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Postoperative assessment of
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strength, and functional
outcomes in patients with
degenerative cervical myelopathy
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University, Montreal, QC, Canada, 2Department of Orthopedic Surgery, Montreal General Hospital Site,
McGill University Health Centre, Montreal, ON, Canada, 3School of Health, Concordia University,
Montreal, QC, Canada, 4Centre de Recherche Interdisciplinaire en Readaptation (CRIR), Montreal,
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Introduction: Decompressive surgery is considered a practical option for
patients with progressive degenerative cervical myelopathy (DCM), nearly 40%
of patients with moderate and severe DCM report partial recovery
post-surgery (e.g., <50% improvement).
Research question: To examine the impact of decompression surgery on
cervical muscle morphology and strength in DCM patients and the relationship
between preoperative muscle conditions and postoperative outcomes.
Material and methods: A total of 10 DCM patients underwent surgery and were
followed for 2 years. Among 10 patients, 7 underwent posterior fusion surgery,
and 3 underwent anterior cervical discectomy and fusion (ACDF). Cervical muscle
strength and MRI measurements were taken before and after surgery. Metrics
included cross-sectional area (CSA), functional CSA (FCSA), fatty infiltration, and
asymmetry of multifidus and semispinalis cervicis (MF+ Scer) muscles. Functional
outcomes were assessed using the modified Japanese Orthopedic Association,
Neck Disability Index, and SF−12 health survey post-surgery.
Results: No significant differences in isometric cervical muscle strength were
found between the ACDF and posterior fusion groups at the two-year follow-
up. Posterior fusion resulted in decreased MF + Scer muscle CSA (p=0.01),
FCSA (p= 0.027), and increased asymmetry (p=0.003). The entire cervical
extensor muscle CSA also decreased (p < 0.03) with posterior fusion. ACDF led
to decreased CSA (p= 0.001) and FCSA (p < 0.001) of all cervical muscles. No
significant correlations were observed between pre-surgery muscle measures
and functional score changes in posterior fusion.
Conclusion: Contrary to our hypothesis, cervical muscle strength did not
improve two years post-surgery in either surgical group. Additionally, no
significant correlations were observed between pre-surgical muscle strength
or fat infiltration and postoperative functional outcomes. Posterior fusion
surgery had a more pronounced effect on cervical musculature compared to
ACDF, with greater reductions in muscle CSA and increases in asymmetry.
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1 Introduction

Degenerative cervical myelopathy (DCM) is a major cause of

disability in the adult and elderly population (1). Common

anatomical features of the aging spine include degeneration of

facet joints, intervertebral discs, and vertebral bodies,

hypertrophy of the ligamentum flavum, and ossification of the

posterior longitudinal ligament. These changes contribute to

persistent spinal cord compression, triggering ischemia, neuronal

damage, and inflammation, which underlie the pathogenesis of

DCM. Clinically, DCM presents with symptoms ranging from

neck stiffness and hand numbness to gait impairment and

tetraplegia. As a leading cause of spinal cord dysfunction, DCM

significantly impacts healthcare systems through its association

with long-term disability, surgical costs, and the growing

demands of an aging population (2, 3). While surgery can help

prevent the progression of DCM and improve neurological

outcomes, functional status, and quality of life (1, 3–5), whether

surgical decompression is equally successful and safe in elderly

individuals as it is in younger ones is a point of disagreement (1).

Recent studies have demonstrated that the deep extensor neck

muscles, especially the cervical multifidus (MF) and semispinalis

cervicis (Scer) are often impaired in patients with cervical

disorders (6–8) and atrophied in patients with whiplash-type

injury or chronic neck pain (7, 9). However, few studies have

evaluated the deep extensor neck muscles of patients with DCM

(10–12); the presence, extent, and clinical implications of

morphologic muscle changes in patients with DCM warrants

further attention. Fortin et al. (11) reported an association

between greater fatty infiltration and lower functional scores in

patients with DCM. A significant correlation between the deep

cervical extensor muscle morphology, clinical signs, and

symptoms as well as cervical muscle strength was also observed

(10). Indeed, the MF and Scer play a critical role in maintaining

normal cervical curvature, cervical spinal stability, and activity

through their deep attachments to the cervical spine (10, 13).

The deep cervical extensor muscles are innervated by the

cervical plexus (C1-C4), cranial nerves, or dorsal rami of upper

cervical nerves (11, 13), and previous evidence suggested that

muscle denervation may progress at the same level, or level

below the spinal cord compression in patients with DCM

(8, 10). However, further research is needed to fully understand

the relationship between cervical muscle morphology, muscular

strength, clinical symptom, and functional status to truly

comprehend the clinical significance of imaging-defined features

of cervical muscle morphology and their impact on muscle

function (e.g., strength). Improving our current knowledge

regarding the characteristics and implications of cervical muscle

morphology in DCM patients might provide useful insights for

more effective surgical approaches (anterior vs. posterior) and

comprehensive rehabilitation. Therefore, the purpose of this

study was to investigate the effect of decompression surgery on

cervical muscle morphology and strength in patients with DCM.

The secondary purpose was to examine the correlation between

preoperative cervical muscle morphology, cervical muscle

strength and postoperative functional outcomes in patients with
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DCM. Based on previous findings (14), we hypothesized that

cervical muscle strength will increase at 2-year post-surgery.

