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Comparison of surgical outcomes
for cervical radiculopathy by nerve
root level
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Cervical radiculopathy might affect finger movement and dexterity. Postoperative features and
clinical outcomes comparing C8 radiculopathies with other radiculopathies are unknown. This
prospective multicenter study analyzed 359 patients undergoing single-level surgery for pure cervical
radiculopathy (C5, 48; C6, 132; C7, 149; C8, 30). Background data and pre- and 1-year postoperative
neck disability index (NDI) and numerical rating scale (NRS) scores were collected. The C5-7 and

C8 radiculopathy groups were compared after propensity score matching, with clinical significance
determined by minimal clinically important differences (MCID). Postoperative arm numbness was
significantly higher than upper back or neck numbness, and arm pain was reduced the most (3.4
points) after surgery among the C5-8 radiculopathy groups. The C8 radiculopathy group had worse
postoperative NDI scores (p=0.026), upper back pain (p =0.042), change in arm pain NRS scores
(p=0.021), and upper back numbness (p =0.028) than the C5-7 group. NDI achieved MCID in both
groups, but neck and arm pain NRS did not achieve MCID in the C8 group. In conclusion, although
arm numbness persisted, arm pain was relieved after surgery for cervical radiculopathy. Patients
with C8 radiculopathy exhibited worse NDI and change in NRS arm pain score than those with C5-7
radiculopathy.
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Cervical radiculopathy is a condition that presents bilateral or unilateral paresthesia of the nerve root distribu-
tion. Affected patients are most frequently 45-54 years of age, and symptomatic cases of cervical radiculopathy
occur based on the frequency of nerve root involvement in C7, C6, C5, and C8, wherein C6 and C7 roots account
for most cases'. Approximately 75-90% of patients improve within 4-8 weeks with conservative treatment;
however, surgical treatment may be needed for patients who do not improve*™.

The symptoms of C5, C6, C7, and C8 nerve root radiculopathies differ, and the areas of muscle weakness
and sensory deficits in the upper extremities vary according to the responsible nerve root>. Notably, C8 radicu-
lopathy can significantly affect finger and hand movement and dexterity; therefore, postoperative outcomes and
prognoses are important considerations for this nerve root level. Drop finger can occur with C8 radiculopathy,
and such cases have been reported to have poor clinical outcomes’. Few studies have focused on postoperative
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outcomes specific to C8 radiculopathy®1°

radiculopathies is lacking.

This study aimed to elucidate and confirm the features of cervical radiculopathies using patient-reported
outcome measures (PROM) scores and compare the clinical outcomes between surgeries for C5-7 and C8
radiculopathies. Through this comparison, we aimed to provide information on clinical outcomes to further
understand cervical radiculopathy.

, and information comparing C8 radiculopathies with other cervical

Methods

We hypothesized that C8 radiculopathy would have poorer outcomes than C5-7 radiculopathies because a
previous study reported poor postoperative recovery for C8 radiculopathy in clinical practice’. This study was
approved by the University of Tokyo Hospital ethics committee (approval no. 10335), and all experiments were
performed in accordance with the Declaration of Helsinki. Informed consent was obtained from all individual
participants included in the study.

Study design and patient samples

Retrospective data were obtained from the surveillance records of 359 patients who had undergone cervical
spine surgery for radiculopathy. These patients had undergone procedures between 2017 and 2022 at one of
the 11 hospitals participating in this prospective multicenter study. Patients with missing data in the current
survey research items were excluded. The inclusion criterion was degenerative cervical radiculopathy without
myelopathy or myeloradiculopathy. All patients had the diagnosis of “single-level cervical radiculopathy” on
their preoperative surveillance record. This record also included demographic data, as detailed later in this sec-
tion. Patients who underwent surgeries at a single intervertebral level were investigated because, even in cases of
diagnosed single-level radiculopathy, overlapping symptoms from adjacent levels could not be definitively ruled
out in cases of multiple intervertebral level surgery. Among the aforementioned patients, those with complete
demographic data and patient-oriented questionnaires preoperatively and 1 year postoperatively were included.
Patients with diagnoses of spinal tumors, rheumatoid arthritis, congenital abnormalities, infection, or trauma
were excluded. The level of radiculopathy was classified as C5, C6, C7, or C8. The demographic data and clini-
cal outcomes among patients undergoing surgery for C5, C6, C7, and C8 radiculopathies were investigated and
compared. Subsequently, the surgical outcomes of patients with C8 radiculopathy were compared with those
with C5, C6, and C7 radiculopathies (collectively).

