
ACDF Stenosis GradingAsian Spine Journal 1051

How Does the Severity of Neuroforaminal 
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Study Design: This study is a retrospective cohort study.
Purpose: This study aims to determine whether preoperative neuroforaminal stenosis (FS) severity is associated with motor function 
patient-reported outcome measures (PROMs) following anterior cervical discectomy and fusion (ACDF).
Overview of Literature: Cervical FS can significantly contribute to patient symptoms. While magnetic resonance imaging (MRI) has 
been used to classify FS, there has been limited research into the impact of FS severity on patient outcomes.
Methods: Patients undergoing primary, elective 1–3 level ACDF for radiculopathy at a single academic center between 2015 and 
2021 were identified retrospectively. Cervical FS was evaluated using axial T2-weighted MRI images via a validated grading scale. 
The maximum degree of stenosis was used for multilevel disease. Motor symptoms were classified using encounters at their final 
preoperative and first postoperative visits, with examinations ≤3/5 indicating weakness. PROMs were obtained preoperatively and at 
1-year follow-up. Bivariate analysis was used to compare outcomes based on stenosis severity, followed by multivariable analysis.
Results: This study included 354 patients, 157 with moderate stenosis and 197 with severe stenosis. Overall, 58 patients (16.4%) 
presented with upper extremity weakness ≤3/5. A similar number of patients in both groups presented with baseline motor weakness 
(13.5% vs. 16.55, p=0.431). Postoperatively, 97.1% and 87.0% of patients with severe and moderate FS, respectively, experienced full 
motor recovery (p=0.134). At 1-year, patients with severe neuroforaminal stenosis presented with significantly worse 12-item Short 
Form Survey Physical Component Score (PCS-12) (33.3 vs. 37.3, p=0.049) but demonstrated a greater magnitude of improvement (Δ
PCS-12: 5.43 vs. 0.87, p=0.048). Worse stenosis was independently associated with greater ΔPCS-12 at 1-year (β=5.59, p=0.022).
Conclusions: Patients with severe FS presented with worse preoperative physical health. While ACDF improved outcomes and con-
ferred similar motor recovery in all patients, those with severe FS reported much better improvement in physical function.
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Introduction

Cervical neuroforaminal stenosis is often caused by un-
derlying superior articular process hypertrophy, ligamen-
tum flavum hypertrophy, or intervertebral disk herniation 
[1-4]. While mild neuroforaminal stenosis is most likely 
asymptomatic, moderate-to-severe stenosis may cause 
radiculopathy and motor deficits. Management often de-
pends on the severity and duration of the patient’s clinical 
symptoms and their participation in nonoperative man-
agement. If the disease refuses to respond to conservative 
management, surgery is often required to improve the 
patient’s quality-of-life [2]. Because decompression of the 
neural elements yields consistently excellent clinical out-
comes, anterior cervical discectomy and fusion (ACDF) is 
the most commonly used operative treatment [5-8].

Magnetic resonance imaging (MRI) is the modality of 
choice before surgery for determining the degree of neural 
element compression and the site of nerve impingement 
[9,10]. Although the clinical utility of MRI is widely estab-
lished, literature on its capacity to predict clinical outcomes 
based on the degree of stenosis is limited. Kim et al. [9] 
previously attempted to classify the magnitude of nerve root 
compression on preoperative MRI; however, it is unknown 
whether the classification is prognostic for postoperative 
motor recovery and health-related quality-of-life outcomes.

While ACDF can promote neurologic and sensory re-
covery in up to 90% of patients [11], it is unclear whether 
improvements are preferentially observed in patients with 
severe neuroforaminal stenosis. One prior study on cervi-
cal stenosis found a correlation between neuroforaminal 
stenosis severity and the presence of neurologic manifes-
tations [12], but the implications for how stenosis severity 
affects postoperative symptom resolution and patient-
reported outcome measures (PROMs) are currently un-
known. Therefore, the primary objective of our study was 
to determine whether the severity of preoperative neuro-
foraminal stenosis could be used to predict the recovery of 
motor function following ACDF. Our secondary objective 
was to determine if preoperative stenosis was associated 
with improved health-related quality-of-life metrics.