Also, greater cervical muscle strength and lower fat infiltration

pre-surgery would be associated with better functional

outcome post-surgery.
2 Materials and methods

2.1 Participants

The current study involved the enrollment of 20 patients

diagnosed with symptomatic DCM, as confirmed by an

orthopedic spine surgeon through MRI scans. All patients were

scheduled for decompression surgery. Among the 20 DCM

patients, only 10 patients were subsequently monitored post-

surgery, as the majority of those who underwent surgery

expressed satisfaction and did not feel the necessity to return for

further follow-up appointments. Consequently, no post-surgery

data on muscle measurements were available for the patients

who did not return for follow-up. This monitoring included

7 patients who underwent posterior fusion and 3 who underwent

anterior cervical discectomy and fusion (ACDF) (Figure 1) and

were recruited from the McGill University Orthopedic Clinic,

based on the following inclusion criteria: (1) ≥18 years of age,

(2) diagnosed with degenerative condition of the cervical spine,

(3) present with symptom(s) of cervical myelopathy, (4) non-

traumatic origin, (5) underwent MRI of the cervical spine (e.g.,

MRIs were obtained in different centers), (6) no previous cervical

spine surgery. All patients signed informed consent forms

agreeing that their information will be utilized for studies aimed

at better understanding and describing DCM and this study was

approved by the Ethics Research Board of McGill University

Health Centre (Study Code: 13-436-GEN).

This cohort study was followed for 2 years and outcomes were

obtained post-surgery (e.g., 6 weeks, 12 months, and 24 months)

following surgical treatment. Magnetic resonance imaging (MRI)

and cervical strength measurements were collected at baseline

and 2-years post-surgery. Clinical signs of myelopathy were

collected at the time of recruitment and the following clinical

and functional scores were used to assess prognosis and

functional recovery post-surgery at each time point: modified

Japanese Orthopedic Association (mJOA), Neck Disability Index

(NDI) and SF-12 health survey. The mJOA is an 18-point scale

which quantitatively assesses upper and lower extremity motor

and sensory function and which has been previously validated

(15, 16). The NDI is a self-reported questionnaire used to

measure related pain and disability; higher scores (out of 100)

are indicative of greater disability. This questionnaire has

previously demonstrated good levels of reliability and validity for

neck pain (17, 18). The SF-12 health survey is a reliable and

valid questionnaire, consisting of 8 classified scores to measure

health-related quality of life. Both physical and mental

components of health are assessed in SF-12 health survey. The

scores of all questions are finally summed together to calculate
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FIGURE 1

Flowchart depicting the stages and processes involved in including patients.
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the final score, which is between 0 and 100, with higher score

reflecting the best health of life (19, 20).
2.2 Cervical muscle strength

A micro FET2 dynamometer was used to manually measure

the isometric neck muscular strength in flexion, extension, right-

and left-side bending at the time of recruitment and two years

after operation. Patients were asked for to exert a maximal force

against the hand-held dynamometer and maintain the head and

neck position for 3 s (21, 22). The patients’ heads were

maintained in a neutral position while they were lying down

(prone or supine) to maximize patient stability and isolate the

neck musculature (21–23). All patients had a practice round in

each position before testing. The examiner’s resistance was equal

to the highest force exerted by the patients. Patients were

positioned supine on a treatment table with the dynamometer on

their foreheads, and resistance was given when they lifted their

heads. The dynamometer was positioned centrally above the ear

for side-bending. Patients were examined in a prone position on

a treatment table with a pillow under their chest/shoulder area to

assess extensor muscle strength. As they lifted their heads, the

dynamometer was positioned over their backs and resistance was

applied. Measurements were collected 3 times in each direction

with 30- to 60-second rest periods in between, and the average

will be used in the analysis. When compared to the gold

standard isokinetic testing, hand-held dynamometry has been

proved to be a viable instrument, and it has been suggested as a

feasible standard for clinical settings (24). Previous studies have

found that hand-held dynamometry is reliable for measuring
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neck muscle strength, with intra-rater reliability ICCs ranging

from 0.80 to 0.97 (21, 23, 25, 26), inter-rater reliability ICCs

ranging from 0.81 to 0.87 (26).
2.3 MRI cervical muscle measurements

Pre and post quantitative measurements of the deep extensor

neck cervical muscles acquired from axial T2-weighted MR images

at the C2 to C7 using ImageJ imaging software (version 1.43;

National Institutes of Health, Bethesda, Maryland, downloadable

at http://rsbweb.nih.gov/ij/download.html) after multiplanar

reconstruction (3D MPR) using the 32-bitOsiriX software program

(version 3.8.1; Pixmeo, Geneva, Switzerland) to position the image

slices perpendicular to the muscle mass, when required. Cervical

muscle measurements of interest, including CSA, FCSA (fat free

area), ratio of FCSA/CSA (fatty infiltration) and CSA asymmetry

for the MF + SCer together, and deep extensor muscles as a group

(e.g., MF, SCer, semispinalis capitis, splenius capitis) were obtained

bilaterally at mid-disc (Figures 2A,B). Due to the instrumentation/

surgery, muscle measurements were only acquired at the cervical

level without instrumentation and thus from C2-C7 levels in 3

patients, C2-C5 levels in 1 patient, C2-C3 and C5-C7 in 1 patient,

C2-C3 and C6-C7 in 1 patient, C2-C3 in 1 patient and C6-C7 in

1 patient. Muscle FCSA was measured using a highly reliable

thresholding technique described in detail elsewhere (27)

