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Abstract

Background The incidence of surgery for degenerative cervical spine disease (DCSD) has risen by almost 150% in the USA in
the last three decades and stabilized at slightly over 70 operations/100,000 people. There has been significant regional variation in
the operation incidences. We aim to assess the diagnosis-based, age-adjusted trends in the operation incidences and the regional
variation in Finland between 1999 and 2015.

Methods Data from the Finnish Hospital Discharge Register (FHDR), the Cause of Death Register, and the registers of the Social
Insurance Institution were combined to analyze all the primary operations for DCSD or rheumatoid atlanto-axial subluxation
(rAAS). Combinations of the operative and the diagnosis codes were used to classify the patients into five diagnostic groups.
Results A total of 19,701 primary operations were included. The age-adjusted operation incidence rose from 21.0 to 36.5/
100,000 people between 1999 and 2013 and plateaued thereafter. The incidence of surgery for radiculopathy increased from
13.1 to 23.3 operations/100,000 people, and the incidence of surgery for DCM increased from 5.8 to 7.0 operations/100,000
people. The rise was especially pronounced in surgery for foraminal stenosis, which increased from 5.3 to 12.4 operations/
100,000 people. Of the five diagnostic groups, only operations for rAAS declined. Operations increased especially in the 40- to
65-year-old age group. The overall operation incidences varied from 18.3 to 43.1 operations/100,000 people between the
university hospitals.

Conclusions The age-adjusted incidence of surgery for DCSD has risen in Finland by 76%, but the rise has plateaued. Surgery for
radiculopathy, especially for foraminal stenosis, increased more steeply than surgery for degenerative medullopathy, with vast
regional differences in the operation incidences.
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Introduction

Data on the incidence or the prevalence of radiculopathy or
especially myelopathy is scarce. Between 83.2 and 179/
100,000 people have been diagnosed annually with
radiculopathy [29, 33] and in a door-to-door survey,
radiculopathy was found in 350 per 100,000 people [31].
The prevalence of spondylotic myelopathy (CSM) is not
known [7, 12, 41], but in Taiwan and in the United States
(US), 4.04 people per 100,000 person-years [40] and 7.88
per 100,000 people [16], respectively, were hospitalized for
CSM. A radiological study of cervical MRI scans found ra-
diological signs of myelomalacia unrelated to trauma or pre-
vious surgery in 4.2% of patients age 18 or older [41].

The benefit of surgery over conservative treatment for de-
generative cervical spine disease (DCSD) has not been un-
equivocally demonstrated [6, 15, 38, 39]. Nevertheless, the
estimated rate of surgery for degenerative cervical symptoms
has risen steadily from the 1970s onwards until the last decade
in the US [3, 9, 18, 22, 24, 26] and stabilized at between 70
and 80 operations/100,000 people [18] (a summary of the
previous literature is provided in the Supplementary
Table S1). A similar rise in the operation rates has been re-
cently demonstrated in Norway as well [14]. However, sys-
tematic longitudinal nationwide incidences for the different
diagnostic entities have not been reported.

We aim to assess the trends and regional variation in
the incidence of operations for degenerative and rheuma-
toid cervical spine disease independent of the change in
the population age and sex distribution. The analysis in-
cludes every primary operation performed between 1999
and 2015 in both public and the private hospitals in
Finland, which has a regionally organized hierarchical,
tax-funded health care system accessible to all residents.

Materials and methods
Study design and data sources

The PERFECT (PERFormance, Effectiveness, and Cost of
Treatment episodes) Cervical Spine database was created by
retrospectively combining data from the Finnish Hospital
Discharge Register (FHDR), the Cause of Death Register,
and the registries of the Social Insurance Institution (SII) to
include all the operations performed in Finland from 1999 to
2015 for degenerative or theumatoid cervical disease. All of
the administrative registries mentioned above utilize personal
identity codes (PIC), which allows the data to be linked reli-
ably on an individual level as well as making a differentiation
between primary operations and reoperations. The method for
the database construction in the PERFECT project has been
elucidated in detail previously [27]. The coverage of the
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FHDR data has been shown to be over 95% and the FHDR
based diagnosis has been confirmed by comparison with ex-
ternal data in 75 to 99% of the cases, with a higher likelihood
of false positives for rare diseases [36]. The register of special
reimbursements of the SII for the treatment of chronic ill-
nesses was utilized to identify patients with RA and to en-
hance the comorbidity data provided by the FHDR. Data on
the use of prescription drugs, identified by the Anatomical
Therapeutic Chemical (ATC) codes, was collected from the
registers of the SII.

The creation of the PERFECT Spine database was ap-
proved by the Ethics Committee of the National Institute
for Health and Welfare (THL 496/6.02.00/2011), and the
respective authorities of the administrative registries ap-
proved the combining of the data. As the data was ac-
quired from the administrative registries anonymized,
and the patients were not contacted, informed consent
was not required. The article was constructed in adher-
ence with the STROBE guidelines.

Study setting and patients

The patients were identified from the FHDR by using the
primary and secondary cervical spine operation codes from
the Finnish version of the Nordic Medico-Statistical
Committee Classification of Surgical Procedures
(NOMESCO, http://urn.fi/lURN:ISBN:978-952-245-858-2).
The inclusion of each patient was further evaluated by a
cross-linkage with a World Health Organization International
Classification of Diseases (WHO ICD-10, the 2016 version)
diagnostic code consistent with degenerative or rheumatoid
cervical spine disease (http://urn.fi/URN:NBN:fi-
£€201205085423). The operative and diagnostic codes used
are listed in Table 1. The patients were classified into five
diagnostic and three procedure groups as depicted in
Table 2; the process of data purification is illustrated
in Fig. 1. Each patient was entered into the database only
once even if they had undergone multiple operations and were
followed since the day of the first cervical operation for at least
2 years postoperatively. The comorbidity data was collected
from the FHDR from 1987 until the time of the first operation
for each patient individually by using the ICD-10 and the
corresponding ICD-9 codes (Supplementary Table S2).
From the SII registers, the comorbidities were recorded cov-
ering the year preceding the index operation by using the
special reimbursement codes and the ATC-codes
(Supplementary Table S3). The FHDR data and the SII data
on the comorbidities were combined and comorbidity was
recorded if it was documented in either of the two registers,
except for epilepsy, which was diagnosed solely on the SII
reimbursement code or the diagnosis code.

