR and various sagittal parameters. Significance was noted at the p < 0.05 level.




Results


Comparison of patient backgrounds according to preoperative SCA

Sixty-five patients were selected for the current study and were divided into two groups according to the mean preoperative SCA (85.1°). Patient clinical features according to preoperative SCA are summarized in Table 1. The value of SCA varied from 67.9° to 83.9° in low-SCA group and from 85.3° to 105.6° in high-SCA group. No statistically significant differences in age, sex, type of OPLL, number of expanded laminae or incidence of diabetes mellitus were noted between the two groups. The prognostic indicators included F/U-JOA (low-SCA: 14.23 ± 1.09°, high-SCA: 13.94 ± 0.85°; p = 0.195) and RR (low-SCA: 59.32 ± 16.63°, high-SCA: 52.92 ± 15.66°; p = 0.067). None of the above indicators showed significant differences, except for F/U-JOA (low-SCA, p < 0.001; high-SCA, p < 0.001).


TABLE 1 Comparison of patient backgrounds according to preoperative SCA.
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Comparison of radiologic parameters according to preoperative SCA

The values for and differences in radiological parameters between the two groups are summarized in Table 2. The following radiologic results were observed: Pre-T1s (27.59 ± 4.72° vs. 19.19 ± 3.90°, p < 0.001), F/U-T1s (25.10 ± 4.15° vs. 17.92 ± 4.30°, p < 0.001), Pre-CL (17.81 ± 4.60° vs. 8.90 ± 5.03°, p < 0.001), F/U-CL (12.62 ± 7.78° vs. 6.49 ± 4.22°, p < 0.001), Pre-cSVA (22.94 ± 9.16 vs. 23.46 ± 10.16 mm, p = 0.829), F/U-cSVA (26.27 ± 9.33 vs. 25.81 ± 9.48 mm, p = 0.845), Pre-T1sCL (9.78 ± 2.76° vs. 10.29 ± 5.39°, p = 0.895), and F/U-T1sCL (12.48 ± 7.55° vs. 11.43 ± 4.96°, p = 0.763). Only T1s and CL showed significant differences between the two groups both preoperatively and during the follow-up period.


TABLE 2 Comparison of radiologic and clinical parameters according to preoperative SCA.
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Comparison of sagittal alignment and clinical outcome changes according to preoperative SCA

Table 3 summarizes the changes in radiographic parameters and clinical efficacy. The mean values of ΔSCA and ΔCL were 4.61°, −5.18° in the low-SCA group and 1.69°, −2.41° in the high-SCA group, respectively, and all displayed significant differences (ΔSCA: p = 0.033, ΔCL: p < 0.001). However, the mean values of ΔT1s, ΔcSVA and ΔT1sCL were −2.49°, 3.33°, and 2.70° in the low-SCA group and −1.27°, 2.35°, and 1.14° in the high-SCA group, respectively. No significant differences were noted between the two groups (ΔT1s: p = 0.179, ΔcSVA: p = 0.948, ΔT1sCL: p = 0.222). Similarly, no significant difference occurred in ΔJOA between the two groups (p = 0.224).


TABLE 3 Comparison of sagittal alignment and clinical outcome changes according to preoperative SCA.
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Pearson correlations of cervical sagittal parameters

Table 4 demonstrates the Pearson correlations among preoperative sagittal parameters. Preoperative SCA was significantly correlated with T1s (r = −0.769, p < 0.001), CL (r = −0.856, p < 0.001) and preoperative cSVA (r = 0.430, p < 0.001). Preoperative T1s was positively correlated with preoperative CL (r = 0.768, p < 0.001). Preoperative CL was negatively correlated with preoperative cSVA (r = −0.395, p = 0.001) and T1sCL (r = −0.450, p < 0.001). Preoperative cSVA was positively correlated with preoperative T1sCL (r = 0.334, p = 0.007).


TABLE 4 Pearson correlations of preoperative cervical sagittal parameters.
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Univariate and multiple linear regression analysis of the relationship between RR and sagittal parameters

The results of univariate and multiple linear regression analyses are summarized in Tables 5, 6. Among all sagittal parameters, Pre-SCA, Pre-CL, F/U-CL and Pre-T1sCL were significantly related to RR (Pre-SCA: r = −0.247, p = 0.048; Pre-CL: r = 0.301, p = 0.015; F/U-CL: r = 0.247, p = 0.047; Pre-T1sCL: r = −0.334, p = 0.006). Unfortunately, the selected variables above showed no significant correlation with RR in multiple linear regression analysis.


TABLE 5 Unvariate analysis between RR and radiological parameters.
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TABLE 6 Multivariate analysis of factors associated with RR.
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Discussion

Recently, the significance of cervical alignment balance based on sagittal parameters has been gradually realized (4, 5). Cervical sagittal parameters exhibit a close correlation with quality of life (6, 7). Poor cervical equilibrium after the posterior approach is widely recognized as an important influencing factor leading to a decline in quality of life (6, 13). Among numerous sagittal parameters, three parameters stand out: SCA, T1s and cSVA. Previous reports have evaluated sagittal balance by SCA, which fluctuates within a certain range (83° ± 9°) under normal conditions and is significantly correlated with T1s and CL (12). Although the essential sagittal parameter of SCA is being gradually recognized as an important factor, there are limited reports on the role of SCA in sagittal balance. In addition, whether SCA has the ability to predict changes in the sagittal sequence and clinical results, such as T1s and cSVA, remains unclear (10). Moreover, whether the degree of cervical sagittal balance damage after laminoplasty is associated with preoperative sagittal parameters remains controversial (14, 15). In our study, patients with a lower SCA who underwent laminoplasty had more changes in sagittal parameters, such as an increase in the SCA and the loss of CL. Simultaneously, preoperative SCA showed a negative correlation with T1s and CL. Moreover, T1s was significantly positively correlated with CL, which is consistent with previous reports that higher T1s tend to be accompanied by higher CL (5, 15). Studies have shown that patients with higher T1s may have higher CL, and greater effort is required to maintain cervical alignment balance (14, 15). Our research results seem to apply this hypothetical conclusion to SCA as well, and the results can be generalized to OPLL. In the present study, compared with the preoperative period, all the sagittal parameters involved in the low-SCA group were significantly changed during the follow-up period. However, only T1s and CL were significantly changed in the high-SCA group during the follow-up period, and the changes in SCA and CL in the high-SCA group were significantly smaller than those in the low-SCA group. However, for clinical results, such as JOA and RR, no significant difference was noted between the two groups. This finding may explain why patients with lower SCAs are more susceptible altered sagittal balance after surgery. Sagittal malalignment has been confirmed to be closely associated with a decline in health status, and rational equilibrium could contribute to maintaining posture and ameliorating quality of life (16–18). Moreover, it remains controversial whether cervical kyphosis is associated with RR in patients after laminoplasty (19, 20). Therefore, we hypothesized that SCA might also be associated with clinical prognosis, so we established a univariate regression analysis model to try to correlate various sagittal parameters with RR. Although Pre-SCA, Pre-CL, F/U-CL and Pre-T1sCA were significantly associated with RR, these indicators were not associated with RR in the multivariate regression analysis model. Moreover, neither JOA nor RR significantly differed between the two groups. Therefore, SCA does not seem to be a predictor of clinical outcomes. However, we consider that each specific disease should have a corresponding range of appropriate sagittal parameters, and the relevant conclusions are also applicable to different diseases. Therefore, SCA may not be an appropriate parameter to predict prognostic efficacy in OPLL. Although no significant difference in clinical outcomes was noted between the two groups, the alterations in alignment deserve our attention. Although the loss of cervical lordosis in the low-SCA group was greater than that in the high-SCA group, cervical lordosis could still be maintained. In addition, cervical lordosis was significantly greater than that in the high-SCA group, whereas the change in SCA in the low-SCA group was also larger than that in the high-SCA group. These results indicate that the smaller the SCA and the greater the CL, the more prominent the changes in sagittal balance after laminoplasty. However, the relationship between the surgical effect and SCA changes remains uncertain. No significant differences in cSVA, T1sCL or the incidence of kyphosis were noted between the two groups at the preoperative and follow-up visits, suggesting that patients may be compensated by the global alignment of the spine. Therefore, we believe that cervical alignment is easier to maintain in normal order for patients who can effectively compensate.

Our study has several significant limitations. The first is related to retrospective design. Moreover, the average follow-up time was 28 months, which is too short. In addition, the sample sizes were relatively small. Second, no comprehensive evaluation of clinical and functional results was performed, and only JOA and its RR were statistically evaluated. Third, sagittal x-ray examination of the global spine was not performed, so the relationship between SCA and global sagittal balance could not be further determined. However, despite these limitations, our study is valuable for understanding the relationship between SCA and clinical outcomes after posterior cervical surgery in patients with cervical OPLL.



Conclusion

Our study demonstrated that compared with the high-SCA group, patients with lower SCA tended to have higher T1s and CL before laminoplasty and greater loss of cervical lordosis at the follow-up visit but still maintained a greater lordosis angle. Although preoperative SCA is significantly related to RR, it is not sufficient to indicate that preoperative SCA can be used to predict clinical outcomes. Therefore, further research is needed to confirm the impact of SCA on clinical outcomes for OPLL.
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Purpose: The purpose of this study is to investigate the clinical effect of posterior lumbar fusion surgery on patients who suffer from lumbar disc herniation concurrent with peroneal nerve paralysis.



Methods: The patients suffering from peroneal nerve paralysis and undergoing posterior lumbar fusion surgery between January 2012 and December 2019 were retrospectively reviewed. The data of the identified patients were then collected and processed. All patients were followed up post-operatively after discharge from the hospital. The data was analyzed in terms of Oswestry disability index (ODI), visual analogue scale (VAS) score, and relative lower-limb muscle strength.



Results: A total of 87 patients (52 males and 35 females) aged 54 ± 11 years met the inclusion criteria for this study. These patients stayed in hospital for 16 ± 6 days and were followed up for 81 ± 24 months. Data analysis showed that muscle strength of the tibialis anterior and extensor digitorum significantly recovered at the last follow-up with a grade of 3 (median), compared to grade 0 at admission (p < 0.001). Furthermore, the median VAS score decreased to 1 at the last follow-up from 6 at admission (p < 0.001), and the ODI greatly improved with 10% (median) at the last follow-up, while it was 58% at admission (p < 0.001). The ODI improvement rate was 60% on average at the last follow-up. Multivariate regression analysis regarding the ODI and muscle strength improvement rates showed that advanced age was a risk factor for postoperative recovery.



Conclusions: Most of the patients suffering from lumbar disc herniation concurrent with peroneal nerve paralysis can improve after undergoing posterior lumbar fusion surgery, but few can reach full recovery. Advanced age might be a risk factor that affects the prognosis of these patients after surgery.



KEYWORDS
lumbar disc herniation, peroneal nerve paralysis, lumbar fusion, lower back pain, risk factor, foot drop





Introduction

In clinical scenarios, lumbar disc herniation (LDH) has a high incidence, most cases being caused by intervertebral disc degeneration (IVDD) (1–3). LDH can lead to lower back pain (LBP), radicular pain and numbness of lower limbs, and even peroneal nerve paralysis (4–7). The clinical symptoms caused by peroneal nerve paralysis include foot and toe (hallux) drop, which results from weakness of ankle (tibialis anterior) and toe dorsiflexion (extensor digitorum) (8). Foot drop has been reported to have an incidence of 0.6%–7.7% in lumbar IVDD diseases, most of which are LDH cases (9).

For these LDH patients with peroneal nerve paralysis, lumbar surgeries are usually performed to remove the herniated nucleus pulposus (the disc), decompress the nerve root and enlarge spinal canal. Nowadays, posterior lumbar surgery, with or without interbody fusion, is widely used to treat LDH, particularly for those cases concurrent with peroneal nerve paralysis (10). However, some previous studies indicated that patients after lumbar surgery might experience prolonged LBP which significantly lowers their quality of life (11–14). Although there have been some studies on LDH-induced peroneal nerve paralysis so far, it is still difficult to make definitive conclusions based on these studies considering the variety of surgical procedures used (4).

Thus, the purpose of this study is to investigate the clinical effect of posterior lumbar fusion surgery on patients who suffered from LDH concurrent with peroneal nerve paralysis.



Patients and methods


Ethics

This retrospective study has been approved by Medical Ethics Council of the Third Hospital of Hebei Medical University (approval no. K2022-127-1). All informed consent was obtained from the patients (or their lawful guardians).



Patients

The patients who were diagnosed with LDH and peroneal nerve paralysis between January 2012 and December 2019 were retrospectively reviewed. All participants in this study underwent posterior lumbar fusion surgery (Figure 1) as previously reported (15). The data of the identified patients were then collected and processed. All patients were followed up after discharge from the hospital.


[image: Figure 1]
FIGURE 1
A representative case of posterior fusion surgery. (A,B) Preoperative x-ray radiographs; (C,D) preoperative CT scans of L4-5 and L5-S1, respectively; (E) preoperative MRI scan (sagittal plane); (F,G) preoperative MRI scans of L4-5 and L5-S1, respectively (axial plane); (H,I) postoperative x-ray radiographs. The arrows indicate the herniation of intervertebral disc.




Assessment

The data collected in this study included baseline data and functional parameters. Baseline data consisted of age, gender, hospital stay, blood loss, operation time, follow-up time, and patient satisfaction. Functional parameters included Oswestry disability index (ODI), visual analogue scale (VAS) score, and lower-limb muscle strength. The lower-limb muscle strength was scored and analyzed by assessing muscle strength of the tibialis anterior and extensor digitorum, using the muscle scale established by the Medical Research Council (16). Foot drop and toe drop are defined as muscle strength below or equal to grade 3 (out of 5) (17). Additionally, the patients' satisfaction was collected and graded to three levels; dissatisfied, satisfied, and very satisfied.

ODI improvement rate was calculated using the equation (18, 19):

[image: Inline Image]

Muscle strength improvement rate was calculated using the equation:

[image: Inline Image]

To identify the risk factors that affect postoperative recovery, multivariate regression analyses were performed in terms of the ODI improvement rate and muscle strength improvement rate, respectively.



Statistics

SPSS for Windows 18.0 (SPSS Inc, US) was used for statistical analysis in this study. The data of ODI, VAS score and muscle strength is presented as median and interquartile range (IQR). The other data is presented as mean ± standard deviation (SD). Mann–Whitney U tests were used to analyze ODI, VAS score and muscle strength between pre-operation and post-operation. In addition, multivariate regression analyses (Enter method)were performed to identify the risk factors that would affect postoperative recovery in terms of the ODI improvement rate and muscle strength improvement rate, respectively. p values less than 0.05 were regarded as significant.




Results


Baseline data

After screening and review of the patients who had undergone lumbar fusion surgeries between January 2012 and December 2019, a total of 87 patients were identified and included in this study. As shown in Table 1, there are 52 males and 35 females. The age of these participants was 54 ± 11 years. The hospital stay was 16 ± 6 days, and blood loss was 752 ml on average. Operation time was 196 min on average, and the follow-up time for these patients was 81 ± 24 months. Median time to surgery was 1 month. Among all participants, most were very satisfied or satisfied about their treatment effects (78 in 87) and only 9 patients were dissatisfied.


TABLE 1 Baseline clinical data of patients (n = 87).
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Interbody fusions

As shown in Figure 2A, all participants underwent posterior lumbar interbody fusion surgeries. Among all 87 patients, 28 underwent L4-5 fusions, 24 underwent L4-S1 fusions, 14 underwent L3-5 fusions, and 21 underwent other segments’ fusions. As shown in Figure 2B, there were a total of 139 interbody fusions performed across all 87 patients. The majority of these fusions were L4-5 fusions and L5-S1 fusions, while the fusions of L3-4 and L2-3 were less common.


[image: Figure 2]
FIGURE 2
Lumbar fusions performed to the patients. (A) The number of patients in terms of fusions; (B) the number of lumbar fusions in terms of every fused segment.




Muscle strength and improvement rate

As shown in Figure 3, 66 of 87 patients were at grade 0 muscle strength of the tibialis anterior and extensor digitorum at admission, and 40 of the 87 patients improved to grades 4 or 5 at the last follow-up. Among 87 patients, 56 (64.4%)improved their muscle strength. As shown in Table 2, overall, the median preoperative muscle strength of the tibialis anterior and extensor digitorum was grade 0 at admission and grade 3 at the last post-operative follow-up. Compared to the preoperative gradings, the patients' muscle strength significantly recovered after surgery (p < 0.001). Muscle strength improvement rate was 50% on average at the last follow-up.


[image: Figure 3]
FIGURE 3
Comparison of muscle strength between pre-surgery (at admission) and last follow-up after surgery.



TABLE 2 Comparisons regarding muscle strength, VAS, and ODI (median and IQR).
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VAS score

As shown in Table 2, the median VAS score of the patients was 6 at admission. By contrast, the median VAS score decreased to 1 at the last post-operative follow-up. Statistical analysis showed that the patients' post-operative VAS score significantly decreased compared with pre-operation (p < 0.001).



ODI and ODI improvement rate

As shown in Table 2, the patients' median ODI was 58% at admission, and decreased to 10% at the last post-operative follow-up (p < 0.001). The ODI improvement rate was 60% on average at the last follow-up.



Multivariate regression analysis

In this study, multivariate regression analysis was performed to identify risk factors that may influence the recovery of the patients after surgery. In the regression analyses, ODI improvement rate and muscle strength improvement rate were used as the dependent variables, respectively. It showed that advanced age was a risk factor that might affect the final ODI improvement rate and muscle strength improvement rate (both p < 0.05), as shown in Tables 3, 4.


TABLE 3 Multivariate regression analysis regarding ODI improvement rate.
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TABLE 4 Multivariate regression analysis regarding muscle strength improvement rate.
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Discussion

Clinically, pathological changes in neural structures that influence the dorsiflexion of ankle would cause peroneal nerve paralysis, such as nerve compression, trauma, infection, tumor, and external oppression (5). LDH is one of the common diseases that lead to peroneal nerve paralysis (7, 8). Clinical symptoms caused by peroneal nerve paralysis usually include foot and toe (hallux) drop, resulting from weakness of the ankle (tibialis anterior) and toe (extensor digitorum) dorsiflexion. As previously reported, L4-5 disc herniation is the most common LDH that causes peroneal nerve paralysis, and L5-S1 disc herniation contributes 25% of cases with peroneal nerve paralysis (4, 5). In clinical settings, these LDH patients need to undergo lumbar spine surgeries regardless of interbody fusions. In the current study, we retrospectively collected 87 patients who underwent posterior lumbar fusion surgeries to treat LDH with peroneal nerve paralysis. The purpose of this study is to investigate the clinical effect of posterior lumbar fusion surgery on patients who suffered from LDH concurrent with peroneal nerve paralysis.

After being reviewed and identified, a total of 87 participants are finally enrolled in our study. Compared with pre-surgery, the functional parameters have significantly improved after surgery in terms of VAS score, lower-limb muscle strength, and ODI score. Moreover, most patients are very satisfied or satisfied about their treatment effects after fusion surgery. Our findings are in line with some existing reports indicating postoperative pain relief and functional recovery after the patients underwent lumbar surgeries to remove protruded disc and decompress nerve roots (4, 5, 9).

