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Abstract

Introduction The regional variation in spine surgery rates has been shown to be large both within and between countries.
This variation has been reported to be less in studies from countries with spine registers. The aim of this study was to describe
the regional variation in lumbar spine surgery in Finland.

Materials and methods This is a retrospective register study. Data from the Finnish National Hospital Discharge Register
(NHDR) were used to calculate and compare the rates of lumbar disc herniation (LDH), decompression, and fusion sur-
geries in five University Hospital catchment areas, covering the whole Finnish population, from January 1, 1997, through
December 31, 2018.

Results A total of 138,119 lumbar spine operations (including LDH, decompression, and fusion surgery) were performed
in Finland between 1997 and 2018. The regional differences in the rate of LDH surgery were over fourfold (18 vs. 85 per
100,000 person years), lumbar decompression surgery over threefold (41 vs. 129 per 100,000 person years), and lumbar
fusion surgery over twofold (14 vs. 34 per 100,000 person years) in 2018. The mean age of the patients increased in all
regions during the study period.

Conclusions In Finland, the regional variations in spine surgeries were vast. In a country with a publicly funded healthcare
system, this finding was surprising. The recently created national spine register may serve to shed more light on the reasons
for this regional variation.
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Introduction According to several published surgical studies, a large
variation in spine surgery rates has been shown to exist

Medical practice variation across regions, hospitals, and both within and between countries [3-5]. In some cases, the

physicians is a recognized phenomenon that has been preva-
lent for a long time [1]. Moreover, trends in medical practice
variation have also been shown to be prevalent in surgical
treatment [2].
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reported regional variations have been vast, especially in the
US, where spine surgery rates have differed by as much as
20-fold between hospitals [6]. In an international compari-
son carried out in 1987 and 1988, the spine surgery rates in
the US were almost twofold compared to that in Finland,
threefold compared to Sweden, and nearly sixfold compared
to England. Surgery rates can also vary within a country. For
example, in a recent study of surgery rates in Norway, there
was a 40% difference between those regions with the high-
est and lowest rates of lumbar spinal stenosis surgery [7]. In
Sweden, the regional differences are also minor [8—10]. The
small differences in Norway and Sweden may be explained
by both countries having a longer history of national spine
registers and the reporting of regional variations [11-13].
A growing body of evidence has served to clarify the
indications for surgical interventions of the spine and may
have diminished the regional differences in spine surgery
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rates [14—17]. The Finnish national spine register was cre-
ated in 2016, and today, it is in use in the largest hospitals in
Finland [18]. To date, however, no annual report has been
published. The aim of our study was, therefore, to assess the
regional variation in spine surgery in Finland between 1997
and 2018 and to benchmark any regional variation prior to
the active reporting of the Finnish spine register data.

Materials and methods

This retrospective register study was based on data col-
lected from the Finnish National Hospital Discharge Reg-
ister (NHDR) from January 1, 1997, through December 31,
2018. All patient characteristics, such as age, sex, domicile,
hospital, primary and secondary diagnosis, surgeons’ spe-
cialty and operations performed during the hospital stay,
were obtained from the register. In Finland, it is mandatory
for all hospitals to collect data for the NHDR, and thus the
coverage and accuracy of the database has been shown to be
excellent [19-21].

Hospitalizations due to spine surgery were selected using
NOMESCO (Nordic Medico-Statistical Committee) classi-
fication surgical procedure codes combined with diagno-
sis codes from the International Classification of Diseases,
Tenth Revision (ICD-10) [22, 23]. The codes describ-
ing discectomy, decompression and fusion procedures,
are: ABC07, ABC16, ABC17, ABC26, ABC36, ABC56,
ABC66, ABC99, NAG60-67, and NAG99. The patients who
underwent these procedures were classified into four groups
according to specific diagnosis codes as described by Sal-
menkivi et al. [24]: Herniated intervertebral disc (M51.1,
G55.1), spinal stenosis, (M47.2, M47.9, M48.0), degenera-
tive disc disease (M47.82, M51.3) and spondylolysis and
spondylolisthesis, (M43.0, M43.1).

In case of multiple procedures or multiple coding, such as
if a patient underwent fusion and decompression, the opera-
tion was considered as fusion. Then again, if a patient under-
went multiple similar operations during the same admission,
they were considered a single operation. Finally, if there
were multiple operations for a single patient within multiple
admissions, they were considered as separate operations.

