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Abstract

Background: Cervical radiculopathy is the most common disease in the cervical spine, affecting patients around
50-55 year of age. An operative treatment is common clinical praxis when non-operative treatment fails. The
controversy is in the choice of operative treatment, conducting either anterior cervical decompression and fusion or
posterior foraminotomy. The study objective is to evaluate short- and long-term outcome of anterior cervical
decompression and fusion (ACDF) and posterior foraminotomy (PF)

Methods: A multicenter prospective randomized controlled trial with 1:1 randomization, ACDF vs. PF including 110
patients. The primary aim is to evaluate if PF is non-inferior to ACDF using a non-inferiority design with ACDF as
“active control.” The neck disability index (NDI) is the primary outcome measure, and duration of follow-up is 2
years.

Discussion: Due to absence of high level of evidence, the authors believe that a RCT will improve the evidence for
using the different surgical treatments for cervical radiculopathy and strengthen current surgical treatment
recommendation.

Trial registration: ClinicalTrials.gov NCT04177849. Registered on November 26, 2019
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Introduction

Background and rationale {6a}

Cervical radiculopathy is a symptom complex consisting
of arm pain, impaired sensory and motor function in the
corresponding dermatomes and myotomes, and varying
degrees of neck pain. The cause is often foraminal
stenosis, which is secondary to degenerative disk disease
with disk herniation (21.9%) and/or osteophyte
formation from the uncovertebral or facet joints (68.4%)
compressing the nerve in the root canal [1, 2]. The
incidence has been estimated at 83.2 per 100,000
inhabitants/year with a peak at 50-54years. Men are
affected more often than women (107.3 vs. 63.5 per
100,000/year). The most often afflicted nerve root is the
C7 root (46.3%), followed by C6 root (17.6%) [2].
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The diagnosis is set by the typical history and findings,
which often involves loss of sensory and motor function,
and diminished deep tendon reflexes. The foraminal
compression test is a provocation test for the affected
nerve root. The head is extended and rotated towards
the affected side. A positive response is when pain is
reproduced by axial compression of the head. The
clinical results must correlate with the findings of the
neuroradiological examination, primarily the MRI but
alternatively CT is used in cases where MRI cannot be
performed, because of, claustrophobia, non-MRI-
compatible pacemaker or dorsal column stimulator, or
the presence of other metal objects that may cause dam-
age tissue by shifting position under the exam [3]. In
ambiguous cases, neurophysiological examinations may
also be valuable.

Spontaneous restitution is common; hence, non-
surgical treatment is often the first choice. Non-
operative treatment may consist of pain medications, a
neck collar, and physiotherapy. Indications for surgery
are failure off non-operative therapy, with no relieve if
the pain after a period of a couple of months, or if com-
plications occur, i.e., intractable pain, progressive paresis,
or cervical myelopathy. In these cases, surgical interven-
tion may result in a reliable improvement and enhanced
quality of life [4].

Theoretical advantages of anterior decompression and
fusion (ACDF) are the direct removal of the pain-
generating disk fragment or osteophyte compression ap-
plied to the nerve root. Drawbacks are the approach-
related complications, such as injury to neurovascular or
other structures, and pseudoarthrosis, which may occur
in a number of cases. The most feared acute complica-
tion is a postoperative hematoma, which, if untreated,
may rapidly lead to airway obstruction or compression
of the spinal cord. This occurs with an incidence of 1%.
The incidences of other known complications with
ACDEF are as follows: esophagus lesion 0.25% [5], infec-
tion 0.1-1.6% [6], injury to the recurrent laryngeal nerve
0.6-2.9% [7], injury to the superior laryngeal nerve 0—
1.25% [8], injury to the hypoglossal nerve 0-1.28% [9],
vertebral artery injury 0.08% [10], dural tear 0.5-3.7%
[11], spinal cord injury 0-0.24% [12], Horner’s syndrome
0.06% [13], brachial plexus injury 0.1% [14], C5 palsy 0—
2.5% [15], and injury to the thoracic duct 0.08% [16].

