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Abstract

Purpose Severe scoliosis is primarily managed with sur-
gery. This cohort study describes the incidence of surgically
treated scoliosis among Swedish youth and young adults,
stratified by age, sex, scoliosis type, and surgical approach
and identifies changes in incidence rate and hospital length
of stay (LOS), infections requiring re-surgery and mortality
within 90 days.

Methods Swedish youth, 0-21 years, (n = 3062) with a
diagnostic code for scoliosis and spine surgery between 2000
and 2013 were selected from the National Patient Register.
Incidence was computed by comparing individuals with
surgically treated scoliosis to the total at risk population.
Linear regression models and Spearman correlation coef-
ficients analyzed trends over time.
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Results Overall annual incidence per 100,000 individu-
als was 9.1 (5.9 males/12.5 females). Annual incidence
increased over 14 years from 5.1 to 9.8; an average 4.6% per
year (p < 0.001). Adolescent idiopathic scoliosis was most
common (4.5 per 100,000; n = 1516) followed by neuromus-
cular 2.7 (n = 913) and congenital 0.7 (n = 236). Average
LOS decreased among scoliosis types except infantile and
neuromuscular scoliosis. Posterior fusion was the most com-
mon surgical approach (75%) followed by anterior (18%) and
anteroposterior fusion (7%). Posterior fusions significantly
increased with a resultant decrease in anterior and anter-
oposterior fusion over time. Individuals with neuromuscular
scoliosis exhibited the highest mortality (n = 12; 1.3%) and
(n =59; 6%) of individuals with neuromuscular scoliosis
and (n = 12; 15%) with scoliosis related to MMC required
revision surgery due to post-op infection.

Conclusions Surgical management of scoliosis is increas-
ing with a concurrent decrease in hospital LOS. Surgical
management of neuromuscular scoliosis is associated with
high 90-day post-operative infections and mortality rate.

Keywords Spine - Children - Young adults - Surgery -
Epidemiology

Introduction

Scoliosis affects roughly 3% of children and adolescents in
Southern Sweden [1]. Of these individuals, in approximately
85% there is no known etiology, and therefore, the scoliosis
diagnosis is referred to as idiopathic scoliosis [1, 2]. There
are a number of non-idiopathic forms of scoliosis including:
congenital scoliosis, resulting from embryological defects in
vertebral development, and neuromuscular scoliosis, which
may develop in individuals diagnosed with neurological or


http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-017-5346-6&domain=pdf

Eur Spine J (2018) 27:286-292

287

muscular disorders. Neurological or muscular disorders that
may lead to scoliosis are cerebral palsy, myelomeningocele
(MMC), muscular dystrophies, and spinal muscular atro-
phies [3-5].

The main focus of medical intervention for scoliosis is
primarily to avert curve progression and secondarily, to cor-
rect the curve should the curve progress. In 10% of scoliosis
cases the curvature becomes severe [1] and is associated
with respiratory issues, disability and pain. Severe curvature
in the presence of, or risk of, compromised health is an indi-
cation for surgical intervention. Clinical decision-making
regarding surgery for scoliosis includes: the individual’s age,
curve progression, symptoms and any significant underlying
disorders [1, 3, 5, 6].

Presently, we are not aware of any studies that have
described the incidence of surgical treatment for different
types of pediatric scoliosis and few studies have examined
incidence of surgery for various forms of scoliosis by sex.
There is also limited information on trends in length of stay
[7, 8]. This study will examine data on patients surgically
treated for scoliosis in Sweden between 2000 and 2013 and
aims to answer the following questions:

1) What is the true incidence and change in incidence of
surgically treated scoliosis among Swedish individuals
(ages 0-21 years), what are the diagnoses, and in which
age groups is surgery performed?

2) How did the incidence for various scoliosis diagnoses
differ by sex?

3) What are the trends in hospital length of stay (LOS),
infection rates requiring revision surgery and mortality
rates within 90 days, and how do these differ according
to diagnoses?

Materials and methods

The Ethical Review Board in Stockholm approved the
study (number 2012/172-31/4). We hypothesized that
trends in surgical rates for children with scoliosis would
vary over time and by type of scoliosis and gender. We
further hypothesized that infection rates, mortality rates,
and LOS would decrease over time. We gathered data from
the National Patient Register [9] which codes diagnoses
according to the International Classification of Diseases
ICD-10 [10] and includes every individual hospitalized
in Sweden. Each Swedish individual can be identified by
a unique 10-digit national registration number, making
it possible to retrieve demographic data, as well as data
on type of scoliosis, surgical approach, surgical revisions
due to post-operative infections, and duration of hospital
stay. We identified all youth and young adults aged 0-21
admitted for primary scoliosis surgery, between January 1,