Patients under 18 years of age were excluded. The Finn-
ish public healthcare system is built around five University
Hospitals that together form five separate hospital catch-
ment areas: Helsinki, Tampere, Turku, Kuopio, and Oulu.
All operations performed in private hospitals were added
to analyses and the region was determined based on the
municipality of the patient.
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Statistical analysis

The annual operation rates (per 100,000 person years)
were calculated based on the entire adult population of
each University Hospital catchment area. The data con-
tained annual midyear populations and it were obtained
from the national population register (the Official Statistics
of Finland). All analyses were performed using R version
4.0.2 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Data was collected of 138,119 patients with lumbar spine
operations (including LDH, decompression, and fusion
surgery). Altogether, 17,091 (12%) operations were per-
formed in private hospitals, whereas 121,028 (88%) of the
operations were performed in public hospitals. After tar-
geting the surgical procedure codes to specific diagnosis
codes, as described in “Materials and methods”, 133,913
operations were included to analyses.

The number of LDH operations was 60,918 between
1997 and 2018. The annual rate of LDH surgery decreased
in all five University Hospital catchment areas during the
study period. The rate was higher in the northern catch-
ment areas of Kuopio and Oulu compared to the other
three University Hospital catchment areas (Fig. 1). The
annual operation rate (per 100,000 person years) decreased
by 24% (from 78 to 59) in the Helsinki University Hospital
catchment area, by 78% (from 80 to 18) in the Tampere
University Hospital catchment area, by 42% (from 98 to
57) in the Turku University Hospital catchment area, by
40% (from 120 to 72) in the Kuopio University Hospital
catchment area, and by 17% (from 103 to 85) in the Oulu
University Hospital catchment area.

The rates of decompression surgery increased in all five
University Hospital catchment areas between 1997 and
2016 (Fig. 2). The operation rates continued to increase
after 2016 in all regions, with the exception of the catch-
ment area of Tampere University Hospital and Turku
University Hospital. Between 1997 and 2018, the annual
operation rate (per 100,000 person years) for decompres-
sion surgery increased by 315% (from 26 to 108) in the
Helsinki catchment area, by 58% (from 26 to 41) in the
Tampere catchment area, by 60% (from 48 to 77) in the
Turku catchment area, by 207% (from 42 to 129) in the
Kuopio catchment area, and by 354% (from 26 to 118) in
the Oulu catchment area.

The rate of lumbar spine fusion increased in all five
University Hospital catchment areas between 1997 and
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2014. After 2014, however, the rate in Helsinki, Tam-
pere, and Turku decreased (Fig. 2). Between 1997 and
2018, the annual operation rate (per 100,000 person years)
for fusion surgery increased by 162% (from 8 to 21) in
the Helsinki catchment area, by 75% from (8 to 14) in
the Tampere catchment area, by 313% (from 8 to 33) in
the Turku catchment area, by 325% (from 8 to 34) in the

Kuopio catchment area, and by 178% (from 9 to 25) in the
Oulu catchment area. The proportions of decompression
and fusion surgeries performed by orthopaedic surgeons
and neurosurgeons remained stable (Fig. 3).

The mean age of patients undergoing lumbar spine sur-
gery between 1997 and 2018 increased steadily in all five
University Hospital catchment areas (Fig. 4). The increase in
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mean age was 10 years (from 47 to 57) in the Helsinki catch-
ment area, 11 years (from 48 to 59) in the Tampere catch-
ment area, 8 years (from 50 to 58) in the Turku catchment
area, 9 years (from 49 to 58) in the Kuopio catchment area,
and 12 years (from 47 to 59) in the Oulu catchment area.

The change in mean age of patients undergoing LDH sur-
gery from 1997 to 2018 was minor. In Helsinki, the mean
age was 43 in both 1997 and 2018. The mean age increased
from 43 to 44 years in Tampere, from 43 to 44 years in
Turku, from 43 to 46 years in Kuopio, and from 43 to
47 years in Oulu. The increase in mean age was more dis-
tinct in decompression and fusion surgery. In decompres-
sion surgery, the mean age increased in Helsinki from 61 to
64 years, in Tampere from 63 to 65 years, in Turku from 63
to 68 years, in Kuopio from 63 to 65 years, and in Oulu from
61 to 68 years. In fusion surgery, the mean age increased
in Helsinki from 52 to 62 years, in Tampere from 50 to
61 years, in Turku from 49 to 61 years, in Kuopio from 48
to 57 years, and in Oulu from 54 to 61 years.

