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Purpose: To explore the rehabilitation effect and compliance of lumbar and abdominal muscle rehabilitation training in patients with osteoporotic vertebral compression fracture (OVCF) after percutaneous balloon vertebroplasty (PKP).

Methods: A total 177 elderly patients with OVCF were divided into rehabilitation group (n = 104) and control group (n = 73) according to whether they received psoas and abdominal muscle rehabilitation training for 3 months after PKP. The differences of general data, orthopaedic rehabilitation, prognosis and bone metabolism were compared between the two groups. All the patients were divided into compliance group (68 cases) and non-compliance group (36 cases) according to compliance. Orthopaedic rehabilitation indicators, prognostic indicators of PKP, and bone metabolism-related parameters were collected for analysis of Chi-square test and Logistic regression. ROC curve was used to analyze the predictive value of bone metabolism related indicators in the compliance of lumbar and abdominal muscle rehabilitation training.

Results: There was no significant difference in the general data between the rehabilitation training group and the control group (All p > 0.05). Compared with the control group, the Berg balance scale score was significantly increased, while the Visual Analogue Scale (VAS) score, Oswestry Disability Index (ODI) score and the proportion of new fractures were significantly decreased in the rehabilitation training group (All p < 0.05). Compared with the control group, the bone mineral density (BMD) T value, osteocalcin (OCN) and 25-hydroxyvitamin D (25 (OH) D) levels were significantly increased and the levels of type I N-propeptide (P1NP) and β-isomerized C-terminal telopeptides (β-CTX) were significantly decreased in the rehabilitation training group compared with the control group (All p < 0.05). Chi-square test and Logistic regression analysis showed that age > 75 years, severe anxiety, severe pain and postoperative complications were significantly associated with the compliance of psoas and abdominal muscle rehabilitation training in patients with OVCF after PKP. ROC curve analysis showed that BMD T value, OCN, P1NP, β-CTX, or 25-OH-D levels predicted the AUC of rehabilitation training compliance in patients with OVCF after PKP were 0.821, 0.835, 0.736, 0.715, and 0.748, respectively.

Conclusion: Rehabilitation training of lumbar and abdominal muscles can significantly improve the efficacy of PKP, reduce the degree of osteoporosis and improve the prognosis of patients with OVCF. Age, anxiety, pain and postoperative complications were independent risk factors affecting the compliance of psoas and abdominal rehabilitation training in patients with OVCF after PKP.
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1 Introduction

Osteoporosis is a systemic disorder of bone metabolism characterized by damage of bone tissue microstructure, decreasing proportion of bone mineral composition and bone matrix, and increased bone fragility (1). With the aggravation of population aging, osteoporotic fracture has become one of the main diseases endangering the health of the elderly, leading to a significant decrease in the quality of life of patients (2). Osteoporotic fractures are usually caused by low-energy or nonviolent injuries and are a serious consequence of osteoporosis (2). Among them, osteoporotic vertebral compression fractures (OVCF) are common types of spinal fractures. The incidence of OVCF is generally higher in patients with osteoporosis. Improper treatment can easily cause severe deformation of the spine, which affects spinal function. Patients generally see a doctor with severe pain in the waist and mobility disturbance (3). Without prompt treatment, the progression of fracture collapse can lead to kyphosis, and chronic persistent pain will seriously affect the quality of life of the elderly (4).

Patients with OVCF generally have poor surgical tolerance due to advanced age and multiple underlying diseases (5, 6). Current treatment modalities for elderly patients with OVCF include conservative treatment, open surgery and minimally invasive surgery (4, 7, 8). Conservative treatment mainly includes bed rest (for at least 3 months), traditional reduction methods (e.g., manual reduction, traction reduction), external fixation of braces, and functional exercise, which are mainly applicable to those with mild symptoms or difficult to undergo surgical treatment (9). However, long-term bed rest is not only accompanied by an exacerbation of osteoporosis, but also a greatly increased risk of bedridden complications (e.g., hypostatic pneumonia, bedsore, venous thrombosis of lower extremities, etc.) (9). In addition, open surgical treatment has the disadvantages of high risk, large incision and large amount of bleeding, which leads to a long recovery time after open fracture surgery (10). Therefore, the main treatment modality for elderly patients with OVCF is minimally invasive surgery (11). Percutaneous kyphoplasty (PKP) is a minimally invasive procedure performed under C-arm fluoroscopy (12). The surgical incision is only about 0.5 cm, with the advantages of less bleeding, short operation time and rapid postoperative pain relief (12). In addition, early recovery of activity after PKP is the preferred treatment option for patients with OVCF in recent years.

Patients with osteoporosis tend to have balance dysfunction and a higher risk of falls (13). Of these, more than half of patients with OVCF still experience a second fall leading to a secondary fracture (13). Although PKP can provide some degree of reduction and fixation for collapsed vertebral bodies, most patients still have soft tissue injury and partial kyphosis after surgery (13). These factors are prone to decrease spinal structural stability and bias in the center of gravity, ultimately leading to pain, poor mobility and falls in patients with OVCF (14). Early postoperative rehabilitation exercise, as an important part of rehabilitation therapy, has become a routine treatment item after PKP (15–17). Early postoperative rehabilitation training based on strength training principles can improve postural control and muscle strength, increase postural stability, improve balance ability, relieve pain, and significantly improve patients’ activities of daily living (18). However, the elder patient may exhibit the lower acceptance for lumbar and abdominal muscle rehabilitation training, and difficult to complete the daily arrangement of lumbar and abdominal muscle rehabilitation training. In addition, the higher the degree of postoperative pain, the lower the acceptance of lumbar and abdominal muscle rehabilitation training. Therefore, there were large differences in compliance with early postoperative rehabilitation exercises. In order to improve the compliance of patients and improve the effectiveness of rehabilitation exercise, the purpose of this study was to investigate the effect of psoas and abdominal muscle rehabilitation training on the prognosis of patients with OVCF after PKP and the influencing factors affecting the compliance of rehabilitation exercise. Meanwhile, the effect of lumbar and abdominal muscle rehabilitation training on the rehabilitation of OVCF patients after PKP were also analyzed by different evaluation scales.



2 Data and methods


2.1 Clinical data

A total of 177 patients with OVCF who visited Zhejiang Provincial People’s Hospital from January 2022 to August 2023 were retrospectively collected. All patients with OVCF were divided into rehabilitation group (104 cases) and control group (73 cases) according to whether they received lumbar and abdominal muscle rehabilitation training. In addition, patients receiving psoas and abdominal muscle rehabilitation training were further divided into compliance group (68 patients) and noncompliance group (36 patients) according to compliance.

