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Purpose: Cervical expansive open-door laminoplasty (EOLP) effectively treats multilevel cervical spondylotic myelopathy, but
postoperative axial symptoms (AS) remain common. Fu’s subcutaneous needling (FSN) may alleviate myofascial pain, yet evidence
for postoperative AS is limited.

Methods: Medical records of patients treated at the Department of Spine Surgery, Peking University People’s Hospital, between
August 2023 and December 2024 were reviewed. Based on actual rehabilitation strategies, patients were classified into an FSN group
(n=48) and a control group (n=48). Outcomes were evaluated at four timepoints using VAS, NDI, JOA, cervical sagittal alignment
parameters (C,_; Cobb angle, SVA, T, slope), and cervical ROM. Exploratory subgroup analyses were performed according to pain
severity and age.

Results: Baseline characteristics were comparable between groups. Compared with the control group, the FSN group showed
significantly greater improvement in VAS, NDI, and JOA scores during follow-up (all P < 0.05). The FSN group also demonstrated
better recovery of cervical sagittal alignment, greater cervical ROM, and a shorter duration of neck brace use. These benefits were
maintained at the 12-week follow-up. Subgroup analysis suggested enhanced benefit in patients with higher preoperative pain. No
FSN-related adverse events occurred.

Conclusion: FSN may be a safe and promising adjunct to standard rehabilitation for postoperative AS after EOLP and may be
particularly beneficial in patients with higher baseline pain. Prospective controlled studies are warranted to further validate these
findings.

Keywords: Fu’s subcutaneous needling, cervical posterior expansive open-door laminoplasty, axial symptoms, biomechanical

parameter, neck brace wearing time

Introduction

Multilevel cervical spondylotic myelopathy (MCSM) is a common degenerative disease of the cervical spine that leads to
neurological dysfunction caused by spinal cord compression.! As a leading cause of spinal cord dysfunction in middle-
aged and elderly populations, its incidence continues to rise with the increasing aging of society.” In severe cases, MCSM
can lead to paralysis, which has a significant impact on patients’ quality of life.* Cervical posterior expansive open-door
laminoplasty (EOLP) is a well-established surgical technique for treating MCSM, as it effectively enlarges the spinal
canal, relieves spinal cord compression, and enhances spinal cord perfusion.* Although EOLP generally achieves good
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neurological recovery, postoperative axial symptoms (AS), particularly neck pain and stiffness, remain a common
complication and significantly affect postoperative rehabilitation and long-term outcomes.”

Postoperative AS after cervical laminoplasty is influenced by multiple factors, including surgical technique, posterior
soft-tissue injury, and postoperative management.® Previous studies have shown that cervical sagittal alignment is
associated with axial neck pain and health-related quality of life after cervical laminoplasty.” AS management often
involves the use of cervical collars, which may reduce mechanical stress on the healing cervical spine and alleviate axial
neck pain in the early postoperative period.** However, prolonged use of cervical braces can lead to adverse effects, such
as intervertebral joint capsule stiffness, reduced joint mobility, and atrophy of cervical paraspinal muscles. These
complications may result in chronic pain that persists long after surgery, further limiting cervical spine motion,
exacerbating functional impairment, and reducing overall quality of life.'” Thus, there is a need for more effective and
minimally invasive strategies that can alleviate AS while preserving cervical mobility and facilitating recovery.'!

Fu’s Subcutaneous Needling (FSN) is a novel, minimally invasive therapy that has shown promise in treating
myofascial pain and related conditions.'? Small randomized and controlled studies report short-term reductions in pain
and improvements in function after this technique.'> Recent preclinical work indicates that FSN may modulate
mitochondrial homeostasis and signaling pathways via mechanical effects on subcutaneous connective tissue, producing
changes in tissue stiffness, perfusion, and neuromuscular signaling; however, objective mechanistic validation is still
limited.'*'® Other nonpharmacologic interventions, such as dry needling, acupuncture, electroacupuncture, and low-level
laser therapy, show variable short-term benefit in reviews and trials, while structured physical rehabilitation remains
central to postoperative recovery.'®!'” Accordingly, existing evidence supports considering FSN as a promising adjunct to
multimodal rehabilitation; however, its clinical value for postoperative AS after EOLP remains insufficiently defined.

In this study, we retrospectively analyzed the clinical data of patients who underwent EOLP and subsequently
received FSN treatment for AS. The aim was to explore the potential effectiveness and safety of FSN in this context, and
to preliminarily assess its association with pain relief, functional recovery, cervical mobility, and sagittal biomechanical
parameters.

