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Abstract
Study Design: Retrospective cohort study.

Objectives: It is estimated that 10000 patients seek medical care due to cervical radiculopathy every year in Denmark. Although
the natural course is usually favorable, around 20% undergo surgery for cervical degenerative disease every year in Denmark. We
aim to evaluate the patient-reported results and satisfaction of anterior cervical decompression and fusion over a 5-year period
from a single Danish center for spine surgery.

Methods: This study is a retrospective study based on prospectively collected data from 318 consecutive patients treated with
anterior cervical decompression and fusion over | to 3 levels. Data in the DaneSpine registry was collected pre- and post-
operatively, and at | year after surgery. The outcome measures were Neck Disability Index (NDI), European Quality of Life 5D
(EQ-5D), visual analogue score (VAS), and Short Form-36 Physical Component Summary (SF-36 PCS).

Results: Of 318 cases enrolled, 272 (85.5%) had follow-up data available at a minimum |-year postoperatively. The mean pre-
operative NDI was 40.0 and improved to 22.7. Mean EQ-5D was 0.50 and improved to 0.70, and mean VAS arm was 60.4
improved to 26.4. All improvements were statistically significant. A total of 74.3% were back to work | year after surgery.
Achieving minimal clinically important difference (MCID) in VAS neck and SF-36 PCS was strongly correlated to patient
satisfaction.

Conclusion: Patients who undergo anterior cervical discectomy and fusion can expect improvement in their pain and disability,
with 74.3% of patients reporting a positive change in health status after surgery.
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self-limiting condition, and the natural course of cervical radi-
culopathy is generally favorable, with many patients experien-
cing relief of symptoms within a period of 4 to 6 months.* It is
estimated that around 10000 patients seek medical care due to
severe cervical radiculopathy in Denmark every year. These

Introduction

Cervical radiculopathy is caused by compression or irritation of
the nerve root in the foraminal canal, due to a combination of
factors, including degeneration of the disc and the uncoverteb-
ral joints." The rudimentary uncovertebral joints evolve with
age, along with the formation of osteophytes in the processus
uncinatus, may compress both the spinal nerve root and the
vertebral artery passing through the intervertebral and trans-
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verse foramina.’

It is estimated that around 50% of the adult Danish popula-
tion suffer from some degree of neck and/or arm pain.> Neck
pain and radiculopathy caused by disc herniation is generally a
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patients are primarily treated with analgesics and in some cases
physiotherapy.’

It is estimated that 2000 of these patients will undergo sur-
gery for cervical degenerative disease every year in Denmark.°
According to the Danish national spine database (DaneSpine),
4397 anterior cervical decompressions and fusions (ACDF)
were performed in Denmark from 2009 to 2015, this may be
an underestimation, as several clinics in Denmark did not
report data to the national spine database in the beginning of
the period.” Surgical treatment is reserved for patients suffering
from persistent and disabling pain, after 6 to 12 weeks, or
patients with progressive neurological deficits."

Clinical presentation depends on the nerve root and disc
space involved, and may include pain, sensory or motor defi-
cits, diminished reflexes, or a combination of the above. An
epidemiological study, performed from 1976 to 1990, found
that monoradiculopathy involving the C7 nerve root to be the
most frequent, followed by C6 monoradiculopathy. Disc pro-
trusion, found on magnetic resonance imaging (MRI), was
responsible for cervical radiculopathy in 21.9% of patients, and
68.4% were related to a combination of discus protrusion and
spondylosis.8 Earlier studies have reported that, patient satis-
faction and patient-reported outcomes (PROs) are fair to good
in around 80% of patients undergoing ACDF.’ The purpose of
this study is to present how the clinical outcome data correlates
to postoperative satisfaction, and how many of our patients
have improved clinically relevant at the 1-year follow-up.

Methods

Our study evaluates results based on PROs of 318 consecutive
patients who had primary anterior cervical surgery for degen-
erative disc disease and/or spondylosis with radicular arm pain.
Patients were treated over 1 to 3 levels, at a single institution in
Denmark during a S-year period from 2011 to 2016. Patients
were treated with cages with or without anterior plates. Patients
with myelopathy, previous surgery or surgery performed on
more than 3 levels were excluded. For all questionnaires a
minimal clinically important difference (MCID) is applied. The
MCID is defined as the smallest meaningful difference in a
score that the patients perceive as beneficial.'”