Data collection

Demographic data, including age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA)
physical status classification, presence of diabetes mellitus (DM), etiology (disc hernia or not), surgical procedure,
and surgical level, were collected. Radiculopathy diagnosis, surgical indication, surgical procedure, and surgical
level for the responsible nerve root were determined by the surgeons at each institution. Surgical procedures
were classified as anterior decompression and fusion, posterior decompression, and posterior decompression
and fusion.

Clinical outcomes

The PROM score questionnaires were collected preoperatively and included the Neck Disability Index (NDI)
and numerical rating scale (NRS) for pain and numbness in the neck (A), upper back (B), and arms (C) (Fig. 1).
At the 1-year postoperative follow-up, patients were encouraged to complete the same questionnaires. Addition-
ally, improvement at each level and in the overall NDI rate (number of patients with radiculopathy exhibiting
improvement [preoperative NDI score — postoperative NDI score > 0]/number of patients with radiculopathy),
the NDI improvement rate ([preoperative NDI score — postoperative NDI score]/ [preoperative NDI score] *
100), and changes in the NRS scores (preoperative NRS score — postoperative NRS score) were analyzed. We also
examined whether improvement of NDI, NRS neck pain, and NRS arm pain reached a MCID postoperatively.
Using previously published results by Parker et al., we defined the MCID thresholds to be 17.3% for NDI, 2.6
points for NRS neck, and 4.1 points for NRS arm pain'’.

Statistical analyses

Background data and PROM scores were compared using one-way analysis of variance (ANOVA) for categorical
and continuous variables among those with C5, C6, C7, and C8 radiculopathies. Based on the ANOVA results,
Tukey’s multiple comparison test was performed for a detailed investigation of the statistical differences between
the subgroups. Background data and PROM scores between patients with C5-7 and C8 radiculopathies were also
analyzed using an unpaired t-test or Mann-Whitney U test for continuous variables and the chi-square test for
categorical variables, as appropriate. To adjust for preoperative background factors between patients with C5-7
and C8 radiculopathies, propensity score matching was performed using logistic regression models. Demographic
data including age, sex, BMI, ASA classification, DM, etiology (disc hernia or not), surgical procedure (posterior
decompression, anterior decompression and fusion, and posterior decompression and fusion), and preoperative
NDI scores were used for one-to-one propensity score matching between the two groups. The caliper of propen-
sity matching was set at 0.20. R statistical software, version 2.8.1 (The R Foundation for Statistical Computing,
Vienna, Austria), was used for statistical analyses. A p-value of <0.05 was considered statistically significant.
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Figure 1. Areas of potential pain and numbness as indicated by the numerical rating scale.

Ethics approval
The study was approved by the University of Tokyo Hospital ethics committee, and all experiments were per-
formed in accordance with the relevant guidelines and regulations.

Consent to participate
Informed consent was obtained from all individual participants included in the study.

Results

Among 359 patients who completely answered the PROM questions and underwent single-level intervertebral
surgery for cervical radiculopathy, nerve root level involvement included 48 cases at C5, 132 at C6, 149 at C7,
and 30 at C8.

The percentages of patients with improved NDI scores (preoperative NDI minus postoperative NDI>0) at
1 year after surgery for cervical radiculopathy were as follows: C5, 85.4% (41/48); C6, 82.6% (109/132); C7, 90.6%
(135/149); and C8, 73.3% (22/30). The overall improvement rate was 85.5% (307/359). The preoperative patient
demographic data for age, ASA classification, etiology, and procedure involving the different nerve root levels
were significantly different (Table 1).

