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Background

The cervical paraspinal muscle (CPM) has an essential role in positioning, stabilizing and directing the cervical spine. However, information is lacking regarding the influence of CPM on outcomes following anterior cervical surgery. This study aims to evaluate the association of fatty infiltration (FI) of CPM with postoperative outcomes in patients undergoing hybrid surgery (HS) and analyze the relationship between FI and cross-sectional area (CSA) of CPM.



Methods

A retrospective analysis was performed on 110 consecutive patients undergoing continuous 2-level HS. According to Goutallier classification of multifidus FI, the patients were divided into normal, moderate, and severe groups. Image J software was employed to outline and analyze CPM. Clinical outcomes and radiographic parameters were collected and evaluated for relevant comparisons.



Results

Visible FI was identified in 69.1% of patients (76/110), with a propensity in elderly patients (p = 0.053). No statistically significant differences were presented among the three groups regarding pre- and postoperative clinical evaluation scores. The cervical lordosis was significantly higher in the normal group before surgery (p = 0.029). Likewise, the sagittal vertical axis (SVA) was significantly higher in the severe group than the normal group at the final follow-up (p = 0.046). The function spine unit angle and disc angle of arthroplasty levels were significantly lower in the severe group than the normal group at follow-ups. Moreover, after correction according to vertebral body area, no statistically significant relationship existed between CSA ratio and FI grade.



Conclusion

CPM degeneration is common and age-related in patients with cervical disc degenerative disease. More importantly, there was a significant positive correlation between severe FI of CPM and postoperative sagittal balance disorder, particularly in C2-7 SVA and segmental alignment of arthroplasty level. Meanwhile, FI of CPM appears to have no impact on clinical outcomes and reveals small correlations to CSA.
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Introduction

The cervical paraspinal muscle (CPM) is critical for cervical spine alignment, stabilization, and direction (1). It has been estimated that neck muscles provide approximately 80% of total neck stability (2). Cross-sectional area (CSA) and fatty infiltration (FI) grade are two standard parameters used to evaluate paraspinal muscle (3–5). Preliminary research indicates that CSA of paraspinal muscles decreases with age, whereas FI grade increases, especially among the elderly (4, 5). More importantly, the consequent decrease in muscle strength results in spinal disorders. In the cervical spine, previous studies demonstrated that CPM structural and functional alterations were linked to sagittal balance disorder, poor spinal mobility, and chronic neck pain (6–9). Similarly, evidence from patients with whiplash-associated disorders revealed a significant association between cervical muscle FI and neck disability (10). Furthermore, degeneration of the vertebrae, discs, joints, and muscles around the spine may lead to spinal degeneration. Several studies have established that muscle weakness-related spinal instability may contribute to cervical disc degenerative disease (CDDD) (2, 11, 12). Therefore, insights into neck muscle condition in vivo are important for comprehending and minimizing risks of cervical spine disorders.

However, although the deleterious effect of paraspinal muscle in patients undergoing spine surgery is well documented, there has been limited data examining how CPM status impacts clinical and radiographical outcomes after cervical spine surgery (13). Furthermore, reports on the correlation between CPM and the outcomes of anterior surgery are even rarer than those of the posterior surgery with direct muscle invasion. Yet the utilization of former in CDDD is as high as 80% (14). In terms of clinical results, a recent retrospective cohort study revealed a significant relevance between worsening cervical paraspinal degeneration and patient-reported outcomes after anterior cervical discectomy and fusion (ACDF) (15) and recommended the proven qualitative assessment of FI during preoperative evaluation (16). However, that study included only the absolute value of muscle area. On the other hand, as reported by Thakar et al, the muscle-vertebral body area ratios were more helpful in eliminating biases arising from variations in patient build (17). In their retrospective study, greater segmental kyphotic change after central corpectomy was proved to correlate with worse CSA of cervical musculature. Nonetheless, the influence of different surgical approaches on cervical sagittal balance remained debatable, especially in CDA where the immediate stability may be less but the mobility is higher. Previous studies illustrated that the fusion implant could reinstate cervical lordosis (18), and the overall cervical alignment after CDA tends to lose lordosis (19). Moreover, the incident rate of segmental kyphosis was relatively higher after CDA (20). Thus, compared with fusion surgery, replacement prosthesis may be affected diversely by different statuses of CPM. The hybrid surgery (HS) with an in vivo contrast condition was therefore included in this study.

We hypothesized that fusion and replacement prostheses in HS might behave differently, and that this behavior would be influenced by the degree of fatty infiltration of the CPM. To the best of our knowledge, this is the first study to evaluate the impact of FI grade of CPM on outcomes following HS and its relationship with preoperative CSA.