Baseline patient characteristics and occupational status were
collected from the DaneSpine questionnaire. PROs collected
preoperatively and 1 year after surgery included the validated
Danish versions of the Neck Disability Index (NDI),"!
EuroQoL-5D (EQ-5D),'*'* visual analogue scale (VAS),"
and the Short Form 36v1 (SF-36).'%!7

The NDI is a 10-item self-administered disease-specific
questionnaire evaluating the effect of neck pain on a patient’s
daily life and the corresponding disability. The questionnaire
ranges from O to 50; the higher the score, the greater the dis-
ability. The MCID for this questionnaire is 7.5.'® In our study,
we report the percentage score from 0 to 100, thus an MCID of
15 is used.

The EQ-5D is a standardized generic questionnaire evaluat-
ing health state value on a scale between 0 and 1 where 0 equals

death and 1 equals perfect health. As it is not disease specific, it
is difficult to establish a true value of MCID. MCID for this
questionnaire is highly dependent on the method of calculation
and thus the threshold for EQ-5D ranges from 0.05 to 0.24."°
For this study we used a MCID of 0.24 as suggested by a
previous study on ACDF."

The SF-36 is also a generic questionnaire consisting of 36
questions evaluating health status on multiple domains. The
health transition item (HTI), is derived from the SF-36, and
refers to how the patient feels at the time of the questionnaire
compared with 1-year prior. One domain was used for evalua-
tion of physical health, the Physical Component Summary
(PCS) score. MCID for the PCS is 4.1.'%

VAS is a linear scale of pain measurement, where 0 equals
no pain and 100 equals extreme pain. VAS was obtained on a
10-cm line and response was converted to a 0 to 100 scale. VAS
was obtained for both neck and arm pain. MCID for VAS is
considered 25 for both arm and neck pain.'®

Patient satisfaction was registered at 1-year follow-up and
categorized as satisfied, uncertain or dissatisfied. Results were
divided into 3 different patient-reported satisfaction grades, to
present PRO data in each satisfaction group.

Patients were considered as lost to follow-up if all the PROs
were missing at 1 year.

Paired t-tests were used to compare baseline and one-year
outcomes. Categorical data is presented by frequencies and
related percentages; continuous data is displayed by means and
standard deviation. Continuous variables were analyzed for
significant difference between the 3 groups using analysis of
variance, categorical variables using chi-square test. To evalu-
ate associations between achieving MCID for PRO data and
satisfaction, logistic regression model was performed and data
is presented as odds ratio and confidence intervals. All statis-
tical analyses were performed using STATA (version 14.1)
with the P value threshold for significance set at .01. Approval
was obtained from the Danish Data Protection Agency. As this
study was a retrospective review of data collected prospec-
tively, and patients had already given consent to research being
performed on their questionnaires, no approval from the
National Committee on Health Research Ethics was needed.

Results

Among the 318 cases enrolled, a total of 272 (85.5%) had
complete data after at a minimum of 1-year follow-up. Most
patients had surgery over a single-level (53.6%), followed by
2 levels (41.8%). C5/C6 was the most common level of surgery
(52.6%) followed by C6/C7 (41.0%). Among the surgical can-
didates; mean age was 49.9 years and 24.6% were smokers,
baseline characteristics are reported in Table 1.

Patient-Reported Outcomes

At 1-year follow-up, there was a statistically significant reduc-
tion in NDI from 40.0 points preoperatively to 22.7 points at
(P <.001). The mean EQ-5D score improved from 0.50 to 0.70
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Table I. Summary of Baseline Demographics and Patient-Reported
Outcomes for Respondents.