The mean improvement rate in the overall NDI score was 49.2%. A comparison of the NRS score between
pre- and postoperative data indicated an overall 2.5-3.4-point decrease in neck, upper back, and arm pain and
a0.8-3.4-point decrease in neck, upper back, and arm numbness. Arm pain was reduced the most after surgery
among the C5-8 radiculopathy groups. These improvements (changes in NRS) were greater in the arms than in
the upper back and neck; however, the postoperative residual NRS arm scores were also higher.

Total (mean [SD]) C5 (mean [SD]) C6 (mean [SD]) C7 (mean [SD]) C8 (mean [SD]) p-value
n 359 48 132 149 30
g/sr)erall NDI improvement rate 85.5 85.4 82.6 2.6 733
Age (years) 54.7 [10.9] 60.9 [12.0] 52.6 [10.9] 53.4[9.6] 59.8 [10.2] <0.001
Sex (male, %) 75.2 75.0 75.8 79.9 73.3 0.767
BMI (kg/m?) 23.8 [3.4] 235 [3.2] 24.0 [3.7] 23.7[3.2] 23.9[3.5] 0.873
ASA grade (grade 1:2:3:4, %) 40:56:3:0 29:64:6:0 39:60:2:0 38:58:5:0 80:20:0:0 <0.001
Diabetes mellitus (%) 9.7 8.3 8.3 11.4 10.0 0.830
Etiology (disc hernia, %) 31.8 333 40.2 27.5 133 0.016
OSA’“)rgica' procedure (PD:ADEPDE | 5, 5.5 52:4622 72:27:1 79:18:3 87:10:3 0.002

Table 1. Preoperative demographic data and overall NDI improvement rate. ASA: American Society of
Anesthesiologists Classification; ADF: anterior decompression and fusion; BMI: body mass index; NDI:
neck disability index; PD: posterior decompression; PDF: posterior decompression and fusion; SD: standard

deviation. Bold values indicate p < 0.05.
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The four radiculopathy groups (namely: C5, C6, C7, and C8) revealed no significant differences in preopera-
tive NDI scores; however, postoperative NDI scores (p=0.013) and NDI improvement rates (p=0.026) were
significantly different among the four groups (Table 2).

One-way ANOVA for the NRS scores for the three groups of patients with postoperative neck, upper back,
and arm numbness and for the three groups of patients with postoperative neck, upper back, and arm pain
exhibited significant differences among the three numbness and three pain groups (F [2,1074] =10.43, p <0.001;
F[2,1074] =81.66, p <0.001, respectively). Tukey’s multiple comparison test confirmed the absence of significant
differences between the neck and upper back numbness groups and between the arm and neck pain groups
(p>0.05). However, significant differences were observed between the arm and upper back numbness groups
(p<0.001), between the arm and neck numbness groups (p <0.001), between the upper back and neck pain
groups (p=0.002), and between the upper back and arm pain groups (p <0.001) (Table 3).

The C8 radiculopathy group had the worst postoperative NDI score (Table 2). Additionally, this group was
significantly different from the C5-7 radiculopathy group in terms of age, ASA grade, etiology, and NDI improve-
ment rate. However, no significant differences in preoperative or 1-year postoperative NDI scores without pro-
pensity score matching were noted (Table 4).

Upon matching patient backgrounds with age, sex, BMI, ASA physical status classification, presence of DM,
etiology (disc hernia or not), surgical procedure, and preoperative NDI scores, we found significant differences in
postoperative NDI scores (p=0.026), postoperative upper back pain and numbness (p =0.042; p=0.028, respec-
tively), and changes in the NRS scores of arm pain (p=0.021) between patients with C5-7 and C8 radiculopathies
(Table 5). Regarding minimal clinically important difference (MCID), the improvement rate of the NDI score,
changes in NRS neck pain, and changes in NRS arm pain for the C5-7 radiculopathy group were 57.1%, 2.8, and
4.1, respectively. The improvement rate of the NDI score, changes in NRS neck pain, and changes in NRS arm

pain for the C8 radiculopathy group were 29.1%, 1.3, and 1.7, respectively (Table 5).