(Figure 2B). The relative percent asymmetry of the paraspinal

muscles on axial view was calculated as follows: the relative

asymmetry rate=[(L−S)/L)] × 100, where L is the larger side and

S is the smaller side (8). The mean value of the sum of the muscle

CSAs or FCSAs on right and left side at each level, and the means
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FIGURE 2

(A) Measurements of the total CSA of the MF + Scer muscles and extensor muscles group on axial T2-weighted images at the C4-C5 level. (B) The
image shows the application of a signal threshold filter (ImageJ) to highlight the fat-free muscle area and obtain the FCSA muscle measurements.

Naghdi et al. 10.3389/fmscd.2025.1532965
for the FCSA/CSA ratio were calculated for each level of interest and

used in the statistical analysis.
2.4 Statistical analysis

Statistical analysis was performed using IBM SPSS (version

29.0). In our study, we meticulously conducted distinct analyses

for the posterior fusion vs. ACDF approach of surgery to gain a

comprehensive understanding of the outcomes associated with

each surgical approach. Means and standard deviations were

calculated for patients’ characteristics. Kolmogorov–Smirnov test

was applied to assess the normal distribution of data. An

evaluation of the primary and secondary outcome measures,

specifically examining the changes in cervical muscle strength

and MRI muscle measurements from the pre-surgery to 2-year

post-surgery phases was conducted. To analyze normally

distributed variables, we employed paired samples t-tests.

Similarly, Wilcoxon signed-rank test was used to make

comparison between pre and post cervical muscle and strength

measurements for those variables were not normally distributed.

Of note, all participants had C2-C3 level available, the pre and

post operation comparison was performed twice. The first

analysis compared pre- to post-surgery “total” muscle

measurements at levels available between C2-C7, which was the

sum of measurements at each level. While the second analysis

compared pre- to post-surgery muscle measurements at C2-C3

only. All analyses were performed separately for patients that

had a posterior fusion vs. ACDF. Pearson correlations were

used to assess the relationship between pre-surgical muscle

measurements and post-op muscle strength, and pre-surgery

muscle measurements with the changes in functional outcomes

(mJOA, NDI, SF12-PCS and SF12-MCS) from baseline to 6
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weeks, 12- and 24-months post-surgery in posterior fusion group

of surgery. A p-value of <0.05 was considered statistically

significant in all analysis. Due to the limited number of

participants (only 3) in the ACDF surgical approach group,

correlation analysis was not conducted within this specific group.
3 Results

The mean age of patients that underwent posterior fusion and

ACDF was 66.86 ± 8.03 years and 53.66 ± 9.07, respectively

(Table 1). Only one participant had single level surgery (C3C4),

while the remaining participants had multi-level surgery

(Table 1). Patients’ clinical characteristics are presented in

Table 1. Pre- and post-surgery measurements for cervical muscle

strength and cervical muscle MRI measurements of interest are

presented through Tables 2–4.

Our findings revealed no significant difference in isometric

cervical muscle strength in flexion, extension, right- and left-side

bending at 2 years follow up after surgery for both ACDF and

posterior fusion approach (Table 2) (Figure 3). With regards to

patients that underwent posterior fusion, our finding showed a

significant decrease in MF + Scer CSA (p-value = 0.01) (Figure 4)

and MF + Scer FCSA (p-value = 0.027), with a significant increase

in MF + Scer CSA asymmetry (p-value = 0.003) (Table 3).

Notably, the CSA of the entire cervical extensor muscle showed a

significant decrease (p-value < 0.03) at 2- year post-surgery

(Table 3) (Figure 5). Our analysis looking at C2C3 level only

revealed a significant increase in MF + SCer CSA asymmetry

(p-value = 0.004) post-surgery (Table 3). There were no

significant correlations between pre-surgery muscle strength or

pre-surgery cervical muscle morphology with changes in
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TABLE 1 Demographic and characteristics of patients.

Patients
characteristics

Mean (SD) or frequency (%)

Surgical approach Posterior fusion
(N= 7)

ACDF
(N= 3)

Age (year) 66.86 (8.03) 53.66 (9.07)

BMI (kg/m2) 30.6 (5.63) 27.29 (3.19)

Sex
Male 2 (28.57%) 2 (66.66%)

Female 5 (71.42%) 1 (33.33%)

Symptoms duration (%)
Less than 6 weeks 1 (14.28%) –

3–6 months 1 (14.28%) 2 (66.66%)

6–12 months 1 (14.28%) 1 (33.33%)

1–2 years 2 (28.57%) –

Over 2 years 2 (28.57%) –

Levels treated
Single level 1 (14.28%) –

Multi levels
2 levels 3 (42.85%) 2 (66.66%))

3 levels 3 (42.85%) 1 (33.33%)

BMI, body mass index; SD, standard deviation; DCM, degenerative cervical myelopathy;

ACDF, anterior cervical discectomy and fusion.
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functional score including mJOA, NDI, SF12-PCS and SF12-MCS

(Table 5) in patients that had a posterior fusion.