Materials and Methods
Study Design and Supervision

This retrospective observational study was designed to evaluate the clinical effectiveness and safety of FSN as an
adjunctive treatment for AS after EOLP. Medical records of patients treated at the Department of Spine Surgery, Peking
University People’s Hospital, between August 2023 and December 2024 were reviewed. Approval was obtained from the
Institutional Review Board (No. 2024-159). All procedures were conducted in accordance with institutional ethical
standards and the Declaration of Helsinki.

Study Subjects

A total of 96 patients who underwent EOLP for MCSM and developed axial pain after the procedure were included
(Figure 1). Inclusion criteria: (1) Diagnosis of MCSM confirmed by clinical symptoms and imaging examinations. (2)
Persistent neck and shoulder pain or stiffness after EOLP meeting the diagnostic criteria for AS. (3) Complete follow-up
records for at least 12 weeks were available in the medical system. Exclusion criteria: (1) Concurrent cervical spine
conditions, such as ossification of the posterior longitudinal ligament (long-segment), congenital cervical spine defor-
mities, or ankylosing spondylitis. (2) Cervical spine infections, tuberculosis, primary or metastatic cervical spine tumors,
or severe osteoporosis. (3) History of cervical trauma or previous cervical surgery. (4) Incomplete follow-up data or
follow-up less than 12 weeks.

Classification and Bias Control

Patients were retrospectively categorized into two groups based on the postoperative treatment they received. The FSN
group included patients who underwent FSN in addition to standard rehabilitation (n=48), while the control group
consisted of those who received standard rehabilitation alone (n=48). FSN was considered an adjunctive treatment for
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Assessed for eligibility (n=124)

Enrollment > | Not meeting eligibility criteria (screening, n=4)
Eligible patients reviewed (n=120)
y v
FSN group (n=60) Control group (n=60)
Follow-up v
Lost to follow-up (n=8) Lost to follow-up (n=7)
SSI (n=1) SSI (n=2)
Self-withdrawal (n=3) Poor adherence (n=3)
,
Analyzed (n=48) Analyzed (n=48)

Figure | Flowchart of patient screening, grouping, follow-up, and final analysis. Patients were retrospectively grouped according to the postoperative treatment actually
received.
Abbreviations: FSN, Fu’s subcutaneous needling; SSI, surgical site infection.

patients with evident postoperative axial symptoms after EOLP. The decision to add FSN was made by the attending
physicians based on the patient’s axial symptoms, physical examination findings, willingness to receive FSN, and
absence of contraindications. Clinical data were extracted and analyzed by independent evaluators who were not
involved in patient care, in order to reduce potential assessment bias.

Treatment Modalities

1. Control group: The control group received a standardized postoperative rehabilitation program. During hospita-
lization, patients were encouraged to mobilize within the limits permitted by the surgeon and received instruction
in basic cervical range-of-motion and posture-correction exercises. After discharge, patients were advised to attend
outpatient rehabilitation follow-up approximately once every two weeks for four weeks. Each follow-up session
included supervised guidance on cervical mobility, deep neck flexor strengthening, scapular stabilizer activation,
and postural correction. Patients were instructed to continue these exercises at home under self-monitoring, with
periodic adjustments during outpatient follow-up.

2. Treatment group: In addition to the standardized rehabilitation described above, the FSN group received FSN
therapy following a standardized institutional protocol. Single-use sterile FSN needles (Nanjing Paifu Medical
Science and Technology Company, Nanjing, China) were used for all sessions. Treatments began after removal of
the postoperative drainage tube and were completed during hospitalization, typically totaling two to three sessions
depending on the patient’s length of stay. Each session lasted approximately three minutes. After disinfection of
the skin with 75% ethanol, an FSN needle was swiftly inserted through the skin into the subcutaneous layer. The
needle was advanced until the tip gently contacted the muscular surface, then slightly withdrawn to remain within
the subcutaneous plane. It was then directed parallel to the skin toward the symptom-related myofascial trigger
points and moved with gentle sweeping manipulation to engage the local connective tissue. In this study, FSN was
mainly targeted at myofascial trigger points associated with postoperative axial symptoms rather than fixed
acupuncture points. These trigger points were identified in painful or stiff areas of the posterior cervical and
cervicothoracic shoulder region by palpation, based on localized tenderness, palpable myofascial tension, and
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reproduction of the patient’s familiar axial pain. All treatments were performed by licensed practitioners trained in
FSN, under aseptic conditions. Any immediate adverse reactions such as bleeding, infection, vasovagal response,
or severe local pain were recorded and monitored.