Inclusion criteria: (1) OVCF was diagnosed by X-ray, CT or MRI; (2) Received PKP treatment; (3) Age ≥ 60 years old; (4) Non-violent or low-energy injury was the causative factor.

Exclusion criteria: (1) Patients with incomplete clinical data; (2) Those who cannot cooperate with rehabilitation training in the whole course; (3) Patients with mental illness; (4) Patients with malignant tumors; (5) Patients with relevant diseases that have an impact on bone metabolism. The research related to human use has been complied with all the relevant national regulations, institutional policies and in accordance with the tenets of the Helsinki Declaration, and has been approved by the ethnical committee of Zhejiang Provincial People’s Hospital.



2.2 Treatment regimen

All patients received 3 months of lumbar and abdominal muscle rehabilitation training after PKP. Rest in supine position 8 h after PKP. From the first postoperative day, patients in both groups were able to start walking with waistlines. The psoabdominal muscle function training was started on the first day after PKP, and the training was continued for 3 months. Routine incision dressing change was performed after operation, and the anterolateral radiographs of thoracolumbar spine were reexamined. Depending on the time of discharge, waist circumference was continued until 3 months after discharge.

Self-management of rehabilitation was arranged by patients according to training before and after discharge. In addition, the physician regularly followed up the patients every week and recorded the completion of rehabilitation training for the patients. Lumboabdominal muscle rehabilitation training methods are as follows:

1. Lumbodorsal muscle training: the patient lies on the bed top, take the supine position, place the pillow back, both elbow and both soles on the bed surface as the supporting point, so that the axis of the lower leg is as 90° as possible from the bed surface, and naturally separated as wide as the shoulder. Lumbodorsal muscle strength mainly caused the two parts of the back and buttocks to leave the bed slowly, and the abdomen and knee were kept at the same level as much as possible. After the movement was in place for 5 s, then slowly placed on the bed. The rest interval between the two actions was 5 s, 20 times/group, and completed 5 groups per day (total of 100).

2. Abdominal muscle training 1: the patient lies on the bed, takes the supine position, puts his hands crossed over the abdomen, slowly contracts the abdominal muscles when exhales, feels the internal abdominal muscles slowly close to the spine, maintains the action for 20 s, then relaxes the muscles, and then relaxes the muscles one time. The rest interval of the two movements was 5 s, 20 times/group, and 5 groups (100 in total) were completed daily.

3. Abdominal muscle training 2: lie on the bed, take the supine position, hold the shoulders with both hands, then flex the hips and knees 90°, with abdominal muscle strength as the main starting point, so that the neck above the neck is slowly lifted out of the bed surface about 15 cm, conscious abdominal tighten, keep it in this position for 5 s, then slowly put it slowly to the bedside, and relax the whole body. The two movements were rested at an interval of 5 s, 20 times/group, and 5 groups (100 in total) were completed daily.



2.3 Observation measure


2.3.1 Baseline data

Data including smoking history, alcohol consumption history, fracture site, fracture course, previous fracture history, and whether falls occurred in the past month were collected after admission.



2.3.2 Relevant indicators of orthopaedic rehabilitation

All patients received Berg Balance Scale, Visual Analogue Scale (VAS) and Oswestry Disability Index (ODI) Scale at 3 months after surgery. At the same time, the occurrence of falls and clinical efficacy were statistically analyzed. Berg balance scale score: the balance function was assessed with Berg balance scale. The total score of Berg balance scale was 56. The higher the score indicated that the better the balance function. VAS: draw a straight line 10 cm long on the paper surface, and the patient marks the corresponding points on the line according to their current pain perception. The physician scored the location. The scores ranged from 0 to 10, and 0 to 4, 4 to 7, and 7 to 10 according to no/mild, moderate, and severe pain, respectively. The higher the score indicated the more severe the pain. ODI: a total of 10 questions were included, including the degree of low back pain and leg pain, personal self-care, weight lifting, walking, sitting, standing, sleep, sexual, social and travel. Each topic was subdivided into 5 grades, with higher scores indicating more pronounced dysfunction. All rating scale results were collected in a double-blind fashion by a physician.

Criteria for judging clinical efficacy: (1) Effective: fracture healing, basically no occurrence of low back pain, patients basically resumed daily life; (2) Ineffective: there was still some pain, unfavorable lumbar activity, no obvious improvement or even aggravation of the condition.



2.3.3 Prognostic indicators of PKP

During the follow-up period of lumbar and abdominal muscle rehabilitation training, the new fracture of adjacent vertebral body, whether the patient needed further anti-osteoporosis treatment, and the situation of bone cement leakage were counted. New fractures were defined as nonoperative vertebral fractures occurring within 3 months of surgery. The patient’s cement leakage was assessed by CT. Leakage was judged if the cement exceeded the vertebral boundary.



2.3.4 Bone metabolism-related parameters

Bone mineral density (BMD) T value was measured using GE Lunar-DPX-MD DXA. The T value of BMD of L1-L4 vertebrae in each patient was measured in anteroposterior position. According to WHO diagnostic criteria, T value> −1.0 SD was normal, −2.5 SD < T value≤ −1.0 SD was osteopenia, and bone mineral density T value≤ − 2.5 SD was osteoporosis. Serum osteocalcin levels (OCN) were measured by ELISA. The bone metabolism indexes including procollagen of type I N-propeptide (P1NP), β-isomerized C-terminal telopeptides (β-CTX), 25-hydroxyvitamin D (25-OH-D) and parathyroid hormone (PTH) were measured by Swiss Roche electrochemiluminescence analyzer Cobas e602.



2.3.5 Compliance-related indicators

The early rehabilitation training compliance evaluation form was used to evaluate the compliance of rehabilitation training at 3 months after surgery. The contents of the evaluation form included 3 items, including the degree of knowledge of rehabilitation, the mastery of psoas and abdominal muscle exercise methods, and whether to complete the functional exercise program according to the guidance of medical staff. Compliance: Patients can take the initiative to complete the early functional exercise program developed by medical staff with high quality every day; Non-compliance: patients occasionally carry out rehabilitation training or do not follow the guidance of medical staff or refuse to carry out lumbar and abdominal muscle rehabilitation exercise. Lumbar and abdominal muscle rehabilitation training program for patients after PKP and patient compliance evaluation scale were referred to Supplementary Tables S1, S2. Self-rating Anxiety Scale (SAS) was used to evaluate the negative emotions of the patients.50–59 points were classified as no or mild anxiety, 60–69 as moderate anxiety, and ≥ 70 as severe anxiety. Higher scores represent more severe anxiety. Glasgow Soma Scale (GCS) was used to assess the degree of consciousness disturbance. GCS totaled 15 points, 11 to 15 as no or mild disturbance of consciousness, 6 to 10 as moderate disturbance of consciousness, and 0 to 5 as severe disturbance of consciousness. The lower the score, the worse the patient’s state of consciousness.




