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Abstract
Background The incidence rate of surgical treatment of cervi-
cal degenerative diseases (CDD) has increased in the USA and
a large geographic variation has been shown. Little is known
about such rates in Scandinavia and Europe. The aim of this
population-based study was to (1) investigate annual inci-
dence rates of operations performed in Norway, (2) to com-
pare trends and variations in rates for surgical indications with
and without myelopathy, and (3) to compare variations in the
use of surgery between residential areas.
Methods Patients operated for CDD and recorded in the
Norwegian Patient Registry from 2008 to 2014 were evaluat-
ed according to residential areas (resident county and
Regional Health Authority (RHA) area), age, gender, treating
hospital, and whether myelopathy was present or not. Surgical

rates were adjusted for age and gender. Data from private
health care were also included.
Results The annual surgical rates increased by 74.1 % from
2008 to 2014 (12.5/100,000 inhabitants). The largest increase
was for surgical treatment of radiculopathy, 86.5 %. Surgical
rates for CDD varied in 2014 with a ratio of 1.5 between the
highest and lowest RHA and with a ratio of 2.5 between the
different residential counties within one RHA. The treatment
rates for myelopathy were relatively stable over time, but
showed an increase of 2.1/100,000 (44.6 %) from 2013 to
2014.
Conclusions Our study shows that the rate of surgical treat-
ment for radiculopathy due to CDD has increased substantial-
ly from 2008 to 2014 for all RHAs in Norway. The incidence
rate for surgical treatment of myelopathy was more stable. An
unexplained and moderate geographic variation was found.

Keywords Cervical degenerative disease . Geographic
variation . Radiculopathy .Myelopathy . Surgery rates

Introduction

Degenerative changes in the cervical spine, known as
spondylosis, are also common in asymptomatic individuals
[1, 2]. Protruding discs, spondylotic bone spurs, and ligament
thickening can affect nerve roots or the spinal cord and cause
clinical syndromes such as cervical radiculopathy and/or mye-
lopathy. Cervical radiculopathy affects 83.2/100,000 per year
in the USA [3]. The incidence and prevalence rate of
spondylotic cervical myelopathy are unknown [4]. These con-
ditions can be managed conservatively or surgically [5–7]. In
most cases, the indication for operative treatment of cervical
radiculopathy is relative, whereas progressive myelopathy of-
ten is regarded as a more absolute indication [8]. The exact
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incidence rates for surgical treatment of each of these two clin-
ical entities have not been reported previously in the literature.

Data from the USA show that there has been a large in-
crease in the use of the cervical spine surgery, from 14.7/100,
000 per year in 1992 to 60.8/100,000 in 2009 [9, 10] and there
seems to be a considerable geographical variation [10–12],
none of which can be explained by higher incidence or region-
al differences in morbidity. To the best of our knowledge, the
surgical rate and regional variation has not been described
earlier in Norway or Europe. The purpose of this study was
to (1) investigate incidence rates of operations performed for
degenerative changes in the cervical spine in Norway, (2) to
compare trends and variations in rates for different surgical
indications, with and without myelopathy, and (3) to identify
variations between residential areas in use of surgery. Large
differences could reflect inequalities in health services, neces-
sitating further investigations into this subject.

Materials and methods

Data for this population-based study were acquired through a
systematic search in the government funded Norwegian
Patient Registry (NPR), which is used as an administrative
database for all government funded health services.

Individual-level data were available on age, gender, place of
residence, and treatment center. Surgical procedures were iden-
tified from the Nordic Medico-Statistical Committee
(NOMESCO) classification of surgical procedures (NCSP)
and diseases from The World Health Organization’s
International Classification of Disease, 10th revision (ICD-
10). Both scheduled and emergency admissions were included.
Surgery for degenerative changes in the cervical spine was
defined as a presence of any of the NCSP codes as shown in
Table 1 combined with an ICD-10 diagnosis identifying cervi-
cal location and indicating radiculopathy or spondylosis, with-
out additional diagnoses indicating myelopathy. Surgery for
myelopathy was defined as the presence of an NCSP code in
combination with an ICD-10 diagnosis listed as myelopathy in
Table 1, regardless of the presence of other ICD-10 diagnoses
listed as radiculopathy or spondylosis. All cases with diagnoses
of tumors, trauma, or primary infections were excluded.