Discussion

The main finding of the present study was the notable differ-
ences in surgical activity between the five Finnish University
Hospital catchment areas. In 2018, the regional differences
in the rate of LDH surgery was over fourfold, lumbar decom-
pression surgery over threefold and lumbar fusion surgery
over twofold. The mean age of the patients increased in all
regions during the 1997 to 2018 study period. The propor-
tions of spine surgeries performed by neurosurgeons and
orthopaedic surgeons remained stable during the same
period. Taking into account that the healthcare system in
Finland is publicly funded, the finding that notable differ-
ences exist between different hospital catchment areas was
surprising.

Seitsalo et al. [25] reported a variation in the rates of
spine surgery in Finland from 1987 to 1994. The regional
variation in LDH surgery was between 34 and 143 (per
100,000 person years) procedures. In other words, there was
a more than fourfold regional variation between the highest
and lowest rates in LDH surgery. Furthermore, a higher rate
of LDH surgery was found in the northern and eastern parts
of the country in their study. This corresponds to the results
of the present study as the difference in LDH surgery is still
fourfold.

It is unclear why there are still regional differences in the
rates of spine surgery in Finland. There is a national guide-
line in Finland concerning the diagnostics and treatment of
low back pain [26]. Conservative treatment is recommended
as the primary treatment in patients with radiating low back
pain without alarming symptoms, e.g., cauda equina syn-
drome, suspicion of spondylodiscitis, malignancy or other

severe illness. Radiological evaluation of the spine is first
recommended after 6 weeks to 3 months of conservative
treatment. It is known that an increase in imaging of the
spine has an increased impact on overall surgery rates [27].
In Finland, however, the guideline for spinal imaging is con-
sistent and should, therefore, not affect the regional differ-
ences in the rates of spine surgery.

The main reasons for the variation in operation rates have
been suggested to be a lack of evidence, surgeons’ opinions,
and the local cultural practice [6]. In Finland education for
spine surgeons is mostly based on local curriculum and a
systematic national education is lacking. The public health-
care system tends to offer resources quite evenly through-
out the country. The choice for surgical treatment should be
based solely on the best available evidence. However, the
allocation of resources can vary between specialties within
the hospitals, reflecting the values and treatment cultures
of different specialties. In addition, it is possible that there
is some regional variation in the number of spine surgeons
in Finland. The division of work between neurosurgeons
and orthopedic spine surgeons also vary regionally and this
may further emphasize different cultures in indications of
surgical treatment. Furthermore, Northern—-Eastern Finland
bear greater morbidity burden in general compared to South-
ern—Western Finland and it is comprehensively reported
[28]. Regional difference in morbidity might affect also the
spine surgery rates, but it unlikely explains the whole over
fourfold difference in operation rates seen in our study.

Keller et al. studied the relationship between rate vari-
ations and the outcomes of surgical treatment for LDH
and spinal stenosis. They found that the outcomes of spine
surgery were better among lower population-based rates.
In addition, improvements were seen in Roland disability
score, quality of life, and satisfaction [29]. It is possible that
in areas with lower operation rate, patients with more severe
symptoms are selected for operative treatment and, there-
fore, benefit more from treatment. Indeed, in the study by
Keller et al. [29], the patients in the higher rate areas had
fewer severe symptoms and findings at baseline. However,
the goal in surgical decision making is to find those patients
who will benefit the most from surgery, and the risk—benefit
ratio is always going to be more or less a philosophical ques-
tion. How much benefit should be assumed with a certain
amount of risk? We really do not know if more or less is
better in the rates of spine surgery.