2.4 Statistical analysis

Statistical analysis was performed using SPSS 27.0 soft. Measurements that meet the normal distribution are expressed as mean ± SD, and the inter-group comparison is performed using an independent sample T-test. Measurements that did not meet the normal distribution were expressed as median (quartile), and nonparametric rank sum test was used for group comparisons. Enumeration data were expressed as rate (%) or constituent ratio, and chi-square test was used for comparison between groups. Binary Logistic regression was used for influencing factor analysis. p < 0.05 was statistically significant.




3 Results


3.1 Analysis of general data of OVCF patients

According to the inclusion criteria and exclusion criteria, 177 patients with OVCF who underwent PKP were included in this study. According to whether they received lumbar and abdominal muscle rehabilitation training, all patients were divided into rehabilitation training group (104 cases) and control group (73 cases). The patients in the rehabilitation training group received postoperative anti-osteoporosis treatment and rehabilitation training, while the control group received only postoperative anti-osteoporosis treatment. There were no dropouts after 3 months of follow-up. Baseline data for patients with OVCF are presented in Table 1. Compared with the control group, there was no statistically significant difference in sex composition, age, height, weight, diabetes, hypertension, previous regular exercise, smoking history, alcohol consumption history, fracture site, disease course, previous fracture history, and the number of patients with falls in the past month between the rehabilitation training group (All p > 0.05).



TABLE 1 Analysis of general data of OVCF patients.
[image: Table1]



3.2 Effect of lumboabdominal muscle rehabilitation training on postoperative efficacy of PKP in patients with OVCF

The efficacy of psoabdominal muscle rehabilitation training in patients with OVCF after PKP is shown in Table 2. The score of Berg balance scale in the rehabilitation training group was significantly higher than that in the control group (p < 0.001), indicating that the balance function was significantly improved in patients with OVCF after lumbar and abdominal muscle rehabilitation training. In addition, the VAS and ODI scores in the rehabilitation training group were significantly lower than those in the control group (Both p < 0.001), suggesting that the pain degree and self-care ability of the rehabilitation training group were significantly improved. The frequency of falls in patients with OVCF within 3 months after PKP was statistically analyzed. The results showed that the frequency of falls in the rehabilitation training group was significantly lower than that in the control group (p < 0.05). In addition, the overall clinical efficacy of OVCF patients after 3 months of lumbar and abdominal muscle rehabilitation training was significantly better than that of the control group (p < 0.001). In summary, lumbar and abdominal muscle rehabilitation training can significantly improve the clinical efficacy of PKP in patients with OVCF.



TABLE 2 Comparison of orthopaedic rehabilitation-related indicators in different groups of OVCF patients.
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3.3 Effect of lumboabdominal muscle rehabilitation training on prognosis of patients with OVCF

To further analyze the effect of lumbar and abdominal muscle rehabilitation training on the prognosis of patients with OVCF after PKP. As shown in Table 3, only 19 (18.27%) or 15 (14.42%) patients in the rehabilitation group experienced fracture or cement leakage after PKP compared with 23 (31.51%) or 19 (26.03%) patients in the control group, respectively. Chi-square test showed that the proportion of new fractures in the rehabilitation training group was significantly lower than that in the control group (p < 0.05), but there was no significant difference in the proportion of bone cement leakage (p > 0.05). In addition, 64 patients (61.54%) in the rehabilitation group and 61 patients (83.56%) in the control group still needed further anti-osteoporosis treatment after 3 months of psoas and abdominal muscle rehabilitation training. Chi-square test showed that the proportion of patients who still needed anti-osteoporosis treatment in the rehabilitation training group was significantly lower than that in the control group (p < 0.01). The above results showed that psoas and abdominal muscle rehabilitation training could significantly improve the prognosis of patients with OVCF after PKP.



TABLE 3 Comparison of prognosis in patients with different OVCF.
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3.4 Effect of lumboabdominal muscle rehabilitation training on osteoporosis-related indexes in OVCF patients

The degree of osteoporosis in patients with OVCF is an important factor to evaluate the efficacy of PKP. Therefore, we further evaluated the effect of lumbar and abdominal muscle rehabilitation training on osteoporosis-related indicators in patients with OVCF. As shown in Table 4, the BMD T value of the rehabilitation training group was significantly higher than that of the control group (p < 0.001), indicating that the overall degree of osteoporosis was significantly improved after OVCF rehabilitation training via the psoas and abdominal muscles. In addition, both OCN and PTH in the rehabilitation group were significantly higher than those in the control group (Both p < 0.05). In contrast, Both P1NP and beta-CTX were significantly lower in the rehabilitation group than in the control group (Both p < 0.001). The above results showed that the lumbar and abdominal muscle rehabilitation training could significantly improve the degree of osteoporosis in patients with OVCF after PKP.



TABLE 4 Comparison of osteoporosis-related indicators in different OVCF patients.
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3.5 Analysis of influencing factors of lumboabdominal muscle rehabilitation training compliance in OVCF patients

The compliance of 3 months after PKP was evaluated according to the compliance evaluation form of early rehabilitation training and divided into compliance group (68cases) and non-compliance group (36 cases). The analysis of factors influencing compliance with lumbar and abdominal muscle rehabilitation training in patients with OVCF after PKP is shown in Table 5. There were 34 males and 34 females in the compliance group, while 14 males and 22 females in the noncompliance group, the difference was not statistically significant (p > 0.05). In addition, the proportion of patients>75 years of age was 23.53% in the compliance group, which was significantly lower than that in the noncompliant group (44.44%) (p < 0.05), suggesting that the older the age, the higher the frequency of noncompliance. Moreover, the postoperative anxiety, postoperative pain and the frequency of osteoporosis in the compliance group were significantly lower than those in the non-compliance group (All p < 0.05). However, there was no significant difference in the frequency of postoperative disturbance of consciousness between the two groups (p > 0.05). In terms of the prognosis of PKP, the proportion of patients requiring further anti-osteoporotic treatment and the proportion of patients with cement leakage were significantly lower in the compliance group than in the non-compliance group (Both p < 0.05), while the proportion of patients with new fractures was not statistically different between the two groups (p > 0.05).