In our study, 56 out of 87 patients had improvements of muscle strength. Overall, the median muscle strength of the tibialis anterior and extensor digitorum improved to a grade of 3 at the last follow-up from grade 0 at admission. Among all 87 patients, there are 40 (46%) patients with muscle strength of grades 4 or 5 at last follow-up. Liu et al. (17) reported 135 patients who suffered from lumbar degenerative diseases with foot drop, and all these patients underwent posterior lumbar interbody fusion surgery with pedicle screw instrumentation. Their study shows 83.7% cases improved in muscle strength; however, only 15.6% patients improved to grades ≧4. By contrast, our study has shown a higher improvement rate (46%, grades ≧4) in muscle strength for the patients who had undergone lumbar fusion surgeries because of LDH and peroneal nerve paralysis. In addition, a multivariate regression analysis of our study shows that advanced age is a risk factor that may affect the final recovery of postoperative patients. This finding is consistent with Liu et al. (17) who reported that younger patients more often have a better surgical outcome.

To date, some studies have proposed a few risk factors and prognosis factors that influence post-operative recovery, but there is no consensus in this aspect. Shorter duration of peroneal nerve paralysis (17, 20), better pre-operative muscle strength (17, 20–22), shorter time to surgery (22), and younger age (17, 23) have been reported to indicate better recovery outcomes for patients who undergo lumbar surgeries due to lumbar spine diseases with peroneal nerve paralysis. However, it has been reported that there are no significant associations between postoperative recovery and the factors including age, diagnosis (LDH or spinal stenosis), duration of symptoms, and preoperative muscle strength (24).

Previous studies (25–27) have indicated that lower-limb exercise can effectively facilitate post-operative pain relief and promote functional recovery of patients undergoing spinal surgery. However, it still remains controversial regarding whether postoperative lower-limb exercise can really accelerate postoperative recovery. Some studies reported that postoperative lower-limb exercise can increase pain relief, functional improvement and patient satisfaction (25–30), while some others did not show positive effects of postoperative lower-limb exercise on final recovery (31–33).

There are some limitations restricting the data interpretation of this study. To start with, this is a single-center retrospective study, and as such the participants lack extensive representation which may affect the accuracy of the data. In addition, the patient sample size is not large, as only 87 participants were included in this study. The results and conclusions would be more robust if the patient sample size was larger. Hence, a larger and therefore more comprehensive study is needed to address all the issues above. The preferred study design would be multi-center, prospective, blinded and randomly controlled, with a larger sample size.



Conclusions

Most of patients suffering from lumbar disc herniation concurrent with peroneal nerve paralysis can improve after undergoing posterior lumbar fusion surgery, but few can reach full recovery. Advanced age might be a risk factor that affects the prognosis of these patients after surgery.
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Background: Spinal surgery causes severe postoperative pain. An erector spinae plane (ESP) block can relieve postoperative pain, but the optimal blocking method has not been defined. The aim of this study is to compare the feasibility of a one-level and a two-level lumbar ESP block and their effect on intraoperative and postoperative analgesia in lumbar spinal surgery.



Methods: A total of 83 adult patients who were scheduled for posterior lumbar interbody fusion were randomly divided into two groups. Patients in Group I (n = 42) received an ultrasound-guided bilateral one-level ESP block with 0.3% ropivacaine, while patients in Group II (n = 41) received a bilateral two-level ESP block. Blocking effectiveness was evaluated, including whether a sensory block covered the surgical incision, sensory decrease in anterior thigh, and quadriceps strength decrease. Intraoperative anesthetic dosage, postoperative visual analogue scale scores of pain, opioid consumption, rescue analgesia, and opioid-related side effects were analyzed.



Results: Of the total number, 80 patients completed the clinical trial and were included in the analysis, with 40 in each group. The time to complete the ESP block was significantly longer in Group II than in Group I (16.0 [14.3, 17.0] min vs. 9.0 [8.3, 9.0] min, P = 0.000). The rate of the sensory block covering the surgical incision at 30 min was significantly higher in Group II than in Group I (100% [40/40] vs. 85.0% [34/40], P = 0.026). The rate of the sensory block in the anterior thigh was higher in Group II (43.8% [35/80] vs. 27.5% [22/80], P = 0.032), but the rate of quadriceps strength decrease did not differ significantly between the groups. The mean effect–site remifentanil concentration during intervertebral decompression was lower in Group II than in Group I (2.9 ± 0.3 ng/ml vs. 3.3 ± 0.5 ng/ml, P = 0.007).There were no significant differences between the groups in terms of intraoperative analgesic consumption, postoperative analgesic consumption, and postoperative VAS pain scores at rest and with movement within 24 h. There were no block failures, block-related complications, and postoperative infection.



Conclusions: Among patients undergoing posterior lumbar interbody fusion, the two-level ESP block provided a higher rate of coverage of the surgical incision by the sensory block when compared with the one-level method, without increasing the incidence of procedure-related complications.




Clinical Trial Registration: www.chictr.org.cn, identifier: ChiCTR2100043596
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erector spinae plane block, one-level and two-level ESP block, pain sensorial blockage, lumbar surgery, perioperative analgesia





Introduction

Posterior lumbar surgery is a common procedure to treat lumbar degenerative diseases (1). The surgery is traumatic and causes postoperative pain, which confines patients to the bed at the early stage, resulting in delayed recovery, prolonged hospital stays, and increased costs (2–4). Perioperative pain management is important for achieving both anesthesia and surgical outcomes (5, 6).

Multimodal analgesia includes intravenous opioids, local anesthetic infiltration, and regional nerve blocking. NSAIDS has also been used in spinal surgery (7). An erector spinae plane (ESP) block is a paraspinal fascial plane block, first reported by Forero et al. in 2016 (8). Local anesthetic (LA) is administered between the thoracic transverse processes and the erector spinae muscle, blocking the dorsal and ventral rami of the thoracic and abdominal spinal nerves (8–10). It has been reported that the ESP block can provide analgesia for lumbar spinal surgery and has opioid-sparing effects (5, 11, 12). Different ESP block methods have been used in previous studies, with different concentrations (0.25%–0.4%) and volumes of bupivacaine or ropivacaine at T10, T12, and L4 or the midpoint of the incision (5, 7, 12–15). There is no systematic evaluation for determining the effects of a lumbar ESP block. It is not clear whether different volumes and injection sites will lead to different outcomes in a lumbar ESP block. We hypothesized that a two-level ESP block would have a higher rate of coverage of the surgical incision by the sensory block compared with a one-level ESP block.

The purpose of this study was to compare the feasibility of the one-level and two-level lumbar ESP block and their effect on intraoperative and postoperative analgesia in lumbar spinal surgery.



Materials and methods


Patients

This study was a randomized controlled trial conducted in Beijing Jishuitan Hospital. The study was approved by the Ethics Committee of Beijing Jishuitan Hospital (Review No. 20191202-J02) and was registered at the Chinese Clinical Trial Registry (ChiCTR2100043596). Written informed consent was obtained from all participants.

The patients’ inclusion criteria were the American Society of Anesthesiologists (ASA) physical status class I or II, age ≥18 years, and those scheduled for posterior lumbar interbody fusion. Exclusion criteria included severe heart, kidneys, liver, and life-threatening hematologic diseases; central or peripheral neurologic disease; non-sinus heart rate; pacemaker or antiarrhythmic drug use; allergy to amide-type local anesthetics; infection in the intervention region; a history of lumbar surgery and consuming narcotic substances or alcohol dependence.

Random allocation was performed by using SPSS software Version 22.0 (IBM Corp., Armonk, NY, United States). The inclusion orders 1–80 were inputted, the corresponding random numbers were generated by “COMPUTE random = RV.UNIFORM(0,1),” 40 smaller numbers were assigned to Group I, and the rest were included in Group II. The anesthesiologist who performed the ESP block was given an envelope containing group information when a patient was included. The patients were not informed of their group assignments. Orthopedists were unware of their group assignments. General anesthesia and postoperative assessment was performed by researchers blinded to the group assignment.



Anesthesia management


Conduct of the ESP block

The patients were transferred to the regional anesthesia room 45 min before surgery. A standard monitor was established with pulse oximetry, non-invasive arterial blood pressure measurement, and electrocardiogram. The patients were placed in the right lateral position and given intravenous midazolam of 2 mg and sufentanil of 5 µg for preprocedure sedation.

The ultrasound probe was placed at the sagittal axis, scanning from 5 cm to the midline and moving toward the midline. In sequence, the vertebral transverse process, lamina, and the spinous process were seen. Vertebral level T12 could be identified by the 12th rib, followed by each lumbar process. L1–L5 lumbar spinous processes were marked on the skin to identify operative vertebrae. The objective site of injection was decided according to the surgical incision. The upper site was one vertebral above the operative vertebrae. The lower site was defined as the lowest operative vertebrae. For patients in Group I, the ESP block was performed only at the upper level. For patients in Group II, it was performed at both upper and lower levels. In Group I, each patient received bilateral blocking at the upper level, while in Group II, each received bilateral upper- and lower-level injections. As a result, there were 80 injections in Group I and 160 injections in Group II. The ESP block was performed by the same anesthesiologist.

Ultrasound probe and the region scheduled for the procedure were sterilized. The probe was installed along the sagittal axis at the midline of the targeted vertebral level. The spinous processes were first visualized, and then with the probe moving to the lateral side, the transverse processes and the erector spinae muscle were visualized approximately 3–4 cm to the midline. A 100 mm needle was inserted using the in-plane technique. The needle was targeted between the transverse process and the deep fascia of the erector spinae muscle. The location of the needle was confirmed with 2 ml saline solution, followed by 0.3% ropivacaine injection. The same procedure was also performed on the opposite side. At the upper level, the needle was inserted from the cranial side to the caudal side, and 0.3% local anesthetic of 25 ml was injected. At the lower level, the needle was inserted from the caudal to the cranial side, and the LA volume was set at 10 ml. Therefore, the total LA volume was 35 in Group II and 25 ml in Group I.



General anesthesia and operation

After the patients arrived in the operating room, pulse oximetry, invasive arterial blood pressure measurement, electrocardiogram, Bispectral Index (BIS), and Pain Rating Index (Pti) monitor were established. General anesthesia was performed in all patients with a target-controlled infusion (TCI) of propofol and remifentanil. The initial plasma concentration of propofol was set at 3.5 µg/ml and increased by 0.3 µg/ml gradually until eyelash reflex disappeared. When the BIS was lower than 60, the effect compartment concentration was recorded. When the effect compartment concentration of remifentanil reached 3.0 ng/ml, rocuronium of 0.6 mg/kg was injected, and then endotracheal intubation was performed. Propofol and remifentanil were titrated to keep the BIS at 40–60 and PTI at 40–79. If it was necessary, rocuronium of 0.2 mg/kg would be added for muscle relaxation. During the intraoperative period, vasoactive drugs were administrated to maintain the heart rate and blood pressure within 20% of baseline. The operation was performed by the same surgical team using the same technique for all patients.

At 30 min before the end of surgery, parecoxib sodium of 40 mg and tropisetron hydrochloride of 5 mg were injected intravenously. After 15 min, sufentanil of 0.1 µg/kg was administered. The total dosage of intraoperative propofol, remifentanil, and rocuronium were recorded. Postoperatively, neostigmine of 2 mg and atropine of 1 mg were administered to antagonize the residual muscle relaxation. The patients were extubated after all extubation criteria were met and then transferred to the postanesthesia care unit (PACU). Patients with Aldrete scores ≥9 were transferred to the surgical ward.



Postoperative analgesia

Patients in both groups were provided with the same postoperative analgesia. Parecoxib sodium of 40 mg was given every 12 h within 72 h after surgery. The protocol of the patient-controlled analgesia (PCA) devices was set with sufentanil of 180 µg, tropisetron hydrochloride of 15 mg, and normal saline of 120 ml and initiated at the PACU. The PCA parameters were set as a basal infusion of 1 ml/h, lockout interval of 30 min, and bolus of 2 ml. For rescue analgesia, tramadol of 100 mg was intravenously administered to patients with visual analog scale (VAS) scores of more than 4 at rest.




Data collection

General information of the patients was recorded, such as sex, age, height, weight, ASA classification, and duration of surgery. The objective vertebra and time to complete the block were also recorded.

The primary endpoint was the rate of complete coverage of the surgical incision site by the sensory block. The plane of the sensory block was detected with a pinprick along the site of surgical incision at 15 and 30 min following the procedure. To confirm the boundary, it was necessary to ensure that the distance between each test point was less than 1 cm. The line between the targeted operative vertebra and the spinous process of the vertebra above was the surgical incision. If the blockage plane totally covered the surgical incision site, it would be recorded as complete blocking. If not, the incision length and vertical diameter of hypoalgesia were measured and the coverage rate was calculated as shown in Figure 1. According to the ultrasound image, the reliability of blocking was classified into three levels and recorded. (Level 0: the needle tip and the diffusion of LA were invisible; Level 1: the needle tip was invisible, the diffusion of LA was visible; Level 2: both the needle tip and the diffusion of LA were visible.) Local anesthetic allergy, toxicity, total spinal anesthesia or epidural block, hematoma, and postoperative infection were recorded. The treatments were also recorded.


[image: Figure 1]
FIGURE 1
Surgical incision and pain sensorial blockage. (A) the coverage rate is defined as complete blocking (100%); (B) the coverage rate is defined as cb/ab * 100%; (C) the coverage rate is defined as ad/ab * 100%; (D) or (E) the coverage rate is defined as 0%; (F) or no hypoalgesia: blocking failure. a, the upper bound of the surgical incision; b, the lower bound of the surgical incision; c, the upper bound of pain sensorial blockage; d, the lower bound of pain sensorial blockage.


Secondary endpoints included sensory decrease in the anterior thigh and quadriceps strength decrease. Pinprick sensation of the bilateral anterior thigh and quadriceps strength were evaluated at 30 min after the completion of the ESP block, and the results were recorded. Decreased quadriceps femoris strength was defined as less than grade 4. All examinations were performed by the same investigator who was unaware of group assignment. Intraoperative and postoperative data were recorded. The TCI concentration was recorded at the following timepoints: endotracheal intubation, skin incision, pedicle screw implantation, decompression, and skin closure. The consumption of anesthetics such as propofol, sufentanil, remifentanil, and rocuronium bromide was recorded. Postoperative pain was assessed at 2, 4, 8, 12, and 24 h using VAS scores of pain at rest and active movement. Moving from the supine to the lateral position was defined as active movement. Sufentanil consumption was recorded at the above-mentioned timepoints. Postoperative nausea and vomiting (PONV) and rescue analgesia were recorded.



Statistical analysis


Sample size determination

The primary purpose of the study was to evaluate the rate of complete coverage of the surgical incision by the sensory block after the completion of a single-level or two-level ESP block. On the basis of a pilot study of 10 patients, the rate after the one-level ESP block was 80%. Assuming that the rate after the two-level ESP block was 100%, the number of patients required for each group was determined as 39, using PASS 11.0 software (NCSS, LLC. Kaysville, Utah, USA) on “Tests for two proportions [proportions]” with 90% power and 0.05 alpha error.



Outcome analysis

Statistical analysis was performed on SPSS software Version 22.0 (IBM Corp, Armonk, NY, United States). Continuous variables data were expressed as mean ± standard deviation (SD) if the measurement data were in line with normal distribution. If not, it would be presented as median (interquartile). Statistics of data normality test was performed for continuous variables. Distributed data comprising continuous variables were analyzed using Student’s t-test, otherwise, the Mann–Whitney U test was used. Categorical data were analyzed using the χ2 test. If the expected value was less than 5, the Fisher's Exact Test was used. A value of P < 0.05 was considered statistically significant.





Result

A total of 83 patients were enrolled between March 2021 and August 2021. Two patients from Group I and one patient from Group II were excluded owing to a change in the surgery type or cancelation, and data from the remaining 80 patients were included in the analysis, with 40 in each group (Figure 2).
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FIGURE 2
Study flow diagram.


Demographic characteristics are presented in Table 1. There was no significant difference in terms of sex, age, height, weight, ASA classification, and duration of surgery between the groups.


TABLE 1 Demographic and operative characteristics of the study patients.
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At 30 min after the ESP block procedure, all patients in Group II received a complete sensory block over the surgical incision site. The rate of the complete coverage of the surgical incision by the sensory block was significantly higher in Group II than in Group I (100% [40/40] vs. 85.0% [34/40], P = 0.026). Six patients in Group I did not receive complete coverage as described (III) in Figure 1, and the coverage rates were 72.9%, 83.2%, 87.3%, 83.9%, 88. 4%, and 91.4%. At 30 min after the completion of the block, hypoesthesia and muscle strength were assessed for both the left and the right lower limbs, and 80 evaluations were performed in each group. The rate of the sensory block in the anterior thigh was higher in Group II (43.8% [35/80] vs. 27.5% [22/80], P = 0.032), but the rate of quadriceps strength decrease did not differ significantly between the groups. The time to complete the ESP block was significantly longer in Group II than in Group I (16.0 [14.3, 17.0] min vs. 9.0 [8.3, 9.0] min, P = 0.000). After 15 min of the ESP block procedure, the rate of coverage of the surgical incision by the sensory block was significantly higher in Group II than in Group I (80.0% [32/40] vs. 57.5% [23/40], P = 0.030). Group I patients received 80 injections and Group II received 160 injections as described above. There was no significant difference with regard to the reliability of blockage and the targeted vertebral of the upper level (Table 2).


TABLE 2 Target vertebra of the block and block effect.
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The targeted infusion concentration of remifentanil in Group II was lower than in Group I during intervertebral decompression (2.9 ± 0.3 ng/ml vs. 3.3 ± 0.5 ng/ml, P = 0.007). No significant difference was found between the two groups with regard to the target concentration of propofol and remifentanil during the operation (Table 3). There was also no significant difference with regard to the intraoperative anesthetic dosage between the two groups (Table 4). Postoperative rest and active movement VAS scores within 24 h are given in Table 5. There was no significant difference in the total consumption dosage of sufentanil within 24 h postoperatively (Table 6).


TABLE 3 Comparison of the TCI concentration of propofol and remifentanil during the maintenance of anesthesia.
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TABLE 4 Comparison of anesthetics consumption dosage between the two groups during the maintenance of anesthesia.
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TABLE 5 Comparison of visual analog pain scores at postoperative timepoints.
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TABLE 6 Comparison of sufentanil consumption dosage in the first 24 h following surgery.
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No block failures, local anesthetic allergy, toxicity, total spinal anesthesia or epidural blocking, hematoma, and postoperative infection were detected. There was no difference with regard to rescue analgesia, nausea, and vomiting among these patients (Table 7).


TABLE 7 Comparison of rescue analgesia and PONV between the two groups.
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Discussion

Skin, muscle, and bone will be damaged during posterior lumbar surgery (11). The surgical incision and paravertebral muscles were innervated by the dorsal rami of the spinal nerves, which runs downward and backward after passing through the transverse process of the lower vertebrae. A segmental and crossed distribution is the feature of the dorsal spinal nerve rami. An ideal regional block should block several dorsal ramies of the spinal nerve, especially the nerve from the cranial vertebrae, so we chose one level above the operative vertebrae as the site of the ESP block (9, 15–17). Previous studies have shown that a median of 5 ml of injectate was needed to cover one vertebral level. When the ESP block was performed in the lumbar region in our study, 0.3% ropivacaine of 25 ml was injected (18). In the pilot study, we evaluated the pain sensorial blockage after the ESP block, which did not cover the lower part of the incision. A larger volume of LA might result in a broader block site, but it might cause epidural anesthesia (19). On the other hand, the lumbar ESP block has a more localized spread compared with the thoracic ESP block because of a more complex, multilayered thoracolumbar fascia and the arrangement and thickness of the lumbar musculature (20, 21). The iliolumbar ligament, which passes from the tip of the transverse process of the L5 vertebra to the iliac crest, forms a thickened lower border of the two layers of the TLF and limits caudal spread (22, 23). Because of the reasons cited above, we performed a two-level ESP block, rather than increasing the volume of LA. Different LA-injected levels might result in different blocking sites. We recorded the injected level of the upper ESP block. Because the injected upper level was the same between the two groups, the added lower-level injection site was the reason for better coverage. To make sure LA was injected correctly, the reliability of the block was evaluated. The diffusion of LA was visible on ultrasound image. The result showed that the two-level ESP block provided a better pain sensorial blockage. Similar to our study, Silnha et al. (24) found that the two-level ESP block resulted in a better cranio-caudal spread of LA in a patient undergoing kyphosis correction surgery.

