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Figures

Figure 1. Patient selection process ACDF, anterior cervical discectomy, and fusion; ADR, artificial

disc replacement; VBSO, vertebral body sliding osteotomy; n, numbers; CCLF, cord compression by

ligamentum flavum

710 patients with degenerative
cervical myelopathy

A N A
Posterior approach Anterior approach Combined approach
(n=317) (n=369) (n=24)
\ 4 h 4 A 4
Laminoplast Laminectomy and ACDF + Laminectomy
a(r: _02%3? Y fusion and fusion
B (n=60) (n=24)
A 4 A \ 4
ADR ACDF VBSO
(n=13) (n=314) (n=42)

Exclusion criteria

- Infection, tumor, fracture (n = 15)
- Simultaneous posterior operation
(n = 17)

- Revision operation (n = 23)

A

259 patients

Y

Follow-up loss (n = 64)

A

195 patients included

A

No-CCLF group CCLF group
(167 patients) (28 patients)
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Figure 2. Cord compression by ligamentum flavum grade (A) Grade 0, no ligamentum flavum
buckling or hypertrophy. Despite cord compression, cerebrospinal fluid (CSF) space can be seen at the
posterior aspect of spinal cord. (B) Grade 1, mild ligamentum flavum buckling. CSF space posterior to
spinal cord is obliterated. However, posterior line of spinal cord can be seen as a smooth line. (C) Grade

2, ligamentum flavum buckling and hypertrophy. Spinal cord is compressed by ligamentum flavum and

indentation of posterior margin of cord is identified.
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Figure 3. Radiographic assessment (A) C2-C7 lordosis was measured as Cobb angle between the
lower endplate of C2 and C7 (a). C2-C7 sagittal vertical axis (SVA) was defined as the distance from
the posterosuperior corner of C7 and the vertical line from the center of the C2 body (b). Segmental
lordosis was measured at the index level by the angle between the lines passing through the upper
endplate of the upper vertebra and the lower endplate of the lower vertebra (c). (B) Disc height was
measured in sagittal CT image targeting the midline by the following method. First, a bisecting line was
drawn through the centers of A-B and A’-B’. The sum of the shortest distances from the midpoint of the
upper and lower endplates to the bisecting line (a + b) was recorded as disc height. (C) Canal width was

measured at a level without stenosis as a length between the anterior and posterior margin of the spinal

canal measured in a sagittal T2 MRI targeting the midline (dashed line).
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Figure 4. Illustrative case A 68-year-old male presented with hand clumsiness and tingling sensation
in the upper extremity. His preoperative JOA score was 16. (A) Sagittal T2 MRI demonstrates cord
compression at C4-5 levels attributed to soft disc herniation and grade 2 CCLF. (B) Preoperative Axial
T2 MRI at C4-5 level also shows significant cord compression. (C) ACDF C4-5 was performed for
decompression. (D) Postoperative sagittal T2 MRI shows successful anterior spinal cord margin
restoration by removing anterior compressive pathologies. However, ligamentum flavum buckling at
the posterior aspect of the spinal cord remains. (E) The spinal cord is not sufficiently decompressed in

axial T2 MRI despite discectomy since CCLF limits the space available for the spinal cord. JOA score

at postoperative 2 years was 16, which did not change compared to preoperative assessment.
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Tables

Table 1. Baseline patient characteristics

No-CCLF group CCLF group
Variables P value
(n=167) (n=28)

Age 62.2+10.5 63.448.1 0.534
Sex (M:F) 96:71 16:12 1.000
BMI (kg/m?) 25.0+£2.4 25.3+4.6 0.709
HTN 53 (31.7%) 15 (53.6%) 0.281
DM 22 (13.2%) 6 (21.4%) 0.250
Smoking status 35 (21.0%) 4 (14.3%) 0.610
Combined OPLL 23 (13.8%) 5(17.8%) 0.576
Preoperative CSC grade

0 61 (36.5%) 12 (42.9%)

0.622

1 70 (41.9%) 9(32.1%)

2 36 (21.6%) 7 (25/0%)
Number of levels fused 1.9+0.8 2.0£0.7 0.634
Follow-up period 57.5+33.5 64.6+33.4 0.298

CCLF, cord compression by ligamentum flavum; M, male; F, female; BMI, body mass index; HTN,
hypertension; DM, diabetes mellitus; OPLL, ossification of the posterior longitudinal ligament; CSC,
cord signal change