Materials and Methods

1. Patient selection and data collection

After approval from the Thomas Jefferson University 

Review Board (approval number: 19D.493), one of nine 
fellowship-trained spine surgeons conducted a retrospec-
tive cohort study on patients who underwent surgery at 
a single urban, tertiary referral academic medical center. 
The requirement for informed consent from individual 
patients was waived because of the retrospective nature of 
the study. Patients over the age of 18 years who underwent 
elective 1–3 level ACDF for cervical radiculopathy be-
tween 2015 and 2021 were retrospectively identified and 
included in our analysis using Current Procedural Ter-
minology (CPT) codes and a Structured Query Language 
search for CPT code 22551. Patients were excluded from 
the study if they lacked preoperative MRI images, were 
indicated for revision procedures, did not have a primary 
diagnosis of radiculopathy, or received surgical interven-
tion for any malignant tumors, infections, or trauma.

Patient demographic data, including age, sex, body 
mass index (BMI), smoking status (never smoker, former 
smoker, or current smoker), Elixhauser Comorbidity 
Index, levels fused, and length of clinical follow-up, were 
collected using chart review. Motor symptoms were classi-
fied using patient clinic encounters at their final preopera-
tive and first postoperative visits. PROMs were collected 
through the institution’s prospectively managed outcomes 
database (OBERD, Columbia, MO, USA). PROMs includ-
ed the 12-item Short Form Survey Physical Component 
(PCS-12) and Mental Component (MCS-12) scores and 
the Visual Analog Scale (VAS) neck and arm pain scores.

2. Surgical technique

A Smith-Robinson approach is used to gain access to 
the anterior part of the spine. After peanut dissection on 
the anterior longitudinal ligament, monopolar or bipo-
lar cautery is used to elevate the longus colli muscles for 
self-retaining soft tissue retraction. Operative levels are 
radiographically confirmed. A discectomy is performed, 
and curettes and a high-speed burr are used to remove 
the cartilaginous endplates. Uncovertebral resection is 
performed with a high-speed burr and Kerrison rongeur 
if a far lateral disk is present. The posterior longitudinal 
ligament is removed along with any posterior osteophytes. 
A nerve hook is used to palpate the pedicle to determine 
the appropriate decompression width to ensure complete 
decompression.
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3. Cervical foraminal stenosis grading system

Axial T2-weighted MRI images were used to evaluate cer-
vical neuroforaminal stenosis at the symptomatic cervical 
level. Radiology reports of mild, moderate, or severe ste-
nosis accompany typical MRI reports evaluating forami-
nal stenosis. While insurers use these to support an indi-
cation for surgical treatment, these reports are unreliable 
[10], as up to 10% of cases in symptomatic patients may 
be reported as normal [13]. Instead, the severity of steno-
sis was classified into one of three grades as described by 
Kim et al. [9], a validated neuroforaminal stenosis grad-
ing system. The scores were determined by evaluating the 
narrowest width of the neuroforamen compared with the 
width of the extraforaminal nerve root at the level of the 
anterior margin of the superior articular process of the af-
fected vertebral body level. Grade 0 refers to the absence 
of stenosis with the narrowest width of the neural fora-
men greater than the width of the extraforaminal nerve 
root. Grade 1 refers to moderate cervical stenosis with 
the narrowest width of the neural foramen between 51% 
and 100% of the width of the extraforaminal nerve root. 
Grade 2 refers to severe cervical stenosis with the width of 
the neural foramen equal to or less than 50% of the width 

Fig. 1. Schematic of Kim et al. grading system for cervical neural foraminal 
stenosis (FS) in cervical axial magnetic resonance imaging. (A, B) Grade 0: no 
FS with intact nerve width: (A) shows no narrowing of neural foramen, and (B) 
shows mild narrowing. (C) Grade 1: moderate FS whereby the narrowest width 
of neural foramen is 51%–100% of the extraforaminal nerve root width. (D) 
Grade 2: severe FS, whereby narrowest width of neural foramen is less than 
50% of the extraforaminal nerve root width. Reproduced from Kim S, et al. Ko-
rean J Radiol 2015;16:1294-302 [9].

A B

C D

Fig. 2. A 57-year-old male with patent neural foramina suggesting grade 0 cer-
vical neural foraminal stenosis. Width of the neural foramen equivalent to the 
extra-foraminal nerve width.

Fig. 3. A 73-year-old female with grade 1 cervical neural foraminal stenosis. 
The left neural foramen demonstrates narrowing but is still at least 50% of the 
width of the extraforaminal nerve root.

Fig. 4. A 41-year-old male with grade 2 cervical neural foraminal stenosis. In 
this patient, the narrowest width of the right sided neural foramen is signifi-
cantly compressed. The width of neural foramen is significantly less than 50% 
of the width of extraforaminal nerve root.
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of the extraforaminal nerve roots (Fig. 1). Representative 
patient MRI images corresponding to grade 0–2 neural 
foraminal stenosis are shown in Figs. 2–4, respectively.

