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Abstract
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Background: Knowledge about how to interpret pain-analyzing tools such as the pain drawing
test and the visual analog scale (VAS) in cervical spine patients are sparse; hence, they have
never been validated for this subgroup of patients. The method of artificial disc replacement
(ADR) has been developed as an alternative treatment to fusion surgery after decompression
for cervical degenerative disc disease (DDD) with radiculopathy. Preserved motion of ADR
devices aims to prevent immobilization side effects such as stiffness, dysphagia and adjacent
segment pathology. Long-term follow-ups of these devices compared with the gold standard
treatment are needed to create future guidelines.
Objectives: This thesis aims at (1) validating the pain drawing as an investigational tool for
the cervical spine, (2) validating the VAS for the cervical spine regarding the measurement
noise and the minimum clinically important difference (MCID), (3) comparing ADR with fusion
surgery at 5-years of follow-up regarding outcome and complications in a randomized controlled
trial (RCT) as well as in the Swedish spine (Swespine) registry, and (4) investigating possible
predictors to outcome after surgical treatment of cervical radiculopathy.
Methods: An RCT with 153 patients undergoing surgery for cervical radiculopathy was
performed. Baseline data, the Neck disability index (NDI), two sets of VAS-neck and
VAS-arm scores, the EQ-5D, Hospital anxiety and depression scale (HADS), Dysphagia
short questionnaire and a pain drawing test were gathered preoperatively and after 5 years.
Radiographs in flexion/extension and MRIs were done preoperatively and at follow-up. All
patients registered in Swespine since January 1st, 2006 with cervical DDD and radiculopathy
treated with ADR or fusion surgery, were included. Baseline data, the NDI, EQ-5D, and VASneck and VAS-arm scores were analyzed at 1, 2, 5 and 10-years of follow-up as well as the
information regarding secondary surgeries.
Results: Pain drawings interpreted with the simple body region method showed good interrater reliability in cervical spine patients. Markings in the upper arm region on the pain drawing
predicted surgical treatment outcome and markings in the head region predicted depression. The
measurement noise was ~10 mm and the MCID was ~20 mm on a 100 mm pain VAS. In both the
RCT and Swespine register the outcome after ADR surgery were comparable with fusion at 5
years of follow-up, except for an elevated risk regarding secondary surgery on the index level in
the ADR group. Fifty percent of the patients in the RCT, allocated to ADR surgery had preserved
motion of less than 5°, at the 5-year follow-up, and 25%, mostly men were spontaneously fused.
Preserved motion did not prevent adjacent segment pathology. High values of preoperative
HADS scores were negative predictors of outcome.
Conclusions: In patients with cervical DDD and radiculopathy both the pain drawing test and
the VAS are validated tools to interpret the patients’ pain. Preoperative mental distress affects
long-term outcome much more than the allocated treatment, ADR or fusion surgery in patients
with cervical radiculopathy.
Clinical Trial Registration: ISRCTN, registration number: 44347115.
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Introduction

Anatomy
The subaxial spine consists of vertebrae C3 to C7. The anterior and posterior
longitudinal ligaments as well as ligamentum flavum and the facets’ capsular
ligaments stabilize the subaxial cervical spinal segments. Additional stabilizers are also the interspinous- and intertransverse ligaments as well as the
ligamentum Nuchae [2] (Figure 1). Typically there are five articulations in a
cervical spine segment; two uncovertebral joints, two facet joints, and the
intervertebral disc [16] (Figure 2). The disc between the vertebrae is composed of a shell, annulus fibrosus that contains the softer nucleus pulposus.
The dominating cell type in the nucleus pulposus is the chondrocyte-like cell
that produces the extracellular matrix composed of type II collagen, elastin
and proteoglycans [10]. The proteoglycan’s water retaining features together
with the elasticity and loadbearing capabilities of elastin and collagen absorb
energy and vibrational stress; thus, to protect vertebrae and adjacent segments [16]. The disc is attached to the cartilage-covered endplates on the
upper and lower surface of the vertebrae. Hence, the adult disc is avascular;
the endplates also contribute to the nutrition of the disc by diffusion mechanisms. The outer surface
of the annulus fibrosus,
however, has both vascular and nervous support.
The annulus fibrosus is
composed of 15-25 fibrous lamellae that are
attached to the endplates.
In flexion/extension the
lamellae on one side of
the annulus fibrosus
stretch, while the lamellae on the other side
slack; thus, transferring
motion throughout the
cervical spine [84].
Figure 1. The ligaments of the cervical spine.

11

Biomechanics
The disc, the facet joints, the uncovertebral joints, and their associated ligaments are the mobile anatomic structures that link two adjacent vertebrae to
a functional unit, a motion segment. The motion of a functional unit is a
coupled angular and translation movement that occurs simultaneously along
multiple axis. This enables flexion-extension, lateral bending and axial rotation. The subaxial facet joints have an inclination of approximately 45° from
the horizontal plane. Consequently 60% of flexion and extension occurs
from C3 to C7, with normal physiologic range of motion varying from 14° to
22° for each corresponding segment. Due to the inclination of the overlapping articular facets, there are concomitant translational movements of the
cephalic vertebra relative to its caudal counterpart, as the articular surfaces
slide apart or close in on each other. The center of rotation in the lower subaxial spine, C5 – C7, is just posterior and inferior to the center of the caudal
vertebral endplate. In the upper subaxial spine, C3 – C5, the facets are
oriented more horizontally, thus the
center of rotation deviates more posteriorly and caudally relative to the
disc space. Coupled motions in lateral
bending and axial rotation result in
migration of the center of rotation. In
a three-column spine model, the disc
also contributes to spinal stability and
balance in the anterior and middle
columns [16].
Figure 2. The cervical vertebral joints; a = Uncovertebral joint, b = Facet joint, c =
Disc

Degeneration
The water content in the disc decreases during the natural ageing process,
and the collagen- and proteoglycan fibers change and loose viscoelastic
properties. The disc becomes frail. The annulus fibrosus may rupture so that
fragments of the degenerated nucleus bulge through the rift into the spinal
canal. The herniated nucleus pulposus may mechanically compress the spinal nerve root and cause neurological impairment. In addition, chemical
substances, released from the herniated nucleus pulposus, may affect the
primary afferent neurons. Proinflammatory cytokines, such as interleukin 1β
and TNFα cause inflammatory reactions that induce radicular pain and may
cause sensitization of the nociceptive pathway and the ingrowth of nerves
and vessels into the disc [41]. The cytokines start the processes that degrade
12

the nucleus pulposis matrix. Simultaneously growth factors induce cell proliferation and the synthesis of new matrix that will eventually heal the ruptured disc. Proteoglycans in the disc inhibits the ingrowth of nerves. Degenerated discs contain less proteoglycans, which may lead to pathologic ingrowth of C-fibers that generates pain [84]. As degeneration progress, the
load bearing capabilities are lost and the disc collapses when compressed.
The loss of disc height loosens the ligaments that become pleated. Loose
ligaments unstable the whole segment causing strain on the facet- and uncovertebral joints. This leads to arthropathy in these joints and the building
of osteophytes, which will derange the coupled motion patterns. Consequently this degenerative cascade together with pain inhibition will affect the
range of motion [16]. Herniated disc, pleated ligament and osteophytes from
the facet- and uncovertebral joints narrow the root canal and eventually even
the spinal canal.
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Background

Injury or compression of a nerve root in the cervical spine results typically in
cervical radiculopathy as the main clinical symptom. Parkinson first described the condition in 1817 although he concluded that it was a rheumatic
affection of the deltoid muscle [123]. The annual incidence of cervical
radiculopathy is 83.2/100,000, with a higher incidence in men,
107.3/100,000, than in women, 63.5/100,000. The prevalence is 3.5/1000
and the most common age to be afflicted is 50-60 years old [129]. In Sweden
there were 36/1000,000 surgically treated for cervical radiculopathy in 2004
[1]. In the younger population, cervical radiculopathy is most commonly
caused by disc herniation, which accounts for 20-25% of all cases of cervical
radiculopathy. In the older patient it is often a result of foraminal narrowing
due to decreased disc height, pleated ligament and osteophyte formation of
the uncovertebral- and/or facet joints. The most commonly affected nerve
root is the C7 and secondly the C6 [74].

Symptoms
Symptoms of cervical radiculopathy differ between disc herniation and foraminal stenosis. Patients with symptomatic disc herniation most commonly
suffer from a sudden onset of neck pain followed by arm pain in the same
distribution area as the affected nerve. Other symptoms may be disturbances
of sensory- and motor functions. Symptoms of motor disturbances may be
weakness and/or decreased tendon reflexes in the arm. Sensory disturbances
may be demonstrated as paresthesia, numbness and/or decreased sensation
for pinprick and touch [90].
In cases of foraminal stenosis the symptoms are similar but with slow onset and progress over time. The patient may feel stiffness and fatigue in the
neck and referred pain in the head, scapula and shoulder [84]. The radiating
arm pain may be provoked by extension of the neck and lateral rotation towards the symptomatic side (Spurling’s sign).
Differential diagnoses that may present similar symptoms are ParsonageTurner (plexus injury), peripheral nerve entrapment such as carpal tunnel
syndrome, neuropathy, neuritis, impingement in shoulder, ischemic heart
disease, infection and tumors.
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Pain
Pain is caused by mechanical compressions, chemical and/or inflammatory
processes. Degenerative changes in the cervical spine are part of natural
ageing processes, thus, changes occur mostly without pain. Deterioration and
repeated tears in annulus fibrosus may cause ingrowth of blood vessels and
nerve fibers into deeper layers of annulus fibrosus extending even into the
nucleus pulposus. Deterioration of the disc also results in loss of disc height
and changes the mechanical load bearing qualities of the disc. The facet joint
capsule and the posterior longitudinal ligament have free nerve endings that
may respond to the change in mechanical load. When nucleus pulposus is
exposed to the nerve root or dorsal ganglion, chemical substances may be
released and induce inflammation. The various stimuli of the nociceptors
create pain impulses, which are conducted by A delta fibers and unmyelinated C fibers to the dorsal root ganglion. Furthermore, the pain impulses continue via the spinothalamic tract to the thalamus and the somatosensory cortex [19].
Analyzing Pain
Pain is a subjective experience that affects us physically and mentally. It is
likely that the pain experience is affected by psychological characteristics
such as coping mechanisms, anxiety and depression. It is also plausible that
severe and/or prolonged pain affects the psychological state. In order to treat
pain and evaluate treatment outcome, validated tools to measure pain become a necessity. The pain drawing allows patients to communicate pain
without elaborated language. Another simple tool to measure pain in daily
practice is the visual analogue scale (VAS). To capture the complex dimensions of pain experience in patients with cervical radiculopathy, patient reported outcome measures (PROM) such as the Neck Disability Index (NDI)
and the European Quality of life 5 Dimensions (EQ-5D-3L) have been developed.
Pain Drawing
Pain drawings have been investigated regarding associations between the
patients’ pain and different conditions in the lumbar spine. As early as 1949
Palmer [118] wrote about pain drawings and how to distinguish between
functional and organic pain. Since then pain drawings have been analyzed
qualitatively into organic or nonorganic drawings by penalty point systems
or general impression [132; 143; 168; 171]. Several quantitative analyses
have also investigated how widespread or localized the pain markings on the
pain drawings are [54; 98; 116]. Different methods of assessing the pain
drawings have been compared with psychological scales [26; 34; 60; 72;
119; 121; 132; 140; 143; 170], radiology methods [15; 116; 131; 168; 172]
and treatment outcome [7; 39; 42; 77; 103; 137; 159; 161; 171].
15

The test consists of a front and back outline drawing of the human body.
The patients indicate the distribution and the character of their present pain
by using six different symbols; dull, burning, numbness, stabbing or cutting,
pins and needles and cramping.
Until now most investigations have focused on low back pain patients,
even though pain drawings are frequently used in neck pain patients as well
[9; 17; 166]. Gioia et al. [56] found stronger levels of agreement between
pain drawings and degenerative changes on MRI of the cervical spine compared with the lumbar spine. A thorough study about the role of pain drawings in preoperative assessment for cervical degenerative disc disease (DDD)
has not yet been performed.
Visual Analog Scale
The VAS was first used in psychological research 100 years ago [50; 73].
During the last 30 years, the VAS has been developed and investigated in
many medical fields. The zero to 100-mm pain VAS is frequently used preand post-surgery as a tool to measure treatment outcome, even though
changes in single pain assessments may not always accurately reflect treatment outcome in any one individual.
The VAS consists of a 100-mm horizontal line with the description ‘no
pain’ on the far left and ‘worst possible pain’ on the far right [141]. The patients are asked to make a vertical mark on the line to show the location that
best represents the pain they have experienced during the last week.
Inaccurate measurements can be due to noise, changes due to the time of
day when testing is done, or to discrete environmental events that influence
the patient during the assessment [80]. Inaccuracy can also be due to lack of
precision and an inability to discriminate between the numbers in a 100point scale [64; 76]. The measurement noise has been approximated to be 20
mm on the 100-mm pain VAS [37]. Presumably there are different factors
that may influence the patient to be more or less consistent regarding filling
out the VAS; hence, measurement noise might differ between patients. What
these factors might be has not yet been investigated in patients with neck
pain.
Neck Disability Index
The NDI is a 10-item self-administered questionnaire measuring disability in
patients with neck pain. The questions measure daily activities (e.g., the
ability to dress, lift heavy objects, read, work, drive a car, sleep and perform
leisure activities) as well as concentration abilities and the severity of pain
and headache. Each item is scored from zero to five. The maximum score is
50 points, indicating severe disability and the minimum score is zero, indicating no disability. The score we used was transformed to a percentage
(score out of 100) by doubling the total score (ranging from zero to 100%).
The minimum clinically important difference is 15-17.3% [25; 122; 181].
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Quality of Life
The EQ-5D-3L in its current form has been in use since 1991. It measures
health related quality of life and is non-disease specific. It consists of five
different health related domains: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression. To each question the subject can
answer with one = none, two = moderate or three = severe. The maximum
value is 11111, no problems in any domain. Death is scored at zero. The five
values are summed up in a formula into an index value ranging from one,
which represents 11111, to - 0.594 that represents 33333. Information about
the EQ-5D is provided by the EuroQol group (www.euroqol.org).

Neurological Impairment
The anatomical distribution of the affected nerve may differ between patients since there are
considerable
overlaps
between the roots. A
standardized mapping of
dermatomes, myotomes
and the associated reflexes has been done by
American Spinal Injury
Association (ASIA). The
distribution of nerve
roots that may be affected by cervical DDD is
summarized in Table 1
and Figure 3.
Figure 3. Dermatomes of the lower cervical spine.
Table 1. Myotomes and reflexes of the lower cervical spine.
Root

Key muscles

Reflex

C5
C6
C7
C8
T1

Elbow flexors
Wrist extensors
Elbow extensors
Finger flexors
Finger abductors

Biceps reflex
Biceps reflex, Supinator reflex
Triceps reflex
Triceps reflex

Diagnosis
Besides physical examination, cervical radiculopathy is diagnosed with Magnetic resonance imaging (MRI) that visualizes the degenerative changes. An
MRI finding alone is not sufficient for diagnosis because of asymptomatic
17

degenerative changes that can be quite common in the general population
[163]. Hence, a clinical evaluation between symptoms and MRI findings is
important. A clinical examination includes palpation of anatomical structures, assessing range of motion and performing a neurological examination.
Possible disturbances in muscle strength, sensory function, as well as tendon
reflexes in associated dermatomes/myotomes are important findings.
Bone, osteophytes and ossification such as ossification of the posterior
longitudinal ligament (OPLL) are best investigated with a Computer tomography (CT). A CT with intrathecal administration of a contrast medium (CT
myelography) can be an alternative in patients with pacemakers or other
contraindications to MRI. When differential diagnoses are suspected, complementary nerve-conduction studies can give additional information about
where the nerve lesion is located, e.g. Parsonage-Turner syndrome or peripheral nerve entrapment.

Treatment
When non-operative treatments, i.e. medication and physiotherapy have
failed, surgical treatment may be indicated with foraminotomy or anterior
decompression and fusion (ACDF). ACDF was developed and described
simultaneously by several surgeons in the 1950’s, the most renowned today
being Cloward 1958 [29], and Smith and Robinson 1958 [150]. Lennart Hult
[75] introduced ACDF in Sweden 1952 and the outcome of the procedure
has been correlated to anterior plate fixation [183] and different bone grafts
[90]. For patients with cervical radiculopathy, ACDF has become the gold
standard by which other cervical procedures are benchmarked.
Artificial disc replacement (ADR) is intended to preserve motion on the
index level to avoid cervical immobilization side effects. A secondary intent
is the preservation of normal motion at adjacent levels, hoping to prevent
later adjacent segment pathology (ASP, page 22). Fernström [46] inserted
the first ADR device in the early 1960s with contradicting results; hence, the
method was not further developed. In the early 1990s the Bristol prosthesis
was invented, which later developed and improved into the Prestige artificial
disc that is used today. Though it was not until 2000 and the introduction of
the Bryan total cervical disc prosthesis that the technique became widespread. Since then several artificial discs have become available for clinical
use [16]. In 2008, 123,000 patients in the US had surgery due to cervical
DDD. 120,400 were treated with ACDF, which was an increase of 13%
since 2005 when 106,095 had the same treatment. At the same time period
the treatment with insertion of an ADR device increased 708%, from 344
patients treated in 2005 to 2,434 patients treated in 2008 [111].
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Discover TM (DePuy Spine, Johnson & Johnson) is an unconstrained disc
prosthesis with titanium alloy endplates coated with hydroxyapatite and with
a central polyethylene articulating core [38] (Figure 4).