1997, through December 31, 2013, using diagnostic codes:
M41*, Q05*, Q76* (* indicates all of the 4th and 5th
characters) and surgical codes for spine surgery: NAT19,
NAT29, NAG39, NAG49, NAGS59, NAG 69, NAG79,
NAGS89 and for surgery due to infections within 90 days:
NAS19, NAS29, NAS49, NAS59, NAS69, NAS99,
NAUS89, NAWS59, NAW69, QWB, T81.4, and T84.6 [11].
To minimize the possibility of including children who
had scoliosis surgery prior to the study period, we used a
“wash out” period from 1997 to 2000, and only included
children from January 1, 2000 to December 31, 2013 in
our study population.

Type of scoliosis was stratified into: infantile idiopathic
scoliosis, juvenile idiopathic scoliosis, adolescent idio-
pathic scoliosis, neuromuscular scoliosis, scoliosis related
to MMC, congenital scoliosis, and scoliosis unspecified
(including other secondary scoliosis and other forms of
scoliosis). We examined the proportion children who
developed infections leading to a revision surgery within
90 days (for each type of scoliosis) and the proportion of
children who had infections during the first 7 years of the
study was compared to the last 7 years. Of these 3062 indi-
viduals, 1017 (33%) were males and 2045 (67%) females
between the ages of 0-21 years, admitted for inpatient sur-
gery for scoliosis from 2000 to 2013 (Table 1). These data
were linked with the Cause of Death Registry to retrieve
date of death to identify mortality within 90 days from the
primary scoliosis surgery [12].

Statistical analysis

Annual incidence was computed by comparing the number
of individuals with surgically treated scoliosis to the total
number of individuals at risk. Total number of individu-
als at risk was calculated by summing up the year popula-
tion (0-21 years of age) for each year (2000-2013), in total
33,585,397 (17,240,398 males and 16,344,999 females) per-
son years), stratified by year of primary surgery, and sex.
The number of individuals at risk was provided by govern-
ment census data [13]. Descriptive statistics, such as counts,
percentage, median with interquartile range (IQR) and cross
tabulation were used to analyze data on surgical approach,
length of hospital stay (LOS), post-operative infections
needing surgical revision and mortality within 90 days. We
used relative risks (RR) to examine the impact of revision
surgery pre and post 2006 (due to changes in materials used
for implant; stainless steel versus titanium alloy). Trends
over time for primary outcomes were analyzed with linear
regression models and Spearman rank correlation coeffi-
cients. Statistical significance was defined as p < 0.05. All
statistical analyses were performed using SPSS for Mac 23.0
(SPSS Inc., Chicago, IL).
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Table 1 Number of admissions and median age for primary scoliosis surgery for individuals aged 0-21 years in Sweden (2000 through 2013),

stratified by sex

Type of Scoliosis Males N (%) Age years (IQR) Females N (%) Age years (IQR) Total N (%) Age years (IQR)
Regardless of type 1017 (33) 15 (13-17) 2045 (67) 14 (12-16) 3052 (100) 15 (13-16)
Infantile idiopathic 4 (36) 10 (4-17) 7 (64) 6 (2-9) 11 (0) 6 (2-10)
Juvenile idiopathic 54 (24) 15 (13-17) 176 (76) 14 (13-16) 230 (8) 14 (13-16)
Adolescent idiopathic 328 (22) 16 (15-18) 1188 (78) 15 (13-16) 1516 (49) 15 (14-17)
Neuromuscular 465 (51) 15 (13-17) 4438 (49) 13 (12-16) 913 (30) 14 (12-16)
MMC 33 (40) 13 (10-15) 49 (60) 12 (10-14) 82 (3) 12 (10-15)
Congenital 97 (41) 13 (6-15) 139 (59) 12 (7-13) 236 (8) 12 (6-14)
Unspecified® 36 (49) 15 (13-18) 38 (51) 14 (12-17) 74 (2) 15 (12-17)

*Including other secondary scoliosis and other forms of scoliosis

IQR inter quartile range, MM C myelomeningocele

Results

The annual incidence of surgery regardless of type of sco-
liosis per 100,000 individuals was 9.1 [95% confidence
interval (CI), 8.8-9.4], 5.9 (95% CI 5.5-6.2) in males and
12.5 (95% CI 12.0-13.1) in females. The highest annual
incidence was seen in females with adolescent idiopathic
scoliosis 7.2 (95% CI 6.8-7.7). The same type of scoliosis
had the lowest incidence ratio between males and females,
0.3:1 (95% CI 0.2-0.3). The male/female incidence ratio
regardless of type of scoliosis was 0.5:1 (0.4-0.5) (95%
CI 0.4-0.5) (Table 2). The overall median age at admis-
sion was 15 years (IQR 13-17) for males and 14 years
(IQR 12-16) for females. In total, incidence increased by
92% (110% in males and 90% in females), between 2000
and 2013, from 5.1 (95% CI 4.2-6.0) to 10.7 (95% CI
9.4-12.0) per 100,000 with an average of 4.6% per year
(p < 0.001). The annual incidence of primary scoliosis
surgery increased during the study period for both males

(r =0.88; p < 0.001) and females (r = 0.77; p < 0.001)
(Fig. 1).