Patients younger than 18 years of age, residing outside
mainland Finland, or with an ICD-10 code consistent with
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Table 1 The diagnosis (the 10th

version of the World Health Diagnosis code
Organization International Disc protrusion (intervertebral disc disorders)
Classification of Diseases) and M50.0 (*G99.2) Cervical disc disorder with myelopathy

the procedure (Nordic Medico-
Statistical Committee M50.1
classification of surgical M50.2
procedures) codes used to identify M50.3
anq group degenerative cervical M50.8
spine patients

M50.9

M99.5
M99.7
G55.1%

Cervical disc disorder with radiculopathy

Other cervical disc displacement

Other cervical disc degeneration

Other cervical disc disorders

Cervical disc disorder, unspecified

Intervertebral disc stenosis of neural canal

Connective tissue and disc stenosis of intervertebral foramina

Nerve root and plexus compressions in intervertebral disc disorders

Foraminal stenosis (bony or ligamentous obstruction)

M47.2
M99.6
G55.2%

Other spondylosis with radiculopathy
Osseous and subluxation stenosis of intervertebral foramina

Nerve root and plexus compressions in spondylosis

Spinal canal stenosis (bony or ligamentous obstruction)

M47.1
M47.8
M47.9
M48.0
M99.2
M99.3
M99.4
G95.2
G99.2

Other spondylosis with myelopathy

Other spondylosis without myelopathy or radiculopathy
Spondylosis, unspecified

Spinal stenosis (caudal stenosis)

Subluxation stenosis of neural canal

Osseous stenosis of neural canal

Connective tissue stenosis of neural canal

Cord compression, unspecified

Myelopathy in diseases classified elsewhere

Atlanto-axial subluxation

M43.3
M43.4
MOS5 x
MO06.x

Recurrent atlanto-axial subluxation with myelopathy
Other recurrent atlanto-axial subluxation
Seropositive theumatoid arthritis

Other rheumatoid arthritis

Procedure codes for cervical operations

Anterior decompression and fusion/prosthesis procedures

ABC21
NAG40
NAG41
NAG72
NAB92

Anterior decompression of cervical spine with insertion of interbody fixating implant
Anterior fusion of cervical spine without fixation

Anterior fusion of cervical spine with fixation

Total replacement of vertebra by reconstruction

Replacement of intervertebral disc with prosthesis

Decompression procedures (anterior or posterior)

ABCO01
ABCI10
ABC20
ABC30
ABC50
ABC60
ABC99

Percutaneous endoscopic discectomy for cervical intervertebral disc displacement
Microsurgical excision of cervical intervertebral disc displacement

Open discectomy of cervical spine

Decompression of cervical nerve roots

Decompression of cervical spinal canal and nerve roots

Decompression of cervical spinal cord

Other decompressive operation on spinal cord or nerve root

Posterior decompression and fusion procedures

NAG42

Posterior fusion of cervical spine with or without fixation
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Table 2 The combinations of the diagnosis (the 10th version of the
World Health Organization International Classification of Diseases) and
the procedure (Nordic Medico-Statistical Committee Classification of

Surgical Procedures) codes used to group degenerative and rheumatoid
cervical spine patients

Diagnostic group Diagnosis codes

Procedure codes

Decompression only

Anterior decompression Posterior decompression

and fusion and fusion
(or disc replacement)
Disc protrusion (DP) M50.0 ABCO1 NAG40
M50.1 ABCI10 NAG41
M50.2 ABC20 NAB92
M50.3 ABC30
M50.8 ABC50
M50.9 ABC60
G55.1
Foraminal stenosis (FS) M47.2 ABC30 NAG40 NAG42
G55.2 ABC50 NAG41
M99.6 ABC99
M99.7
Spinal canal stenosis (SCS) M47.1 ABC30* ABC21 NAG42
M47.8 ABC50 NAG40
M47.9 ABC60 NAG41
M48.0 ABC99 NAG72
M99.2
M99.3
M99.4
M99.5
G95.2
G99.2
Degenerative atlanto-axial M43.3 NAG42
subluxation (dAAS) M43.4
Rheumatoid atlanto-axial MO5.x NAG42
subluxation (rAAS) MO06.x

M43.3 and SII? code for RA®
M43.4 and SII code for RA

#Social Insurance Institution of Finland
P Rheumatoid arthritis

*A total of 688 cases with diagnosis codes consistent with spinal canal stenosis and the operative code ABC30 for foraminotomy, mostly from one

hospital, were also included in the spinal canal stenosis group

cancer, inflammatory spondylitis other than RA, other second-
ary spondylarthropaties, osteoporotic fracture, congenital spi-
nal deformity, osteochondrodysplasia, or trauma as an indica-
tion for surgery were excluded from the study. Further, pa-
tients with a previous cervical spine operation after 1986 were
excluded from the data.

Demographic data

The hierarchical system of treatment and referral in Finland is
based on the area of residence, so the incidence of surgery for
each hospital was calculated based on the adult population of
its referral area. The number of working-age neurosurgery
specialists for each year was obtained from the Finnish
Medical Association.