The spread of LA after the ESP block may follow different pathways, such as between the transverse process and the erector spinae muscle, between the QL muscle and the psoas muscle, and between the QL and the erector spinae muscle, which could block both the ventral and the dorsal rami of the spinal nerve (25). Previous studies have shown that different LA volumes, block levels, and needle tip positions lead to different sensory block areas (10, 18, 22, 26–28). In a cadaveric study, 20 ml of contrast solution was injected at L4, and then CT scan and dissection were performed. It was found that the solution spread from L2 to L5 in the erector spinae muscle, reaching the facet joints and the thoracolumbar fascia. In 33% of patients, the solution did not spread anterior to the transverse process, and in 16% patients, the contrast solution reached the corresponding spinal nerves (28). Harbell et al. (22) found that 20 ml of methylene blue injected at L4 could consistently spread to the dorsal rami, but there was no anterior spread to the ventral rami or paravertebral space. Azevedo et al. (27) performed the ESP block at L4 in fresh cadavers, injecting different volumes of LA, and found that the lumbar ESP block was effective in reaching the dorsal rami of the lumbar spinal nerves with a low volume injection of 20 ml. However, the anterior spread reaching the ventral rami or paravertebral space was better achieved with larger volumes of solution (30–40 ml). In our study, an LA of 35 ml was injected for patients in Group II, which yielded a higher rate of anterior thigh analgesia, indicating that LA had spread to the ventral rami. The lumbar disc is innervated by the anterior rami and the sinusoidal vertebral nerve. Better ventral rami blocking might account for a lower target infusion concentration of remifentanil needed in Group II patients during intraoperative decompression.

Multimodal analgesia was used in our study to relieve postoperative pain. In Group I, there were six patients who did not reach 100% incision blockage with the ESP block, but the coverage rate was more than 70%, which could be considered effective for intraoperative and postoperative pain control. There was no difference in terms of the degree of postoperative pain and sufentanil dosage between the two groups, which might be attributed to effective administration of incisional analgesia, and the result may also be limited by the sample size.

This study has some limitations. First, for patients in Group II, a larger volume of LA was injected, and it might result in a wider site of the block. The added injected position in Group II was another factor that might lead to better coverage. However, we could not distinguish whether it was the larger volume, LA-injected position, or both that led to the increased blockage rate. In addition, in our study, the injection point of Group I patients was similar to the upper injection point of Group II. For the one-level ESP block, injection in the midpoint of the incision might result in better coverage. Further study is needed to confirm this result. Second, the dressing covering the incision after surgery made it difficult to evaluate sensory loss of the block, and therefore, the duration of the block was not evaluated. Third, the patients in this study could not be blinded to the intervention, and this might lead to additional bias.

In conclusion, when compared with the one-level ESP block, the two-level ESP block with a larger-volume LA provided better craniocaudal spread and a higher rate of complete coverage of the surgical incision by the sensory block. However, there is no difference in intraoperative and postoperative opioid-sparing effects between the one-level and the two-level ESP blocks. The optimal method of the ESP block in patients undergoing lumbar surgery remains to be explored.
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Background: Cryotherapy is widely applied to relieve pain and improve functional outcomes after total knee arthroplasty (TKA). New cryotherapy devices have recently been developed to guarantee a fixed temperature for a prolonged time. Therefore, we conducted a systematic review and meta-analysis to compare continuous cryotherapy and traditional cryotherapy (ice bag or gel pack) for patients after TKA.



Methods: This study was conducted according to a predefined protocol registered on PROSPERO. Two independent reviewers performed an electronic database search of PubMed, Embase, Cochrane, Web of Science, Google Scholar, and ClinicalTrials.gov. Dichotomous outcomes were reported as risk difference (RD) with 95% confidence intervals (CIs), and continuous outcomes were reported as mean difference (MD), or standardized mean difference (SMD) with 95% CIs.



Results: Seven trials enrolling a total of 519 patients were included. There were no differences in pain intensity (MD: −0.54, 95% CI: −1.55 to 0.47; P = 0.30), analgesics consumption (MD: −0.37, 95% CI: −1.28 to 0.55; P = 0.43), postoperative range of motion (MD: 0.47, 95% CI: −4.09 to 5.03; P = 0.84), swelling of the knee joint, blood loss, change in hemoglobin, or transfusion rate. Meanwhile, there were no differences in length of hospital stay (MD: −0.77, 95% CI: −1.62 to 0.08; P = 0.07) and adverse events (RD: 0, 95% CI: −0.02 to 0.03; P = 0.74). In addition, continuous cryotherapy leads to extra costs and resources than traditional cryotherapy.



Conclusions: Continuous cryotherapy does not appear to offer significant benefits for TKA when compared with traditional cryotherapy. Based on currently available evidence, traditional cryotherapy is still recommended as continuous cryotherapy is not cost-effective. Further well-designed studies with larger sample sizes are warranted to further confirm these preliminary results.



PROSPERO Registration: Identifier [CRD42022308217].
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1. Introduction

Total knee arthroplasty (TKA) is an effective surgical intervention for end-stage arthritis of the knee joint, which could provide better overall improvements in function, mobility, pain, and health-related quality of life (1, 2). Despite several studies with short- to mid-term follow-up have reported excellent results with high rates of satisfaction, the postoperative period after TKA may be pretty challenging: patients may experience acute pain, potential blood loss, local swelling, and edema resulting from tissue damage and acute inflammatory responses, restricted motion, and stiffness of the knee joint, reduced quadriceps strength, and finally lead to delayed recovery and prolonged hospital stay (3–5). Thus, even with the latest advances in multimodal pain management protocols, surgical and anesthetic techniques, TKA remains a difficult procedure for most patients. It is, therefore, a pressing need for the introduction and implementation of the enhanced recovery after surgery (ERAS) principles, which aim to optimize perioperative care, reduce complications, shorten the length of hospital stay, and reduce readmission rates and costs (6–8). Cryotherapy, as a nonpharmaceutical treatment, plays a vital role in addressing immediate postoperative complications, mainly for severe pain and significant swelling (9, 10).

Cryotherapy, also known as cold therapy, was utilized for inflammation and infection treatment as early as 3,000 BC, and was utilized for anesthesia before operations and amputations for its analgesic and numbing effects in the 1800s (11, 12). At present, cryotherapy is still commonly recommended and widely applicated following orthopaedic procedures, which is also utilized to enhance recovery and outcomes after TKA (13). Despite many advances in postoperative rehabilitation, cryotherapy remains popular and is universally considered appealing for its minimal disadvantages compared with the possible benefits. External application of cryotherapy in TKA is the application of external cold mediums to the skin around the knee joint and is supposed to reduce the intra-articular temperature, which on the one hand, could slow the conduction velocity of nerve fibers and potentially reduce pain transmission, and on the other hand, could reduce peripheral blood flow due to circulating vasoconstriction and therefore decrease the local inflammation and swelling (13). Traditionally, ice bag or gel pack is the most common and economical cryotherapy method, which is typically discontinuous with unregulated cold temperature and demands a manual replacement by the staff nurses (14). Therefore, continuous cryotherapy devices have been developed to deliver a steady cooling temperature for a prolonged time (15). However, it remains unclear whether the newly developed continuous cryotherapy devices were superior to traditional ice/gel pack for TKA.

A broad scope of the literature has suggested that the volume of randomized controlled trials (RCTs) specifically focusing on continuous cryotherapy vs. traditional cryotherapy has increased, and findings are conflicting (16–22). The aim of this study was to perform a comprehensive systematic review and use a meta-analytic approach to pool outcomes to compare the efficacy, safety, and cost-effectiveness of continuous cryotherapy to traditional cryotherapy for TKA.



2. Methods

The present systematic review and meta-analysis was designed in accordance with the guidelines proposed by the Cochrane Collaboration in the Cochrane Handbook for Systematic Reviews of Interventions (http://www.cochrane-handbook.org) and completed according to a predefined protocol, which has been listed on the International Prospective Register of Systematic Reviews (PROSPERO; registration number CRD42022308217) (23). The study was completed in adherence with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement (24).


2.1 Literature search

We searched the following electronic bibliographic databases from inception to March 2,022 to capture all recent relevant studies: PubMed, Embase, The Cochrane Library (Cochrane Database of Systematic Reviews), Web of Science, and Google Scholar,. We performed electronic searches using exploded Medical Subject Headings (MeSH) terms with corresponding keywords. The search was broad and applied no language restriction. A detailed description can be found in Appendix 1. In addition, we further searched the ClinicalTrials.gov registry (https://clinicaltrials.gov/) and checked the reference lists of all included full-text articles and previous systematic reviews to identify any additional eligible studies. Corresponding authors of included articles were contacted, where possible, to obtain detailed information or numerical data.



2.2 Study eligibility and selection

Two investigators independently conducted the initial electronic databases search and carefully reviewed all yielded records for inclusion using pre-determined eligibility criteria. All records were screened by title, abstract, and keywords for possible inclusion, and subsequently, identified as “included”, “excluded”, or “required further retrieval” to identify eligibility. No language or publication database filter was applied. Any discrepancies were resolved through discussion by the review team.

The inclusion criteria were:


	(i)Population: adult patients undergoing TKA;

	(ii)Intervention: received continuous cryotherapy (without compression) after TKA;

	(iii)Comparison: received traditional cryotherapy after TKA;

	(iv)Outcomes: reporting at least one of the outcomes of interest listed below;

	(v)Study type: RCT.



Exclusion criteria were non-RCT interventional studies, observational studies, conference abstracts, editorials, correspondence, expert opinions, case series or reports, and unavailable full texts.



2.3 Data review and extraction

Two independent reviewers extracted details pertaining to the participants from each included trial. The following data were extracted from each included study: first author; year of publication; study location; publication journal; study design; clinical settings; study population; demographic data; intervention management; control management; outcomes of interest. These extracted data were entered into a standardized data extraction form. When the information was unclear or missing, we attempted to contact the corresponding authors of the original studies. The differences in the extracted data were discussed and resolved by referring to the original article by the panel of all the reviewers. The main outcomes of interest were the efficacy, safety, and cost-effectiveness of continuous cryotherapy when compared with traditional cryotherapy. In detail, the primary outcomes include pain intensity, analgesics consumption, postoperative range of motion (PROM), and swelling of the knee joint; while the secondary outcomes include blood loss, change in hemoglobin, transfusion rate, adverse events, length of hospital stay, and cryotherapy costs.



2.4 Quality assessment

Two reviewers independently evaluated the risk of bias of each study using the assessment tool from the Cochrane Handbook (25). The major domains of bias (random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias) in each trial were reviewed. Each study was graded as “low risk of bias”, “unclear risk of bias”, or “high risk of bias”. The highest risk score from any one domain was used to inform the overall risk. If the highest risk score was “unclear risk of bias” but occurred across multiple domains, it was classed as high risk of bias. Therefore, to be of low risk of bias overall, the trial had to be at low risk of bias across all domains. The disagreements between the two reviewers were resolved via discussion and consensus.



2.5 Statistical analysis

This meta-analysis was performed using Review Manager version 5.3 (Nordic Cochrane Center) for all prespecified outcomes if three or more studies reported the outcome (23). The risk differences (RDs) with 95% confidence intervals (CIs) were calculated for dichotomous data; and the mean differences (MDs) or standardized mean difference (SMD) with 95% CIs were calculated for continuous data. When the mean values are not available for continuous outcomes, the median values was utilized for estimation; other potential missing data will be estimated using the methods described in the Cochrane Handbook (23). A random-effects model was used due to anticipated heterogeneity. Results were reported in a Forest plot with 95% CIs. Heterogeneity was assessed via three means: visual inspection of overlapping confidence intervals, the statistical heterogeneity across studies quantified using I2 statistics, with P ≥ 0.05 considered statistically non-significant. Heterogeneity will be considered to be substantial if the I2 value > 50%. All P values were two-sided, and a P value < 0.05 was considered to be statistically significant evidence.




3. Results


3.1 Study selection

In total, 1,387 articles were obtained from the electronic search strategy, with an additional 16 articles identiﬁed through other resources. After the removal of duplicates and irrelevant references, 35 publications were thought to be potentially eligible for inclusion and further assessed for eligibility. Overall we excluded 28 publications for not meeting the inclusion criteria, and seven RCTs were included. The flow diagram with the number of and reasons for exclusions at each stage is provided in Figure 1.


[image: Figure 1]
FIGURE 1
Study flow diagram showing the number of records identified and excluded at each stage.




3.2 Characteristics of included studies

The characteristics of included studies can be found in the study characteristics tables (Tables 1, 2). Seven trials were included in our meta-analysis, which randomized 519 patients into continuous cryotherapy group (n = 263) and traditional cryotherapy (n = 256). These studies were published between 2012 and 2019, with a sample size ranging from 44 to 100. Notably, the application protocols between the continuous and traditional cryotherapy groups differed significantly with respect to the applied time and intervals, and the difference is even more significant among studies.


TABLE 1 Baseline characteristics of the included studies.
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TABLE 2 Baseline characteristics of the included population.
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3.3 Risk of bias in included studies

No trials were considered to be at low risk of bias. Three studies were judged to be at high risk of bias, and four studies were felt to be at unclear risk of bias (Figures 2, 3). More specifically, adequate randomized sequence generation was reported in six trials, while appropriate allocation concealment was conducted in one trial. Blinding of outcome assessments was achieved by three trials, thus, the primary efficacy outcome and other outcomes assessment may have been affected by lack of blinding to some extent.


[image: Figure 2]
FIGURE 2
Summary of risks of bias of included studies.
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FIGURE 3
Risk of bias in individual studies.





4. Outcomes


4.1 Primary outcomes


4.1.1 Pain

Data for pain intensity were reported by six trials that recruited 475 patients (n = 241 vs. n = 234 in the continuous cryotherapy group and traditional cryotherapy group, respectively). Meta-analysis was performed on studies that reported a pain score for participants at 48 h postoperatively (Figure 4). There was no statistically significant difference in the pain score at 48 h between the continuous cryotherapy group and the traditional cryotherapy group (MD: −0.54, 95% CI: −1.55 to 0.47; P = 0.30). A high level of heterogeneity was observed (I2 = 96%). Data for analgesics consumption were reported by three trials that recruited 268 patients (n = 138 vs. n = 130 in the continuous cryotherapy group and traditional cryotherapy group, respectively). SMD was used as there were differences in the calculating conversations of analgesics consumption. There was no statistically significant difference in analgesics consumption between the continuous cryotherapy group and the traditional cryotherapy group (SMD: −0.37, 95% CI: −1.28 to 0.55; P = 0.43) (Figure 5). A high level of heterogeneity was observed (I2 = 92%).


[image: Figure 4]
FIGURE 4
Forest plot for pain intensity.
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FIGURE 5
Forest plot for analgesics consumption.




4.1.2 Swelling

Data for PROM were reported by six trials that recruited 475 patients (n = 241 vs. n = 234 in the continuous cryotherapy group and traditional cryotherapy group, respectively). There was no statistically significant difference in the PROM between the continuous cryotherapy group and the traditional cryotherapy group (MD: 0.47, 95% CI: −4.09 to 5.03; P = 0.84) (Figure 6). A high level of heterogeneity was observed (I2 = 84%).


[image: Figure 6]
FIGURE 6
Forest plot for postoperative range of motion.


Knee circumference is another parameter that reflects swelling of the knee joint and was reported in three trials. Meta-analysis was not performed as two trials reported the postoperative knee circumference while one trial reported the difference in knee circumference. Overall, all three trials found no statistically significant difference in knee circumference between the continuous cryotherapy group and the traditional cryotherapy group.




4.2 Secondary outcomes


4.2.1 Blood loss

Only one study reported blood loss and there was no statistically significant difference between the continuous cryotherapy group and the traditional cryotherapy group.



4.2.2 Change in hemoglobin

Three trials reported data for hemoglobin changes, and meta-analysis was not performed because two trials reported the preoperative and postoperative hemoglobin while one trial reported the change in hemoglobin. Only one study detected a statistically significant difference between the continuous cryotherapy group and the traditional cryotherapy group (22).



4.2.3 Transfusion rate

Data for transfusion rate was reported by three trials, and meta-analysis was not performed as two trials reported the number of transfusions while one study reported the number of units of allogeneic blood transfusions. Overall, all three trials found no statistically significant difference in transfusion rate between the continuous cryotherapy group and the traditional cryotherapy group.



4.2.4 Length of hospital stay

Data for the length of hospital stay were reported by four trials that recruited 265 patients (n = 187 vs. n = 178 in the continuous cryotherapy group and traditional cryotherapy group, respectively). There was no statistically significant difference in the length of hospital stay between the continuous cryotherapy group and the traditional cryotherapy group (MD: −0.77, 95% CI: −1.62 to 0.08; P = 0.07) (Figure 7). A high level of heterogeneity was observed (I2 = 84%).


[image: Figure 7]
FIGURE 7
Forest plot for the length of hospital stay.




4.2.4 Safety

Data for adverse events were reported by six trials that recruited 362 patients (n = 184 vs. n = 178 in the continuous cryotherapy group and traditional cryotherapy group, respectively). There was no statistically significant difference in the incidence of adverse events between the continuous cryotherapy group and the traditional cryotherapy group (RD: 0, 95% CI: −0.02 to 0.03; P = 0.74) (Figure 8).


[image: Figure 8]
FIGURE 8
Forest plot for adverse events.




4.2.4 Cost

Data for cryotherapy costs were reported by three trials. Thienpont et al. reported that the cost of continuous cryotherapy is $ 520, Schinsky et al. reported that continuous cryotherapy costs $97.34 than traditional cryotherapy per patient, while Karaduman reported that they found no significant additional costs associated with the use of continuous cryotherapy.





5. Discussion


5.1 Main findings

Our meta-analysis comprehensively and systematically reviewed the currently available literature, and the study results suggest that continuous cryotherapy does not appear to offer significant clinical benefits for TKA compared with traditional cryotherapy. There were no significant differences in pain intensity, analgesics consumption, postoperative range of motion, swelling of the knee joint, blood loss, change in hemoglobin, transfusion rate, length of hospital stay, and adverse events. In addition, continuous cryotherapy may lead to extra costs and resources than traditional cryotherapy.