The level with the most severe neural foraminal stenosis 
was recorded as the highest stenosis severity in patients 
with multilevel cervical radiculopathy. This was per-
formed for statistical analysis of PROMs because a PROM 
represents the entire patient experience rather than the 
effects of an individual level. However, neural foraminal 
compression was assessed on an individual level basis 
for myotomes corresponding to that cervical level for the 
assessment of motor weakness. For example, if a patient 
had grade 1 FS at C4–C5 but grade 2 FS at C5–C6, their 
PROMs were tabulated as grade 2 FS because that repre-
sented the maximal neural foraminal compression. How-
ever, weakness was assessed separately for C4–C5 and 
C5–C6 with respect to muscular action.

4. Statistical analysis

Patients were grouped according to the severity of their 
neuroforaminal stenosis. In the case of patients with 
multilevel radiculopathy, the maximum stenosis grade as-
signed to any level was used to tabulate the patient into a 
group. Descriptive statistics were used to represent patient 
demographics and outcome measures and were repre-
sented by mean±standard deviation. Continuous variables 
were assessed using either an independent t-test or Mann-
Whitney U test for parametric and nonparametric data. 
All categorical variables were compared using a Pearson 
chi-square analysis or Fisher’s exact test for small cell 
counts. Weakness was only considered on the same later-
ality as the MRI-defined stenosis. We defined weakness 
as any grade ≤3/5 consistent with prior literature [11,14]. 
Complete postoperative recovery was defined as post-
operative strength of 5/5, whereas partial postoperative 
recovery was defined as a strength recovery that did not 
reach 5/5. For level analysis, motor weakness and recovery 
were considered only in relation to the affected forami-
nal stenosis level. A delta score (∆) was calculated for all 
PROMs, defined as the difference between postoperative 
and preoperative scores. Only PROMs for patients with 
absolute values were included for analysis. The delta score 
was used to compare postoperative outcomes to ensure 
that preoperative differences did not impact postoperative 
scores but represented the actual change in PROM values. 
Multivariate regression for ∆PROMs was performed while 

controlling for patient age, sex, BMI, and the number of 
levels fused. All statistical analyses were performed using 
R Studio ver. 4.0.2 (RStudio, Boston, MA, USA). p-values 
<0.05 were considered statistically significant.

Results

1. Patient demographics and surgical outcomes

A total of 354 patients were included in the final cohort, 
with the following MRI grade groupings with 157 moder-
ate (grade 1) stenosis and 197 severe (grade 2) stenosis 
patients. A total of 585 levels demonstrated FS, most 
commonly affecting C5–C6 (N=247), followed by C6–
C7 (N=207), C4–C5 (N=83), C3–C4 (N=29), and C7–
T1 (N=19). No patients receiving radiculopathy surgery 
had any foraminal stenosis (grade 0). Patients with severe 
stenosis had higher rates of multilevel fusions (44.6% 
versus 69.5% single-level fusions, p<0.001) than patients 
with moderate stenosis. There were no significant differ-
ences between groups in terms of other patient or disease 
characteristics, such as symptom duration or the pres-
ence of concurrent myelopathy. Patients in both groups 
had similar hospital lengths of stay (1.92±3.9 days versus 
1.24±0.4 days, p=0.107) and rates of home discharge 
(97.8% versus 99.0%, p=0.560) (Table 1). Overall, there 
were no significant differences between the groups in 
terms of complication rates (3.2% versus 0.5%, p=0.092), 
90-day readmission rates (1.3% versus 2.0%, p=0.697), or 
revision surgeries (7.0% versus 10.2%, p=0.298).

