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Noninferiority of Posterior Cervical Foraminotomy vs Anterior Cervical
Discectomy With Fusion for Procedural Success and Reduction
in Arm Pain Among Patients With Cervical Radiculopathy at 1 Year
The FACET Randomized Clinical Trial
Anne E. H. Broekema, MD; Nádia F. Simões de Souza, BSc; Remko Soer, PhD; Jan Koopmans, MD, PhD;
Henk van Santbrink, MD, PhD; Mark P. Arts, MD, PhD; Bachtiar Burhani, MD, PhD;
Ronald H. M. A. Bartels, MD, PhD; Niels A. van der Gaag, MD, PhD; Martijn H. P. Verhagen, MD;
Katalin Tamási, PhD; J. Marc C. van Dijk, MD, PhD; Michiel F. Reneman, PhD; Rob J. M. Groen, MD, PhD;
Jos M. A. Kuijlen, MD, PhD; for the FACET investigators

IMPORTANCE The choice between posterior cervical foraminotomy (posterior surgery) and
anterior cervical discectomy with fusion (anterior surgery) for cervical foraminal
radiculopathy remains controversial.

OBJECTIVE To investigate the noninferiority of posterior vs anterior surgery in patients with
cervical foraminal radiculopathy with regard to clinical outcomes after 1 year.

DESIGN, SETTING, AND PARTICIPANTS This multicenter investigator-blinded noninferiority
randomized clinical trial was conducted from January 2016 to May 2020 with a total
follow-up of 2 years. Patients were included from 9 hospitals in the Netherlands. Of 389 adult
patients with 1-sided single-level cervical foraminal radiculopathy screened for eligibility,
124 declined to participate or did not meet eligibility criteria. Patients with pure axial neck
pain without radicular pain were not eligible. Of 265 patients randomized (132 to posterior
and 133 to anterior), 15 were lost to follow-up and 228 were included in the 1-year analysis
(110 in posterior and 118 in anterior).

INTERVENTIONS Patients were randomly assigned 1:1 to posterior foraminotomy or anterior
cervical discectomy with fusion.

MAIN OUTCOMES AND MEASURES Primary outcomes were proportion of success using
Odom criteria and decrease in arm pain using a visual analogue scale from 0 to 100 with
a noninferiority margin of 10% (assuming advantages with posterior surgery over anterior
surgery that would justify a tolerable loss of efficacy of 10%). Secondary outcomes were
neck pain, disability, quality of life, work status, treatment satisfaction, reoperations, and
complications. Analyses were performed with 2-proportion z tests at 1-sided .05 significance
levels with Bonferroni corrections.

RESULTS Among 265 included patients, the mean (SD) age was 51.2 (8.3) years; 133 patients
(50%) were female and 132 (50%) were male. Patients were randomly assigned to posterior
(132) or anterior (133) surgery. The proportion of success was 0.88 (86 of 98) in the posterior
surgery group and 0.76 (81 of 106) in the anterior surgery group (difference, −0.11 percentage
points; 1-sided 95% CI, −0.01) and the between-group difference in arm pain was −2.8
(1-sided 95% CI, −9.4) at 1-year follow-up, indicating noninferiority of posterior surgery.
Decrease in arm pain had a between-group difference of 3.4 (1-sided 95% CI, 11.8), crossing
the noninferiority margin with 1.8 points. All secondary outcomes had 2-sided 95% CIs
clustered around 0 with small between-group differences.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, posterior surgery was
noninferior to anterior surgery for patients with cervical radiculopathy regarding success
rate and arm pain at 1 year. Decrease in arm pain and secondary outcomes had small
between-group differences. These results may be used to enhance shared decision-making.

