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ous studies comparing artificial disc replacement
(ADR) and fusion have been conducted with cautiously positive results in favor of ADR. This study
is not, in contrast to most previous studies, an investigational device exemption study required by
the Food and Drug Administration for approval to market the product in the United States. This
study was partially funded with unrestricted institutional research grants by the company marketing
the artificial disc used in this study.
PURPOSE: To compare outcomes between the concepts of an artificial disc to treatment with an-
terior cervical decompression and fusion (ACDF) and to register complications associated to the
two treatments during a follow-up time of 2 years.
STUDY DESIGN/SETTING: This is a randomized controlled multicenter trial, including three
spine centers in Sweden.
PATIENT SAMPLE: The study included patients seeking care for cervical radiculopathy who ful-
filled inclusion criteria. In total, 153 patients were included.
OUTCOME MEASURES: Self-assessment with Neck Disability Index (NDI) as a primary out-
come variable and EQ-5D and visual analog scale as secondary outcome variables.
METHODS: Patients were randomly allocated to either treatment with the Depuy Discover arti-
ficial disc or fusion with iliac crest bone graft and plating. Randomization was blinded to both pa-
tient and caregivers until time for implantation. Adverse events, complications, and revision surgery
were registered as well as loss of follow-up.
RESULTS: Data were available in 137 (91%) of the included and initially treated patients. Both
groups improved significantly after surgery. NDI changed from 63.1 to 39.8 in an intention-to-treat
analysis. No statistically significant difference between the ADR and the ACDF groups could be
demonstrated with NDI values of 39.1 and 40.1, respectively. Nor in secondary outcome measures
(EQ-5D and visual analog scale) could any statistically significant differences be demonstrated be-
tween the groups. Nine patients in the ADR group and three in the fusion group underwent
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secondary surgery because of various reasons. Two patients in each group underwent secondary sur-
gery because of adjacent segment pathology. Complication rates were not statistically significant
between groups.
CONCLUSIONS: Artificial disc replacement did not result in better outcome compared to fusion
measured with NDI 2 years after surgery. � 2015 Elsevier Inc. All rights reserved.
Keywords: Artificial disc replacement; Randomized controlled trial; Cervical radiculopathy; Clinical outcome; Neck Dis-
ability Index; Cervikal fusion; EQ-5D
Introduction

The gold standard surgical treatment for cervical radi-
culopathy is anterior cervical decompression and fusion
(ACDF), which in a majority of patients leads to reduction
of pain and increased quality of life. There is no high-level
evidence that surgical treatment is better than nonsurgical
in the long term, but it seems to give a more rapid improve-
ment in the short term [1–4]. Concerns about how the de-
creased motion after ACDF is affecting the adjacent
segments have given rise to the concept of motion-
preserving implants with the aim of decreasing stress caus-
ing adjacent segment disease (ASD) [5,6]. The number of
different artificial disc replacement (ADR) devices has in-
creased considerably during the past decade, and all major
manufacturers of spinal implants have at least one design
on the market. Several previous studies comparing ADR
and ACDF have been conducted with cautiously positive
results in favor of ADR [7–12]. Common to most of these
studies is that they were investigational device exemption
(IDE) studies required by the Food and Drug Administra-
tion (FDA) for approval to market the product in the United
States. Involvement of the company responsible for market-
ing and sales of the product is always associated with some
risk for bias [13–16]. This study was partially funded with
unrestricted institutional grants from the company who
markets the artificial disc used in the study. However, a
written agreement between the company and the principal
investigators was issued before study initiation. This was
done to ensure that no interference from the company
would occur. The company neither had influence on study
design, follow-up, or analysis of data nor had any access
to data or information during the follow-up time. The only
obligation toward the company was to use their artificial
disc in the study. The aim of this study was to compare out-
comes of the concepts of an artificial disc to those of ACDF
with iliac crest bone graft and to register complications as-
sociated to the two treatments over a follow-up period of 2
years. The study was approved by the regional ethics com-
mittee in Stockholm (2006/1266-31/3) and registered at
ISRCTN (registration number: 44347115).
Patients and methods