3. Postoperative management, including analgesic administration, rehabilitation schedule, and brace-weaning strategy,
was standardized in both groups according to the same institutional postoperative pathway. Neck brace removal
followed the same institutional criteria and was guided by early postoperative stability, wound condition, pain
tolerance, cervical muscle spasm, and the patient’s ability to maintain head and neck posture during mobilization.

Main Observations
1. Visual Analog Scale (VAS): Pain severity quantified using the VAS, a validated tool for pain assessment on a scale
of 0 (no pain) to 10 (worst pain).
2. Neck disability index (NDI): A 10-item questionnaire evaluating the impact of cervical symptoms on daily
functioning, scored from 0 to 50 (higher scores indicate greater disability).
3. Japanese Orthopaedic Association (JOA) score: A measure of neurological function, with a maximum score of 17.
Lower scores indicate worse neurological status.

Biomechanical Cervical Spine Parameters
1. C,.; Cobb angle (Figure 2): The angle between the tangent line of C, and the lower endplate of C; on lateral
cervical spine radiographs. This angle can effectively assess the cervical curvature.

Figure 2 Measurement of cervical sagittal parameters on lateral radiographs. C,_; Cobb angle was measured as the angle between the lines tangent to the inferior endplates
of C, and C;. C,_; sagittal vertical axis was measured as the distance from the plumb line of C, to the posterior-superior corner of C;. The T, slope was measured as the
angle between the superior endplate of T, and the horizontal line.

Abbreviation: SVA, sagittal vertical axis.
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2. C,_; Sagittal Vertical Axis (SVA): The distance from the plumb line over the midpoint of the C, vertebra to the
posterior-superior angle of the C; vertebra on lateral cervical spine radiographs.

3. Ty Slope: The angle between the plane of the endplate on the T; vertebra and the horizontal plane on lateral
cervical radiographs.

4. Cervical range of motion (ROM): The C,;, Cobb angle is measured separately in the extension and flexion
positions. A positive cervical Cobb angle represents physiological lordosis (anterior sagittal curvature of the
cervical spine), whereas a negative value indicates kyphotic deformity (posterior sagittal curvature). The formula
used for cervical ROM: Cervical ROM = C,_; Cobb angle in extension — C,_; Cobb angle in flexion.

Follow-Up and Assessment Schedule
Clinical evaluations documented in the medical records were retrospectively reviewed at four predefined timepoints:
preoperatively, postoperative day 3, post-rehabilitation/before discharge, and the 12-week outpatient follow-up. Data
included pain levels, functional scores, and radiographic findings.

Postoperative neck brace management in both groups followed the routine institutional protocol. Brace weaning was
determined according to the treating team’s clinical assessment, including wound condition, early postoperative stability,
pain tolerance, and the patient’s ability to maintain head and neck posture safely during mobilization and rehabilitation.

Supplementary Material
Supplementary materials are provided and include Bonferroni-adjusted post hoc pairwise comparisons based on

estimated marginal means for outcomes across four timepoints (Pre-op, Post-op 3 days, Post-rehab, and Post-op 3
months) in both the FSN and control groups. Supplementary Table S1 reports pairwise comparisons of VAS scores.

Supplementary Table S2 reports pairwise comparisons of NDI scores. Supplementary Table S3 reports pairwise

comparisons of JOA scores. Supplementary Table S4 reports pairwise comparisons of the C,; Cobb angle.

Supplementary Table S5 reports pairwise comparisons of C,_; SVA. Supplementary Table S6 reports pairwise compar-

isons of the T, slope. Supplementary Table S7 reports pairwise comparisons of cervical ROM. All supplementary tables

apply the Bonferroni correction for multiple comparisons.