TRIAL REGISTRATION Netherlands Trial Register Identifier: NTR5536

JAMA Neurol. doi:10.1001/jamaneurol.2022.4208
Published online November 21, 2022.
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D uring the next decades, the aging population world-
wide is forecasted to increase considerably. This will
also increase the frequency of age-related degenera-

tive changes, such as cervical radiculopathy arising from in-
tervertebral disc herniation or osteophyte formation com-
pressing the nerve root. Patients with cervical radiculopathy
typically have pain with or without neurological deficit in the
innervation area of the nerve root, potentially leading to a
physically disabling condition and reduced quality of life.1,2

If conservative treatment fails, the choice of surgical in-
tervention remains controversial. Two widely used interven-
tions are posterior cervical foraminotomy (posterior surgery)
or anterior cervical discectomy with fusion (ACDF; anterior sur-
gery). Although posterior surgery involves fewer vital struc-
tures than anterior surgery (eg, esophagus, carotid artery, and
recurrent laryngeal nerve) and does not require costly im-
plants, surgeons still tend to prefer the latter.3,4 Both tech-
niques have been shown to yield similar clinical outcomes;
however, these findings are based on retrospective cohort stud-
ies and 1 low-quality randomized clinical trial with few
patients.5-8 A randomized clinical trial with a predefined sample
size directly comparing the 2 techniques is needed to eluci-
date the existing controversy in cervical spine surgery.

The Foraminotomy ACDF Cost-Effectiveness Trial (FACET)
was designed to compare the clinical- and cost-effectiveness
of posterior vs anterior surgery in patients with cervical ra-
diculopathy due to foraminal nerve root compression. Poste-
rior surgery was hypothesized to be noninferior to anterior
surgery. The trial includes a follow-up of 2 years. The current
study presents the clinical effectiveness results at 1 year of
follow-up.

Methods
Trial Design
FACET is a multicenter investigator-blinded noninferiority ran-
domized clinical trial. The trial design has been described
previously9 (Supplements 1-2) and is reported according to
the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.10 The study protocol was approved by the
research ethical board of the University Medical Center
Groningen, the Netherlands. All patients provided written
informed consent before randomization.

FACET enrolled patients aged 18 to 80 years with 1-sided
single-level cervical foraminal radiculopathy due to soft
disc herniation or spondylotic changes requiring surgical
decompression from 9 hospitals in the Netherlands. Patients
with pure axial neck pain without radicular pain were not eli-
gible. The radiological definition of neuroforaminal compres-
sion and full eligibility criteria are described in the protocol
(Supplements 1-2).9

Treatment and Randomization
Participants were randomly assigned in a 1:1 ratio using an
independent institute web-based block randomization de-
sign (Trans European Network for Clinical Trials Services
[TENALEA]) stratified by hospital. Due to the nature of the

surgical procedures, blinding of patients and surgeons was not
possible. Procedures were performed by neurosurgeons ac-
quainted with both surgical techniques. The correct level was
verified by fluoroscopy. Anterior cervical discectomy with fu-
sion was performed with a standard ventral approach.11 After
discectomy, with reduction of the uncovertebral joint if needed,
a cage or bone cement was applied in the intervertebral space
(eTable 1 in Supplement 4). Posterior cervical foraminotomy
was performed in a prone position. Partial hemilaminectomy
and foraminotomy of the involved level was performed.12 Soft
disc herniations and osteophytes were removed when neces-
sary. No additional plate fixation or postsurgical neck brace was
applied in either technique.

The trial was performed in the context of care as usual, in-
cluding 1 visit to the outpatient clinic 6 weeks after surgery.
Patients were requested to fill out a web-based questionnaire
in a secure online environment at each follow-up point, in-
cluding 1 year after surgery. Patients were contacted via tele-
phone by a blinded interviewer to assess the Odom criteria
and occurrence of adverse events. Clinical follow-up to 2 years
is ongoing.

Outcomes
The proportion of a successful score (excellent or good) on the
modified Odom criteria 4-point rating scale was centrally as-
sessed and treated as primary outcome.12 The Odom criteria
was chosen because of its wide adaption as a clinical out-
come measure in spine surgery, including the study on which
our sample size calculation was based.13 A second primary
outcome was decrease in visual analogue scale (VAS) score for
self-reported arm pain (0-100, with lower score at 1 year and
higher change in score from baseline indicating a greater de-
crease in pain).14

Secondary outcomes were VAS score for neck pain, Neck
Disability Index (10-item index, 0-50; sum of scores doubled
to get a percentage), EuroQol 5-Dimensions 5-Level question-
naire (EQ-5D-5L), Work Ability Index Single-item, and treat-
ment satisfaction (1-7 rating scale). Thresholds for minimal
clinically important differences are reported in the study
protocol (Supplements 1-2).9 Validated Dutch language
versions of the questionnaires were used (eMethods in
Supplement 4).15-17 Adverse events, including any unex-
pected medical occurrence in a patient without a necessarily

Key Points
Question Is posterior surgery noninferior to anterior surgery for
clinical outcomes among patients with cervical radiculopathy?