The patients were recruited and treated between April
2007 and May 2010 at three different spine centers in
Sweden: Stockholm Spine Center; Neuro-Orthopaedic
Center, Ryhov Hospital, J€onk€oping; and Uppsala Univer-
sity Hospital. Patients referred to one of these departments
who met inclusion criteria received both written and oral
information about the study, and inclusion was made after
informed consent. Inclusion and exclusion criteria are
listed in Table 1. All patients were given the opportunity
to discontinue their participation in the study at any time
during the study period. One hundred fifty-three patients,
73 men and 80 women, were included and allocated to ei-
ther ADR or ACDF. Patient demographics at baseline are
presented in Table 2. Randomization was based on a
computer-generated random list. The result of the random
list was transferred to the allocation information, which
was put into sealed envelopes and kept in a safe. At the
time of inclusion, a consecutive envelope was taken out
of the safe and was marked with the data of the patients.
The envelope was not opened until time for insertion of
the implant in the operating room. Thus, the surgeon was
blinded for the result of the randomization during exposure
of the operation field and the decompression of the nerve
roots. Seven consultant spine surgeons, all with experience
of both interventions, performed the surgery. Surgery was
performed with a standard anterior approach aiming to de-
compress the affected nerve roots including removal of the
posterior longitudinal ligament and also, if needed, the un-
covertebral joints. Reconstruction in the ACDF group was
performed with a tricortical bone graft from the iliac crest
and a plate of the surgeon’s preference. A combination of
bupivacaine (2.5 mg/mL) and adrenaline (5 mg/mL) was
given via a small catheter at the site for bone harvesting
to decrease the pain for the first 1 to 2 postoperative days.
Reconstruction in the ADR group was performed with the
Discover artificial disc (DePuy Spine, Ryanham, MA,
USA; Fig. 1). The device is an unconstrained ball-and-
socket construction consisting of three parts, two titanium
endplates with a half spherical of polyethylene fixed into
the caudal endplate. Primary stability is provided by six
small spikes impacted into the vertebral endplates at im-
plantation and secondary stability by bony ingrowth into
a hydroxy apatite coating on both titanium endplates.
The patients in the ADR group received low-dose ketoro-
lac for 10 days postoperative with the purpose to reduce
heterotopic bone formation. Otherwise, the postoperative
regime was identical in both groups without any restric-
tions or neck collar.



Context
Controversy persists regarding the optimal surgical in-

tervention for patients with cervical radiculopathy and

whether outcomes are improved for those treated using

disc replacement (ADR) as opposed to ACDF. The au-

thors present results of a randomized controlled trial in-

volving 153 patients.

Contribution
In contrast to other studies that cover this same topic, this

investigation was not designed using a noninferiority

approach. No significant differences in outcomes (NDI,

EQ-5D, VAS) were appreciated between patients treated

using ADR or ACDF.

Implications
The novelty of this study lies in its design which, as a

superiority study, is different from most of the other

randomized works comparing ACDF to ADR. As the au-

thors appropriately recognize, the power calculation was

conducted around determining a sample size that could

demonstrate differences in the primary outcome meas-

ures only and the sample could be underpowered to de-

tect differences regarding other measures, such as the

need for revision and the development of adjacent seg-

ment degeneration (ASD). Furthermore, given the dura-

tion of this study, the potentially positive influence of

ADR on the development of (ASD) could not be appro-

priately addressed. As these measures are purported to

be the main advantages behind the use of ADR, the re-

sults of this study do little to definitively settle the con-

troversy. Continued prospective evaluation of patients

treated with ADR and ACDF is necessary into mid-

and long-term follow-up.
—The Editors

Table 1

Inclusion and exclusion criteria

Inclusion criteria E

Age 25 to 60 y

Symptoms of radiating arm pain with a duration of at least 3 mo

Correlating findings on magnetic resonance imaging (MRI) on one or two

cervical levels.

Eligible for both treatments.