Procedure 1: Anterior Decompression and Fusion
The patient is placed supine with the head and neck in a neutral position. A
transverse or oblique incision is made through skin and m. platysma. Blunt
dissection is used medial of m. sternocleidomastoideus and the carotid
sheath and lateral of the trachea and esophagus. The anterior cervical spine is
exposed and the longus colli is retracted laterally so that the mid-line is established. The disc and cartilage is removed until the nerve root is fully decompressed. If there are osteophytes, they need to be removed along with the
uncinate process if extra space is needed. Tricortical bone graft is harvested
from the iliac crest and placed in the emptied space between the endplates to
preserve height and subaxial alignment [150]. Finally a plate is fixed with
screws over the two vertebrae, making them stable until bony fusion has
been developed.

Procedure 2: Anterior Decompression and Reconstruction with
the Discover TM
The dissection is the same as described above (Procedure 1 ACD and Fusion). The disc and cartilage are removed down to the posterior longitudinal
ligament (PLL) and laterally to both uncinate processes, avoiding removal of
the processes. Bilateral nerve root decompression is important to prevent
new nerve root compression due to preserved movement on the index level.
The endplates are prepared with a rasp and the superior endplate must be
flattened without compromising the subchondral bone. All osteophytes must be
removed so that they do not affect the
positioning of the prosthesis. A trial with
the appropriate size verified with fluoroscopy is selected and then the implant
can be inserted. There can be no radiolucency between the vertebral and prosthetic endplates [38].
Figure 4. DiscoverTM
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General Complications (Both Methods)
Intraoperative and immediate postoperative complications: dural tear, epidural hematoma, wrong level surgery, postoperative hematoma with respiratory difficulties, Horners syndrome and damage to the following anatomical
structures: pharynx/esophagus, vertebral artery, spinal cord, nerve root and
the recurrent laryngeal nerve [16]. Dysphagia can occur with both methods
but seems to have a higher occurrence in fused patients compared with ADR
at 2 years of follow up [149].
Early postoperative complications: infection and persistent symptoms of
radiculopathy due to insufficient nerve root compression.

Specific Complications with Fusion Surgery
Intermediate follow-up complications: delayed fusion or pseudartrosis.
Long-term follow-up complications: adjacent segment pathology?

Specific Complications with Arthroplasty
Intraoperative and immediate postoperative complications: malpositioning of
the prosthesis, prosthesis sizing and postoperative kyphosis at the index level
[57].
Early postoperative complications: migration and symptoms of radiculopathy from the opposite nerve root
due to incomplete bilateral decompression. (When fusions are performed, the
motion is eliminated and therefore,
there is a margin of error regarding the
quality of the decompression.)
Intermediate follow-up complications: loosening (Figure 5), subsidence, heterotopic ossification (HO)
(Figure 6) and development of posterior osteophytes and/or uncovertebral
arthropathy, facet arthropathy.
Long-term follow-up complications: wear and particular debris inducing inflammation, pannus formation
and aseptic bone resorption.
Figure 5. Device loosening and subsidence.
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Adjacent Segment Pathology
Definition
Adjacent segment pathology (ASP) is defined as degenerative changes at the
level immediately adjacent to a surgically treated level. Hilibrand et al. [74]
reported an annual incidence of ASP of 2.9% after treatment with fusion and
a new onset of symptoms in 25 % of the patients within 10 years. Matsumoto
et al. [99] concluded that fusion accelerated ASP while comparing ACDF
with a group of healthy asymptomatic volunteers. Though the volunteer
group was not comparable to the surgically treated patient group, the study
revealed that also the healthy asymptomatic individuals progressed in disc
degeneration during 10 years. The question remains if ASP is caused by the
influence of the fusion or by intrinsic disc aging processes [142].

Terminology; CASP and RASP
ASP verified on x-ray or MRI is not clinically important if the patient does
not suffer from symptoms. Consequently ASP is further divided into clinical
ASP (CASP), when symptoms are present together with radiographic signs,
and radiographic ASP (RASP), when there are radiographic signs without
symptoms [8]. Even though x-ray is a poor instrument compared with MRI,
to follow the progression of ASP, most large RCTs and other studies use xray to report the incidence of RASP. Rudy et al. [135] concluded that radiographic degenerative changes in the
cervical spine did not reliably correlate
to any symptoms. The only reliable
correlation to degenerative changes on
radiographs was the patient’s age. The
studies that include follow-up with
MRI are either small [165; 179], not
randomized [165], have no control
group [179] or have a follow-up of no
more than 2 years [88; 179]. Until now
there are insufficient information about
long-term correlations between RASP
and CASP in fused patients compared
with patients with preserved motion on
the index level.
Figure 6. Severe heterotopic ossification/spontaneous fusion of the device.
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Arguments ‘Pro’ the Negative Influence of Segmental Fusion
Biomechanical cadaver studies where normal range of motion was tested
before and after segmental fixation have described increased intradiscal
pressure and segmental motion at adjacent segments [40]. When an ADR
device was inserted, normal segmental motion at adjacent segments during
loading were preserved, compared with the intact spine [35]. Plating has
been reported to increase the rate of adjacent level ossification (incidence;
45.4%) compared with non-plating techniques (incidence; 5.5%) [178]. The
length of the plate, <5 mm from the endplate has also been shown to increase
adjacent level ossification (67% compared with 24%)[120] (Figure 7).
Arguments ‘Con’ the Negative Influence of Segmental Fusion
Other cadaver studies have reported no increased segmental motion on the
adjacent level but rather that the motion was distributed to all the preserved
motion segments in the cervical spine, after a simulated fusion [52]. Motion
is just one of several attributes of the disc that might influence the development of ASP. There might be negative effects on the index level when ADR
devices transfer loads and vibration through motion rather than deformation.
Cervical arthroplasty restores the disc alone relying on uncovertebral- and
facet joints preservation at the index surgery and over time. Preserved motion may add extra stress to the index level, e.g. enhancing development of
facet arthropathy.
Nunley et al. [114] reported an annual incidence of CASP of 3.14% in patients treated with ADR surgery which
is about the same as Hilibrand et al.
[74] reported in fused patients. That
implicates that preserved motion do
not protect against ASP and that there
are other important factors that dominate the degenerative process on the
adjacent segments. Also, motion is yet
to be defined. Fusion has previously
been defined as a difference in Cobb
angle on flexion/extension radiographs
of ≤ 2 - 5° [33; 58; 101; 108; 109]
though the margin of error of the
Cobb-angle has been estimated to be
5° (2°- 9°) [160].
Figure 7. Adjacent segment pathology due to a plate that intrudes the lower adjacent
segment.
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Adjacent Segment Pathology: the Main Argument of
Arthroplasty
The belief that arm- and neck-pain is generated from pathological mobility at
the index level, and that a fused level is a pain-free level [68; 150] has
changed into arguments about immobilization side effects such as stiffness
[40], dysphagia [149] and ASP [99]. Several Investigational Device Exemption (IDE) studies regarding ADR devices have been performed with good
clinical outcome, which increased the popularity of ADR devices in the USA
[20; 36; 62; 108; 109; 126; 138]. The current practice among 383 international AO spine members shows that beliefs regarding the reduced risk of
ASP as well as preserved motion are the main reasons for spine surgeons to
recommend ADR surgery to patients, instead of fusion [28].
In Europe the use of ADR devices are sparse and skepticism remains regarding studies induced by companies driven by economical interests [1113]. There are also reports of HO [27; 85; 86; 157; 180] resulting in spontaneous fusion of the ADR device. None of the big prospective randomized
controlled trials have long-term follow-up with MRIs; hence, there are still
insufficient data to support that ADR surgery actually succeeds in preventing
ASP.
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Aims

Study I and II
To validate the pain drawing for the cervical spine using four different assessment methods and to investigate the predictive value of age, sex, smoking and employment status on the pain drawing.
To investigate the predictive value of the pain drawing regarding treatment
outcome as well as the possible associations between pain drawings and
psychological impairment, pain intensity and distribution.

Study III
To compute the repeatability of VAS-neck and VAS-arm scores for the cervical spine and to investigate associations between repeatability and age,
sex, smoking, exercise, employment status and psychological impairment.
To compute the minimum clinically important difference (MCID) of VASneck and VAS-arm scores, with five different methods.

Study IV
To compare the 5-year primary outcome of the NDI as well as the secondary
outcome of the EQ-5D, VAS-neck, VAS-arm and Dysphagia Short Questionnaire (DSQ), in patients treated with ADR or fusion surgery after cervical anterior decompression.
To follow-up on secondary surgery, preserved motion and HO assessed on
radiographs and also facet arthropathy and ASP assessed on MRI, after 5
years.
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Study V
To compare the 5-year primary outcome of the NDI as well as the secondary
outcome of the EQ-5D and pain scores in patients treated with ADR or fusion surgery after cervical anterior decompression using data from the Swedish spine register.

Study VI
To investigate if there are preoperative baseline covariates like age, sex,
employment status, anxiety/depression or different allocated treatment modalities that might have a potential predictive value, affecting the 5-year
outcome after surgery for cervical radiculopathy.
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Presentation of Studies

Patients
We conducted a randomized clinical superiority trial in which patients with
cervical radiculopathy were randomly assigned to undergo either unconstrained ADR surgery using the Discover TM (DePuy Spine, Johnson & Johnson) or fusion using autologous iliac crest graft and plate after anterior decompression. We enrolled 153 patients with cervical radiculopathy, between
2007 and 2011 at three Swedish study centers; Stockholm Spine Center,
Ryhov Hospital of Jönköping and Uppsala University Hospital. Inclusion
and exclusion criteria are listed in Table 2.
The trial was approved by the local Swedish ethics review board (Stockholm, dnr: 2006/1266-31/3). Oral and written informed consent was obtained
before randomization and all patients had the right at any time to discontinue
participation in the study. The study was registered at ISRCTN (registration
number: 44347115).
Table 2. Inclusion and exclusion criteria in patients with cervical radiculopathy.
Inclusion criteria

Exclusion criteria

Age 25 to 60 yrs
Symptoms of radiating arm pain with a
duration of at least 3 months.
Correlating findings on MRI on 1 or 2
cervical levels.

Previous cervical spine surgery.
More than 2 cervical levels requiring treatment.
Visible or severe osteoarthritis in facet joints
evaluated preoperatively on plain radiographs
and MRI.
Marked radiological signs or symptoms of
myelopathy.
Drug abuse, dementia, or other reason to
suspect poor adherence to follow-up.
Cervical malformation or marked cervical
instability.
History of whiplash-associated disorder or
severe cervical trauma.
Pregnancy.
Rheumatoid arthritis, known malignancy,
active infection, or other systemic disease.
Known allergy or hypersensitivity to any of
the constituent materials of the implants or to
NSAIDs.

Eligible for both treatments.
Ability to understand & read Swedish language.
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Methods
Details about the randomization process and results from the 2-year followup have been published previously [144]. Briefly, after surgical exposure
and decompression were completed, simple randomization without blocks
was performed using a closed envelope technique. Hence, both patient and
surgeon were blinded until completed decompression and instruments for
both ADR and fusion surgeries were prepared in the operating room. Surgery was performed with a standard anterior approach according to Smith
and Robinson [150]. The affected nerve was decompressed, which included
removal of the posterior longitudinal ligament of the affected side, and if
needed, the uncovertebral joints. The ADR device was inserted according to
company guidelines [38]. To prevent HO patients in the ADR group, the
patients were treated with NSAIDs for 10 days postoperatively; otherwise,
the postoperative regime was the same in both groups. In the fusion group a
tricortical bone graft from the iliac crest was used for reconstruction along
with a titanium plate of the surgeon’s preference. No collar or restrictions
were used in either group. All participating surgeons were highly experienced in performing both trial interventions.
Postal patient-reported outcome questionnaires and a baseline characteristic questionnaire were distributed to the patients before surgery and 4 weeks,
3 months, 1, 2 and 5 years postoperatively. The primary outcome was the
NDI [25; 181]. Secondary outcomes were the EQ-5D-3L [154], VAS scores
for neck and arm (VAS-neck, VAS-arm) [141], Global assessment [63],
Dysphagia Short Questionnaire (DSQ) [147], Hospital Anxiety and Depression Scale (HADS) [182] and a pain drawing with an additional VAS-neck
and VAS-arm score.
Dysphagia
The DSQ [147] is a validated score including five questions about the ability
to swallow, incorrect swallowing, lump feeling, involuntary loss of weight,
and pneumonia. Maximum score is 18 points and higher scores represent
more severe symptoms. The reliability of the score is very good with a
Cronbach alpha coefficient of 0.82.
Anxiety and Depression
The HADS [182], is a 14-item instrument where seven questions concern
anxiety (HADS-a) and seven concern depression, (HADS-d). Every item
scores on a four-point scale from zero to three, scores for each subscale
range from zero to 21, with a total score of 42. It is a validated tool in medical practice for screening psychological distress in non-psychiatric patient
populations [71; 113]. Falavigna et al. [45] presented a cutoff for HADS-d
>10 points, with a sensitivity of 71% and a specificity of 95%, for patients
undergoing spine surgery.
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Statistics
Sample size calculation was performed with the NDI as the primary outcome
variable and a statistic superiority design. The effect size of 10 (50 p NDI
score) was based on the MCID from previous studies [92; 127] and the SD
of 18 was based on data collected from the Swedish Spine Register [148].
With a power of 80% and a significance level of 0.05, 51 patients in each
group were needed. To make up for crossovers and noncompliance, the final
sample included 153 patients.
All statistical analyses were performed in R [162], version 3.1.0 (201404-10), x86_64-w64-mingw32 (R Foundation for Statistical Computing,
Vienna, Austria).
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Study I and II
Patients and Methods
This study was a post hoc analysis of the main RCT described above
(presentation of studies, page 26-28). All patients with completed preoperative pain drawings were included. To measure treatment outcome we used
NDI, preoperative and at 2 and 5 years of follow-up. Age, sex, smoking and
employment status were retrieved from the baseline characteristic questionnaire. Preoperative HADS score and VAS-neck and VAS-arm scores were
retrieved for the association analysis (Table 3).
Table 3. Demographics data at baseline in patients with cervical radiculopathy.
Patient characteristics

Total N [M]

Age, years, median (range)
130 [21]
46 (31-61)
Women/men
130 [21]
67/63
Smokers
130 [21]
39 (30%)
Non-smokers
130 [21]
91 (70%)
In work
128 [23]
111 (87%)
Not in work
128 [23]
17 (13%)
ΔNDI 2y, median (range)
122 [21]
-22 (-66-22)
ΔNDI 5y, median (range)
115 [35]
-28 (-74-28)
High-HADS
129 [22]
39 (30%)
Low-HADS
129 [22]
90 (70%)
High-VAS-neck
127 [24]
55 (43%)
Low-VAS-neck
127 [24]
72 (57%)
High-VAS-arm
128 [23]
48 (38%)
Low-VAS-arm
128 [23]
80 (63%)
Values are expressed as the number of patients (%) unless otherwise indicated. [M] represents
number of missing.
NDI: Neck Disability Index; ΔNDI 2y: NDI at 2 years of follow-up minus preoperative NDI;
ΔNDI 5y: NDI at 5 years of follow-up minus preoperative NDI; High-HADS ≥10p, LowHADS <10p, High-VAS ≥67p, Low-VAS <67.

Pain Drawing
The pain drawing developed by Spangfort [151], which is a modified version
from Ransford et al. [132], was used. The surgeon was blinded to the paindrawing test that the patient completed on the day before surgery.
Three spine surgeons - one with <5 years of experience, one with 10 years
of experience, and one with >30 years of experience - scored the pain drawings independently to determine the inter-observer reliability. The less experienced observer performed a second scoring one-month after the first scoring, blinded from the previous results of the first scoring, to determine intraobserver reliability.
For evaluation of the pain drawings we used the penalty point system by
Ransford [132], the visual inspection method by Udén [168], the grid assessment method by Gatchel [54] and scoring into body surfaces by
Ohnmeiss [116].
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Penalty Point System by Ransford
The pain drawing was assigned points for the following characteristics: unreal drawings (indications of pain in patterns inconsistent with radicular
symptoms), drawings showing ‘expansion’ or ‘magnification’ of pain (indicating pain outside the drawing of the body), ‘I particularly hurt here’ indicators (using arrows or extra words to emphasize pain intensity), and ‘Look
how bad I am’ indicators (a tendency to demonstrate total body pain). A
score of two points or less is regarded as normal (Figure 8). The penalty
point system by Ransford was modified to the cervical spine and is henceforth nominated the modified Ransford method.
Visual Inspection Method by Udén
The visual inspection method by Udén was modified to the cervical spine as
follows:
• Neurogenic (N) - the pain drawing shows pain in the arm and/or shoulder as in typical nerve root pain.
• Possible neurogenic (PN) - the pain drawing shows some aberrations
from a classic nerve root syndrome.
• Non-neurogenic (NN) - the pain has a distribution that could not be explained by radiculopathy.
• Possible non-neurogenic (PNN) - the pain drawing shows very little
resemblance with a nerve root pain and is therefore hard to categorize into the other groups above.
The visual inspection method by Udén is henceforth nominated the modified
Udén method.
Grid Assessment Method by Gatchel
The pain drawing was divided by bilaterally symmetrical grids with small
boxes of approximately equal area. The grid over the human figure was copied
onto a transparent plastic template and placed over each completed pain drawing for scoring. The number of boxes filled in by markings was counted.
Scoring Into Body Surfaces by Ohnmeiss
The method was modified for cervical use; hence, the pain drawing was
divided into the following five regions: neck, head, upper trunk (scapula
region), upper arm and lower arm. Markings on the elbow or wrist noncontiguous with neck or arm pain were disregarded because they may indicate joint problems [116]. We used a transparent plastic template with the
human figure containing the boundaries to place over each completed pain
drawing for scoring (Figure 9). The scoring by body surfaces by Ohnmeiss is
henceforth nominated the modified Ohnmeiss method.
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Figure 8. Penalty point system by Ransford modified for the cervical spine.