Findings In this multicenter randomized clinical trial including 265
patients with cervical foraminal radiculopathy, posterior surgery
was noninferior to anterior surgery regarding success rate and arm
pain 1 year after surgery. Decrease in arm pain and all secondary
outcomes had comparable small between-group differences.

Meaning These findings suggest noninferiority of posterior
surgery compared to anterior surgery and may be used to inform
patient counseling and shared decision-making between
physicians and patients with 1-sided foraminal radiculopathy.
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causal relationship to the studied treatments, and reopera-
tions were recorded. Adverse events were considered serious
if they were lethal or life threatening, required prolongation of
hospitalization, caused considerable disability, were a congen-
ital anomaly or birth defect, or any other medically important
event that jeopardized the patient or required intervention.

Statistical Analysis
The full statistical analysis plan can be found in Supple-
ment 3. We hypothesized that the proportion of successful out-
comes would be similar in posterior and anterior surgery and
therefore used an overall success rate of 87% based on the larg-
est available review in the literature13 with a noninferiority mar-
gin of 10%. This margin was based on the assumption that pos-
terior surgery has some advantages over anterior surgery (eg,
it avoids fusion-related complications, preserves postsurgi-
cal range of motion, and incurs lower costs),6,18-21 that would
justify a tolerable loss of efficacy of 10%. A sample size of 308
patients was calculated that would give the trial 80% power
to rule out a between-group difference in the success rate with
an α of .05 and a dropout ratio of 10%. Unfortunately, a lower
inclusion rate than anticipated was observed, partly due to the
COVID-19–related cancellation of nonemergent health care. An
interim analysis and power calculation (based on the actual
proportions of patients with successful operations in the com-
plete and full cases) by a statistician who was not involved
in the study design indicated that it was safe to end the inclu-
sion at 86% of the predefined sample size with a low risk
of false negatives with a power of 0.98 (complete cases) and
of 0.85 (full cases). As the trial was powered on the success rate
according to the Odom criteria, an interim power analysis was
not performed for decrease in arm pain. Details on post hoc
power calculations for both primary outcomes are presented
in eTable 2 in Supplement 4.

The main analysis was conducted on the intention-to-
treat population, consisting of all the patients who were as-
signed to a treatment group and had data available at 1-year
follow-up. The per-protocol population consisted of patients
who were treated with posterior or anterior surgery (includ-
ing crossovers) and had data available at 1-year follow-up. Sen-
sitivity analyses were performed by simulating various sce-
narios to account for the missing data. As a measure of
robustness, the fragility index—that is, the minimum number
of patients whose status according to successful Odom score
must change to convert a statistically significant result to non-
significant—was also calculated.22 This was done by adding
patients with successful operations to the anterior surgery
group (stacking the odds against posterior surgery) until the
noninferiority margin was reached in the above-mentioned
scenarios.

A responder analysis of the secondary outcomes was con-
ducted, in which the proportion of patients with a response to
treatment was defined as those with an improvement from
baseline to 1 year after surgery reaching or exceeding the
predefined threshold of the minimal clinically important
differences.

Categorical data were summarized as proportions, and con-
tinuous data as means with standard deviations, or (if non-

normally distributed) as medians and interquartile ranges. Non-
inferiority of the primary outcomes were tested with a
2-proportion z test at a 1-sided 95% CI with a noninferiority
margin of 10% and Bonferroni correction for multiple testing.
Secondary end points were analyzed exploratively at a 2-sided
95% CI, as no noninferiority margin for these outcomes was
prespecified, using t tests for continuous data, and z tests for
categorical outcomes. CIs for secondary outcomes were not ad-
justed for multiple comparison. No monitoring committee was
incorporated, as the trial was qualified as a low-risk study.
Analyses were performed in R version 4.0.5. (R Foundation).
A significance level of .05 was used.