2. Motor function

Overall, 58 patients (16.4%) presented with upper ex-
tremity weakness ≤3/5. A similar number of patients in 
both groups presented with baseline motor weakness 
(13.5% versus 16.5%, p=0.431). Postoperatively, a similar 
number of patients experienced partial motor recovery. 
Although not statistically significant, more patients with 
severe stenosis experienced full motor recovery (97.1% 
versus 87.0%, p=0.134) (Table 2). When analyzing levels 
with foraminal stenosis individually, a similar number of 
affected levels were associated with motor deficits despite 
foraminal stenosis severity (12.9% versus 13.7%, p=0.781). 
Furthermore, both partial recovery and full motor recov-
ery were similar in both groups (Table 3).
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Table 1. Demographics based on preoperative stenosis

Characteristic Moderate 
stenosis (N=157)

Severe stenosis 
(N=197) p-value

Age (yr) 52.1±11.8 52.0±10.6 0.873

Sex 0.877

Female 81 (51.6) 100 (50.8)

Male 76 (48.4) 97 (49.2)

Body mass index (kg/m2) 30.0±5.8 30.3±6.5 0.705

Elixhauser Comorbidity Index 1.19±1.4 1.44±1.4 0.155

Smoking 0.378

Non-smoker 76 (58.0) 80 (50.0)

Current smoker 24 (18.3) 37 (23.1)

Former smoker 31 (23.7) 43 (26.9)

Disease 0.334

Radiculopathy alone 127 (80.9) 151 (76.6)

Myeloradiculopathy 30 (19.1) 46 (23.4)

Symptom duration 0.695

Less than 6 mo 69 (43.9) 79 (40.1)

6 mo–2 yr 46 (29.3) 58 (29.4)

More than 2 yr 42 (26.8) 60 (30.5)

Levels fused <0.001*

One level 87 (55.4) 60 (30.5)

Two levels 59 (37.6) 119 (60.4)

Three levels 11 (7.0) 18 (9.1)

Hospital length of stay (day) 1.92±3.9 1.24±0.4 0.107

Discharge 0.560

Home 88 (97.8) 102 (99.0)

Skilled nursing facility 1 (1.1) 1 (1.0)

Inpatient rehab facility 1 (1.1) 0

Values are presented as mean±standard deviation or number (%).
*p<0.05 (statistically significant).

Table 2. Motor function based on preoperative stenosis

Variable

Weakness ≤3/5

Moderate 
stenosis (N=157)

Severe stenosis 
(N=197) p-value

Preoperative motor weakness 23 (13.5)   35 (16.5) 0.431

Postoperative motor weakness 5 (2.9) 10 (4.7) 0.380

At least partial recoverya) 18 (78.3) 25 (71.4) 0.561

Full recoverya) 20 (87.0) 34 (97.1) 0.134

Values are presented as number (%).
a)Values calculated from patients presenting with any preoperative motor weak-
ness.

3. Patient-reported outcome measures

The overall PROM completion rate was 27.8% (N=97) for 
PCS-12 and MCS-12 and 20.1% (N=71) for VAS neck and 
VAS arm. Patients with severe neuroforaminal stenosis 
presented with significantly worse PCS-12 preoperatively 
(33.3±7.8 versus 37.3±9.0, p=0.049) but demonstrated a 
greater magnitude of improvement as measured by ΔPCS-
12 scores (5.43±10.9 versus 0.87±11.3, p=0.048) at 1-year. 
Patients with severe stenosis also had higher VAS neck 
(3.47±2.9 versus 2.29±3.0, p=0.021) 1 year postopera-
tively, although a similar magnitude of improvement was 
similar between groups. There were no other differences 

Table 3. Recovery of motor function on an individual level basis based on pre-
operative stenosis

Variable

Weakness ≤3/5

Moderate 
stenosis (N=329)

Severe stenosis 
(N=256) p-value

Preoperative motor weakness 45 (13.7) 33 (12.9) 0.781

Postoperative motor weakness 12 (3.6) 8 (3.1) 0.730

At least partial recoverya) 38 (84.4) 27 (81.9) 0.758

Full recoverya) 33 (73.3) 25 (75.8) 0.809

Values are presented as number (%).
a)Values calculated from levels with associated weakness in their respective 
myotome preoperatively.

Table 4. Patient-reported outcome measures based on preoperative stenosisa)