In Norway, the mean surgery rates in lumbar spinal ste-
nosis varied from 23 (per 100,000 person years) to 32 (per
100,000 person years) between 1999 and 2013, i.e., the
regional variation in operation rates only differed by a factor
of 1.4 [7]. In Sweden, there were only minor regional differ-
ences in the rates of LDH surgery between 1987 and 1999
[9]. Jansson et al. [8] also reported the rates of spine surgery
in patients with lumbar spinal stenosis in Sweden between
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1987 and 1999. The regional variation in operation rates was
from 6 to 13 (per 100,000 person years). The smaller differ-
ences in Norway and Sweden may be explained by a longer
history of spine registers and reporting of regional varia-
tions [10-13, 30]. When comparing the regional variations
in spine surgery in the US and Scandinavia, the differences
are notable. Weinstein showed high regional differences
in the US between 1992 and 2003 as lumbar discectomy
and laminectomy rates varied from 60 to 480 (per 100,000
person years) and fusion operations varied by more than
20-times between different regions ranging from 20 to 460
(per 100,000 person years) operations [6]. However, it must
be noted that the healthcare system in the US is not publicly
funded and this may affect variation between the operation
rates.

The increase in the mean age of patients undergoing spine
surgery reported in the present study has also been reported
in previous studies. Martin et al. studied the trends in fusion
procedures in the US between 2004 and 2015 and found a
clear shift towards an older population. The mean age of
patients undergoing elective lumbar fusion increased from
55 to 60 years [31]. Grovle et al. [7] reported an increase in
mean age from 62.6 to 67.2 years in patients undergoing sur-
gery for lumbar spinal stenosis surgery in Norway between
1999 and 2013. Jansson et al. [8] reported the results of spi-
nal stenosis surgery in Sweden. They reported that the mean
age increased from 60.1 to 66.8 years between 1987 and
1999. Results from England are similar. Sivasubramaniam
et al. [32] concluded that the mean age of patients under-
going surgical procedures for degenerative lumbar spine
disease increased from 49.4 in 2000 to 52.3 years in 2013.

In most western countries, there are usually two different
departments and specialities, neurosurgeons and orthopae-
dic surgeons, who perform spine surgery. In Finland, neuro-
surgeons are more focused on the cervical spine, intradural
pathologies, and LDH/decompression surgery, and ortho-
paedic surgeons focus more on fusion surgery and deformity
surgery. However, co-operation between these two depart-
ments is also increasingly in Finland. In the study by Seitsalo
et al. [25], an increase in LDH surgery was seen between
1987 and 1994, especially among operations performed by
neurosurgeons. In our study, the proportional difference
between orthopaedic surgeons and neurosurgeons perform-
ing lumbar spine surgery remained stable between 1997
and 2018. In Finland, collaboration between the speciali-
ties and the findings of the previous study by Seitsalo et al.
[25] might have had an impact on flattening the differences
between the specialities.

The strength of our study is the comprehensive data from
the NHDR that included all spine operations performed in
Finnish public hospitals. The coverage and accuracy of the
NHDR database is excellent [19-21]. Since 2014, it has
been possible for patients to be referred to another hospital
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catchment area for treatment, if they so request. However,
the number of these patients has remained relatively low,
less than 1%, and did not, therefore, affect our results.

Conclusion

The results of our study show regional variation in lumbar
spine surgery in Finland. In 2018, the regional differences in
the rates of LDH surgery were over fourfold, lumbar decom-
pression surgery over threefold, and lumbar fusion surgery
over twofold. Patient age did not differ between catchment
areas. The reason for this observed geographical difference
may be related to local cultural practice, since resources do
not explain this difference in a publicly funded healthcare
system. The recent creation of a national spine register may
shed more light on these notable differences in surgical
activity.

Acknowledgements We would like to thank Peter Heath for editing
and reviewing this manuscript for English language.

Author contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were per-
formed by all authors. The first draft of the manuscript was written by
HM and all authors commented on previous versions of the manuscript.
All authors read and approved the final manuscript.

Funding No funding was received for conducting this study.

Declarations

Conflict of interest The authors have no conflicts of interest to declare
that are relevant to the content of this article.

Ethical approval No ethics approval was needed to this retrospective
register study.

Informed consent No informed consent was required to this retrospec-
tive register study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/

Archives of Orthopaedic and Trauma Surgery (2023) 143:1451-1458

1457

References

10.

11.

12.

13.

14.

15.

16.

17.