Total (mean [SD]) C5 (mean [SD]) C6 (mean [SD]) C7 (mean [SD]) C8 (mean [SD]) p-value

Preoperative PROM (NDI and NRS scores)
NDI scores 17.1 [8.1] 16.1[9.0] 17.6 [7.6] 17.4 [8.4] 15.5[8.2] 0.447
Neck pain 4.41[2.9] 3.6 [2.7] 4.8[2.9] 4.6 [2.9] 3.0 [3.3] 0.004
Upper back pain 3.4[3.3] 1.3 [2.4] 3.3[3.3] 4.0 [3.4] 3.9[3.4] <0.001
Arm pain 5.4[3.1] 3.8[3.2] 5.7 [2.8] 5.9 [3.1] 4.9[2.9] <0.001
Neck numbness 1.6 [2.6] 1.0 [1.9] 1.7 [2.7] 1.7 [2.8] 1.0 [1.9] 0.184
Upper back numbness 1.3 [2.5] 0.4 [1.4] 1.3 [2.5] 1.7 [2.8] 0.9 [1.7] 0.008
Arm numbness 5.6 [2.9] 3.9 [3.0] 5.9[2.7] 6.0 [2.9] 5.4 [3.0] <0.001
Postoperative PROM (NDI and NRS scores)
NDI scores 8.2(7.7] 8.0 [7.1] 9.5[8.4] 6.8 [7.0] 10.0 [7.7] 0.013
NDI improvement rate (%) 49.2 [47.0] 51.2 [39.4] 43.9 [46.2] 56.5 [50.0] 32.5[41.1] 0.026
Neck pain 1.9 [2.4] 1.9 [2.3] 2.1[2.5] 1.7 [2.3] 1.7 [2.3] 0.521
Changes in NRS

Neck pain 2.5 [3.0] 1.7 [2.4] 2.7 3.1] 2.9 [3.0] 1.3 [2.6] 0.009

Upper back pain 13[2.1] 0.6 [1.4] 1.6 [2.3] 1.2[1.9] 1.6 [2.3] 0.038
Changes in NRS

Upper back pain 2.1 [3.4] 0.8 [2.0] 1.8[3.3] 2.8 [3.4] 2.3 [4.4] 0.002

Arm pain 2.0 [2.5] 1.7 [2.1] 2.6 [2.8] 15[2.1] 2.8 [3.0] 0.001
Changes in NRS

Arm pain 3.4[3.6] 2.1[3.2] 3.1[3.5] 4.4[3.7] 2.0 [3.4] <0.001

Neck numbness 0.8 [1.9] 0.7 [2.1] 1.0 [2.1] 0.6 [1.5] 1.0 [2.1] 0.352
Changes in NRS

Neck numbness 0.8 [2.6] 0.3[2.2] 0.8 [2.6] 1.2 [2.9] 0.0 [1.2] 0.070

Upper back numbness 0.5[1.3] 0.2 [0.7] 0.6 [1.6] 0.4 [1.9] 0.4 [0.8] 0.249
Changes in NRS

Upper back numbness 0.8 [2.4] 0.2 [1.6] 0.7 [2.4] 1.3[2.7] 0.5[1.9] 0.021

Arm numbness 2.3[2.7] 1.5[2.4] 2.8 [2.9] 1.9 [2.5] 3.1([2.8] 0.003
Changes in NRS

Arm numbness 3.4[3.4] 2.4 [3.1] ‘ 3.1[3.5] 4.1[3.2] 2.3[34] 0.001

Table 2. Comparison of preoperative and postoperative data among surgeries for C5, 6, 7, and C8
radiculopathies. NDI: neck disability index; NRS: numerical rating scale; PRO: patient-reported outcome; SD:
standard deviation. Bold values indicate p <0.05.