TABLE 5 Univariate analysis of compliance with lumbar and abdominal muscle rehabilitation training in patients with OVCF.
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3.6 Logistic regression analysis of lumboabdominal muscle rehabilitation training compliance in patients with OVCF

Logistic regression analysis was performed with patient compliance as dependent variable and factors with statistically significant differences in univariate analysis as independent variables, and the results are shown in Figure 1 and Table 6. Age > 75 years, postoperative complications, severe postoperative anxiety, severe postoperative pain, osteoporosis, anti-osteoporosis treatment and bone cement leakage were independent risk factors for poor compliance in patients with OVCF after PKP (All p < 0.05), and the probability of noncompliance increased 1.600, 1.292, 2.352, 9.806, 1.514 and 2.444 times, respectively.

[image: Figure 1]

FIGURE 1
 Analysis of influencing factors for compliance of OVCF patients after PKP surgery.




TABLE 6 Logistic regression analysis of lumboabdominal muscle rehabilitation training compliance in patients with OVCF.
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3.7 Predictive efficacy of serum bone metabolism indicators on the compliance of rehabilitation training in OVCF patients

The occurrence of osteoporosis after PKP is one of the important factors affecting patient compliance. Therefore, we analyzed the predictive efficacy of different serum bone metabolism-related indicators on rehabilitation training compliance in patients with OVCF after PKP by ROC curves. As shown in Figure 2 and Table 7, BMD T value, OCN, P1NP, β-CTX, or 25-OH-D levels predicted rehabilitation training compliance in patients with OVCF after PKP for AUC greater than 0.7, suggesting that these serum bone metabolism parameters have high predictive power. Of these, OCN had the highest AUC of 0.835. When the cut-off value was 5.44 μg/L, the sensitivity and specificity of OCN in rehabilitation training compliance were 72.1 and 88.9%, respectively. However, the AUC at PTH level was only 0.589 and was not statistically different (p > 0.05). These results suggest that BMD T value, OCN, P1NP, β-CTX or 25-OH-D levels can be used as predictors of rehabilitation compliance in patients with OVCF after PKP.

[image: Figure 2]

FIGURE 2
 (A) BMD T value, (B) OCN, (C) P1NP, (D) β-CTX, (E) 25-OH-D and (F) PTH levels predicted rehabilitation training compliance in patients with OVCF after PKP for AUC.




TABLE 7 Diagnostic efficacy of serum bone metabolic indicators for compliance with rehabilitation training in patients with OVCF.
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4 Discussion

The bone quality of the elderly is poor, so the leading cause of osteoporotic fractures is usually non-violent or low-energy injury (19). Osteoporotic fractures are most common in the elderly, with an incidence of approximately 49% of osteoporotic fractures (20). Fractures tend to occur at the thoracolumbar junction, often manifesting as loss of vertebral height, involving the anterior and middle columns of the vertebral body (2). Currently, the main modalities of minimally invasive treatment of OVCF are percutaneous vertebroplasty (PVP) and percutaneous balloon-expandable vertebroplasty (PKP) (21). PKP is the development and extension of PVP, and the main points of operation between the two are mainly different from balloon dilatation resulting in endplate collapse and partial correction of vertebral Cobb angle (22). Studies have demonstrated that PKP has a lower incidence of cement leakage, reduced progression of Cobb angle, and is more durable in terms of pain relief than PVP (23). In addition, PKP has a wide range of indications, except for vertebral compression fractures, but also has therapeutic effects on invasive intraspinal hemangiomas or vertebral metastases (24).

PKP provides some degree of reduction and internal fixation for fracture. Functional exercise and anti-osteoporosis therapy are the direction of perioperative and even long-term treatment for OVCF. Because patients lack sufficient attention to dysfunction after PKP, very few patients will choose further rehabilitation, greatly increasing the risk of falls and secondary fractures (16). Functional exercise as early as possible after surgery can accelerate the recovery of muscle strength, avoid muscle atrophy, and promote fracture healing through the stress stimulation of the muscle on the skeleton (25). In addition, local blood circulation can be accelerated by muscle movement and edema absorption can be promoted (25). Moreover, rehabilitation exercise is of great significance to prevent bone loss, fall and fracture recurrence after operation, and is beneficial to the recovery of postoperative function and the improvement of quality of life. Elderly patients are characterized by a high risk of falls, nonviolent injury as a contributing factor, and a high risk of recurrence after fracture surgery (26). The trunk is the core of motor control. The level of trunk control determines walking ability (including walking speed, efficiency balance, etc.). Therefore, the prevention of falls in patients after PKP should be mainly based on the training of the function of the abdominal muscles of the lower back muscles. Therefore, the aim of this study was to investigate the efficacy of lumboabdominal muscle functional training in patients with OVCF after PKP. In addition, there was a large difference in compliance among patients with OVCF after PKP. Therefore, this study will further explore the factors influencing the compliance of patients with psoas and abdominal muscle rehabilitation training.

A total of 104 patients in the rehabilitation training group and 73 in the control group were included in this study. There was no statistically significant difference in sex composition, age, smoking history, alcohol consumption history, fracture site, disease course, previous fracture history, and the number of patients with falls in the past month between the two groups (All p > 0.05), and the overall data were comparable. Studies have shown that osteoporosis can cause low back pain and scoliosis, with poor posture control relative to normal subjects, increasing the risk of falls and leading to new vertebrae (26). Decreased lumbar and back muscle strength in patients with osteoporotic compression fractures can lead to sagittal kyphosis deformity of the patient’s spine. The magnitude of left–right sway at the center of gravity is significantly increased while walking, and the anterior–posterior movement distance is decreased (2). Patients with OVCF have a progressive decline in their ability to maintain body homeostasis, and abnormal gait is accompanied by an increased risk of falls and a significantly increased risk of fractures (2). Moreover, falls are the main predisposing factor leading to the occurrence of first fragility fractures and re-fractures in patients (27). In addition, it has been shown that the primary cause of falls is imbalance (28). This suggests that the prevention of falls is essential to reduce the risk of osteoporotic vertebral fractures and re-fractures in the elderly (27). In this study, patients had significant improvements in balance function, pain severity, and risk of falls after 3 months of psoas and abdominal function training. Moreover, psoas and abdominal muscle rehabilitation training further improved the prognosis of patients with OVCF after PKP compared with controls, mainly including reducing the incidence of postoperative re-fractures and cement leakage, and reducing the proportion of patients still requiring further anti-osteoporotic treatment.