Patients with follow-up, n (%) 272 (85.5)
Age, years, mean (SD) 49.9 (9.2)
Males, n (%) 140 (51.5)
Smokers, n (%) 67 (24.6)
BMI, kg/m?2, mean (SD) 26.5 (4.1)
Levels (%)

| 53.6

2 41.8

3 4.6
Patient-reported outcomes, mean (SD)

Neck Disability Index 40.0 (16.2)

EuroQoL-5D 0.50 (0.29)

Short Form 36 PCS 355 (7.9)

VAS neck pain 52.8 (27.9)

VAS arm pain 60.4 (25.1)

Abbreviations: BMI, body mass index; PCS, Physical Component summary; SD,
standard deviation; VAS, visual analogue scale.

postoperative (P < .001). The mean preoperative SF-36 PCS
was 35.5 and at l-year follow-up the mean SF-36 PCS was
42.5(P < .001). Both neck and arm pain were reduced at the
time of follow-up. The mean improvement in VAS arm was
34.0 mm, compared to a baseline VAS arm of 60.4 mm
(P < .001). Neck pain measured by VAS was reduced from
52.8 mm preoperatively, to 30.0 mm postoperatively, a reduc-
tion of 22.8 mm (P < .001) (Table 2).

Patient Satisfaction

When analyzed for patient satisfaction we found that 65.9% of
the patients were satisfied, 28.2% were uncertain, and 5.9%
were dissatisfied with the surgical result at 1-year follow-up.
Patients, who were satisfied or uncertain of the outcome of
surgery, had statistically significant improvement on all PROs.
The improvements in the uncertain group were all significantly
lower than for the satisfied group. The group of dissatisfied
patients reported worsening in all parameters, compared to
baseline (Table 2). When evaluating HTI from SF-36, we found
that 73.3% of patients were much better or somewhat better
than before surgery. When comparing patient satisfaction to
SF-36 HTI we found that 86.2% in the satisfied group, 54.2%
in the uncertain group, and 15.4% in the dissatisfied group

reported that they were much better or somewhat better than
the year before (Table 3).

In our study sample, 214 patients were employed or seeking
employment before surgery. At 1-year follow-up 159 (74.3%)
had returned to their preoperative working status. When com-
paring working status to postoperative satisfaction, we found
that 83.3% of the satisfied group, 60.3% in the uncertain group
and only 41.7% in the dissatisfied group were back to their
preoperative working status after 1 year (Table 2).

When correlating satisfaction to NDI and VAS arm MCID,
we found that of the patients who were satisfied after surgery,
70.8% achieved MCID for NDI, and 71.3% achieved MCID for
VAS arm. In the uncertain group, 44.7% achieved MCID NDI,
and 40.8% achieved MCID VAS arm. In the dissatisfied group,
25% achieved MCID for NDI and 12.5% achieved MCID for
VAS arm (Table 4). When performing a logistic regression to
predict satisfaction based on achieving MCID, we found an
increased odds ratio of 3.42 for MCID VAS neck, and 2.33 for
MCID SF36-PCS (Table 5).

Complications

The surgeon-reported complication rate was 4.1% (13/318).
Complications reported included pulmonary embolus (1), deep
vein thrombosis (1), postoperative surgical hematoma (2),
Horner’s syndrome (1), dural tear (7), and urinary tract infection
(1). At 1 year, the patient-reported complications were 5.5%
cases with self-reported postoperative paresis over the first 3
months, at the time of follow-up no cases had ongoing paresis.
We found 67 (24.6%) cases with dysphonia lasting at least 1
month and 82 (30.1%) cases with dysphagia for at least 1 month.

Discussion

Anterior discectomy and fusion have shown clinical success
with high patient satisfaction in earlier studies.’®*' In our
study, we demonstrate that ACDF surgery is capable of pro-
viding relief of symptoms and a positive outcome in most of
our patients. Multiple randomized trials have compared ACDF
with cervical disc replacement, and the short- and long-term
results of these studies find that cervical disc replacement is a
valid alternative to fusion surgery in terms of effectiveness and
cost utility, in select patients with 1- to 2-level disease.?** In

Table 2. Changes in |-Year Outcome Scores From Baseline, and Return to Work Between Groups of Satisfaction.