Statistical Analysis

Statistical analyses were performed using SPSS (Statistics for Windows, Version 22.0, IBM Corp., Chicago, IL, USA)
and R software (version 4.4.2; R Foundation for Statistical Computing, Vienna, Austria). Continuous variables were
expressed as mean + standard deviation (SD), and categorical variables as frequencies or percentages. Between-group
comparisons were conducted using the independent-samples ¢-test or Mann—Whitney U-test for continuous data, and the
chi-square test for categorical data. Changes over time within and between groups were assessed using repeated-
measures ANOVA with Bonferroni-adjusted post hoc comparisons, and between-group differences at each follow-up
time point were further examined using independent-samples tests. Exploratory subgroup analyses were performed using
generalized linear models adjusted for baseline VAS, BMI, and surgical parameters. Patients were stratified by
preoperative pain, postoperative pain, and age according to median cutoffs. Detailed Bonferroni-adjusted post hoc
pairwise comparisons for clinical and radiographic outcomes are provided in Supplementary Tables S1-S7. Two-sided

p-values < 0.05 were considered statistically significant.

Results

Baseline Characteristics

A total of 96 patients who met the inclusion criteria were retrospectively categorized into two groups based on the
treatment they received: the FSN treatment group (n=48) and the standard rehabilitation group (n=48). Baseline
demographic and perioperative characteristics were comparable between the two groups (Table 1). Clinical and radio-
graphic outcomes before and after rehabilitation are summarized (Tables 2—4).
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Table 3 Comparison of Function Indicators Between Groups:

Table | Baseline Comparisons Between the Two Groups (Mean * SD)

Items FSN Group (n=48) | Control Group (n=48) | X%/t Value | P Value
Male/Female (n) 35/13 32/16 0.45 0.51
Age (years) 68.41+19.36 71.37+17.53 0.79 0.50
Postoperative tube placement time (day) | 4.15%1.17 4.27+1.02 0.54 0.59
BMI (kg/m?) 22.18+3.37 22.04+3.28 0.21 0.84
Surgical segment (a/b/c) 5/19/24 8/16/24 0.95 0.62
Intraoperative bleeding (mL) 241.41+34.27 235.73+41.53 0.73 0.47

Note: Surgical segment: a, C34, b, C47. ¢, C3.7.
Abbreviation: BMI, Body Mass Index.

Table 2 Comparison of Function Indicators Across Groups: Pre-op, Post-op 3 Days, Post-
Rehab, and 3-Month Post-op Evaluation (Mean * SD)

Time Node FSN Group (n=48) Control Group (n=48)

VAS NDI JOA VAS NDI JOA
Pre-op 65+1.0 | 233432 | 82408 6.2+1.3 227430 | 8.0£0.9
Post-op 3 days 52+1.0° | 14242.0° | 115212 | 55£1.0° | 13.9£1.8" | 11.3£1.2°
Post-rehab 2.320.8%° | 104£1.9%° | 13.4£0.9%° | 3.2%1.1°° | 11.6£2.0®° | 12,914
Post-op 3 months | 1.920.8%° | 7.2£1.6™*° | 14.4£0.8% | 2.3£0.8°* | 8.5£1.9%° | 14.0£0.7°*
F-value 198373 | 295.248 532413 136.048 | 218.505 494.602
P-value p<0.00l | p<0.00I p<0.00| p<0.001 p<0.00| p<0.00|

Notes: Superscript letters indicate statistically significant pairwise differences after Bonferroni correction (P < 0.05).
Specifically, a, b, and c denote significant differences compared with Pre-op, Post-op 3 days, and Post-rehab,

respectively.

Abbreviations: Pre-op, preoperative; Post-op, postoperative; Post-rehab, post-rehabilitation; VAS, Visual Analog
Scale; NDI, Neck Disability Index; JOA, Japanese Orthopaedic Association.

Post-op 3 Days, Post-Rehab, and 3-Month Post-op Evaluation (Mean * SD)

Group Post-op 3 Days Post-Rehab Post-op 3 Months
VAS NDI JOA VAS NDI JOA VAS NDI JOA
FSN group (n=48) 14.24£2.0 11.5%1.2 2.3+0.8 10.4£1.9 13.4£0.9 7.2%1.6 14.4+0.8
Control group (n=48) 5.5+1.0 13.9£1.8 11.3£1.2 3.2+1.1 11.6£2.0 12.9+1.4 .320. .5+ 1. 14.0£0.7
Mean Difference (95% Cl) -0.25 0.23 0.21 -0.88 -1.15 0.50 -0.40 -1.29 0.40
(-0.67, 0.17) (—0.54,1.00) (-0.27,0.69) (—1.26,-0.49) (-1.93,-0.37) (0.02,0.98) (-0.72,-0.07) (-2.02,-0.57) (0.09,0.70)
t-value 1.188 0.592 0.867 4.545 2.920 2.072 2.398 3.546 2.553
P-value 0.238 0.555 0.388 p<0.001 0.004 0.041 0.018 p<0.001 0.012

Abbreviations: Pre-op, preoperative; Post-op, postoperative; Post-rehab, post-rehabilitation; VAS, Visual Analog Scale;

Orthopaedic Association; 95% Cl, 95% confidence interval.