Patients were divided into four residential areas according
to the catchment areas for the four Regional Health
Authorities in Norway. Each of the RHA contains several of
a total of 19 counties. In the public health care, cervical spine
surgery is centralized to the five university hospitals located in
the different RHAs; in Trondheim, Bergen, Stavanger, Oslo,
and Tromsø. Public hospitals and private clinics with reim-
bursement agreements receive government funding based on
the diagnosis-related groups system (DRG) by a mandatory
reporting of their hospital activity data, e.g., coding for diag-
nosis (ICD-10) and surgical treatment (NCSP) to the NPR.We

therefore find it reasonable to assume that virtually all proce-
dures performed by institutions with reimbursement agree-
ments are recorded in the NPR. In addition to those reported
to the NPR, a small number of operations have been per-
formed in private health care without reimbursement agree-
ments, mainly in one, and by far the largest clinic, The
Oslofjord Clinic (OFC). In the present study, this clinic con-
tributed with additional information regarding numbers of pa-
tients treated with surgery for CDD each year. Their records
included data on county of residence of their patients and
mean age, but no individual data on age, gender, or presence
of myelopathy. As a consequence, these data (9.1 %) were not
age and gender adjusted, and after clinical assumption, all
patients were classified as radiculopathy. Only a few other
small clinics without public reimbursement were sporadically
performing cervical spine surgery. In order to identify the
exact number of other procedures for CDD not reported to
the NPR during the study period, we conducted a telephone
survey among the remaining relevant private clinics.

Statistical analyses and ethics

To allow comparison between residential areas, all surgery
rates were adjusted for age and gender by the direct method

Table 1 Procedural codes from the NCSP and ICD-10 codes
differentiating myelopathy and spondylosis and or radiculopathy

Surgical procedures on the cervical column, NCSP

ABC 01, 10, 20, 21, 30, 50, 60, 99 –Decompression of spinal cord and
nerve roots

NAB 90, 91 – Primary prosthetic replacement of joints of spine

NAC 90 – Secondary prosthetic replacement of joints of spine

NAG 00, 10, 30, 40, 60, 70 – Excision, reconstruction, and fusion of
joints of the spine

NAK 10 – Resection or excision of vertebrae

Investigated for, but not found: NAE 90, NAF 90, NAG 20

ICD-10 Codes considered as myelopathy

M47.1, − Spondylosis with myelopathy

M48.02 – Other spondylopathies with myelopathy

M50.0 – Cervical disc disorders with myelopathy

G82.1, G82.4 – Paraplegia and tetraplegia

G83.0, G83.2 – Other paralytic syndromes

G95.2 – Unspecified compression of the spinal cord

G99.2 – Myelopathy in diseases classified elsewhere

ICD-10 Codes considered as radiculopathy or spondylosis

M47.2, 47.21, 47.22, 47.23 - Other spondylosis with radiculopathy

M47.8, 47.81, 47.82, 47.83 - Other specified spondylosis

M48.0, 48.01-03 - Spinal stenosis

M50.1-3, 50.8, 50.9 - Cervical disc disorders

M53.0, 53.1 – cervicocranial and cervicobrachial syndrome

M54.2 - Cervicalgia

M99.3-7, Foraminal stenosis
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using the Norwegian population in 2013 as reference. The
p value for trend for the increase in age- and gender-adjusted
surgical rates was calculated by using a linear regression mod-
el. All analyses were performed with SAS Enterprise Guide v.
5.1 (SAS Institute Inc.) and Microsoft Excel (2013).

The Center of Clinical Documentation and Evaluation has
concession from the Norwegian Data Protection Authority
and confidentiality exemption from the Regional Committee
for Medical and Health Research Ethics (REC –North). The
concession provides access to unique personal data from the
Norwegian Patient Registry with information about patients
treated at Norwegian hospitals in the period 2008–2014.

Results

The total number of procedures in Norway increased from 711
in 2008 to 1356 in 2014. Of the 6511 procedures, 593 (9.1 %)
were performed in private health care. According to our tele-
phone survey, other private surgical units without public re-
imbursement had only performed 21 (0.3 %) operations that
had not been included in this survey. Thus, our study com-
prises 99.7% of the operations for CDD performed in Norway
during the study period.