Other complications associated with the anterior
approach include intermittent early dysphagia which in
most cases resolves [17]. In addition, adjacent segment
disease (ASD) may occur, as spinal fusion has been
blamed for increasing the incidence of degeneration in
adjacent levels [18]. 25.6% will develop ASD within 10
years after ACDF and 7.5% will need further surgery.
However, the cause for ASD is controversial, as disk
degeneration is an age-related process affecting all disks
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and ASD may be a normal progression of the degenera-
tive process affecting the disk adjacent to the fusion
[19]. ACDF leads to clinical success in 83-91% of cases,
with a reoperation incidence of 4—14% [20, 21].

Theoretical advantages with posterior foraminotomy
(PF) include the following: fewer vital structures can be
injured during the primary procedure and the segment
is left unfused perhaps decreasing the risk for ASD. A
disadvantage is that the decompression is indirect,
meaning that the compressing fragment or the
osteophyte is not removed, but the nerve root is allowed
to move away from it, as the “roof” of the foramen is
opened.

Approach-related  complications with PF  are
postoperative hematoma, which may compress the
spinal cord, and C5 palsy [15], where the exact
pathophysiology is not fully understood.

Instability issues after partial facetectomy during PF
may lead problems that require fusion, in general fusion
after PF have rates of up to 5%. Recent retrospective
studies of minimal invasive PF with over 1000 cases
shown that a good level of decompression is achieved,
i.e., to same or better NDI in comparison to ACDF [22—
32].

The incidence of ASD is 6.7% 10 years after one level
of PF, with 3.2% requiring reoperation for ASD [33].
The preserved motion may lead to restenosis as the
degeneration continues with the risk of secondary
surgery on the index level [34]. PF will lead to clinical
success in 64—96% with a reoperation incidence of 4—7%
in retrospective cohort studies [22-32, 35-37].

Both methods result in a high rate of clinical success
with a low incidence of reoperations. However, there are
no prospective controlled studies with a high level of
evidence comparing the two approaches. High level of
evidence from RCT's could improve treatment guidelines
and recommendations for the surgical treatment off
cervical radiculopathy [38-41].

Objectives {7}

The main objective of the trial is to compare the clinical
outcome of ACDF surgery after 2 years of follow-up
with the outcome of PF in patients with cervical radicu-
lopathy by using patient-reported outcome measures
(PROMS). The primary outcome variable is the Neck
Disability Index (NDI) at the 2-year follow-up [42]. Sec-
ondary outcome variables are the European Quality of
Life-5 Dimensions (EQ-5D) [43, 44] and the Numeric
Rating Scales (NRS) [45] for arm and neck pain. To
evaluate temporal differences between the recoveries
after each surgical technique, the variables will also be
collected after 4 weeks, 3 months, and 1 year. Tertiary
variables are complications and secondary surgeries.
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Trial design {8}

The trial is conducted as a multicenter clinical
randomized controlled trial (RCT) with 2 vyears of
follow-up using PROMs and radiological parameters.
The RCT will be carried out according to the SPIRIT
and CONSORT statements for clinical trial reporting
[46, 47]. Randomization without stratification in a 1:1 ra-
tio using the SMART-TRIAL software (www.smart-trial.
co) will result in allocation to either ACDF or PF, a 2-
arm parallel group design. The primary aim is to evalu-
ate if PF is non-inferior to ACDF using a non-inferiority
design with ACDF as “active control.” A secondary su-
periority design will also be applied. In the non-
inferiority design, the hypothesis is that PF is equal to
ACDEF. The difference between PF and ACDF is not
more than the MCID for NDJ, ie., not more than 7.5
points or 15% units [48-50].