@ Springer

Statistical analyses

The population characteristics were described with pro-
portions, means, and standard deviations. The measures
of incidence were standardized for age and sex by the
indirect method of standardization, calculating the ob-
served cases against expected cases in the entire adult
population of mainland Finland and comparing the ob-
served cases to the mean of expected cases between
1999 and 2015. As data is presented for the entire popu-
lation rather than a sample of the population, the use of
statistical significance testing was not considered appro-
priate. Due to the low number of patients in the degener-
ative AAS group, the AAS subgroups were combined for
analyses.
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FHDR* searched for all the operations with
the NOMESCO** operative code “ABC10”, “ABC20”,

“ABC30”, “ABC50”, “ABC60”, “NAG40”, “NAG41”,
“NAG42”, “NAB92”, “ABCO1”, “ABC21”, “ABC99”
or “NAG72” (1994—2016) or

9211, 9202,9171,9172 (1987-1993)

Operations performed prior to 1999 and after
2015 excluded

63982 operations identified

v

27104 operations on 24039 patients performed
between 1999-2015 remain for analysis

Patients with a prior cervical spine operation
excluded (n=1085)

. . . Patients with simultaneous index operation period entries
22954 patients remain for analysis excluded (n=162)
v

22792 patients remain for analysis

Patients without PERFECT study reference number
excluded (n=3)

v

22789 patients remain for analysis

Patients with an WHO ICD-10*** diagnosis code other than
"M500”-"M509", "M471”, "M472", "M478”, "M479”, "M480”,
"G55.1”, "G552", G992”, "G952”, "M992”-M997”, "M433",
"M434", "M05" or "M06" excluded (n=2385

v

20404 patiens remain for analysis

Patients younger than 18 years (n=18) or residing outside
mainland Finland (n=46) excluded

v

20340 patients remain for analysis

B S D S R

Patients with inconsistent combinations of diagnosis and
operation codes (not classifiable for the study)
excluded (n=639)

19701 patients operated between 1999 and
2015 remain for analysis

TN NN N NN N Y

N

Fig. 1 Data purification flowchart

Results
Patients

Data on 24,039 patients was collected from the FHDR. After
data purification, 19,701 patients were reliably identified as
having undergone a primary cervical spine operation for de-
generative or rheumatoid cervical spine disease in Finland
between 1999 and 2015 (Fig.1). A detailed description of
the patient demographics is given in Table 3. The patients that
underwent operations were slightly older and more frequently
male than the catchment population (Supplementary
Table S4). A total of 54.6% of the operated patients were 45
to 60 years old.

Operation incidences and indications

The mean operation incidence over the study period was 27.6/
100,000 people. The indication for operation was disc protru-
sion (DP) in 35.2% of the operations, foraminal stenosis (FS)

in 34.9%, and spinal canal stenosis (SCS) in 28.3% of the
operations. The overall operation incidences in each diagnos-
tic group are given in Table 4. The overall age- and sex-
adjusted rate of surgery for radicular symptoms (DP and FS
groups, excluding the patients with the ICD-10 diagnosis code
M350.0) was 19.3/100,000 people and for degenerative cervi-
cal myelopathy (DCM) (SCS-group, excluding the patients
with the diagnosis codes M47.8 and M47.9) 6.6/100,000 peo-
ple (Table 4). A total of 94.9% of the operations were per-
formed in public hospitals.

Trends over time

The adjusted incidence of operations varied between 19.2 and
36.5 per 100,000 people. An increasing trend from 1999 to
2013 was observed, but the incidence plateaued thereafter.
The increase in the operation rates was the highest for FS
(134%, Table 4, Fig. 2a). For DP, the rise in the incidence of
surgery was slight compared with SCS and especially FS
(Table 4, Fig. 2a). Of the patient groups, only operations for
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Table 3 The baseline data of the

patients operated for degenerative Disc Foraminal Spinal canal AAS? All patients
or rheumatoid cervical spine protrusion stenosis stenosis
disease in Finland between 1999
and 2015 Patients (N) 6926 6874 5580 321 19,701
Female (%) 47.9 424 40.7 77.3 444
Mean age 47.5 533 60.0 61.2 533
Age, SD 9.7 9.0 11.9 11.4 11.4
Age group (%)
1844 39.1 154 9.6 7.5 22.0
45-60 52.4 66.7 43.6 31.8 54.6
61-75 7.7 16.2 354 52.0 19.3
Over 75 0.7 1.7 11.3 8.7 42
Comorbidity (%)
Rheumatoid arthritis 2.7 4.0 6.0 913 5.5
Hypertension 25.1 353 46.8 48.0 352
Atrial fibrillation 22 3.9 6.6 10.0 4.1
Cardiac insufficiency 0.4 0.8 2.6 6.5 1.3
Coronary artery disease 4.1 6.8 12.0 12.8 74
Peripheral artery disease 0.6 1.0 3.0 34 1.5
Hypercholesterolemia 8.8 13.5 15.0 6.5 12.1
Diabetes 6.0 7.0 12.5 6.2 8.2
Uremia 0.1 0.1 0.5 0.9 0.2
Cancer 32 42 8.0 11.5 5.1
COPD® or asthma 153 16.8 16.9 10.3 16.2
Dementia 0.1 0.3 1.5 1.2 0.6
Demyelinating or 0.8 0.9 22 0.3 1.2
neurodegenerative
disease (other than dementia)
Parkinson’s disease 0.6 1.1 24 1.6 1.3
Epilepsy 1.4 1.6 24 22 1.8
Cerebrovascular disease 3.0 4.1 8.0 34 4.8
Depression* 19.0 224 20.0 14.3 20.4
Other mental disorder 3.1 3.7 5.0 12 3.8
Alcohol/drug addiction 34 4.5 4.7 22 4.1
Arthrosis of the hip or knee joint 1.1 2.6 6.1 3.1 3.1
Arthrosis of the shoulder joint 0.2 0.5 02 0 0.3
Rotator cuff syndrome 6.1 10.4 6.3 22 7.6
Fibromyalgia 0.1 0.1 0.1 0 0.1
Hospital status (%)
Public 93.6 97.9 93.4 84.7 94.9
Private 6.4 2.1 6.6 153 5.1