Cervical Functional Indicators
Retrospective analysis of follow-up data showed significant time-dependent improvement in cervical functional out-

NDI, Neck Disability Index; JOA, Japanese

comes in both groups, with superior post-rehabilitation and 12-week outcomes in the FSN group (Table 2 and Table 3).

Prior to rehabilitation, no statistically significant differences were observed between the FSN group and the control group

in neurological functional parameters, including the JOA score, VAS score, and NDI score (P > 0.05), indicating baseline

comparability. However, after rehabilitation treatment, the FSN group exhibited superior outcomes compared to the

control group. Specifically, at the post-rehabilitation assessment and the final follow-up, the FSN group showed lower

https:
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Table 4 Comparison of Imaging Parameters Between Groups: Pre-op, Post-op 3 Days, Post-Rehab, and 3-Month Post-op Evaluation
(Mean + SD)

Time Node FSN Group (n=48) Control Group (n=48)
CZ_7 CZ_7 T| ROM CZ_7 CZ_7 T| ROM
Cobb (°) SVA (mm) | slope (°) (@) Cobb (°) | SVA (mm) | slope (°) (@)
Pre-op 21219 222+4.6 37.5+3.7 32,619 21.4+1.7 22.5+4.4 36.2+38 32.8+2.0
Post-op 3 days 248+ .6° 16.3+3.7° 32.1432° 26.5+0.8° 249423 | 16.7+2.8° 32.7£2.4° 26.4+1.0°
Post-rehab 28.8+1.8° | 12443, 27.6+2.5% 30.1£0.9%° 27.5+2.6%® | 14.0+3.3% 28.9+3.0% 28.7+0.6™

Post-op 3 months | 29.8+2.1°°¢ | 8.9+2.8% 24.9£2.9%¢ | 34.7x1.3% 28.1£2.7°° | 102432 | 26.0+2.7% 32.7£1.0%

F-value 149.669 109.424 126.133 531.160 93.485 88.593 87.500 336.785
P-value p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001

Notes: Superscript letters indicate statistically significant pairwise differences after Bonferroni correction (P < 0.05). Specifically, a, b, and ¢ denote significant differences
compared with Pre-op, Post-op 3 days, and Post-rehab, respectively.
Abbreviations: Pre-op, preoperative; Post-op, postoperative; Post-rehab, post-rehabilitation; ROM, range of motion; SVA, sagittal vertical axis.

VAS and NDI scores and a higher JOA score than the control group (all P < 0.05). At postoperative day 3, no significant
between-group differences were observed in VAS, NDI, or JOA scores (all P > 0.05). These findings indicate that FSN
was associated with better postoperative pain relief and functional recovery during follow-up (Table 3).

Cervical Spine Sagittal Balance Parameters

Serial imaging results showed significant time-dependent changes in cervical parameters in both groups (Table 4).
Between-group comparisons further showed greater improvement in cervical sagittal parameters in the FSN group at
post-rehabilitation and 3-month follow-up (Table 5). Prior to rehabilitation treatment, no statistically significant
differences were observed in cervical sagittal balance parameters, including the C,_; Cobb angle, C,.; SVA, and T,
slope, between the FSN group and the control group (P > 0.05), indicating baseline comparability. Following
rehabilitation treatment, significant improvements in cervical sagittal balance parameters were observed in both
groups. In the FSN group, the C,.; Cobb angle increased significantly, while the C,.; SVA and T, slope showed
marked decreases compared to preoperative values (P < 0.05). At the final follow-up, the FSN group demonstrated
greater improvement in cervical sagittal balance parameters than the control group, including a larger C, ; Cobb
angle, a smaller C,_; SVA, and a lower T slope (all P < 0.05, Table 5), indicating better postoperative recovery of
cervical sagittal alignment.