Methods: participants, interventions and
outcomes

Study setting {9}

Participating centers are Orebro University Hospital
(primary site), Uppsala University Hospital, Umeé
University Hospital, and Ryggkirurgiskt Centrum
Stockholm. Each center has high volume of cervical
radiculopathy patients and complex spine surgery teams
to provide the interventions in form of PF and ACDF

Eligibility criteria {10}

Inclusion

The inclusion criteria are as follows: cervical
radiculopathy; age 18—65 years; patients with symptoms
of radiating arm pain with duration of at least 6 weeks;
neck disability index (NDI) over 30 points (60%);
correlating findings on MRI, one or two consecutive
cervical levels; eligible for both treatments; and ability to
understand and read Swedish language.

Exclusion

The exclusion criteria are as follows: previous cervical
spine surgery; more than two cervical levels requiring
treatment; severe facet joint osteoarthritis; symptoms or
marked radiologic signs of myelopathy; drug abuse,
dementia, or otherwise expected low compliance;
cervical deformity or marked instability (3.5-mm
translation or > 11 degrees more motion at index level
compared to adjacent segments [51]; history of severe
cervical trauma, WAD or generalized pain syndrome;
pregnancy; rheumatoid arthritis or  ankylosing
spondylitis; malignancy; active infection or another
severe systemic disease; or when the surgeon deems the
participant unsuited for either of the interventions.
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Who will take informed consent? {26a}

The consultant spine surgeon will take informed
consent during consultation meeting with the patient
that is eligible for inclusion.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}

Eligible patients will be informed in the clinic about the
study and included if consent is given. Study
information is given by the consultant spine surgeon. No
other consent provisions are applicable; no biological
specimens are collated.

Interventions

Explanation for the choice of comparators {6b}

Treatment for CR in Europe and USA has been ACDF
and is considered “Golden standard,” yet in the Asian
Pacific, the main treatment for CR is PF. No level one
evidence has been published yet; the investigators
believe that clinical equipoise is between ACDF and PF.

Intervention description {11a}

Anterior cervical decompression and fusion

A 4-cm anterolateral transverse incision is made over
the index level, on either the right or left side according
to the surgeon’s preference. Platysma is sectioned trans-
versal to its fibers, and the anterior aspect of the spinal
column is bluntly exposed between the carotid sheath
and the esophagus. The disk is excised, including the
posterior longitudinal ligament. Disk fragments and/or
osteophytes from the uncovertebral joint on the affected
side are removed until the root is fully decompressed.
Reconstruction is typically done with an interbody spa-
cer, autologous bone graft, and a stabilizing plate
screwed to the adjacent vertebral bodies. A fusion cage
with integrated screws may also be used according to
the surgeon’s preference [20, 41].

Posterior foraminotomy

A 4-cm longitudinal midline incision exposes the spin-
ous processes of the adjacent vertebrae. The facet joint
covering the index foramen is exposed through inter-
muscular planes. The root canal is opened as the medial
third of the facet joint is removed. The affected nerve
root is decompressed by laterally undercutting the facet
joint throughout its length [36].

Criteria for discontinuing or modifying allocated
interventions {11b}

If severe adverse events are noted, the attending spine
surgeon will contact the investigator of the study.
Analysis of severe adverse event will be conducted to
evaluate if the method is harmful and then decide to
stop the trial. Stopping criteria is difference of over 30%
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in NDI between the outcomes, i.e., to more than 2x
MCID on any of the follow-up PROMS at 4—6 weeks, 3
months, 1year, and 2 years. Participants can at any time
request to drop out of the study.

Strategies to improve adherence to interventions {11c}
Study supervisor will monitor PROMS and radiological
parameters; if the participant fails to attend, a written
remainder for PROMs, CT scan, and MRI will be sent
by mail. This is done on two occasions and with the last
and third reminder which is with a phone call. Overall, 3
reminders will be given to the participant before
exclusion for non-adherence is conducted.

Relevant concomitant care permitted or prohibited during
the trial {11d}

Postoperative care, pain control, and physiotherapy will
be identical in both groups. The physiotherapy will aim
at informing the patient about general mobilization.
Neck training will consist of muscular control in the
initial phases with range-of-motion exercises starting
from 6 weeks postoperatively. Stiff neck collar that af-
fects range of motion is prohibited.