Variable Moderate stenosis Severe stenosis p-value

MCS12 Preop 49.0±10.1 44.8±12.5 0.105

MCS12 1 year 50.6±10.4 48.0±11.8 0.349

MCS12 ∆ 1.58±9.9 3.19±12.3 0.483

PCS12 Preop 37.3±9.0 33.3±7.8 0.049*

PCS12 1 year 38.2±10.4 38.6±10.6 0.761

PCS12 ∆ 0.87±11.3 5.43±10.9 0.048*

VAS neck Preop 5.54±2.9 6.39±2.6 0.235

VAS neck 1 year 2.29±3.0 3.47±2.9 0.021*

VAS neck ∆ -3.26±2.8 -2.92±3.3 0.640

VAS arm Preop 5.34±3.1 6.03±2.3 0.558

VAS arm 1 year 2.57±3.0 3.11±2.6 0.165

VAS arm ∆  -2.77±3.4 -2.92±3.3 0.855

Values are presented as mean±standard deviation.
SF-12, 12-item Short Form Survey; MCS-12, Mental Component Score of SF-
12; Preop, preoperative; PCS-12, Physical Component Score of SF-12; VAS, 
Visual Analog Scale.
*p<0.05 (statistically significant). a)Patient-reported outcome measures comple-
tion rate was 27.8% (N=97) for PCS-12 and MCS-12 and 20.1% (N=71) for VAS 
neck and VAS arm.
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in baseline, 1-year, or magnitude of improvement among 
health-related quality-of-life metrics (Table 4). The degree 
of neuroforaminal stenosis was an independent predic-
tor for greater ΔPCS improvement at 1-year follow-up in 
multivariate linear regression (β=5.59, p=0.022) (Table 5).

Discussion

Cervical radiculopathy affects 85 persons per 100,000 
yearly [15], and ACDF remains the most commonly per-
formed intervention for patients who fail conservative 
therapy, with nearly 130,000 performed annually in the 
United States alone [16]. While ACDF can provide excel-
lent clinical outcomes for patients with cervical radicu-
lopathy, the relationship between the severity of neurofo-
raminal stenosis and clinical outcomes is unknown. We 
evaluated clinical outcomes among patients undergoing 
ACDF for cervical radiculopathy and compared outcomes 
based on the severity of neuroforaminal stenosis. ACDF 
significantly improved motor function and PROMs for 
all patients. However, patients with more severe neuro-
foraminal stenosis present with poorer baseline physical 
functioning but exhibit greater clinically and statistically 
significant improvement in physical function. Literature 
evaluating outcomes based on assessments of cervical 
neuroforaminal stenosis is limited. Only one study, which 
evaluated the response to transforaminal steroid injec-
tions in patients with cervical radiculopathy, evaluated 
whether clinical improvement is impacted by the severity 
of the neuroforaminal stenosis [17]. The authors identi-
fied significant improvement regardless of the degree of 
stenosis, which is similar to our findings.

While patients with severe neuroforaminal stenosis were 
more likely to have reduced baseline physical function, 

ACDF improved physical functioning in all patients and 
promoted improvements in muscle strength regardless of 
the extent of nerve root compression. However, patients 
in our study with worse stenosis reported an even greater 
improvement in PCS-12, despite a similar degree of motor 
recovery. The reason for this discrepancy is unclear but is 
supported by other analyses of motor recovery and health-
related quality-of-life after ACDF. A preliminary analysis 
found no relationship in preoperative, postoperative, or 
improvement in PCS-12 between patients with and with-
out motor weakness undergoing ACDF [18]. Another 
analysis of patients undergoing ACDF for radiculopathy 
found that improvements in neither pinch strength nor 
grip strength correlated to postoperative improvements 
in PCS-12 [19]. This could be attributed to preoperative 
expectation counseling. Yee et al. [20] demonstrated that 
patients with greater preoperative expectations reported 
greater postoperative improvements in the 36-Item Short 
Form Health Survey physical component score follow-
ing spine surgery. Patients with more severe stenosis 
presented with greater motor deficits, which may help 
explain the decrease in patient-reported physical function 
and the resultant increase at 1-year follow-up. Similarly, 
patients reported greater physical function (PCS) and mo-
tor recovery during the post-treatment clinical course in 
a preliminary analysis of motor weakness due to lumbar 
spine nerve impingement causing radiculopathy [21].

We found that physical motor improvement was unre-
lated to differences in arm or neck pain improvement, as 
patients had similar degrees of improvement in VAS arm 
and VAS neck regardless of the magnitude of neurofo-
raminal stenosis. VAS neck scores were worse at 1-year in 
patients with more severe foraminal stenosis. Interesting-
ly, at baseline, patients had similar levels of pain, physical 

Table 5. Multivariate linear regression analysis for outcome measures

Predictors
∆VAS neck ∆VAS arm ∆ MCS-12 ∆ PCS-12

Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value Estimate (95% CI) p-value

Stenosis grade 0.69 (-0.88 to 2.28) 0.378 0.42 (-1.30 to 2.15) 0.625   0.57 (-4.11 to 5.24) 0.810 5.59 (0.84 to 10.3)    0.022*

M�yeloradiculopathy (Ref: 
radiculopathy alone)