Table 5 Comparison of Imaging Parameters Between Groups: Post-op 3 Days, Post-Rehab, and 3-Month Post-op Evaluation (Mean + SD)

Group Post-op 3 Days Post-Rehab Post-op 3 Months

Cy7 Cyy T C,y C,y T, Cyy Cyy T,

Cobb (°) SVA (mm) slope (°) Cobb (°) SVA (mm) slope (°) Cobb (°) SVA (mm) slope (°)
FSN group (n=48) 24.8%1.6 16.3£3.7 32.1%£32 28.8+1.8 12.4+3.1 27.6%2.5 29.8+2.1 8.9+2.8 24.9+2.9
Control group (n=48) 249423 16.7£2.8 327424 27.5£2.6 14.0+£3.3 28.9+3.0 28.1+2.7 10.243.2 26.0+2.7
Mean Difference (95% Cl) -0.02 —0.40 -0.54 1.19 —1.64 -1.30 1.75 -1.33 -1.14

(-0.82,0.78) | (-1.73,093) | (-1.69,062) | (0.40,2.18) | (-2.92,-0.35) | (-243,-0.17) | (0.77,273) | (-2.54-0.12) | (-2.27,-0.01)
t-value 0.041 0.598 0919 2.869 2.533 2.275 3.550 2.179 2.008
P-value 0.967 0.552 0.361 0.005 0.013 0.025 p<0.001 0.032 0.047

Abbreviations: Pre-op, preoperative; Post-op, postoperative; Post-rehab, post-rehabilitation; SVA, Sagittal vertical axis; 95% Cl, 95% confidence interval.
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Cervical Spine Mobility and Neck Brace Wearing Time

Cervical mobility was comparable between the FSN group and the control group prior to rehabilitation, with no
statistically significant differences observed (P > 0.05). Significant improvements in cervical mobility were observed
in both groups during follow-up. Compared with the control group, the FSN group achieved greater ROM recovery at the
post-rehabilitation and 3-month assessments (both P < 0.05, Figure 3 and Table 6). In addition, the mean duration of neck
brace use was significantly shorter in the FSN group than in the control group (P < 0.001, Table 6).

Exploratory Subgroup Analysis

Exploratory subgroup analysis showed that the magnitude of benefit associated with FSN appeared greater in patients
with higher preoperative pain. In this subgroup, FSN was associated with significantly greater pain improvement than
standard rehabilitation (RR = 1.59, 95% CI 1.09-2.32, P = 0.016, Figure 4), whereas no significant difference was
observed in patients with lower baseline pain.

Discussion

MCSM is a common degenerative condition of the cervical spine. As the disease progresses, spinal cord compression not
only results in significant impairment of patients’ quality of life but also imposes substantial economic burdens on society
and healthcare systems.'® In 1977, Hirabayashi introduced the concept of EOLP, a procedure designed to expand the
spinal canal by unilaterally opening the door of the lamina. This technique effectively preserves spinal stability compared
to traditional laminectomy by minimizing structural destruction.'” However, the persistence of postoperative AS remains
a well-documented concern. Patients with AS often experience neck and shoulder pain, stiffness, or limitations in motion
that can significantly impact their long-term quality of life.?’ The primary etiology of AS is thought to involve stripping
and injury to the posterior cervical muscles and their attachment points during surgical exposure.”! After surgery,
muscles such as the trapezius, rhomboid, and cervical semispinalis may undergo atrophy, fibrosis, or scar formation,

Figure 3 Representative cervical flexion—extension radiographs showing cervical range of motion in the control and FSN groups. Panels a—d show the control group, and
panels e-h show the FSN group. Cervical ROM was calculated as the C,_; Cobb angle in extension minus the C,_; Cobb angle in flexion.
Abbreviations: FSN, Fu's subcutaneous needling; ROM, range of motion.
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Table 6 Comparative Analysis of Duration of Neck Brace Wear and Changes in ROM Across Groups (Mean * SD)

Group Neck Brace Wearing ROM (°)

Time (d)

Post-op 3 Days Post-Rehab Post-op 3 Months

FSN group (n=48) 11.6+2.8 26.5+0.8 30.1+0.9 34.7%13
Control group (n=48) 33.443.1 26.4x1.0 28.7+0.6 32.7%1.0
Mean Difference (95% ClI) —21.77(-22.98,-20.57) 0.11(-0.26,0.48) 1.36(1.06,1.67) 2.01(1.55,2.48)
t-value 35.834 0.581 8.787 8.601
P-value <0.001 0.563 <0.001 <0.001

Abbreviations: Pre-op, preoperative; Post-op, postoperative; Post-rehab, post-rehabilitation; ROM, Range of motion; 95% Cl, 95% confidence
interval.