Our analysis for patients that underwent ACDF revealed a

significant decrease in the CSA of the entire muscle

(p-value = 0.001) and FCSA (p-value = <0.001) (Table 4) post-

surgery when comparing cervical muscle morphology at all

available levels (e.g., C2-C7). However, when examining the

C2-C3 level only, no significant changes in muscle morphology

were observed (Table 4).
4 Discussion

DCM is a progressive spine disorder and the most common

cause of spinal cord dysfunction in adults’ population globally (3,

10, 28). The use of surgery as a preferred treatment approach for

patients with DCM is growing, as it not only effectively stops the

progression of the disease but also leads to substantial

improvements in function and quality of life. Nevertheless,

almost 40% of patients experience only partial recovery following

surgical treatment, with less than 50% improvement reported (8,

28–30). As a result, identifying patients that are more likely to

benefit from surgery is critical to help guide the clinical decision-

making process and manage patients’ expectations. Surgical

decisions regarding whether to approach a procedure anteriorly

or posteriorly are intricate and currently lack a thorough

evaluation of the posterior cervical musculature (31).

Additionally, both early and late complications, including post-

operative neck pain, adjacent segment disease (ASD), and

proximal junctional kyphosis (PJK), may be adversely influenced

by the chosen surgical approach (32–34).
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Patients with whiplash injury and chronic neck pain are

frequently associated with abnormalities in the paraspinal

muscles (7, 35, 36). Based on prior research, we had initially

hypothesized that surgical treatment would lead to an increase in

muscular strength (14). Contrary to our hypothesis, cervical

muscle strength did not show significant improvement at the

two-year post-surgery follow-up for either surgical group.

However, our findings do not corroborate with Fujibayashi et al.

(14), who examined the progressive changes in neck muscular

strength before and after cervical laminoplasty in a population

with cervical spondylotic myelopathy. Indeed, Fujibayashi et al.’s

study (14) examined cervical muscle strength based on Visual

Analog Scale (VAS) scores at 3-month and 12-month post-

surgery (e.g., non-pain group vs. pain group). They reported that

cervical muscle strength was recovered by 3-month post-surgery,

with a further increase up to 120% of the preoperative value at

12-month mark in the non-pain group (e.g., post-op VAS score

<3). However, in the pain group (VAS score ≥3), neck muscle

strength remained 60% below the preoperative baseline level at

the 3-month mark and did not show any signs of recovery.

These disparate findings may be attributed to the differences in

surgical approaches between our study and Fujibayashi et al.’s

study (14), as laminoplasty was used as a decompressive surgery

in their study without fusion which generally leads to muscle

atrophy across joints. Additionally, our study had a limited

sample size in comparison to theirs, with only 7 DCM

participants that underwent a posterior fusion and 3 participants

that had an ACDF, whereas their study included 19 participants.

Furthermore, previous reports have indicated that, in normal

volunteers, men tend to exhibit approximately double the

cervical muscle strength of women (32, 37). In their study, the

non-pain group at the 3-month mark comprised 11 males and 2

females, and at the 12-month mark, it consisted of 11 males and

5 females. In our study, out of the 7 participants, 6 were females.

These sex differences may also contribute to the variations

observed in muscle strength outcomes between both studies.

Our findings reveal a significant decrease in MF + Scer CSA

and a corresponding significant decrease in MF + Scer FCSA in

patients who undertaken posterior fusion surgical approach.

Furthermore, there was a noteworthy increase (118.79%) in

MF + Scer CSA asymmetry two years after this surgical

procedure. Also, when assessing changes in muscle morphology

at C2C3 only, CSA asymmetry of the MF + Scer significantly

increased post-surgery in patients who had a posterior fusion.

Notable findings also emerged in our ACDF subgroup analyses,

which meticulously compared cervical muscle morphology before

and after surgery across all available levels from C2 to C7. Our

results revealed a substantial decrease in the CSA and FCSA of

the entire muscle post-surgery. This observation suggests that

ACDF also had a notable impact on the overall cervical muscle

structure, with a generalized reduction in muscle size. This is

attributed to the fusion process, where muscles crossing a fused

level no longer contribute to the motion segment, leading to

atrophy. This observation emphasizes the intricate relationship

between ACDF and its effect on cervical muscle morphology.

Interestingly, when specifically examining the C2C3 level, a
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TABLE 2 Cervical paraspinal strength measurements pre- and post- surgery.

Cervical muscle
strength
(Newtons)

Pre-surgery mean
(SD)

2 years post-surgery
mean (SD)

Mean difference
[95% CI]

Change % p-value

Posterior fusiona (N = 7)
Neck flexion 15.53 (6.39) 11.86 (4.14) −3.26 [−1.19, 7.73] −20.99% 0.11

Neck extension 26.2 (4.75) 15.13 (3.53) −11.06 [−8.92, 31.05] −42.21% 0.14

Right side-bending 14.1 (5.54) 10.58 (2.11) −3.51 [−0.83, 7.86] −24.89% 0.09

Left side-bending 12.98 (6.49) 10.81 (2.48) −2.16 [−3.2, 7.53] −16.64% 0.34

ACDFb (N = 3)
Neck flexion 16.4 (10.93) 12.83 (3.34) −3.57 −21.76% 0.59

Neck extension 22.13 (17.8) 15.23 (2.7) −6.9 −31.17% 0.99

Right side-bending 14.53 (7.5) 11.33 (0.63) −3.2 −22.02% 0.59

Left side-bending 15.4 (9.93) 11.63 (1.4) −3.77 −24.48% 0.99

CI, Confidence interval; SD, Standard deviation; N, Number; %, percentage, a: Paired t-tests, b: Wilcoxon sign-ranked test.