2 AAS atlanto-axial subluxation

® COPD chronic obstructive pulmonary disease

*Prevalence of depression is likely vastly overestimated. Comorbidity recording is based on the use of antide-
pressants, which in this patient group may be used for neuropathic pain

AAS decreased, with operations for rAAS declining from 37
per annum in 1999 to a mere 3 in 2015. The incidence of
surgery for degenerative AAS remained very low. The adjust-
ed incidence of operations for radiculopathy rose from 13.1 to
23.3/100,000 people. The annual incidences of operations for
myelopathy varied between 5.8 and 8.3/100,000 people;
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however, a slightly increasing trend was observed. The oper-
ation incidences are given in Table 4 and illustrated in Fig. 2a
and b. The most marked increase was in the 45-to-60-year age
group and especially for FS (Table 4, Fig. 3a—d). The mean
age of the patients rose from 52.5+11.9 to 54.3 £11.8 years,
while the mean age of the catchment population rose from
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Fig. 2 The adjusted overall incidence of operations in each diagnostic (a)
and age (b) group (observe the differences in the scaling between a and
b). DP, disc protrusion; FS, foraminal stenosis; SCS, spinal canal stenosis;

rAAS rheumatoid atlanto-axial subluxation; dAAS, degenerative atlanto-
axial subluxation

47.2 to 49.9 years (Supplementary Table S3). The percentage
of operations performed in private hospitals remained low,
between 1.8 and 5.6%, with the exception of the years
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2004-2007, when 11.3 to 14.5% of the operations were per-
formed in private hospitals. The number of working neurosur-
gery specialists rose from 45 in 1999 to 92 in 2015 (1.1/
100,000 to 2.1/100,000 people aged 18 years or older).

Regional differences

There was over a 2.5-fold difference in the overall adjusted
operation incidence between the highest and the lowest rate
university hospitals (43.1 and 18.3 operations/100,000
people; Table 4, Fig. 4a). The differences in the incidences
were most pronounced in the FS group with the overall inci-
dences ranging from 1.6 to 21.1 per 100,000 people (Fig. 4b).
The incidence of surgery for FS rose in all five university
hospitals, but the differences remained substantial (Table 4,
Fig. 4b). The regional incidences in each diagnosis group
are illustrated in Fig. 4a—d. There were also differences be-
tween the tertiary level hospital regions within some of the
university hospital catchment areas (Supplementary Fig. S5).

Discussion
Key results

The age- and sex-adjusted incidence of surgery for cervical
degeneration or rheumatoid cervical disease rose from 21.0 to
36.5/100,000 people between 1999 and 2013 and plateaued
thereafter. The rise was the most pronounced in the foraminal

b -~ 18-44
-= 45-60
-+ 61-75
-*- over75
2000 2005 2010 2015
Year
d
2000 2005 2010 2015
Year

Fig. 3 The adjusted incidences of operation for disc protrusion (a), foraminal stenosis (b), spinal canal stenosis (¢), and rheumatoid atlanto-axial
subluxation (d) in each age group (observe the differences in the scaling between a—c and d)
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Fig.4 The adjusted incidences of operation in each university hospital overall (a), for disc protrusion (b), for foraminal stenosis (¢), and for spinal canal

stenosis (d) (observe the differences in the scaling between a and b—d)

stenosis group and in the 45-to-60-year age group (Fig. 3a—d).
The incidence of surgery for radiculopathy increased by
77.9%, from 13.1 to 23.3 operations/100,000 people, while
the operations rates for DCM increased by only 20.7%, from
5.8 to 7.0 operations/100,000 people. Of the five diagnostic
groups, surgery for FS became the most common indication
by 2006, with a mean incidence of 13.3/100,000 at 2011—
2015. During the same period, the mean incidences of surgery
for DP and SCS were 11.1/100,000 and 9.3/100,000 patients.
The overall operation incidences varied from 18.3 to 43.1
operations/100,000 people between the highest and the lowest
incidence university hospital catchment area; the variance be-
ing the highest for FS. The operations for rheumatoid AAS
very nearly ceased during the study period.

Indications for surgery

Approximately 35% of the operations were performed for disc
protrusion, 35% for foraminal stenosis, and 28% for spinal
canal stenosis. Over the 17-year period, the operations for
FS especially increased, while the incidence of operations
for DP only slightly increased. The distribution in the diagno-
ses is similar to the findings from Norway, where 79% of the
operations were performed for radiculopathy and 21% for
myelopathy [14]. However, in a recent study of all the cervical
fusions in the state of New York, 70% of the operations were
found to be performed for degenerative disc, 30% for
spondylosis, and only 13% for spinal stenosis [32]. This
may suggest differences in the operation indications between

Finland and the US, particularly in the operations for axial
neck pain, for which the indications are controversial [8,
30]. In our analysis, the operation indication was coded as
axial neck pain (ICD-10 codes M47.8, M50.2 - M50.9) in
only 299 operations, representing 1.5% of all the operations.

Trends in the incidence of surgery

The rate of surgery in Finland appears to be slightly higher
than the rate found in Norway but is only 25 to 48% of the
reported estimated incidence of surgery in the US which, how-
ever, are not restricted to primary operations [14, 18, 22, 24,
26]. The differences in the data sources and the inclusion
criteria make direct comparisons of the rates somewhat uncer-
tain. Finland and Norway have similar tax-funded hierarchical
health care systems (The Health Systems and Policy Monitor,
www.hspm.org). In both Finland and Norway, the primary
care physicians are the gatekeepers for a specialist
consultation. In Finland, MRI scanning is reimbursed by the
SIT only if there is a referral from a specialist. These factors
limit the access to imaging and specialist consultation perhaps
more strictly than in insurance-funded systems. Insurance sta-
tus has previously been proven to influence the operation rates
for DCSD [1, 2]. The prevalence of the DCSD symptoms or
the patient attitudes toward surgery may be different between
these two North-European countries and the US. The preva-
lence of the symptoms of neural compression has not been
studied in Finland. However, in a nationally representative
cluster sample of Finnish people aged 18 years or older,
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40% of women and 26% of men over the age of 30 years
reported having experienced neck pain during the past month
[17], which is consistent with the 15.4 to 45.3% preva-
lence reported internationally [11]. The operation indica-
tions may also be different, as indicated by the distribu-
tion of operative diagnoses found in New York [32] com-
pared with Finland or Norway [14]. It has also been suggested
that the increase in the operation rates and the inclusion of
fusion in the US might be due to the surgeons’ financial inter-
ests [2, 24]. In Finland, the surgeons working in the public
hospitals receive a fixed salary independent of the number or
type of operations they perform.