Corallo AN, Croxford R, Goodman DC, Bryan EL, Srivastava D,
Stukel TA (2014) A systematic review of medical practice varia-
tion in OECD countries. Health Policy 114(1):5-14. https://doi.
org/10.1016/j.healthpol.2013.08.002

Birkmeyer JD, Reames BN, McCulloch P, Carr AJ, Campbell WB,
Wennberg JE (2013) Understanding of regional variation in the
use of surgery. Lancet 382(9898):1121-1129. https://doi.org/10.
1016/50140-6736(13)61215-5

Deyo RA, Cherkin D, Conrad D, Volinn E (1991) Cost, contro-
versy, crisis: low back pain and the health of the public. Annu Rev
Public Health 12:141-156. https://doi.org/10.1146/annurev.pu.12.
050191.001041

Deyo RA, Mirza SK (2006) Trends and variations in the use of
spine surgery. Clin Orthop Relat Res 443:139-146. https://doi.
org/10.1097/01.b10.0000198726.62514.75

Volinn E, Mayer J, Diehr P, Van Koevering D, Connell FA, Loeser
JD (1992) Small area analysis of surgery for low-back pain. Spine
(Phila Pa 1976) 17(5):575-581. https://doi.org/10.1097/00007
632-199205000-00017

Weinstein JN, Lurie JD, Olson PR, Bronner KK, Fisher ES (2006)
United States’ trends and regional variations in lumbar spine
surgery: 1992-2003. Spine (Phila Pa 1976) 31(23):2707-2714.
https://doi.org/10.1097/01.brs.0000248132.15231.fe

Grovle L, Fjeld OR, Haugen AJ, Helgeland J, Smastuen MC,
Solberg TK et al (2019) The rates of LSS surgery in Norwegian
public hospitals: a threefold increase from 1999 to 2013. Spine
(Phila Pa 1976) 44(6):E372-E378. https://doi.org/10.1097/BRS.
0000000000002858

Jansson KA, Blomgqyvist P, Granath F, Nemeth G (2003) Spinal ste-
nosis surgery in Sweden 1987-1999. Eur Spine J 12(5):535-541.
https://doi.org/10.1007/s00586-003-0544-9

Jansson KA, Németh G, Granath F, Blomqvist P (2004) Surgery
for herniation of a lumbar disc in Sweden between 1987 and 1999.
An analysis of 27,576 operations. J Bone Jt Surg Br 86(6):841—
847. https://doi.org/10.1302/0301-620x.86b6.14740
Socialstyrelsen (n.d.) Statistikdatabas for operationer. https://
www.socialstyrelsen.se/statistik-och-data/statistik/statistikdataba
sen/. Accessed 30 Dec 2021

Oppna jimforelser (n.d.) Sveriges Kommuner och Regioner.
https://skr.se/tjanster/merfranskl/oppnajamforelser/halsoochs;j
ukvard.1563.html. Accessed 30 Dec 2021

Svenska Ryggregistret (n.d.) http://www.swespine.se/. Accessed
30 Dec 2021

Nasjonalt kvalitetsregister for ryggkirurgi (n.d.) Universitetssyke-
huset Nord-Norge HF. https://unn.no/fag-og-forskning/medis
inske-kvalitetsregistre/nasjonalt-kvalitetsregister-for-ryggkirurgi.
Accessed 30 Dec 2021

Osterman H, Seitsalo S, Karppinen J, Malmivaara A (2006) Effec-
tiveness of microdiscectomy for lumbar disc herniation: a rand-
omized controlled trial with 2 years of follow-up. Spine (Phila Pa
1976) 31(21):2409-2414. https://doi.org/10.1097/01.brs.00002
39178.08796.52

Pekkanen L, Neva MH, Kautiainen H, Kyrold K, Marttinen I, Hik-
kinen A (2014) Changes in health utility, disability, and health-
related quality of life in patients after spinal fusion: a 2-year fol-
low-up study. Spine (Phila Pa 1976) 39(25):2108-2114. https://
doi.org/10.1097/brs.0000000000000624

Forsth P, Olafsson G, Carlsson T, Frost A, Borgstrom F, Fritzell
P et al (2016) A randomized, controlled trial of fusion surgery for
lumbar spinal stenosis. N Engl J Med 374(15):1413-1423. https://
doi.org/10.1056/NEJMoal513721

Malmivaara A, Slatis P, Heliovaara M, Sainio P, Kinnunen H,
Kankare J et al (2007) Surgical or nonoperative treatment for

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

lumbar spinal stenosis? A randomized controlled trial. Spine
(Phila Pa 1976) 32(1):1-8. https://doi.org/10.1097/01.brs.00002
51014.81875.6d