Methods


Study design and patient selection

This was a retrospective and comparative study of patients undergoing two-level HS in our hospital from January 2011 to July 2020. Informed consent was obtained from all patients, and the study protocol was approved by the Ethics Committee of our institution (Project License number: 20190946). The eligibility criteria required a diagnosis of refractory CDDD with symptomatic radiculopathy and/or myelopathy at two contiguous levels from C-3 to C-7 confirmed by preoperative radiographical findings. Exclusion criteria included any prior spine surgery at operative levels, severe facet arthritis, fracture, infection, tumor, and severe osteoporosis (T-score ≤ − 2.5). The implant was selected based on preoperative segmental features. In this regard, CDA was performed at a mobile and soft-herniation segment. ACDF was performed in the case of segmental instability (sagittal plane translation >3.5 mm or angular motion >20°), angular motion <2°, a disc height loss of >50%, or severe facet joint degeneration. In all cases, a Prestige-LP prosthesis (Medtronic Sofamor Danek, Memphis, TN) was inserted into a well-prepared arthroplasty level, and a Zero-P implant (Synthes, Oberdorf, Switzerland) packed with β-tricalcium phosphate was used as a stand-alone arthrodesis implant. The operations were conducted via an anterior right-sided approach by the same senior spine surgeon.



Outcome assessment

Clinical outcomes were evaluated preoperatively and postoperatively at a minimum 1-year follow-up and compared, including Japanese Orthopaedic Association (JOA) score, neck disability index (NDI), and visual analog scale (VAS). Radiographical outcomes were assessed via pre- and postoperative anteroposterior, lateral, and flexion-extension radiographs (Figure 1). The following parameters were evaluated: (1) cervical lordosis (CL), defined as the angle between the inferior end plate of C2 and the inferior end plate of C7; (2) sagittal vertical axis (SVA), defined as the distance from the posterior, superior corner of C7 to the plumbline from the center of C2; and (3) T1 slope (TS), defined as the angle between a horizontal line and the superior endplate of T1. If TS is invisible due to anatomical interference, C7 slope was converted to T1 slope using the formula: T1 slope = (C7 slope + 0.54)/0.88 (21). Furthermore, the Cobb method was used to determine the functional spine unit angle (FSUA), arthroplasty disc angle (ADA), range of motion (ROM) of C2-C7, and ROM of arthroplasty segment (22).




Figure 1 | Measurements of the cervical sagittal alignment parameters. (1) Red line: cervical lordosis (CL); (2) yellow line: sagittal vertical axis (SVA); (3) white line: functional spine unit angle (FSUA); (4) blue line: T1 slope (TS).





Muscle evaluations

Qualitative and quantitative evaluations of CPM were preoperatively conducted. All measurements were conducted on an axial T2 weight section from MRI. This study included the degree of fat infiltration at the C5/6 level as a representative, which is a common practice in CPM studies (7, 10, 15, 16). Goutallier classification of paracervical muscle was graded on a 0-4 scale based on a qualitative assessment of fat atrophy of muscle multifidus belly (Table 1; Figure 2) (15, 23). Goutalier 0, 1, 2, 3, and 4 were defined as having no visible fat streaks in the muscle, minimal fatty streaks in the muscle, fat evident but more muscle present, equal quantities of fat and muscle, and more fat have shown, respectively.


Table 1 | Demographic and perioperative features.






Figure 2 | T2-weighted axial MRI section demonstrating fatty infiltration of muscle multifidus belly at C5/6. (A) Goutalier Grade 0 (grey arrow), Goutalier Grade 1 (white arrow); (B) Goutalier Grade 2. (C) Goutalier Grade 3. (D) Goutalier Grade 4.



In addition, CSA measurement method was based on a technique standardized by Takayama et al. (4). The measured flexors included sternocleidomastoid (superficial flexor, SF) and longus colli (deep flexor, DF). The extensors included multifidus and erector spinae (deep extensor, DE). CSA was defined by manually tracing the fascial boundary of CPM bilaterally. Moreover, vertebral body area (VBA) was introduced to eliminate biases arising out of variations in physiques (Figure 3) (17). The image-processing software platform (Image J, National Institutes of Health, Bethesda, MD) utilized enabled us to outline and analyze the regions of interest of CPM and VBA with a graphic cursor. The final FI classification and morphometry data were averaged between bilateral paraspinal muscles.




Figure 3 | Demonstrative axial T2 magnetic resonance imaging sections of the regions of interest applied in measuring the cross-sectional area. SF, superficial flexor; DF, deep flexor; DE, deep extensor; VBA, vertebral body area.





Statistical analysis

Statistical analysis was performed using SPSS software version 24.0 (SPSS, Chicago, IL, USA). P < 0.05 was considered statistically significant. Continuous data are presented as mean ± standard deviation, while frequency data are expressed as counts or percentages. One-way analysis of variance (ANOVA) and Kruskal-Wallis H-test were utilized to compare continuous variables among groups. Correspondingly, post-hoc analysis was conducted using Tukey multiple or pairwise comparisons when the main effects were statistically significant. Frequency variables among groups were analyzed using chi-square and Fisher’s exact tests. Paired t-test and Wilcoxon signed-rank test were used for intra-group comparison at different time points. The 95% confidence interval (95% CI) is reported where applicable.