TABLE 3 MRI cervical paraspinal muscle measurements pre- and post-surgery for patients that underwent posterior fusion.

Paraspinal muscle measurements Pre-surgery
mean (SD)

2 years post-surgery
mean (SD)

Mean difference
[95% CI]

Change % p-value

All available levels between C2 and C7 (N = 7)
MF + SCer CSA (mm2) 367.59 (140) 306.09 (136.02) −61.5 [−16.51, −106.49] −16.82% 0.01

CSA asy 10.16 (8.16) 22.24 (14.55) 12.07 [19.41, 4.74] 118.79% 0.003

FCSA (mm2) 215.12 (121.61) 177.64 (104.93) −37.48 [−4.78, −70.19] −17.42% 0.027

FCSA/CSA 0.55 (0.17) 0.56 (0.18) −0.005 [−0.07, −0.06] −0.9% 0.78

Cervical extensors muscle group CSAa (mm2) 1,333.1 (540.56) 1,256.03 (430.53) −77.07 −5.78% <0.03

CSA asy 5.45 (3.01) 5.26 (3.56) −0.19 [−1.99, −2.37] −3.48% 0.87

FCSA (mm2) 865.59 (497.78) 803.67 (370.08) −61.92 [−58, −181.84] −7.15% 0.29

FCSA/CSA 0.62 (0.12) 0.62 (0.13) −0.001 [−.05,0.59] −0.16% 0.94

C2-C3 Level Only (N = 5)
MF + SCer CSA (mm2) 354.7 (170.09) 316.74 (125.19) −37.96 [−118.68, −194.61] −10.7% 0.53

CSA asy 12.21 (12.45) 22.94 (10.44) 10.73 [15.87, 5.58] 87.87% 0.004

FCSA (mm2) 237.83 (174.99) 209.57 (138.19) −28.26 [−112.67, −169.19] −11.88% 0.6

FCSA/CSA 0.62 (0.27) 0.59 (0.25) −0.02 [−0.18, 0.22] −3.22% 0.78

Cervical extensors muscle group CSA (mm2) 1,937.24 (597.79) 1,774.45 (393.21) −162.78 [−180.73, −506.29] −8.4% 0.25

CSA asy 7.77 (3.42) 6.91 (2.08) −0.85 [−3.41, 5.133] −10.93% 0.6

FCSA (mm2) 1,245.09 (723.2) 1,129.04 (430.36) −116.04 [−368.61, 600.7] −9.31% 0.54

FCSA/CSA 0.6 (0.16) 0.61 (0.12) 0.01 [−0.1, 0.13] 1.66% 0.8

CSA, cross-sectional area; FCSA, Functional cross-sectional area; MF, multifidus muscle; SCer, semispinalis cervicis, Asy, asymmetry; CI, confidence interval; SD, standard deviation.
Significant parameters (p < 0.05) are shown in bold.
aWilcoxon signed-rank test for nonparametric variables, N, Number; %, percentage.
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distinctive pattern emerged, as no significant changes in cervical

muscle characteristics post-surgery were observed. Cervical

muscle sparing morphology at the C2C3 level prompts further

exploration and consideration of potential anatomical or

biomechanical variations at this specific vertebral level. The

absence of significant changes in this segment could signify

unique characteristics or resilience within the C2C3 region in

response to the ACDF surgical intervention, warranting

additional investigation. These findings contribute valuable

insights into the nuanced effects of ACDF cervical surgery on

muscle morphology, emphasizing the importance of level-specific

analyses to unveil differential impacts across the cervical spine.

The observed muscle atrophy (e.g., decrease in muscle size)

suggests that the surgical procedures likely had an impact on the

structural integrity of the cervical musculature (28–30, 38–40).

We noticed that there were no significant alterations in the
Frontiers in Musculoskeletal Disorders 06
MF + Scer within the ACDF approach when compared to the

posterior fusion approach. The results of our study provide

valuable insights regarding the effect surgical treatment on

overall cervical muscle morphology in patients with DCM. The

lack of significant changes in MF + Scer in ACDF, in comparison

to the posterior fusion, suggests that ACDF may not exert a

pronounced impact on that muscle group. In contrast, patients

that received a posterior fusion exhibited significant changes in

MF + Scer, suggesting that the surgical approach from the

posterior aspect may have more substantial effects on this

specific muscle group. These findings underscore the importance

of considering the differential impacts of surgical approaches on

muscle structures, potentially influencing postoperative outcomes

and rehabilitation strategies in patients undergoing cervical spine

surgeries. Additionally, the significant increase in MF + Scer CSA

asymmetry is a noteworthy finding in patients who had posterior
frontiersin.org
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FIGURE 3

Mean muscle strength pre- and post-operation in posterior fusion vs. ACDF.

TABLE 4 MRI cervical paraspinal muscle measurements pre- and post-surgery for patients that underwent ACDF.