The Finnish Institute for Health and Welfare (n.d.) Terveyden-
huollon kansalliset laaturekisterit. https://thl.fi/fi/web/sote-uudis
tus/sote-arviointi-ja-tietopohja/terveydenhuollon-kansalliset-laatu
rekisterit. Accessed 30 Dec 2021

Mattila VM, Sillanpdi P, livonen T, Parkkari J, Kannus P, Pihla-
jaméki H (2008) Coverage and accuracy of diagnosis of cruciate
ligament injury in the Finnish National Hospital Discharge Reg-
ister. Injury 39(12):1373-1376. https://doi.org/10.1016/j.injury.
2008.05.007

Huttunen TT, Kannus P, Pihlajaméki H, Mattila VM (2014) Per-
trochanteric fracture of the femur in the Finnish National Hos-
pital Discharge Register: validity of procedural coding, external
cause for injury and diagnosis. BMC Musculoskelet Disord 15:98.
https://doi.org/10.1186/1471-2474-15-98

Sund R (2012) Quality of the Finnish Hospital Discharge Register:
a systematic review. Scand J Public Health 40(6):505-515. https://
doi.org/10.1177/1403494812456637

Briamer GR (1988) International statistical classification of dis-
eases and related health problems. Tenth revision. World Health
Stat Q 41(1):32-36

Nordic Medico-Statistical Committee (2009) NOMESCO Clas-
sification of Surgical Procedures (NCSP). http://norden.diva-por-
tal.org/smash/record.jsf?pid=diva2%3A970548 &dswid=-9606.
Accessed 30 Dec 2021

Salmenkivi J, Sund R, Paavola M, Ruuth I, Malmivaara A (2017)
Mortality caused by surgery for degenerative lumbar spine. Spine
(Phila Pa 1976) 42(14):1080-1087. https://doi.org/10.1097/brs.
0000000000002188

Seitsalo S, Keskimaki I, Paavolainen P (1996) Selkileikkaukset
Suomessa 1987-1994. Nousevia kéyrid - alueellisia eroja. Suomen
Ortopedia ja Traumatologia (19):199-204

Pohjolainen T, Leinonen V, Frantén J, Haanpdd M, Jousimaa J,
Karppinen J et al (2015) Update on current care guideline: low
back pain. Duodecim 131(1):92-94

Lurie JD, Birkmeyer NJ, Weinstein JN (2003) Rates of advanced
spinal imaging and spine surgery. Spine (Phila Pa 1976)
28(6):616-620. https://doi.org/10.1097/01.Brs.0000049927.
37696.Dc

Puska P, Vartiainen E, Laatikainen T, Jousilahti P, Paavola M
(eds) (2009) The North Karelia Project: from North Karelia to
National Action. Helsinki University Printing House, Helsinki
(2009). https://www.julkari.fi/bitstream/handle/10024/80109/
73 1beafd-b544-42b2-b853-baa87db6a046.pdf. Accessed 30 Dec
2021

Keller RB, Atlas SJ, Soule DN, Singer DE, Deyo RA (1999)
Relationship between rates and outcomes of operative treatment
for lumbar disc herniation and spinal stenosis. J] Bone Jt Surg
Am 81(6):752-762. https://doi.org/10.2106/00004623-19990
6000-00002

Stromgqvist B, Fritzell P, Hagg O, Jonsson B, Swedish Society
of Spinal Surgeons (2009) The Swedish Spine Register: devel-
opment, design and utility. Eur Spine J Off Publ Eur Spine Soc
Eur Spinal Deform Soc Eur Sect Cerv Spine Res Soc 18(Suppl
3):294-304. https://doi.org/10.1007/s00586-009-1043-4

Martin BI, Mirza SK, Spina N, Spiker WR, Lawrence B, Brodke
DS (2019) Trends in lumbar fusion procedure rates and associated
hospital costs for degenerative spinal diseases in the United States,
2004 to 2015. Spine (Phila Pa 1976) 44(5):369-376. https://doi.
org/10.1097/BRS.0000000000002822

Sivasubramaniam V, Patel HC, Ozdemir BA, Papadopoulos MC
(2015) Trends in hospital admissions and surgical procedures
for degenerative lumbar spine disease in England: a 15-year