Ability to understand and read Swedish language.
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Outcome data were collected by self-reporting and vali-
dated questionnaires sent by mail to all patients. Neck Dis-
ability Index (NDI) was used as a primary outcome variable
and health-related quality of life (HRQOL) was evaluated
with EQ-5D. Furthermore, the patients had to report pain
on a visual analog scale (VAS), dysphagia with the Dyspha-
gia Short Questionnaire [17], and depression and anxiety
with the Hospital Anxiety and Depression scale (HAD)
and also answer questions about sick leave and analgesic
consumption. Questionnaires were sent to the patients pre-
operatively, at 4 weeks, 3 months, and at 1 and 2 years. If
no reply was received after two reminders, it was consid-
ered that the patient was lost to follow-up. All patients
had a return visit to the surgeon at 3 months and at 1 year,
and those with continued problems after surgery also had
the opportunity of additional visits to the surgeon for dis-
cussion and clinical examination. Eighty-three patients
were randomized to ADR and 70 patients to ACDF. The
skewness between the groups is explained by a list with
more than 150 numbers to randomly allocate the patients,
which resulted in this distribution. However, the groups
were still randomly assembled and had the required sample
size. Two patients were excluded from the study as the sur-
geon, during surgery but before randomization, decided that
ADR would not be a satisfactory option as the required de-
compression resulted in too large losses of supporting bone
structures. Nine patients (11%) in the ADR group and three
(4%) in the ACDF group underwent secondary surgery
within the first 2 years of follow-up. Two-year data were
available for seven of these patients in the ADR group
and for all in the ACDF group. In the ADR group, five pa-
tients in total were lost to follow-up. In the ACDF group,
two patients died of malignancy before the 2-year follow-
up and seven were lost to follow-up of other reasons. In
total, 137 patients (91%) of those initially included were
followed up at 2 years. A flowchart, showing the distribution
of patients between the groups with respect to number of
reoperations and loss of follow-up, is provided in Fig. 2.
xclusion criteria

revious cervical spine surgery

ore than two cervical levels requiring treatment

isible or severe arthrosis in facet joints evaluated preoperatively on plain x-

rays and MRI

arked radiologic signs or symptoms of myelopathy

rug abuse, dementia, or other reason to suspect poor adherence to follow-up

ervical malformation or marked cervical instability

istory of whiplash-associated disorder or severe cervical trauma

regnancy

heumatoid arthritis, known malignancy, active infection, or other systemic

disease

nown allergy or hypersensitivity to any of the constituent materials of the

implants or to nonsteroidal anti-inflammatory drugs.



Table 2

Demographics at baseline

Patient characteristics ADR, n581 ACDF, n570

Men/women 40/41 33/37

Age, mean (SD) 46.7 (6.7) 47.0 (6.9)

Smokers, n (%) 25 (31) 21 (31)

Unemployed, n (%) 8 (10) 10 (14)

Weight, mean (SD) 79 (18) 78 (14)

Body mass index, mean 26 26

Sick leave, n (%)

Full time 31 (38) 25 (36)

Part time 16 (20) 12 (17)

Other reason 6 (7) 3 (4)

Not on sick leave, n (%) 28 (35) 30 (43)

Analgesic medication, n (%)

Regularly 34 (42) 36 (51)

Irregularly 34 (42) 25 (36)

No analgesics, n (%) 13 (16) 9 (13)

Neck pain duration, n (%)

!3 mo 2 (3) 1 (1)

3 to 12 mo 15 (21) 19 (27)

1 to 2 y 20 (29) 20 (29)

O2 y 40 (57) 29 (42)

No neck pain, n (%) 4 (6) 1 (1)

Arm pain duration, n (%)

!3 mo 3 (4) 3 (4)

3 to 12 mo 21 (26) 24 (34)

1 to 2 y 31 (38) 19 (27)

O2 y 26 (32) 24 (34)

No arm pain, n (%) 0 (0) 0 (0)

HAD A, mean (SD) 7 (4.2) 7 (4.1)

HAD D, mean (SD) 5 (3.5) 5 (3.7)

ADR, artificial disc replacement; ACDF, anterior cervical decompres-

sion and fusion; SD, standard deviation; HAD, Hospital Anxiety and De-

pression scale.

Note: ‘‘Other reason’’ for sick leave is defined as not being able to

work as a result of other ill health than neck related. ‘‘Analgesic medica-

tion’’ includes all forms of medicaments to ease pain. HAD A is level of

anxiety and HAD D is level of depression.
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Radiographic assessment

All referred patients had undergone a standard magnetic
resonance investigation (MRI) of the cervical spine. If the
MRI findings correlated to the clinical findings and the
patient was included in the study, an additional plain
x-ray including flexion and extension was conducted preop-
eratively. A computed tomography (CT) was obtained dur-
ing the first postoperative days to evaluate the extent of
decompression and implant position. At 1 year, a plain
x-ray including flexion and extension was conducted. This
x-ray was used at the 1-year clinical evaluation to evaluate
bony fusion in the ACDF group and to estimate degree of
motion within the implanted discs in the ADR group. At
2 years, a new CT was conducted, as well as another plain
x-ray with flexion and extension. A more structured evalu-
ation of all radiographic data is ongoing, as well as follow-
up with MRI 5 years after surgery, which will be reported
separately.
Statistics