Results
Patient Characteristics
From January 2016 to May 2020, 389 patients were screened
for eligibility and 265 were randomized (mean [SD] age, 51.2
[8.3]; 133 [50%] female and 132 [50%] male)(see eTables 3-5
in Supplement 4 for baseline characteristics of all random-
ized patients). Baseline characteristics were similar between
treatment groups except for a minimal nonsignificant differ-
ence in sex distribution, radiological characteristics, and co-
morbidities (Table 1). Of the included patients, 265 were ran-
domly assigned to posterior (132) or anterior (133) surgery.
Twenty-five patients did not receive the allocated interven-
tion (15 posterior and 10 anterior), most commonly due to spon-
taneous improvement of symptoms (5 posterior and 6 ante-
rior) (Figure 1). As prespecified in the protocol, patients were
considered lost to follow-up at 1 year when there was no in-
formation available on their Odom score and VAS-arm score.
At 1-year follow-up, 9 patients (8%) in the posterior group and
6 (5%) in the anterior group were lost to follow-up. Thus,
110 patients (92%) in the posterior group and 118 (95%) in the
anterior group were included in the 1-year analysis; among
them, 98 patients in the posterior group and 106 in the ante-
rior group had available data for the Odom score.

Primary Outcomes
In the intention-to-treat analysis with complete cases, the
proportion of patients with a successful outcome at 1-year
follow-up was 0.88 (86 of 98) in the posterior surgery group
and 0.76 (81 of 106) in the anterior surgery group (difference,
–0.11 percentage points; 1-sided 95% CI, −0.01) (Figure 2). As
the point estimate and CI of the difference were 21% and 11%
lower than the noninferiority margin of 10%, respectively, non-
inferiority of posterior surgery compared to anterior surgery
was demonstrated. As the CI did not encompass 0, the supe-
riority margin was also satisfied for this particular outcome
measure. With 3 crossover patients, the per-protocol analysis
yielded similar results. Sensitivity analyses using full cases with
all remaining data coded as unsuccessful and predefined
sample sizes indicated robustness of the noninferiority re-
sult. The mean (SD) arm pain decreased from 62.3 (20.7) at
baseline to 18.6 (22.9) at 1 year in the posterior surgery group
and from 60.3 (22.1) to 15.8 (23.7) in the anterior surgery group.
The mean (SD) between-group difference in arm pain at 1 year
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was −2.8 (1-sided 95% CI, −9.4), indicating noninferiority. The
mean (SD) between-group difference for the change score in
arm pain was 3.4 (1-sided 95% CI, 11.8). As the 1-sided 95% CI
crosses the 10% noninferiority margin with 1.8 points, there
is insufficient evidence to regard this result as noninferior. The
proportions of patients who reached the minimal clinically im-
portant differences for this outcome were 0.54 in the poste-
rior surgery group and 0.60 in the anterior surgery group (dif-
ference, 0.06 percentage points; 2-sided 95% CI, −0.09 to 0.2),

indicating no clinically relevant difference between treat-
ment groups (Table 2; eTable 6 in Supplement 4). The fragil-
ity index for the success rate yielded 13 patients (Figure 2).

Secondary Outcomes
Results of secondary outcomes are presented in Table 2.
Regarding all secondary outcomes, there were small
between-group differences in mean change scores, and the
2-sided 95% CIs included 0, indicating comparable outcomes

Table 1. Baseline Characteristics of Included Patients

Characteristic

No. (%)a

Posterior surgery
(n = 119)

Anterior surgery
(n = 124)

Age, mean (SD), y 51.6 (8.5) 51.0 (8.3)

Sex

Female 66 (55) 58 (47)

Male 53 (45) 66 (53)

Body mass index, median (IQR)b 27 (24-30) 27 (24-30)

Dermatome clinical diagnosis

C5 right 1 (1) 1 (1)

C5 left 1 (1) 0 (0)

C6 right 29 (24) 37 (30)