Statistical Analysis
The modified Ransford and Udén methods were dichotomized to neurogenic/non-neurogenic according to the original articles. The Gatchel method
was dichotomized according to Takata et al. (Table 4) [159]. The HADS was
dichotomized into one group with high values (high-HADS) if either anxiety
or depression score was equal or more than 10 points, and one group with
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low values (low-HADS), with an anxiety and depression score <10 points,
based on Falavigna et al. [45; 145]. The VAS was divided into three groups
where the highest third, 67-100, was classified as high-VAS. The lower third
together with the medium values was classified as low-VAS.
Reliability
For each dichotomous method, reliability was assessed in the following
ways: the percentage total agreement between the three observers was computed. This is simply the
percent of the patients for
which all three observers
gave the same result.
Light's κ (kappa) [89]
was computed for the
same three observers as
above. This is defined the
average of all three possible pairwise Cohen's κ.
Cohen's κ [30] was computed for two pairs of
observers: very experienced versus less experienced; same observer
(less experienced) at two
different occasions. κ
<0.20 is considered to be
poor agreement, κ 0.210.40 is fair agreement, κ
0.41-0.60 is moderate
agreement, κ 0.61-0.80 is
good agreement and κ
0.81-1.00 equals very
good agreement.
Figure 9. Scoring into body surfaces by Ohnmeiss modified for the cervical spine.
Table 4. Principles of dichotomization of the various methods.
Method

Neurogenic

Non-neurogenic

Ransford (penalty points)
Udén
Gatchel (ticked boxes, n)

0-2
N, PN
0-19

3+
NN, PNN
20+
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Predictor Analysis
For the dichotomous method that refer to N/NN (i.e. dichotomized versions
of modified Ransford, Udén and Gatchel methods), we examined whether a
selected set of baseline variables predict a NN outcome. To avoid over-fitted
models, only four predictors were used: age, sex, smoking and employment
status.
A logistic regression model was fitted with NN as outcome, and the four
mentioned predictors as independent variables. Since there were three independent observers there are three values per patient. Hence, for the ‘total’
observer, the observations are dependent. Therefore, a random effects logistic regression was run in this case, with the patient as a random intercept.
From these models, odds ratios (OR), confidence intervals (CI), and P values
were extracted for each predictor.
In the modified Ohnmeiss method there was an imbalance with a small
number of patients in one group out of two in every region. For instance,
97% of the patients marked pain in the lower arm region, and 3% did not.
Such a distribution makes logistic regression with four different variables
unreliable, and it was therefore not carried out.
Validation
The following values were correlated to the pain drawings: preoperative NDI
score and the absolute change in NDI (Δ NDI, i.e. 2-year NDI score minus
preoperative NDI, 5-year NDI score minus preoperative NDI), HADS-total
score (HADS-t), HADS-a, HADS-d, high-HADS, low-HADS, high-VAS
and low-VAS scores.
The inferential part was done only for the dichotomous/dichotomized pain
drawing methods. For each such method and observer (including a ‘total’
one, pooling the results from all three observers), the endpoint values for the
N and NN groups were compared. The endpoint mean for the N group was
subtracted from the endpoint mean in the NN group. For the modified
Ohnmeiss method, the comparison was instead between groups 0 (no pain
markings) and 1 (with pain markings) separately for each body surface region. The endpoint mean for the group zero was subtracted from the endpoint mean in group one. Positive values correspond to larger values for the
NN-group or, for the modified Ohnmeiss method, for group one. For the
endpoints representing a change (ΔNDI) this typically means less negative
values, i.e. closer to zero, suggesting that the NN group (or group one) performed ‘worse’. That is because the patients that improve after surgery get a
negative ΔNDI, i.e the preoperative NDI value is high and is subtracted from
the postoperative NDI value that is low. The more negative ΔNDI value the
greater is the patient’s improvement.
The target parameter was the difference in means. Confidence intervals
and P values were computed using bootstrap with B = 10,000 bootstrap rep33

licates and the percentile method [24]. P values of <0.05 were considered
significant. For the ‘total’ observer, we resampled patients (i.e. triplets of
values) rather than individual values, reflecting the dependence between
values for the same patient.
Finally, the dichotomized HADS and VAS-neck and VAS-arm scores
were compared with the dichotomized pain drawing results, using Fisher
exact test. The odds for having a NN pain drawing was computed for each
dichotomized group and then the OR was calculated, which expresses the
probability of having a NN pain drawing between the two HADS or the two
VAS groups. The numerator was the odds for having high-HADS and highVAS scores respectively, which means that OR >1 favors the association
between the NN pain drawings and the high-HADS, high-VAS. We also
computed confidence intervals and P values for the null hypothesis of no
association between NN pain drawings and HADS groups and no association
between NN pain drawings and VAS groups. (OR = 1).
Missing data were handled using ‘available cases’. Hence, only patients
without missing values for the variables used in the analysis at hand were
included. Consequently, the populations the various analyses were based on
are not the same.
No correction was done for multiple testing/estimation.

Results
Of the 153 patients included in the RCT, two patients were excluded as they
could not receive the allocated treatment, 20 patients had missing data for
pain drawings and one pain drawing was incorrectly given after the operation. Two patients left out information about employment status. Three patients failed to report their score on the preoperative NDI, five patients on
the 2-year NDI and, 12 patients on the 5-year NDI. One patient had not
completed the HADS and five patients had missing values for either VASneck or VAS-arm scores.
The distribution of N and NN pain drawings were equal for the modified
Ransford and Gatchel methods, with ∼50% of the patients in each group
compared with the modified Udén method (N, 72%; NN, 28%). There was
an uneven distribution in the modified Ohnmeiss regions, where 80% had
marked pain in the neck, 95% in the shoulder, 91% in the upper arm and
97% in the lower arm (Table 5).
The agreement between all three observers was fair in the modified
Ransford and Udén methods (κ, 0.29 and 0.36, respectively), good in the
Gatchel method (κ, 0.79) and very good in the modified Ohnmeiss method
(κ, 0.8 to 1.0). The re-evaluation by the same observer was good in the modified Ransford method (κ, 0.72), moderate in the modified Udén method (κ,
0.50) and very good in the Gatchel and modified Ohnmeiss methods (κ, 0.87
to 100), (Table 6).
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Table 5. Percentage pain drawings assessed to each group.

Table 6. Results of the reliability analysis.
’ κ

’ κ

’ κ

Table 7. Results from predictor analysis. Entries are odds ratio, OR (95% CI) P.
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Table 8. Results from method comparison.
Δ

Δ

The values are:
1. The mean difference between preoperative NDI in group N and NN, group one and zero.
2. The mean difference between ΔNDI at the 2-year follow-up, in group N and group NN,
group one and group zero.
3. The mean difference between ΔNDI at the 5-year follow-up, in group N and group NN,
group one and group zero.
Difference in means presented for each method. The endpoint mean for the N group is subtracted from the endpoint mean in the NN group. For the modified Ohnmeiss method, the
endpoint mean for the group zero (no markings) was subtracted from the endpoint mean in
group one (with markings). Hence, positive values correspond to larger values on preoperative NDI for the NN group or (for Ohnmeiss) for group one. For the endpoints representing a
change (ΔNDI) this typically means less negative values, i.e. closer to zero, suggesting that
the NN group (or group one) performs ‘worse’.

None of the chosen preoperative demographic factors (age, sex, smoking,
and employment status) were related to a NN pain drawing in any of the
three assessment methods (Table 7).
Preoperative NDI was higher in the NN groups compared with the N
groups in the modified Ransford (mean, 5.4; 95% CI, 2.0 to 8.7), Udén
(mean, 4.2; 95% CI, 0.5 to 8.0) and Gatchel methods (mean, 6.9; 95% CI,
2.4 to 11.5). In the modified Ohnmeiss groups, the preoperative NDI was
higher among the patients who had marked pain in the head region compared
with those who did not (mean, 7.5; 95% CI, 2.8 to 12.2) (Table 8).
The patients with markings in the shoulder region (mean, -13.0; 95% CI, 18.6 to -5.9) and upper arm region (mean, -10.4; 95% CI, -18.3 to -2.0) im36

proved more from surgery at the 2-year follow-up than the patients with no
markings in these regions. At the 5-year follow-up there were no remaining
differences regarding improvement for those with markings in the shoulder
region. For the patients with markings in the upper arm region the greater
improvement sustained even after 5 years (mean, -12.1; 95% CI, -17.4 to 6.1) (Table 8).
Table 9. ΔNDI at 2 and 5 years postoperative, for all evaluation methods and for the
totality of all observers.
Method
Ransford
Udén
Gatchel
Ohnmeiss

Neurogenic
Non-neurogenic
Neurogenic
Non-neurogenic
Neurogenic
Non-neurogenic
Head
0
1
Neck
0
1
Shoulder
0
1
Upper arm
0
1
Lower arm
0
1
Bilateral
0
1

Δ NDI 2y
median (range)
-22 (-66 - 22)
-23 (-66 - 22)
-24 (-66 - 22)
-18 (-66 - 12)
-22 (-66 - 12)
-24 (-66 - 22)
-22 (-66 - 12)
-26 (-66 - 22)
-24 (-66 - 6)
-22 (-66 - 22)
-8 (-22 - (-4))
-24 (-66 - 22)
-16 (-42 - 6)
-26 (-66 - 22)
-18 (-32 – (-12))
-22 (-66 - 22)
-24 (-66 - 22)
-18 (-66 - 12)

Δ NDI 5y
median (range)
-30 (-75 - 28)
-28 (-74 - 12)
-30 (-72 - 28)
-22 (-74 - 8)
-32 (-70 - 28)
-28 (-74 - 12)
-28 (-74 - 28)
-30 (-72 - 12)
-31 (-74 - 4)
-28 (-72 - 28)
-16 (-58 - 2)
-30 (-74 - 28)
-16 (-48 – (-2))
-30 (-74 - 28)
-36 (-40 – (-10))
-28 (-74 - 28)
-30 (-72 - 28)
-20 (-74 - 4)

The preoperative NDI differences between the N and NN groups had no
effect regarding clinical outcome 2 and 5 years after surgery. ΔNDI improved above the minimum clinically important difference (MCID) of 17 for
NDI [122], in both the N and NN groups of the modified Ransford, the modified Udén, and the Gatchel methods. In the modified Ohnmeiss method the
ΔNDI, of the patients without markings of pain in the shoulder and upper
arm region, did not improve above the MCID (Table 9).
The HADS-t value was lower in all N groups (median, 10) and higher in
all NN groups (median, 13) independent of which method that had been
used; modified Ransford’s, modified Udén’s or Gatchel’s. The HADS-t value was also lower if there were markings on the upper arm (median, 11)
compared with no markings (median, 13). The value was higher if there
were markings in the region of the head (median, 15), neck (median, 12) and
lower arm (median, 12), (Table 10).
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Table 10. HADS per method result for all evaluation methods and for the totality of
all observers.

Patients with NN pain drawings, according to the modified method by
Ransford, had higher points on HADS-d (mean, 1.0; 95% CI, 0.1 to 1.9),
HADS-a (mean, 1.0; 95% CI, 0.0 to 2.0) and HADS-t scores (mean, 2.0;
95% CI, 0.3 to 3.8). Patients that had made markings in the head region,
when the modified method by Ohnmeiss was applied, had higher score on
the HADS-d (mean, 1.7; 95% CI, 0.1 to 3.2) (Table 11).
These findings were also supported by the analysis with the dichotomized
HADS. There were 39 patients (30%) in this study group with either HADSa or HADS-d value of 10 points or more (10 p being the cutoff, page 27
about the HADS) [45]. There was a higher risk for patients with high-HADS
scores to also have a NN pain drawing according to the modified method by
Ransford (OR, 1.68; 95% CI, 1.06 to 2.66). High-HADS scores were also
associated with markings in the head region on the pain drawing, (OR, 2.34;
95% CI, 1.36 to 4.03) (Table 12).
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Table 11. Results from method comparison.

Entries are difference in means (95% CI) P value. The values are:
•
The mean difference between HADS-d score in group N and NN, group one and zero.
•
The mean difference between HADS-a score in group N and group NN, group one and
group zero.
•
The mean difference between HADS-t score in group N and NN, group one and zero.
Difference in means presented for each method. The endpoint mean for the N group is subtracted from the endpoint mean in the NN group. For the modified Ohnmeiss method, the
endpoint mean for the group zero (no markings) was subtracted from the endpoint mean in
group one (with markings). Hence, positive values correspond to larger values on the HADS
for the NN group or (for Ohnmeiss) for group one.

Pain drawings analyzed with the modified method by Ohnmeiss were associated with both VAS-neck and VAS-arm scores. There were 55 patients
(43%) with a VAS-neck value higher than 66 of 100. Most of the patients
that marked pain on the neck region on the pain drawing were also in the
high-VAS-neck group (OR, 2.56; 95% CI, 1.41 to 4.79). Forty-eight patients
(38%) had a VAS-arm value of more than 66 of 100. All of them had
marked pain on the lower arm region (OR, ∞; 95% CI, 1.89 to ∞). There was
no association between high-VAS-arm values and markings in the upper arm
region (Table 12).
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Table 12. Analysis of the dichotomized HADS and dichotomized preoperative VASneck and VAS-arm scores.

∞

∞

The numerator was the odds for high-HADS and high-VAS scores, respectively, which means
that OR >1 favors the association between the NN pain drawings (for the modified Ohnmeiss
method, group one, with markings) and high-HADS, high-VAS scores.
CI = confidence interval; HADS = Hospital Anxiety and Depression Scale; OR = odds ratio;
P = P value; VAS = visual analogue scale.

Discussion
This validation study documents for the first time the reliability of cervical
pain drawings and the associations between cervical pain drawings and surgical treatment outcome as well as anxiety and depression.
In our study the agreement between two observers in the modified
Ransford and Udén methods was moderate. This contradicts the validation of
the original methods by Ransford and Udén on low-back pain patients. Von
Baeyer et al. [170] presented 87% agreement, (correlation coefficient, 0.97)
with the Ransford method. Udéns method has been validated as 71-78%
agreement (κ, 0.7-0.9) by several authors [17; 26; 65; 115; 168]. The Gatchel
and modified Ohnmeiss methods did not require subjective interpretation by
the evaluator; consequently the interobserver reliability was very good.
Findings of ‘non-organic’ pain drawings in low back pain patients have
been associated with ethnic background, health insurance [168], female patients, previous spine surgery, and unemployment [137]. Interestingly for
cervical spine patients, age, sex, smoking and employment status were not
associated with non-neurogenic pain drawings. Hägg et al. [77] and McNeill
et al. [103] have presented similar findings.
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Hayashi et al. [65] presented no association between ‘non-organic’ pain
drawings in neck-pain patients and (non-surgical) treatment outcome. Within
the same study Hayashi et al. associated ‘non-organic’ pain drawings with
poor treatment outcome in low-back pain patients. Consequently, studies on
pain drawings in low-back pain patients are not applicable to neck-pain patients. In our study on patients with cervical radiculopathy the patients with
non-neurogenic pain drawings had higher preoperative NDI, but they benefitted from surgery equally as much as the neurogenic pain drawing group.
Mann et al. [97] let low-back pain physicians categorize patients into one
out of five disorders (benign back pain, herniation of the nucleus pulposus,
spinal stenosis, serious underlying disorders and psychogenic regional pain
disturbance) solely by interpreting the patients’ pain drawing. The specificity
was only 51%. In our study a patient group with the specific diagnosis of
cervical radiculopathy was selected. More than 90% of the patients had
made markings on the upper and lower arm. Patients who also marked pain
for other potential diagnoses, such as knee osteoarthritis or lumbar spinal
stenosis, would have their drawings classified as non-neurogenic pain drawings according to the modified Ransford method or the dichotomized version
of the Gatchel method. Hence, the modified Ohnmeiss method only considered pain in a specific region, disregarding other potential pain generating
diagnoses; this method was the only one with clear correlations to surgical
treatment outcome.
Only few studies have related pain drawings to anxiety and depression
[60; 65; 119]. The HADS values in our study were very low in general, in
both the neurogenic and non-neurogenic groups, implying that surgeon selection was a possible reason for the HADS values being lower than anticipated. Still there were 39 patients with a value of 10 points or more in either
anxiety or depression score.
In our study four different assessment methods for pain drawings were
applied, all of which had different characteristics. The method by Ransford
emphasizes arrows, circled areas, explanatory notes as well as generalized
pain and strange pain patterns. In our study those features seemed to have a
correlation to higher HADS values. The method by Udén disregards
Ransford’s concepts (‘magnification of pain’, ‘I particularly hurt here indicators’ and ‘Look how bad I am indicators’) and focuses only on the pain patterns/’unreal drawings’. In our study these features were not related to anxiety, depression or VAS. As a third option, the method by Gatchel disregards
pain patterns/unreal drawings as well as ‘I particularly hurt here indicators’
and highlights only how widespread the markings are, how generalized the
pain is. Half of the patients (55%) had more than 19 boxes filled with markings according to the Gatchel method, e.g. a tendency towards generalized
pain, but those patients did not have high-HADS values (>10 p) or highVAS values (>66). One feature unique to the method by Ransford is the
inclusion of ‘I particularly hurt here indicators’, e.g. the arrows, explanation
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marks, circled areas. Since these were associated with more anxiety and
depression, as measured with the HADS, the greater sensitivity of the modified Ransford method to the HADS was probably due to this particular feature.
The modified Ohnmeiss method focuses on the exact location of the patient’s pain. Markings in the head region were associated with high HADS
values and markings in the neck and lower arm region with high values on
VAS-neck and VAS-arm respectively. There is no consensus about the interpretation of pain drawings. There are articles with and without associations when similar comparisons were made. Cultural differences may influence the results, Swedish studies being more consistent in reporting correlation between pain drawings and psychological impairment [77; 143] as well
as discriminating between neurogenic and non-neurogenic pain [17]. Since
other studies from countries with different health care- and insurance systems arrive at the same conclusions as the Swedish studies [26; 72; 132;
140], individual differences may be equally common within the same country [170] as between different cultures [119]. From this perspective, it seems
to matter more which region is investigated, the lumbar spine or the cervical
spine [56; 65] and if the patient has radiculopathy or not [15; 56; 116; 117;
168].
Compared with other patient reported measurements and questionnaires,
pain drawings allow patients to communicate pain without the necessity of
an elaborate language. It works as a complement in the preoperative evaluation of neck pain patients to discriminate between nociceptive, neuropathic
and referred pain and it reveals tendencies towards generalized pain. Based
on our study we suggest the pain drawing to be included as a first assessment-screening instrument in helping clinicians to select patients before
surgery for cervical radiculopathy. The modified Ohnmeiss method is a reliable method that can be applied to assess cervical pain drawings with predictive value to surgical treatment outcome and associations to psychological
impairment [94].
Limitations
To avoid bias by influencing each other the three spine surgeons that scored
the pain drawings in our study did not discuss the written directions beforehand. Such discussions, or a trial period on ‘dummy patients’ to coordinate
the interpretations, could possibly have made the assessors more uniform,
which may have improved the interobserver agreement. On the other hand
our scenario reflects more how the methods would be used in practice, how
interpretations between different assessors would in fact be sprawling.
Markings in the arm region on the pain drawing have previously been
well associated with the presence of herniated nucleus pulposis on MRI (κ,
0.6) [56]. In our study on patients with cervical radiculopathy, pain markings
in the lower arm region on the pain drawings did not associate with surgical
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treatment outcome. Due to clear inclusion criteria, one limitation with such a
homogenous study population was that 97% of the patients had marked pain
in the lower arm region and only 3% had not. An uneven distribution was
also seen in the shoulder region (96% with markings) and upper arm region
(91% with markings). This reflected the level of nerve root compression that
was between C5 and C7 in 98% of the patients. With bootstraps there was
higher chance of getting a valid result despite an uneven distribution [24],
though we recognize this as a potential weakness of statistical evidence.
Therefore, one should be cautious in generalizing these results to other diagnoses.
The statistical calculations were done without correction for multiple testing/estimation. We hereby accept the risk of making a type one error. Since
we did not compute so many variables we estimated that with a correction
for multiple testing the results would be too conservative; hence, carrying
the risk of making a type two error. According to false discovery rate, we
had approximately 1% risk of making a type one error, which we appraised
to be a small risk [18].
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Study III
Patients and Methods
This study was a post hoc analysis of the main RCT described above
(presentation of studies, page 26-28). All patients with two completed preoperative VAS were included. The first preoperative VAS being VAS1 and
the second preoperative VAS being VAS2. Age, sex, smoking habits, exercise and employment status were retrieved from the baseline characteristic
questionnaire (Table 13). To measure psychological impairment we used the
HADS. At the 1-year follow-up the patients were also asked to contrast current pain with the pain they had experienced before surgery, using one of the
following six categorical descriptors:
0: I had no pain before surgery
1: all the pain is gone
2: much improved
3: little improved
4: no change
5: worse
This ‘satisfaction index’ was used as the anchor in the anchor-based methods
to calculate the minimum clinically important difference (MCID).
Minimum Clinically Important Difference
The MCID has been defined as ‘the smallest difference in a score of a domain of interest that patients perceive to be beneficial and that would mandate, in the absence of troublesome side effects and excessive costs, a
change in the patient’s management’ [79]. The MCID differs between diagnoses, if the baseline pain score is high or low [167], and if one is measuring
improvement or deterioration [78; 152]. There is also no consensus how to
calculate the MCID, i.e., with anchor-based or distribution-based methods,
and the different methods used give various results [61; 122].
No MCID calculations are made on the zero to 100-mm pain VAS questionnaire completed by patients with cervical spine disorders, but studies
from other medical fields indicate an MCID between 13- and 19.9 mm [53;
78; 152; 167]. If a patient cannot be more precise than 20 mm on a 100 mm
scale (page 18, Visual analog scale) [37], how can we then presume that 13to 20-mm change on that same scale can be an MCID [14]?