leading to persistent pain and stiffness.”* Furthermore, the supraspinous and interspinous ligaments, crucial for cervical
stability and serving as muscle attachment points, are severed during EOLP, exacerbating the development of AS.*
Changes in cervical alignment, such as reduced cervical lordosis or kyphosis, may impose additional strain on the
cervical posterior muscles, further contributing to discomfort.** Although EOLP preserves portions of the lamina and
spinous structures, thereby having a relatively small impact on cervical mobility, postoperative AS often results in
subjective activity limitations. At long-term follow-up, some patients exhibit decreased cervical mobility, likely due to
posterior cervical muscle stiffness and alterations in cervical curvature. These findings support the consideration of
additional interventions to potentially mitigate AS and improve long-term recovery for patients undergoing EOLP.
Management of postoperative AS typically involves Nonsteroidal anti-inflammatory drugs (NSAIDs) as the first-line
therapy for pain relief and reduction of inflammation.”> However, the long-term use of NSAIDs is often limited by
adverse effects, including gastrointestinal discomfort, cardiovascular risks, and renal impairment.”® Therefore, physical
therapy has become an increasingly important adjunctive approach, focusing on muscle recovery, strength enhancement,
and pain reduction to improve overall quality of life.”” Neck braces may also be prescribed postoperatively to limit
cervical motion and reduce muscle strain, thereby alleviating pain and discomfort. But long-term use of neck braces may
bring a series of adverse effects. Prolonged use of neck braces can limit normal cervical spine movement and keep the
small joints immobilized for a long period of time, resulting in reduced circulation of synovial fluid, which may lead to
joint stiffness or functional deterioration. In addition, the lack of normal movement may also lead to degeneration of the
cartilage of the small joints, increasing the risk of degenerative joint disease. At the same time, the immobilizing effect of
the neck brace reduces the normal activity of the neck muscles, leading to muscle atrophy and ligamentous laxity,
weakening the supportive effect of the triple-joint complex on the stability of the cervical vertebrae, and further affecting

Variables n (%) Pvalue RR(95% ClI) P for interaction
All patients 96(100.0) 0.182 1.19 (0.92-1.55) @
Stratified by VAS of Pre-op 0.037
VAS <6 51(53.1) 0.524 0.88 (0.59 - 1.30) —o—
VAS >6 45(46.9) 0.016 1.59 (1.09 - 2.32) —@—
Stratified by VAS of Post-op 0.461
VAS <5 54(56.2) 0.838 1.05 (0.67 - 1.63) —@—
VAS >5 42(43.8) 0.103 1.52 (0.92 - 2.52) —O—
Stratified by age 0.306
age <60 48(50.0) 0.136 1.39 (0.90 - 2.13) —@—
age >60 48(50.0) 0.801 0.94 (0.60 - 1.48) ——

) ) ) I 1 ) 1
0 05 1 156 2 25 3

Figure 4 Forest plot of exploratory subgroup analyses comparing FSN with standard rehabilitation. Subgroups were stratified by preoperative VAS score, postoperative VAS
score, and age. The highlighted bold P value (P = 0.016) indicates the significant result observed in the subgroup with preoperative VAS > 6.
Abbreviations: FSN, Fu’s subcutaneous needling; VAS, Visual Analog Scale; RR, risk ratio; Cl, confidence interval.
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cervical spine stability and physiological curvature.”® Consequently, it is essential to avoid prolonged brace use and
incorporate structured rehabilitation training to restore cervical spine dynamics, improve muscle and ligament function,
and prevent degeneration of the triple-joint complex.

This retrospective study provides preliminary evidence that Fu’s subcutaneous needling may be a safe adjunct to
conventional rehabilitation for postoperative AS after EOLP. In the present study, patients who received FSN in addition
to standard rehabilitation experienced greater pain relief, better recovery of cervical sagittal alignment, and greater
postoperative ROM than those who received standard rehabilitation alone. These improvements may collectively
contribute to better functional recovery and quality of life. These findings are consistent with prior studies showing
the effectiveness of FSN for musculoskeletal pain, particularly in the neck and back regions.'*'? Previous studies have
suggested that FSN may act through several mechanisms, including targeting myofascial trigger points, reducing muscle
adhesions, promoting local blood circulation, and modulating neuromuscular function, which may contribute to pain
relief and improved cervical biomechanics.'? FSN also appears to enhance proprioceptive function, as shown in previous
studies on acupuncture and neuromuscular coordination in patients with cervical spondylosis. This is particularly relevant
for patients with neck pain, as proprioceptive improvement not only increases the accuracy of head repositioning but also
reduces pain intensity and restores cervical ROM.?**° Together, these studies suggest that FSN may have potential
advantages in treating postoperative AS.