C6 left 30 (25) 24 (19)

C7 right 21 (18) 26 (21)

C7 left 37 (31) 36 (29)

Symptom duration, median (IQR), wk 34 (26-52) 32 (20-52)

ASA classificationc

I 55 (46) 66 (53)

II 59 (50) 53 (43)

III 5 (4) 5 (4)

Current smokingd 53 (46) 47 (39)

Current use of NSAIDse 39 (33) 35 (29)

Radiological characteristicsf

Discogenic (soft disc) 48 (40) 38 (31)

Spondylotic 14 (12) 14 (11)

Combined discogenic and spondylotic 57 (48) 70 (57)

Clinical characteristics

Radiating arm and neck pain 56 (47) 61 (49)

Radiating arm pain only 63 (53) 63 (51)

Loss of strength 43 (36) 51 (41)

Loss of sensibility 79 (66) 82 (66)

Tingling in fingers or hand 93 (78) 106 (85)

Comorbidities, No.g

Any 66 (55) 57 (46)

Cardiovascular 36 26

Pulmonary 22 20

Endocrine 19 18

Musculoskeletal 16 14

Gastrointestinal and liver 7 10

Neurological 3 10

Thromboembolic 5 4

Psychiatric 2 2

Oncological 4 1

Nephrological 2 1

Clinically relevant other 2 4

Abbreviations: ASA, American
Society of Anesthesiologists;
NSAID, nonsteroidal
anti-inflammatory drug.
a Percentages may not total 100

because of rounding.
b Calculated as the weight in

kilograms divided by the square
of the height in meters.

c ASA classification ranges from I to
VI, where higher classes indicate
a greater risk. No patients had an
ASA classification of IV or VI.

d Data were missing for smoking
status for 3 patients in the posterior
surgery group and 2 in the anterior
surgery group.

e Data were missing for NSAID for
1 patient in the posterior and
2 in the anterior surgery group.

f Radiological characteristics were
missing for 2 patients in the anterior
surgery group.

g The specification of comorbidities
is on event level (not patient level).
Therefore, no percentages are
given, since several patients had
multiple comorbidities. See eTable 4
in Supplement 4 for an overview of
the comorbidities per subsection.
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between groups. Additionally, the mean change in score for
all except EQ-5D-5L reached the predefined minimal clini-
cally important differences threshold. The responder analysis
indicated comparable results among groups (eTable 6 in
Supplement 4).

Adverse surgery-associated events occurred in 26 indi-
viduals (22%) in the posterior surgery group and 22 (18%) in
the anterior surgery group; serious surgery-associated ad-
verse events, including reoperations, occurred in 7 patients
(6%) in both groups (Table 3). All CIs for safety-related out-
comes included 0. Reoperations occurred in 6 patients (5%)
in the posterior group and 4 (3%) in the anterior group (mean
difference, 0.01; 95% CI, −0.08 to 0.04) (eTables 7 and 8 in
Supplement 4).

Discussion
To our knowledge, this is the first multicenter randomized clini-
cal trial that directly compares posterior cervical forami-
notomy to anterior cervical discectomy with fusion in pa-
tients with 1-sided single-level foraminal cervical nerve root
compression. Posterior surgery demonstrated noninferiority
at 1-year follow-up regarding arm pain and success rate, con-
firmed by sensitivity analyses. The change in arm pain score
did not establish noninferiority, but had a small clinically non-
relevant between-group difference of 3.4 on a scale from 0 to
100 (1-sided 95% CI, 11.8). All secondary outcomes had small
between-group differences with 95% CIs clustered around 0,
indicating comparable results between groups.

Our previous published systematic review and meta-
analysis concerning surgical treatments for patients with cer-
vical radiculopathy did not find statistically significant differ-
ences between the posterior or anterior approach.9 Two
systematic reviews that also incorporated retrospective stud-
ies demonstrated similar clinical outcomes between poste-
rior and anterior surgery.5,6 The findings in the present study
are consistent with these results, thus adding certainty and
robustness to the existing body of knowledge.