Sample size calculation for the study was performed
with NDI as the primary outcome variable and a statistic
superiority design. Standard deviation (SD) for NDI was
set to 18 and the effect size to 10 units. The SD value
was chosen after calculations of outcomes in NDI. Data
were collected from the Swedish Spine Register and
follow-up in patients who before this study underwent sur-
gery for the same reason. The effect size of 10 units has in
previous studies been estimated to be the minimal detect-
able difference for this group of patients [18,19]. With a
significance level50.05 and power of 80%, 51 patients in
each group had to be included, and with estimation for
crossover between groups and noncompliance, the total
number of patients planned for inclusion in the study was
150. Data in both groups were analyzed with descriptive
statistics, and comparison between the groups was per-
formed with independent t test, chi-square, Mann-Whitney
U, and Fisher exact test. Analysis of ordinal data within the
groups was performed with Wilcoxon test and Friedman
analysis of variance. For analysis of repeated measure-
ments between the groups, Kruskal-Wallis analysis of var-
iance was used. For some of the variables, there were some
occasional missing data, which were classified as missing
completely at random. These data were replaced with a lo-
gistic imputation model to reduce the risk of skewing the
data. Patients without any data at the 2-year follow-up were
considered as patients lost to follow-up and were not ana-
lyzed. All patients with follow-up data at 2 years were in-
cluded in an intention-to-treat (ITT) analysis, and as a
number of patients in both groups underwent secondary
surgery, we also performed non-ITT-analysis. We did not
choose the ‘‘as-treated’’ model, where patients are ana-
lyzed in the group they were assigned to or crossed over
to as follow-up times would have differed too much be-
cause of new surgery during follow-up. Instead, we choose
the per-protocol (PP) model, in which patients who did not
adhere to their assigned group were excluded from analy-
sis. A p value smaller than .05 was considered statistically
significant. A Bonferroni correction was used for the level
of significance in the subgroup analyses. The Statistica
12.0 package (StatSoft Inc., Tulsa, OK, USA) was used
for all calculations.
Results

Both groups improved in the primary outcome variable
between baseline to the 2-year follow-up. Mean NDI values
changed from 63.1(SD, 15.3) to 39.8 (SD, 19.4) in the ITT
analysis and from 63.0 (SD, 15.4) to 38.7 (SD, 18.7) in the
PP analysis. This change in NDI was statistically signifi-
cant, p!.01, and likewise, the changes in secondary out-
come variables in both ITT and PP analyses, p!.01. The
results were stable between follow-up at 1 and 2 years re-
garding all outcome variables (Fig. 3A–D). When the two



Fig. 1. Discover artificial disc on postoperative plain x-ray at C6–C7 level, anteroposterior view (Left) and lateral view (Right).
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groups were compared, the mean values and medians in the
primary and secondary outcome variables were similar in
both groups at the 2-year follow-up without any statistically
significant differences. This was true both for the ITT and
the PP analyses and is presented in Tables 3 and 4. How-
ever, the ADR group had a lower mean EQ-5D value at
baseline, and this was statistically significant in the ITT
analysis, p5.03, but not in the PP analysis, p5.09. Operat-
ing time, blood loss, and distribution of surgical levels are
listed in Table 5. The rates of secondary surgery were high-
er in the ADR group but not statistically significant, p5.11.
Complications and adverse events as defined were to some
extent implant associated with a higher proportion in the
ACDF group, however, not statistically significant, p5.16
(Table 6). Partition of the groups into subgroups of single-
and double-level treatment groups showed no statistical sig-
nificant differences in the ACDF group. The same analysis
in the ADR group showed lower mean NDI levels in the
double-level group compared to the single-level group,
31.3 (SD, 16.7) and 41.4 (SD, 19.9), respectively. This dif-
ference could be clinically relevant but was not statistically
significant after Bonferroni correction, p5.07. The result is
also reflected in EQ-5D with greater mean value in the
double-level than in the single-level group, 0.83 (SD, 0.2)
and 0.67 (SD, 0.27), respectively. This difference was stat-
istically significant, p5.005, and was found both in the ITT
and the PP analyses. It should also be pointed out that no
statistical significant difference was seen between the sin-
gle- and double-level groups regarding any of the outcome
variables at baseline. The treatment groups were compared
regarding sick leave and return-to-work status during
follow-up, and the result is presented in Table 7. Both
groups decreased their consumption of analgesics signifi-
cantly after surgery but no significant difference between
the groups could be seen at any time of follow-up. A com-
parison between smokers and nonsmokers showed unfavor-
able outcome for the smokers in several outcome variables
and was also reflected in the primary outcome variable
NDI. Nonsmokers improved from a baseline mean NDI
of 61 (SD, 15.3) to 37.3 (SD, 16.7) at the 2-year follow-
up, whereas corresponding values for smokers were 67.6
(SD, 15.3) and 45.8 (SD, 24.1). The difference in NDI val-
ue between smokers and nonsmokers at the 2-year follow-
up was statistically significant, p5.03. The decisions for re-
operation by respective surgeons in both groups were ana-
lyzed. Five patients in the ADR group underwent new
surgery within the first year, mostly because of dissatisfac-
tion with continued neck pain. All these were single-level
ADR that were converted to fusions at index level. Contri-
buting factors for the decision making of the surgeon’s de-
cision making were in three cases a nonoptimal implant
positioning and in two cases suspected implant instability
or loosening. Two patients underwent a posterior unilateral
foraminotomy; the indication for surgery in both cases was
arm pain. Another two patients in the ADR group had new
symptoms assessed as adjacent segment disease and were
also converted to fusions at index level and adjacent level.
Two patients in the ACDF group had secondary surgery