Statistical Analysis
Study Population
The raw database consisted of 153 patients. Not all of these could be included, however, due to missing data. The guiding principle in selecting patients
was that methods estimating comparable things should be based on the same
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database, taken to be the largest possible for the analyses performed. For
simplicity, we used the same databases for VAS-neck and VAS-arm.
Table 13. Demographics data at baseline in patients with cervical radiculopathy.
Patient characteristics

Value

Age in yrs, median (range)
46 (31-60)
Sex
Female
68 (48.6%)
Male
72 (51.4%)
Smoker
No
94 (67.1%)
Yes
46 (32.9%)
Exercise
No
92 (65.7%)
Yes
48 (34.3%)
Working
No
19 (13.7%)
Yes
120 (86.3%)
Retired
No
138 (99.3%)
Yes
1 (0.7%)
Unemployed
No
124 (88.6%)
Yes
16 (11.4%)
Sick leave
No
52 (37.7%)
Yes
86 (62.3%)
Disability pension
No
65 (48 5%)
Yes
69 (51.5%)
Low-HADS group
94 (67.6%)
High-HADS group
45 (32.4%)
VAS1-neck, median (range)
62 (0-100)
VAS2-neck, median (range)
61 (0-100)
VAS1-arm, median (range)
61 (0-100)
VAS2-arm, median (range)
58 (0-100)
ΔVAS-neck, median (range)
-28 (-93 to 27)
ΔVAS-arm, median (range)
-41 (-96 to 30)
Values are expressed as the number of patients (%) unless otherwise indicated.
ΔVAS = VAS at 1-year follow-up minus VAS at baseline. The low-HADS group had scores
of < 10 points and the high-HADS group had scores of ≥ 10 points.

We identified 2 sets of similar analyses, with corresponding necessary variables. The first set consisted of methods comparing simultaneous preoperative
VAS values. Together these methods need VAS1 preoperative values, VAS2
preoperative values, predictors (e.g. age), and the HADS. The second set
comprised methods for determining the MCID. Together, these methods
need VAS1 preoperative values, VAS2 preoperative values, ΔVAS (ΔVAS =
VAS1 at 1 year postoperatively - VAS1 preoperatively), and the anchor (sat45

isfaction index). In these analyses, we also removed patients with no reported preoperative pain (anchor = 0), which were nine patients for VAS-neck
and two patients for VAS-arm.
Because both sets of analyses need VAS1 and VAS2 preoperative values,
we first formed the analysis database by requiring all these variables (four in
total; both VAS-neck and VAS-arm scores) to exist. This database was
called the fully-analyzed database and consists of 140 patients. From this,
the databases used in the analyses were formed by also requiring the following variables to exist: set one, fully analyzed database plus predictors and the
HADS, 130 patients; and set two, fully analyzed database plus ΔVAS, anchor (not equal to zero), 115 patients.
Differences in VAS Values
The difference between the two preoperative VAS values (VAS1 and VAS2)
was studied in 2 ways. In the first, the magnitude (absolute value) of the
difference was examined, ignoring the minus sign, if any. This means that
we do not care whether VAS1 or VAS2 is larger. In the second, the difference itself was examined, retaining any minus signs. In this case, cancellations will occur, whereby negative differences (VAS2 larger) will cancel out
positive ones (VAS1 larger). The most important feature of this analysis is
that one can see which value is largest on average.
In both cases, the difference was analyzed using the 1-sample t-test, computing a CI for the mean difference. The P value was calculated for the null
hypothesis of no difference (i.e., VAS2 equals VAS1 on average).
In addition, we created Bland-Altman plots. These plot the difference of
VAS2 - VAS1 against the mean, (VAS2 + VAS1)/2, facilitating the detection of patterns like systematic trends and correlation between location and
spread.
Predictors for the Magnitude of VAS Differences
Analyses were performed to determine predictors for large differences between the two preoperative VAS values. The outcome was the absolute difference of VAS2 - VAS1, (i.e., the minus sign, if any, was discarded).
Patients were dichotomized into two groups on the basis of the HADS,
one group with high values (high-HADS group) if either the anxiety or depression score was ≥ 10 points, and one group with low values (low-HADS
group), if the anxiety or depression score was <10 points, based on Falavigna et al. [45; 145]. In the analysis with the dichotomized HADS, the
HADS-total score was not accounted for.
Both univariate (only one predictor at a time) and multivariate (all predictors in the same model) linear regression models were fitted with the absolute difference in VAS scores, along with a number of predictors and the
dichotomized HADS. Regression coefficients (b) together with CIs and P
values for the null hypothesis (b = 0), were calculated.
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We used the results from the regression analysis above and singled out
two predictors for further study - sex and the dichotomized HADS. The intention was to discover if there were differences between the sexes associated with the high-HADS group. The correlation between these two was studied using the Fishers exact test. An OR <1 means that men are less likely to
be in the high-HADS group than women.
Analysis of the MCID; Anchor-Based Methods
Average Change (Within-Patients Score Change)
This subsection defines the MCID as the average of -ΔVAS at a certain level
of the anchor. The minus sign is there to avoid negative values (typically,
ΔVAS <0, corresponding to an improvement). The anchor value three (little
improvement) was tried for the MCID. The anchor value two (much improved) was used to look at medium improvement, and the anchor value one
(all the pain is gone) for great improvement. For each such value, the data
were analyzed using the one-sample t-test.
Change Difference (Between-Patients Score Change)
This subsection defines the MCID as the difference in ΔVAS between two
adjacent levels of the anchor. Again, we largely avoided negative values by
subtracting ΔVAS of the lower level from that of the higher. For the MCID
we used the difference between anchor four (no change) and anchor three
(little improvement). As a comparison we also calculated differences for the
patients who deteriorated (difference between anchor four [no change] and
anchor five [worse]). The values were compared using the two-sample t-test.
Receiver Operating Characteristics Curve Analysis
This subsection defines the MCID as the best cut-off point in -ΔVAS, discriminating improvements (anchor one to three) from no change or deterioration (anchor four to five). As usual, the minus sign avoids negative values.
A receiver operating characteristic (ROC) curve was produced for the corresponding diagnostic test, and the point closest to the ideal top left-hand corner was selected as the ‘optimal’ cut-off. The MCID was defined as the value of -ΔVAS that corresponds to this point.
Analysis of the MCID; Distribution-Based Methods
Effect Size Derived MCID
This subsection defines the MCID as a constant: the effect size times the SD
of baseline values. We have only used VAS1 preoperative, not VAS2 preoperative values. Cohen’s effect sizes have generally accepted benchmarks,
so we use the ‘small’ effect size (0.2) as the constant to calculate the MCID
[31]. As a comparison, we also calculated moderate improvement using the
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‘moderate’ effect size (0.50), and great improvement using the ‘large’ effect
size (0.80).
Minimum Detectable Change
The standard error of measurement (SEM) is an alternative way of calculating the reliability or measurement noise for a scale when there is only one
set of measurement values from each patient in a study group. It is an estimation of how repeated measures would be distributed around the true score.
The SEM is then calculated from the SD at baseline (σ
σ ) and the test-retest
reliability coefficient (r): SD x (1 – r)1/2. The test-retest reliability coefficient
has previously been reported to be 0.95 for neck and arm pain scales [102].
Although we had two VAS values on each patient, we decided to compute
the test-retest reliability with our own study group, as follows: 1) the SEM,
which is the SD that would be observed if a patient were to fill in a VAS
questionnaire many times, and 2) the SD of the ‘true’ values (one per patient) σ, VAS1 and VAS2 at baseline.
In addition, the test-retest reliability coefficient r (i.e., the intraclass correlation coefficient) was computed as:

 
   
The SDs were estimated using random-effects linear regression with the two
preoperative VAS values (VAS1 and VAS2) as outcome, and patient as random effect. Then, σ is the random effects SD, and SEM is the residual SD.
If the SEM with a 95% CI represents the measurement noise, then a value
above or below the 95% CI around the mean reflects a value above or below
the measurement noise, and hence the minimum detectable chance (MDC).
Based on the SEM and a 95% CI, the MDC is computed as follows:
   

Results
The repeatability, (e.g., measurement noise) in VAS-neck was 8.1 (95% CI,
6.7 to 9.4) and in VAS-arm it was 10.4 mm (95% CI, 8.3 to 12.5). There
were no tendencies towards the VAS1 being consistently higher or lower
than the VAS2, for either VAS-neck (mean, -0.1; 95% CI, -2.0 to 1.9) or
VAS-arm scores (mean, -1.3; 95% CI, -4.0 to 1.5) (Figure 10).
In VAS-neck, there were no predictors of less consistent values between
VAS1 and VAS2. In the multivariate analysis, there was a tendency toward
more consistent VAS-neck values in patients who exercised regularly (b, 2.9; 95% CI, -5.9 to -0.1). Less consistent values in VAS-arm were associated with female sex, in both the univariate (b, -5.3; 95% CI, -9.3 to -1.2) and
the multivariate (b, -4.8; 95% CI, -9.0 to -0.7) analysis and with the high48

HADS group in the multivariate analysis (b, 4.7; 95% CI, 0.1 to 9.3). Disability pension was associated with more consistent values in the multivariate
analysis (b, -5.4; 95% CI, -10.8 to -0.1)) (Table 14).
Neck

Arm

50

Difference

0

−50

0

20

40

60

80

100

Mean

Figure 10. Bland-Altman plot. Difference ∆VAS = VAS2 – VAS1 is plotted against
the mean (VAS2 + VAS1)/2.
Table 14. Association between predictors and [VAS2 – VAS1]

Positive regression coefficients (b > 0) correspond to less consistent VAS values.
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There were no associations between sex and the high-HADS group (OR,
0.68; 95% CI, 0.31 to 1.46); hence, the women and patients in the highHADS group were not the same individuals.
The MCID for VAS-neck was 20.0 for the average change, 14.4 for
change difference, 20.5 for ROC, 4.6 for effect size, and 21.4 for the MDC.
The MCID for VAS-arm was 9.9 for the average change, 1.1 for change
difference, 7.0 for ROC, 5.0 for effect size, and 29.1 for the MDC. The
MCID values from all methods, and also medium improvement, great improvement, and deterioration are summarized in Table 15.
Table 15. The MCID (the absolute value), for all 5 methods of measurement.

NA = not applicable.

The values of -ΔVAS are illustrated in a dot plot with the MCID values from
the ROC curve analysis superposed as dashed lines (Figure 11). The ROCcurve with the optimal cut-off point marked is presented in Figure 12. The
area under the ROC curve was 0.883 for VAS-neck, and 0.913 for VAS-arm.
The SD (VAS1) at baseline in the effect-size MCID calculation was 22.9 for
VAS-neck, and 25.0 for VAS-arm scores.
The MDC was calculated with the SEM (VAS-neck, 7.7; VAS-arm,
10.5), the SD (VAS1, VAS2) at baseline (σ-VAS-neck, 20.3; σ-VAS-arm,
21.6) and the test-retest reliability coefficient (r-VAS-neck, 0.874; r-VASarm, 0.810).
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Figure 11. Dot plot illustrating the values of –ΔVAS. The MCID values from the
ROC curve are superposed as dashed lines.
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Figure 12. ROC-curve. Optimal cut-off point closest to the ideal top left-hand corner
is marked and corresponds to the MCID.
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Discussion
Our validation study considers, for the first time, the MCID derived from
five different methods in perspectives of measurement noise for the zero to
100-mm pain VAS in patients with cervical radiculopathy due to DDD.
In our study, the test-retest repeatability results for the 100-mm pain VAS
were lower than previously reported. The low repeatability may be due to the
large homogeneous study group with specified inclusion and exclusion criteria. DeLoach et al. [37] report that the repeatability on the 100-mm pain
VAS was 13.5 - 23.0 in a diverse group of patients 18-86 years of age, who
underwent various surgical procedures for different diagnoses.
It is likely that the measurement noise is influenced by several factors.
Until now these factors have not been investigated. Jensen and McFarland
[80] report that it is preferable to have 12 ratings across 4 days to get a valid
measure of average pain in patients with chronic pain. Several measurements
give a more precise value of the patients’ pain and reduce the importance of
measurement noise. Unfortunately, such a study design is hard to accomplish, and most studies measure pain only once on every occasion. In our
study, we found female sex and anxiety and/or depression to be positive
predictors of higher measurement noise, as well as exercise a positive predictor of lower noise. There might be other factors associated with noise, and
we look forward to future studies in this field.
There are many methods to calculate the MCID and there is no consistency regarding which method to use. Anchor-based and distribution-based
methods all have arbitrary components [32]. Limitations with the anchorbased methods include the fact that there are multiple potential anchors to
use with different numbers of grades. Some prefer a seven-grade satisfaction
index, with the argument that people’s ability to discriminate over a wide
range of tasks is approximately one part in seven [105; 112]. Others argue
that people have the ability to discriminate between one part in 20 [64; 76].
Of course, different anchors produce various results. Limitations with the
methods depending on ΔVAS may manifest as low baseline values. Low
baseline values have less room for improvement, resulting in a low ΔVAS
and subsequently a low MCID. There are also limitations with the MDC
method. If you do not have repeated measurements, the random-effect linear
regression is used. The random-effect model assumes that the sample is a
small part of the population and that the variance in VAS is not the same
across individuals. The method also assumes that the sample mean does not
deviate too much from the population mean. Thus, a potential error might
occur if the sample is not representative. If the test-retest reliability coefficient from a reference sample is used [25], there might be an error if the
reference sample deviates from the actual studied sample. A commonly used
reference is the McDowell and Newell [102], with a test-retest reliability
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coefficient of 0.95. To avoid this potential limitation, we calculated our own
test-retest coefficient.
There have been some attempts to find simple and standardized methods
that can be used as benchmarks to all PROM. Samsa et al. [136] argue that a
standardized effect size, such as Cohen’s suggestion of 0.2 [31], is the best
method to calculate the MCID, and that it can be used as a benchmark to all
PROM. In our study the effect-size-derived MCID was five, which was lower than the measurement noise for both VAS-neck and VAS-arm. An MCID
of five in a 100-point scale is also not reasonable compared with the previously described MCID of 2.5 and 2.6 in a 10-point scale [25; 122]. Norman
et al. [112] came to the conclusion that half an SD can be applicable to all
PROM in retrieving the MCID. In our study, 0.5 SD was 11.5 for VAS-neck
and 12.5 for VAS-arm, and hence just above the measurement error.
It makes no sense to have an MCID value that is lower than the patient’s
imprecision when filling in the scale. Therefore, the test-retest repeatability
of the scale should be accounted for when calculating the MCID. If repeatability is not available, an assessment of internal consistency such as the SEM
can be used [32; 175]. The SEM is the SD that would be observed if a patient were to fill in the VAS several times. In our study, repeatability and the
SEM for VAS-neck were 8.1 and 7.7, respectively, and in VAS-arm these
were 10.4 and 10.5, respectively, which we conclude to be the same results.
Hence, to compute the measurement error on a scale, either method can be
used. Wyrwich and colleagues [175-177] argue that a 1-SEM criterion corresponds to the MCID and has the advantage over the effect size, because it is
independent of the variability and is expressed in actual score units. By definition the SEM is the measurement noise; consequently, the SEM cannot
correspond to the MCID. The MDC is the only method that is dependent on
the SEM, relying on being above the 95% CI to reflect the MCID [14; 25].
The MDC was the only method that consistently gave results above the
measurement noise. Was it then that the measurement noise was too high, or
were the four other MCID calculation methods flawed? The measurement
noise is the repeatability of the VAS findings in this study population, and
describes the patients in this trial. Compared with other studies, we found the
noise in our study to be lower than otherwise described [37]. The MCID
calculations are statistical constructions invented by researchers to describe
an idea about a hypothetical value that will help us interpret our research
results. The fact that there are so many methods to calculate the MCID, and
until now, no consistency exists regarding which method to use indicates
that these methods have weaknesses and still need to be improved.
Perhaps it is not possible to find a fixed value that can represent the
MCID on the VAS or any PROM [66], but we can still have an approximation that is above the measurement noise and the MDC for that scale. The
perspectives of cost-benefit were not possible to investigate in our study due
to a lack of economic data. Whether the improvement is big enough to justi53