Paraspinal muscle
measurements

Pre-surgery mean
(SD)

2 years post-surgery
mean (SD)

Mean difference
[95% CI]

Change
%

p-value

All available levels between C2 and C7 (N = 3)
MF + SCer CSAa (mm2) 404.35 (212.2) 342.77 (184.88) −61.58 −15.22% 0.18

CSA asy 10.77 (5.77) 10.92 (9.13) 0.14 [6.05, 5.75] 1.29% 0.95

FCSAa (mm2) 258.59 (138.99) 221.98 (149.74) −36.61 −14.15% 0.08

FCSA/CSA 0.63 (0.11) 0.62 (0.17) −0.001 [−0.06,.08] −0.15% 0.78

Cervical extensors muscle
group

CSA (mm2) 1,330.98 (554.66) 1,121.72 (429.36) −209.25 [−102.62, −315.89] −15.72% 0.001

CSA asy 6.8 (6.38) 4.14 (4.62) −2.65 [−1.72, −7.03] −38.97% 0.2

FCSA (mm2) 962.55 (404.36) 819.66 (331.91) −142.88 [−77.43, −208.34] −14.84% <0.001

FCSA/CSA 0.721 (0.1) 0.723 (0.07) 0.002 [−0.04,.04] 0.27% 0.92

C2-C3 level only (N = 3)
MF + SCer CSAa (mm2) 399.81 (344.04) 166.3 (90.95) −233.51 −58.4% 0.6

CSA asya 16.23 (2.02) 25.17 (12.49) 8.94 55.08% 0.18

FCSAa (mm2) 210.6 (214.23) 49.82 (28.92) −160.78 −76.34% 0.1

FCSA/CSAa 0.47 (0.13) 0.4 (0.39) −0.07 −14.89% 0.65

Cervical extensors muscle
group

CSAa (mm2) 1,769.8 (1,133.9) 1,338.79 (801.64) −431.01 −24.35% 0.18

CSA asya 5.7 (0.71) 1.42 (1.2) −4.28 −75.08% 0.18

FCSAa (mm2) 1,112.17 (757.26) 878.87 (594.79) −233.3 −20.97% 0.18

FCSA/CSAa 0.61 (0.03) 0.63 (0.06) 0.02 3.27% 0.65

CSA, cross-sectional area; FCSA, functional cross-sectional area; MF, multifidus muscle; SCer, semispinalis cervicis, Asy, asymmetry; CI, confidence interval; SD, standard deviation.

Significant parameters (p < 0.05) are shown in bold.
aWilcoxon signed-rank test for nonparametric variables, N, Number, %: percentage.
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FIGURE 4

Mean MF + Scer CSA pre- and post-operation: posterior fusion vs. ACDF.
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fusion surgery as compared to ACDF. This asymmetry may

indicate an uneven distribution of muscle size or changes in

muscle composition between the left and right sides of the

cervical spine. Such asymmetry can have implications for neck

stability and function, potentially affecting patient outcomes.

Furthermore, the observed significant decrease in CSA of the

entire extensors muscle group in both surgical approaches

emphasize the overall impact of this treatment on cervical muscle

health. This decline in muscle size is likely related to a

combination of muscle atrophy, scarring, and increased in fatty

infiltration (41). These changes can have functional implications,

including potential effects on neck mobility and strength (14, 41).

Previous literature on ACDF and posterior fusion cervical spine

surgeries has provided valuable insights into their respective

impacts on musculature. Studies focusing on ACDF have

highlighted its efficacy in addressing cervical disc pathology, with

favorable outcomes in terms of pain relief and functional

improvement (32, 34). However, concerns have been raised

regarding potential muscle-related complications, such as

dysphagia and alterations in cervical spine biomechanics,

specifically with fusion surgery (32, 34). In contrast, literature on

posterior cervical spine surgeries, including laminectomy and

fusion, has explored their effectiveness in decompressing neural

structures and stabilizing the spine (42, 43). Some studies have

emphasized the importance of preserving posterior musculature

to mitigate postoperative muscle-related complications (42, 43).
Frontiers in Musculoskeletal Disorders 08
Cervical spine fusion may lead to two common post-operative

complications: ASD and PJK. ASD involves degeneration in

adjacent segments, managed conservatively or surgically, while

PJK causes abnormal curvature above the fusion site, and likely

requires additional interventions. Careful patient selection and

monitoring are vital for optimal outcomes in cervical spine

fusion (33). While both surgical approaches have demonstrated

efficacy, the current findings suggesting greater changes in the

MF + SCer muscle following posterior surgery add a nuanced

layer to the existing literature, highlighting the need for further

investigation into the differential impacts of these procedures on

overall cervical muscle quality.

It is important to consider the clinical relevance of these

findings. While the observed changes in muscle morphology

were statistically significant, their clinical significance may vary

among individuals. The functional implications of these

morphological changes should be explored in future research, as

they may provide insights into the long-term outcomes and

quality of life of patients who undergo similar surgical

procedures. Moreover, the timing of the assessments is critical.