Scientific Reports |

(2024) 14:188091 |

https://doi.org/10.1038/s41598-024-69843-0

nature portfolio




www.nature.com/scientificreports/

Comparison ‘ Mean difference | 95% confidence interval | p-value
Postoperative numbness

Neck vs. upper back | 0.29 -0.06, 0.65 0.133
Arm vs. upper back 1.81 1.45,2.17 <0.001
Arm vs. neck 1.52 1.16, 1.88 <0.001
Postoperative pain

Neck vs. upper back | 0.59 0.18,1.00 0.002
Arm vs. upper back 0.76 0.35,1.17 <0.001
Arm vs. neck 0.17 —-0.24,0.58 0.595

Table 3. Comparison of postoperative NRS scores among neck, upper back, and arm symptoms in C5-8

radiculopathy. NRS: numerical rating scale. Bold values indicate p <0.05. Tukey’s multiple comparison test

results.
C5-7 radiculopathy (mean [SD]) | C8 radiculopathy (mean [SD]) | p-value

N 329 30

Age (years) 54.2 [10.8] 59.8 [10.2] 0.006
Sex (male, %) 77.5 73.3 0.650
BMI (kg/m?) 23.8 [3.4] 23.9[3.5] 0.892
ASA grade (grade 1:2:3:4) 37:59:4:0 80:20:0:0 <0.001
Diabetes mellitus (%) 9.7 10.0 1.000
Surgical procedure (PD:ADF:PDE, %) 72:26:2 87:10:3 0.078
Etiology (disc hernia, %) 334 13.3 0.024
NDI scores

Preoperative 17.3 [8.1] 15.5 [8.2] 0.242

Postoperative 8.0 [7.7] 10.0 [7.7] 0.180

Improvement rate at the individual level (%) 50.7 [47.3] 32.5[41.1] 0.043
NRS neck pain

Preoperative 4.5[2.9] 3.0 [3.3] 0.006

Postoperative 1.9 [2.4] 1.7 [2.3] 0.695

Changes 2.6 [3.0] 1.3 [2.6] 0.015
NRS upper back pain

Preoperative 3.3[3.3] 3.9([3.4] 0.346

Postoperative 1.3 [2.1] 1.6 [2.3] 0.420

Changes 2.1[3.3] 2.3 [44] 0.669
NRS arm pain

Preoperative 5.5[3.1] 49 [2.9] 0.281

Postoperative 2.0 [2.5] 2.8 (3.0] 0.071

Changes 3.5[3.6] 2.0 [3.4] 0.030
NRS neck numbness

Preoperative 1.6 [2.7] 1.0 [1.9] 0.253

Postoperative 0.7 [1.9] 1.0 [2.1] 0.460

Changes 0.9 [2.4] 0.5[1.9] 0.432
NRS upper back numbness

Preoperative 1.3 [2.5] 0.9 [1.7] 0.324
Postoperative 0.5[1.3] 0.4 [0.8] 0.654
Changes 0.9 [2.4] 0.5[1.9] 0.432
NRS arm numbness

Preoperative 5.7 [2.9] 5.4 [3.0] 0.612
Postoperative 2.21[2.7] 3.1[2.8] 0.082
Changes 3.5[3.4] 2.3[34] 0.066

Table 4. Comparison of demographic data and clinical outcomes between patients with C5-7 and C8

radiculopathies. ASA: American Society of Anesthesiologists; ADF: anterior decompression and fusion; BMI:
body mass index; NDI: neck disability index; NRS: numerical rating scale; PD: posterior decompression; PDF:
posterior decompression and fusion; SD: standard deviation. Bold values indicate p <0.05.
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C5-7 radiculopathy (mean [SD]) | C8 radiculopathy (mean [SD]) | p-value

n 22 22
Age (years) 57.7 [11.2] 57.7 [10.7] 1.000
Sex (male, %) 77.3 68.2 0.736
BMI (kg/m?) 24.6 [3.6] 23.3 [3.6] 0.226
ASA grade (grade 1:2:3:4) 64:36:0:0 73:27:0:0 0.747
Diabetes mellitus (%) 18.2 4.5 0.345
Surgical procedure (PD:ADF:PDE, %) 91:9:0 86:9:5 1.000
Etiology (disc hernia, %) 22.7 18.2 1.000
Preoperative NDI scores 15.4 [5.5] 16.0 [8.7] 0.772
Postoperative NDI and NRS scores
NDI scores