fy the costs and risks that follow certain treatments needs to be investigated
further.
Limitations of the Study
What is the optimum time range between two measurements made to survey
the same pain but still with enough of an interval so that the patients do not
remember exactly what they filled in the last VAS questionnaire? Jensen and
McFarland [80] report 20 minutes between measurements, whereas DeLoach
et al. [37] report only 3 minutes. We had approximately 15 minutes between
measurements in our study. Another time range between the two measurements VAS1 and VAS2 could have influenced the result. We also did not
time the patients when they filled in the VAS. There were a few other questionnaires to fill in between the first and second VAS, and some patients
were quicker or slower than others, so the time range was not exactly the
same for everyone.
It would have been desirable to investigate whether the MCID differs according to high or low baseline scores [78]. Unfortunately this was not possible because the patient group was too homogeneous. All the patients in the
study group were selected for surgery due to symptoms and signs of cervical
radiculopathy with corresponding MRI findings. Hence, the majority of the
patients were in the middle or somewhat higher range of the VAS scores,
and few were in the extreme low or extreme high range to make a statistically valid comparison. A less homogeneous group may have given different
results. Therefore, one should be cautious in generalizing these results to
other diagnoses. For patients with cervical radiculopathy due to DDD who
are chosen for decompression surgery, however, we apprise this MCID to be
useful.
As for all statistical calculations, the MCID is applicable only to a group.
An individual patient can experience improvement that is noteworthy even
though it falls outside the range of the MCID determination.
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Study IV
Patients and Methods
This study presents the 5-year follow-up of the RCT (presentation of studies,
page 26-28). All patients were summoned to a doctor’s appointment for neurological examination 5 years after surgery. This neurological examination
was done to follow-up on reoperations and new radiculopathy. A spine surgeon (AM), not involved in the surgery procedures, performed the examination, which included tests of reflexes, sensory function and muscle strength
in the cervical dermatomes and myotomes. The tests were part of a wider
physical examination of the patient which also included palpation, range of
motion (ROM) and muscle strength in the shoulder, neck, elbow and
hands/wrists to distinguish ASP from differential diagnoses.
Plain flexion-extension radiographs were performed preoperatively and
after 1, 2 and 5 years to evaluate range of motion on the index level by
measuring Cobb-angles on the functional spinal unit (FSU). A tangential line
was drawn along the superior end plate of the upper vertebra on the index
level and the inferior end plate of the lower vertebra on the index level. The
angle of intersection of these tangential lines was measured [82]. To be
above the measurement error we defined motion on one level to be 5° difference or more between flexion and extension radiographs [160]. A neurosurgeon (CM), not involved in the original study, evaluated the radiographs. We
applied the Mehren/Suchomel modification of the McAfee classification to
classify the appearance of HO [157]. In this classification motion is defined
as ≥ 2° (Table 16).
Table 16. McAfee classification of heterotopic ossification (HO), modified by
Mehren/Suchomel.
Grade
0
1
2
3
4

Segments without any new HO formation after prosthesis implantation
Segments with new HO formation not reaching the intervertebral space
HO reaches the intervertebral space but segmental movement is not limited
Important bridging ossification with limited, but possible movement
Segmental fusion

A CT was done postoperatively and after 2 years.
MRI, T1- and T2-weighed images in sagittal and axial planes were executed at several hospitals in Sweden. Facet arthropathy and disc degeneration on adjacent segments were detected by MRI before, and 5 years after
surgery. Classification was done by a neuroradiologist (NCM) according to
five level grading schemes; Walraevens [173] (Table 17) for facet arthropathy, and Miyazaki [106] for ASP (Table 18). The grading system by Miyazaki has an intraobserver reliability of 0.90 to 0.95 and an interobserver reliability of 0.73 to 0.83.
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Table 17. Scoring system for facet arthropathy according to Walraevens et al.

Table 18. Grading system for cervical intervertebral disc degeneration, according to
Miyazaki et al.

Statistical Analysis
Patient-related outcome measures were primarily analyzed as intention to
treat (ITT) and included all randomized patients. Missing values were imputed with multiple imputation using of chained equations as implemented
in the R package MICE [174] with 20 iterations. Using analysis of covariance (ANCOVA), we calculated mean 5-year outcome values for each
treatment group adjusted for baseline values of the outcome. The mean difference of the 5-year values between the groups is also presented, with a
95% confidence interval (CI) and a P value for the null hypothesis of no
difference between groups. A positive mean difference corresponds to higher
values for ADR (compared with fusion). As a complement to the superiority
design ‒ that did not show any significance between groups at the 2-year
56

follow-up [148] ‒ a post hoc Blackwelders test for non-inferiority was made.
Success was defined as: improvement in NDI ≥15%, maintenance or improvement of neurological impairment, device success e.g. no secondary
surgery and absence of adverse events related to implant. The non-inferiority
margin was set to 0.10, thus the test tries to demonstrate that ADR is at most
10 percentage points worse than fusion. A one-sided 95% CI was computed
for πFusion - πADR, where πFusion is the true success rate in the fusion group and
vice versa. Thus, a right-hand endpoint of <0.10 (<10%) can again be taken
as evidence of non-inferiority.
The tertiary outcome analysis was based on available cases. We analyzed
time to revision surgery by Kaplan-Meier plots and estimated hazard ratios
(HR) of having secondary surgery after ADR compared with fusion by Cox
regression with calendar time as the basic time scale. Men and women were
analyzed separately to investigate whether there were sex differences. The
proportional hazard assumptions were confirmed graphically by Schoenfeld
residuals.
We compared the proportion of HOs in women and men with a t-test and
the proportion of facet arthropathy at baseline and 5 years post-surgery with
a paired t-test. Furthermore, we compared prevalence of CASP between
different subgroups: ADR versus fusion as well as mobile ADR versus fusion, with Fisher’s exact test. The development of RASP, measured as ΔMRI
grade between preoperative and 5-year MRI, was compared between the
ADR group and fusion groups, using a two-sample t-test. Hence, we had two
ΔMRIs, one from the level above the index level and one from the level below, we chose the highest degeneration grade, i.e. the ‘worst’ level, for this
analysis.

Results
We randomized 153 patients to ADR (n=83) or fusion surgery (n=70). There
were 78 women and 75 men with a mean age of 47 (range 31-62) years (Table 19). The mean follow-up was 66 months (range 57-77). Nine patients in
each group failed to report their score on the NDI at the 5-year follow-up
(Figure 13). Nineteen patients did not respond with EQ-5D and 16 patients
had no neurological examination. In the ADR group there were 22 radiographs lost to follow-up. Five-year MRI was missing in 31 patients, and five
were not readable due to artifacts or insufficient quality of the MRI.
The cervical levels involved were allocated within the patient group as
follows: C4-C5 = 4 (3%), C5-C6 = 50 (33)%, C6-C7 = 50 (33)%, C7-Th1 =
1 (1%), C4-C6 = 4 (3%), C5-C7 = 44 (29%).
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Figure 13. Consort flow chart.
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Analysis

Analyzed (n=70 PP, n=70 ITT)

Table 19. Patient demographics at baseline.
Patient characteristics

ADR group, N=83

Fusion group, N=70

Men/women
42/41
33/37
Age, mean (SD)
46,9 (6.8)
47.0 (6.9)
Smokers
26 (32%)
21 (31%)
Weight, mean (SD)
79 (18)
78 (14)
BMI, mean
26
26
Pension
1 (1%)
0 (0%)
Unemployed
8 (10%)
10 (15%)
Sick leave/disability pension
56 (68%)
44 (67%)
Heavy work
72 (88%)
54 (82%)
Neck pain duration
<3 months
2 (3%)
1 (1%)
3 to 12 months
15 (21%)
19 (27%)
1 to 2 years
20 (29%)
20 (29%)
>2 years
40 (57%)
29 (42%)
Arm pain duration
<3 months
3 (4%)
3 (4%)
3 to 12 months
21 (26%)
24 (34%)
1 to 2 years
31 (38%)
19 (27%)
>2 years
26 (32%)
24 (34%)
Regular exercise
35 (44%)
18 (27%)
HADS-depression, mean + SD
5.0 + 3.5
4.7 + 3.7
HADS-anxiety, mean + SD
7.0 + 4.2
7.0 + 4.1
NDI, mean + SD
63.9 + 16.6
61.5 + 14.5
EQ-5D, mean + SD
0.4 + 0.3
0.5 + 0.3
VAS-neck, mean + SD
57.6 + 26.4
58.2 + 23.1
VAS-arm, mean + SD
57.1 + 27.5
56.9 + 23.0
Values are expressed as the number of patients (%) unless otherwise indicated. ADR = artificial disc replacement, N = number, BMI = body mass index, HADS = Hospital Anxiety and
Depression, NDI = Neck Disability Index, EQ-5D = EuroQol-5 Dimensions, VAS = visual
analogue scale.

Outcomes at 5 Years
ITT Analysis
The ADR group improved in NDI scores from 64 (95% CI, 60.4 to 67.6) to
36 (95% CI, 31.2 to 40.8) and the fusion group from 61 (95% CI, 57.9 to
65.0) to 32 (95% CI, 26.6 to 37.9) (Figure 14, NDI) (Figure 15, EQ-5D),
with a mean difference of 2.5 (95% CI, -4.5 to 9.4; P = 0.48) (Table 20).
There were no mean differences between groups in EQ-5D (-0.07; 95%
CI, -0.19 to 0.05), VAS-neck (-2.3; 95% CI, -11.3 to 6.7), VAS-arm (0.2;
95% CI, -8.3 to 8.8) or in DSQ (-0.7; 95% CI, -1.4 to 0.1) (Table 20).
There were 47 (59%) successes in the ADR group and 49 (70%) in the fusion group and the non-inferiority test was not statistically significant (P =
0.55).
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Figure 14. Time plot diagram showing the mean values of the NDI at each time
point. Error bars are 95% CI.
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Figure 15. Time plot diagram showing the mean values of the EQ-5D at each time
point. Error bars are 95% CI.
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ADR=artificial disc replacement, ANCOVA=analysis of covariance, CI=confidence interval, NDI=Neck Disability Index, EQ-5D=EuroQol 5 Dimensions,
VAS=visual analogue scale, DSQ=Dysphagia Short Questionnaire.

Table 20. Imputed data for the ITT analysis: ADR versus fusion.
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ADR=artificial disc replacement, ANCOVA=analysis of covariance, CI=confidence interval, NDI = Neck Disability Index, EQ-5D=EuroQol 5 Dimensions,
VAS=visual analogue scale, DSQ = Dysphagia Short Questionnaire.

Table 21. Imputed data for the PP analysis: ADR versus fusion.

Per-Protocol Analysis
The results of the per-protocol analysis were similar to that of the ITT analysis. There was, however, a modest difference in dysphagia in favor of ADR
(mean DSQ, -0.8; 95% CI, -1.6 to -0.0; P = 0.045) but the overall scores at
the 5-year follow-up were generally low in both groups (mean ADR, 1.5;
mean fusion, 2.3) (Table 21).
Secondary Surgery
Seventeen patients in the ADR group and seven patients in the fusion group
had secondary surgery (Figure 16) but the higher risk in the ADR group was
confined to women with a HR of 10.5 (95% CI, 1.4 to 80.9) whereas the HR
in men was 0.55 (95% CI, 0.17 to 1.83), with a P for interaction of 0.014.
Reoperations were primarily attributed to loosening and subsidence (n=14)
(Table 22).
Table 22. Reoperations in women and men for the ADR and fusion groups.
ADR
women

ADR
men

Loosening/ subsidence

10

4

ASP

6

Root canal stenosis

1

Fusion
women

Fusion
men

1

4
1

Pseudartrosis
Total patients

2
13

4

1

6

ADR=artificial disc replacement, ASP=adjacent segment pathology.
There are more reoperations than patients because two patients were reoperated for both
loosening and ASP. In addition, two patients had a third operation of which one was reoperated the third time for both loosening and ASP.

Preserved Motion, Development of HO and Facet Arthropathy
Thirty-three patients (50%) in the ADR group preserved motion (≥5° mobility in flexion and extension) at the operated cervical level while 20 (25%)
were spontaneously fused. The distribution of HO-grades was: grade 0 = 5
(8%); grade 1 = 1 (2%); grade 2 = 14 (24%); grade 3 = 24 (41%); grade 4 =
15 (25%). Men had 0.9 (95% CI, 0.4 to 1.5) grades higher HO than women,
P = 0.001.
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Figure 16. Kaplan-Meier plot for reoperations stratified by sex.

The distribution of preoperative facet arthropathy-grades was: grade 0 = 39
(61%); grade 1 = 14 (22%); grade 2 = 7 (11%); grade 3 = 4 (6%); grade 4 =
0. At the 5-year follow-up the distribution was: grade 0 = 25 (39%); grade 1
= 15 (23%); grade 2 = 15 (23%); grade 3 = 8 (13%); and grade 4 = 1 (2%).
Facet arthropathy progressed 0.5 (95% CI, 0.3 to 0.7; P < 0.001) grades in 5
years after insertion of the ADR device.
Incidence of CASP and RASP
There were five patients in each group with secondary surgery due to severe
CASP (P=0.74). In addition, 16/67 patients (24%) had mild CASP in the
ADR group compared with 10/51 patients (20%) in the fusion group. Forty
of 64 patients (62%) in the ADR group had no change in RASP 5 years after
surgery compared with 21/48 (44%) in the fusion group.
Twenty-three patients (36%) in the ADR group progressed one degeneration grade 5 years postoperatively compared with 22 patients (46%) in the
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fusion group. One patient in the ADR group progressed two degeneration
grades compared with five patients in the fusion group. In total, we estimated, on average 0.28 (95% CI, 0.05 to 0.50; P=0.015) lower degeneration
grade on MRI in the ADR group compared with the fusion group. There
were no patients in either group with RASP grade 5.