Results


Demographic and surgical data

The demographic and perioperative characteristics of the study cohort are presented in Table 1. The cohort consisted of 38 men and 72 women, with a mean age of 48.8 years (range, 29-67 years). The mean follow-up duration was 23.4 months (range, 12–93 months) and the mean operative time was 138.0 minutes (range, 90–300 minutes). A majority of the patients (76/110) had visible T2-weighted high signal intensity in the paracervical muscle at the evaluation level. A recent study demonstrated qualitative assessment of FI is preferable to quantitative CSA (16). Thus, for analysis the patients were categorized according to the fat infiltration: normal (Goutallier Grades 0-1), moderate (Goutallier Grade 1.5-2), and severe (Goutallier Grades 2.5-4). The most common FI grades were moderate and severe with 38 patients each, followed by normal with 34 patients. Notably, no significant difference was detected in age, sex, body mass index, alkaline phosphatase (ALP) level, involved level, mean length of follow-up, operation time, and blood loss among the groups (Table 1, P > 0.05).



Clinical and radiographical outcomes

Regarding clinical outcomes, all three groups demonstrated significant improvement from pre-operation to the last follow-up (Paired t-test, P < 0.05), indicating that patients’ symptoms were relieved significantly after surgery. Nevertheless, ANOVA among groups revealed no statistically significant differences in terms of pre- and postoperative JOA, NDI, and VAS scores, as presented in Table 2.


Table 2 | Clinical outcomes.



Regarding radiographical outcomes, the three groups had similar overall and segmental mobility at all follow-ups. Globally, all groups experienced a significant decrease in ROM C2-C7 in the immediate postoperative period (paired t-test and Wilcoxon signed-rank test, P < 0.05), and ROM C2-C7 returned toward preoperative levels at the final follow-up. Likewise, paired-sample tests showed no statistically significant differences in the arthroplasty disc ROM between pre- and post-operation values (Table 3).


Table 3 | Radiographical outcomes.





Effect of FI on cervical sagittal balance

Table 3 demonstrates cervical sagittal alignment parameters of different groups. CL was significantly higher in the normal group than in the severe cohort before surgery (multiple comparisons, p = 0.029, 95% CI: 0.49-11.18), and the difference was on the verge of significance between these two groups at the last follow-up (Mann-Whitney U test, p = 0.065). Notably, SVA did not indicate a significant difference between groups before or immediately following surgery but differed significantly afterward (Kruskal-Wallis H-test, p = 0.046). Furthermore, multiple comparisons revealed that FSUA of arthroplasty level was significantly lower in the severe group than in the normal group (immediate postoperative, p = 0.016, 95% CI: 0.50-6.05; last follow-up, p<0.001, 95% CI: 1.92-7.71). Similarly, follow-ups revealed statistically significant differences in ADA among various groups, particularly between normal and severe groups (immediate postoperative, p = 0.014; last follow-up, p = 0.012). However, no significant differences in FSUA of fusion level or TS were observed among the three groups at each follow-up period.



Relationship between FI and CSA

The associations between FI level and CSA parameters are presented in Table 4. Collectively, there was no significant increase or decrease in DF and DE areas among different grades of FI classification (Kruskal-Wallis H-test, P > 0.05). Notably, a significantly higher mean SF area was identified in the normal group (3.7 ± 1.1 cm2) than in the severe FI group (3.0 ± 0.7 cm2) (pairwise comparisons, p=0.009). However, after VBA correction, SF ratio revealed no significant correlation with FI (Kruskal-Wallis H-test, P > 0.05). Meanwhile, neither SE nor DE ratios were associated with FI levels.


Table 4 | Relationship between fatty infiltration and CSA.






Discussion

This study is the first to investigate the influence of CPM in various statuses on clinical and radiographical outcomes following HS based on axial MRI. As stated in numerous studies, CPM degeneration is highly prevalent and has received much less attention than the lumbar spine (3, 4, 6, 9, 11, 15, 16). The results of our study reveal that fatty degeneration of the paraspinal musculature (Goutallier Grade ≥1.5) is up to 69.1%, of which 34.5% (Goutallier Grade ≥2.5) were relevant to the results. This finding is consistent with previously published data indicating that asymptomatic individuals might own fewer FI than CDDD patients (17, 24). Moreover, this study demonstrates that CSA of posterior extensor muscles (947.4 ± 230.5 mm2) was much lower in our cohort than in asymptomatic East Asians reported by Okada et al. at C5/6 level (1,599.6 ± 364.3 mm2) (3), implying an intimate relationship between CDDD and neck muscles (9, 11). Additionally, in agreement with studies examining paraspinal muscle (4, 11, 25), our findings reveal that FI is more prevalent in elderly patients. In contrast to earlier findings (26), however, no evidence of association between FI and gender or BMI was detected in our research.