The success rates in this trial (88% in the posterior and 76%
in the anterior surgery group) were slightly lower than the
hypothesized overall success rate of 87%.13 This could be at-
tributed to the assessment by an independent blinded inter-
viewer in our study preventing confirmation bias. As the de-
crease in arm pain and all secondary patient-reported outcome
measures are in accordance with reported rates in literature,
it is unlikely that the lower success rates indicate a clinically
relevant difference compared to other studies. There was no
anterior plating performed, which is common in European
countries but differs from countries such as the US. One could
argue that this influenced our results; however, systematic
reviews and meta-analyses of studies on fusion found no clini-
cal benefit from the use of additional plating.23,24

In contrast to other studies, serious adverse events were
meticulously registered and assessed for association with sur-
gery during the trial period. As other studies did not specify
whether they reported adverse or serious adverse events, the
surgery-associated adverse events in our trial (22% in the pos-
terior group and 18% in the anterior group) were higher than
reported in other studies (4% in posterior surgery and 5% in

Figure 1. Flow Diagram of Randomized Patients, Primary Treatment, and Follow-up Status

389 Patients eligible

132 Randomized to posterior surgery
119 Received intervention
15 Did not receive intervention
5 Had improved complaints
3 Withdrew consent
2 Had increased complaints and had multilevel surgery
2 Did not fulfill inclusion criteria
2 Crossed over to anterior surgery
1 Underwent surgery in a private clinic

110 Included in the 1-y analysis 118 Included in the 1-y analysis

133 Randomized to anterior surgery
124 Received intervention
10 Did not receive intervention
6 Had improved complaints
1 Changed complaints and had no surgery
1 Underwent surgery in a private clinic
1 Withdrew consent
1 Crossed over to anterior surgery

124 Excluded
80 Were included in a parallel 

nonrandomized cohort study (ie, 
did not want to be randomized)

31 Did not meet inclusion criteria
13 Declined to participate

6 Lost to follow-up9 Lost to follow-up

265 Randomized

Participants who were included in the 1-year analyses had available data for either the Odom score or the Visual Analogue Score for arm pain, which were
prespecified in the study protocol9 as the primary outcome measurements.
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anterior surgery; odds ratio, 1.18; 95% CI, 0.68 to 2.05).6 How-
ever, the rates of our serious surgery-associated adverse events
(6% in both groups, including reoperations) were comparable
to the complications identified in the abovementioned study.
As expected, the types of surgery-associated adverse events
were different between the 2 groups. For example, dysphagia
and hoarseness were more frequent in the anterior surgery
group and wound infections were more common in the pos-
terior surgery group.20

There is conflicting evidence regarding reoperation rates
after posterior cervical foraminotomy. A higher rate is re-
ported in some studies, with more symptom recurrence on the
operated level compared to anterior cervical discectomy with
fusion.7,25,26 The average time interval for recurrent symp-
toms varied between 5 months25 and 42 months7 (without in-
corporating measures of uncertainty). In our study, the reop-
eration rate was slightly higher in the posterior surgery group
(5%) compared to the anterior surgery group (3%) (mean dif-
ference, 0.01; 95% CI, −0.08 to 0.04) but lower overall than
reported in other studies. Also, the rate of recurrent symp-
toms without the need for surgery was higher in the posterior
surgery group than the anterior surgery group (eTable 7 in
Supplement 4). Therefore, it is possible that the number of
reoperations will increase over the remaining study period.

Clinical Implications and Future Research
The clinical effectiveness results after 1 year, including safety
outcomes, are not only relevant to patients and spine sur-
geons, but also to a wide range of specialists involved in
treatment of patients with cervical radiculopathy such as neu-
rologists, pain specialists, general practitioners, and physio-
therapists. The results may be used to improve patient coun-
seling and enhance shared decision-making between physicians
and patients with 1-sided foraminal radiculopathy, taking into
account the type of complications per procedure and patient-
specific factors.

As there are possible economic benefits of posterior sur-
gery (no implants, shorter procedural length)18-21, our future
research will focus on the cost-effectiveness of both treat-
ments. As posterior and anterior surgery showed similar effi-
cacy in this study, we believe that both treatments should be
regarded valid for cervical foraminal radiculopathy and that a
careful consideration should be made per individual patient.