Provisions for post-trial care {30}

Patients have in general a standard insurance in case of
malpractice and harm provided by the Swedish
healthcare system. After the trial has been conducted,
the study patients are still eligible for treatment for
cervical disorders if needed.

Outcomes {12}

Primary variable

The primary outcome, NDJ, is a self-administered ques-
tionnaire with 10 items measuring disability in patients
with neck pain. The questions cover daily activities, such
as the ability to dress, lift heavy objects, read, work, drive
a car, sleep, and perform leisure time activities, as well
as the amount of pain, headache, and concentration abil-
ities. Each item is scored from O to 5. The disability is
more severe with higher scores, while the maximum
score is 50 points. The score is transformed into a per-
centage score (range 0 to 100%). The minimum clinically
important difference (MCID) is considered to be 7.5-8.5
[48, 49] or 17.3% [50]. NDI PROMS are collected pre
operation and after 4—6 weeks, 3 months, 1 year, and 2
years.

Secondary variables

Secondary variables are the European Quality of Life-5
Dimensions (EQ-5D; with a range from approximately —
0.5 to 1, with higher scores indicating better quality of
life) using the Swedish translation [43, 44].
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Numeric rating scales (NRS) are used to assess arm
and neck pain. The scales range from 0 to 10, 0 being
the best and 10 the worst. MCID for NRS neck and arm
is not yet determined [45].

Tertiary variables
Tertiary variables, complications, and reoperations will
be collected as they may occur.

Radiology

The following radiological examinations will be
performed: X-ray radiograph in flexion/extension of cer-
vical spine, and MRI and CT scan will be carried out
preoperatively and after 1 and 2 years. In order to evalu-
ate the degree of decompression, a postoperative CT will
also be performed. The degree of restenosis over time,
development of adjacent segment pathology, facet joint
degeneration, range of motion changes, and fusion heal-
ing will be evaluated.

Participant timeline {13}

Patient are randomized and enrolled in the study at the
consultation with spine surgeon; there is usually 4—18
weeks waiting before surgery. During this time,
BASELINE data is collected. After intervention, CT scan
is performed then the patients are followed with
PROMS and radiological studies after 4-6weeks, 3
months, 1 year, and 2 years.

OMSAP Study period
Enrolment Surgery Post-allocation
Timepoint -4-18 0 4-6 3 1 2
weeks weeks months year years
Enrolment:
Eligibility X
screen
Informed X
consent
Allocation X
Interventions:
[ACDF OR PF] X
Assessments:
[MRI, CT, Flex/ X X X
Ext-X-ray]
[NDI, NRS, EQ- X X X X X
5D]
[Post Op. CT] X

Sample size {14}

The MCID in the NDI is approximately 15% [50], and
the standard deviation (SD) in the NDI is 25%. With
these parameters, a two-sided superiority trial with
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significance level at 0.05 and power at 80% will require
44 patients in each group. To make up for crossovers,
noncompliance, and follow-up losses, the total number
of patients is set at 110.

Recruitment {15}

Participating centers, Orebro University Hospital
(primary site), Uppsala University Hospital, Umeé
University Hospital, and Ryggkirurgiskt Centrum
Stockholm have been chosen for their high volume of
cervical cases with cervical radiculopathy. These patients
are generally referred by a general practitioner and are
eligible for consultation with a consultant spine surgeon.
To achieve a fast and easy enrollment, a web-based soft-
ware, Smart-Trials, is used to register consent, inclusion,
and randomization. A written consent is also given dur-
ing the consultation with spine surgeon.

Assignment of interventions: allocation

Sequence generation {16a}

Randomization is achieved by registering the patient in
Smart-Trials software (www.smart-trial.com), which will
generate allocation to either ACDF or PF. It is not pos-
sible to change group after randomization.

Concealment mechanism {16b}

Concealment mechanism is provided by the software,
which allows the user to preform randomization without
the possibility of knowing the outcome beforehand.