Postoperative 5.6[6.0] 10.6 [ 8.5] 0.026

Improvement rate at the individual level (%) 57.1 [49.6] 29.1[42.2] 0.050
NRS neck pain

Postoperative 1.0 [1.8] 1.5[2.9] 0.382

Changes 2.8 [2.6] 1.3 [2.7] 0.067
NRS upper back pain

Postoperative 0.4 [0.9] 1.3 [1.9] 0.042

Changes 3.1[3.5] 2.6 [4.0] 0.636
NRS arm pain

Postoperative 1.3 [2.1] 2.9 [3.0] 0.053

Changes 4.1[3.1] 1.7 [3.6] 0.021
NRS neck numbness

Postoperative 0.1[0.2] 0.7 [1.8] 0.081

Changes 0.8 [1.8] 0.2 [1.3] 0.218
NRS upper back numbness

Postoperative 0.1[0.2] 0.5[0.9] 0.028

Changes 0.5 [1.4] 0.4[2.1] 0.802
NRS arm numbness

Postoperative 1.9 [2.2] 2.8 [2.6] 0.200

Changes 3.9([3.4] 2.2[3.7] 0.120

Table 5. Comparison of demographic data and clinical outcomes of matched patients using propensity
score-matched (age, sex, BMI, ASA grade, diabetes mellitus, surgical procedure, etiology, and preoperative
NDI) analysis. ASA: American Society of Anesthesiologists; ADF: anterior decompression and fusion; BMI:
body mass index; NDI: neck disability index; NRS: numerical rating scale; PD: posterior decompression; PDF:
posterior decompression and fusion; SD: standard deviation. Bold values indicate p <0.05.

Discussion

At 1 year postoperatively, 85.5% of patients with cervical radiculopathy had improved NDI; of these, 90.6%—the
highest proportion of patients—had undergone surgery for C7 radiculopathy and 73.3%—the lowest proportion
of patients—for C8 radiculopathy.

The NRS scores of all patients with cervical radiculopathy indicated that arm numbness was more likely to
persist than upper back and neck numbness (p <0.001; p <0.001, respectively). Furthermore, upper back pain
was less likely to persist than neck pain (p=0.002) or arm pain (p <0.001).

Comparison after propensity matching analysis also revealed that the C8 radiculopathy group was signifi-
cantly inferior to the C5-7 radiculopathy group in terms of postoperative NDI scores (p =0.026). In the C5-7
radiculopathy group, MCID was achieved postoperatively in all PROM parameters (NDI, NRS neck pain, and
NRS arm pain). However, in the C8 radiculopathy group, although improvement of NDI achieved the MCID,
improvement of NRS neck and arm pain did not achieve the MCID.

Our study compared the surgical outcomes for C8 radiculopathy with those for other cervical radiculopathy
levels after single-level intervertebral surgeries. We limited the study to cervical radiculopathy by nerve root
levels because few studies have focused on comparing surgical outcomes among nerve root levels. Therefore,
the present study is novel. Our literature screening did not reveal any other studies that compared the surgical
outcomes for C8 radiculopathy with those for other nerve root levels. A few case series limited to anterior surgery
reported surgical outcomes for C8 radiculopathy as generally good®'°. Regarding surgical frequency in posterior
foraminotomy, the percentage of C8 radiculopathy per nerve root level is reported to be low (8%)% Similarly,
randomized controlled trials comparing surgical procedures for single-level radiculopathy involving different
nerve root levels have not focused on the C7/T1 intervertebral level. The incidence of C8 radiculopathy might
have been so negligible that it was not reported in these studies’’.
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The postoperative outcomes in past reports are varied, including satisfactory outcomes ranging from 75-94%
for radiculopathy'*""7. Several reports on finger drop, which is thought to be caused by C8 (or C7) radiculopathy,
reported postoperative muscle strength improvements of 53-74%7'%1°.