@ Springer


https://doi.org/10.1016/j.healthpol.2013.08.002
https://doi.org/10.1016/j.healthpol.2013.08.002
https://doi.org/10.1016/s0140-6736(13)61215-5
https://doi.org/10.1016/s0140-6736(13)61215-5
https://doi.org/10.1146/annurev.pu.12.050191.001041
https://doi.org/10.1146/annurev.pu.12.050191.001041
https://doi.org/10.1097/01.blo.0000198726.62514.75
https://doi.org/10.1097/01.blo.0000198726.62514.75
https://doi.org/10.1097/00007632-199205000-00017
https://doi.org/10.1097/00007632-199205000-00017
https://doi.org/10.1097/01.brs.0000248132.15231.fe
https://doi.org/10.1097/BRS.0000000000002858
https://doi.org/10.1097/BRS.0000000000002858
https://doi.org/10.1007/s00586-003-0544-9
https://doi.org/10.1302/0301-620x.86b6.14740
https://www.socialstyrelsen.se/statistik-och-data/statistik/statistikdatabasen/
https://www.socialstyrelsen.se/statistik-och-data/statistik/statistikdatabasen/
https://www.socialstyrelsen.se/statistik-och-data/statistik/statistikdatabasen/
https://skr.se/tjanster/merfranskl/oppnajamforelser/halsoochsjukvard.1563.html
https://skr.se/tjanster/merfranskl/oppnajamforelser/halsoochsjukvard.1563.html
http://www.swespine.se/
https://unn.no/fag-og-forskning/medisinske-kvalitetsregistre/nasjonalt-kvalitetsregister-for-ryggkirurgi
https://unn.no/fag-og-forskning/medisinske-kvalitetsregistre/nasjonalt-kvalitetsregister-for-ryggkirurgi
https://doi.org/10.1097/01.brs.0000239178.08796.52
https://doi.org/10.1097/01.brs.0000239178.08796.52
https://doi.org/10.1097/brs.0000000000000624
https://doi.org/10.1097/brs.0000000000000624
https://doi.org/10.1056/NEJMoa1513721
https://doi.org/10.1056/NEJMoa1513721
https://doi.org/10.1097/01.brs.0000251014.81875.6d
https://doi.org/10.1097/01.brs.0000251014.81875.6d
https://thl.fi/fi/web/sote-uudistus/sote-arviointi-ja-tietopohja/terveydenhuollon-kansalliset-laaturekisterit
https://thl.fi/fi/web/sote-uudistus/sote-arviointi-ja-tietopohja/terveydenhuollon-kansalliset-laaturekisterit
https://thl.fi/fi/web/sote-uudistus/sote-arviointi-ja-tietopohja/terveydenhuollon-kansalliset-laaturekisterit
https://doi.org/10.1016/j.injury.2008.05.007
https://doi.org/10.1016/j.injury.2008.05.007
https://doi.org/10.1186/1471-2474-15-98
https://doi.org/10.1177/1403494812456637
https://doi.org/10.1177/1403494812456637
http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A970548&dswid=-9606
http://norden.diva-portal.org/smash/record.jsf?pid=diva2%3A970548&dswid=-9606
https://doi.org/10.1097/brs.0000000000002188
https://doi.org/10.1097/brs.0000000000002188
https://doi.org/10.1097/01.Brs.0000049927.37696.Dc
https://doi.org/10.1097/01.Brs.0000049927.37696.Dc
https://www.julkari.fi/bitstream/handle/10024/80109/731beafd-b544-42b2-b853-baa87db6a046.pdf
https://www.julkari.fi/bitstream/handle/10024/80109/731beafd-b544-42b2-b853-baa87db6a046.pdf
https://doi.org/10.2106/00004623-199906000-00002
https://doi.org/10.2106/00004623-199906000-00002
https://doi.org/10.1007/s00586-009-1043-4
https://doi.org/10.1097/BRS.0000000000002822
https://doi.org/10.1097/BRS.0000000000002822

1458 Archives of Orthopaedic and Trauma Surgery (2023) 143:1451-1458

time-series study. BMJ Open 5(12):e009011. https://doi.org/10. Publisher's Note Springer Nature remains neutral with regard to
1136/bmjopen-2015-009011 jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1136/bmjopen-2015-009011
https://doi.org/10.1136/bmjopen-2015-009011

	Regional variations in lumbar spine surgery in Finland
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