Of 5918 operations in the public health system, 55.8 %
were performed on men. The mean age at time for surgery
was 50.8 years for women and 52.2 years for men, and 79.4 %
of operations were performed for radiculopathy and 20.6 %
for myelopathy. Mean age for those operated in the private
health care was 49.0 years (Fig. 1).

We observed an increase of 74.1 % in annual rates for
treatment of CDD, from 16.9/100,000 in 2008 to 29.4/100,
000 in 2014. P for trend=0.008. The annual surgical rate for
CDD with radiculopathy increased with 86.5 %, from 12.1/
100,000 in 2008 to 22.6/100,000 in 2014, while it was

relatively stable for myelopathy around 4.7/100,000 from
2008–2013 with a more pronounced increase from 2013–
2014 from 4.7/100,000 to 6.8/100,000.

In all of the residential areas of the RHAs, the surgical rates
were increasing during the study period. Patients settled in
central Norway had the highest increase, 100 %, from 9.6/
100,000 in 2008 to 19.2/100,000 in 2014. Patients settled in
southern and eastern Norway RHA had the lowest increase,
69.6 %, from 17.1/100,000 in 2008 to 29.0/100,000 in 2014
(Fig. 2). Most of the increase between 2013 and 2014 oc-
curred in western and southern and eastern Norway RHAs.
The surgical rates for myelopathy have remained relatively
stable around the national average over the years for all RHAs.

The average surgery rates between 2008 and 2014 varied
by 40.6 % between the southern and eastern Norway and the
central Norway RHAs. Between the other RHAs, the differ-
ences were smaller.

The largest difference in average surgical rates between
counties within an RHA was found in the western Norway
RHA, the incidence rate in Rogaland (29.5/100,000) was 2.5
times larges than in Sogn and Fjordane (11.8/100,000). In the
southern and eastern Norway RHAs, there was a similar gap.
The incidence rate in Østfold (31.3/100,000) was 2.3 times
larger than in Telemark (13.9/100,000). Patients from all
counties in Norway were treated in private health care. The
contribution of surgery performed in the private sector did not
seem to change the regional differences in surgical incidence
rates, observed in the public health care, but followed the same
patterns (Fig. 3).

From 2008 to 2014, the surgery rates for patients aged 50–
55 increased from 36.8/100,000 per year to 70.1 per 100,000
per year. For patients aged 75–80, there was an increase from
7.4/100,000 per year in 2008 to 23.7 per 100,000 in 2014, i.e.,
by a factor of 3.2.
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public and private hospitals, per 100,000 inhabitants
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Discussion

This population-based study, including 99.7 % of all neck
surgery performed in Norway, shows that the incidence rate
of procedures for CDD in Norway increased by 74.1 % from
2008 (16.9/100,000) to 2014 (29.4/100,000), and by 86.5 %
for the subgroup operated for radiculopathy. The increase was
highest among patients aged 75–80 years. The average for the
period varied by 40 % between RHAs and by a factor of 2.5
within one RHA. The treatment rate for myelopathy was more
stable throughout the observation period and similar across
population areas.

In the USA, the growing rate of surgery for CDD in the
population and regional variation are well-known and debated
phenomena and may have many different causes [13–18].
Despite striking differences in surgical incidence rates, for
example between 17/100,000 and 172/100,000 in the
American Medicare system, previous studies have shown that
the prevalence of degenerative spine conditions varies little
between geographic areas [12, 19]. This study was not de-
signed to investigate underlying mechanisms. However, vari-
ation was mainly found for the more relative surgical indica-
tion, radiculopathy, as opposed to the more absolute indica-
tion, i.e., myelopathy. It is therefore unlikely that an increase
in CDDmorbidity or differences between residential areas can
explain our findings. It is also unlikely that this variation is
caused by differences in demographics, general morbidity,
geographical distance to the surgical units, or access to health
services in general [20]. The differences in surgical rates we