In the current study, improved clinical outcomes reflected by VAS, JOA score, and NDI demonstrated that HS effectively ameliorated neurological symptoms, consistent with previous findings reported by Scott-Young et al. (27). More importantly, numerous studies in the past linked muscle FI to postoperative pain or neurological deficits, particularly following lumbar spine and posterior cervical surgery (4, 13, 26). In a recent systematic review of 873 patients, Jermy et al. recently identified a link between a low FI and greater improvement in low back pain and disability following lumbar spine surgery (12). In addition, De Pauw et al. revealed that chronic neck pain patients tend to develop muscle FI over time (8). However, these results are contradicted by the present study, which found that FI of CPM had no impact on patient-reported outcomes after HS. One possible explanation for our findings is that anterior surgery results in less obstruction to the paraspinal muscle (26). Additionally, compared with single-level CDDD, the clinical recovery of HS patients in the present study following multi-level decompression would theoretically be more significant. Similar to our findings, Pinter et al. reported that neither EQ-5D nor RAND scores distinguished between Goutalier grades in patients undergoing 1- to 3-level ACDF and postoperative NDI scores Goutalier 0-1 and Goutalier 2.5-4 were in close proximity (25.3 vs. 25.1). More surprisingly, their results indicated that patients with worse FI might benefit more from improved symptom relief (15).

An additional finding of our study is the role of CPM in cervical sagittal alignment. Mitsutake et al. demonstrated that fat within cervical multifidus muscle could directly cause postural instability in static standing (28). Similarly, Tamai et al. conducted a propensity score-matched analysis of 1500 patients and revealed that severe muscle FI at C7 was an independent characteristic of patients with cervical imbalance (SVA≥40 mm) (29). In continuation of their research background, Tamai and his colleagues also found FI ratio of CPM at the mid and lower cervical level significantly correlated with cervical balance parameters (neck tilt and thoracic inlet angle) (11). Moreover, a multivariate regression analysis by Passias et al. (30) determined that preoperative FI of CPM was a strong predictor of postoperative sagittal cervical imbalance, specifically for SVA. However, the muscle-related difference in cervical sagittal alignment remains controversial. A previous cross-sectional study demonstrated no association between cervical lordotic alignment and muscle fatty degeneration (31). Moreover, our findings are similar to those presented by Inoue et al. (31), who observed that fatty degeneration had almost no impact on cervical or segmental movement. Nevertheless, our results indicated that severe FI in the cervical extensor muscles was significantly associated with higher SVA at the final follow-up. Additionally, the severe FI group had a trend toward lower CL pre- and postoperatively. Evidence from the lumbar spine has also established the link between lumbar lordosis and FI (4, 32). A biomechanical study by Patwardhan et al. (33) investigated kinematic, kinetic, and muscular responses to cervical sagittal imbalance, presenting increased SVA to be associated with shortening of the cervical flexor and lengthening of the cervical extensor. Notably, when considering the arthroplasty level, segmental alignment was linked to FI, implying that patients with severe FI may be unsuitable for CDA (Figure 4), as FSUA of fusion level was maintained well in all groups during follow-up. This is probably because annulus fibrosus of intervertebral disc experiences multidirectional tension in vivo, yet the ball-joint artificial prosthesis like Prestige-LP lacks physiological tensile properties (34).




Figure 4 | 
  Representative case. Serial radiological examinations of a 67-year older woman with neck pain for more than two years. (A) Lateral view, showing that the preoperative cervical lordosis was 4.78°, and C2-7 sagittal vertical axis 4.01 cm. (B) T2-weighted axial MRI section, presenting a fatty infiltration degree of Goutalier 3-4. (C) The immediate postoperative lateral radiograph demonstrated a relatively satisfactory sagittal alignment. (D) At the last follow-up, the lateral radiograph demonstrated the loss of cervical lordosis and an increase in the sagittal vertical axis.



The association between FI and CSA remains contentious. Based on measurements of paraspinal muscle morphology of 160 subjects, Takayama et al. (4) revealed a negative correlation between CSA and FI. Likewise, the present study identified a difference in SF area among the three groups. However, in contrast to Pinter et al. (16), our finding presented that DF and DE areas were similar between normal and severe groups. Moreover, after adjusting for VBA, all CPM areas did not differ significantly between the groups. Notably, previous research revealed that worsening CSA ratio is significantly correlated with greater segmental kyphotic change (17). Consequently, CPM investigation cannot be limited to fat infiltration, and further studies focusing on CSA of CPM are required to analyze its relevance with outcomes following HS or CDA. With the continuous progression of artificial intelligence, quantification of MRI based metric of muscle composition will contribute to analyses of CSA and FI in all paraspinal muscles (35).

This study has several limitations. First, this study demonstrated no direct evidence between FI and muscle strength decrease. Additionally, our analysis found that BMI was unrelated to FI. Therefore, muscle strength measurements are required in the future for studying neck muscles. Moreover, both the anterior and posterior paravertebral muscles are reported to contribute to the maintenance of cervical posture and control intervertebral motion (26). In addition to assessing ratio of CSA, more quantitative and qualitative indicators are warranted. Furthermore, neck muscle exercises have been revealed to be effective in improving postoperative outcomes of patients (36), but as a retrospective study, this study lacks corresponding intervention methods.