Discussion
Our randomized superiority clinical trial revealed no clinical or radiological
benefits 5 years post-surgery in ADR compared with fusion surgery as both
groups halved their NDI scores. The ADR group, however, had more secondary surgery in women and one in four patients were spontaneously fused.
ADR surgery did not prevent progression of CASP, one of the main arguments for the use of this device.
The finding that patient satisfaction did not differ between the ADR and
fusion groups is consistent with previous open-label device exemption studies [20; 36; 62; 108; 109; 126; 138]. The only double-blinded RCT, however, displayed higher NDI scores and more arm pain in the arthroplasty group
after 2 years [158].
In our study there were fewer reoperations in the fusion group than in the
ADR group, and the incidence of non-union was low. Our results contradict
other large RCTs with a 5-year follow-up [20; 36], i.e. they reported a higher
frequency of secondary surgery in the control group compared with the ADR
group, mostly because of non-union. The difference between our study and
others may be explained by surgical technique. We used iliac crest autografts
whereas the IDE studies used allografts, either as surgeon cut or commercially prepared. Compared with autografts, more dysphagia [21], delayed
union [156], non-union [6; 47] and higher pain scores [91] occur after surgery with allografts.
On the other hand, because of ADR loosening or subsidence, our study
had a high incidence of reoperations, with bone loss of mostly the upper
vertebra on the index level. In line with previous reports the affected patients
were mostly women [62]. An explanation for the sex difference can be anatomical and lack of bone support (men have larger vertebrae with higher
bone density).
The incidence of HO in our study was higher than reported in the IDE trials [126] but similar to the NORCAT reports and other European studies
[157]. The strong tendency towards HO in male patients stabilized the index
level and the spontaneously fused patients were pain free and satisfied with
the treatment.
The ADR replaces the disc without interference of the facet joints. Thus,
preserved motion on the index level means preserved motion in the facet
joints. In our study facet arthropathy progressed in the ADR group, which
could be due to intrinsic age-related changes in the joint. No difference be65

tween groups in neck pain could be detected but further long-term studies
are needed to determine whether progression of facet arthropathy due to
preserved motion will become clinically important.
Fusion has previously been defined as a difference in Cobb angle on flexion/extension radiographs of ≤2-5° [33; 58; 101; 108; 109]. The margin of
error of the Cobb-angle has been estimated to be 2°- 9° with 5° being an acceptable value for the manual method of measuring [160]. Choosing a low
degree of Cobb angle would give a high sensitivity but a low specificity.
Though we are seeking the true movable ADR devices and want as few false
movable devices as possible, e.g. a high specificity, we chose a higher degree of Cobb angle, ≥5° difference between flexion/extension [33], safely
above the measurement error [160]. More research about defining movement
and the best cut-off point with highest sensitivity and specificity is needed.
The presence of ASP was similar in both groups. Although we recognize
that longer follow-ups for ASP symptoms and MRI are necessary, we conclude that the higher incidence of degenerative changes in the fusion group
on the adjacent segment on MRI alone without the patients having symptoms
does not justify the use of ADR over fusion.
Our study has several strengths. Firstly, we had an 88% follow-up rate after 5 years and used multiple imputation to perform an ITT analysis for the
primary and secondary outcomes. Secondly, we used blinded allocation for
both patients and surgeons until completion of the decompression phase of
the surgery procedure.
Limitations
Our study has some limitations that merit discussion. Firstly, the results
from the unconstrained ADR device might not be generalized to constrained
devices. Secondly, only three of four patients had adequate MRI scans at
follow-up; however, we find it unlikely that this affected our findings because the lower rate was not device-related. A third limitation is that the
MRI scanners used in this study lack conformity and the quality of the images varied between different scanners.
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Study V
Patients and Methods
In this register-based cohort study we obtained prospectively collected data
for all Swedish patients undergoing surgery on the cervical spine, registered
in the Swedish Spine Registry (Swespine), since the registration of cervical
procedures started on January 1st, 2006. Follow-up information was obtained
up to November 15th, 2017. Inclusion criteria were cervical disc herniation
with radiculopathy or foraminal stenosis with radiculopathy, surgically treated with anterior decompression either followed by insertion of an ADR or by
fusion with either plate with autograft/allograft, stand-alone cage or cage
with plate. Exclusion criteria were previous cervical spine surgery, symptoms of myelopathy, cervical malformation or marked instability. All patients participating in a randomized controlled trial comparing ADR with
fusion (ISRCTN, registration number: 44347115) [93] were excluded.
Data Collection and Outcomes
Patients completed baseline characteristic questionnaires and postal followup questionnaires as well as validated PROMs, without any assistance from
the surgeon [51; 153; 155]. Preoperative data included age, sex, height,
weight, smoking habits, employment status, sick listing, duration of neck
pain, attitude towards returning to work after surgery, use of analgesics, fine
motor skills and PROMs including NDI, EQ-5D and the 10-grade VAS
scales separately for arm and neck pain. The surgeon recorded surgical data
including diagnosis, surgical treatment method, surgical levels involved,
neurological impairment, Ranawat grading [130], Frankel grading [48], instability of the cervical spine, type of implant and any perioperative complications. Follow-up questionnaires and PROMs were sent to the patients 1, 2,
5 and 10 years, postoperatively.
Primary outcome was the NDI and secondary outcomes were the EQ-5D
and VAS for neck and arm pain.
Study Oversight
The national Swespine was founded in 1993 and cervical spine procedures
have been included in it since 2006 [154]. Since 1998 the Swespine protocol
has been entirely patient-based and all participants provide oral and written
informed consent. The Swespine register is owned and governed by the
Swedish Society of Spinal Surgeons (www.4s.nu) with public financial support. No institution or company had a role in collecting or analyzing the data,
preparing the manuscript or the decision to submit the manuscript for publication.
The study was approved by the local Swedish ethics review board.
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Statistics
Missing values were replaced with multiple imputation using chained equations, as implemented in the R package MICE [174], generating 100 imputations. These imputations were analyzed one at a time, pooling the results
using Rubin’s rules [174]. The following imputation models were used: predictive mean matching for numerical variables, logistic regression for dichotomous variables, and ordinal regression for ordinal variables. The proportion of missing values ranged from 0.1% for “number of degenerative
levels” to 16.8% for “attitude towards returning to work after surgery”.
To select confounders that might give rise to treatment selection bias we
used present knowledge and a directed acyclic graph (DAG) [70]. A propensity score was constructed to control for the following potential covariates:
sex, age (continuous), smoking (current vs. no smoking at present), body
mass index (continuous; kg/m2) unemployed (yes vs. no), sick leave (yes vs.
no), disability pension (yes vs. no), number of degenerated levels (one to
four), attitude towards returning to work after surgery (positive vs. negative)
and preoperative NDI scores (continuous).
Patients were then matched one to one, based on estimated propensity
scores limited by the requirement that the difference between scores should
be no larger than 0.001 and surgery should have taken place within 180 days.
Matching was performed using logistic regression models with ADR surgery
as the outcome and the confounders as explanatory variables. The mean and
SD for numerical variables and the numbers and percentages for categorical
variables before and after matching were calculated, together with a P-value
for the null hypothesis of equal distributions. Time-plots were made illustrating primary and secondary outcomes after 1, 2, 5 and 10 years of follow-up.
Using ANCOVA, we compared the mean 5-year outcome values between
the treatment groups, adjusted for the covariates included in the propensity
score and also for the baseline values for each outcome. The mean differences of the 5-year values between the groups are presented with a 95% CI
and P-values. A positive mean difference corresponds to higher values for
the ADR group (compared with the fusion group). In addition, all available
cases were analyzed, including all patients that had completed each followup, with imputation for missing data.
Follow-up of tertiary outcome variables was investigated for all available
cases using linear regression for the numerical variables weight and BMI
(results presented as mean differences between the groups), logistic regression for the dichotomous variables retirement, sick leave, disability pension,
improvement of fine motor skills, working, heavy work and dysphagia (results presented as odds ratios with fusion surgery used as the reference), and
ordinal regression for postoperative sick leave and satisfaction index (odds
ratios).
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The mean number of complications and secondary surgeries was computed for all available cases for each group and compared between the groups,
using unadjusted and adjusted linear regression analysis. Reoperations on the
index level and the adjacent levels were analyzed separately. We analyzed
time to revision surgery using a Kaplan-Meier plot.
All statistical analyses were performed in R [162], version 3.1.0 (R Foundation for Statistical Computing, Vienna, Austria).

Results
We enrolled 6,052 patients of which 3,998 met the inclusion criteria. Anterior decompression and insertion of an ADR device had been performed in
204 patients (mean age 46 years) of which 100 (49%) were women and 104
(51%) were men. A total of 3,794 patients (mean age 50 years) had undergone anterior decompression and fusion including 1,919 (51%) women and
1,875 (49%) men. The percentages of smokers and sick-listed patients were
similar in both groups while fine motor skills were less impaired in the arthroplasty group (56%) than in the fusion group (69%). The attitude towards
returning to work after surgery was slightly more positive in the arthroplasty
group (90%) compared with the fusion group (84%). The hospital stay was
2.1 ± 1.1 days for the arthroplasty group and 2.2 ± 1.7 days for the fusion
group (Table 23). All the patients observed had not fulfilled all the follow-up
requirements. There were 2,535/3,416 (74%) responding patients with a 1year follow-up, there were 1,990/2,931 (68%) patients with a 2-year followup and there were 1,044/1,570 (67%) patients with a 5-years follow-up (Figure 17). After propensity score matching, 185 patients with five years of
follow-up remained in each group and there was a good covariate balance
between the groups (Table 23).
The cervical levels involved were allocated within the propensity scorematched patient groups as follows: C3-C4 = 6 (1.6%), C3-C5 = 1 (0.3%),
C4-C5 = 24 (6.5%), C4-C6 = 11 (3.0%), C4-C7 = 3 (0.8%), C5-C6 = 123
(33.2%), C5-C7 = 70 (18.9%), C6-C7 = 121 (32.7%), C6-Th1 = 2 (0.5%)
and C7-Th1 = 8 (2.2%).
The arthroplasties used were Discovery (DePuy) = 24, Bryan Cervical
Disc (Medtronic) = 18, ProDisc-C (Synthes Spine) = 18, Prestige Cervical
Disc (Medtronic) = 12, Secure-C Disc (Globus) = 7, Baguera-C (SpineArt) =
8, and Kineflex-C (Southern Medical) = 6. Information about the remaining
92 arthroplasties was not registered, but 79 of them were from the same hospital where Discovery (DePuy), Baguera-C (SpineArt), Bryan Cervical Disc
(Medtronics), M6 (Spinal Kinetics) and Kineflex-C (Southern Medical) arthroplasties were used during the observed time period [146].
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Table 23. Baseline characteristics before and after propensity score matching.

Values are expressed as the number of patients (%) unless otherwise indicated.
ADR=artificial disc replacement, N=number, BMI=body mass index, NDI=Neck Disability
Index.
*Selected confounders used for propensity score matching.
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Figure 17. Consort flow chart
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Outcomes at 5 Years
The ADR group improved in NDI scores from 39.9 (95% CI, 37.0 to 42.9) to
20.7 (95% CI, 17.2 to 24.3) and the fusion group from 42.2 (95% CI, 38.2 to
46.3) to 25.2 (95% CI, 20.4 to 29.9), with a mean difference of -3.0 (95% CI,
-8.4 to 2.4; P = 0.28) (Table 24) (Figure 18).
There were no mean differences between groups in EQ-5D scores (0.03;
95% CI, -0.06 to 0.12, P = 0.50), VAS-neck (-0.30; 95% CI, -1.17 to 0.58; P
= 0.50) or VAS -arm (-0.32; 95% CI, -1.21 to -0.57, P = 0.47). (Table 24).
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Figure 18. Propensity score matched data: ADR versus fusion surgery.

Tertiary Follow-Up Variables and Secondary Surgery
There were fewer patients in the arthroplasty group complaining of dysphagia in the first 3 months after surgery than in the fusion group (OR, 0.61;
95% CI, 0.41 to 0.92; P = 0.019). We observed no other differences between
the groups for other tertiary outcome variables such as BMI, employment
status, sick listing, disability pension, fine motor skills, and satisfaction index (data not shown).
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ADR=artificial disc replacement, ANCOVA=analysis of covariance, CI=confidence interval, NDI = Neck Disability Index, EQ-5D=EuroQol 5 Dimensions,
VAS=visual analog scale.
*Adjusted for sex, age, smoking, body mass index, unemployed, sick leave, disability pension, number of degenerated levels, the attitude towards returning to
work after surgery, and baseline values for each outcome.

Table 24. Mean outcome values at baseline ant at the 5-year follow-up using propensity score matched analysis of patients treated with ADR
versus fusion surgery.

There were, however, more adverse events in the arthroplasty group (15
per 100 operations) than in the fusion group, (five per 100 operations) with P
<0.001 for the difference between the groups. The most common adverse
events in the ADR group that demanded an immediate intervention were
postoperative hematoma (four per 100 operations), extraction or repositioning of the device (three per 100 operations), residual stenosis (one per 100
operations) and dural tear (one per 100 operations). In the fusion group the
most common adverse events were postoperative hematoma (one per 100
operations), dural tear (one per 100 operations) and residual stenosis (one
per 100 operations). There was no difference between groups for secondary
surgery on the adjacent levels, with 1/100 ADR-surgeries and 2/100 fusionsurgeries (P = 0.90). The total number of reoperations was higher in the
arthroplasty group, with eight per 100 operations compared with three per
100 operations in the fusion group (P = 0.002) (Table 25) (Figure 19,
Kaplan-Meier curve).
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Figure 19. Kaplan-Meier plot for reoperations. ADR=artificial disc replacement.
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Table 25. Reoperations for the ADR and fusion groups, non-matched Swespine
cohort.
ADR
n/tot (%)

Fusion
n/tot (%)

Crude difference
(95% CI) P-value

Perioperative
complications

30/204 (15%)

197/3,794 (5%)

0.10 (0.06, 0.15)
<0.001

Early reoperation

0/204 (0%)

17/3,794 (0%)

-0.00 (-0.01, 0.01)
0.45

Secondary surgery,
index level

13/204 (6%)

55/3,794 (1%)

0.05 (0.03, 0.07)
<0.001

Secondary surgery,
ASP

3/204 (1%)

58/3,794 (2%)

-0.00 (-0.02, 0.02)
0.90

Total reoperations

16/204 (8%)

130/3,794 (3%)

0.04 (0.02, 0.07)
0.002

ADR = artificial disc replacement, ASP = adjacent segment pathology.

Sensitivity Analysis Without Propensity Score Matching
The results of the imputation analyses of all available cases were similar to
those of the propensity score matching, with no clinically significant difference between groups after 5 years of follow-up (Table 26).

Discussion
This is the first observational study from a national spine registry using
PROMs that report long-term PROM outcomes after surgery with cervical
ADR devices compared with anterior fusion. We found no significant clinical differences in patient satisfaction between the groups but we found a
higher degree of adverse events after surgery with ADR devices.
Before propensity score matching, there were clear indications of selection differences between the patient groups: the patients receiving arthroplasty were younger, had less impairment of fine motor skills, lower NDI
scores at baseline and were more positive towards returning to work than the
patients receiving fusion surgery. After matching there were no statistical
differences, and none of the precisions of our estimates precluded clinically
important differences between the ADR group and the fusion surgery group
at any time point, despite the fact that both groups halved their NDI scores.
Our finding is consistent with our randomized clinical trial [93] and the previous investigational device exemption studies [20; 36; 62; 108; 109; 126;
138]. In fact, the outcome 5 years after surgical treatment for cervical
radiculopathy has recently been discovered to be more dependent on preoperative mental distress such as anxiety and depression than the chosen
surgical method, ADR or fusion [95].
75
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*Adjusted for sex, age, smoking, body mass index, unemployed, sick leave, disability pension, number of degenerated levels, the attitude towards returning to
work after surgery, and preoperative NDI.

ADR=artificial disc replacement, ANCOVA=analysis of covariance, CI=confidence interval, NDI=Neck Disability Index, EQ-5D=EuroQol-5 Dimensions,
VAS=visual analog scale.

Table 26. Mean outcome values at baseline and at the 5-year follow-up of patients treated with ADR versus fusion in sensitivity analysis of all
available cases without a propensity score matching.

The ADR group, however, had more perioperative complications, more
secondary surgeries on the index level and the same incidence of secondary
surgery on adjacent levels compared with the fusion group. Hence, ADR
surgery required more revisions and did not prevent progression of clinical
ASP, one of the main arguments for the use of this device. Our results regarding secondary surgery from this observational study support our findings from the randomized clinical trial, which we have reported separately
[93]. It has been suggested that the high incidence of loosening and subsidence could be related to the type of implant used, which was an unconstrained device in the randomized clinical trial [107] Our present study using
the Swespine register, however, includes several types of ADR devices, both
semi-constrained and unconstrained, and still shows more index related secondary surgeries in the arthroplasty group [110; 146]. Our results contradict
other large RCTs with a 5-year follow-up [20; 36], i.e., they report a higher
frequency of secondary surgery in the control group compared with the
ADR group, mostly because of non-union. Such discrepancy might be a
result of whether pseudarthrosis is decided on radiographs alone or if the
diagnosis is made only if the patient has severe symptoms together with
signs of non-union on radiographs. Variation in indications of when to use
the non-union diagnosis could also explain the differences in results between
the studies.
Our study has several strengths. Firstly, Swespine is a national register
using validated instruments with prospective collected data. Secondly, in
2016, 90% of the spine clinics in Sweden were affiliated and the register
completeness was 75% (www.swespine.se) [51; 153; 155]. Therefore, these
results reflect a nation-wide setting and not just a few clinics or surgeons.
Compared with earlier publications, our study differed because there were
no sponsors from arthroplasty manufacturers, which might explain the results regarding higher complication rates and secondary surgery in the arthroplasty group compared with those which have been reported from investigational device exemption studies [4; 20; 36; 62; 108; 109; 126; 138].
Our study has some limitations that merit discussion. Firstly, the major
limitation of our study is the observational design, although pseudorandomization creating comparable groups with propensity score matching
was used. We cannot rule out residual confounding and differential selection
of patients to each group. Secondly, there were many patients lost to followup: 26% in year 1, 32% in year 2, and 34% in year 5. However, all patients
in the primary propensity score matched analysis had 5-year follow-up data.
Thirdly, not all complications and reoperations are reported in Swespine
[184]. However, we find it unlikely that this is device-related and it should
therefore affect both treatment groups equally. A last limitation is that some
surgeons fail to report which specific implant has been used.
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We found no clinically significant differences in primary or secondary
outcomes between the ADR and fusion groups after anterior decompression
of cervical radiculopathy, in the short-term or during long-term follow-up.
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Study VI
Patients and Methods
This study was a post hoc analysis of the main RCT described above
(presentation of studies, page 26-28), investigating potential baseline covariates that might affect surgical treatment outcome in patients with cervical
radiculopathy. All randomized patients from both groups were included as
well as the baseline questionnaires, information about the allocated treatment, preoperative NDI scores and NDI at 3 months, 1-, 2-, and 5-years
postoperatively. Additionally to the baseline questionnaires we also included
HADS scores to measure psychological impairment and investigate if preoperative anxiety and/or depression might impact surgical treatment outcome.