The degree of osteoporosis is a major factor in the development of OVCF (29). Current screening for fracture risk and the diagnosis of osteoporosis are usually based on BMD results (30). However, radiographic measurements of bone mass are not sensitive, and the physiological changes of bone respond slowly and do not reflect the state of bone metabolism early (31). Therefore, BMD measurements alone do not adequately predict fracture risk early (31). Bone turnover markers are a series of breakdown products released by osteoblasts and osteoclasts during bone remodeling and reflect their activity, including bone resorption marker β-CTX, which evaluates osteoclast activity and bone formation markers OCN and P1NP reflecting osteoblast activity (32). These indicators are able to early judge bone metabolic status and predict the risk of osteoporotic fracture (33). In addition, serum 25 (OH) D is a commonly used indicator reflecting the nutritional status of vitamin D in humans and plays a promoting role in maintaining homeostasis of bone homeostasis and bone mineral content (34). In addition, PTH can act on osteoblasts and promote osteoclast maturation, increased bone resorption, etc. (35). Therefore, serum 25 (OH) D and PTH levels also reflect the state of bone metabolism to some extent. Fluctuations in bone metabolism indicators can affect the activity of osteocytes and osteoclasts through multiple pathways. The rate of bone formation lags behind bone loss, resulting in decreased bone quality, which then leads to osteoporosis, leading to an increased risk of fracture (36). In this study, psoas and abdominal muscle rehabilitation training significantly increased BMD T value, OCN, and PTH levels, while reducing P1NP and β-CTX levels. The above results showed that the lumbar and abdominal muscle rehabilitation training could significantly improve the degree of osteoporosis in patients with OVCF after PKP.

At present, there is no study on the compliance of early rehabilitation exercise after PKP. Therefore, we further evaluated compliance and its influencing factors in 104 patients undergoing lumboabdominal muscle rehabilitation training. Elderly patients have weak immunity, poor nutritional status, more underlying diseases and weak self-recovery capacity. The results showed that patients >75 years of age in the compliance group were significantly lower than those in the noncompliant group, suggesting a significant association between age and patient compliance. Logistic regression analysis showed that patients aged >75 years had a 1.6-fold higher probability of poor compliance with psoas and abdominal muscle rehabilitation training. The occurrence of postoperative complications will hinder or delay the occurrence of early rehabilitation exercise to some extent (37). In addition, the occurrence of complications will, to a certain extent, limit the early rehabilitation exercise of patients, increase the psychological and physiological burden of patients, further cause patients’ anxiety and reduce patient compliance (38). In this study, postoperative complications (new fractures, cement leakage) and the proportion of patients requiring further antiosteoporotic treatment were significantly lower in the compliance group than in the noncompliant group. In addition, patients with severe postoperative anxiety had a 2.352-fold increased probability of poor compliance. On the other hand, standardized pain management can effectively promote early postoperative rehabilitation exercises and promote the recovery of patients’ early function (39). Pain management is beneficial to reduce postoperative pain and reduce the burden of postoperative rehabilitation exercises (40). At the same time, good pain management is an important means to promote rehabilitation exercise (41). The results of this study showed that the degree of postoperative pain was significantly lower in the compliance group than in the noncompliant group. Furthermore, severe postoperative pain is the most important factor affecting patient compliance. The risk of non-compliance with lumbar and abdominal muscle rehabilitation training in patients with severe postoperative pain was significantly increased by 9.806-fold. In summary, age, postoperative anxiety, postoperative pain, and postoperative complications were independent risk factors affecting the compliance of lumbar and abdominal rehabilitation training in patients with OVCF after PKP. Therefore, it is still necessary to further develop a personalized program for lumbar and abdominal muscle rehabilitation training according to the patient’s condition.

The limitations of lumbar and abdominal muscle rehabilitation training are mainly reflected in compliance. The compliance of rehabilitation training refers to the degree to which the patient’s training behavior is consistent with the doctor’s order. Poor compliance can lead to failure of the treatment effect to meet the expected criteria, thereby accelerating the course of the disease, increasing the risk of complications, and thus affecting the patient’s prognosis. Therefore, early and accurate assessment of rehabilitation compliance and intervention of poor compliance in patients with OVCF after PKP is of great significance in promoting the effect of rehabilitation training of psoas and abdominal muscles and improving the prognosis of patients. At present, the compliance of patients after PKP can only be evaluated by subjective feelings of patients and compliance evaluation scales. Therefore, we further analyzed the predictive efficacy of different bone metabolism indices on the compliance of rehabilitation training patients, with the aim of assessing the degree of osteoporosis, and at the same time preliminarily predicting the compliance of patients with psoas and abdominal muscle rehabilitation training. The results showed that the AUCs of BMD T value, OCN, P1NP, β-CTX or 25-OH-D levels in predicting rehabilitation compliance in patients with OVCF after PKP were 0.821, 0.835, 0.736, 0.715 and 0.748, respectively, suggesting that these serum markers of bone metabolism have high predictive power. Among them, OCN had the highest predictive power, and the diagnostic sensitivity and specificity were 72.1 and 88.9%, respectively.

The study has the following limitations: (1) The sample size of this study is small, and the results may be biased; (2) All the included cases were from a single center, which limited the universality of the study results to some extent; (3) The compliance of the patients is derived from the subjective answers of the patients, while the patients tend to choose the positive choices expected to be achieved by their own behavior when answering the subjective questions, which may lead to the evaluation results different from their true level.