One possible reason for the subpar clinical outcome of C8 nerve root radiculopathy is the long distance
from the site of nerve root damage to the hand, which is the output site of neurotransmission. Regarding motor
impairment, cervical spondylotic amyotrophy (CSA), a condition that describes overlapping cervical nerve root
disease and nerve compression sites, is also characterized by muscle atrophy and weakness, generally without
sensory deficits. Previous reports suggest a worse prognosis for distal than for proximal CSA?°-?2, These results
may be due to the long distance between the nerve compression site and the atrophied muscle?'. C8 nerve root
disease, which similarly presents in the distal part of the upper extremity, may not respond as well to surgery as
other nerve root-level diseases.

Regarding sensory impairment, radiculopathy-induced symptoms in this study indicated that the improve-
ment rate of NRS numbness in the distal anatomical areas (i.e., arm) was worse than that in the proximal areas
(neck, upper back). This suggests that the distal upper limb remains symptomatic after radiculopathy surgery
and that nerve recovery may be less than satisfactory in cases involving the nerve root periphery where the out-
put of nerve transmission is distant from the foramen, since sensory deficits depend on the nerve fiber length
and symptoms often appear at the distal end of the longest nerve. The related mechanism is thought to involve
nutrient scarcity in peripheral axons, i.e., those that are far away from the cell body, where nutritive substances
are synthesized. Therefore, a “dying-back degeneration” starts distally and moves proximally®.

Another consideration for these results is the surgical difficulty level because of anatomical differences.
(Fig. 2) For example, the higher nerve roots, such as the C5 nerve root, run at a more ventral angle, whereas the
lower nerve roots, such as C8, are laterally oriented; therefore, lateral decompression is required in posterior
approach surgeries*. Additionally, the ribs overhang T1 laterally at the cervicothoracic junction; therefore,
surgeons must be aware of this anatomical peculiarity at this level compared to that of other levels. For anterior
surgeries, surgeons must reach deeper into the affected areas to decompress the C7/T1 intervertebral level while
simultaneously being aware of the location of the sternum’. The penetrated nuclei in herniated discs at the C7/T1
level may be more lateral than those in the paramedian area®. Therefore, care must be taken to avoid inadequate
lateral decompression, especially in the case of C8 radiculopathy.

Our study demonstrated that C8 radiculopathy did not differ from C5-7 radiculopathies in terms of post-
operative residual arm numbness. However, compared to C5-7 radiculopathies, C8 radiculopathy resulted in
residual postoperative upper back pain and less improvement in arm pain (Table 5). The surgical difficulty level
might have led to this difference in clinical outcomes.

Our study had several limitations. First, the diagnosis of radiculopathy without myelopathy and myelora-
diculopathy, surgical technique, timing of surgery, and diagnosis at the nerve root level were surgeon-dependent,
with no uniformity in the treatment criteria, which might have affected surgical outcomes. Second, the postop-
erative follow-up period was relatively short, and long-term results may differ from those of the present study.
Third, our data were from a surveillance-based prospective multicenter study, resulting in a decreased survey
collection rate owing to missing data, which might have led to a selection bias. In addition, because we analyzed
questionnaire results, practical and objective assessment tools for muscle strength and sensory impairment were
not included in our analysis. Fourth, the degree of paralysis, the duration of symptoms prior to surgery, and
imaging evaluation, which may affect surgical outcomes, were not included in the surveillance. For paralysis,

Figure 2. (a) Postoperative three-dimensional computed tomography (3DCT) of left C7 radiculopathy (the
C5-7 radiculopathy group). (b) Postoperative 3DCT of right C8 radiculopathy.
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questions on motor function were included in the NDI questionnaire, which was used for matching. Regard-
ing the duration of symptoms, we chose not to include it in the propensity matching owing to the challenges
in managing recurrent symptoms once they have improved and differentiating them when they co-exist with
other peripheral neuropathies.

In conclusion, the results of this study will provide surgeons with key information to assist in surgical deci-
sion-making and discussions with patients regarding the benefits and drawbacks of cervical radiculopathy surger-
ies and outcomes. For example, patient knowledge would be enhanced by knowing that the surgery is likely to
ease pain in the arm and upper back region, but arm numbness may persist, and that surgery for C8 radiculopathy
may be less likely to improve symptoms than surgery for other cervical radiculopathies.

Data availability
The raw measurement data collected during the current study is available from the corresponding author on
reasonable request.
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