5.2 Implication for clinical practice

Although TKA shows long-lasting clinical and structural improvement for the management of severe osteoarthritis, patients in the immediate postoperative period are often associated with acute pain, hidden bleeding, severe edema, and reduced range of motion. Cryotherapy has been shown to appreciably reduce the intraarticular temperature, especially in the knee, blood flow by vasoconstriction, the local inﬂammatory reaction, postoperative bleeding and swelling, pain transmission, and the length of hospital stay (26–29). In the clinic, several cryotherapy options are available, including: (i) the first-generation cold therapy such as ice bag or gel pack; (ii) second-generation cryotherapy devices with circulating ice water with or without compression; (iii) third-generation devices with advanced computer-assisted devices to provide continuous controlled cold therapy (17). Compared with ice/gel pack, advanced cryotherapy devices are developed and are expected to be even more efficient as they maintain a steady low temperature for an extended time. Thus, in theory, continuous cryotherapy could play a better role in fast-track rehabilitation after TKA by reducing inflammation, pain, and swelling. However, this meta-analysis observed no differences in clinical outcomes between continuous cryotherapy and traditional cryotherapy, which could be caused by several factors such as the level of tissue penetration of cold therapy, method of cryotherapy, time of application, and types of outcome measurement. TKA-induced inflammation leads to a significant increase in temperature deep inside the knee joint, and the effect of cryotherapy after TKA is closely related to the temperature-dependent mechanism (13). After the cold temperature penetrates tissues and reaches the intended area, which reduces inflammation, reduces nerve conduction velocity, induces local vasoconstriction, and reduces blood flow to muscles (30–35). Although continuous cryotherapy is a more effective treatment to consistently maintain the temperature of the knee joint below the body temperature, the findings of this study suggested that traditional cryotherapy using ice/gel pack could achieve a similar decrease in temperature and reach similar clinical effects. However, a significant weakness of these trials is that neither the skin temperature nor the intraarticular temperature was persistently measured and monitored to confirm effective cooling (17–22). Currently, the optimal cold treatment protocol remains unclear, including the cold temperature, application time and interval, and whether it needs relevant adjustment for different joints. Therefore, further exploration of the application of cryotherapy should be considered, and attention should also be paid that statistically significant findings may not translate into clinically significant results.

On the other hand, as healthcare providers, it is our duty to appropriately allocate finite resources to evidence-based approaches that are efficacious in an era of increasing expenses. Therefore, apart from the convenience that continuous cryotherapy devices provide prolonged continuous cooling and do not need to change the ice/gel pack, which does not offer any extra clinical advantage for patients undergoing TKA when compared with traditional cryotherapy (13). However, continuous cryotherapy warrants additional costs and resources associated with providing the cooling devices, which may not be covered by insurance (13, 17, 19, 22). In comparison, the cost of traditional cryotherapy is almost neglectable but achieves similar clinical effects. Thus, the currently available evidence does not support the theoretical cost-effectiveness of utilizing continuous cryotherapy after TKA, and future high-level prospective studies are needed to verify these findings.

In addition, the current available RCTs only applied continuous cryotherapy and traditional cryotherapy during hospitalization and not after discharge, which is a relatively short duration, and the minimal difference between continuous cryotherapy and traditional cryotherapy may not be detected (17, 29). Therefore, the extended application of cryotherapy at home could also be explored in future studies.



5.3 Strengths and limitations

To the best of our knowledge, this is the first systematic review and meta-analysis that systemically and comprehensively reviewed currently available evidence to compare the efficacy, safety, and cost-effectiveness of continuous cryotherapy vs. traditional cryotherapy for TKA.

Our study also has several potential limitations. First of all, in more than half of included studies, neither patients nor healthcare providers were blinded to group allocation and outcome assessment, hence, subjective assessments such as pain level are subject to potential bias. Second, the comparison of continuous cryotherapy vs. traditional cryotherapy was specialized to the TKA procedure, which may not be generalizable to other surgical procedures, such as arthroscopic surgery. Third, substantial heterogeneity across studies was noticed, which may be explained by the considerable difference in cryotherapy protocols. Lastly, almost all eligible trials included in the meta-analysis had relatively modest sample sizes (<100 patients), and overestimation of the treatment effect is more likely than in larger trials.




6. Conclusion

Our systematic review and meta-analysis suggested that continuous cryotherapy showed no superiority in reducing pain intensity, analgesics consumption, swelling, blood loss, length of hospital stay, and improving ROM compared with traditional cryotherapy in the acute postoperative setting after TKA. Continuous cryotherapy may further lead to extra costs and resources, so the currently available evidence does not support continuous cryotherapy could be added as an adjunct therapy. Additional well-designed studies with larger sample sizes are needed to confirm these preliminary results.
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Objective: Postoperative nosocomial pneumonia is a terrible complication, especially for elderly patients. This study attempts to investigate the incidence and risk factors for postoperative nosocomial pneumonia and its influence on hospitalization stay in elderly patients with hip fractures.



Methods: This study retrospectively retrieved hospitalization records of patients who presented a hip fracture and underwent surgeries in our institution between January 2014 and December 2021. Postoperative new-onset pneumonia was determined in accordance with discharge diagnosis. Multivariate logistic regression analysis was performed to identify the associated risk factors with pneumonia, and its influence on total hospitalization stay or postoperative hospitalization stay was investigated by multivariate linear regression analyses.



Results: Totally, 808 patients were included, among whom 54 developed a pneumonia representing the incidence rate of 6.7% (95% CI, 5.0%–8.4%). Six factors were identified as independently associated with pneumonia, including advanced age (OR, 1.50 for each 10-year increment), history of chronic respiratory disease (OR, 4.61), preoperative DVT (OR, 3.51), preoperative delay to operation (OR, 1.07 for each day), surgical duration ≥120 min (OR, 4.03) and arthroplasty procedure (OR, 4,39). When adjusted for above confounders, pneumonia was significantly positively associated with total hospitalization stay (standardized coefficient, 0.110; p < 0.001) and postoperative hospitalization stay (standardized coefficient, 0.139; p < 0.001).



Conclusions: This study identified multiple factors associated with postoperative pneumonia and its influence on prolonging hospitalization stay, which would facilitate preventive targeted intervention into implementation for individuals with different risk profiles.
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hip fracture, clinical epidemiology, influence, risk factors, geriatric population, nosocomial pneumonia





Introduction

Surgical treatment, via either arthroplasty or osteosynthesis, has been well established as the gold standard for management of hip fracture in elderly patients, who are generally frail and comorbid (1). This strategy allows early mobility and initiation of postoperative exercises, and thus helps to prevent or reduce many complications that often occur after conservative treatments, e.g., deep venous thrombosis (DVT) of lower extremities, neuromuscular dysfunction or even mortality within early period (2, 3). Despite that, postoperative nosocomial pneumonia, which would cause systemic dysfunction and even death, is prevalent in 4.7%–16.3% of elderly hip fracture patients (4–7). Not only the direct adverse events, but also the great costs from prolonged hospitalization stay and re-admission to hospital constitute a substantial burden for patients and the public health-care systems (4, 8, 9).

From the cost-effective point of view, to prevent is most favorable than to treat. Indeed, during the past decade, researchers have made substantial attempts to address the prevention, and numerous influential factors have been well established, e.g., male sex, advanced age, obesity, history of a chronic respiration disease, active smoking, undernutrition, greater comorbidity index (American Society of Anesthesiologists score ≥ III) or presence of a specific comorbidity or condition (diabetes, renal insufficiency, dementia, anemia, hypoalbuminemia, lower oxygen status), delay to surgery, surgical method (arthroplasty vs. osteosynthesis) and mechanical ventilation (4, 6, 8, 10–12). However, some limitations should be noted, including but not limited to relatively small sample size, inadequate confounders for adjustment, and inaccuracy in data collection. In addition, one may neglect that, up to 35%, of elderly patients with hip fracture had preoperative DVT, despite prophylactic thromboembolic drugs were routinely administered (13). It is possible that the hypercoagulability and the relatively poor venous status associated with DVT in elderly trauma patients might also be contributors for nosocomial pneumonia, however, this has not been investigated in literature. Furthermore, in China, for seeking better surgical treatment, patients generally are transferred or admitted to higher-level tertiary referral hospitals, easily leading to centralization of hip fracture surgery and the delay to surgery, which is a well-known risk factor for many complications, even mortality.

Given the above, we performed this study, with aims to investigate the incidence and risk factors associated with postoperative nosocomial pneumonia in elderly patients with hip fractures, and its influence on hospitalization stay, a direct factor related to the total health care costs.



Materials and methods

The study was performed in accordance with the Declaration of Helsinki and the study protocol was approved by the ethics committee of the Second Hospital of Tangshan prior to its commencement, which waived the requirement for informed consent due to the retrospective nature.

We reviewed patients who presented with and underwent a surgery for an acute hip fracture between January 2018 and December 2021 in the Second Hospital of Tangshan, an 800-bed orthopaedics-specialized hospital serving a population of 7.7 million people. The inclusion criteria were age of 60 years or older, diagnosis of hip fracture (femoral neck or intertrochanteric) definitely surgically treated and complete medical records. The exclusion criteria were injury mechanism of high-energy impact (fall from a height, traffic accident or others), subtrochanteric fracture, open fracture, pathological fractures, polytrauma or concurrent fractures, non-operative treatment or delay to operation >21 days after fracture, history of any operation on the affected hip, malignancies, presence of preoperative pneumonia, long-term use of glucocorticoid or missing information on variables of interest.


Definition and identification of pneumonia

Two researchers (X Tong and C Ci) were responsible for data exaction, via review of the hospital’ electronic database. Postoperative nosocomial pneumonia was defined as a postoperative pneumonia occurring ≥48 h after hospital admission, which was documented in the discharge abstract. It was diagnosed in accordance with the Guidelines (14), on basis of following criteria: (1) typical clinical presentations and physical examination findings, showing cough, expectoration, fever or hypothermia (body temperature >38 °C or body temperature < 36 °C), chest pain, moist rale on lung auscultation or lung consolidation signs; (2) blood tests showing increase or decrease of number of white blood cell (WBC) (>10 * 109/L or white cell count <4 * 109/L) and the percentage of neutrophils; (3) Chest x-ray or CT scanning showing signs of pneumonia; and 4, blood or sputum culture revealing the same causative pathogens for two consecutive times.



Variables of interest

Demographics features and potential risk factors were extracted from the records by the same investigators (X Tong and C Ci). These variables included sex, age, height and weight and the calculated body mass index (BMI), lifestyles (active smoking, alcohol drinking), comorbidities or conditions (hypertension, diabetes, chronic respiratory disease, heart disease, cerebrovascular disease, liver disease, renal disease, presence of preoperative DVT), fracture location (femoral neck or intertrochanteric), surgery-related data (delay to operation after fracture, anesthesia pattern, surgical duration, American Society of Anesthesiologists (ASA) score, intraoperative bleeding, allogeneic blood transfusion and operative procedure (arthroplasty or osteosynthesis). In addition, some blood test indexes immediately after admission were also extracted, including serum albumin level, albumin/globulin ration, WBC count, neutrophil count, lymphocyte count, red blood cell (RBC), hemoglobin, hematocrit, hypersensitivity C-reactive protein (HCRP), lactate dehydrogenase (LDH), creatinine and fasting blood glucose (FBG).

In accordance with the criteria proposed specifically for Chinese adults (15), obesity was defined as BMI ≥28 kg/m2. Active smoking or alcohol drinking was defined as regular consumption of cigarettes or alcohol within 6 months before the index operation (16). Preoperative DVT was diagnosed by duplex ultrasonography or venography, which was a routine procedure for patients with hip fracture before surgery. Comorbidities or conditions were self-reported by patients after admission and documented by the initial clinicians on-duty. The blood test indexes were categorized according to the manufacturer-recommended reference ranges.



Statistical analysis

Continuous variables were presented with mean and standard deviation (SD), and were explored for their normality distribution status by Kolmogorov–Smirnov test; and the difference between patients with and without pneumonia was detected by Student-t test for normally distributed data or by Mann Whitney-U test for skewedly distributed data. Categorical variables were presented as number and percentage, and the between-group difference was detected by Chi-square or Fisher exact test, as appropriate.

The incidence rate of postoperative nosocomial pneumonia was calculated by dividing the total number of patients by the number of those who developed pneumonia during hospitalization stay. Variables that tested with P values <0.10 in the above univariate analyses were further entered into the multivariate logistic regression analysis to identify their potential independent effect on incidence of postoperative nosocomial pneumonia. During this procedure, the stepwise backward mode was applied to eliminate the less associated factors, and those with P value <0.10 were retained in the final model. The magnitude of association was indicated by the odd ratio (OR) and its 95% confidence interval (95% CI). To evaluate the goodness-of-fit of the final model, Hosmer–Lemeshow test was applied with P > 0.05 indicating the acceptable result; also, adjusted Nagelkerke R2 value was used to quantify the magnitude of goodness-of-fit, with <0.750 deemed as acceptable result, with lower value suggesting a better model fit.

For investigation of effect of pneumonia on the hospitalization stay, we performed the multiple linear regression, with hospitalization stay in days as outcome variable and pneumonia as independent variables and above-mentioned variables tested with p value <0.10 as co-variables for adjustment. The “enter” mode was applied. The collinearity between independent variables was examined by variance inflation factor (VIF), with VIF ≥ 3 suggestive of multicollinearity and the related factors were not included. Regression coefficient (B) with 95% CI and the standard regression coefficient (Beta) were used to indicate the association magnitude.

For all analyses, P < 0.05 was considered as significant. All statistical analyses were performed by SPSS25.0 package (IBM, Armonk, NY, United States).




Results

Within the study period, there were 1,563 elderly hip fractures treated in our institution, and 755 were excluded due to various reasons, e.g., high-energy impact (134), subtrochanteric fracture (116), open fracture (45), pathological fractures (28), polytrauma or concurrent fractures (107), non-operative treatment or delay to operation >21 days (72), history of any operation on the affected hip (39), malignancies (27), presence of preoperative pneumonia (22), long-term use of glucocorticoid (13) or missing information on variables of interest (152). This left 808 eligible patients for data analysis (Figure 1).
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FIGURE 1
The flowchart showing the screening of eligible participants.


Fifty-four patients developed pneumonia after operation, indicating an incidence rate of 6.7% (95% CI, 5.0%–8.4%). Compare to those without developing pneumonia, patients who had pneumonia had an older age (76.9 ± 8.2 vs. 72.7 ± 8.6; 38.9% vs. 24.8% for age ≥80 years), higher prevalence rate of hypertension (61.1% vs. 46.0%), diabetes (33.3% vs. 20.7%), respiratory disease (13.0% vs. 3.2%), presence of preoperative DVT of bilateral extremities (29.6% vs. 13.7%) and a longer preoperative waiting (7.2 ± 4.7 vs. 5.4 ± 3.4 days; 46.3% vs. 27.7% for preoperative waiting over 7 days), needed a longer surgical duration (131.7 ± 40.0 vs. 112.7 ± 41.8 min; 79.6% vs. 47.2% for procedure lasting over 120 min), a higher proportion of arthroplasty procedure (75.9% vs. 54.9%) and a higher proportion of elevated WBC (38.9% vs. 25.5%) (Table 1). Two (3.7%) patients in pneumonia group and 14 (1.9%) in non-pneumonia group died during the index hospitalization, without significant difference (P = 0.290).


TABLE 1 Univariate analysis of variables between pneumonia and non-pneumonia patients.
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In the multivariate logistics regression analysis, age (OR,1.50% and 95% CI, 1.10–1.92 for each 10-year increment), history of chronic respiratory disease (OR, 4.61; 95% CI, 1.70–12.54), preoperative DVT (OR, 3.51; 95% CI, 1.74–10.48), preoperative waiting (OR, 1.07; 95% CI, 1.01–1.15 for each day increment), surgical duration ≥120 min (OR, 4.03; 95% CI, 1.96–8.27) and arthroplasty procedure (OR, 4,39; 95% CI, 1.87–10.31) (Table 2). The Hosmer–Lemeshow test showed the good fitness (X2 = 6.328, P = 0.556, Nagelkerke R2 = 0.197).


TABLE 2 Multivariate analysis of factors associated with postoperative nosocomial pneumonia in patients with a hip fracture.
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The total hospitalization stay was 20.3 ± 10.3 days in patients developing pneumonia, significantly longer than that (14.1 ± 6.6) in those without (P < 0.001). The postoperative hospitalization stays (calculated by subtracting the preoperative stay from the total hospitalization stay) was significantly longer in patients developing pneumonia than those without (13.1 ± 8.9 vs. 8.8 ± 5.0 days, P < 0.001) (Table 1). The multivariate linear regression analyses showed pneumonia was significantly positively with the total hospitalization stay (B, 3.11; 95% CI, 1.67–4.84; Beta, 0.110; P < 0.001) and the postoperative hospitalization stay (B, 3.93; 95% CI, 2.35–5.49; Beta, 0.139; P < 0.001) (Tables 3, 4). The VIFs were ranging 1.034–2.923, and 1.036–3.088, respectively; indicating no multicollinearity for any factor.


TABLE 3 &Multivariate linear regression analysis showing pneumonia significantly positively associated with total hospitalization stay, together with other 3 factors.
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TABLE 4 ^Multivariate linear regression analysis showing pneumonia significantly positively associated with postoperative hospitalization stay, together with other 3 factors.
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Discussion

In the present study, we found the incidence of postoperative nosocomial pneumonia was 6.7% in elderly patients with a hip fracture and identified 6 independent factors, including elder age, history of chronic respiratory disease, present preoperative DVT of bilateral extremities, prolonged preoperative waiting, surgical duration ≥120 min and arthroplasty procedure. We also identified that pneumonia was positively associated with total hospitalization stay and postoperative hospitalization stay.

The rate of postoperative nosocomial pneumonia of 6.7% in elderly patients with a hip fracture was in range of those reported in literature on this subject, which, however, varied greatly between 4.7% and 16.3% (4–7). The reasons for such variation might be various, primarily from patient selection, treatment pattern (surgery or conservation), wide definitions of pneumonia, study design and sample size. For example, in one study of 418 hip fracture patients aged 60 years or older, Yan et al. (7) reported a highest incidence of 16.3% for postoperative pneumonia. That might be explained by the greater proportion (29.0%, 7-times as ours) of previous respiratory system disease in their population, a substantial risk (OR, 4.61) for pneumonia identified in our study. Another important factor might be that 15.8% of included patients were conservatively treated, also a well-established risk factor for various complications and adverse outcomes, including pneumonia and even morality (3, 17). In contrast, in the study there the lowest incidence rate (4.7%) was reported, the lower proportion of smokers (4.4%, about 1/4 as ours) and relatively low proportion of femoral neck fracture, a substantial proportion of which requires arthroplasty, might contribute greatly (6).

In consistence with previous findings (1, 18), postoperative pneumonia was re-confirmed as a risk factor for prolonged hospitalization stay in this study, and was associated with additional 6.2 day and 4.3 day for total and postoperative hospitalization stay, respectively. Their influence on costs from public health care system and patients is remarkable, which, exactly, underscores the importance of prevention of postoperative pneumonia.

Among 6 factors identified, most have been well established, e.g., elder age (2, 6, 19), history of chronic respiratory disease (20, 21), prolonged preoperative waiting (22, 23) and longer surgical duration (24) and arthroplasty procedure (6). The first two factors related to the patients’ systemic functional decline and the poorer cardiorespiratory reserves, e.g., decline of breathing strength, lung compliance, cough reflex and respiratory defense, providing the basis and intrinsic conditions for pneumonia (25, 26). The prolonged preoperative waiting, on one hand, might reflect the frail systemic conditions, comorbidities or severe injury that require more time to optimize to improve the tolerance to surgery. On the other hand, the physical and psychological changes (e.g., anxiety and sleep disorder) secondary to prolonged preoperative hospitalization stay should also contribute to lowering the resistance to surgical trauma (27), thus increasing the risk of pneumonia. Therefore, for those older, especially aged >80 years, and having chronic respiratory disease, simplification of procedure to admit and multidisciplinary intervention to achieve a fastest medical optimization might be more effective, e.g., setting of dedicated, organized and comprehensive orthogeriatric care wards (28).