Patient-Reported Outcomes Satisfied (65.9%) Uncertain (28.2%) Dissatisfied (5.9%) Overall P

Neck Disability Index, mean (SD) —22.7 (14.4) —7.7 (16.1) 3.2 (14.3) —17.3 (17.0) <.001
EuroQOL-5D, mean (SD) 0.27 (0.32) 0.09 (0.35) —0.22 (0.26) 0.20 (0.35) <.001
Short Form 36 PCS, mean (SD) 9.8 (9.6) 2.0 (8.5) -2.2(8.2) 7.0 (10.0) <.001
VAS neck pain, mean (SD) —32.1 (30.6) —6.3 (30.9) 0.2 (21.3) —22.8 (32.7) <.001
VAS arm pain, mean (SD) —42.9 (31.5) —19.3 (30.6) —0.25 (18.0) —34.0 (334) <.001
Back to preoperative work status,* % 833 60.3 41.7 743 <.001

Abbreviations: PCS, Physical Component Summary; SD, standard deviation; VAS, visual analogue scale.
*Analysis of variance was used to compare outcome between groups of satisfaction.

PChi-square-test was used to compare working status.
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Table 3. Self-Reported Changes in Health Status, by Groups of
Satisfaction.”

Table 5. Logistic Regression Model Predicting Patients Who Are
Satisfied 12 Months After Surgery, Using MCID Obtained for the
Included Variables.

Health Transition Satisfied Uncertain Dissatisfied
ltem (65.9%); n (%) (28.2%); n (%) (5.9%); n (%) Variable OR 95% ClI P
Much better now than 98 (59.1) 9 (12.5) 1 (7.7) NDI MCID 1.61 0.83-3.16 .158

| year ago EQ-5D MCID 0.83 0.44-1.6 .566
Somewhat better than 45 (27.1) 30 (41.7) 1 (7.7) VAS arm MCID 2.01 1.07-3.78 .030

| year ago VAS neck MCID 3.42 1.79-6.56 <.001
About the same 15 (9.0) 21 (29.2) 4 (30.8) SF-36 PCS MCID 2.33 1.23-4.41 .009
Somewhat worse than 8 (4.8) 6 (8.3) 5(384)

| year ago Abbreviations: Cl, confidence interval; MCID, minimal clinical important differ-
Much worse than | 0 (0.0) 6 (8.3) 2 (15.4) ence; NDI, Neck disability index; OR, .odds ratio; SF-36 PCS, Short Form-36

year ago Physical Component Summary; VAS, visual analogue scale.

?Chi-square test P < .001.

Table 4. Percentage of Patients Who Achieved MCID by
Satisfaction Group.?

Satisfied, Uncertain, Dissatisfied,
Variable n (%) n (%) n (%) P
NDI achieved MCID 126 (70.8) 34 (44.7) 4 (25.0)
NDI did not achieve 52 (29.2) 42 (55.3) 12 (75.0) <.001
MCID
EQ-5D achieved 73 (41.0) 27 (35.5) 3(188)
MCID
EQ-5D did not achieve 105 (59.0) 49 (64.5) 13 (81.3) .1836
MCID
VAS arm achieved 127 (71.3) 31 (40.8) 2 (12.5)
MCID
VAS arm did not 51 (28.7) 45 (59.2) 14 (87.5) <.001
achieve MCID
VAS neck achieved 105 (59.0%) 18 (23.7) 3(18.8)
MCID
VAS neck did not 73 (41.0) 58 (76.3) 13 (81.2) <.00l
achieve MCID
SF-36 PCS achieved 134 (75.3) 38 (50.0) 7 (43.8)
MCID
SF-36 PCS did not 44 (24.7) 38 (50.0) 9 (56.2) <.001
achieve MCID

Abbreviations: MCID, minimal clinical important difference; NDI, Neck Dis-
ability Index; SF-36 PCS, Short Form—36 Physical Component Summary; VAS,
visual analogue scale.

*Chi-square test.

spite of this, cervical disc replacement is currently not an avail-
able treatment option in our institution.

All PRO measures showed significant mean improvement
after surgery. A majority of our patients (73.3%) reported
improvement in general health at the 1-year follow-up; how-
ever, only 65.9% were satisfied with the surgical result, and
28.2% were undecided. This implies that satisfaction is multi-
factorial and not only associated with improvement in our
measured outcome parameters. Patient expectations, preopera-
tive health issues and psychological distress may affect satis-
faction after surgery.*

There are only few available studies investigating the cor-
relation between PROs and satisfaction in spine surgery.”®2’

Our study finds correlation between obtaining MCID in VAS
neck and MCID in PCS, and satisfaction. Our study supports
the findings by Chotai et al*® who found that the failure to
obtain MCID on VAS neck/arm and NDI/ODI were predictors
for dissatisfaction after spine surgery.