Our study further emphasizes the importance of cervical sagittal parameters, such as C,_; Cobb angle, C,.; SVA, and
T; slope, in postoperative recovery. The importance of cervical spine biomechanical imbalance has received increasing
attention as research on spinal sagittal balance and its impact on patient function and quality of life has progressed.
Imbalances in cervical sagittal alignment may lead to persistent AS, limited mobility, and diminished quality of life.”’
Bebenek et al demonstrated that biomechanical parameters such as cervical lordosis and SVA are important predictors of
postoperative recovery outcomes.’* In line with this, our findings showed that FSN was associated with significant
improvements in major biomechanical parameters, including T1 slope and ROM. These changes may be related to pain
relief, reduced posterior muscle stiffness, and improved cervical mobility during postoperative recovery. Fujibayashi et al
found that patients with insufficient neck muscle strength were more likely to develop AS.*® Yu et al suggest that shorter
brace use and early mobilization improve cervical mobility and reduce long-term symptoms.** Consistent with this, our
study found that patients in the FSN group showed greater improvements in T; slope and cervical ROM during
postoperative recovery. These findings may be related to reduced posterior muscle stiffness and improved cervical
biomechanical function, potentially contributing to a lower risk of persistent AS. Wu et al highlighted the safety of FSN
in the treatment of chronic musculoskeletal pain, which aligns with the findings of the present study.®> During the 12-
week follow-up period, no significant adverse events were observed in the FSN group. As a micro-invasive therapy, FSN
may avoid the risks associated with long-term medication use, such as gastrointestinal and cardiovascular complications,
as well as the potential hazards of invasive procedures like nerve blocks. Its micro-invasive nature and minimal risk
profile make FSN particularly suitable for postoperative patients, potentially supporting recovery while minimizing
treatment-related complications.

In addition, our exploratory subgroup analysis suggested that patients with higher baseline or early postoperative pain
experienced more pronounced improvement following FSN. This finding may indicate that patients with more severe
postoperative axial symptoms or myofascial hyperactivity are more likely to benefit from adjunctive FSN treatment. One
possible explanation is that these patients may have greater soft-tissue tension and neuromuscular dysfunction, making
them more responsive to the mechanical modulation effects of FSN.*® Therefore, FSN may have potential value as an
adjunctive component of postoperative pain management and comprehensive rehabilitation for selected patients with
persistent axial symptoms after EOLP. However, this finding remains exploratory, and future studies are needed to
optimize the postoperative application protocol of FSN and clarify its underlying mechanisms.

Despite its promising findings, this study has several limitations. First, the retrospective non-randomized design
means that residual confounding cannot be excluded. Although both groups followed the same institutional post-
operative pathway, individual analgesic exposure was not quantitatively analyzed. In addition, the exploratory
subgroup analyses were based on dichotomized variables, and the clinical relevance of some statistically significant
changes was not further assessed using predefined MCID thresholds. Second, this was a single-center study with
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a modest sample size and a 12-week follow-up, which may limit generalizability and assessment of long-term
durability. Further prospective studies with standardized FSN protocols and longer follow-up are needed to confirm
these findings.

Conclusion

AS substantially affects the quality of life after posterior cervical surgery when persistent neck pain and stiffness occur.
Although EOLP effectively relieves spinal cord compression and improves neurological function, postoperative AS may
reduce overall patient satisfaction. In this retrospective observational study, FSN combined with standard rehabilitation
was associated with greater pain relief, better functional recovery, improved cervical sagittal alignment, and greater
cervical ROM than standard rehabilitation alone in patients with postoperative axial symptoms after EOLP. No obvious
FSN-related adverse events were observed during the 12-week follow-up. These findings suggest that FSN may be
a promising adjunctive modality associated with improved postoperative recovery, although further prospective studies
are warranted to confirm its efficacy, optimize its postoperative application protocol, and determine best practices for
implementation.

Abbreviations

AS, Axial symptoms; C,; SVA, C,_, sagittal vertical axis; EOLP, Expansive open-door laminoplasty; FSN, Fu’s
subcutaneous needling; MCSM, Multilevel cervical spondylotic myelopathy; JOA, Japanese Orthopedic Association
score; ROM, Range of motion; VAS, Visual Analog Score.
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