1.10 (-0.65 to 2.84) 0.213 -0.05 (-1.95 to 1.84) 0.954 -2.52 (-7.73 to 2.68) 0.338 2.84 (-2.42 to 8.10) 0.287

Age 0.03 (-0.04 to 0.10) 0.351 0.05 (-0.02 to 0.13) 0.181 -0.18 (-0.38 to 0.03) 0.097 0.07 (-0.14 to 0.28) 0.505

BMI -0.02 (-0.14 to 0.10) 0.714 -0.08 (-0.21 to 0.05) 0.238 -0.26 (-0.60 to 0.09) 0.142 -0.22 (-0.57 to 0.14) 0.227

Levels -0.05 (-1.28 to 1.18) 0.936 0.56 (-0.77 to 1.90) 0.403   3.31 (-0.66 to 7.28) 0.101 0.22 (-3.80 to 4.23) 0.915

VAS, Visual Analog Scale; SF-12, 12-item Short Form Survey; MCS-12, Mental Component Score of SF-12; PCS-12, Physical Component Score of SF-12; CI, confidence 
interval; Ref, reference; BMI, body mass index.
*p<0.05 (statistically significant).
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function impairment, and disability. These findings con-
tradict a previous study that found stenosis severity to be 
a moderate predictor of clinical symptoms [12]. However, 
that study showed significant symptoms among patients 
without radiographic stenosis, making accurate conclu-
sions from the study challenging.

Deciding to continue conservative therapy or pursue 
surgery is important for patients with persistent radicu-
lopathy. Our data suggest that patients with a greater de-
gree of stenosis are significantly more likely to experience 
worse baseline physical functioning. Moreover, preopera-
tive discussions with patients should underscore the like-
lihood of physical disability in guiding shared decision-
making regarding surgical intervention. Importantly, 
our data also suggest that ACDF will improve patient 
symptoms regardless of the degree of stenosis but may 
provide greater self-reported physical function in patients 
with severe neural foraminal stenosis. Therefore, surgical 
decisions should be based on the patient’s clinical symp-
toms, including pain, failed conservative management, 
or neurologic deficits. Conversely, radiographic findings 
may not be clinically beneficial in recommending against 
surgical intervention because even patients with minor ra-
diographic stenosis who were indicated for surgery show 
considerable and comparable surgical improvement.

This study has limitations, particularly those inherent 
in retrospective studies. One limitation of the study is the 
lower PROM response rate among our patients. A larger 
patient cohort could confirm our findings that there is a 
minimal relationship between neuroforaminal stenosis 
and motor grade improvement following ACDF. Another 
limitation is that different surgeons perform physical ex-
aminations and may grade motor strength differently. Fur-
thermore, fellows or residents may have performed these 
examinations because our institution is a teaching hospital. 
Given this limitation, we evaluate PROMs that the assess-
ing surgeon does not confound. While all patients were 
seen by and operated on by a spine surgeon at the same in-
stitution, patients may have obtained MRI scans at outside 
institutions that use different MRI machines and have dif-
ferent protocols for generating slice thickness. We do not 
routinely perform postoperative MRI to reduce healthcare 
waste and expense. Thus, our study is unable to assess the 
decompression of neuroforaminal stenosis postoperatively. 
Our utilization of the maximal foraminal stenosis severity 
for patients with the multilevel disease is also subject to 
limitations. The interpretation of PROMs cannot be per-

formed on a per-level basis because it would heavily weight 
patients with multilevel disease in analysis. As PROMs 
represent a patient’s experience with their disease, the in-
dividual level’s effects cannot be assigned a PROM alone. 
While assigning a patient to a group based on the severity 
of the worst cervical level may be intuitive, this may not 
explain all disease presentations. Additionally, variability in 
baseline PROMs between groups may affect the magnitude 
of PROM improvement. Moreover, baseline differences 
between groups may have affected the finding of greater 
improvement in PCS-12. Further studies are needed to 
evaluate whether this may have been of greater importance 
than the degree of neural foraminal compression.

Conclusions

Patients with severe cervical foraminal stenosis may 
present with worse preoperative physical health. ACDF 
improves self-reported clinical outcomes in all patients, 
regardless of neuroforaminal stenosis severity, albeit 
patients with more severe neuroforaminal stenosis may 
report greater improvement in physical function than 
those with moderate neuroforaminal stenosis. Despite this 
improved physical function, similar improvements in mo-
tor function are expected regardless of the preoperative 
degree of neuroforaminal stenosis.
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