A recent study investigating predictors for anterior cervical
spine surgery reported that VAS neck pain and NDI were sig-
nificant predictors for satisfaction after 2 and 5 years.?®

In a study by Godil et al,*’ investigators found NDI to be the
most responsive measure for improvement after cervical sur-
gery for neck and arm pain, followed by the VAS arm. For
generic health-related questionnaires, the study found that
EQ-5D was a poor discriminate for meaningful improvement,
compared to SF12 PCS, after cervical surgery, which is similar
to our findings.*’

In our analysis, we found NDI and VAS neck to be corre-
lated to each other, which may explain why NDI does not show
statistical significance in the regression model. When NDI was
analyzed without VAS neck in the model, it showed a strong
correlation to patient satisfaction.

We found patient-reported neck pain to be statistically sig-
nificantly improved, but only 59% of our cohort reached
MCID. When correlating to satisfaction, we found only a minor
improvement in neck pain in our undecided group. The minor
improvement in VAS neck, in our cohort may be explained by
the fact that neck pain may originate from multiple levels, and
thus may not be relieved by decompression and fusion surgery
on specific levels. As neck pain is not the primary indication for
ACDF, it is important to make sure that patient and surgeon
agree on the expected postoperative outcome on both arm and
neck pain.

We found 24.6% smokers in our study population, this
amount is comparable to the background population in
Denmark, where it is estimated that around 22% are smokers.>°

The perioperative complications were recorded when
patients were discharged from hospital, thus probably under-
reporting surgical site infections and urinary infections, which
may present itself after patients are discharged from hospital.
The patient-reported complications may be overrepresented,
and we did not have any data to evaluate duration of dysphonia
and dysphagia after surgery, our patients reported the duration
being above one month. Earlier studies have found the rate
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perioperative complications in line with our relative low com-
plication rates, the rate of transient dysphagia in around 60%
and dysphonia in about 50% of patients found in previous
studies, is also in line with our patient reported complication
rates.>!?

An important limitation to this study is the fact that this was
a register study, which has potential of informational bias. We
had a follow-up rate of 85.5% in our cohort, which may account
for some non-response bias, a dropout analysis was performed
in 2016 on our database, and here Hojmark et al** found that
nonresponders often are younger, male patients, who report a
better outcome than responders.

No control group is available for comparison; as such we
cannot distinguish the natural course of neck and arm pain, and
placebo effect of treatment, from the actual effect of surgery.
Furthermore, we only have 1-year follow-up, and long-term
results may improve or worsen on a longer term of follow-up.

Conclusion

The treatment of cervical radiculopathy with decompression
and fusion is a relative safe procedure, with few lasting com-
plications. Surgery is reserved for patients with lasting or pro-
gressive symptoms. 65.9% of our patients were satisfied 1 year
postoperatively, and only 5.9% were dissatisfied. All PROs
were improved significantly at 1-year follow-up, and 73.3%
of our patients reported a positive change in postoperative
health status. Most of our patients (74.3%) were returned to
preoperative working status after 1 year. Achieving MCID in
VAS neck and SF-36 PCS was strongly correlated to patient
satisfaction.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Andreas Kiilerich Andresen, MD
1757-3302
Leah Y. Carreon, MD, MSc

http://orcid.org/0000-0002-

http://orcid.org/0000-0002-7685-9036

References

1. Carette S, Fehlings MG. Clinical practice. Cervical radiculopathy.
N Engl J Med. 2005;353:392-399. doi:10.1056/NEJMcp043887.

2. Hartman J. Anatomy and clinical significance of the uncinate
process and uncovertebral joint: a comprehensive review. Clin
Anat. 2014;27:431-440. doi:10.1002/ca.22317.

3. Christensen Al, Ekholm O, Davidsen M, Juel K. Health and
Sickness in Denmark 2010 & Development Since 1987. Copenha-
gen, Denmark: National Institute of Public Health, University of
Southern Denmark; 2012.

10.

12.

14.

15.

16.

17.