Implementation {16c}
Each spine surgeon has individual logging, and the log-
on process is with a two-stage verification using logging
and mobile phone SMS code. The spine surgeon imple-
ments the allocation.

Assignment of interventions: blinding

Who will be blinded {17a}

Blinding is not possible; the interventions are different
and neither the patient nor the surgeon are blinded. X-
ray assessment is not possible to blind.

Procedure for unblinding if needed {17b}
No blinding

Data collection and management

Plans for assessment and collection of outcomes {18a}

The Swedish Spine Register [52] is used for gathering
data. Patient-reported outcome measures (PROMs; NDI
and EQ5-D [48-50]) are sent to the patient by mail at 1
and 2 years of follow-up. PROMs for the 4—6 weeks and
3 months follow-up are not standard to the SweSpine
protocol which is why these are mailed separately to the
patients. The MRI, CT, and flexion-and-extension
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radiographs are assessed by 2 spine surgeons independ-
ently. In case of non-consensus, a discussion will be per-
formed until consensus is reached. Standard protocols
for MRI cervical spine and CT cervical spine are used.

Plans to promote participant retention and complete
follow-up {18b}

Patients that do not reply on the first set of PROMs will
get two reminders by mail. If still no response, they will
be approached once by telephone, after which they will
be excluded. Patients that choose to opt out will be
excluded upon their request. Outcome PROMs and
radiology will be collected for the time they remained in
the study, unless the patient demands that this data is
removed.

Data management {19}

The primary site is where all the study data will be
stored in a protected database; sources of collected data
are radiology outcomes and PROMS. Radiology
outcomes are collected from all the sites and stored
digitally on secure drive with backup provided by the
Department of Radiology, secured by 1-stage verification
login.

PROMS outcome are collected by two different
pathways: first is by SweSpine for 1- and 2-year data and
by the primary site for 4—6 weeks and 3 months data.
SweSpine data are accessible by one-stage verification
login on the SweSpine main page. SweSpine data can be
viewed by the spine surgeons with the patient’s ID. This
data can only be accessed for study purpose and with
Swedish Ethical Review Authority’s approval. Upon re-
trieval of 1 and 2years data by the investigator, this is
then stored on a hard drive with backup and 1-stage
verification login.

PROMS for 4-6weeks and 3 months are manually
collected and converted to digital form by the primary
site by the controller and investigator. All PROMS data
are checked by the controller and investigator before
analysis. All PROM data will be processed by using IBM
SPSS statistics or other equivalents by the investigator
with support of a statistician; also, this data will be
password protected.

Data from Smart-Trials is not used as outcome mea-
sures and is stored upon completion in a database ac-
cessible only by the primary investigator.

Confidentiality {27}

All data management and analysis are done using
unidentified PROMS data; only the investigator team has
access to the ID of the recruited participants. Trial data
will not be shared with other researchers.
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Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}

No laboratory test or biological materials are collected
during this trial.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Primarily, patient-related outcome measures will be ana-
lyzed in terms of intention to treat (ITT) and include all
randomized patients. Using analysis of covariance
(ANCOVA), the mean outcome values for each treat-
ment group will be analyzed, with adjustments for base-
line values. The mean difference between the groups will
be presented.

Secondary outcome analyses using the Student ¢ test,
chi-square, Mann-Whitney, and Fisher exact test.

The tertiary outcome analyses will be based on
available cases. The time to revision surgery according
to treatment assignment will be analyzed and plotted
according to the Kaplan-Meier method, while hazard ra-
tios, regarding secondary surgery after ACDF compared
with PF, will be estimated by the Cox model with calen-
dar time as the time scale. Men and women will be ana-
lyzed separately.

Interim analyses {21b}

An interim analysis will be performed by an
independent observer when 40 patients are included,
regarding NDI difference and adverse effect [53]. If
severe adverse events are noted, the attending spine
surgeon will contact the investigator of the study.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
No primary subgroup analyses are planned.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
Missing data will be imputed wusing multiple
imputation [54].