Conclusion

This study demonstrated that CPM degeneration is common and age-related in CDDD patients. More importantly, severe FI of CPM is linked to postoperative sagittal balance disorder in HS patients, particularly at the arthroplasty level. However, as evaluated by FI grade, the alterations in CPM appear to have no impact on clinical outcomes and reveal small correlations to CSA.



Data availability statement

Summarized data have been presented in this manuscript. The raw data for this study are located and protected at West China Hospital of Sichuan University. Sharing of the raw data is not suggested, because a secondary analysis is planned.



Ethics statement

The studies involving human participants were reviewed and approved by Biomedical Research Ethics Committee, West China Hospital of Sichuan University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

JH and TW provided equal contributions to this study, both analyzed and interpreted all data, performed statistical analysis and prepared the manuscript. Analysis of radiographs was performed by BW and YH. CD helped in the statistical analyses. HL designed and supervised the study and was a major contributor to the preparation of the manuscript. All authors have read and approved the final manuscript.



Funding

The study was funded by research grants from Department of Science and Technology of Sichuan Province (2020YFS0075, 23NSFSC4423), and the Science And Technology Project of The Health Planning Committee of Sichuan (21PJ039).



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.



References

1. Panjabi, MM. The stabilizing system of the spine. part i. function, dysfunction, adaptation, and enhancement. J spinal Disord (1992) 5(4):383–9. doi: 10.1097/00002517-199212000-00001

2. Panjabi, MM, Lydon, C, Vasavada, A, Grob, D, Crisco, JJ 3rd, and Dvorak, J. On the understanding of clinical instability. Spine (Phila Pa 1976). (1994) 19(23):2642–50. doi: 10.1097/00007632-199412000-00008

3. Okada, E, Matsumoto, M, Ichihara, D, Chiba, K, Toyama, Y, Fujiwara, H, et al. Cross-sectional area of posterior extensor muscles of the cervical spine in asymptomatic subjects: a 10-year longitudinal magnetic resonance imaging study. Eur Spine J (2011) 20(9):1567–73. doi: 10.1007/s00586-011-1774-x

4. Takayama, K, Kita, T, Nakamura, H, Kanematsu, F, Yasunami, T, Sakanaka, H, et al. New predictive index for lumbar paraspinal muscle degeneration associated with aging. Spine (Phila Pa 1976). (2016) 41(2):E84–90. doi: 10.1097/BRS.0000000000001154

5. Fortin, M, Videman, T, Gibbons, LE, and Battie, MC. Paraspinal muscle morphology and composition: a 15-yr longitudinal magnetic resonance imaging study. Med Sci Sports Exerc. (2014) 46(5):893–901. doi: 10.1249/MSS.0000000000000179

6. Fortin, M, Wilk, N, Dobrescu, O, Martel, P, Santaguida, C, and Weber, MH. Relationship between cervical muscle morphology evaluated by MRI, cervical muscle strength and functional outcomes in patients with degenerative cervical myelopathy. Musculoskeletal Sci practice (2018) 38:1–7. doi: 10.1016/j.msksp.2018.07.003

7. Bokaee, F, Rezasoltani, A, Manshadi, FD, Naimi, SS, Baghban, AA, and Azimi, H. Comparison of cervical muscle thickness between asymptomatic women with and without forward head posture. Braz J Phys Ther (2017) 21(3):206–11. doi: 10.1016/j.bjpt.2017.04.003

8. De Pauw, R, Coppieters, I, Kregel, J, De Meulemeester, K, Danneels, L, and Cagnie, B. Does muscle morphology change in chronic neck pain patients? - a systematic review. Manual Ther (2016) 22:42–9. doi: 10.1016/j.math.2015.11.006

9. Wang, D, Ding, Y, Wu, B, Si, F, Yu, F, Xiao, B, et al. Cervical extensor muscles play the role on malalignment of cervical spine: A case control study with surface electromyography assessment. Spine (Phila Pa 1976). (2021) 46(2):E73–e9. doi: 10.1097/BRS.0000000000003742

10. Elliott, JM, O'Leary, S, Sterling, M, Hendrikz, J, Pedler, A, and Jull, G. Magnetic resonance imaging findings of fatty infiltrate in the cervical flexors in chronic whiplash. Spine (Phila Pa 1976). (2010) 35(9):948–54. doi: 10.1097/BRS.0b013e3181bb0e55

11. Tamai, K, Grisdela, P Jr., Romanu, J, Paholpak, P, Nakamura, H, Wang, JC, et al. The impact of cervical spinal muscle degeneration on cervical sagittal balance and spinal degenerative disorders. Clin Spine surg (2019) 32(4):E206–e13. doi: 10.1097/BSD.0000000000000789

12. Virk, S, Wright-Chisem, J, Sandhu, M, Vaishnav, A, Albert, TJ, Gang, CH, et al. A novel magnetic resonance imaging-based lumbar muscle grade to predict health-related quality of life scores among patients requiring surgery. Spine (Phila Pa 1976). (2021) 46(4):259–67. doi: 10.1097/BRS.0000000000003833