Lost to follow-up  (without 2-year data 
n=9)   

Discontinued intervention n=3 (2 fusion at 
adjacent level, 1 reop pseudarthrosis)   

Allocated to intervention ACDF n=70  
Received allocated intervention n=70  
Did not receive allocated intervention n=0  

Analysed  (n=67 PP, n=76 ITT) 

Excluded from analysis (without 2-year data         
n=5)

Allocated to intervention ADR n=83   
Received allocated intervention n=81  
Did not receive allocated intervention n=2 

(intervention not completed because of 
surgical technical problems)

Randomized n=153  

Assessed for eligibility n=287 

Excluded  n=134  
Not meeting inclusion criteria n=119  
Declined to participate n= 15  

Analysed  (n=58 PP, n=61 ITT ) 

Excluded from analysis (without 2-year 
data n=9  )

Lost to follow-up (without 2-year data n=5  ) 

Discontinued intervention n=9 (5 extraction of 
implant and fusion at index level, 1 extraction of 
implant and fusion at index and adjacent level,1 
reoperated due to ASD with ADR at adjacent 
level, 2 unilateral posterior foraminotomy) 

Fig. 2. Flow diagram. ADR, artificial disc replacement; ACDF, anterior cervical decompression and fusion; ASD, adjacent segment disease; PP, per-proto-

col; ITT, intention to treat.
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with an additional fusion at adjacent level for the same rea-
son, and one patient was reoperated because of nonunion.
All patients who underwent secondary surgery were
single-level procedures, both in the ADR and the ACDF
groups.
Discussion

Both groups improved significantly after surgery, and
the interpretation of these data could be that surgery is very
effective in a selected group of patients with cervical radi-
culopathy. However, a weakness of this study, as with many
other studies comparing two surgical techniques, is that we
do not have a nonsurgical control group. Furthermore, the
knowledge about the natural history of cervical radiculop-
athy is very limited. The results from several randomized
controlled trials (RCTs) comparing ADR and ACDF have
in recent years been published, and most of these are con-
ducted as IDE studies and also with similar designs. Studies
on the Discover disc have previously been published, but
none of these were randomized controlled studies [20–
22]. This study was not part of an IDE study and has some
differences in design compared to most of the previously
conducted RCTs. First, we included both single- and
double-level pathology because we believe that this better
reflects the mixture of surgery that is usually performed
in this group of patients. Second, allocation was blinded
to both patient and caregiver until time for reconstruction
of the vertebral column. The reason for this was to mini-
mize the surgeons’ bias in relation to the type of implant
and also to prevent noncompliance to allocation. Third,
iliac crest bone graft and anterior plating were used in the
control group which probably was the reason for longer op-
erating time within the group. Previously published data in-
dicate that autologous bone graft provides better conditions
for bony fusion, and we wanted as far as possible to avoid
non–union-related complications in the control group [23–
26]. On the other hand, it can be argued that the use of iliac
crest bone graft may result in donor site pain and a less fa-
vorable outcome in this group. Previously published studies
concerning this indicate that donor site pain do not affect
quality of life in long-term follow-ups [27–29], and even
if donor site pain may be a problem in long term, it is very
doubtful that this would be reflected in NDI. Another dif-
ference is that we used a superiority design in contrast to