Limitations
This study has limitations. The predefined sample size of 308
patients was not reached. However, the interim analysis indi-
cated that it was safe to end the study prematurely with a low
risk of a false-negative outcome. The study was powered on

Figure 2. Sensitivity Analyses of the Primary Outcome

–1.0 0.5 1.00
Difference in proportion of successful 

Odom score (95% CI)

–0.5

Favors 
posterior surgery

Favors 
anterior surgerySource

Intention-to-treat analysis
Without continuity correction
With continuity correction

Per-protocol analysis
Without continuity correction
With continuity correction

Full sample with complete data with all missing data coded as unsuccessful 
Without continuity correction
With continuity correction

Predefined sample of 140 patients per group with all remaining missing data coded as unsuccessful
Without continuity correction
With continuity correction

Fragility index among full sample with complete data
Without continuity correction
With continuity correction

Fragility index among full sample with all missing data coded as unsuccessful
Without continuity correction
With continuity correction

Fragility index among predefined sample of 140 patients per group with all remaining missing data coded as unsuccessful
Without continuity correction
With continuity correction

One-sided 95% CIs with Bonferroni corrections are reported. The vertical line
indicates the noninferiority margin of 0.1. The intention-to-treat analysis of the
primary outcome with complete cases yielded 86 of 98 patients in the posterior
surgery group and 81 of 106 patients in the anterior surgery group, without
and with continuity correction. There were 3 crossovers in total; therefore,
per-protocol analysis yielded similar results without and with continuity
correction. Scenarios regarding missing data were calculated in full cases with
all missing data coded as unsuccessful in both groups without and with
continuity correction and in the predefined sample sizes of 140 patients per

group with all remaining missing data coded as unsuccessful without and with
continuity correction. In addition, 6 different fragility indices were calculated,
showing the minimum number of patients whose status (successful Odom
score) must change to convert the noninferior outcome to inferior. The fragility
index in the complete cases was 14 without and 13 with continuity correction.
In the full cases with missing data coded as unsuccessful, the fragility index was
7 without and 6 with continuity correction. In the predefined sample sizes for
both groups with all remaining data coded as unsuccessful, the fragility index
was 3 without and with continuity correction.
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Table 2. Comparison of Arm Pain and Secondary Outcome Measures Between Posterior and Anterior Surgery

Variablea

Mean (SD)

Mean difference (95% CI)b
Posterior surgery
(n = 119)

Anterior surgery
(n = 124)

VAS score, arm

Baseline 62.3 (20.7) 60.3 (22.1) NA

1 y 18.6 (22.9) 15.8 (23.7) –2.8 (–9.4)

Change 41.9 (29.5) 45.3 (29.7) 3.4 (11.8)

VAS score, neck

Baseline 55.2 (22.4) 53.6 (23.7) NA

1 y 24.4 (27.5) 21.7 (26.1) –2.7 (–10.3 to 4.8)

Change 29.5 (33.9) 31.6 (29.2) 2.1 (–6.9 to 11.1)

NDI score

Baseline 43.6 (14.1) 42.2 (13.5) NA

1 y 17.6 (14.6) 19.2 (16.5) 1.5 (–2.9 to 5.9)

Change 24.3 (15.8) 23.1 (16.8) –1.2 (–5.8 to 3.5)

WAS score

Baseline 3.8 (2.5) 3.8 (2.5) NA

1 y 6.7 (2.3) 6.7 (2.6) –0.09 (–0.80 to 0.60)

Change 2.7 (2.8) 2.7 (3.1) –0.01 (–0.90 to 0.80)

EQ-5D-5L score

Baseline 0.61 (0.18) 0.62 (0.20) NA

1 y 0.84 (0.15) 0.82 (0.14) –0.02 (–0.06 to 0.02)

Change 0.20 (0.17) 0.19 (0.22) –0.01 (–0.06 to 0.05)

Reported satisfied or very satisfied, No. (%)c

Baseline NA NA NA

1 y 70 (73) 76 (77) 0.04 (–0.09 to 0.20)

All adverse events, No. (%)d

Baseline NA NA NA

1 y 36 (30) 35 (28) –0.02 (–0.10 to 0.10)