. Wong JJ, Coté P, Quesnele JJ, Stern PJ, Mior SA. The course and

prognostic factors of symptomatic cervical disc herniation with
radiculopathy: a systematic review of the literature. Spine J. 2014;
14:1781-1789. doi:10.1016/j.spinee.2014.02.032.

. Bono CM, Ghiselli G, Gilbert TJ, et al; North American Spine

Society. An evidence-based clinical guideline for the diagnosis
and treatment of cervical radiculopathy from degenerative disor-
ders. Spine J. 2011;11:64-72. doi:10.1016/j.spinee.2010.10.023.

. Danish Health Authority. Speciality Guidelines for Neurosurgery.

Copenhagen, Denmark: Danish Health Authority; 2017.

. Andersen M, Nielsen M, Bech-Azeddine R, Helmig P, Eiskjeer S.

Rygkirurgi Aorsrapport 2016. Sekretariat for DaneSpineKaren
Hejmark og Marianne Dyrby Lorenzen; 2017.

. Radhakrishnan K, Litchy WJ, O’Fallon WM, Kurland LT. Epi-

demiology of cervical radiculopathy. A population-based study
from Rochester, Minnesota, 1976 through 1990. Brain. 1994;
117(pt 2):325-335.

. Cauthen JC, Kinard RE, Vogler JB, et al. Outcome analysis of

noninstrumented anterior cervical discectomy and interbody
fusion in 348 patients. Spine (Phila Pa 1976). 1998;23:188-192.
Brozek JL, Guyatt GH, Schiinemann HJ. How a well-grounded
minimal important difference can enhance transparency of label-
ling claims and improve interpretation of a patient reported out-
come measure. Health Qual Life Outcomes. 2006;4:69. doi:10.
1186/1477-7525-4-69.

. Vernon H, Mior S. The Neck Disability Index: a study of relia-

bility and validity. J Manipulative Physiol Ther. 1991;14:
409-415.

Jansson KA, Neméth G, Granath F, Jénsson B, Blomqvist P.
Health-related quality of life (EQ-5D) before and one year after
surgery for lumbar spinal stenosis. J Bone Joint Surg Br. 2009;91:
210-216. doi:10.1302/0301-620X.91B2.21119.

. EuroQol Group. EuroQol—a new facility for the measurement of

health-related quality of life. Health Policy. 1990;16:199-208.
Serensen J, Davidsen M, Gudex C, Pedersen KM, Bronnum-Han-
sen H. Danish EQ-5D population norms. Scand J Public Health.
2009;37:467-474. doi:10.1177/1403494809105286.

Price DD, McGrath PA, Rafii A, Buckingham B. The validation
of Visual Analogue scales as ratio scale measures for chronic and
experimental pain. Pain. 1983;17:45-56.

Guilfoyle MR, Seeley H, Laing RJ. The Short Form 36 health
survey in spine disease—validation against condition-specific
measures. Br J Neurosurg. 2009;23:401-405. doi:10.1080/
02688690902730731.

Bjorner JB, Thunedborg K, Kristensen TS, Modvig J, Bech P. The
Danish SF-36 Health Survey: translation and preliminary validity
studies. J Clin Epidemiol. 1998;51:991-999.

. Carreon LY, Glassman SD, Campbell MJ, Anderson PA. Neck

Disability Index, short form-36 physical component summary,
and pain scales for neck and arm pain: the minimum clinically
important difference and substantial clinical benefit after cervical
spine fusion. Spine J. 2010;10:469-474. doi:10.1016/j.spinee.
2010.02.007.

. Parker SL, Godil SS, Shau DN, Mendenhall SK, McGirt MJ.

Assessment of the minimum clinically important difference in
pain, disability, and quality of life after anterior cervical


http://orcid.org/0000-0002-1757-3302
http://orcid.org/0000-0002-1757-3302
http://orcid.org/0000-0002-1757-3302
http://orcid.org/0000-0002-1757-3302
http://orcid.org/0000-0002-7685-9036
http://orcid.org/0000-0002-7685-9036
http://orcid.org/0000-0002-7685-9036

708

Global Spine Journal 8(7)

20.

21.

22.

23.

24.

25.

26.

discectomy and fusion: clinical article. J Neurosurg Spine. 2013;
18:154-160. doi:10.3171/2012.10.SPINE12312.