In conclusion, lumbar and abdominal muscle rehabilitation training in patients with OVCF can significantly improve the efficacy of PKP, reduce the degree of osteoporosis and improve the prognosis. In addition, age, anxiety, pain and postoperative complications were independent risk factors for compliance with psoas and abdominal rehabilitation training in patients with OVCF after PKP. In addition, bone metabolism can be used as an effective method to predict the compliance of psoas and abdominal muscle rehabilitation training in patients after PKP. In the future, the sample size and scope of the study can be expanded, and longitudinal studies can be conducted to further evaluate the predictive value of compliance assessment indicators of lumbar and abdominal muscle rehabilitation training in patients with OVCF after PKP, so as to better guide clinical work.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by the ethical committee of Zhejiang Provincial People’s Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

YX: Conceptualization, Data curation, Investigation, Writing – original draft, Writing – review & editing. DL: Formal analysis, Methodology, Validation, Writing – original draft, Writing – review & editing. QZ: Resources, Visualization, Writing – original draft, Writing – review & editing. LT: Project administration, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1364497/full#supplementary-material



References

 1. Muñoz, M, Robinson, K, and Shibli-Rahhal, A. Bone health and osteoporosis prevention and treatment. Clin Obstet Gynecol. (2020) 63:770–87. doi: 10.1097/grf.0000000000000572


 2. Kutsal, FY, and Ergin Ergani, GO. Vertebral compression fractures: still an unpredictable aspect of osteoporosis. Turkish J Med Sci. (2021) 51:393–9. doi: 10.3906/sag-2005-315


 3. Lu, A, Wang, X, Huang, D, and Feng, W. Percutaneous curved vertebroplasty for osteoporotic vertebral compression fracture. Asian J Surg. (2022) 45:2050–1. doi: 10.1016/j.asjsur.2022.04.086


 4. Park, JS, and Park, YS. Survival analysis and risk factors of new vertebral fracture after vertebroplasty for osteoporotic vertebral compression fracture. Spine J. (2021) 21:1355–61. doi: 10.1016/j.spinee.2021.04.022


 5. Qin, K, Tian, H, Zhang, K, Li, L, and Xu, B. Risk factors for hidden blood loss associated with Vertebroplasty or Kyphoplasty for osteoporotic vertebral compression fracture: a systematic review and meta-analysis. World Neurosurg. (2023) 175:47–56. doi: 10.1016/j.wneu.2023.03.114


 6. Ji, C, Rong, Y, Wang, J, Yu, S, Yin, G, Fan, J , et al. Risk factors for refracture following primary osteoporotic vertebral compression fractures. Pain Physician. (2021) 24:E335–40. doi: 10.36076/ppj.2021/24/E335


 7. Patel, D, Liu, J, and Ebraheim, NA. Managements of osteoporotic vertebral compression fractures: a narrative review. World J Orthop. (2022) 13:564–73. doi: 10.5312/wjo.v13.i6.564


 8. Prost, S, Pesenti, S, Fuentes, S, Tropiano, P, and Blondel, B. Treatment of osteoporotic vertebral fractures. Orthop Traumatol Surg Res. (2021) 107:102779. doi: 10.1016/j.otsr.2020.102779


 9. Movrin, I
. Adjacent level fracture after osteoporotic vertebral compression fracture: a nonrandomized prospective study comparing balloon kyphoplasty with conservative therapy. Wien Klin Wochenschr. (2012) 124:304–11. doi: 10.1007/s00508-012-0167-4


 10. Kim, CH, Kim, P, Ju, CI, and Kim, SW. Open surgery for osteoporotic compression fracture within one month of single level balloon Kyphoplasty. Korean J Neurotrauma. (2023) 19:348–55. doi: 10.13004/kjnt.2023.19.e33


 11. Chen, H, Li, J, Wang, X, and Fu, Y. Effects of robot-assisted minimally invasive surgery on osteoporotic vertebral compression fracture: a systematic review, meta-analysis, and meta-regression of retrospective study. Arch Osteoporos. (2023) 18:46. doi: 10.1007/s11657-023-01234-w


 12. Liu, D, Xu, J, Wang, Q, Zhang, L, Yin, S, Qian, B , et al. Timing of percutaneous balloon Kyphoplasty for osteoporotic vertebral compression fractures. Pain Physician. (2023) 26:231–43.


 13. Erhan, B, and Ataker, Y. Rehabilitation of patients with osteoporotic fractures. J Clin Densitom. (2020) 23:534–8. doi: 10.1016/j.jocd.2020.06.006


 14. Long, Y, Yi, W, and Yang, D. Advances in vertebral augmentation Systems for Osteoporotic Vertebral Compression Fractures. Pain Res Manag. (2020) 2020:1–9. doi: 10.1155/2020/3947368


 15. Li, Y, and Wang, L. Changes in inflammatory factors in patients with osteoporotic vertebral compression fracture and influences of rehabilitation training on postoperative functional recovery and inflammation. J Musculoskelet Neuronal Interact. (2018) 18:272–9.


 16. Jin, J, and Shen, W. Long-term therapeutic effect of percutaneous kyphoplasty combined with & without back muscle rehabilitation exercise in elderly patients. A comparative study. Pak J Medi Sci. (2022) 38:1595–600. doi: 10.12669/pjms.38.6.5873


 17. Stanghelle, B, Bentzen, H, Giangregorio, L, Pripp, AH, Skelton, DA, and Bergland, A. Effects of a resistance and balance exercise programme on physical fitness, health-related quality of life and fear of falling in older women with osteoporosis and vertebral fracture: a randomized controlled trial. Osteoporos Int. (2020) 31:1069–78. doi: 10.1007/s00198-019-05256-4


 18. Kernc, D, Strojnik, V, and Vengust, R. Early initiation of a strength training based rehabilitation after lumbar spine fusion improves core muscle strength: a randomized controlled trial. J Orthop Surg Res. (2018) 13:151. doi: 10.1186/s13018-018-0853-7


 19. Reid, IR, and Billington, EO. Drug therapy for osteoporosis in older adults. Lancet. (2022) 399:1080–92. doi: 10.1016/s0140-6736(21)02646-5


 20. Korovessis, P, Vardakastanis, K, Repantis, T, and Vitsas, V. Balloon kyphoplasty versus KIVA vertebral augmentation--comparison of 2 techniques for osteoporotic vertebral body fractures: a prospective randomized study. Spine (Phila PA 1976). (2013) 38:292–9. doi: 10.1097/BRS.0b013e31826b3aef


 21. Dai, C, Liang, G, Zhang, Y, Dong, Y, and Zhou, X. Risk factors of vertebral re-fracture after PVP or PKP for osteoporotic vertebral compression fractures, especially in eastern Asia: a systematic review and meta-analysis. J Orthop Surg Res. (2022) 17:161. doi: 10.1186/s13018-022-03038-z


 22. Zhou, Y, Jiang, J, Gu, F, and Mi, D. Comparison of therapeutic effects of PVP and PKP combined with triple medication on mild and moderate osteoporotic vertebral compression fracture in the elderly. Front Surg. (2021) 8:663099. doi: 10.3389/fsurg.2021.663099


 23. Li, W, Ou, H, Zhang, L, Zhang, C, Chen, W, and Wang, H. Meta-analysis of PKP or PVP combined with acupuncture in the treatment of osteoporotic vertebral compression fractures. Contrast Media Mol Imaging. (2022) 2022:1–11. doi: 10.1155/2022/9721702