13. Flexman, AM, Street, J, and Charest-Morin, R. The impact of frailty and sarcopenia on patient outcomes after complex spine surgery. Curr Opin Anaesthesiol (2019) 32(5):609–15. doi: 10.1097/ACO.0000000000000759

14. Liu, CY, Zygourakis, CC, Yoon, S, Kliot, T, Moriates, C, Ratliff, J, et al. Trends in utilization and cost of cervical spine surgery using the national inpatient sample database, 2001 to 2013. Spine (Phila Pa 1976). (2017) 42(15):E906–E13. doi: 10.1097/BRS.0000000000001999

15. Pinter, ZW, Wagner, SC, Fredericks, DR Jr., Xiong, A, Freedman, BA, Elder, BD, et al. Higher paraspinal muscle density effect on outcomes after anterior cervical discectomy and fusion. Global Spine J (2021) 11(6):931–5. doi: 10.1177/2192568220935108

16. Pinter, ZW, Wagner, S, Fredericks, D Jr., Xiong, A, Helgeson, M, Currier, B, et al. Cervical paraspinal muscle fatty degeneration is not associated with muscle cross-sectional area: Qualitative assessment is preferable for cervical sarcopenia. Clin Orthop Relat Res (2021) 479(4):726–32. doi: 10.1097/CORR.0000000000001621

17. Thakar, S, Mohan, D, Furtado, SV, Sai Kiran, NA, Dadlani, R, Aryan, S, et al. Paraspinal muscle morphometry in cervical spondylotic myelopathy and its implications in clinicoradiological outcomes following central corpectomy: clinical article. J Neurosurg Spine (2014) 21(2):223–30. doi: 10.3171/2014.4.SPINE13627

18. Wang, C, Zhang, Y, and Yuan, W. Early clinical outcomes and radiographic features after treatment of cervical degenerative disk disease with the new zero-profile implant: A 1-year follow-up retrospective study. Clin Spine surg (2016) 29(2):E73–9. doi: 10.1097/BSD.0000000000000101

19. Di Martino, A, Papalia, R, Albo, E, Cortesi, L, Denaro, L, and Denaro, V. Cervical spine alignment in disc arthroplasty: Should we change our perspective? Eur Spine J (2015) 24(Suppl 7):810–25. doi: 10.1007/s00586-015-4258-6

20. Han, X, He, D, Zhang, N, Song, Q, Wang, J, and Tian, W. Comparison of 10-year outcomes of Bryan cervical disc arthroplasty for myelopathy and radiculopathy. Orthop Surg (2019) 11(6):1127–34. doi: 10.1111/os.12565

21. Tamai, K, Buser, Z, Paholpak, P, Sessumpun, K, Nakamura, H, and Wang, JC. Can C7 slope substitute the T1 slope?: An analysis using cervical radiographs and kinematic MRIs. Spine (Phila Pa 1976). (2018) 43(7):520–5. doi: 10.1097/BRS.0000000000002371

22. Sevastikoglou, JA, and Bergquist, E. Evaluation of the reliability of radiological methods for registration of scoliosis. Acta orthopaedica Scandinavica (1969) 40(5):608–13. doi: 10.3109/17453676908989526

23. Goutallier, D, Postel, JM, Bernageau, J, Lavau, L, and Voisin, MC. Fatty muscle degeneration in cuff ruptures. pre- and postoperative evaluation by CT scan. Clin Orthop Relat Res (1994) 304):78–83. doi: 10.1097/00003086-199407000-00014

24. Cloney, M, Smith, AC, Coffey, T, Paliwal, M, Dhaher, Y, Parrish, T, et al. Fatty infiltration of the cervical multifidus musculature and their clinical correlates in spondylotic myelopathy. J Clin Neurosci (2018) 57:208–13. doi: 10.1016/j.jocn.2018.03.028

25. Okada, E, Matsumoto, M, Ichihara, D, Chiba, K, Toyama, Y, Fujiwara, H, et al. Aging of the cervical spine in healthy volunteers: a 10-year longitudinal magnetic resonance imaging study. Spine (Phila Pa 1976). (2009) 34(7):706–12. doi: 10.1097/BRS.0b013e31819c2003

26. Siasios, I, Samara, E, Fotiadou, A, Tsoleka, K, Vadikolias, K, Mantatzis, M, et al. The role of cervical muscles morphology in the surgical treatment of degenerative disc disease: Clinical correlations based on magnetic resonance imaging studies. J Clin Med Res (2021) 13(7):367–76. doi: 10.14740/jocmr4551

27. Scott-Young, M, McEntee, L, Rathbone, E, Hing, W, and Nielsen, D. Clinical outcomes of cervical hybrid reconstructions: A prospective study. Int J Spine Surg (2020) 14(s2):S57–66. doi: 10.14444/7092