Statistics
Patient-related outcome measures were primarily analyzed as ITT and included all randomized patients. Missing values were imputed with multiple
imputation using chained equations as implemented in the R package MICE
[174] with 20 iterations. A multiple linear regression model was fit to imputed data using 5-year NDI scores as outcome and variables from the baseline data as predictors. The predictors were selected based on present
knowledge and the directed acyclic graph (DAG) approach [70]: sex, age
(continuous), allocated treatment (fusion or arthroplasty), smoking (current
vs. no smoking at present), retirement (yes vs. no), unemployed (yes vs. no),
sick leave (yes vs. no), disability pension (yes vs. no), strenuous job (yes vs.
no, based on the patients’ own opinion, strenuous defined as physically
heavy/heavy lifting), neck pain duration (<3 months, 3-12 months, 1-2 years,
>2 years), arm pain duration (<3 months, 3-12 months, 1-2 years, >2 years),
exercise (regular exercise >1/week, yes vs. no), preoperative HADS-a scores
(continuous), preoperative HADS-d (continuous), preoperative NDI (continuous) and if one- or two levels of surgery were performed. A second analysis was made replacing HADS-a and HADS-d with HADS-total scores, otherwise the same variables as above. Regression coefficient together with
95% CI and P-values were calculated for the null hypothesis of no predictive
effect on outcome (coefficient equals zero).
The HADS was dichotomized into one group with high values (highHADS) if either anxiety or depression score were equal or more than 10
points, and one group with low values (low-HADS), with an anxiety and
depression score <10 points, based on Falavigna et al. [45; 145]. Using ANCOVA, we calculated mean 5-year outcome values for each HADS group
(high and low) adjusted for baseline values of the outcome. The mean difference of the 5-year values between the groups is also presented with a 95%
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CI. A positive mean difference corresponds to higher values for high-HADS
scores (compared with low-HADS). Opposed to the NDI, lower values in
EQ-5D scores equals worse quality of life; hence, a negative mean difference corresponds to lower values, reflecting worse quality of life, for highHADS scores (compared with low-HADS).
As a complement, the Spearman rank correlation between the variables
we identified as interesting predictors, HADS-total scores (including HADSa, HADS-d) and preoperative NDI scores were reported with Spearman coefficient (S-coeff), together with a P-value for the null hypothesis of no association. The purpose of this subsection was to study the association between these predictors, if it was the same patients that had high values on
both.

Results
The high-HADS group consisted of more smoking patients (19/47, 40%)
that exercised less (13/47, 28%) than the low-HADS group (27/102, 27%
and 40/102, 40% respectively) (Table 27). The HADS-a (Coeff = 0.74; 95%
CI, -0.39 to 1.87; P = 0.20) and the HADS-d (Coeff = 0.79; 95% CI, -0.53 to
2.11; P = 0.24) separately, as well as the allocated treatment, (Coeff = 5.11;
95% CI, -1.77 to 11.99; P = 0.14) had no effect on 5-year NDI scores (Table
28). High values on preoperative HADS-total (Coeff = 0.71; 95% CI, 0.14 to
1.28; P = 0.014) were negative predictors of outcome (Table 29).
There were 47 patients (32%), 26 (55%) in the arthroplasty group and 21
(45%) in the fusion group with either HADS anxiety or HADS depression
scores of 10 points or more, ≥10 points being a cutoff value indicating significant anxiety/depression for patients undergoing spine surgery [45]. The
high-HADS group improved in NDI scores from 68.1 (95% CI, 63.3 to 73.0)
to 45.8 (95% CI, 39.2 to 52.5) and the low-HADS group from 60.4 (95% CI,
57.5 to 63.3) to 29.1 (95% CI, 25.0 to 33.3) (Figure 20), with a mean difference in improvement between groups of 13.4 (95% CI, 5.7 to 21.2; P<0.001)
(Table 30). There were also differences between groups in the EQ-5D (0.16; 95% CI, -0.29 to -0.03; P=0.014) and VAS-neck (13.3; 95% CI, 3.7 to
22.9; P=0.007) but no difference between groups in VAS-arm scores 7.0;
95% CI, -2.3 to 16.4; P=0.14) (Table 30).
The correlation analysis revealed that the patients with higher values on
HADS-total (S-coeff, 0.44), HADS-a (S-coeff, 0.34) and HADS-d scores (Scoeff, 0.50) also had higher values on preoperative NDI (P < 0.001); hence,
the mentally distressed patients were the same as the more disabled patients.
There was a correlation between the anxious and the depressed patients indicating that it was more likely to have high values on both scales (S-coeff,
0.67; P=0.001).
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Table 27. Patient demographics at baseline, stratified on high/low HADS. Patients
with missing HADS values were removed.
Patient characteristics

N

High-HADS
N = 47

Low-HADS
N = 102

Total = 153

Women
149
27 (57.4%)
50 (49.0%)
77 (51.7%)
Men
20 (42.6%)
52 (51.0%)
72 (48.3%)
Age, mean (SD)
149
46.2 ± 6.4
47.3 ± 6.9
47.0 ± 6.7
Treatment, ADR
149
26 (55.3%)
54 (52.9%)
80 (53.7%)
Fusion
21 (44.7%)
48 (47.1%)
69 (46.3%)
Smokers
146
19 (40.4%) [0]
27 (27.3%) [3]
46 (31.5%)
Pension
145
1 (2.1%) [0]
0 (0%) [4]
1 (0.7%)
Unemployed
146
10 (21.3%) [0]
8 (8.1%) [3]
18 (12.3%)
Sick leave
144
56 (68.3%) [1]
44 (66.7%) [4] 100 (67.6%)
Disability pension
143
30 (63.8%) [0]
60 (61.9%) [5]
90 (62.5%)
Heavy work
145
32 (69.6%) [1]
92 (92.9%) [3] 124 (85.5%)
Regular exercise
146
13 (27.7%) [0]
40 (40.4%) [3]
53 (36.3%)
HADS-depression,
149
8.3 ± 3.1
3.3 ± 2.5
4.9 ± 3.6
mean (SD)
HADS-anxiety, mean (SD)
149
11.7 ± 2.8
4.9 ± 2.5
7.0 ± 4.1
HADS-total, mean (SD)
149
20.0 ± 4.4
8.2 ± 4.3
11.9 ± 7.0
NDI, mean (SD)
146
68.1 ± 16.5 [0]
60.8 ± 14.6 [3]
63.2 ± 15.6
Levels; 1
153
35 (74.5%)
69 (67.6%)
104 (69.8%)
2
12 (25.5%)
33 (32.4%)
45 (30.2%)
Values are expressed as the number of patients (%) unless otherwise indicated. Percentage
computed by group. [M] represents number of missing
ADR=artificial disc replacement, N=number, HADS= Hospital Anxiety and Depression
Scale, NDI=Neck Disability Index.

Table 28. Results (regression coefficients) from the predictor analysis with the
HADS-a and HADS-d separately, imputed data.
Variable

Reference

Level

Coeff (95% CI) P

Women/Men
Women
Men
1.05 (-5.93 - 8.02) 0.77
Age, mean
By 1 unit
-0.27 (-0.80 – 0.26) 0.31
Allocated treatment
Fusion
ADR
3.45 (-3.41 – 10.32) 0.32
Smoking
No
Yes
2.10 (-6.24 – 10.44) 0.62
Pension
No
Yes
2.44 (-38.57 – 43.44) 0.91
Unemployed
No
Yes
-0.68 (-13.07 – 11.69) 0.91
Sick leave
No
Yes
-0.47 (-9.25 – 8.32) 0.92
Disability pension
No
Yes
3.50 (-6.18 – 13.18) 0.47
Strenuous job
No
Yes
-2.79 (-15.82 – 10.24) 0.67
Neck pain
By 1 unit
5.17 (-0.34 – 10.67) 0.07
Arm pain
By 1 unit
0.92 (-5.35 – 7.19) 0.77
Regular exercise
No
Yes
-3.82 (-11.26 – 3.61) 0.31
HADS-a
By 1 unit
0.74 (-0.39 – 1.87) 0.20
HADS-d
By 1 unit
0.79 (-0.53 – 2.11) 0.24
NDI
By 1 unit
0.25 (-0.01 – 0.50) 0.06
Levels 1/2
1
2
-0.75 (-8.41 – 6.90) 0.85
ADR=artificial disc replacement, HADS= Hospital Anxiety and Depression Scale,
NDI=Neck Disability Index.
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Table 29. Results (regression coefficients) from the predictor analysis with the
HADS-total, imputed data.
Variable

Reference

Level

Coeff (95% CI) P

Women/Men
Women
Men
1.05 (-5.89 - 7.99) 0.76
Age, mean
By 1 unit
-0.27 (-0.80 – 0.25) 0.31
Allocated treatment
Fusion
ADR
3.45 (-3.39 – 10.29) 0.32
Smoking
No
Yes
2.11 (-6.20 – 10.42) 0.62
Pension
No
Yes
2.46 (-38.48 – 43.39) 0.91
Unemployed
No
Yes
-0.68 (-13.02 – 11.65) 0.91
Sick leave
No
Yes
-0.46 (-9.22 – 8.31) 0.92
Disability pension
No
Yes
3.50 (-6.15 – 13.15) 0.47
Strenuous job
No
Yes
-2.79 (-15.78 – 10.20) 0.67
Neck pain
By 1 unit
5.19 (-0.19 – 10.57) 0.06
Arm pain
By 1 unit
0.90 (-5.29 – 7.09) 0.77
Regular exercise
No
Yes
-3.82 (-11.24 – 3.59) 0.31
HADS-tot
By 1 unit
0.76 (-0.19 – 1.33) 0.01
NDI
By 1 unit
0.25 (-0.01 – 0.50) 0.06
Levels 1/2
1
2
-0.77 (-8.37 – 6.83) 0.84
ADR=artificial disc replacement, HADS= Hospital Anxiety and Depression Scale,
NDI=Neck Disability Index.

High-HADS

High-HADS

Low-HADS

Low-HADS

60

VAS−neck

NDI

60

40

40
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Follow−up Time Points

Year 2

Year 5
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Figure 20. Time plot diagram showing the mean values of the NDI (left) and the
VAS-neck (right) for the high-HADS- and low-HADS groups respectively, and at
each time point. Error bars are 95% CI.
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Year 5

ANCOVA=analysis of covariance, CI=confidence interval, NDI=Neck Disability Index, EQ-5D=EuroQol-5 Dimensions, VAS=visual analogue scale.

Table 30. Imputed data for the ITT analysis: High-HADS versus Low-HADS scores at baseline and at 5-years of follow-up.
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Discussion
The post-hoc analysis of our RCT revealed that anxiety and depression but
not treatment modality had negative impact on surgical treatment outcome
even after 5 years of follow-up. Variables like smoking or sex that have been
reported previously [44; 69] to be important predictors did not affect longterm outcome in our study even though the mentally distressed patients in
our study were more likely to be smokers.
In a previous study investigating the association between HADS scores
and sex, we do not find women to be more depressed than men (Study III)
[96]. There are contradicting results between authors about the role of women/men and positive/negative outcome [44; 69]. One theory is that sex might
be a confounder and that instead we need to investigate something else, like
mental distress [169]. Mutual mechanisms and comorbidity between pain
and depressive disorders seems to exist [55]. Passive coping has also been
reported to be a risk factor for disabling neck pain [104]. Hence, finding
these patients with risk factors prior to surgery might enable early interventions to enhance treatment success [134].
The results from our study suggest that more attention should be paid regarding the mentally distressed patients as they had inferior outcome after
long-term follow-up. The high-HADS patients also improved after surgical
treatment and should therefore not be discriminated from this treatment option but other resources such as multidisciplinary care should be considered.
The fact that most studies on fusion versus arthroplasty do not present any
convincing difference in long-term outcome between treatment modalities
[20; 36; 62; 108; 109; 126; 138], indicate that further research about additional treatment and intervention regarding psychological/mental factors in
the pain experience and coping mechanisms might be more useful to improve the outcome [3; 43; 134].
Most studies on cervical spine patients report associations between mental disability and inferior outcome after surgical treatment even though the
follow-up periods were short [5; 59; 67; 87; 125]. Interestingly, Mayo et al.
[100] fail to demonstrate such associations, which could be explained by the
very short follow-up in that study, only 6 months. Persson and Lilja [124]
discover that even though the patients in their study used active coping before surgery, they develop passive coping mechanisms after surgery for cervical radiculopathy. The authors therefore recommend multidisciplinary
rehabilitation program with cognitive behavioral therapy groups [124].
Vadivelu et al. [169] have summarized the relationship between pain and
psychology and explain that pain and mood have comparable neuroanatomical substrates and neurobiological mechanisms. The regions in the brain
associated with the emotional and sensory response to pain and the regions
affected by depression are anatomically overlapping. The same dysregulation of dopamine and serotonin is common in both chronic pain and depres84

sion. Depressed patients demonstrate greater emotional reactivity, which
may lead to a diminished ability to regulate pain. Hence, patients with preoperative depression need more analgesics postoperatively than nondepressed patients. Also, anxiety seems to play an important role in pain
perception and trigger the same synapses in cortex as chronic pain and may
therefore contribute to the potentiation of the pain experience [83; 133].
Our study has several strengths. Firstly, we had a long-term follow-up of
5 years. Secondly, the follow-up rate after 5 years was 88% and we used
multiple imputation to perform an ITT analysis for the primary outcome.
Thirdly, patients and surgeons were blinded to the results from PROMs both
prior to surgery and at follow-up; thus, they were not influenced during decision making or reporting of health status.
Our study has some limitations that merit discussion. Firstly, we did not
use the HADS at the follow-ups after surgery. Hence, we do not know what
happened with the high-HADS values, if they remained high in the highHADS group or if they normalized after surgery. Secondly, the patients had
no diagnose of depression and were not asked about the use of antidepressant. A more thorough investigation about the patients’ psychiatric history
and medication would have been useful. Thirdly, the HADS is designed as a
screening instrument, not a diagnostic tool. Due to the comorbidity of anxiety and depression uncertainty regarding the scales ability to discriminate
between the two symptoms has been remarked upon [113]. A fourth limitation is that this is a post-hoc study of an RCT and this design do not have the
same strength as results based on the RCT primary outcome variable.
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General Discussion

The above presented studies had the following main findings: (1) Both the
pain drawing test and the VAS are validated tools to assess pain in patients
with cervical degenerative disc disease with radiculopathy. (2) Preoperative
mental distress but not allocated treatment, ADR or fusion surgery, affects
long-term outcome in patients with cervical radiculopathy.
Three different scientific methodologies were used: post hoc analysis of
prospective randomized collected data, prospective randomized controlled
data, and prospective collected register-based cohort data.

Limitations
Following limitations of the different study designs have to be taken into
considerations:
Post Hoc Analysis
1) A post-hoc study design retrospectively analyzes data that primarily was intended for other measures. Thus, the power and the
sample size were not calculated for the studied variables and the
study may therefore be underpowered. In study 1-III this is compensated by the studied variable being unrelated to the allocated
treatment modality, thus present in both groups giving rise to
twice as many studied subjects. In study VI an additional ANCOVA analysis with the primary outcome variable NDI, was
made; hence, strengthening the results of the multiple linear regression model.
2) Pain analyses, study 1-III were made in a highly selected group of
patients with strict inclusion/exclusion criteria; thus, the results
may not be representative to other diagnoses/treatment groups. A
generalized pain pattern has previously been interpreted as a nonneurogenic pain drawing [132]. Though the pain drawing was
consistent with VAS in study II, patients with a generalized pain
pattern did not have higher values on VAS than patients with localized pain. In addition, a generalized pain pattern was not associated with inferior outcome in study 1, as long as there were
markings in one of the arms. Ninety-seven percent had pain mark86

ings in the lower arm, an uneven distribution that weakens the statistical evidence.
3) In study 1-II, the patients with a pain drawing indicating depression, and in study VI, the patients with high-HADS scores benefitted from surgery as well as the non-depressed patients. Therefore, psychological impairment should not make patients ineligible to surgery [44].
4) In study III we investigated different ways of calculating the
MCID of the 100-mm pain VAS. Hence, to obtain a true MCID
that is also cost-beneficial a calculation about cost-utility should
be included. Such calculations do not only need the direct cost of
each procedure but also the amount of sick pay/disability pension
that each patient received and the economic loss for the community for patients being absent from work.
Prospective Randomized Controlled Study
5) Narrow inclusion/exclusion criteria of a rare condition create a selected group of patients that does not necessarily represent the
population. In that case it can be better to choose an observational
study from a national register with high completeness that present
the actual population.
6) Consequently to the above statement, the DiscoverTM might not be
representative of other manufactured devices. A more constrained
construction might get different results in terms of loosening and
subsidence. Therefore an observational study from the Swespine
register, with the patients participating in the RCT excluded, gives
additional data about a variety of devices. We chose not to perform a sub analysis of the different devices since such an analysis
would have been underpowered.
7) Surgeons and patients were blinded to the allocation until completion of the decompression phase of the surgery procedure. During
follow-ups both investigator and patients knew about the treatment received, and therefore they might possibly have been biased.
8) Conflict of interest in RCTs supported by sponsors is common
and is believed to affect the reported results [11; 12]. Though it
does not necessarily impact patient reported outcome it does affect the reports made by the surgeon [4]. There were sponsors in
the RCT included in this thesis as well, but no institution or company had a role in the data analysis, preparation of the manuscript
or the decision to submit the manuscript for publication. The
Swespine registry differs by being without sponsors from manufacturers.