The age- and sex-adjusted operation rates increased by
76% in Finland between 1999 and 2013 and plateaued there-
after. The rate of surgical hospitalizations in general has
remained stable between 1995 and 2010 [21]. In the US, the
rate of surgery for DCSD appears to have more than tripled
between 1990 and 2013 and seems to have plateaued at 72 to
75 operations per 100,000 people [18, 22, 24, 26]. The in-
crease in Finland was the most pronounced in the FS group,
while the increase in surgery for SCS or DP was lower. The
operations increased especially in the middle-age, working-
age patient group, which is in concordance with the increase
in surgery for FS and the progression of degeneration with age
[25]. In Norway, the operation incidence increased especially
in the oldest age groups [14]. In the US, the mean age of the
patients has risen [1, 22, 24, 26] while in Finland, the mean
age of the patients actually rose less than in the catchment
population. The rise in surgery for radiculopathy (a 77.9%
increase in the adjusted operation frequency between 1999
and 2015) and particularly for FS, compared with a 20.7%
increase in operation rates for DCM, illustrates a shift in the
operative indications. In Norway, operations for radiculopathy
increased by 86.5% and for DCM by 74.1% between 2008
and 2014 [14]. In the US, operations for CSM increased from
0.6 to 4.1/100,000 people between 1993 and 1997 [16]. In
Finland, the number of neurosurgery specialists almost dou-
bled during the study period, which may have influenced the
availability of neurosurgical evaluation and treatment.

Operations for rAAS declined by 90%. The incidence of
seropositive RA did not change and only the incidence of
seronegative RA in females declined in Finland between
2000 and 2007 [28]. The introduction of disease-modifying
anti-theumatic medications has induced a decline in the rates
of joint arthroplasty [20, 23, 35] and most likely influenced
the decline in rAAS surgery. In the US, the rates of surgery for
rAAS have also declined [35].

The operative techniques changed as well during the
study period. In 1999, most of the operations were de-
compressions without fusion. By 2006, anterior cervical
decompression and fusion (ACDF) became the most
commonly used technique and in 2015, and 85% of the
operations were ACDF. A detailed discussion of the
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changes in the operative techniques is provided separate-
ly (reference to a separately submitted manuscript).

Regional differences

The rates of surgery varied by over 2.5-fold between the five
university hospitals (Table 4), but much less within the catch-
ment areas (Supplementary Fig. S5). The differences were
particularly marked in the FS group. The myelopathic symp-
toms of SCS or motor weakness, which is more common in
DP, may more consistently be considered an indication for
operative treatment than the more prevalently sensory symp-
toms of spondylotic FS [34]. There may also be regional dif-
ferences in the prevalence of symptomatic DCSD. Similar
regional differences in cervical spine surgery have been found
in the US and Norway both at a county level and between the
different parts of the countries as well [1, 2,9, 14, 18,37]. Ina
population-based study of lumbar spinal surgery, the factors
influencing the rate of surgery were the surgeons’ keenness
and the presence of MRI scanners, while the supply of sur-
geons or family physicians, the prevalence of the disease, or
the patients’ enthusiasm was not significantly related to surgi-
cal rates [4]. In Finland, regional differences have been detect-
ed for instance in the rate of hip and knee arthroplasty as well
as lumbar discectomy [13, 19]. Regional differences in the
rates of various elective operations have been reported inter-
nationally as well and seem to remain relatively stable over the
decades [5]. The differences in the regional operation rates
probably reflect the lack of evidence on the superiority of
different treatment modalities in the varying clinical scenarios
of cervical degenerative disease. Prospective clinical series
demonstrate the effectiveness of surgical treatment whereas
the indications are often elusive in the continuum of degener-
ative changes and leave room for clinical judgment and local
practice policies. Based on our data, it is not possible to ascer-
tain the prevalence of radiculopathy or myelopathy in the
population, nor the optimal rate of surgery.

Strengths and limitations of the study

Every patient, from all the hospitals in Finland, undergoing an
operation and fulfilling the inclusion and the grouping criteria
was included in the study. The selection bias inherent to ret-
rospective studies was probably avoided as the exclusion of
the patients with incomplete data occurred presumably in a
random manner. The Finnish public health care system is
available to all residents and is tax-funded with a negligible
cost to the patients, thus permitting access to operative treat-
ment regardless of the financial circumstances of the patients.
The private hospitals are independent of the area of residence
and covered by occupational health plans, private insurance,
and partly by the SII, but only 5.5% of the operations occurred
in the private hospitals. Therefore, we assume that the risk of
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referral bias in the analysis of the regional rates is low. The
personal identity codes make the data compiling accurate and
facilitate the ability to distinguish between the primary opera-
tions and the reoperations. Further, the precise administrative
registries enable reliable operation rate adjustments for chang-
es in the age and gender distribution over the study period.

Most of the weaknesses are those inherent in studies utiliz-
ing administrative databases. Most importantly, pertinent clin-
ical information, including the severity or the duration of the
symptoms, cannot be determined from the administrative data.
Consequently, the actual operative indications cannot be ac-
quired and we can only speculate on the changes in time or the
differences between regions. Furthermore, data on possible
confounders, such as socioeconomic, educational, or smoking
backgrounds of the patients is lacking.