28. Mitsutake, T, Sakamoto, M, Chyuda, Y, Oka, S, Hirata, H, Matsuo, T, et al. Greater cervical muscle fat infiltration evaluated by magnetic resonance imaging is associated with poor postural stability in patients with cervical spondylotic radiculopathy. Spine (Phila Pa 1976). (2016) 41(1):E8–14. doi: 10.1097/BRS.0000000000001196

29. Tamai, K, Romanu, J, Grisdela, P Jr., Paholpak, P, Zheng, P, Nakamura, H, et al. Small C7-T1 lordotic angle and muscle degeneration at C7 level were independent radiological characteristics of patients with cervical imbalance: A propensity score-matched analysis. Spine J (2018) 18(9):1505–12. doi: 10.1016/j.spinee.2018.01.012

30. Passias, PG, Segreto, FA, Bortz, CA, Horn, SR, Frangella, NJ, Diebo, BG, et al. Fatty infiltration of cervical spine extensor musculature: Is there a relationship with cervical sagittal balance? Clin Spine Surg (2018) 31(10):428–34. doi: 10.1097/BSD.0000000000000742

31. Inoue, H, Montgomery, S, Aghdasi, B, Tan, Y, Tian, H, Jian, X, et al. Analysis of relationship between paraspinal muscle fatty degeneration and cervical spine motion using kinetic magnetic resonance imaging. Global Spine J (2012) 2(1):33–8. doi: 10.1055/s-0032-1307253

32. Lee, D, Kuroki, T, Nagai, T, Kawano, K, Higa, K, Kurogi, S, et al. Sarcopenia, ectopic fat infiltration into the lumbar paravertebral muscles, and lumbo-pelvic deformity in older adults undergoing lumbar surgery. Spine (Phila Pa 1976). (2022) 47(2):E46–e57. doi: 10.1097/BRS.0000000000004175

33. Patwardhan, AG, Khayatzadeh, S, Havey, RM, Voronov, LI, Smith, ZA, Kalmanson, O, et al. Cervical sagittal balance: A biomechanical perspective can help clinical practice. Eur Spine J (2018) 27(Suppl 1):25–38. doi: 10.1007/s00586-017-5367-1

34. Costi, JJ, Stokes, IA, Gardner-Morse, M, Laible, JP, Scoffone, HM, and Iatridis, JC. Direct measurement of intervertebral disc maximum shear strain in six degrees of freedom: motions that place disc tissue at risk of injury. J Biomech (2007) 40(11):2457–66. doi: 10.1016/j.jbiomech.2006.11.006

35. Paliwal, M, Weber, KA 2nd, Smith, AC, Elliott, JM, Muhammad, F, Dahdaleh, NS, et al. Fatty infiltration in cervical flexors and extensors in patients with degenerative cervical myelopathy using a multi-muscle segmentation model. PloS One (2021) 16(6):e0253863. doi: 10.1371/journal.pone.0253863

36. Peolsson, A, and Kjellman, G. Neck muscle endurance in nonspecific patients with neck pain and in patients after anterior cervical decompression and fusion. J Manip Physiol Ther (2007) 30(5):343–50. doi: 10.1016/j.jmpt.2007.04.008


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.

Copyright © 2023 He, Wu, Ding, Wang, Hong and Liu. 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.


OEBPS/Images/fendo-14-1128810-g001.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The fatty infiltration into cervical paraspinal muscle as a predictor of postoperative outcomes: A controlled study based on hybrid surgery

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study design and patient selection

          



          		

            Outcome assessment

          



          		

            Muscle evaluations

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Demographic and surgical data

          



          		

            Clinical and radiographical outcomes

          



          		

            Effect of FI on cervical sagittal balance

          



          		

            Relationship between FI and CSA

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variables Normal Moderate Severe P Value

(n=34) (n=38) (n=38)

JOA scores
Preoperative 113+ 14 109 + 1.8 11.6 £ 1.6 0.237
Last follow-up + 16.1 £ 0.7% 162 + 0.7% 16.2 £ 0.9% 0.923
NDI scores
Preoperative f 29.1 +44 30.2 + 4.2 29.5+ 3.6 0.545
Last follow-up t 8.0 + 3.6% 8.1 + 3.4% 7.0 £ 3.7% 0.327
VAS scores | |
Preoperative 63+15 6.6+ 12 6.4+13 0.509
Last follow-up t 1.2 + 1.0% 12 + 1.0% 1.2 + 1.0% 0.977

JOA, Japanese Orthopedic Association; NDI, Neck Disability Index; VAS, Visual analog scale.
+ One-way analysis of variance.
i Paired t-test, compared with pre-operation, P<0.05.
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Variables Normal Moderate Severe P Value

(n=34) (n=38) (n=38)
CSA
SF area (cm?) + 3.7+ 1.1 3.4+09 30 +0.7 0.012
DF area (cm?) t 04+ 0.1 0.3+0.1 | 0.3 +£0.1 0.476
DE area (cm?) t 9.7 +27 9.6+ 2.0 92422 0.567
| CSA ratio
SF area / VBAT 0.9+ 0.2 0.9+ 0.2 0.8 +0.2 0.116
DF area / VBA 0.1 0.0 0.1+ 0.0 0.1 £ 0.0 0.693
DE area / VBA t 2.3+05 25+06 | 25+03 0.121

CSA, cross-sectional area; SF, superficial flexor; DF, deep flexor; DE, deep extensor; VBA,
vertebral body area.