Surgery-associated adverse events, No. (%)d

Baseline NA NA NA

1 y 26 (22) 22 (18) –0.04 (–0.10 to 0.07)

All serious adverse events, No. (%)d

Baseline NA NA NA

1 y 13 (11) 17 (14) 0.03 (–0.06 to 0.10)

Surgery-associated serious adverse events,
No. (%)d

Baseline NA NA NA

1 y 7 (6) 7 (6) –0.00 (–0.06 to 0.06)

Reoperations, No. (%)

Baseline NA NA NA

1 y 6 (5) 4 (3) –0.02 (–0.08 to 0.04)

Abbreviations: EQ-5D-5L, EuroQol 5-Dimensions 5-Level questionnaire; NA, not
applicable; NDI, Neck Disability Index; VAS, visual analogue scale; WAS, Work
Ability Index–single item.
a Data on baseline variables were available for 112 in the posterior surgery group

and 117 in the anterior surgery group. Data after 1-year follow-up were available
for 96 patients in the posterior surgery group and 99 in the anterior surgery
group. There were no missing data for serious adverse events and
reoperations.

b Two-sided 95% CIs are given for the mean difference in change score from
baseline to 1 year after surgery for patients in the posterior and anterior
surgery groups, except for the following variables: VAS score for arm pain,
treatment satisfaction, serious adverse events, and reoperations. For the
outcomes in arm pain, a 1-sided 95% CI with Bonferroni correction was
reported. For the other outcomes, the reported 95% CI denotes the difference

in score after 1 year of follow-up between the posterior and anterior surgery
groups, respectively.

c In a questionnaire of overall satisfaction at 1-year follow-up, patients
responded to the question, “How satisfied are you with the results of the
surgery?” The 7-point answer options were “very satisfied,” “satisfied,”
“moderately satisfied,” “somewhat satisfied/not satisfied,” “slightly
dissatisfied,” “dissatisfied,” and “very dissatisfied.” The number of patients
who answered with “very satisfied” and “satisfied” is depicted.

d Adverse events were considered serious if lethal, life threatening, required
hospitalization, caused considerable disability, were a congenital anomaly
or birth defect, or any other medically important event that jeopardized the
patient or required intervention. All serious adverse events were calculated
at the patient level. For an overview of complication level, see Table 3 and
eTable 7 in Supplement 4.
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the proportion of success (Odom score) and not on the mean
decrease in arm pain. This could explain the contrast in out-
comes of arm pain at 1 year (confirming noninferiority) and
change in arm pain (crossing the noninferiority margin with
1.8 points). However, in our opinion, such small between-
group differences can be interpreted as similar results be-
tween groups. This is further strengthened by the small dif-
ferences between groups in all secondary outcomes and in the
responder analyses. Furthermore, an evidence-based non-
inferiority margin for this research question does not exist;
therefore, we chose the margin of 10% empirically.

We used basic statistical analysis to present our 1-year re-
sults without incorporating the longitudinal aspect of the data.
This might be considered a limitation, although the results are
relatively simple for clinicians to interpret, and the robust-
ness of the results was clearly demonstrated by the various sen-
sitivity analyses. We also implemented the fragility index in
our sensitivity analyses, which demonstrated a high number
of patients (n = 13) compared to other surgical spine trials
(median [IQR], 2 [1-3]).22

The inability to blind surgeons and patients to the inter-
vention is an important limitation of our study. Also, irrespec-
tive of the clearly defined inclusion criteria and instructions,
possible selection bias occurred in the assessment of eligible
patients. Some surgeons had a strong preference for 1 of the
studied interventions, mostly directed toward anterior sur-
gery. This may have negatively influenced the enrollment
of participants.

Conclusions
In this randomized clinical trial of patients with cervical ra-
diculopathy due to foraminal nerve root compression, the
1-year clinical effectiveness results demonstrate noninferior-
ity of success rate and arm pain in posterior vs anterior sur-
gery at 1-year follow-up. Decrease in arm pain as well as all
secondary outcomes had small between-group differences
with CIs clustered around 0, indicating comparable results
between groups.
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