The two-year post-surgery period represents a specific point in

the recovery process, and longer-term follow-up studies may be

needed to fully understand the trajectory of muscle changes and

their impact on patients’ quality of life. The impact on the

posterior musculature in cervical spine surgery is significantly

influenced by the number of levels and the type of procedure
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FIGURE 5

Mean muscle group CSA pre- and post-operation: posterior fusion vs. ACDF.
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(3, 22, 29, 30). Single-level surgeries generally result in less

disruption to the posterior musculature, contributing to lower

impact on muscle function and stability. In contrast, multi-level

surgeries may necessitate more extensive manipulation of muscle

tissue, potentially leading to increased trauma and affecting

muscle strength (3, 22, 29, 30). Indeed, 70% (n = 7) of the

patients included in our study had a posterior fusion, and all

except one patient, had a multi-level surgery. The latter likely

explain the detrimental cervical muscle changes that we observed.

Posterior-based surgeries, such as laminectomy or posterior

cervical fusion, directly impact the posterior muscles, with the

extent of dissection depending on the specific technique.

Anterior-based surgeries, like ACDF or cervical disc replacement,

typically involve less disruption to the posterior muscles, but

indirect effects may occur due to changes in spinal alignment or

biomechanics (3, 22) which corroborates with our findings.

Given the profound understanding that myelopathy

significantly affects cervical musculature, coupled with the

acknowledged atrophy of these muscles following fusion surgery

—whether through an anterior or posterior approach—it is

imperative to delve into the specific ramifications of disrupting

posterior muscles with a posterior cervical approach as opposed

to an anterior one. This nuanced exploration is crucial for

comprehending the potential added impact on post-operative

muscle morphology and function. Such insight is essential for

anticipating and addressing surgical outcomes, both in the short
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term and over an extended period (beyond 2 years),

encompassing factors like ASD, PJK, and neck pain. Moreover,

recognizing the intricacies of how the disruption of posterior

muscles influences post-operative recovery can inform the

development of tailored rehabilitation programs and

interventions. Different patient groups may benefit distinctively

from specific rehabilitation approaches, such as isometric

strengthening exercises, aimed at mitigating the impact on

muscle structure and function. In the context of this project, it is

paramount to acknowledge the inherent limitations stemming

from its size. Subsequently, the next phase of investigation

should delve into the correlation between the size and levels of

fusion performed and their subsequent impact on musculature.

As the pre- and postoperative rehabilitation process undoubtedly

plays a pivotal role in ameliorating the negative consequences of

surgery on musculature, it is incumbent upon surgeons and

patients to engage in comprehensive discussions. These dialogues

should encompass treatment options, considerations for overall

health, and alignment of surgery goals with a keen focus on

optimizing post-operative outcomes. Ongoing advancements in

surgical techniques offer evolving options for minimizing

musculature impact during cervical spine procedures (29, 30).

Surgery posteriorly is clearly disrupting the normal muscles of

the posterior cervical spine based on the quantification of these

muscles volume pre- and post-operatively (30). The lack of

functional change following posterior cervical spine surgery,
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TABLE 5 Associations between muscle strength and MRI muscle parameters with functional outcomes for posterior fusion group.

Timepoint 6-weeks post surgery 1-year post surgery 2-year post surgery

variables Correlation coefficient (r) p-value Correlation coefficient (r) p-value Correlation coefficient (r) p-value

Mean muscle strength
mJOA 0.412 0.162 – – – –

NDI 0.207 0.459 −0.039 0.905 0.127 0.694

SF12-PCS −0.429 0.126 −0.351 0.32 −0.206 0.595

SF12-MCS −0.064 0.828 −0.279 0.434 −0.304 0.426

C2-C7 mean CSA
mJOA 0.305 0.361 – – – –

NDI −0.336 0.261 −0.246 0.494 0.09 0.792

SF12-PCS −0.215 0.502 0.41 0.313 −0.337 0.415

SF12-MCS 0.007 0.983 −0.197 0.641 −0.122 0.773

C2-C7 mean FCSA
mJOA 0.188 0.581 – – – –

NDI −0.212 0.487 −0.411 0.272 0.066 0.847

SF12-PCS −0.328 0.298 −0.404 0.368 −0.27 0.517

SF12-MCS 0.082 0.801 −0.482 0.273 −0.23 0.584

C2-C7 mean FCSA/CSA
mJOA – – – –

NDI −0.162 0.564 −0.06 0.854 0.148 0.647

SF12-PCS −0.119 0.698 0.123 0.734 −0.273 0.477

SF12-MCS −0.058 0.843 −0.188 0.603 −0.286 0.456

C2-C7 mean CSA Asy
mJOAa 0.470 0.144 – – – –

NDI −0.105 0.734 0.060 0.87 −0.091 0.791

SF12-PCS 0.069 0.832 0.071 0.868 −0.645 0.084

SF12-MCS −0.171 0.596 −0.399 0.327 −0.242 0.563

CSA, cross-sectional area; FCSA, functional cross-sectional area; Asy, asymmetry; CI, confidence interval; mJOA, modified Japanese orthopedic association; NDI, neck disability index; SF-12,

short form 12 health survey questionnaire; MCS, mental component score; PCS, physical component score; r, Pearson correlation coefficient; P: P-value.
aThe mJOA was only available at baseline and 6-week post-surgery.
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despite disruption to normal muscles, may be attributed to pre-

existing muscle dysfunction from spinal stenosis, adaptive

changes in muscle function, incomplete recovery time, surgical

technique, neurological adaptations, and the absence of targeted

rehabilitation (43). A comprehensive exploration of these factors

is crucial for understanding the complexities of post-operative

outcomes in the posterior cervical spine.