T Kruskal-Wallis H-test.

Bold values denote statistical significance at the P < 0.05 level.
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Variables Normal Moderate Severe

(n=34) (n=38) (n=38)

Cervical Sagittal Balance

L)

Preoperative % 9.7+ 95 52+ 89 - 3.9 £10.1 0.030

Immediate 158 +9.1§ | 13.5£7.6$ 12.2 +£8.2§ 0.175
Postoperative %

Last follow-up ¥ 10.8 + 7.4 8.6 £6.29 | 7.0 £7.9§ 0.079
SVA (cm)

Preoperative # 1.5+0.8 1.9+£09 1.9 1.1 0.144

Immediate 2.1+0.9$ 22+10 | 25+ 1.2§ 0247
Postoperative #

Last follow-up 1.8 £ 0.7§ 22+10 23+ 1.2§ 0.046
TS ()

Preoperative # 215+ 56 21.9 £49 202+ 64 0.441

Immediate 25.2 % 53§ 25.2 £ 499 | 243 + 6.1 0.708
Postoperative %

Last follow-up 227+ 45 21.7 £55 21.7+£6.7 0.719
FSUA of Fusion Level (°)

Preoperative =0.5 % 55 | -0.9 £43 ' -14 £ 5.6 V 0.740

Immediate 4.0 + 5.8 2.3 £49§ 2.5 +£5.0§ 0.354
Postoperative #

Last follow-up ¥ 2.5+ 57§ 1.2 £3.8§ 0.9 £5.5§ 0.391
FSUA of Arthroplasty Level (°)

Preoperative # | 099 + 4.2 -0.9 £5.6 =1.3 25,1 V 0.124

i .8 + 4. %o g o 6 + 4.

POISrtl:)r;eer(iltai.;(’ee . 4.8 £4.7§ 3.3 £5.3% 1.6 £ 4.8 0.022

Last follow-up % 2.9+ 42§ 0.4 + 6.0 -19£5.0 0.001
Arthroplasty Disc Angle (°)

| Preoperative f 34+38 1.6+ 3.9 1.1 £3.1 0.051

Immediate 6.4 = 4.3§ 5.6 £ 4.0 3.8 £ 3.8 0.012
Postoperative f

Last follow-up 3.5+39 2.1 %37 09 +£3.2 0.015
Cervical Sagittal Motion
ROM C2-C7 (°)

Preoperative 49.9 + 13.1 45.4 + 149 48.0 + 13.3 0.358

Immediate | 26.1 £ 9.1§ 23.7 £ 9.9 27.5 + 12.6 0.165
Postoperative

Last follow-up # 43.7 £ 9.7§ 429 =115 40.8 £ 9.89 G457,
Arthroplasty Disc ROM (°)

Preoperative 9.7+ 43 8.6 £39 9.1+39 0.411

Immediate 6.3+ 3.7§ 6.2 + 4.1 5.7 + 3.6 0.762
Postoperative

Last follow-up # 8.1 £ 3.8§ 9.1 % 39 7.0 +3.7§ 0.055

CL, cervical lordosis; SVA, sagittal vertical axis; TS, T1 slope; FSUA, function spine unit angle;
ROM, range of motion.

1 Kruskal-Wallis H-test.

+ One-way analysis of variance.

§ Paired t-test and Wilcoxon signed-rank test, compared with pre-operation, P < 0.05.

Bold values denote statistical significance at the P < 0.05 level.
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Variables Normal Moderate Severe P Value
Goutalier grade 0-1 1.5-2 2.5-4
Number of patients, n 34 38 38
Age, years T 47.0 + 7.7 484+ 7.2 50.9 + 6.8 0.053
Gender (female), n (%) § 18 (52.9%) 25 (65.8%) 29 (76.3%) 0.114
BMI, kg/m2 % 239+29 244+28 23.7+2.6 0.539
ALP T 67.6 + 21.1 65.5 + 16.0 71.4 £ 19.7 0.324
Arthroplasty segment § 0.641
C3/4 1 1 1
C4/5 11 18 19
C5/6 8 10 9
Ce6/7 14 9 9
Fusion location § 0.387
Up 17 15 13
Down 17 23 25
Operation time (minutes) T 1372 + 284 133.1 +:23.3 143.6 + 37.6 0.241
Blood loss (ml) T 78.2 +50.1 70.0 + 43.9 73.7 + 67.8 0.340
Follow-up time (months) X 22.5+16.3 21.9 +15.7 25.7 + 141 0.522

BMI, body mass index; BMD, bone mineral density; ALP, alkaline phosphatase.

1 Kruskal-Wallis H-test.

+ One-way analysis of variance.

§ Chi-square test.
g Fisher exact test.