Greater surgical trauma meant the increased body inflammatory/immune response, and the prolonged surgical duration and arthroplasty procedure (vs. osteosynthesis), undoubtedly, contributed predominantly to this effect (6, 7). Despite the international guidelines recommending specific surgical procedure for different fracture patterns of hip fractures, taking age and systemic conditions into consideration, but that seemed more applicable for femoral neck fractures. Because, for intertrochanteric fracture, more options were available, including dynamic hip screw, Gamma screw and proximal femoral nail and variants, which possibly caused less-experienced surgeons to be trapped in the dilemma of choose (29). Thus, out results emphasize the importance of thorough understanding and grasping the indications for hip fracture surgery, thereby choosing a simple and fast surgical method to shorten the surgical duration and reduce the risk of intraoperative exposure.

Preoperative DVT of bilateral lower extremities were detected in 6.8%–35% of patients with a hip fracture, even if prophylactic thromboembolic agents are routinely administered (13). However, no studies linked this to the risk of pneumonia. In this study, we got the relatively strong relationship magnitude (OR, 3.51). The underlying mechanism is unclear, but we can obtain some useful information from other studies. Minno et al. (30) conducted a meta-analysis of studies on relationship between COVID-19 and venous thromboembolism (VTE), and found the incidence of VTE was 31.3% in COVID-19 patients far greater than that for general patients, also for hip fracture patients (14.7% in this study). Factors that contribute to developing DVT, such as endothelial injury, venous blood stasis and hypercoagulability, are also potentially playing a role in pneumonia. In addition, platelet activation (a component in DVT) would promote the release of vasoactive mediators and thus increase the pulmonary vascular resistance (31), potentially creating an improved condition for bacterial colonization. Regardless, patients detected with preoperative DVT should be placed more attention on the risk of postoperative pneumonia, and preventive targeted measures to eliminate embolus and enhance respiratory dynamics and muscle function should be considered into practice for this population.


Strengths and limitations

The strengths of this study included the relatively sample and inclusion of numerous variables for adjustment. However, the potential limitations should also be noted. First, the retrospective design had the intrinsic limitations in data collection, especially that comorbidities or conditions were self-reported by patients. Second, the single-center design might have compromised the representativeness of sample, and our institution was an orthopaedics-specialized hospital, thus further deteriorating the issue of selection bias. Also, the generalizability of these finding might be less applicable to other settings. Third, as with every logistic regression analysis, the unknown, unmeasured or not considered factors make the confounding effects remain. Fourth, due to the observational nature, the findings were associative rather than causative, and therefore should be interpreted with caution.




Conclusion

Nosocomial pneumonia was prevalent in 6.7% of patients following surgical treatment, and was positively associated with total and postoperative hospitalization stay. Six factors were identified, including elder age, history of chronic respiratory disease, preoperative DVT, prolonged preoperative waiting, surgical duration ≥120 min and arthroplasty procedure. These findings help stratify patients regarding the risk of pneumonia and more importantly, facilitating preventive targeted intervention into implementation for individuals with different risk profiles.
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Low back pain is one of the top disorders that leads to disability and affects disability-adjusted life years (DALY) globally. Intervertebral disc degeneration (IDD) and subsequent discogenic pain composed major causes of low back pain. Recent studies have identified several important risk factors contributing to IDD's development, such as inflammation, mechanical imbalance, and aging. Based on these etiology findings, three categories of animal models for inducing IDD are developed: the damage-induced model, the mechanical model, and the spontaneous model. These models are essential measures in studying the natural history of IDD and finding the possible therapeutic target against IDD. In this review, we will discuss the technical details of these models, the duration between model establishment, the occurrence of observable degeneration, and the potential in different study ranges. In promoting future research for IDD, each animal model should examine its concordance with natural IDD pathogenesis in humans. We hope this review can enhance the understanding and proper use of multiple animal models, which may attract more attention to this disease and contribute to translation research.
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1. Introduction

Low back pain (LBP) is one of the most common disorders affecting elder and middle-aged persons. It has been estimated that low back pain is the fourth most prevalent disease that causes disability worldwide (1). In the last 30 years, DALYs of low back pain has increased by approximately 33% (2). In the US, the total cost of LBP is 7.4 billion US dollars in 2008 (3). Given the high prevalence and high cost of LBP, it is urgent to search for the pathogenesis of LBP and develop treatments for alleviating LBP (4).

Intervertebral disc degeneration (IDD) is one of the major causes of LBP (5–7). Approximately 40% of LBP presented with the feature of IDD (8). The Intervertebral disc consists of three major histological distinct components: annulus ﬁbrosus (AF), nucleus pulposus (NP), and cartilage endplate (EP). In undegenerated intervertebral disc, NP was surrounded by AF with CEP covering the interface between AF and bony vertebrae. Known risk factors for IDD include excessive mechanical loading, obesity, spine imbalance, diabetes mellitus, and genetic predisposition (9–13). When the process of IDD commences, internal and external stimuli triggers inflammation and oxidative stress. The overproduction of inflammatory mediators, such as tumor tumor necrosis factor-alpha (TNF-α), interleukin 1-beta (IL-1β), and interleukin 6 (IL-6), led to increased expression of extracellular matrix (ECM) degradation enzymes (14, 15). The overproduction of ECM degradation enzymes leads to loss of collagen type II and aggrecan in NP and subsequently compromises the water-retaining ability (16). Loss of water and ECM components leads to biomechanical changes in the intervertebral disc and exacerbates IDD (17, 18).

It is of great significance to develop and utilize IDD animal models to understand the pathogenesis mechanism and test novel treatments. We elaborate on currently available animal models and provide an overview of the utility of these models. In this review, we tried to present the advantages and disadvantages of these models, discuss the duration of constructing these models, and include some necessary technical details of model construction (Figure 1). Finally, we hope this review will contribute to the appropriate selection of IDD models and promote the development of new therapeutic strategies.


[image: Figure 1]
FIGURE 1
Summary of the animal models demonstrated in this review, including the damage-induced, mechanical, and spontaneous models.




2. Methods for constructing IDD animal model


2.1. Damage-induced model


2.1.1. Needle puncture model

The needle puncture model was established through puncture of the intervertebral disc from either the posterior or anterior direction. This model is most commonly used in small animals, including rats, mice, and rabbits. However, needle puncture is also applicable in establishing the IDD model on larger animals like dog (19), sheep (20), bovine (21), and rhesus monkeys (22). The needle puncture model is easy to install by inserting the needle into AF without disrupting NP. The insertion depth can be determined by radiography monitoring or the length of the needle emerged. After insertion, the needles are usually placed in the disc for a period of 30 s to 1 min (23, 24). A proportion of studies rotated the needle for 180°–360° before being placed in the disc (25, 26).

Different diameters of needles are used to induce the IDD animal model. Chen et al. inserted a 21G needle into the AF of rats and IDD was observed in the corresponding level 4 weeks post-operation (27). Our experiments also confirmed the successful induction of IDD histologically and radiographically four weeks after 21G needle insertion (28). Smaller and larger needles are also demonstrated to induce IDD in rats post-surgery. Issy et al. showed that 30G needles insertion can cause IDD 6 weeks post-operative (29). Matta et al. performed the puncture model with 32G needles, and the animals were euthanized ten weeks after modeling (30). In rats inserted with larger needles (20G), the occurrence of IDD is more rapid than minor needle insertion as the histological IDD was observed one week after injury (31, 32). Masuda et al. compared the histological damage of needle puncture using 16G, 18G, and 21G needles in the rabbit model of IDD. Generally, these studies suggested that the radiographic and histologic damage is more severe in mice punctured with a larger needle (33). In large animals, a larger size of needles is needed to induce the IDD model. Tellegen et al. inserted 18G needles on the AF of dogs under the monitoring of intra-operative fluoroscopy. These studies suggested that the development of IDD is closed related to the diameter of needles and choosing the appropriate needle and sampling time are crucial to the conclusion.

Punctures in both lumbar (L) discs and coccygeal (Co) discs can induce IDD. In the lumbar disc puncture model, skin incisions are needed to expose the lumbar disc. Kim et al. performed a right hemilaminectomy to expose the L5/6 disc and inserted a needle. Von Frey test, Basso-Beattie-Bresnahan scale, and the horizontal ladder test found that the rats emerged behavior in response to pain as early as 1-week post-surgery (34). Coccygeal disc puncture can be performed with or without fluoroscopy (35, 36). Co5/6, Co6/7, Co7/8, Co8/9, and Co9/10 levels are usually selected for the IDD modeling (37, 38). Isa et al. established the IDD model by puncturing Co4/5 and Co5/6 discs and then investigated the pain response in the ventral base of the tail by Hargreaves test, von Frey test, and tail-flick test (39). Interestingly, lumbar discs and coccygeal discs puncture may represent the different modeling scenarios. In evaluating the behavioral parameters of IDD, lumbar disc puncture seems more resemble with IDD in patients since it may induce both leg and back pain. The coccygeal discs puncture models are easier to perform and may benefit the research for alleviating the disc degeneration process.

Needle puncture combined with intradiscal injection of reagents also represents a method for constructing the IDD model. Since pro-inflammatory factors contribute to the onset of IDD (5), injection of pro-inflammatory factors such as TNF-α and IL-1β into the intervertebral disc can induce IDD in different animal models (34, 40). Notably, the pain response to needle puncture is associated with the expression level of pro-inflammatory cytokines in the dorsal root ganglion (41). Norcross et al. compared injection of chondroitinase ABS or phosphate-buffered saline into the intervertebral disc of rats. Disc height and histological examination showed that chondroitinase injection leads to the observable degeneration on day 14 of experiment (42). Complete Freund's adjuvant (CFA), a tissue destruction reagent, was injected into to intervertebral disc to induce IDD (43). The rats were subjected to the behavioral test and found CFA injection successfully induced back pain and inflammatory factors accumulation (44). Wei et al. injected pingyangmycin or bleomycin into the subchondral bone adjacent to the lumbar intervertebral disc of rhesus monkeys, and degeneration was observed by MRI 3 months after injection (45, 46).



2.1.2. Discectomy and nucleotomy model

Discectomy is the standard surgical procedure for treating intervertebral disc herniation caused by IDD (47). Discectomy can relieve the nerve root compression by disc herniation, but the loss of NP tissue may cause the subsequent collapse of the intervertebral space (48). Therefore, discectomy model is suitable for studying disc-healing therapy, especially implants or biomaterials. The discectomy was performed on multiple animals, including rats (49), rabbits (50), sheep (51), pigs (52), and bovine (53). Since many studies suggested that goats and sheep possess similar biomechanical properties that are similar and comparable to the human spine, both animals are considered to be suitable for investigating spine mechanical properties (54, 55). Sloan et al. performed the discectomy in 3-4-year-old Finn sheep by performing a 3 × 10 mm annulotomy and then removing 200 mg of NP tissue (56). The intervertebral discs were subjected to histological examination six weeks after surgery. NP heterogeneity, AF lesions, and increased proteoglycan staining were observed in AF (56). Oehme et al. investigated a mini-invasive approach in sheep by making a 3 × 5 mm rectangular annular incision on AF using an 11-blade scalpel (57). A mixture of NF and AF tissue weighing 200 mg was removed.

Nucleuotomy refers to the partial excision of NP tissue with little disturbance of AF structure (58). Schwan et al. introduced a novel surgical approach to performing nucleotomy (59). A skin incision was made, and the corresponding disc level was determined with x-ray fluoroscopy. The discs were punctured with a straight awl through the whole layer of AF, and surgical channels were created. A 12 cm long rongeur was inserted through the tunnel, and approximately 0.15 cm3 of NP tissue was removed (59, 60). Partial nucleotomy resulted in the loss of disc height six weeks after surgery. Takeoka et al. performed percutaneous nucleotomy in rats according to the method by Nishimura et al., and loss of disc height was observed as early as seven days post-surgery (61).




2.2. Mechanical model


2.2.1. Spine instability model

In 1991, Miyamoto et al. proposed a model of constructing cervical spondylosis by surgically induced spine instability (62). The posterior paravertebral muscles were separated, and the cervical, thoracic and lumbar spine was exposed. Then the spinous processes and attached supraspinous and interspinous ligaments were resected. The model was commonly used in constructing the IDD model in the lumbar spine and is therefore referred to lumbar spine instability (LSI) model. Zheng et al. applied the L3–L4 LSI to investigate the contributory role of parathyroid hormone in maintaining intervertebral disc homeostasis (63). Xue et al. further exploited the model to examine the role of skeletal interoception in causing EP degeneration and spinal-associated pain (64). Recently, Liu et al. demonstrated that the LSI model leads to spinal hypersensitivity in DRG, which explains the pain caused by IDD (65).

As for constructing the caudal spine instability model, Bian et al. stapped through the full depth of the Co7/8 AF, and then removed the NP (66). The adjacent Co8/9 intervertebral disc was subjected to histological analysis four weeks post-surgery and confirmed the successful establishment of the IDD model. Another study by the same group also made an incision into the whole layer of AF and performed NP removal to induce IDD. The bony EP was then analyzed and found that CSI leads to bony EP porosity of the same level (67).



2.2.2. Tail-looping model

Clinical observations suggested spinal deformities such as adolescent idiopathic scoliosis (AIS) and Scheuermann's disease are associated with IDD (68, 69). The spine deformity alters the normal pattern of force distribution and undermines the mechanical property. Tail-looping model is a novel method to construct the IDD model by creating force imbalance within the intervertebral disc. Saikai et al. looped the tail of mice and made fixation between Co5 and Co13 vertebrae with 0.8-mm stainless steel wire (70). The extra vertebrae were excised. The NP of Co7/8, and Co8/9 discs were aspirated to generate more severe degeneration. In this model, the Co2/3 and Co3/4 discs were selected as control discs, while Co10/11 and Co11/12 discs were chosen as mildly degeneration discs. The researchers demonstrated that histological severity correlates with previous treatment, and degeneration occurred as early as eight weeks after looping (70). Nakamichi et al. established the tail-looping induced IDD model by joining Co2 and Co9 vertebrae together (71). In this study, outer AF was removed, and the role of Mohawk-induced AF regeneration was explored. Further, Huang et al. modified the looping method by tying the tail with thin wire instead of stitching the vertebrae. The model was successfully constructed after two months of fixation and continued with the adenovirus treatment for one month before sample collection (72).



2.2.3. Axial-compressing external fixation devices

Under the condition of compression and angulation, the intervertebral discs may become narrowed and stiffer (73). MacLean et al. annexed external rings to adjacent levels of intervertebral discs by inserting 0.5 mm pins transfixing the vertebral bodies percutaneously (74). Stokes et al. modified the method by installing rings either parallel to each other or with an angle of 15-degree (75). Their results showed that 15-degree angulation plus compression yielded greater disc space loss. Hirata et al. exerted temporary static compression using an Ilizarov-type apparatus with springs between Co8 and Co10 (76). An axial force of 1.3 MPa was exerted and subsequent analysis found that the compression reproduced different stages of degeneration. The same compression pressure was adopted by other studies (77, 78), suggesting this pressure may be the appropriate pressure for constructing model. In a recent study, Ji et al. developed a novel device by inserting Kirschner wire into Co8 and Co10 vertebral bodies (79). Then the tail was bent for 40° and springs are used to exert 1.8N and 4.5N of force on Co8/9 and Co9/10 intervertebral disc. Pfirrmann grades and histological examinations revealed the occurrence of IDD two weeks after surgery. The severity of degeneration correlates positively with the force exerted (79).

In addition to constructing the IDD model on a histological and radiographic level, the axial-compressing external fixation devices can simulate pain caused by IDD. Miyagi et al. used both the compression model and needle puncture model to establish IDD in rats and found that the pro-inflammatory factors were elevated (80). Moreover, the positive labeling of calcitonin gene-related peptide (CGRP) neurons increased, suggesting a potential mechanism IDD leads to low back pain (80). Since many studies have shown neurogenic factors like brain-derived neurotrophic factor (BDNF), nerve growth factor (NGF), and CGRP and closely related to discogenic pain of IDD (81, 82), the compression model is applicable in pain-related phenomenon.



2.2.4. Vibration model

High-frequency, low-amplitude whole-body vibration (WBV) is a common physical therapy in some disorders. Notably, WBV has been used as an adjuvant treatment for osteoporosis, muscle weakness, and low back pain (83, 84). However, it remains controversial whether WBV retarded the progression of IDD. Clinical observations found that workers exposed to occupational vibration are susceptible to IDD (85). Studies have linked vibration exposure with increased matrix metalloproteinase and decreased ECM (86), suggesting vibration is a potential risk for IDD progression. In a study by McCann et al., they applied clinically used vibration frequency (45 Hz with peak acceleration at 0.3 g for 30 min per day and 5 days per week) on mice for four weeks (87). The morphologic grade was analyzed and confirmed the IDD occurrence, especially characterized by AF degeneration. Furthermore, they found that 4-week WBV followed by 4-week cessation did not reverse the IDD in mice, suggesting the damage is permanent (88). Zeeman et al. demonstrated that 8 Hz and 15 Hz WBV is associated with long-lasting cervical and lumbar pain in rats (89), indicating the WBV model may also be useful in pain-related research. Although it is now known that WBV contributes to the development of IDD and IDD-related pain, the ideal vibration mode (time, frequency, orientation) to induce IDD still needs more investigation (90).



2.2.5. Bipedal animal model

The bipedal animal model was established by forelimb amputation in rodents. After forelimb amputation, a forced bipedal stance mimics the bipedal gait of human(91). Liang et al. performed amputation surgery on 1-month-old male rats and the rats were kept in custom-made cages to force them to stand in an upright position (92). The rat was kept for 5 months and 7 months before histological analysis. Loss of cervical disc height was observed in the amputation surgery group five months after surgery, and the height loss was more severe seven months after surgery. The down-regulation of Col2a1 and aggrecan was also observed and may decrease anti-compression capacity (92). Using the bipedal rat model, Liu et al. discovered ligustrazine attenuate cartilage EP hypertrophy, a characteristic of IDD, within an observation period of 9 months (93). Kong et al. Found the myocardin-related transcription factor A (MRTF-A) inhibitor CCG-1423 attenuated IDD progression over six months (94). Although the bipedal animal model mimics the upright posture similar to human beings, this model may take as long as six months to gain a histologically observable degeneration. Another concern that hampers the application of this model is animal welfare since amputation surgery causes trauma and alters the feeding habits of animals (91).

In addition to forelimb amputation, bipedal models are modified to yield better potency. Liang et al. performed both brachial plexus rhizotomy and tail amputation on 4-weeks-old female rats (95). The rats were euthanized six weeks post-surgery and lumbar discs were dissected (L1–S1) and subjected to qPCR analysis. Data showed the loss of ECM matrix in six weeks post-surgery, suggesting the efficacy of this model (95). Recently, Ao et al. developed a novel bipedal model utilizing the water-escape nature of rodents without amputation surgery (96). The mice were kept in a chamber with a 5 mm depth of water on the bottom of the chamber. The mice were kept in the chamber for 6 h each day and were allowed to access water and food freely for 2 h. Because of the water-escape nature, the mice are more likely to keep an upright position in the chamber. Degeneration of the facet joint and the intervertebral disc was observed 6-week after treatment (96). Lao et al. developed a hot plate cage to exert accumulated spinal axial force on mice's spine (97). The mice were placed on the 50 °C hot plate for 15 min per day and were forced to jump before returning to the regular cage. IDD was observed one-month post-modeling and progressed more severely in 3-months of observation (97).