87

9) Randomization of patients and follow-ups takes several years and
treatment guidelines following evidence are not the same as when
a trial started. New techniques and innovations change modern
health care, i.e., intervertebral cage instead of iliac crest graft and
immediate mobilization/physiotherapy instead of collar restrictions [22; 23; 81; 164]. With the new intervertebral cages, and
immediate mobilization aided by physiotherapists on the ward the
patients are dismissed after two days and generally return to work
after 3 months [49].
10) No correction for multiple testing was performed. We hereby accept the risk of making a type one error. Since we did not compute so many variables, we estimated that with a correction for
multiple testing the results would be too conservative; hence, at
risk of a type two error. We found no differences in PROMs between the two treatment groups and therefore we appraised the
risk of a type one error in study IV to be irrelevant.
11) The need to demonstrate the viability of ADR devices over time
remains. Wear and formation of debris can afflict all devices with
a bearing surface. Wear particles are bioactive and can activate
macrophages which can result in bony resorption and implant
failure. The cells involved in osteolysis most likely originate from
stem cells in the bone marrow, which indicate a risk of inflammation despite the lack of an active synovial joint membrane [16]. In
addition, the idea of cervical arthroplasty of the disc alone continues to ignore direct surgical attention to the dorsal elements such
as the facet joints, at the index surgical levels. The possibility of
future modifications of the concept of cervical arthroplasty remains to be invented and studied.
Observational, Register-Based Study
12) Opposite to the other experimental studies in this thesis study V is
an observational study. The investigator cannot control the assignment of treatment to subjects because the participants or conditions are not being directly assigned by the researcher. Hence,
selection bias is likely to occur. We used the DAG to select potential confounders and perform a pseudo-randomization with propensity score matching creating comparable groups, simulating an
RCT. Still, we cannot rule out residual confounding and differential selection of patients to each group.
13) In observational studies the investigator cannot control the patients lost to follow-up. There is also non-interpretably printing
errors that add to the missing values. However, in register studies
missing values is compensated by the larger sample size, and to-
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14)

15)

16)

17)

18)

19)

gether with multiple imputation power to the results can be restored.
The under-reporting of complications and secondary surgeries in
Swespine are well investigated [184]. Only 74 out of 182 claims
(40%) made to insurance companies between 2003 and 2005 were
listed in Swespine. Patients having claims to insurance companies
are likely to be biased. Nonetheless, the Swespine registers’ completeness is 75% (www.swespine.se) appraising the underreporting to be 25%.
Failing to report which specific implant that has been used generate more missing values than the patients follow-up questionnaires. Swespine is continuously updated but there might be a gap
between the introduction of a new implant and the register list update.
No correction for multiple testing was performed. We found no
differences in PROMs between the two treatment groups and
therefore we appraised the risk of a type one error in study 5 to be
irrelevant.
In Sweden ADR devices are more expensive than the implants
used in fusion surgery. Therefore a reduction of secondary surgeries on the index level, and revision surgeries due to CASP are
necessary to support cost-effectiveness of ADR devices. The cervical procedures have been included in the Swespine since 2006
but the register coverage was poor in the beginning. During the
last years the coverage has improved significantly so continued
observations of this cohort are important.
Swespine is representative of the Swedish population with the geographically, health economically and genetically unique properties that exist in Sweden. Therefore the results from the register
might not represent other populations.
Most ADR devices on the market lack viscoelastic properties and
instead they transfer vibrational and impact loads through motion.
Consequently, preserved motion might not be the only feature
necessary in preventing CASP and ADR surgery may not be successful until new designs with materials attempting to maintain
viscoelastic properties and absorb stress are invented. Until now
there are no such materials that achieve biological fixation with
enough durability and wear resistance [16].
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Conclusion

Study I and II
Scoring cervical pain drawings with the modified Ohnmeiss method had
very good inter- and intraobserver reliability. This method was also valuable
in predicting surgical treatment outcome, and correlated both to HADSdepression and VAS-neck/VAS-arm scores in patients with nerve root compression in the cervical spine. We therefore suggest the introduction of pain
drawings also for the preoperative assessment of cervical spine patients.

Study III
The measurement noise on the VAS was set to one-tenth on the 100-point
scale in patients with cervical radiculopathy. Less consistent values were
associated with female sex and psychological impairment. The MDC was a
valid method to calculate MCID that consistently gave values above the
measurement noise.

Study IV
We found no differences in primary or secondary outcomes between the
ADR and fusion group after anterior decompression of cervical radiculopathy at the 5-year follow-up. In tertiary outcome we found a higher incidence
of secondary surgery in the ADR group, a high incidence of spontaneous
fusion of the device and also no beneficial protection against adjacent segment pathology if motion was preserved.

Study V
We found no clinically significant differences in primary or secondary outcomes between the ADR and fusion groups after anterior decompression of
cervical radiculopathy, in the short-term or during long-term follow-up. In
tertiary outcome we found a higher incidence of adverse events and second-
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ary surgeries in the ADR group, and also no beneficial protection against
adjacent segment pathology if motion was preserved.

Study VI
We found the HADS to be a useful instrument for preoperative assessment
finding the patients who predictively would risk inferior outcome after surgical treatment for cervical radiculopathy. The allocated treatment modality
did not affect the level of improvement after surgery. Recognizing the patients that are likely to improve less is important so that extra attention and
better treatment strategies can be considered and prevent secondary longterm complications. More research about the impact of interventions and
specialized care to achieve better results in these patients are needed.

91

Future Studies

Different ADR devices have been widely used for more than a decade. Several IDE trials present positive results after intermediate follow-up, 4-5
years, but longer follow-up, 8-10 years, are sparse [128; 139]. Until now
there is no independent RCT with long-term follow-up. As for our study a
10-year follow-up with PROMs, flexion/extension radiographs and MRIs is
planned to observe the device durability and the development of CASP.
Another option to decompress the affected nerve in cervical foraminal
stenosis, and yet to preserve motion on the index level, is posterior
foraminotomy. As today comprehensive research comparing posterior
foraminotomy and ACDF is sparse. Therefore, an observational study with
data from the Swespine followed by a multicenter RCT is planned to further
investigate positive and negative aspects of this procedure.
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Summary in Swedish - Svensk
Sammanfattning

Degenerativa förändringar i skelett och leder drabbar alla människor som ett
led i det naturliga åldrandet. En inte helt ovanlig komplikation i samband
med degenerativa förändringar är diskbråck i halsryggen. Diskbråcket kan
trycka på nerver i halsryggen, vilket kan resultera i smärta i nacken och
längsmed den drabbade nervens utbredningsområde, vanligtvis ut i höger
eller vänster arm. Andra symtom kan vara nedsatt känsel och/eller fumlighet/nedsatt finmotorik.
Smärta är en subjektiv upplevelse och därför svår att objektivt mäta. Ett
sätt att förstå smärtans utbredning är med hjälp av en smärtskiss. På den kan
patienten rita ut hur smärtan känns, t.ex. stickande, molande, skärande och
var på kroppen smärtan finns. För att kvantifiera patientens smärta används
vanligen VAS-skalan. Den 100-gradiga VAS sträcker sig från 0 – 100 där 0
är ingen smärta och 100 är värsta tänkbara smärta. Patienten får själv markera på skalan hur stark hennes smärta är. Dessa båda verktyg används dagligdags i mötet med patienterna utan att de faktiskt är validerade och utan
styrdokument för hur resultaten ska tolkas och värderas.
Behandlingen för diskbråck i halsryggen är initialt vanligtvis fysioterapi
och smärtlindring, men om det inte hjälper och smärtan är svår och långdragen, kan kirurgi vara en lösning. Den till idag förhärskande operationstekniken går ut på att diskbråcket tillsammans med disken avlägsnas i kombination med att de två kotorna, mellan vilka diskbråcket befann sig, stelopereras.
Resultaten av denna operationsmetod är goda och majoriteten av patienterna
blir nöjda. Det finns dock indicier att ökad stress och belastning på disken
ovanför och nedanför den stelopererade nivån uppstår, vilket skulle kunna
påskynda utvecklingen av degenerativa förändringar och leda till nya diskbråck. Andra noterade sidoeffekter med steloperation är förutom stelhet i sig
också sväljsvårigheter. För att bevara rörligheten på den opererade nivån har
därför diskproteser för halsryggen utvecklats för en alternativ operationsmetod.
Denna avhandling utreder diskbråck i halsryggen avseende: (1) nyttan av
smärtskissen, hur vi ska använda den och hur vi ska tolka resultaten, (2)
VAS-skalan, hur stort är mätningsfelet och hur många poäng på skalan behöver förbättras för att patienten också ska uppleva en klinisk förbättring, (3)
eventuella skillnader i operationsresultat på lång sikt mellan diskprotes och
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steloperation, både om vi undersöker den svenska diskprotesstudien för halsrygg som är en randomiserad studie, och om vi tittar på data från svenska
ryggregistret och, (4) vilka andra faktorer som kan påverka långtidsresultatet
av en operation.

Studie I och II
Smärtskissen utgörs av en skisserad människokropp, där patienten kan fylla i
smärtans utbredning och modalitet såsom ‘brännande’, ‘stickande’, ‘molande’ o.s.v. Vi använde fyra befintliga bedömningsmodeller för ländrygg,
vilka vi modifierade till att passa halsryggen. Den första modellen lägger
vikt på karaktäristika i patientens ritning, vilka man tänker sig är kopplade
till depressiva eller ångestmässiga inslag i patientens sinnesstämning. Den
andra modellen klassificerar huruvida utbredningen av smärta som patienten
ritat överensstämmer med utbredningen av en påverkad nerv i halsryggen.
Den tredje modellen fokuserar på hur utbredd smärtan är generellt i kroppen.
Den fjärde och sista modellen är den enklaste och delar in huvud, hals och
övre extremiteter i områdena: huvud, nacke, skuldra, överarm och underarm.
Hänsyn togs endast till dessa områden och om de var ifyllda eller inte. De
fyra metoderna validerades genom att tre olika bedömare tillämpade dem på
smärtskisserna från den svenska diskprotesstudien för halsrygg, där patienterna lottats till antingen diskprotes eller steloperation. Samstämmigheten
mellan bedömarna räknades ut. Jämförelse gjordes också med de formulär
patienterna fyllt i före operationen och vid femårsuppföljningen avseende
depression/ångest, smärta och funktionsinskränkning. Resultaten visade att
metod tre och fyra hade störst samstämmighet när det kom till att bedöma
smärtskisser. Metod ett hade bra samstämmighet med formuläret för depression och ångest. De patienter som fyllt i smärta i överarmen blev bättre
av operationen jämfört med de som inte fyllt i smärta i överarmen. De som
hade fyllt i smärta i huvudet skattade högre på depressionsskalan. De patienter som fyllt i smärta över större delar av kroppen markerade inte större
smärtförnimmelse på VAS än de patienter som bara hade fyllt i smärta i
nacke och arm. Slutligen fanns det också en god konsensus mellan hur patienten hade fyllt i nack- och armsmärta på smärtskissen och hur de fyllt i den
100-gradiga VAS-skalan för nack- respektive armsmärta. Således är smärtskissen nu ett validerat verktyg, som är användbart och bidrar med pålitlig
information om smärtans utbredning i relation till patientens sinnesstämning,
vilket har visat sig även ha ett visst prediktivt värde avseende resultatet av
potentiell kirurgi.
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Studie III
Den 100-gradiga VAS-skalan har använts i flera decennier. Patienten får
uppskatta ett värde mellan 0 och 100 som bäst motsvarar patientens upplevelse av smärta vid det aktuella tillfället. Noll är ingen smärta alls och 100 är
värsta tänkbara smärta. I svenska diskprotesstudien för halsrygg, där patienterna lottats till antingen diskprotes eller steloperation, fick patienterna fylla
i VAS-skalan två gånger vid samma tillfälle, endast med ca 15 minuters
mellanrum. Patienterna var även distraherade av andra formulär mellan
ifyllningstillfällena, vilket ökade sannolikheten att patienterna inte reflekterade över vad de hade fyllt i för värde vid första tillfället, när det var dags att
fylla i VAS-skalan igen vid andra tillfället. Syftet med undersökningen var
att försöka utröna hur stor felmarginalen för den 100-gradiga VAS-skalan är.
Det vill säga om patienterna känner samma smärta, kommer de då att fylla i
exakt samma värde på skalan varje gång eller hur mycket kan värdet skilja
sig från en gång till en annan? Kan vissa karakteristika såsom kön, ålder
eller sinnesstämning påverka hur konsekventa patienterna är i att fylla i
samma värde för samma upplevda smärta? Slutligen, vad är den minsta förändringen på VAS-skalan som patienterna kan uppfatta som en faktisk förbättring av den upplevda smärtan? Denna förändring måste rimligtvis vara
större än skalans inbyggda felmarginal för att inte förväxlas med denna. Vi
använde fem befintliga räknemodeller som vi applicerade på våra smärtvärden före operation och vid två års uppföljning. Resultatet blev att det kan
skilja ca 10 poäng på VAS-skalan mellan två olika ifyllnadstillfällen trots att
patienternas upplevda smärta är oförändrad. Kvinnliga samt deprimerade
patienter var mer inkonsekventa i sitt ifyllande av smärtskalan. Den minsta
värdeförändringen som patienterna kunde uppfatta som en faktisk förbättring
på den 100-gradiga VAS-skalan var ca 20 poäng.

Studie IV
Svenska diskprotesstudien för halsrygg är en multicenterstudie inkluderande
patienter med diskbråck i halsryggen som opererades mellan 2007 - 2010 på
Stockholms Spine Center, Ryhovs lasarett i Jönköping, och Akademiska
sjukhuset i Uppsala. Patienterna lottades till att antingen få diskprotes eller
till att bli stelopererade efter att diskbråcket och disken avlägsnats. Således
var kirurg och patient ”blindade” så långt det var möjligt för att undvika jäv.
Patienterna undersöktes vid ett läkarbesök fem år efter operation och genomgick även en röntgenundersökning och en magnetkameraundersökning.
Resultaten av dessa undersökningar, tillsammans med de formulär avseende
smärta och funktionsinskränkning som patienterna själva fyllt i, analyserades. Det visade sig att det inte förelåg någon skillnad mellan de två behandlingsgrupperna avseende patienternas nöjdhet och tillfrisknande efter operat95

ion. Det var heller ingen skillnad i sväljsvårigheter mellan grupperna. Båda
operationsmetoderna hade således ett gott resultat. Dock fanns det flera
kvinnor i protesgruppen för vilka protesen lossnade och behövde plockas ut
och ersättas med en steloperation. Antalet omoperationer var sammanlagt 21
(17 kvinnor, 4 män) i protesgruppen och 8 (1 kvinna, 7 män) i steloperationsgruppen. Protesen kunde endast bevara en rörlighet mellan böjning och
sträckning på fem grader eller mer hos hälften av protespatienterna. Många
män med protes utvecklade spontana benpålagringar som försämrade rörligheten. Så många som en fjärdedel av protespatienterna fick så mycket benöverväxt över protesen att de blev lika stela, som om de vore stelopererade.
Det var lika många patienter, fem i varje grupp, som blev reopererade på
grund av nytt diskbråck i disken ovanför eller nedanför den primärt opererade disken. När dessa resultat justerats avseende bevarad rörlighet i protesgruppen förelåg det fortfarande ingen skillnad mellan grupperna gällande
degenerativa förändringar på angränsande nivåer. Således var den protes
som vi använt i vår studie med detta patientmaterial dålig på att bevara rörligheten. Den lossnade hos många av de kvinnliga patienterna och även om
rörligheten var bevarad så kunde den inte förebygga att patienterna drabbades av nya diskbråck i angränsande diskar.

Studie V
Svenska ryggregistret är ett nationellt register som drivs av en styrgrupp som
fått detta uppdrag delegerat till sig av svensk ryggkirurgisk förening, vilken
är ytterst ansvarig för registret. Registret startade 1993 och började inkludera
halsryggsoperationer 2006. Mer än 90% av svenska sjukhus som bedriver
ryggkirurgi rapporterar till registret och ungefär 75% av de ryggkirurgiska
operationer som utförs på dessa kliniker rapporteras årligen. Registret är
web-baserat och skickar ut formulär till patienterna vid regelbundna uppföljningar med frågor gällande smärta, besvär och funktionsinskränkning.
Svaren från patienterna hamnar sedan i en fil som kan begäras ut i forskningssyfte av sökande som erhållit godkänd etikansökan.
Vi utförde en observationsstudie på patienter med diskbråck i halsryggen,
där vi jämförde uppföljningsresultatet mellan de patienter som opererats
med protes och de som blivit stelopererade efter att diskbråcket och disken
avlägsnats. Fördelningen mellan patientgrupperna var inte rättvisande eftersom de som hade fått protes var yngre, hade mindre påverkan på finmotoriken, mindre funktionsinskränkning och hade en positivare attityd till att
återgå i arbete. Således justerade vi på statistisk väg värdena så att det skulle
bli en mer rättvisande jämförelse. Resultatet visade att det inte förelåg någon
skillnad mellan de två behandlingsgrupperna avseende patienternas nöjdhet
och tillfrisknande efter operation. Däremot förekom fler komplikationer
under operationen och även fler reoperationer efteråt på index-nivån i pro96

tesgruppen. Gällande operationer på angränsande nivåer var det procentuellt
lika i båda grupperna. Således visade resultatet även i denna studie att diskproteser inte skyddar mot symptomgivande ökad stress på angränsade disknivåer vilket var huvudargumentet från början till att diskprotesen utvecklades som operationsmetod.

Studie V1
Eftersom olika operationsmetoder, protes eller steloperation, inte påverkade
patienternas nöjdhet vid uppföljningarna sökte vi efter andra förklaringar till
att vissa patienter fick bättre resultat av operation än andra. Vi använde oss
av basformulären från svenska diskprotesstudien för halsrygg där patienterna
lottats till antingen diskprotes eller steloperation. I basformulären finns uppgifter om patienterna som: ålder, kön, längd, vikt, rökning, arbete, sjukskrivning, sjukpension, ålderspension mm. I formuläret avseende eventuell befintlig ångest och depression har patienterna svarat på frågor om sin sinnesstämning och mentala hälsa före operation. Med hjälp av en regressionsanalys samkörde vi nu dessa uppgifter med resultatet av operation vid fem års
uppföljning. Resultatet visade en tydlig skillnad i funktionsinskränkning och
smärta mellan de patienter som varit deprimerade före operationen och de
som inte varit deprimerade. De icke-deprimerade blev betydligt bättre av
operationen även om de deprimerade också förbättrades men alltså inte i lika
hög grad.
Således hade patientens mentala hälsa större betydelse för ett lyckat operationsresultat än vilken operationsmetod, protes eller steloperation, som
användes vid ingreppet.

Slutsats
Smärtskiss och smärt-VAS är validerade verktyg som kan användas för att
bedöma smärta hos patienter med diskbråck eller rotkanalstenos i halsryggen. Kirurgiskt inplanterade diskproteser i halsryggen är förknippade med
fler komplikationer och reoperationer jämfört med den traditionella steloperationen. Däremot påverkar befintlig ångest och depression denna patientgrupps långsiktiga nöjdhet mycket mer än valet av operationsmetod.
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