A combination of the procedure and the diagnostic codes
for the inclusion of the patients in the database was used to
amend the possible non-systematic coding errors, and patients
were excluded if the operative and the diagnostic codes could
not be matched (603 operations). However, 688 patients had
diagnostic codes classified as SCS and an operative code for
foraminotomy (ABC30). These were mostly from one hospi-
tal at the beginning of the study period and exceeded the
number of patients with the diagnosis code for FS (M47.2).
These cases were classified as SCS. Further, the code for lum-
bar spinal stenosis (M48.0) has been traditionally used in
some hospitals for cervical SCS (1156 operated patients with
the IDC-10 code M48.0 were identified) and was included in
the diagnostic criteria. Other systematic differences in the use
ofthe ICD-10 codes between the university hospitals may also
exist. Differences may be suspected especially in the coding
for FS and SCS, which may have caused the national inci-
dence of surgery for FS to be lower and for SCS higher than
the actual incidence. The coding practices seem to have
remained unchanged; the trends are likely to be more reliable
than the distribution of the diagnoses.

Generalizability

Every primary operation performed in Finland over the study
period was included, with presumably low selection bias. The
prevalence of DCSD may be different between different pop-
ulations, as differences in the incidence of radiculopathy [33]
and the operative rates between different ethnic groups [1, 10]
have been found. These results represent trends that are inde-
pendent of change in the population age or sex distribution as
well as the surgeon’s income or the insurance coverage.

Conclusions
The age- and sex-adjusted rate of surgery for degenerative

diseases of the cervical spine has increased from 20.7 to
36.5 operations per 100,000 people aged 18 or older in

Finland between 1999 and 2013 and plateaued thereafter at
slightly over 30 operations/100,000 people annually. The in-
cidence is approximately half of the estimated incidences
found in the US, which may be assumed to be explained
somewhat by the differences in the frequency of operations
for axial neck pain. During the last 5 years, the incidence of
surgery for radiculopathy reached the mean of 24.4 opera-
tions/100,000 people, while the mean operation incidence
for DCM was 7.6 operations/100,000 people. Of the specific
diagnostic groups, the age- and sex-adjusted rate of surgery
for both cervical disc protrusion and spinal canal stenosis in-
creased moderately, both of them fairly clearly defined condi-
tions based on the symptoms and the radiological findings.
However, the rate of surgery for foraminal stenosis, a more
chronic and ambiguous entity with less clear benefit from
surgery, increased by nearly 140%, from 5.2 to 12.4 opera-
tions per 100,000 people, and exceeded the rate of surgery for
both DP and SCS by over twofold. This is likely due to a
change in the operative indications and perhaps the patient
expectations. Surgery for rheumatoid AAS has almost disap-
peared, likely due to the effect of the immunomodulatory
drugs. There are vast regional differences in the rates of sur-
gery in Finland, reflecting the lack of convincing scientific
evidence and consequently of clear guidelines for surgical
indications and techniques.

Acknowledgments We would like to thank Jussi Antinheimo, MD, PhD,
Tiris Ruuth, MSc, and Henna Jurvanen, MSc, PhD, for their valuable
input in the design and the execution of the study. We would also like
to thank researcher Piitu Parmanne from the Finnish Medical Association
for the data on the neurosurgery specialists and Elizabeth Nyman and
Anniina Savolainen for the language editing.

The data can be attained from the National Institute for Health and
Welfare via the corresponding author upon justifiable request.

Funding The Hospital District of Helsinki and Uusimaa has granted the
study group and the responsible investigator State research funding
through the Orton Research Foundation (grant number 9310/403). The
corresponding author has received a personal research grant from the
Finnish Medical Foundation (Eka-apuraha, 2016). The sponsors had no
role in the design or conduct of this research.

Funding Information Open access funding provided by University of
Turku (UTU) including Turku University Central Hospital.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical approval The creation of the PERFECT Spine database was
approved by the Ethics Committee of the National Institute for Health
and Welfare (THL 496/6.02.00/2011). As the data was acquired from the
administrative registries anonymized, and the patients were not contacted,
informed consent is not required.

@ Springer



2158

Acta Neurochir (2019) 161:2147-2159

Abbreviations AAS, atlanto-axial subluxation; ACDF, anterior cervical
decompression and fusion; ATC, Anatomical Therapeutic Chemical;
CSM, cervical spondylotic myelopathy; DCM, degenerative cervical my-
elopathy; DCSD, degenerative cervical spine disease; DP, disc protrusion;
FHDR, Finnish Hospital Discharge Register; FS, foraminal stenosis;
ICD, International Classification of Diseases; NOMESCO, Nordic
Medico-Statistical Committee Classification of Surgical Procedures;
PIC, personal identity code; RA, rtheumatoid arthritis; #AAS, rheumatoid
atlanto-axial subluxation; SCS, spinal canal stenosis; S/, Social Insurance
Institution of Finland; US, United States; WHO, World Health
Organization

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Alosh H, Riley LH 3rd, Skolasky RL (2009) Insurance status, ge-
ography, race, and ethnicity as predictors of anterior cervical spine
surgery rates and in-hospital mortality: an examination of United
States trends from 1992 to 2005. Spine (Phila Pa 1976) 34:1956—
1962

2. Angevine PD, Arons RR, McCormick PC (2003) National and
regional rates and variation of cervical discectomy with and without
anterior fusion, 1990-1999. Spine (Phila Pa 1976) 28:931-940 dis-
cussion 940

3. Baird EO, Egorova NN, McAnany SJ, Qureshi SA, Hecht AC, Cho
SK (2014) National trends in outpatient surgical treatment of de-
generative cervical spine disease. Glob Spine J 4:143—150