 24. Li, J, Yuan, X, Li, F, Ding, Y, Ma, G, Song, C , et al. A randomized trial comparing the clinical efficacy and safety of a novel steerable percutaneous kyphoplasty with traditional PKP in osteoporotic vertebral fractures. Ann Transl Med. (2021) 9:1024. doi: 10.21037/atm-21-1880


 25. Gimigliano, F, Iolascon, G, Riccio, I, Frizzi, L, and Gimigliano, R. Post-surgical rehabilitative approach to fragility fractures. Aging Clin Exp Res. (2013) 25:23–5. doi: 10.1007/s40520-013-0094-x


 26. Burke, TN, França, FJ, Meneses, SR, Cardoso, VI, Pereira, RM, Danilevicius, CF , et al. Postural control among elderly women with and without osteoporosis: is there a difference? Sao Paulo Med J. (2010) 128:219–24. doi: 10.1590/s1516-31802010000400009


 27. Wang, LY, Liaw, MY, Huang, YC, Lau, YC, Leong, CP, Pong, YP , et al. Static and dynamic balance performance in patients with osteoporotic vertebral compression fracture. J Back Musculoskelet Rehabil. (2013) 26:199–205. doi: 10.3233/bmr-130369


 28. Halvarsson, A, Oddsson, L, Franzén, E, and Ståhle, A. Long-term effects of a progressive and specific balance-training programme with multi-task exercises for older adults with osteoporosis: a randomized controlled study. Clin Rehabil. (2016) 30:1049–59. doi: 10.1177/0269215515605553


 29. Chen, Z, Song, C, Lin, H, Sun, J, and Liu, W. Does prophylactic vertebral augmentation reduce the refracture rate in osteoporotic vertebral fracture patients: a meta-analysis. Eur Spine J. (2021) 30:2691–7. doi: 10.1007/s00586-021-06899-w


 30. Barron, RL, Oster, G, Grauer, A, Crittenden, DB, and Weycker, D. Determinants of imminent fracture risk in postmenopausal women with osteoporosis. Osteoporos Int. (2020) 31:2103–11. doi: 10.1007/s00198-020-05294-3


 31. Garnero, P
. Biomarkers for osteoporosis management: utility in diagnosis, fracture risk prediction and therapy monitoring. Mol Diagn Ther. (2008) 12:157–70. doi: 10.1007/bf03256280


 32. Zhang, L, Zheng, L, Li, C, Wang, Z, Li, S, and Xu, L. Sema3a as a novel therapeutic option for high glucose-suppressed osteogenic differentiation in diabetic osteopathy. Front Endocrinol (Lausanne). (2019) 10:562. doi: 10.3389/fendo.2019.00562


 33. Vasikaran, S, Eastell, R, Bruyère, O, Foldes, AJ, Garnero, P, Griesmacher, A , et al. Markers of bone turnover for the prediction of fracture risk and monitoring of osteoporosis treatment: a need for international reference standards. Osteoporos Int. (2011) 22:391–420. doi: 10.1007/s00198-010-1501-1


 34. Al-Daghri, NM, Yakout, S, Ghaleb, A, Hussain, SD, and Sabico, S. Iron and 25-hydroxyvitamin D in postmenopausal women with osteoporosis. Am J Transl Res. (2022) 14:1387–405.


 35. Drinka, PJ
. The importance of parathyroid hormone and vitamin D status in the treatment of osteoporosis and renal insufficiency. J Am Med Dir Assoc. (2004) 5:382–6. doi: 10.1016/S1525-8610(04)70006-7


 36. Rousseau, AF, Kerschan-Schindl, K, Scherkl, M, and Amrein, K. Bone metabolism and fracture risk during and after critical illness. Curr Opin Crit Care. (2020) 26:379–85. doi: 10.1097/mcc.0000000000000734


 37. Yang, B, Zhao, Y, and Zhao, Y. Analysis of clinical efficacy after PKP in patients of different genders. Medicine (Baltimore). (2022) 101:e31785. doi: 10.1097/md.0000000000031785


 38. Schwarz, F, Klee, E, Schenk, P, Katscher, S, Schnake, KJ, Bäumlein, M , et al. Impact of anxiety during hospitalization on the clinical outcome of patients with osteoporotic thoracolumbar vertebral fracture. Global Spine J. (2023):21925682231192847. doi: 10.1177/21925682231192847


 39. Li, Y, Feng, X, Pan, J, Yang, M, Li, L, Su, Q , et al. Percutaneous Vertebroplasty versus Kyphoplasty for thoracolumbar osteoporotic vertebral compression fractures in patients with distant lumbosacral pain. Pain Physician. (2021) 24:E349–56. doi: 10.36076/ppj.2021/24/E349


 40. Niu, J, Song, D, Gan, M, Liu, B, Tan, C, Yang, H , et al. Percutaneous kyphoplasty for the treatment of distal lumbosacral pain caused by osteoporotic thoracolumbar vertebral fracture. Acta Radiol. (2018) 59:1351–7. doi: 10.1177/0284185118761204


 41. Lin, F, Zhang, Y, Song, X, Niu, Y, Su, P, Hua, J , et al. Percutaneous Kyphoplasty to relieve the rib region pain in osteoporotic thoracic vertebral fracture patients without local pain of fractured vertebra. Pain Physician. (2023) 26:53–9.



Copyright
 © 2024 Xu, Li, Zhang and Tong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Efficacy of lumbar and abdominal muscle rehabilitation training on degree of osteoporosis, pain and anxiety in elderly patients with osteoporotic vertebral compression fracture after PKP and compliance analysis



		1 Introduction



		2 Data and methods



		2.1 Clinical data



		2.2 Treatment regimen



		2.3 Observation measure



		2.3.1 Baseline data



		2.3.2 Relevant indicators of orthopaedic rehabilitation



		2.3.3 Prognostic indicators of PKP



		2.3.4 Bone metabolism-related parameters



		2.3.5 Compliance-related indicators









		2.4 Statistical analysis









		3 Results



		3.1 Analysis of general data of OVCF patients



		3.2 Effect of lumboabdominal muscle rehabilitation training on postoperative efficacy of PKP in patients with OVCF



		3.3 Effect of lumboabdominal muscle rehabilitation training on prognosis of patients with OVCF



		3.4 Effect of lumboabdominal muscle rehabilitation training on osteoporosis-related indexes in OVCF patients



		3.5 Analysis of influencing factors of lumboabdominal muscle rehabilitation training compliance in OVCF patients



		3.6 Logistic regression analysis of lumboabdominal muscle rehabilitation training compliance in patients with OVCF



		3.7 Predictive efficacy of serum bone metabolism indicators on the compliance of rehabilitation training in OVCF patients