Furthermore, there was no significant correlation between pre-

surgery cervical muscle strength or lower fat infiltration and

functional outcomes, as measured by mJOA, NDI, or SF-12

scores. The lack of correlation between pre-surgery neck muscle

parameters and changes in functional scores, as observed in this

study, aligns with some existing literature in the field (10, 12,

17). It is important to note that the relationship between cervical

muscle morphology or strength and functional outcomes in

patients undergoing cervical surgery is complex and

multifactorial (10, 14). While several studies have explored the

impact of cervical muscle characteristics on postoperative

outcomes, findings remain contradictory (8, 11, 12, 28). Such

inconsistency may be attributed to several factors; functional

outcomes after cervical surgery are influenced by a myriad of

variables, including surgical technique, disease severity, patient

age, and comorbidities. These factors can often overshadow the

influence of cervical muscle parameters in predicting functional
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changes. Variations in the methods used to measure muscle

strength and morphology, as well as differences in functional

score assessments, can also contribute to disparities in study

results. Standardization of measurement techniques and

functional assessments is crucial for meaningful comparisons.

The timing of postoperative assessments can also play a

significant role. Muscle recovery and functional improvement

may occur at different rates, and a longer follow-up period might

be necessary to detect potential associations. The absence of

significant associations could be due to limitations in sample size

or statistical power. A larger and more diverse sample may reveal

subtle relationships that were not evident in the current study.

Given these considerations, the fact that our findings revealed no

significant correlations between pre-surgery neck muscle

parameters and changes in functional scores does not necessarily

imply that cervical muscle health is unrelated to postoperative

outcomes. Our findings likely underscore the complexity of

these relationships. More comprehensive analysis, possibly

incorporating multiple variables and a longer follow-up, is

needed to fully elucidate the role of cervical muscles health in

post-surgery outcomes. Future research efforts should continue to

explore this area to provide a clearer understanding of the

intricate interplay between cervical muscle characteristics and

patient outcomes.
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Our study has certain limitations, including the small number of

participants, which makes it difficult to determine how muscle

strength, morphology and functional outcomes could be affected by

surgical approach. Baseline T2-weighted images were acquired from

different institutions, and therefore, the imaging scanner parameters

were not standardized. Our analysis focused on CSA and FCSA

rather than volume, which might provide a more comprehensive

understanding of the three-dimensional morphology of cervical

muscles. Future studies incorporating volume analysis could offer

deeper insights into the structural changes associated with surgical

interventions. Since degenerative muscle changes have primarily

been observed in the extensor muscles compartment in previous

studies examining the relationship between various cervical spine

pathologies and cervical muscle morphology (3, 8, 12), we restricted

our muscle quantitative MRI assessment to this compartment and

did not consider the difference between upper vs. lower cervical

level flexion/extension. The accuracy of measuring muscle strength

in the population may have been influenced by reduced physical

activity, discomfort, and fear of movement. To address this,

incorporating a load cell would have provided a more precise

assessment of the overall strength of the cervical muscles.

Furthermore, only MRI assessment of muscle morphology/

composition was performed, additional measures of cervical muscle

function should be considered in future work. Additionally, it is

important to mention that there have been significant

advancements in deep learning automatic segmentation techniques,

like convolutional neural networks. These methods have been

applied in clinical studies involving patients with DCM (44) and

whiplash (45), enabling quick and precise assessment of the cervical

muscles. Besides, the small sample size and the lack of data from

non-returning participants warrant caution when interpreting the

findings and generalizing them to a broader population. To address

these limitations, future research should focus on larger,

standardized longitudinal studies that integrate advanced imaging

techniques, such as volume analysis and deep learning

segmentation, to better evaluate the morphological and functional

changes in cervical muscles post-surgery.
5 Conclusion

In conclusion, our study aimed to investigate the impact of

cervical fusion surgery on both cervical muscle strength and

morphology. Notably, while our findings did not reach statistically

significant, there was a clear trend for a decrease in cervical

muscle strength two years after surgery in all patients, irrespective

if the surgical approach. However, the surgical intervention

revealed significant alterations in cervical muscle morphology,

resulting in reductions in CSA and FCSA, along with an increase

in CSA asymmetry. While we found significant changes in both

groups, our results do suggest that greater degenerative muscle

changes occurred in patients that had a posterior surgical

approach. Importantly, we did not find any significant bivariate

associations between pre-surgery measurements of neck muscle

strength and neck muscle MRI measurements. These findings

suggest that, within the scope of this study, pre-surgery neck
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muscle characteristics do not appear to directly correlate with

postoperative changes in functional scores. It is crucial to note that

our study was conducted with a limited sample size, and we did

not control the number of levels fused. As a result, our

conclusions should be interpreted with caution, and we

acknowledge the exploratory nature of this study.

Our findings highlight the importance of assessing and

monitoring cervical muscle health in patients undergoing such

procedures and suggest the need for further research with larger

sample sizes, variable fusion construct length and longer follow-up

periods to explore the functional consequences of these

morphological and functional changes. As surgical treatment has a

strong implication in the management of the DCM, a better

understanding of the characteristics and implications of this

treatment on the cervical muscle morphology and function in

patients with DCM may provide valuable insight for more effective

surgery and targeted pre- or post-surgery rehabilitation strategies.
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