Fig. 3. (A–D) Diagrams of outcome in Neck Disability Index, EQ-5D, VAS arm, and VAS neck. Columns represent medians, and whiskers show nonoutlier

range preoperatively, after 1 and 2 years, respectively (PP analysis). PP, per-protocol; VAS, visual analog scale.
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a majority of previous RCTs, which were performed, with
noninferiority designs. The objective with a noninferiority
design is to determine whether the experimental group
has an equal or unacceptable worse outcome than the con-
trol group. Noninferiority trials are generally more complex
to interpret and can also have some serious pitfalls in their
conclusions. The design can be preferable when the effect
size of the active control in comparison to no treatment
or placebo treatment is known. Critics of noninferiority
studies have stated that this design may contribute to intro-
duction of new treatments with equivalent or even inferior
effect to existing standard treatment [30,31]. However, this
can sometimes be justified if the new treatment has lower
costs or fewer short- or long-term complications. A few
studies with longer follow-up time have shown higher rates
of secondary surgery in the control group, mostly because
of ASD [32–34]. However, other studies contradict these
results, and there is still a lack of conclusive evidence for
the theory that ADR is protective against ASD [35–37].
Other possible side effects and complications associated
to either of the two treatments have been studied with some
favor to ADR, but the impact of these effects will probably
not be enough in itself for recommendation of the new
treatment. In this study, a higher rate of reoperations was
performed in the ADR group, which is also somewhat de-
viant compared to other studies. The difference between
the groups was not statistically significant, but it should al-
so be pointed out that the study was not powered for this
analysis and a binary outcome as reoperations or complica-
tions would require a much larger sample size. As an exam-
ple, to find a statistically significant difference with the
same level of significance and power (p!.05 and 80%, re-
spectively), 136 patients in each group would have been re-
quired to find a statistically significant difference in
complications and at least 220 in each group to find this dif-
ference in secondary surgeries. Although an analysis of the
outcome after secondary surgery is very uncertain, and also
with varying times for follow-up, it seems that the five pa-
tients reoperated because of neck pain had a less favorable
outcome with very small or no improvement compared to
the others who were reoperated because of other causes.
This could indicate that this subgroup already at baseline
had several prognostic factors for a nonfavorable outcome.
A descriptive analysis of the 12 (8%) patients who under-
went secondary surgery revealed a group with a poorer pre-
operative status. They reported less HRQOL (mean EQ-5D,



Table 4

Per-protocol analysis of all outcome variables presented with 95% CIs

Variable

Baseline Follow-up 2 y

ADR, n572 ACDF, n567 ADR, n567 ACDF, n558

Mean (SD)

Median (range) 95% CI

Mean (SD)

Median (range) 95% CI p value

Mean (SD)

Median (range) 95% CI

Mean (SD)

Median (range) 95% CI p value

NDI 64.1 (16.1) 60 to 68 61.6 (14.3) 58 to 65 .45 37.4 (19.3) 33 to 42 40.7 (17.9) 35 to 45 .24

64.0 (26 to 100) 61.2 (0 to 92) 34.0 (4 to 94) 34.0 (10 to 90)

EQ-5D 0.37 (0.32) 0.3 to 0.44 0.47 (0.30) 0.4 to 0.54 .09 0.72 (0.29) 0.65 to 0.79 0.71 (0.26) 0.64 to 0.78 .50

0.28 (�0.18 to 0.8) 0.69 (�0.24 to 0.8) 0.80 (�0.29 to 1.0) 0.76 (�0.17 to 1.0)

VAS neck 55.3 (25.9) 49 to 61 60.7 (20.1) 56 to 66 .35 25.6 (26.6) 19 to 32 28.7 (25.0) 22 to 35 .68

60.0 (0 to 100) 62.0 (0 to 100) 16.0 (0 to 100) 21.0 (0 to 73)

VAS arm 53.0 (26.4) 47 to 59 57.4 (22.1) 52 to 63 .38 19.2 (21.8) 14 to 24 20.1 (25.7) 14 to 27 .75

57.0 (0 to 100) 61.0 (5 to 100) 13.0 (0 to 84) 9.0 (0 to 80)

CI, confidence interval; ADR, artificial disc replacement; ACDF, anterior cervical decompression and fusion; SD, standard deviation; NDI, Neck Disability Index; VAS, visual analog scale.