Categorial variables were analyzed using the chi-square test

Continuous variables were analyzed using the Student’s t-test
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Table 2. Radiographic results

Variables No-CCLF group CCLF group P value

C2-C7 lordosis 9.5+0.1 11.0+£10.3 0.415

C2-C7 SVA 20.6+11.1 24.5+13.1 0.097

Segmental lordosis 2.0+3.6 3.4+5.0 0.087

Preoperative

Disc height 4.3+0.9 4.3+0.8 0.957

Canal width 9.8+1.1 9.6£1.2 0.456

Spondylolisthesis 9 (5.4%) 8 (28.6%) 0.001%*

C2-C7 lordosis 13.9+£8.5 12.247.0 0.182

Postoperative C2-C7 SVA 18.249.3 22.3+9.8 0.135
3 months Segmental lordosis 4.9+4.2 5.1£2.7 0.827
Disc height 6.8+£0.6 6.9+0.9 0.167

C2-C7 lordosis 13.6+£7.7 13.246.7 0.747
Postoperative C2-C7 SVA 18.1£9.8 20.6+9.5 0.141
2 years Segmental lordosis 47433 4343.0 0.399
Disc height 5.8+0.7 6.1£0.7 0.072

CCLF, cord compression by ligamentum flavum; SVA, sagittal vertical axis
Categorial variables were analyzed using chi-square test

Continuous variables were analyzed using Student’s t-test
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Table 3. Patient reported outcome measures

no-CCLF group CCLF group P value

Preop 4.0+£2.5 4.1+2.4 0.435

Neck pain VAS Postop 3M 1.8+£2.0 1.7£2.4 0.883
Postop 2Y 1.9£2.2 22429 0.556

Preop 4.7£2.7 5.2+1.8 0.521

Arm pain VAS Postop 3M 2.5€2.7 2.3£2.6 0.691
Postop 2Y 2.8+2.8 3.5£3.3 0.087

Preop 14.1£2.3 14.0+1.9 0.822

JOA score Postop 3M 15.242.0 14.3+2.4 0.037*
Postop 2Y 15.242.0 13.842.6 0.001*

Postop 3M 52.6£80.5 34.9+62.1 0.287

JOA recovery rate

Postop 2Y 56.4+71.4 25.6+86.9 0.042*

CCLF, cord compression by ligamentum flavum; M, months; Y, years; VAS, visual analogue scale; JOA,
Japanese Orthopedic Association

* P <0.05
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Table 4. Multiple regression analysis demonstrating factors associated with JOA recovery rate

Standardized 95% confidence interval
Variables t P value
beta coefficient

Lower Upper
CCLF grade 2 -0.155 -64.417 -0.862 -2.027 0.044*
Spondylolisthesis -0.019 -44.221 34.318 -0.249 0.804

CCLF, cord compression by ligamentum flavum
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Table S. Logistic regression analysis demonstrating factors associated with JOA recovery rate of >50%

Variables Odds ratio 95% confidence interval P value
Age 0.998 0.970 - 1.028 0.903
Sex 1.092 0.595 - 2.005 0.776
BMI 0.932 0.854-1.016 0.111
HTN 0.670 0.350-1.283 0.227
DM 1.245 0.533-2.913 0.613
Smoking status 1.111 0.518 -2.382 0.787
Number of levels fused 1.347 0.903 - 2.009 0.144
CSC grade 1.022 0.692 — 1.509 0.915
CCLF grade 2 2.719 1.120 - 6.601 0.027*
Segmental height (preop) 1.366 0.585-3.189 0.470
C2-C7 lordosis (preop) 1.004 0.971 - 1.038 0.807
C2-C7 SVA (preop) 1.002 0.976 - 1.029 0.862
Segmental lordosis (preop) 1.035 0.955-1.121 0.400
Canal width 1.082 0.834 - 1.403 0.555
Spondylolisthesis 1.770 0.587 -5.334 0.310
Segmental height (postop 3M) 1.373 0.875-2.155 0.168
C2-C7 lordosis (postop 3M) 1.011 0918—-1.113 0.826
C2-C7 SVA (postop 3M) 1.046 0.918 - 1.085 0.345
Segmental lordosis (postop 3M) 0.826 0.918-1.113 0.826
Segmental height (postop 2Y) 1.440 0.825 - 2.205 0.215
C2-C7 lordosis (postop 2Y) 0.992 0.947 -1.040 0.745
C2-C7 SVA (postop 2Y) 1.027 0.991 — 1.064 0.142
Segmental lordosis (postop 2Y) 0.955 0.858 — 1.062 0.397