Plans to give access to the full protocol, participant level-
data, and statistical code {31¢}

No later than 3 years after the collection of the 2-year
data after the randomization PROMS, we will deliver a
completely deidentified dataset if requested.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The coordinating center is Orebro University Hospital
and the steering committee is as follows:
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Study director: Prof. Claes Olerud MD. PhD has
overall supervision of study.

Principal investigator: Marek Holy MD. Responsible
for recruitment, data collection, adherence to study
protocol

Main coordinator and controller: Hanna Wennerlund,
responsible for PROMS, Radiology

Critical reviewer: Anna MacDowall MD. PhD, Freyr
Gauti Sigmundsson MD. PhD

Independent observer: Associate Prof. Acke Ohlin
MBD. PhD. Responsible for interim analysis and auditing
trial conduct.

The local centers have each a coordinator that is in
direct contact with main coordinator and controller.
This is to secure date of inclusion, scheduling time of
intervention, and monitoring radiology outcomes and
baseline.

Recruits are referred to each center by their general
practitioner or family doctor. The senior spine surgeons
at the main and local centers are individually responsible
for recruitment and inclusion to study and
randomization and also to provide the surgical
intervention; this is facilitated by the Smart-Trials
software.

Composition of the data monitoring committee, its role
and reporting structure {21a}
Data monitoring is performed on a weekly basis by the
main coordinator and controller with support of the
local coordinator; this is to ensure that all the events,
ie, PROMS, radiology, is performed according to
protocol. Data monitoring committee comprises of:

Principal investigator: Marek Holy MD. Responsible
for recruitment, data collection, adherence to study
protocol

Main coordinator and controller: Hanna Wennerlund,
responsible for PROMS, radiology

Interim analysis is also performed after the 40
participants have been included and surgical intervention
is performed, by the independent observer.

Independent observer: Associate Prof. Acke Ohlin
MD. PhD

Adverse event reporting and harms {22}

Adverse events (AE) that are anticipated are infection,
implant failure, neurologic impairment post-surgery, and
other rare approach-related complications like esopha-
gus perforation and nerve injury. AE are reported by the
senior spine surgeon that performed the surgical inter-
vention to the primary investigator.

Serious adverse events (SAE) are not anticipated; they
are reported by the senior spine surgeon according to
the Swedish healthcare standards which depend on the
type of SAE. Such SAE may include deep vein
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thrombosis with pulmonary embolism and subsequent
death, death due to infection, and meningitis or similar
infections.

Frequency and plans for auditing trial conduct {23}

The independent observer performs audits conducted
across all sites when 40 participants are included, based
on the 4—6 weeks, 3 months, 1year, and 2 years follow-
up data. In addition, analysis of any adverse events will
be performed by the independent observer.

Plans for communicating important protocol
amendments to relevant parties (e.g., trial participants,
ethical committees) {25}

Any change in the protocol from the primary protocol
that is approved by the Swedish Ethical Review
Authority must be reported and resubmitted for
approval, that is, equal to changes in intervention,
outcome measures, and sample size.

Dissemination plans {31a}
The trial result will be submitted to peer review journals
and presented at international meetings.

Discussion

ACDF and PF are two common techniques for treating
cervical radiculopathy. Both methods seem to result in a
high frequency of clinical success with low incidences of
complications and  reoperations  according to
retrospective data, but at different costs as no implants
are utilized in PF [37]. In an observational registry study,
we did not find any difference between the two methods
in terms of clinical outcome, complications, and
reoperations [34]. As there may be undetected selection
bias and underreporting of complications in a registry
study, the results need to be confirmed in studies with
higher level of evidence.

In most instances, a root canal stenosis is caused by
osteophyte formation from the uncinate process and/or
disk protrusion compressing the root from the anterior.
The most determining factor for clinical success seems
to be how well the nerve root is decompressed. A recent
systematic review and meta-analysis of minimally inva-
sive PF showed that arm pain improvement was greater
in the PF group compared to the ACDF group, thus sup-
porting the hypothesis of sufficient decompression with
PF [55]. In ACDF, the compressing elements can be re-
moved directly, whereas in PF, the decompression is in-
direct; by removing the “roof” of the root canal, the
nerve root is allowed to move away from the compres-
sing elements. Thus, the mode of decompression is fun-
damentally different between the two methods.