found between counties could more likely be explained by
local difference in referral praxis and treatment traditions,
event though they occur within the same RHA. Compared to
average surgical rates from the USA of 60.8/100,000, the
Norwegian rates and the geographic variation seem to be no
more than moderate [10–13, 21, 22]. We have no evidence for
what the appropriate rate of surgery in our population should
be. Davis et al. [23] argued that economic incentives through
reimbursement agreements will influence the surgery rates. A
study from Dartmouth Medical School in the USA showed
that availability of imaging techniques accounts for 22 % of
the variation in utilization of spine surgery [12]. Other studies
have also indicated that more imaging can lead to more refer-
rals to surgical treatment [9, 12, 22–24]. A study from Weber
et al. from 2014 reported that surgery for primary intraspinal
tumors increased in correlation with an increased availability
of diagnostic magnetic resonance imaging before 2002 [25].

Several authors have proposed that a technological advance
in surgery and anesthesiology makes operative treatment safer
and more accessible, also for the older population with more
comorbidity [9, 21–23, 26, 27]. The aging of the population in
itself would also increase the utilization of spine surgery due
to the progressive nature of CDD [9, 10, 23, 26].We found the
highest increase among patients aged 75–80 (Fig. 4). The
average age increased by 1.5 years during the 7-year period,
while the average age in the Norwegian population only in-
creased by 0.4 years in the same period. A growing supply of
spinal surgeons could also increase the demand for cervical
spinal procedures [9, 21–23, 26], as seen for degenerative
disorders of the lumbar spine [28, 29].

The abrupt increase from 2013 to 2014 was highest in
RHAs and counties with high utilization of both private and
public surgical units. The reason why the inhabitants in these
areas have easier access to surgery for CDD remains unex-
plained. We found no proportionate increase in age over these
2 years.
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The most striking difference between health care in
Norway and in the USA is the high-frequency private health
insurance and a much more frequent use of private surgical
hospitals in the USA. In Norway, all citizens have public
health insurance, and the use of private supplementary health
insurance has traditionally been low, but has shown consider-
able growth during the last decade [30–32]. This has paved the
way for private clinics without public reimbursement agree-
ments, which offer fast-track treatment for patients with pri-
vate health insurance. The market for private clinics is there-
fore likely to grow, and this could lead to an increase in the
incidence of surgery for CDD. In our study, we could not find
that the contribution from the private health care compensated
the regional differences in surgical rates.

In many cases, it is unclear whether CDD conditions
should be treated surgically or conservatively [5, 6]. It has
been reported that a high level of agreement on treatment
indications among health care providers is associated with
low-grade variation in surgical incidence rates, and that lack
of therapeutic consensus may lead to a higher variation [12].
One reason why the variation was small as compared to the
USA may be the small number of surgical units in Norway,
making it easier to establish consensus about therapeutic
guidelines.

One study reported that patients from small areas with low
spine surgery rates experienced better outcomes than those
from areas with high incidence [33]. To study how surgical
rates are associated with patient outcomes, it will be necessary
to link incidence rates, not only to outcome, but also baseline
data about indications for surgery. Such information will be
available from large clinical spine surgery registries, and have
been presented for surgery in the lumbar spine [34].

Strengths and limitations

The strength of this study is the almost complete inclusion
(99.7 %) of the Norwegian population that experienced neck
surgery through a mandatory national registry, NPR, and self-
reported fromOslofjord clinic. The most important limitations
of our study are those inherent to large population registries as
the NPR, such as false registration and wrongful use of coding
systems. Reporting to the NPR is mandatory and integrated in
the administrative systems and electronic patient records of
the hospitals. It is a prerequisite for reimbursement.
However, it is impossible to rule out that some cases may
not have been reported.

Operations performed in private health care (9.1 %) were
lacking information about age and gender per county and
adjusting rates for age and gender was not possible. This could
theoretically bias our estimates. However, earlier research has
shown that the patient population at the OFC was very similar
to those handled in the public health service [27]. Another

limitation is the lack of clinical data on health state, work
status, and reoperation rates.

Conclusions

Our study shows that the rate of surgical treatment for
radiculopathy due to CDD has increased significantly over
7 years in Norway, especially among those aged 75–80 years.
The incidence rate for surgical treatment of myelopathy was
more stable. An unexplained and moderate geographic varia-
tion was found, more between smaller residential areas
(counties) than between larger ones (Regional Health
Authority Areas)
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