Bohlman HH, Emery SE, Goodfellow DB, Jones PK. Robinson
anterior cervical discectomy and arthrodesis for cervical radiculo-
pathy. Long-term follow-up of one hundred and twenty-two
patients. J Bone Joint Surg Am. 1993;75:1298-1307.
Buttermann GR. Anterior cervical discectomy and fusion out-
comes over 10 years: a prospective study. Spine (Phila Pa
1976). 2018;43:207-214. doi:10.1097/BRS.0000000000002273.
Murrey D, Janssen M, Delamarter R, et al. Results of the pro-
spective, randomized, controlled multicenter Food and Drug
Administration investigational device exemption study of the
ProDisc-C total disc replacement versus anterior discectomy and
fusion for the treatment of 1-level symptomatic cervical disc dis-
ease. Spine J. 2009;9:275-286. doi:10.1016/j.spinee.2008.05.006.
Radcliff K, Davis RJ, Hisey MS, et al. Long-term evaluation of
cervical disc arthroplasty with the Mobi-C© cervical disc: a ran-
domized, prospective, multicenter clinical trial with seven-year
follow-up. Int J Spine Surg. 2017;11:31. doi:10.14444/4031.
Phillips FM, Geisler FH, Gilder KM, Reah C, Howell KM, McA-
fee PC. Long-term outcomes of the US FDA IDE prospective,
randomized controlled clinical trial comparing PCM cervical disc
arthroplasty with anterior cervical discectomy and fusion. Spine
(Phila Pa 1976). 2015;40:674-683. doi:10.1097/BRS.000000000
0000869.

Abtahi AM, Brodke DS, Lawrence BD, Zhang C, Spiker WR.
Association between patient-reported measures of psychological
distress and patient satisfaction scores after spine surgery. J Bone
Joint Surg Am. 2015;97:824-828. doi:10.2106/JBJS.N.00916.
Chotai S, Sivaganesan A, Parker SL, McGirt MJ, Devin CJ.
Patient-specific factors associated with dissatisfaction after

27.

28.

29.

30.

31.

32.

33.

elective surgery for degenerative spine diseases. Neurosurgery.
2015;77:157-163. doi:10.1227/NEU.0000000000000768.

Godil SS, Parker SL, Zuckerman SL, et al. Determining the qual-
ity and effectiveness of surgical spine care: patient satisfaction is
not a valid proxy. Spine J. 2013;13:1006-1012. doi:10.1016/j.spi-
nee.2013.04.008.

Schroeder GD, Coric D, Kim HJ, Albert TJ, Radcliff KE. Are
patient-reported outcomes predictive of patient satisfaction
5 years after anterior cervical spine surgery? Spine J. 2017;17:
943-952. doi:10.1016/j.spinee.2017.02.008.

Godil SS, Parker SL, Zuckerman SL, Mendenhall SK, McGirt MJ.
Accurately measuring the quality and effectiveness of cervical
spine surgery in registry efforts: determining the most valid and
responsive instruments. Spine J. 2015;15:1203-1209. doi:10.
1016/j.spinee.2013.07.444.

Eriksen L, Davidsen M, Jensen HAR, et al. The Burden of Disease
in Denmark—Risk Factors. Copenhagen, Denmark: National
Institute of Public Health, Southern Denmark University of
Health Administration; 2016.

Winslow CP, Winslow TJ, Wax MK. Dysphonia and dysphagia
following the anterior approach to the cervical spine. Arch Oto-
laryngol Head Neck Surg. 2001;127:51-55.

Heller JG, Sasso RC, Papadopoulos SM, et al. Comparison of
BRYAN cervical disc arthroplasty with anterior cervical decom-
pression and fusion: clinical and radiographic results of a rando-
mized, controlled, clinical trial. Spine (Phila Pa 1976). 2009;34:
101-107. doi:10.1097/BRS.0b013e31818ee263.

Hojmark K, Stettrup C, Carreon L, Andersen MO. Patient-reported
outcome measures unbiased by loss of follow-up. Single-center
study based on DaneSpine, the Danish spine surgery registry. Eur
Spine J. 2016;25:282-286. doi:10.1007/s00586-015-4127-3.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