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Efficacy of lumbar and abdominal
muscle rehabilitation training on
degree of osteoporosis, pain and
anxiety in elderly patients with
osteoporotic vertebral
compression fracture after PKP
and compliance analysis












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






OPS/images/fmed-11-1364497-t003.jpg
Parameters

Rehabilitation training

group (n =104)

Control group
(n=73)

New fracture

Cement leakage

Anti-osteoporosis therapy

No
Yes
No

Yes

89

64

40

50

54

61

4153

3722

10027

0042

0054

0.002





OPS/images/fmed-11-1364497-t004.jpg
Parameters Rehabilitation training Control group t value

group (n =104) (n=73)
BMD Tvalue ~2412055 ~3.12:0.48 8872 <0001
OCN (ug/L) 559127 5204133 1987 0018
PINP (hg/l) 41762806 59.00+10.47 ~11829 <0001
$-CTX (ng/L) 47839+75.74 59481£77.79 ~9.955 <0001
25(0H)D (ug/L) 15122402 9.86+2.79 10281 <0.001

PTH (ng/L) 711041982 56.57415.90 5198 <0.001





OPS/images/fmed-11-1364497-t001.jpg
Parameters

Gender (male/

female)

Age

Height (cm)
Weight (kg)
Diabetes
Hypertension

Previous regular

exercise
Smoking history
Drinking history
Fracture site
(thoracic/
lumbar)

Tliness course
(days)

Fracture history

Fallin the past

month

Rehabilitation

training group
(n =104)

48/56

71(67,77)
16271664
57784931

4(3.85%)

27(25.96%)
11(1058%)
43(41.35%)

27 (25.96%)

61/43

6(5,6)

52(50.00%)

49 (47.12%)

Control
group
(n=73)
34739

71(68,75)
163.63£6.94
59.82:46.11
2(274%)

15 (20.55%)
8(10.96%)
34 (46.58%)

15 (20.55%)

45/28

5(5.6)

36 (49.32%)

30 (41.10%)

0.003

~0.428

~0.889

~1.763

0.160

0695

0.007

0477

0.695

0.160

~0.867

0.008

0629

0.956

0.669

0375

0.080

0.689

0405

0936

0490

0405

0.690

0386

0929

0428





OPS/images/fmed-11-1364497-t002.jpg
Parameters

Berg balance

scale

VAS

opl

Postoperative fall

I eficacy
(effective/

ineffective)

Rehabilitation

training group
(n =104)

48.50 (46.18, 50.26)

2.81(2.29,355)

17.46 (16.40, 18.29)

4(3.85%)

98/6

Control
group
)
2832
(2600,
30.85)
412281,
5.62)
2054
(19.48,
21.94)

10 (13.70%)

54/19

—11312

~4.269

~9.664

5716

14513

<0.001

<0.001

<0.001

0017

<0.001





OPS/images/fmed-11-1364497-t007.jpg
Parameters AUC (95% CI)
BMD T value 0.821 (0739, 0.902)
OCN 0,835 (0.754,0915)
PINP 0.736 (0636, 0.837)
pcTX 0715 (0612, 0.818)
25-0H-D 0.748 (0.650, 0.846)
PTH 0.589 (0.478, 0.700)

Cuf

-235

ff

544pg/l
4585 gL
527.40ng/L
13.16pg/L
85.30ng/L

67.6%

72.1%

76.5%

88.2%

80.9%

32.4%

Spe

83.3%

88.9%

611%

47.2%

58.3%

88.9%

p value

<0.001

<0.001

<0.001

<0.001

<0.001

0136





OPS/images/fmed-11-1364497-t005.jpg
Parameters Compliance group Non-compliant

(n = 68) group (n =36)
Age 4834 0028
<75 52 20
Male 3 14
Gender 1169 0280
Female 3 2
Noor mild 9 1
Postoperative anxiety Moderate 52 2 7236 0027
Severe 7 10
No or mild 52 21
Postoperative disturbance
Moderate 12 n 3713 0156
of consciousness.
Severe 4 4
No or mild 59 2
Degree of postoperative
Moderate 8 7 8446 0015
pain
Severe 1 5
Osteopenia a7 15
Degree of osteoporosis 7367 0007
Osteoporosis 21 21
Yes 9 10
New fracture 3334 0.068
No 59 2
Yes 37 27
Anti-osteoporosis therapy 4215 0040
No 31 9
Yes 6 9
Cement leakage 4990 0025

No 62 27





OPS/images/fmed-11-1364497-t006.jpg
Parameters

Age>75

Severe postoperative anxiety
Severe postoperative pain
Osteoporosis
Anti-osteoporosis therapy

Cement leakage

0.956

1.089

1743

1142

0922

1237

SE
0441
0550
1212
0428
0455

0575

Wald
4701
3926
2070
7121
4095

4622

0.030

0.027

0033

0.008

0.043

0032

OR

2,600
3352
10.806
3133
2514

3444

95%Cl
1.096~6.168
1.150~9.766
1.211~96.446
1354~7.250
1.029~6.137

111510636





OPS/images/fmed-11-1364497-g001.jpg
Age>75

Severe anxiety

Severe pain

Osteoporosis

Anti-osteoporosis therapy

Cement leakage

| o

s e —
0 25 50 75 100
OR

2.600 (1.096, 6.168)

3.352 (1.150, 9.766)

10.806 (1.211, 96.446)

3.133 (1.354, 7.250)

2.514(1.029, 6.137)

3444 (1.115,10.636)





OPS/images/fmed-11-1364497-g002.jpg
BMD T value

k AUC=0.821

100

80;

60,

Sensitivity%

ocN -

K AUC=0.835

Sensitivity%

AUC=0.736

0 20 40 60 80
100% - Specificity%

o

100

0 20 40 60 80 100

100% - Specificity%

20 40 60 80 100
100% - Specificity%

Sensitivity%

E F
2 2
£ £
H z
G H
2 2
& a

20
R AUC=0.715 o AUC=0.748 AUC=0.589
0 20 40 60 80 100 0 20 40 60 80 100 20 40 60 80 100

100% - Specificity%

100% - Specificity%

100% - Specificity%