Note: Shows change from baseline to follow-up at 2 years presented as means (SD) and medians (range).

Table 3

ITT analysis of all outcome variables presented with 95% CIs

Variable

Baseline Follow-up 2 y

ADR, n581 ACDF, n570 ADR, n576 ACDF, n567

Mean (SD)

Median (range) 95% CI

Mean (SD)

Median (range) 95% CI p value

Mean (SD)

Median (range) 95% CI

Mean (SD)

Median (range) 95% CI p value

NDI 64.6 (16.2) 61 to 68 61.4 (14.2) 58 to 65 .25 39.1 (20.2) 35 to 44 40.1 (18.5) 36 to 45 .77

64.0 (26 to 100) 61.2 (0 to 92) 35.0 (4 to 94) 34.0 (10 to 90)

EQ-5D 0.36 (0.32) 0.29 to 0.43* 0.47 (0.30) 0.4 to 0.54* .03 0.70 (0.30) 0.63 to 0.77 0.71 (0.26) 0.65 to 0.77 .92

0.25 (�0.18 to 0.8) 0.69 (�0.24 to 0.8) 0.79 (�0.29 to 1.0) 0.76 (�0.17 to 1.0)

VAS neck 57.6 (26.4) 52 to 63 58.2 (23.1) 53 to 64 .97 27.4 (27.3) 21 to 33 28.6 (24.8) 23 to 35 .68

62.0 (0 to 100) 62.0 (0 to 100) 18.0 (0 to 100) 21.0 (0 to 73)

VAS arm 57.1 (27.5) 51 to 63 56.9 (23.0) 51 to 62 .73 20.7 (23.1) 16 to 26 20.3 (25.7) 14 to 26 .26

60.0 (0 to 100) 62.0 (0 to 100) 14.0 (0 to 90) 9.0 (0 to 80)

ITT, intention to treat; CI, confidence interval; ADR, artificial disc replacement; ACDF, anterior cervical decompression and fusion; SD, standard deviation; NDI, Neck Disability Index; VAS, visual analog

scale.

Note: Shows change from baseline to follow-up at 2 years presented as means (SD) and medians (range).

* The EQ-5D scale is biphasic and is not normally distributed. This can explain why the CIs are overlapping although the p value indicates a statistical significant difference with a p!.05. The test of

significance was done with the Mann-Whitney U and the Kruskal-Wallis test for nonparametric data. The biphasic distribution is also reflected in the difference between mean and median values.
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Table 5

Shows duration of surgery, peroperative blood loss, and distribution of

surgical levels in both groups

Variable ADR ACDF p value

Operating time, min (SD) 122 (43) 141 (38) .015

Blood loss, mL (SD) 212 (159) 218 (178) .81

Levels 1/2 58/23 50/20 .98

ADR, artificial disc replacement; ACDF, anterior cervical decompres-

sion and fusion; SD, standard deviation.

Table 7

Showing return to work status and sick leave in both groups between 4

weeks and 2 years after surgery (ITT-analysis)

Variable

Four

weeks

Three

months

One

year

Two

years

ADR, n (%)

Full-time sick leave 5 (6) 11 (14) 8 (10) 1 (1)

Part-time sick leave 30 (37) 14 (17) 8 (10) 1 (1)

Working full time 37 (46) 46 (57) 55 (71) 69 (91)

Other 9 (11) 9 (11) 7 (9) 5 (6)

Total 81 80 78 76

ACDF, n (%)

Full-time sick leave 6 (9) 9 (14) 9 (14) 1 (2)

Part-time sick leave 31 (44) 15 (23) 7 (11) 0 (0)

Working full time 26 (37) 30 (45) 40 (62) 52 (85)

Other 7 (10) 12 (18) 8 (13) 8 (13)