2.3. Spontaneous model


2.3.1. Genetically modified mice model

Certain gene deficiency impairs intervertebral disc metabolic homeostasis and structural integrity. Secreted protein acidic and rich in cysteine (SPARC) is a matricellular protein involved in the pathogenesis of IDD (98). The expression level of SPARC decreased with aging and intervertebral disc degeneration. Moreover, it has been demonstrated that SPARC deletion accelerates IDD in mice (98, 99). Histological analysis revealed that herniations of lower lumbar discs in SPARC-null mice occur as early as 14-month-old. Millecamps et al. discovered that in addition to typical IDD pathologic features, the SPARC-null mice also developed the feature of chronic back pain (100). The chronic back pain was characterized by hind paw sensitivity to mechanical and cold stimuli, intolerance to axial stretching, and motor impairment, which all implied nerve root impairment. More studies confirmed the association between low back pain and IDD in the SPARC-null mice (101). In a study by Lee et al., the SPARC-null mice developed IDD and low back pain at 14 months (98). Krock et al. found that the SPARC-null mice presented with low back pain at a relatively young age of 7–9 months (102).

SM/J mice is a strain characterized by lacking cartilage regeneration ability (103). It is reasonable to propose the hypothesis that intervertebral disc homeostasis in SM/J mice may be disrupted. Choi et al. found that the cellularity and matrix components of SM/J mice are altered at a young age (104). Severe IDD was observed in 17-week-old SM/J mice, marked by increased apoptosis and collagen degradation. Moreover, the intervertebral disc of SM/J mice showed increased stiffness and the vertebral bone showed decreased bone quality (104). Zhang et al. compared LG/J mice, a mice strain characterized by a remarkable ability to heal after cartilage injury, with SM/J mice in spontaneous IDD (105). Their result suggested the potential use of combining LG/J mice and SM/J mice in the genetic and biological study of IDD. Study by Novais et al., demonstrated that SM/J mice have increased susceptibility to IDD. However, the same study found that the LG/J mice showed increased disc calcification and degeneration compared with the BL6 strain, which is inconsistent with research mentioned above (106).

Studies have identified many genes associated with IDD, and knockout of these genes may also replicate the phenotype of spontaneous IDD. For example, collagen type II, encoded by the Col2a1 gene, has been identified as the critical regulator in intervertebral discs embryonic development (107). Col2a1 knockout showed the feature of AF glycosaminoglycans loss and EP degeneration in 9-month-old mice (108). Deletion in other collagen encoding genes, including Col9a2 (109), and Col9a1 (110), also exhibited the feature of spontaneous IDD. Besides the extracellular matrix components, loss in other genes (e.g,. Smad3 (111), IL-1rn (112), Hif-1a (113), Apoe 114) may also contribute to IDD's pathogenesis (Table 1). However, because IDD has long been considered a heterogeneous disease with different etiology, the use of the gene-specific knockout mice model may be limited.


TABLE 1 Genetically modified or certain strain mice that exhibits features of early IDD.
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2.3.2. Aging-induced IDD model

In 1988, Silberberg demonstrated that the sand rat (Psammomys obesus), a small desert rodent, is susceptible to age-related IDD (127). The severity of IDD was correlated with greater age. Helen et al. examined the age-related IDD of sand rats in a more detailed manner. The intervertebral discs of younger (2–11.9 months) and older (12–25 months) animals were collected and subjected to histological analysis. Their results suggested that the cervical spine of both younger and older sand rats is more likely to develop osteophytes than the lumbar spine. Moreover, the occurrence of osteophytes correlates with the extrusion of the intervertebral disc (128).

Some previous studies have demonstrated that mice are less susceptible to age-related IDD, which may limit the application of this model to some extent. For example, Marfia et al. showed that half of the mice did not exhibit IDD via MRI analysis in 19 months (129). Ohnishi et al.explored the availability of age-related IDD model in mice by MRI analysis followed by Pfirrmann classification and histological analysis followed by classification proposed in this research (130). They analyzed the mice aged 6 months, 14 months, and 22 months with both Pfirrmann classification and histological classification and found the feature of IDD progressed with increased age. The 14-months-old mice exhibited mild IDD while the 22-months-old mice developed moderate to severe IDD, which suggested that at least a 14-month follow-up is required for age-related IDD in C57BL/6 mice (130). Aging alters IDD's metabolism in many aspects, such as elevated chondrocyte hypertrophy and loss of notochordal markers (131).

The age-related IDD mice model is also widely used in investigating factors associated with senescence and longevity. Lin et al. found that tenomodulin (Tnmd), an anti-angiogenic transmembrane glycoprotein, maintained the structural integrity and matrix gene expression in outer AF and NP (132). Loss of Tnmd gene leads to early-onset IDD in 6-month-old mice and the IDD progressed more severely in 18-month-old mice compared with wild-type mice. Novais et al. investigated the role of senolytic drugs in ameliorating age-related IDD and defined different age groups, namely healthy adult (6-month-old), middle-aged (14-month-old), aged (18-month-old), and old-aged (23-month-old) (133). The mice started senolysis treatment at 6,14 and 18 months and IDD was harvested at 23 months.





3. Discussions

Intervertebral disc degeneration is a disease with complex etiology and clinical heterogeneity. Therefore, it is hard to find an ideal animal model that mimics all the inherent pathophysiology of IDD. Among these pathophysiology changes, some features are considered extra important, including loss of extracellular matrix and proteoglycans, biomechanical property alternations, and increased cell death. Discogenic pain is not necessarily associated with the severity of IDD (134), but the pain is the most disturbing symptom and chief complaint in IDD cases. Lack of early signs impairs the ability of early identification of IDD. Thus the disease is commonly irreversible at a later stage. These remind us that more in-detail studies into the common pattern of human IDD development are needed. Encouragingly, some recent studies combined new technology, including single-cell RNA-sequencing, with human specimens to discover the disease's very nature. Recent studies by Gan et al. (135), Gao et al. (136), Han et al. (137) and Zhang et al. (138) made delightful exploration into the possible reason for IDD initiation. Subsequent studies are needed to determine the similarities and differences between patients with different natural disease histories.

In developing appropriate animal models, some important considerations need extensive attention. Firstly, the upright position determined the unique mechanical property of the human spine and intervertebral disc. Secondly, the notochordal cells undergo apoptosis and differentiation after birth and are absent in the adult human spine. But notochordal cells may remain in the intervertebral discs in certain specimens, which may promote the regeneration ability of damaged discs. Thirdly, the duration between modeling and detectable degeneration should be taken into consideration. If the degeneration occurs too soon, it is unlikely to replicate the actual circumstances in IDD. Severe structural destruction will conceal the effectiveness of certain therapy. Lastly, the ethical and cost issue should also be taken into consideration.

In this review, we elaborated on the commonly used method to construct IDD models, which mainly fall into three categories: damage-induced, mechanical, and spontaneous. Damage-induced models make punctures or incisions into the intervertebral discs and impair the integrity of the disc structure, while mechanical models exert external force into the disc and accelerate the degeneration process. The spontaneous models focus on common IDD causes, such as aging and collagen loss, which spontaneously lead to IDD development. Each category replicates a certain stage of IDD to some extent. Therefore, in searching for possible treatments for IDD, we should emphasize the importance of selecting correct animal models. For example, SPARC-null mice develop significant chronic back pain, making it suitable for researching IDD-related pain. The discectomy model mimiked the clinical situation of disc resection and seemed ideal for developing disc regeneration therapy. Integrating more than one IDD animal model into one study is becoming more common (139). Combining these models is a helpful approach to gaining solid evidence for the efficacy of specific interventions.



4. Conclusions

In conclusion, animal models are indispensable for understanding, characterizing, and treating disc degeneration. However, despite the methods listed in this review, there is still no consensus on which model best mimics IDD. More importantly, there is still some gap between model-induced IDD and actual clinical features. Further studies are needed to determine the fidelity of these models and eventually contribute to developing new IDD therapeutic strategies.
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Reliability of blockage (0/1/2)° 0/45/35 0/94/66 0712
Coverage rate > 100% at 15 min after ESP blocking® 23 (57.5) 32 (80.0)* 0030
Coverage rate > 100% at 30 min after ESP blocking® 34 (85.0) 40 (1000)" 0026
Hypoalgesia of lap® 22(275) 35 (438)" 0032
Quadriceps strength weakening® 17 (213) 26 (32.5) 0108

Data are presented as median (interquartile range) or number (%)
*Fisher's Exact Test was used

®Mann-Whitney U test.

2° test was used was used.

*P <0.05 compared with Group .





OPS/images/fsurg-09-1020273/fsurg-09-1020273-t003.jpg
Group 1

Group 11 lue
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Intubation 31204 3104 0.873
Skin incision 3604 3605 0.651
Pedicle screw implantation 37:04 38405 0219
Decompression 37:04 37:05 0.581
Skin closure 37:05 38405 0.828
Remifentanil (ng/ml)
Intubation 1602 1502 0726
Skin incision 28+07 27406 0.985
Pedicle screw implantation 29+07 28405 0390
Decompression 33:05 29203 0.007
Skin closure 28+05 0.923

Data are presented as mean + SD.
Mann-Whitney U test was used.
*P < 0.05 compared with Group .
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Groupl  Group I P-value

(n=40) (n=40)
Propofol (mg)* 10413+ 1854 105701365 0.667
Sufentanil (ug)” 22 (21-22) 22 (21-23) 0.682
Remifentanil (ug)* 861.2+142.3 8983 +1284 0225
Rocuronium Bromide (ug)° 40 (40-50) 40 (40-48) 0278

Data are presented as mean + SD or median (interquartile range).
*Student's t-test was used
®Mann-Whitney U test was used.
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Group 1 (n=40) Group 11 (n=40) P-value

Al rest
2h 16+11 1610 0884
4h 16410 15£10 0831
8h 15408 13219 0559
12h 17408 16409 0813
24h 15+08 14207 0473

During active movement

2h 25409 23409 0577
4h 27+07 27409 0875
8h 26+07 26+09 0925
12h 29406 27407 0132
24h 27+07 28409 0587

Data are presented as mean + SD.
Mann-Whitney U test was used.
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Group II P-value

(n=140) (n=40)

Sex (M/F)* 11729 15/25 0340
Age (yean)® 591286 598+86 0737
Height (cm)® 1645+ 6.4 163.0%5.4 0279
Weight (kg)b 683+8.4 688+9.1 0.800
ASA status (1/1D)* 1317 19721 0370
Duration of surgery (min)® 120 (110-120) 120 (103-120) 0505

Data are presented as mean + SD or median (interquartile range).
*2° test was used.

"Student's t-test was used

cMann-Whitney U test was used.
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ACDF — ACHDF Z 4
(n=43)  (1=23) value value

Hospitalization 1211 (£402) 13,65 (2327) - 0121

(days)

Operation time 13363 13609 - 0797

(min) (+3422) (+41.40)

Blood loss (ml) 200 200 IQR=  -0314 0754
(IQR =200) 200)

VAS (preoperation) 2 (IQR=4) 3 (IQR=3)  —0979 0328

VAS (ast follow-up) 1 (IQR=2)  1(IQR=2)*  —-0.170 0865

JOA (pre-operation) 8 (IQR=2) 8 (IQR=2)  -0868 0385

JOA (last follow-up) 14 IQR=1)* 13 (IQR=2)"  —-1749 0080

[mprovement 6250 5000 -1619 0105

rate (%) (IQR=14.44)  (IQR=2556)

ACDF, the anterior cenvical discectomy and fusion surgery; ACHDF, the anterior
cervical hybrid decompression and fusion surgery (the combination of ACDF
and ACCF); VAS, visual analog scale; JOA, Japanese orthopaedic association:
IQR, interquartite ranges.

“Means statistically significant between pre-operation and last follow-up in the
same group.
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0044

ACDF, the anterior cervical discectomy and fusion surgery: ACHDF, the anterior
cervical hybrid decompression and fusion surgery (the combination of ACDF

and ACCF)

“Means statistically significant between pre-operation and last follow-up in the

same group.

**Means statistically significant between pre-operation and 3-month follow-up

in the same group.

“**Means statistically significant between the 3-month follow-up and last
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ACDF  ACHDF 2 P
(n=43)  (n=23) value value

Gender 16127 1211 - 0.241
(female/male)
Age (year) 564 (£9.62) 573 (x 921) - 0712
BMI 2535 2526 0040 0.968
(IQR (IQR=2.93)
Diabetes 4 6 = 0.070
Hypertension 12 10 - 0.201
Smoking 2 3 - 0220
Drinking 6 4 - 0711
Course of the disease 3 7 -1647 .09
(month) (IQR=1084)  (IQR=45.00)
Operation sections 0.534
C3-C6 20 8 -
cac7 20 14 -
C3-C4/C5-C7 3 1 -

ACDF, the anterior cenvical discectomy and fusion surgery; ACHDF, the anterior
cervical hybrid decompression and fusion surgery (the combination of ACDF
and ACCF): BMI, body mass index: IQR, interquartile ranges.
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ACDF, the anterior cenvical discectomy and fusion surgery; ACHDF, the anterior
cervical hybrid decompression and fusion surgery (the combination of ACDF
and ACCF): HU, Hunsfield units: IQR, interquartile ranges.
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Low-5CA group  High-5CA group  p-value

(lower half) (upper half)

SCA ()
Pre 76.51 + 491 9294 £572 <0.001*
FIU 2y 8112+7.63 94634620 <0.001*
Pre vs. F/U <0.001" 0.025°

T1s (°)
Pre 27592472 1919390 <0.001°
FIU 2y 2510415 1792430 <0.001°
Pre vs. F/U <0.001" 0.042*

CA ()
Pre 17.81 + 4.60 8.90 £5.03 <0.001°
F/U 2y 12.62+7.78 6.49+4.22 <0.001°
Pre vs. F/U <0001 <0001

SVA (mm)
Pre 2294916 2346 £10.16 0.829*
FIU 2y 26272933 25814948 0845°
Pre vs. F/U 0010° 0072°

T1sCA ()
Pre 9.78 +2.76 1029 +5.39 0.895°
F/U 2y 12.48+7.55 1143 +4.96 0.763°
Pre vs. F/U 0026" 03014

Pre, preoperative; F/U, follow up; SCA, spino cranial angle; T1s, T1-slope; CA
C2-7 lordosis angle; CSVA, C2-7 sagittal vertical axis; T1sCA, T1-slope minus
C2-7 lordosis angle.

*Independent t-test.

“Paired t-test

“Mann-Whitney U test

‘Wilcoxon Signed Ranks test.
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Domains Cutoff values for a deficit or disability

ccr No applicable

ADL Independent: 100 points; mild disability: 61-99 points; severe
disability: <60 points

IADL Independent: 100 points; mild disability: 61-99 points; severe
disability: <60 points

MNA Malnutrition: <18 points

MMSE Cognitive impairment: <23 points

Zung. Depression: 250 points

depression

CCl, Charlson Comorbidity Index; ADL, Activities of Daily Living: IADL,
Instrumental Activities of Daily Living; MNA, Mini Nutritional Assessment;
MMSE. Mini-Mental Status Examination.
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Low-5CA group  High-5CA group  p-value

(lower half) (upper half)

ASCA () 4.61+647 169+4.18 0033
AT1s (°) -249%334 -127+3.84 0.179°
ACA () -5.182520 241236 <0.001°
ACSVA (mm) 333673 2354735 0,948

AT1sCA (°) 270+6.59 114481 0.

AJOA 4.19+1.60 379+1.87 0.224°

SCA, spino cranial angle; T1s, T1-slope; CA, C2-7 lordosis angle; cSVA, C2-7
sagittal vertical axis; T1sCA, Ti-slope minus C2-7 lordosis angle; JOA
Japanese Orthopaedic Association.

‘Independent t-test

®Mann-Whitney U test.
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[ Assessed for eligibility (n=218) ]

[ Preoperative comprehensive assessment(n=218) J

Analysis of preoperative spinal
alignment, diseased segments and
grade of nerve root compression

v

Evaluation of CGA and
preoperative laboratory data

Lost to follow-up(n=7)
Death: n=3, unavailable
telephone numbers: n=4

Analyzed: n=211
Satisfied: n=175
Not satisfied: n=36
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Satisfied  Not batisfied  p-value
(n=175) (n=36)

NASS Satisfaction Measure 13205 3405 0.001
VAS of lower back 1314 43+19 0.001
VAS of leg 09+13 39+21 0.001
Length of hospital stay 172275 18366 0413
Complications 25 (143%) 11 (30.6%) 0024

Urinary retention 4(23%) 2 (56%) 0282
Deep vein thrombosis 2 (1.1%) 2 (1.1%) 0.077
Nausea/vomiting 9 (5.1%) 4 (11.1%) 0.175
Urinary Infection 1(06%) 0 (0%) 0649
Acute cerebral infarction 1(0.6%) 0 (0%) 0.649
Pneumonia 2 (1.1%) 1(28%) 0.450
Hematoma 2.(1.1%) 0 (0%) 0519
Delirium 2(1.1%) 2 (5.5%) 0077
Myocardial infarction 1(06%) 1(28%) 0213
Surgical site infection 3(1.7%) 1(28%) 0670
Constipation 3(1.7%) 2 (55%) 0.168

NASS, North American Spine Surgery: VAS, Visual Analogue Scale.
Bold values implies statistical significance.
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ble OR 95% C1 lue
Depression 340 1.26-9.20 0.016
CCI score of lor 2 256 112-5.76 0.030
CCI score of 3+ 620 1.20-28.69 0.024

CCI, Charlson Comorbidity Index; LL, Lumbar Lordosis.
Bold valiiss implss statistical siorificanics:
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Variable Total  OSatisfied ~ Not  p-value
(n=211) (n=175) Satisfied

(n=36)

Female n/ (%) 126 (59.7%) 108 (617%) 18 (50.0%)  0.192
Age (year) 800+35  799+35 80034 0935
Height (cm) 160875 160675 1620=75 0295
Weight (kg) 639+92  640+92 63589 0774
BMI (kg/m’) 248+36 24937 24231 031
Co-Morbidities n/ (%)

Hyperlension 140 (66.4%) 117 (669%) 23 (63.9%) 0731

Coronary heart 52(246%) 42 (240%) 10 (27.8%) 0632
disease

Diabetes disease 53 (25.1%) 41 (234%)  12(333%) 0212

Knee arthritis 27(128%)  22(126%)  5(139%) 0829

Digestive disease 26 (123%) 20 (114%) 6 (167%) 0384

Old cerebral 14(66%)  11(63%)  3(83%) 0653
infarction

Pulmonary disease 3 (14%) 2(L1%)  1(28%) 0450

Osteoporosis 44(209%)  35(0%) 9 (25%) 0501

Urological diseases 18 (85%) 15 (86%) 3 (83%) 0963

Smoker 14(66%)  12(69%)  2(5.6%) 0775

Drinker 15(71%)  13(74%) 2 (5.6%) 0435
Diagnosis 0151

1S5S 77(365%) 60 (343%) 17 (47.2%)

DDD 89 (37.9%) 79 (45.1%) 10 (27.8%)

Lumbar 45(213%) 36 (206%) 9 (250%)
Spondylolisthesis

Duration of 64+92 6295 69:74 0629

symptoms (year)

VAS (lower back) 5. 0828
VAS (leg) 6723 0411
oDI 545124 539114 0781

Laboratory data

Serumalbumin (g/L) ~ 37.5+38 377438 36536 0075
Prealbumin (g/L) 21955 219+55 218+57 0881
Hemoglobin (g/L) 12615 127+14 12317 0119

BMI, Body Mass Index; LSS, lumbar spine stenosis; DDD, Degenerative Disc
Disesss: VAS. Visusl Analogue Scale: 0D Oswestry Dability Index.
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Variable

Satishied
(n=175)

Not Satisfied  p-value
(n=36)

ASA
lor2
3or4
ccr
0(%)
lor2
3and 3+
Level of dependence in the ADL
Independent
Mild disability
Severe disability
Level of dependence in the IADL
Independent
Mild disability
Severe disability
Zung depression scale
Depression
No depression
MNA
Malnutrition
No malnutrition
MMSE
Cognitive impairment
Normal cognition
No. of levels
1
2
Operative time (min)

EBL

77 (44.0%)
98 (56.0%)

96 (54.9%)
74 (42.3%)
5 (28%)

31 (17.7%)
102 (58.3%)
42 (24.0%)

39 (222%)
53 (30.3%)
83 (47.4%)

16 (9.1%)
159 (90.9%)

47 (269%)
128 (73.1%)

42 (24.0%)
133 (76.0%)

50 (28.6%)
125 (71.4%)
1997 +61.4

3341+
260.0

0383
13 (36.1%)
23 (63.9%)
0017
11 (30.5%)
22 (61.1%)
3(83%)
0631
7 (194%)
18 (50.0%)
11 (30.6%)
0.682
6 (167%)
13 (36.1%)
17 (47.2%)
0.002
9 (25%)
27 (75%)
10 (27.8%) 0910
26 (72.2%)
0132
13 (36.1%)
23 (63.9%)
0923
10 (27.8%)
26 (722%)
2129+56.1 0237
390.1£261.0 0234

ASA, American Society of Anesthesiologists Physical Classification System; CCl,
Charlson Comorbidity Index; ADL, Activities of Daily Living; IADL, Instrumenta
Activities of Daily Living: MNA, Mini Nutritional Assessment; MMSE, Mini-Mental

Status Examination; EBL, Estimated Blood Loss.