4. Bederman SS, Coyte PC, Kreder HJ, Mahomed NN, Mclsaac W1J,
Wright JG (2011) Who’s in the driver’s seat? The influence of
patient and physician enthusiasm on regional variation in degener-
ative lumbar spinal surgery: a population-based study. Spine (Phila
Pa 1976) 36:481-489

5. Birkmeyer JD, Reames BN, McCulloch P, Carr AJ, Campbell WB,
Wennberg JE (2013) Understanding of regional variation in the use
of surgery. Lancet 382:1121-1129

6. Bono CM, Ghiselli G, Gilbert TJ, Kreiner DS, Reitman C,
Summers JT, Baisden JL, Easa J, Fernand R, Lamer T, Matz PG,
Mazanec DJ, Resnick DK, Shaffer WO, Sharma AK, Timmons
RB, Toton JF, North American Spine Society (2011) An
evidence-based clinical guideline for the diagnosis and treatment
of cervical radiculopathy from degenerative disorders. Spine J 11:
64-72

7. Boogaarts HD, Bartels RH (2015) Prevalence of cervical
spondylotic myelopathy. Eur Spine J 24(Suppl 2):139-141

8. Carragee EJ, Hurwitz EL, Cheng I, Carroll LJ, Nordin M, Guzman
J, Peloso P, Holm LW, Cote P, Hogg-Johnson S, van der Velde G,
Cassidy JD, Haldeman S, Bone and Joint Decade 2000-2010 Task
Force on Neck Pain and Its Associated Disorders (2008) Treatment
of neck pain: injections and surgical interventions: results of the
Bone and Joint Decade 2000-2010 Task Force on Neck Pain and
Its Associated Disorders. Spine (Phila Pa 1976) 33:153-169

9. Einstadter D, Kent DL, Fihn SD, Deyo RA (1993) Variation in the
rate of cervical spine surgery in Washington State. Med Care 31:
711-718

10. Fehlings MG, Kopjar B, Ibrahim A, Tetreault LA, Arnold PM,
Defino H, Kale SS, Yoon ST, Barbagallo GM, Bartels RHM,
Zhou Q, Vaccaro AR, Zileli M, Tan G, Yukawa Y, Brodke DS,

@ Springer

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

Shaffrey CI, Santos de Moraes O, Woodard EJ, Scerrati M,
Tanaka M, Toyone T, Sasso RC, Janssen ME, Gokaslan ZL,
Alvarado M, Bolger C, Bono CM, Dekutoski MB (2018)
Geographic variations in clinical presentation and outcomes of de-
compressive surgery in patients with symptomatic degenerative
cervical myelopathy: analysis of a prospective, international multi-
center cohort study of 757 patients. Spine J 18:593—605
Hogg-Johnson S, van der Velde G, Carroll LJ, Holm LW, Cassidy
JD, Guzman J, Cote P, Haldeman S, Ammendolia C, Carragee E,
Hurwitz E, Nordin M, Peloso P, Bone and Joint Decade 2000-2010
Task Force on Neck Pain and Its Associated Disorders (2008) The
burden and determinants of neck pain in the general population:
results of the Bone and Joint Decade 20002010 Task Force on
Neck Pain and Its Associated Disorders. Spine (Phila Pa 1976)
33:39-51

Karadimas SK, Erwin WM, Ely CG, Dettori JR, Fehlings MG
(2013) Pathophysiology and natural history of cervical spondylotic
myelopathy. Spine (Phila Pa 1976) 38:21-36

Keskiméki I, Aro S, Teperi J (1994) Regional variation in surgical
procedure rates in Finland. Scand J Soc Med 22:132

Kristiansen J, Balteskard L, Slettebe H, Nygaard OP, Lied B,
Kolstad F, Solberg TK (2016) The use of surgery for cervical de-
generative disease in Norway in the period 2008-2014 : a
population-based study of 6511 procedures. Acta Neurochir 158:
969-974

Kuijper B, Tans JTJ, Beelen A, Nollet F, de Visser M (2009)
Cervical collar or physiotherapy versus wait and see policy for
recent onset cervical radiculopathy: randomised trial. BMJ 339:
b3883

Lad SP, Patil CG, Berta S, Santarelli JG, Ho C, Boakye M (2009)
National trends in spinal fusion for cervical spondylotic myelopa-
thy. Surg Neurol 71:66-69 discussion 69

Leino-Arjas P, Viikari-Juntura E, Kaila-Kangas L, Nykyri E,
Riithimaki H (2007) Neck pain and chronic neck syndrome. In:
Musculosceletal disorders and diseases in Finland. Results of the
Health 2000 Survey. Publications of the National Public Health
Institute KTL B25/2007, National Public Health Institute,
Helsinki, pp 19-22

Liu CY, Zygourakis CC, Yoon S, Kliot T, Moriates C, Ratliff J,
Dudley RA, Gonzales R, Mummaneni PV, Ames CP (2017)
Trends in utilization and cost of cervical spine surgery using the
National Inpatient Sample Database, 2001 to 2013. Spine. https://
doi.org/10.1097/BRS.0000000000001999

Makela KT, Peltola M, Sund R, Malmivaara A, Hakkinen U,
Remes V (2011) Regional and hospital variance in performance
of total hip and knee replacements: a national population-based
study. Ann Med 43(Suppl 1):31-38

Mallory GW, Halasz SR, Clarke MJ (2014) Advances in the treat-
ment of cervical rheumatoid: less surgery and less morbidity. World
J Orthop 5:292-303

Manderbacka K, Arffman M, Keskimaki I (2014) Has socioeco-
nomic equity increased in somatic specialist care: a register-based
cohort study from Finland in 1995-2010. BMC Health Serv Res 14:
430

Marquez-Lara A, Nandyala SV, Fineberg SJ, Singh K (2014)
Current trends in demographics, practice, and in-hospital outcomes
in cervical spine surgery: a national database analysis between 2002
and 2011. Spine (Phila Pa 1976) 39:476-481

Moura CS, Abrahamowicz M, Beauchamp ME, Lacaille D, Wang
Y, Boire G, Fortin PR, Bessette L, Bombardier C, Widdifield J,
Hanly JG, Feldman D, Maksymowych W, Peschken C, Barnabe
C, Edworthy S, Bernatsky S, CAN-AIM (2015) Early medication
use in new-onset rheumatoid arthritis may delay joint replacement:
results of a large population-based study. Arthritis Res Ther 17:197
Oglesby M, Fineberg SJ, Patel AA, Pelton MA, Singh K (2013)
Epidemiological trends in cervical spine surgery for degenerative


https://doi.org/10.1097/BRS.0000000000001999
https://doi.org/10.1097/BRS.0000000000001999

Acta Neurochir (2019) 161:2147-2159

2159

25.