Total 70 66 64 61

p value .25 .85 .39 .71

ITT, intention to treat; ADR, artificial disc replacement; ACDF, anteri-

or cervical decompression and fusion.
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0.32; SD, 0.33) and somewhat greater NDI (mean, 67.1;
SD, 16.5) compared to the whole study population, but sur-
prisingly enough somewhat less VAS values. Moreover, 5
(42%) patients were smokers, 6 (50%) were on full-time
sick leave because of their neck problem, and an additional
3 (22%) were on sick leave for reasons other than neck-
related disability. They also reported longer duration of
symptoms before surgery, 9 (75%) with neck pain and 6
(50%) with arm pain more than 2 years. A statistical anal-
ysis to compare this group to the other in the study was not
performed because sample size was too small, but when
this group was removed from baseline data, there was not
any statistically significant difference in HRQOL between
the groups, p5.09. The difference is probably clinically rel-
evant because the levels in EQ-5D were equal in both treat-
ment groups after surgery; the average improvement in
HRQOL measured with EQ-5D was greater in the ADR
group than that in the ACDF group. Patients with poor
prognostic factors at baseline were also present in the
ACDF group, but these patients were, for some reason,
not reoperated to the same extent. One possible explanation
is surgeon’s bias in the decision-making process; a combi-
nation of uncertainty about a new technology and a
Table 6

Adverse events and complications as defined in the following, in both

groups

Complication ADR ACDF

Postoperative hematoma* 1 0

Infection donor site n/a 3

Horner syndrome 1 0

Donor site painy n/a 5

Dysphagiaz 9 12

Implant failurex 0 0

C7 palsy 1 0

Wound infection 1 0

Pseudarthrosisjj n/a 1

Dural tear 0 0

Hoarseness{ 3 4

N (%) 16 (20) 25 (36)

ADR, artificial disc replacement; ACDF, anterior cervical decompres-

sion and fusion.

* Leading to reoperation.
y Visual analog scale $4 at 2-year follow-up.
z Dysphagia Short Questionnaire $4 at 2-year follow-up.
x Material insufficience with breakage or loosening.
jj Leading to reoperation.
{ First postoperative period.
possibility of performing further surgery might have con-
tributed to the rate of reoperations, at least among those pa-
tients predominantly with neck pain. We assume that a
similar patient in the ACDF group was not offered secon-
dary surgery because of neck pain if the radiographic anal-
ysis did not show a clear nonunion or implant failure. A
nonoptimal implant positioning in the ADR group could al-
so have been a factor for a poor outcome among these pa-
tients, but in that case, higher values of improvement could
have been expected after secondary surgery. The results re-
vealed when comparing single- and double-level subgroups
in the ADR group could be explained by a larger proportion
of problems originating from adjacent levels than the index
level, initially judged as not being a reason for surgery.

Another interesting observation is the high proportion of
smokers in this study compared to the proportion of smok-
ers in the Swedish population, 31% and 14% (2010), re-
spectively [38]. Smoking has been shown to be associated
with markers for poorer socioeconomic status such as un-
employment, low educational level, and lower income
[39–41]. These data indicate that the individuals included
in this study are not a representative part of the Swedish
population and it also further confirms the theory of smok-
ing as a cause of degenerative changes in the cervical spine
[42–44]. Smoking has previously also been shown to have a
negative impact on outcome after spine surgery [45]. Anal-
ysis of some of the data in this study also indicates that
there are factors, other than those usually assessed to pre-
dict outcome, which might be of importance for a success-
ful result. Preoperative self-evaluation of physical
impairment and psychosocial factors might have a greater
impact on the result after surgery than radiologic findings
and surgical techniques with different implants [46,47].
Such data are important as a basis for further studies on pa-
tient selection and optimization of results after selected sur-
gery. Alternatives to surgery should always be considered
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and more studies comparing surgery to nonsurgical meth-
ods would be desirable to provide a better scientific basis
for the treatments that health-care providers offer this group
of patients.
Conclusions

No significant superiority in NDI or in secondary out-
come variables could be seen in the disc replacement group
compared to the ACDF group. Reoperation rates were high-
er among patients with disc replacement, not clearly asso-
ciated, however, to implant-related events. A higher
proportion of complications associated to surgery were de-
tected in the ACDF group, mostly associated to bone har-
vesting and postoperative dysphagia. The differences in
secondary surgery and complications between the groups
were not statistically significant. No differences in secon-
dary surgery caused by adjacent segment disease could be
seen between the two treatments after 2 years. Artificial
disc replacement did not result in better outcome compared
to fusion measured with NDI 2 years after surgery.
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