Bold uslues implins sistisical sigrificance:
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Low-5CA group High-5CA group  p-

(lower half) (upper half)  value
No. of patients 31 34
Range of SCA (%) 67.9-83.9 85.3-105.6
Age (year) 57.61+829 5962858 0434
Sex (male/female) 1813 15/19 0.261°
Type of OPLL 0674
Continuous 6 9
Segmental 10 12
Mixed 15 13
No. of expanded 468+123 453+ 111 0.587
laminae
incidence of 48.4% (15/31) 55.9% (19/34) 0.546”
diabetes mellitus
JOA
Pre 1033+ 1.64 1015191 0.926
F/U 2y 1423 +1.09 13.94 +0.85 0.195
Pre vs. F/U <0.001° <0001°
RR 59.32% + 16.63% 52.92% + 15.66% 0.067*

SCA, spino cranial angle; OPLL, ossification of the posterior longitudina
ligament; Pre, preoperative; F/U, follow up; JOA, Japanese Orthopaedic
Association; RRIOA, JOA recovery rate.

Mann-Whitney U test.

“Chi-square test.

AWcoxon: Sianad Ranks issk
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Variable

Sample size
Age
Female
BMI
cc
Smoking
Fusion segment
3
4
5
Pre-ODI
Pre-VAS for the back
Pre-VAS for the legs
ASA
1
1
i
v
Operation time
EBL

Intraoperative blood transfusion

non-ERAS frail  ERAS frail

64 64
79322321 7994+323
48/64 47/64
25.69+2.56 25244298
191165 205+185
4164 6/64
41 40
18 17
5 7
4815978 4855+13.98
450+218 431£236
496+ 156 459+201
0 1
12 16
51 46

279.03 % 63.35 265.50 + 62.61
597.85 + 375.32

569.48 + 559.74

604.22+333.92
559.00 + 436.65

£

0281
0.840
0355
0652
0510
0.829

0.880
0758
0.407
0529

0225
0919
0.908

BMI, body mass index; CCl, Charlson comorbidity index; ODI, Oswestry
Disability Index; VAS, visual analog score; ASA, American Society of
Anesthesiologists: classification: EBL. ‘sstimated blood loss.
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Variable non-ERAS frail  ERAS frail P
(n=64) (n=64)

Complications
Deep vein thrombosis 0(0) 1 (1.56%) 1
Pneumonia 1 (1.56%) 3 (4.69%) 0611
Surgical site infection 3 (4.69%) 4 (6.25%) 1
Bacteremia 1(1.56%) 0(0) 1
Uroschesis 4 (6.25%) 3 (4.69%) 1
Urinary tract infection 4(6.25%) 3 (4.69%) 1
Myocardial ischemia 3 (4.69%) 3 (4.69%) 1
Neurological deficit 0(0) 1 (1.56%) 1
‘Hematoma 2(3.13%) 1 (1.56%) 1
Delirium 0 (0) 1 (1.56%) 1
Spinal fluid leakage 1(1.56%) 0(0) 1
Nausea and vomiting 6 (9.38%) 3 (4.69%) 0.489
Complication rates 18 (28.13%) 15 (23.44%)  0.544
LOS 12.18 £ 469 10.44 +4.60 0.035
90-day readmission 7 (10.94%) 5 (7.81%) 0.544
Post-ODI 33.38+23.89 33.09 = 24.00 0.945
Post-VAS for the back 292+1.60 291£1.72 0.954
Post-VAS for the legs 295+181 278+1.71 0.588

Return of physiological function
1st ambulation POD 3421172 238+1.72 0.010
1st void POD 292+179 250+1.84 0322
1st bowel movement POD 431+132 344+147 0.010

LOS, length of stay; ODI, Oswestry Disability Index; VAS, visual analog score;

POD, postonerative da





OPS/images/fsurg-09-997657/fsurg-09-997657-t003.jpg
Achieved MCID for  Non-ERAS frail  ERAS frail P

(n=64) (n=64)
oDI 40 (62.5%) 51(79.69%) 0032
VAS for the back 39 (60.94%) 43(67.19%) 0461
VAS for the legs 34 (53.13%) 45(7031%) 0045

ODI, Oswestry Disability Index; VAS, visual analog score; MCID, minima
chrically imbortant difference.
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Unstandardized Standardized

Parameters B SE Beta t P

Gender =5.114 11.745 —0.044 —0.435 0.665
Age —1.493 0.588 =0.275 —2.540 0.013
Hospital stay -0.301 1017 —0.030 -0.296 0.768
Number of intervertebral fusions -16.557 12.021 —0.189 -1377 0.172
Blood loss 0.020 0.018 0.163 1.099 0.275
Operation time 0.036 0.115 0.044 0318 0.752
Follow-up time —0.488 0.262 -0.199 -1.867 0.066
Time to surgery 0.177 0.143 0.128 1242 0.218
Muscle strength at admission 1592 5.425 0.029 0293 0.77¢

VAS at admission -1.297 2.709 -0.072 -0.479 0.634
ODI at admission 0.898 0.271 0510 3310 0.001

GRS visusl anslogue scale: S Gewestiy disaiiiy indesc





OPS/images/fsurg-09-1063528/fsurg-09-1063528-g002.jpg
2 2 1Y
8 < |

‘suoysn jo sequinu oYL

80;

b
9
3
B
9
3
Z
E
3
Z
E
3
3
3
3

S ° °

2
8

<<

| 2
‘sjusped jo sequinu oy L





OPS/images/fsurg-09-1063528/fsurg-09-1063528-g003.jpg
‘I'he number of patients

-2}
=3
1

N
o
1

N
=)
1

Grade 0

gl .1 H

T
Grade 1 Grade 2
mm at admission

Grade 3 Grade 4

=

last follow-up

Grade 5





OPS/images/fsurg-09-1063528/fsurg-09-1063528-t001.jpg
Parameters S
Age (years) 54 1

Gender (male/female) 52/35

Hospital stay (day) 16 6

Blood loss (ml) 752 471
Operation time (min) 196 69
Time to surgery (month) 107

Follow-up time (month) 81 u

Satisfaction (very satisfied/satisfied/dissatisfied)

4912919

D, standard deviation
Hiedin lrbangusitile rangs).
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Muscle strength VAS ODI

At admission 0(0) 6(5) 58% (60%)
Last follow-up 3(5) 1) 10% (26%)
P valve <0.001 <0.001 <0.001

VAS, visual analogue scale; ODI, Oswestry disability index; IQR, interquartile
range.
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r ' 4

Pre-SCA ~0.247% 0.048
F/U-SCA ~0.189 0.132
ASCA 0.108 0391
Pre-Tls 0.089 0.481
F/U-Tls 0.195 0.119
AT1s 0.151 0.230
Pre-CA 03017 0015
F/U-CA 0.247% 0.047
ACA ~0.067 0595
Pre-cSVA 0.036 0774
F/U-cSVA 0.065 0.609
ASVA 0.036 0776
Pre TIsCA —0.334% 0.006
F/U-T1sCA —-0.098 0.440
ATISCA 0.145 0250

Pre, preoperative; F/U, follow up; SCA, spino cranial angle; Tis, T1-slope; CA
C2-7 lordosis angle; cSVA, C2-7 sagittal vertical axis; T1sCA, T1-slope minus
C2-7 lordosis angle: RR, recovery rate.

“Correlation is significant at the 0.05 level (two-tailed).

esCorrelation is significant at the 0.01 kevel (two-tailsd).
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Parameters b Beta 14

Pre-SCA (°) -0.002 0.004 -0.114 —0.459 0648
Pre-CA (°) 0002 0.008 0084 0257 0.798
F/U-CA () <0001 0.005 ~0.003 ~0016 0.987
Pre-T1sCA (%) -0.010 0.005 —0272 —1911 0.061

PRE. preoperative;

F/U, follow up; SCA. spino cranial angle:

andile: TISCA T it iCA: RR. recoweny fis.

CA, C2-7 lordosis
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SCA 1ls CA VA

Tls r -0.769*
P <0.001
CA r ~0856" 0.768"
» <0.001 <0.001
cSVA r 0.430" =0.191 -0.395"
? <0.001 0128 0.001
TISCA r 0231 0226 ~0450" 0334
P 0.064 0.070 <0.001 0.007

SCA, spino cranial angle; T1s, T1-slope; CA, C2-7 lordosis angle; cSVA, C2-7
sagittal vertical axis; T1sCA, T1-slope minus C2-7 lordosis angle.
*Correlation is significant at the 0.01 level (two-tailed).





OPS/images/fsurg-09-1036253/fsurg-09-1036253-t004.jpg
Parameters aOR 95%C1 p-Value

Operation time (minutes) 1124 0.897-1.048 0309
LOH (days) 1.033 1.000-1.067 0.048°
EBL (ml) 2201 1.110-4.365 0.024*

aOR, adjusted odds ratio; Cl, confdence interval; LOH, length of hospitalization
at postoperative; EBL, estimate blood loss.
aStatistically signifcant.
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OLF with DO OLF without DO p-Value

No. of patients 12 (37.5%) 20 (62.5%)
Age (year) 5925+9.97 5720819 0532
Sex 0055
Male 3 12
Female 9 8
BMI (Kg/m’) 2642+3.06 2685372 0736
Smoker (n) 1(3.1%) 4 (125%) 0.626
Drinking () 1(3.1%) 4(125%) 0626
Hypertension (1) 7 (21.9%) 6 (18.8%) 0150
DM () 2 (62%) 1(3.1%) 0540

OLF, ossification of the ligament flavum; DO, dural ossification; BMI, body mass
index: DM diabetes mellitus.
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with  OLF without  p-
DO DO Value
Preoperative duration of 149221605 121021379 0527
symptoms (months)
Operation time (minutes) 8917+733  80.00+1013  <0.001"
LOH (days) 13.83+2.76 10052233 <0.001"
EBL (ml) 331675006 253004824  <0.001°

No. of complications (n)
Leakage of cerebrospinal fluid
Spinal cord injury
Superficial infection

Screw looseness/failure

0
0
0
0

OLF, ossification of the ligament flavum; DO, dural ossification; IQR
interquartile range; LOH, length of hospitalization at postoperative; EBL

estimate blood loss.
scratistically sicrificant
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OLF with  OLF without  p-
DO DO Value

mJOA (score)
Pre 467137 575155 0055
U 775+129  840%123 0166
Pre VS. F/U <0.001° <0001

RR% 5083+ 5315+1129% 0576

11.09%

RR% classification () 0860
Excellent 1 1
Good 6 12
Fair 5 7
Poor 0 0

Preoperative severity of myelopathy 0211
(n)
27 1 5
46 8 14
<3 3 1

SF-36

Physical functioning
Pre 5083+1621  6125%1753  0.105
FU 745841137 81501077 0095
Pre vs. /U <0.001° <0001

Social functioning
Pre 4608+1720  5585+1833  0.146
U 69001472 77151239 0103
Pre vs. F/U <0.001° <0001

Bodily pain
Pre 72832716 7350%619 0783
FIU 73674733 75105567 0540
Pre vs. /U 0137 0080

Vitality
Pre 4542865 4900837 0256
U 6083634 6225550 0510
Pre vs. /U <0.001° <0.001°

Mental health
Pre 5933:832  5845:7.46 0758
FIU 75005612 7380£740 0640
Pre vs. /U <0.001° <0001

General health
Pre 5083+733  5325+7.83 0394
FIU 6833749 7100661 0301
Pre vs. F/U <0.001° <0001

OLF, ossification of the ligament flavum; DO, dural ossification; mJOA, the

modified Japanese Orthopaedic ~Association:

Scentistically siorafcant

RR. recovery
preoperative; F/U, follow up; SF-36, Short Form-36.

rate; Pre,
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'emographic ~ Patients  Control subjects  P-value

Number 30 30 -
Gender Female Female -
Age (years) 176340 178350 052
Height (cm) 1563+ 4.60 157.9+2.90 013
Weight (kg) 448+ 4.60 465+ 340 0.08
BMI (kg/m’) 183+ 140 184+ 140 071

Cobb angle (°) 5670 + 2020 - =
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Level HU value

T1 268.38 + 49.56
T2 251.26 % 39.4
T3 230.34 + 30.90
T-4 231.22% 3425
T5 236.75 + 36.98
T6 229.96+ 38.66
T-7 237.41 %4141
T8 235.27 % 35.56
T9 243.38 4611
T-10 241.31 % 39.01
T-11 237.59 % 36.24
T-12 237.50 % 36.36

Average 240,03 + 39.77
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Structural curve

Non-structural curve

Level

UEV
AV-2
AV-1
AV
AV+1
AV+2
LEV

HU value

229.60 = 34.28"
215.75 2699
223232903

199.40  18.26
21638 £22.11*
224.86+33.92

2

£30.09

Level

UEV
AV-1
AV
AV+1
LEV

Average

HU value

261.41 % 50.36
256.73 % 48.92
254.85 % 4235
250.57 + 41.93
251.42 % 40.05

254,99+ 44.48

UEV means upper-end vertebra; AV-2 means upper vertebra adjacent to AV-1
AV-1 means upper vertebra adjacent to AV; AV means apex vertebra; AV +1
means lower vertebra adjacent to AV; AV + 2 means lower vertebra adjacen
t0. AV + 1 LEV mearis lower-end vertelira. ¥P<0.01 vs. AV oroum.
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Variation degree (%)

AV
AV=1
AV =2
UEV
LEV

26821273
24691273
1571 12244
7.28 +12.06"
330+1370"

AV, apex vertebra; AV + 1, vertebra adjacent to AV; AV + 2, vertebra adjacent to
AV+1; UEV, upper-end vertebra; LEV, lower-end vertebra. *P<0.05 vs. AV
group: **P<0.01 vs. AV group: ***P< 0.05 vs. AV + 1 group.
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Variables 95% CI
Pneumonia 3119 | 16720 | 0.110 | 3986 | <0.001
4849
Preoperative stay (day) 1101 | 098810 | 0549 | 19223
1123
Surgical duration 1820 | 1040t0 | 0129 | 4580 | <0.001
2120 min 2600
Procedure (osteosynthesis | 2205 | 1348to | 0155 | 5047
3063

vs. arthroplasty)

B, unstandardized coefficient; Beta, standardized coefficient indicating the strength
of influence; and T, statistic of the regression.

“Covariables included in this multivariate model were pneumonia, age in continuous
variable, diabetes, history of respiratory disease, preoperative DV, surgical duration

orocedure pattern.
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Variables

Age (each 10-year increment)

95% Cl

Lower Upper
limit limit

Diabetes

Chronic respiratory disease

Presence of preoperative DVT

Preoperative waiting (in cach
day increment)

Surgical duration >120 min

Procedure (arthroplasty vs.
osteosynthesis)
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Variables Pneumonia Non-Pneumonia =~ P
(n=54) (n=754)

Mean +SD or Mean +SD or
count (%) count (%)

Sex (males) 19 (352)

Age 76.9+82

280 years 21 (389) 187 (24.8)

BMI (kg/m?) 233+38 236+3.7

Obesity 8 (148) 78 (103)

Hypertension 33 (61.1) 347 (46.0)

Diabetes mellitus 18 (33.3) 156 (20.7)

Respiratory disease 7 (13.0) 24 (32)

Heart disease 15 (27.8) 183 (24.3)

Cerebrovascular disease 15 (27.8) 212 (28.1)

Liver disease 3(56) 18 24)

Renal disease 6 (1L1) 53 (7.0)

Preoperative DVT 16 (29.6) 103 (13.7)

Cigarette smoking 11 (20.4) 129 (17.1)

Alcohol drinking 18 (33.3) 236 (31.3)

Fracture location

Femoral neck 43 (79.6) 517 (68.6)

Intertrochanteric 11 (20.4) 237 (314)

Preoperative stay (days) 72547 54%34

>7d 25 (463) 209 (27.7)

Hospital stay (days) 203+103 141266

Intraoperative bleeding 179.6+ 3400 109.6 2556
(ml)

Intraoperative blood 14 (259) 152 (20.2)
transfusion

Surgical duration (min) 131.7 + 40.0 112.7+418

>120 43 (79.6) 356 (47.2)

Procedure

Arthroplasty 41 (759) 414 (549)

Osteosynthesis 13 (241) 340 (45.1)

ASA

LI 28 (519) 480 (63.7)

LIV 26 (48.1) 274 (363)

Anesthesia (general) 34 (63.0) 450 (59.7)

Albumin (<35 g/L) 30 (55.6) 425 (56.4)

7 (68.5) 587 (77.9)

17 (315) 167 (22.1)
HCRP (>8 mg/L) 43 (796) 624 (82.8)
LDH (>250 U/L) 21 (389) 226 (30.0)
Sodium concentration 18(333) 309 (41.0)
(<135 mmol/L)
FBG (>6.1 mmol/L) 28 (51.9) 371 (49.2)
Creatinine (>111 mol/ 8 (148) 65 (8.6)
WBC (>10* 10/1) 21 (389) 192 (25.5)
Neutrophil count 29 (53.7) 384 (50.9)
(>6.3*10°/1)
Lymphocyte count 29(537) 371 (49.2)
(<1.1* 10°/L)
“RBC (<Lower limit) 22 (40.7) 376 (49.9)
“Hemoglobin (<Lower 20 (37.0) 367 (48.7)
limit)
“Hematocrit (<Lower 32(593) 519 (68.8)
limit)
Platelet count (>300* 9 (167) 85 (113) 0232
10°1)

SD, standard deviation; BMI, body mass index; ASA, american society of
anesthesiologists; WBC, white blood celi A/G, albumin/globulin; HCRP,
hypersensitive c-reactive protein; LDH, lactate dehydrogenase; FBG, fasting blood
glucose; RBC, red blood cell

“Reference range was applied stratified by sex: RBC: Female, 3.5-5.0*10'?/L and
males, 4.0-55*10'%/L; Hemoglobin: Females, 110-150 g/L and males, 120160 g/
Hematocrit: Females. 35%—45%: males. 40%—-50%.
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Group
size

Groups

Device

Tourniquet use

Outcomes

Follow-up

Demoulin et al.
2012 (16)

Cryotherapy
device

Applied for 20 min, five times a day. From POD 2 to
discharge, except the weekend.