CCLF, cord compression by ligamentum flavum; BMI, body mass index; HTN, hypertension; DM,
diabetes mellitus; CSC, cord signal change; SVA, sagittal vertical axis; M, months; Y, years
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Table 6. Subgroup analysis within CCLF group comparing patients who demonstrated JOA score

improvement with patients who did not improved

Variables Improvement No Improvement » value
(n=14) (n=14)
Age 65.4+7.3 67.1£9.1 0.603
Sex (M : F) 7:7 9:5 0.704
BMI (kg/m?) 22.9+2.8 27.6£5.0 0.005*
HTN 7 (50.0%) 8 (57.1%) 0.704
DM 4 (28.6%) 2 (14.3%) 0.648
Smoking status 2 (14.3%) 2 (14.3%) 1.000
Number of levels fused 2.1£0.5 2.2+0.8 0.784
Segmental height (preop) 4.4+1.2 4.2+0.7 0.807
C2-C7 lordosis (preop) 11.1+11.1 11.0+9.7 0.986
C2-C7 SVA (preop) 24.1+15.7 24.9+10.5 0.888
Segmental lordosis (preop) 3.4+3.8 3.4+6.1 0.971
Canal width 9.6+1.1 9.6+1.4 0.881
Spondylolisthesis 5 (35.7%) 3 (21.4%) 0.678
Segmental height (postop 3M) 6.6+0.9 7.3+1.0 0.073
C2-C7 lordosis (postop 3M) 13.6+8.5 12.9+£13.2 0.869
C2-C7 SVA (postop 3M) 22.0+8.3 30.2+13.1 0.103
Segmental lordosis (postop 3M) 4.3+2.9 4.9+3.3 0.647
Segmental height (postop 2Y) 5.84£0.5 5.8+1.1 0.985
C2-C7 lordosis (postop 2Y) 11.6+9.0 11.7+7.2 0.995
C2-C7 SVA (postop 2Y) 19.949.3 25.6+14.2 0.263
Segmental lordosis (postop 2Y) 4.4+4.3 3.9+4.2 0.768

CCLF, cord compression by ligamentum flavum; M, male; F, female; BMI, body mass index; HTN,
hypertension; DM, diabetes mellitus; SVA, sagittal vertical axis; M, months; Y, years
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Abstract

Study design: Retrospective cohort study

Objective: To clarify whether the outcomes of anterior cervical discectomy and fusion (ACDF) differ
according to presence of posterior cord compression by the ligamentum flavum (CCLF).

Summary of background data: Although ACDF effectively removes anterior cord compressive
pathologies, including herniated discs and bone spurs, it cannot address posterior compressive
pathologies. Whether ACDF could result in favorable outcomes when CCLF is present remains unclear.
Methods: We retrospectively reviewed 195 consecutive patients who had undergone ACDF and had
been followed-up for >2 years. CCLF was graded on a scale of 0-2 based on MRI findings. Patients
with CCLF grade 2 were classified into the CCLF group, while patients with CCLF grade 0-1 were
classified into the no-CCLF group. Patient characteristics, cervical sagittal parameters, neck pain visual
analog scale (VAS), arm pain VAS, and Japanese Orthopedic Association (JOA) score were assessed.
Results: One-hundred and sixty-seven patients (85.6%) were included in the no-CCLF group, while the
remaining 28 (14.4%) were included in the CCLF group. Among the patients in the CCLF group, 14
(50.0%) achieved clinical improvement, while 14 (50.0%) did not. JOA score significantly improved in
the no-CCLF group after the operation (p<0.001) but not in the CCLF group (p=0.642). JOA score at 3
months (p=0.037) and 2 years (p=0.001) postoperatively was significantly higher in the no-CCLF group.
JOA recovery rate at 2 years postoperatively was also significantly higher in the no-CCLF group
(p=0.042). Multiple regression analysis showed that CCLF was significantly associated with JOA
recovery rate at 2 years postoperatively (p=0.045).

Conclusion: ACDF performed in patients with CCLF grade 2 showed inferior JOA score improvement
compared to those of patients with CCLF grade 0 or 1. ACDF cannot remove posterior compressive
pathology, limiting its applicability when the ligamentum flavum significantly contributes to cord

compression.
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