The level of decompression that is shown in
retrospective series seems to be sufficient for both
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methods, i.e., to the range of 90% or more. However, PF
shows larger variation in clinical success with range of
64—96% [35-37] and ACDF 83-91% [20, 21]; the reason
for this variation is not exactly clear.

The issue with restenosis at the index level of surgery
and the need for re-decompression of the same nerve-
root is another issue that needs more elaborate study.
We know from prior studies that non-specified reopera-
tion rates are in the range of 4-7% in PF and 4-14% in
ACDF. We think that these data are not comparable and
that the reasons for reoperation on index level are
different. For PF, it will be the issues of inadequate
decompression, but for ACDF, it will be inadequate de-
compression, hardware failure, and/or fusion problems,
e.g., loosening or pseudoarthrosis. We believe that PF
may in the long term have unremitting degeneration is-
sues and that the risk for restenosis will increase over
time. The reason may be the partial facetectomy in a
loadbearing joint, in which the degeneration will con-
tinue [34].

The main question of this study is to evaluate if there
is equal outcome between the two methods. Other
questions are if complications and reoperations differ.
We chose NDI as the primary outcome measure. The
instrument has been used in multiple previous studies
on cervical radiculopathy and focus on the pain and
dysfunction associated with radiculopathy, i.e., is disease
specific and allows comparison to previous work. We
also include VAS separately for arm and neck pain as we
believe this possibly separates the success of
decompression from the morbidity associated with the
different approaches. The EQ-5D was included as this is
a non-disease specific quality-of-life instrument allowing
comparison to other ailments.

The cost-risk benefit for ACDF vs. PF needs to be con-
sidered; the approach-related complications and reo-
perations rates are important from financial perspective.
ACDF have more implications than PF due to the ana-
tomical facts of an anterior approach; this is in favor for
PF. Implants are not utilized for PF; this lowers the coast
of surgery in favor for PF. Surgical selection bias is a fac-
tor that must be considered when looking at retrospect-
ive studies of ACDF vs. PF. The difference in various
clinical settings may influence the choice of method as
factors such as multilevel vs. single level surgery, smok-
ing vs. non-smoking, and prior instability on dynamic
radiographs. The most decisive difference between
ACDF and PF is the fusion at the index level. In previous
studies on cervical radiculopathy, motion preservation
using artificial disks seem to decrease the incidence of
radiological adjacent segment pathology (RASP) next to
a fused segment. But when it comes to clinically relevant
adjacent level pathology (CASP), especially if leading to
surgery, the data is less compelling with a 7.1-8.5%
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reoperations rate in ACDF for CASP [56, 57]. Our study
design, with X-ray, MR, and CT at regular intervals, will
allow us to shed some additional light on the unsettled
issue if lost or maintained motion at the index segment
and will protect from CASP in the long-term.

Limitation

General limitation of RCT is patient selection and
external validity of the trial. The generalizability of this
study may be limited by the exclusion of patients with
concomitant cervical diseases in addition to CR and the
level of degeneration; this is equal to the age selection of
18-65 years. Selections bias is also factor that is present
due to the exclusion criteria; another limitation is that
the surgeons may not be equally skilled at performing
ACDF and PF. A surgeon must be proficient in both PF
and ACDF techniques; the minimum requirement is 10
surgeries. The use of NDI for CR is not how NDI was
intended; NDI is an instrument for whiplash patients
but is used in general for CR studies [42]. The use of
EQ-5D is also debatable; EQ-5D is a non-specific general
health questionnaire. Follow-up is a limiting factor; 2-
year follow-up is good to see how good decompression
and pseudoarthrosis and hardware failure rates are. But
for ASD and restenosis on index level, a longer FU is
needed.
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