26.

27.

28.

29.

30.

31

32.

33.

diseases between 2002 and 2009. Spine (Phila Pa 1976) 38:1226—
1232

Okada E, Matsumoto M, Ichihara D, Chiba K, Toyama Y, Fujiwara
H, Momoshima S, Nishiwaki Y, Hashimoto T, Ogawa J, Watanabe
M, Takahata T (2009) Aging of the cervical spine in healthy volun-
teers: a 10-year longitudinal magnetic resonance imaging study.
Spine (Phila Pa 1976) 34:706-712

Patil PG, Turner DA, Pietrobon R (2005) National trends in surgical
procedures for degenerative cervical spine disease: 1990-2000.
Neurosurgery 57:753-758

Peltola M, Juntunen M, Hakkinen U, Rosenqvist G, Seppala TT,
Sund R (2011) A methodological approach for register-based eval-
uation of cost and outcomes in health care. Ann Med 43(Suppl 1):
4-13

Puolakka K, Kautiainen H, Pohjolainen T, Virta L (2010)
Rheumatoid arthritis (RA) remains a threat to work productivity:
a nationwide register-based incidence study from Finland. Scand J
Rheumatol. https://doi.org/10.3109/03009741003674198
Radhakrishnan K, Litchy WJ, O’Fallon WM, Kurland LT (1994)
Epidemiology of cervical radiculopathy. A population-based study
from Rochester, Minnesota, 1976 through 1990. Brain 117(Pt 2):
325-335

Riew KD, Ecker E, Dettori JR (2010) Anterior cervical discectomy
and fusion for the management of axial neck pain in the absence of
radiculopathy or myelopathy. Evid Based Spine Care J 1:45-50
Salemi G, Savettieri G, Meneghini F, Di Benedetto ME, Ragonese
P, Morgante L, Reggio A, Patti F, Grigoletto F, Di Perri R (1996)
Prevalence of cervical spondylotic radiculopathy: a door-to-door
survey in a Sicilian municipality. Acta Neurol Scand 93:184—188
Salzmann SN, Derman PB, Lampe LP, Kueper J, Pan TJ, Yang J,
Shue J, Girardi FP, Lyman S, Hughes AP (2018) Cervical spinal
fusion: 16-year trends in epidemiology, indications, and in-hospital
outcomes by surgical approach. World Neurosurg. https://doi.org/
10.1016/j.wneu.2018.02.004

Schoenfeld AJ, George AA, Bader JO, Caram PM, Jr (2012)
Incidence and epidemiology of cervical radiculopathy in the

United States military: 2000 to 2009. J Spinal Disord Tech 25:
17-22

34. Shedid D, Benzel EC (2007) Cervical spondylosis anatomy: path-
ophysiology and biomechanics. Neurosurgery 60(Suppl 1):7-13

35. Stein BE, Hassanzadeh H, Jain A, Lemma MA, Cohen DB,
Kebaish KM (2014) Changing trends in cervical spine fusions in
patients with theumatoid arthritis. Spine (Phila Pa 1976) 39:1178—
1182

36. Sund R (2012) Quality of the Finnish Hospital Discharge Register:
a systematic review. Scand J Public Health 40:505-515

37.  Wang MC, Kreuter W, Wolfla CE, Maiman DJ, Deyo RA (2009)
Trends and variations in cervical spine surgery in the United States:
Medicare beneficiaries, 1992 to 2005. Spine (Phila Pa 1976) 34:
955-961

38.  Wilson JR, Tetreault LA, Kim J, Shamji MF, Harrop JS, Mroz T,
Cho S, Fehlings MG (2017) State of the art in degenerative cervical
myelopathy: an update on current clinical evidence. Neurosurgery
80(Suppl):S33-S45

39.  Wong JJ, Cote P, Quesnele JJ, Stern PJ, Mior SA (2014) The course
and prognostic factors of symptomatic cervical disc herniation with
radiculopathy: a systematic review of the literature. Spine J 14:
1781-1789

40. WulJC, Ko CC, Yen YS, Huang WC, Chen YC, Liu L, Tu TH, Lo
SS, Chen H (2013) Epidemiology of cervical spondylotic myelop-
athy and its risk of causing spinal cord injury: a national cohort
study. Neurosurg Focus. 35:E10

41. Zhou Y, Kim SD, Vo K, Riew KD (2015) Prevalence of cervical
myelomalacia in adult patients requiring a cervical magnetic reso-
nance imaging. Spine (Phila Pa 1976) 40:248-252

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3109/03009741003674198
https://doi.org/10.1016/j.wneu.2018.02.004
https://doi.org/10.1016/j.wneu.2018.02.004

	Surgery for degenerative cervical spine disease in Finland, 1999–2015
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study design and data sources
	Study setting and patients
	Demographic data
	Statistical analyses

	Results
	Patients
	Operation incidences and indications
	Trends over time
	Regional differences

	Discussion
	Key results
	Indications for surgery
	Trends in the incidence of surgery
	Regional differences
	Strengths and limitations of the study
	Generalizability
	Conclusions

	References