Teelgel pack

Applied for 20 min, five times a day. From POD 2 to
discharge, except the weekend.

Aircast Cryocuff combined
with AutoChill System
(Aircast, Inc., Summit,
New Jersey)

Used for 45-55 min

Pain intensity; swelling of the phatologic
knee; ROM; cutaneous temperature of the
knee

Not reported

Thienpont
etal 2014 (1)

Cryotherapy
device

‘The cTreatment device was used immediately after
surgery for 4 h of continuous cooling at 11°C (range,
6-15°C). The day after surgery, the device was applied for
2h affer standard physiotherapy and repeated in the
afternoon. During the evening and night, patients were
allowed to continuously used during the night.

Iee/gel pack

Patients received 15 min of cold pack (conserved at
~17°C) treatment on arrival to the recovery room and
again on arrival to the ward, and repeated 2 h and 4 h
after surgery. The following days patients received cold
pack cryotherapy 15 min after their physiotherapy session
(11 AM and 3 PM) and during the evening and night
whenever they considered it useful for comfort and pain
control.

CTreatment system
(Waegener, Beerse,
Belgium)

Used for 55+9 min

VAS score; analgesics consumption; ROM;
swelling of the knee; blood loss

6 weeks for data
collection and

3 months for adverse
events

Bech etal. 2015
18)

Cryotherapy
device

‘The device was applied immediately after surgery and
remained in place for 48 h, except for brief periods: afer
1h, and every 4 h thereafter, for nursing assessment for
skin or nerve damage; during exercise; and during
ambulation.

Teelgel pack

‘The operated limb was wrapped with an elastic bandage
for 48 h after surgery to help control the degree of
compression between groups. In the PACU and on the
unit, the control group received ice bags at a frequency
requested by the patient (usual care) for 48 h.

Donjoy Ieeman (DJO
Canada, Mississauga, ON)

Not reported

Pain intensity; ROM, nausea or vomiting,
opioid use, blood loss, lower limb
function, hospital length of stay, patient-
reported compliance and satisfaction

6 weeks after TKA

Schinsky et al.
2016 (19)

49

Cryotherapy
device

POD 1-3 continuous; POD4-10 1 h on and 1 h off while
awake and continuous while asleeps POD11 as needed for
pain control, continuous for 1-hour intervals; not to
exceed 12 h/day while awake; may be used continuously
as needed for pain control while asleep.

Teelgel pack

POD 1-3 continuous; POD4-10 1 h on and 1 h off while
awake and continuous while asleeps POD11 as needed for
pain control: continuous for 1-hour intervals; not to
exceed 12 h/day while awake; may be used continuously
as needed for pain control while asleep. (replace the gel
packs with fresh, frozen packs every 3-4h)

Polar Care Glacier (Breg,
Inc)

Used

Analgesics consumption; Length of stays
drain output; change in hemoglobin;
change in hematocrit; allogeneic blood
transfusions; ROM.

3 weeks and 6 weeks
after TKA

Ruffill et al.
2017 (20)

Cryotherapy
device

Hilotherm device was applied in the operating room and
the device was tuned on in the ward. The day after
surgery, the elasto-compressive bandage was removed and
the Hilotherm device was applied over the skin.

Teelgel pack

Lee cold packs were applied over the elasto-compressive
bandage, and changed every 30 min. The day after
surgery, the elasto-compressive bandage was removed and

Hilotherm (Hilotherm
GmbH, Germany)

Used for 92.5 +
152 min and 938
167 min, respectively

Edema reduction; blood loss, transfusion
requirement, pain, ROM

1 week after TKA
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Author

Demoulin (16)

Region

Annals of Physical and Rehabilitation Medicine

Study Dates

Not reported

Sample size

Thienpont (17)

Clinical Orthopaedics and Related Research

January 2012-October 2012

Bech (15)

Physiotherapy Canada

February 2009-May 2012

Schinsky (19)

Orthopaedic Nursing

June 2012-September 2013

Ruffilli (20)

Journal of Knee Surgery

2013-2014

Sadoghi (°1)

International Orthopaedics

December 2011-April 2013

Karaduman (2

Medicina (Kaunas)

January 2015-January 2016
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Variety of B S.E. Wald OR CI95% ;

factors 2 value
Gender 0303 0186 2652 1353 0940 1948 0.03
Age 0027 0009 8898 1028 1009 1046 0003

Preoperative time  0.167 0.044 14292 1181 1084 1288 <0.001
Preoperative VAS 0240 0088 7451 1271 1070 1510  0.006
Operation type 0406 0195 4322 1501 1023 2201 0.038

Number of 0802 0201 15873 2231 1503 3310 <0.001
segments

Gender and operation type were transferred into categorical data; B, partia
regression coefficient; S.E., standard error; OR, odds ratio; CI, confidence
interval: P values in bold were statistically significant.
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Diagnosed as OVCFs and hospitalized in spinal surgery
epartment
(n=1877)

Patients excluded
Nonoperative treatment (n=235)

PKP or PVP operation
(n=1642)

Patients excluded
(n=126)
pathological fractures (n=13)
special type fractures (n=54)
co-existing trauma  (n=18)
severe comorbidities (n=41)

Enrolled for eligibility
(= 1442)

P

medical ion (n=74)

Delayed discharge Normal discharge
(n=191) (n=1251)
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Lower limbs thrombosis
4(2.1%)

Incision abnormality
5(2.6%)

General discomfort
16 (8.4%)

Post-anesthesia reaction
3(1.6%)

Psychological factors
Cardiopulmonary complication 71(37.2%)
30 (15.7%)

Residual pain
62 (32.5%)
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Variables

Delayed
discharge

Normal
discharge

Overall

Patients with surgery (r)
Age (y)

Gender (m/f)

Prehospital time (d)
Preoperative time (d)
Preoperative VAS
Preoperative BMD (T'score)
Postoperative stay (d)
Third-day postoperative VAS
Chronic comorbidities (y/n)
Operation type (K/V)
Number of segments ()

191 (132%)
7358+8.28
49/142
219+145
242+145
7.73£097
~3712059
509222
290+242
100/91
153/38
1174047

1,251 (86.8%)
7170+ 8.84
246/1,005
208132
186+ 158
752091
~3.66+069
159083
160103
615/636
903/348
1.06 026

1,442 (100%)
7195879
295/1,147
209133
193+158
7.542092
~3.67+0.68
206163
177138
7151727
1056/386
107030

Data were mean+SD or N (%); n=number, y =years, m/f=male/female,

K/V = PKP/PVP, d = days, y/1

ey
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Variables Ya/A P* value
Gender 3.654 0.056
Chronic comorbidities 0.677 0.411
Operation type 5305 0.021
Age -2.574 0.010
Prehospital time —0.700 0.484
Preoperative time —6.089 <0.001
Preoperative VAS =2.525 0.012
Third day postoperative VAS —6.036 <0.001
Preoperative BMD —0.849 0.396
Number of segments —4.561 <0.001

VAS, visual analog scale:

*Sintistics were-anahvaed g the chi-squane test and Mann-Whitney i test
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Variables

95% Cl

Pneumonia 3934 | 2351t0 | 0139 | 4104
5.493

Preoperative stay (day) 0181 | 0075t0 | 0117 | 3348 [ 0001
0.287

Surgical duration 2120 min | 1575 | 0837to | 0144 | 4191
2313

Procedure (osteosynthesis 2254 | l4ddto | 0205 | 5.462
3.065

vs. arthroplasty)

B, unstandardized coefficient; Beta, standardized coefficient indicating the strength
of influence; and T, statistic of the regression.
"Covariables included in this multivariate model were pneumonia, age in continuous
variable, diabetes, history of respiratory disease, preoperative DV, surgical duration

orocedure pattern.
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Procedure
Preoperative preparation

Communication and
education

Special exercise
regarding surgery

Evaluation

Intestinal
preparation

Intraoperative procedures

Positioning

Antibiotic
prophylaxis

Anesthesia

Pain management

Fluid management

Temperature
management

Blood

ERAS group

1. Tell the patients about the process, risks, and complications of anesthesia
and surgery, to relieve the stress and anxiety from the unknown.

‘Tell the patients about the scheme and principle of ERAS protocol,
including the diet, rehabilitation, pain management, and skin cleaning
during the perioperative period, to increase compliance with program
implementation.

Tell the patients about the discharge criteria and general information.
‘Tell the patients about the follow-up scheme, the approach, and the
situation of readmissions.

=

Start from admission.

. Start pulmonary function exercise through balloon blowing.
Start acrobic exercise by climbing the stairs.
Start flexibility exercise by spine extension strengthening and traction.

. General evaluation, including demographic characteristics, like weight,
height, age, etc, vital signs, like heart rate, blood pressure, blood oxygen,
ele.

Cardiopulmonary function evaluation.

Blood evaluation: coagulation function, electrolyte balance.

Nutritional status evaluation.

Pain intensity evaluation.

Self-function evaluation.

New e we

Mental health assessment.

. Clear fluids up to 2 h and solids up o 6 h before induction of anesthesia
Use of preoperative concentrated carbohydrate contained beverage
routinely (or drink a 10% glucose 5 ml/kg).

Gastrointestinal motility drugs are used to treat abdominal distension after
surgery.

. Pay attention to the chest and abdomen when placing, and reduce the
abdominal pressure.

Apply elastic compress to skin contact area (shoulders, elbows, chest and
lower ribs, anterior superior iliac spine, knees, ankle) to avoid skin
damage, protect ulnar nerve, and common peroneal nerve.

Antibiotic within 0.5 h of incision, additional antibiotic when the surgery
duration exceeds every 3 h.

General anesthesia.

. Induction stage based on propofol (2.5 mg/kg, i.v.), midazolam (1-2 mg,
iiv), sufentanil (0.1-0.5 mg/kg, iv.), and rocuronium (0.6 mg/kg, iv.).
Avoid using inhalation agents and neuromuscular blockade.

Maintain stage, propofol (9-15 mg/kg, iv), remifentanil (0.2 pg/kg/min,

iv).

Multimodal analgesia

1. COX-2 inhibitor (e.g., parecoxib, 40 mg, i.v.) and opioid (e.g., oxycodone,
0.1-02 mg/kg, i.v.), within 0.5 h of induction.

2. Maintenance, remifentanil (0.1-0.3 mg/kg/min, iv. v.p.),
dexmedetomidine (0.4 mg/kg/h, i.v. v.p.), and propofol (target-controlled
infusion, 4-12 mg/kg/h).

3. Avoid neuromuscular blockade during surgery

Resricted target-oriental fluid therapy.

To maintain a core temperature of 36 °C

Fluid warming.

Airway humidification.
Underbody warm air blower.
‘Warming blankel.
Increasing OR temperature.

EEECESE

. Controlled h thesia (mean arterial pressure 70-75 mm Hg).

Drainage
Surgical techniques
Postoperative care

Pain management

Intake management

Anti-PONYV therapy

Rehabilitation plan

Intraoperative cell salvage.

TXA (impaction dose 20 mg/kg before skin incision + infusion 10 mg/kg/
h+3 g TXA topical application).

4. Transfusion of blood products when hemoglobin <70 g/L.

Subfascial drainage
PSE, pedicle screw-rod system, MEPs and SEPs, ultrasonic osteotome.

Multimodal analgesia

. Local subcutaneous was applied before skin closure with 0.75%
ropivacaine (10 ml) +0.9% saline (10 ml).

Patient-controlled analgesia pump: sufentanil (100 mg) + butorphanol
(8 mg) + 0.9% saline, 100 m! totally.

COX inhibitor-2 (parecoxib, 40 mg, bid., i.v.) from POD 1, until a
favorable pain intensity but no more than 5 days.

Oral analgesics began on POD 2, celecoxib capsule (200 mg, bid.) or
etoricoxib tablets (120 mg, q.d.), or loxoprofen sodium tablets (60 mg,
bid).

-

Clear liquid allowed as requested and tolerated from 2 h postoperatively.
Soft diet was commenced 4-6 h as tolerated.

Normal diet was allowed on POD 1 if the patient has no PONV.
High-quality protein diet was advised from POD 1.

Folic acid tablets, iron ions, nourishing blood drink (Chinese medicine),
elc,, to improve hemoglobin levels.

EEECRE

1. Dual antiemetic prophylactic therapy (ondansetron, 4 mg +
dexamethasone, 10 mg, i.v.).
Metoclopramide (10 mg, intramuscularly) if nausea and vomiting.

Encourage mobilization and ambulation independence.

Removal of the catheter after anesthesia recovery.

Removal of subcutaneous drainage within 24 h (drainage <100 ml daily).
Wear customized brace as soon as ambulation within POD 30 days.

R

IP group

General information about surgery, risks, complications, and
rehabilitation.

Not applicable.

1. General evaluation, including demographic characteristics,
like weight, height, age, etc. vital signs, like heart rate, blood
pressure, blood oxygen, etc.

2. Cardiopulmonary function evaluation.

3. Blood evaluation: coagulation function, electrolyte balance.

No food or drink intake for 8 h before induction of anesthesia.

General position.

Same as ERAS.

General anesthesia. Medications rely on individual preference.

Medications rely on individual preference.

Medications rely on individual preference.

No precaution for hypothermia

Transfusion of blood products when hemoglobin <70 g/L.

Subfascial drainage

PSE, pedicle screw-rod system, ultrasonic osteotome.

Medications rely on individual preference.

1. No oral intake until 6 h postoperatively.
2. Liquid and soft diet started on 2448 h as tolerated.
3. Normal diet started at least 48 h.

Metoclopramide (10 mg, intramuscularly) if nausea and
vomiting.

1. Early ambulation after removal of drainage.

2. Removal of the catheter after ambulation.

3. Maintain the subfascial drainage when the drainage <100 ml
(at least 48 h postoperatively).

4. Ambulation on POD 3

iv., intravenous injection; COX-2, cyclooxygenase 2 iv. v.p. intravenous pumping; OR, operative room: TXA, tranexamic acid; PSF, posterior spinal fusion; MEP,
electric motor evoked potential; SEP, somatosensory evoked potential; biid, twice daily; POD, postoperative day; PONV, postoperative nausea, and vomiting;
ERAS, enhanced recovery after surgery: TP, traditional pathway.
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group value
Sample size 45 4 -
Gender 441 540 1000
(M: F)
Age (y) 1536+ 133 1535+ 153 0933
BMI (kg/m?) 2104+ 143 2112126 0772
Preoperative hemoglobin 11529 £7.03 11489 % 6.14 0774
level (g/L)

5:2:1 1:16:16:6:5:1 0868

Curve type (Lenke
classification): (1:2:3:

6)

BMI, body mass index; ERAS, enhanced recovery after surgery; TP, traditiona
pathway.
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Preoperative cobb of main
curve (%)

Postoperative Cobb of main
curve (°)

Correction rate (%)
Fusion segment

Screw number

Estimate blood loss (ml)

Surgical duration (min)

ERAS group

8920 % 11.70
2038716

7746 %624

1138 = 1.80

2262+345
3132223973
24411 %2646

I'P group
85.27110.16
19.96 + 4.68

7671425
1116+ 1.78
2222344
402.89 % 37.58
26433+23.76

P value

0741

0507
0558
0.583
0.000
0.000

ERAS, nbiancsd recoveny after surosn: TP traditional pathwey.
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ERAS group TP group

Postoperative recovery characteristics

POD 1 hemoglobin level (g/1) 11476 +6.74 107.56 + 6.46 0.000

VAS of POD 1 389+091 480+0384 0000
VAS of POD 3 204+ 064 0.000
Analgesic medicine (day) 236+077 4514087 0000
Drainage duration (day) 138049 3.80+073 0.000
Drainage volume (ml) 6113+1105 43333+ 0.000
107.66

First ambulation time (day) 227+058 496+074 0000
Postoperative LOS (day) 464 %086 6225097 0000
Early complications

Fever 2 4 0677
Wound infection 1 4 0361
Nausea and vomiting 2 5 0434
Allogeneic blood transfusion 3 12 0007

POD, postoperative day; VAS, visual analog score; LOS, length of stay; ERAS,
enhanced recovery after surgery: TP, traditional pathway.
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Group UBE/BESS IELD Statistical P
(n=42) (n=50) values

Age (years) 4557+1115 4668+ t=-0.454 50,03
1209

Male 2 31 7 =0493 5005

Female 19 19

Preoperative low 395+3.00 z 0,05

back pain VAS.

Preoperative leg 814%126 Z=-0497  >005

pain VAS

Preoperative ODI 6607+1348 7148+ 5005

(%) 15.94
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UBE/ 1ELD Statistical o
BESS values
Total operation time 6857+ 656+ 057 5005
(min) 1087 1524
Extracorporeal operation 3112+ 1584 1=19.028 <0.01
time (min) 448 288
Intradural 3745+ 4976+ <001
decompression time 1232 1473
(min)
Length of surgical 1493+ 746+ 111 <001
incision (mm) 130
Intraoperative radiation ~ 0.72+0.11 077 +0.14 5005
exposure dose (mGy)
Preoperative Hb (g/L) 14479+ 5005
1376
Hb (g/L) on the third 13452+ 50.05
postoperative day 13.45°
Hb change (g/L) 1026 + <
321 0.01
Post-operative hospital ~ 6.88+ 185 736462 5005
stay (days)
Note: In the int the two groups, the dif in Hb on

the third posloperauve day in the UBE/BESS group compared with the
preoperative Hb was significant,*P < 0.01; the difference in Hb on the third
postoperative day in the IELD group compared with the preoperative Hb was

significant, **P<0.01.
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UBE/ 1ELD Statistical :
BESS values
VAS back
Preoperative 395300 322+288 Z=-1204 5005
3 days after surgery 105+ 082+ Z=-1282 5005
085 075
3 months 057+ 058+ 5005
postoperatively 077" 067"
6 months 038+ 040 Z=-0038 5005
postoperatively 054 061
12 months 029+ 038 Z=-0948 5005
postoperatively 046* 049*
VAS leg
Preoperative 814126 78217 Z=-0497 5005
3 days after surgery 090+ 104 Z=-0740 5005
0.79% 083
3 months 079+ 094 5005
postoperatively 0.78* 068"
6 months 074+ 078+ 7=-0280 5005
postoperatively 073* 074
12 months 043+ 038+ 5005
postoperatively 0.59% 053
oDI
Preoperative 66.07 7148+ >0.05
1348 1594
3 months 1457+ 1682+ Z=-1268 5005
postoperatively 666" 617
6 months 881+ 1070+ Z=-1022 5005
postoperatively 5.84% 621
12 months 498+ 586+ Z=-1156 5005

postoperatively ERTE 373

Notes: (1) Within-group comparison of patients; the differences in VAS and OD
scores at each postoperative time point compared with preoperative scores
were significant,*P< 0.01 (2) There was no significant difference in the VAS
and ODI scores of waists and legs at each time point between the two

arouls of patisrite P=0.05.
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