The trend in incidence rate was significant in adoles-
cent idiopathic scoliosis (r = 0.85; p < 0.001). The median
length of hospital stay decreased continuously, in total by
27%, from 11 days (IQR 9-14) in 2000-8 days (IQR 7-10)
in 2013. Individuals with neuromuscular scoliosis had the
longest LOS [median = 10 (IQR 9 to 14)] and individuals
with adolescent idiopathic scoliosis had the shortest LOS
[median = 9 (IQR 8 to 10)], see Table 3 and Fig. 2.

Posterior fusion was the most common surgical approach
(n =2286; 75%) followed by anterior fusion (n = 546; 18%)
and anteroposterior fusion (n = 230; 7%). There was a sta-
tistically significant shift towards the proportion of poste-
rior fusion (r = 0.83; p < 0.001) with a resultant decrease
in anterior and anteroposterior fusion over the 14 years of
surveillance (Table 3).

Of the 3062 individuals treated surgically for scoliosis,
3% (n = 103) had revision surgery due to post-op infection

Table 2 Crude incidence rates

g o Type of Scoliosis Annual incidence rate per 100,000 (95% confidence Incidence rate ratios
for p.rlrr.lary scoliosis §urgery intervals) (95% Confidence
an.d 1nc1denc§ ra}te ratio for Intervals)
primary scoliosis surgery Males Females Total Male/female ratio
between males and females S
?zggi& 22011?‘)’“5’ in Sweden Regardless of type 59(5.5-62) 12.5(12.0-13.1)  9.1(8.8-9.4) 0.5 (0.4-0.5)

Infantile idiopathic® 0.02 (0-0.05)  0.04 (0.01-0.07)  0.03 (0.02-0.06) 0.5 (0.1-1.7)
Juvenile idiopathic 0.3 (0.3-0.4) 1.1 (0.9-1.3) 0.7 (0.6-0.8) 0.4 (0.3-0.6)
Adolescent idiopathic 1.9(1.7-2.1)  7.2(6.8-7.7) 4.5 (4.3-4.7) 0.3 (0.2-0.3)
Neuromuscular 2.7(2.5-2.9) 2.7 (2.5-3.0) 2.7 (2.5-2.9) 1.0 (0.9-1.1)
MMC 0.2 (0.1-0.3)  0.3(0.2-0.4) 0.2 (0.2-0.3) 0.7 (0.4-1.0)
Congenital 0.6 (0.5-0.7) 0.9 (0.7-1.0) 0.7 (0.6-0.8) 0.7 (0.5-0.9)
Unspecified® 0.2 (0.1-0.3)  0.2(0.1-0.3) 0.2 (0.2-0.3) 1.0 (0.6-1.6)

295%CI Rates for Infantile idiopathic scoliosis is based on very small number (4 males and 7 females) and

are not reliable

"Including other secondary scoliosis and other forms of scoliosis

MMC myelomeningocele
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Fig. 1 Incidence of primary scoliosis surgery per 100,000 individu-
als, stratified by sex, as a function of calendar year of occurrence. The
solid lines indicate 95% confidence intervals

(Table 3). Comparing revision surgery based on the time
period prior to and including 2006 (56/1349) versus after
2006 (47/1713), there was a 54% increase in revision surgery
(RR = 1.54;95% CI 1.04-2.28) during 2000-2006. Sixteen
(0.5%) individuals died within 90 days after the primary
scoliosis surgery. Individuals with neuromuscular scoliosis
exhibited the highest mortality (n = 12; 1.3%).

Discussion

This nationwide study aimed to describe the annual inci-
dence of surgical treatment of scoliosis in Swedish indi-
viduals and young adults. Specifically, we aimed to identify
changes in incidence rate and hospital length of stay (LOS)
over this 14 years period and to describe total infections and
mortality within 90 days of surgery. There was a significant
increase in annual surgeries for scoliosis between 2000 and
2013. The most common indication for surgery was adoles-
cent idiopathic scoliosis. The increase in surgery among this
subgroup may be due to the movement away from bracing as
a result of difficulties with patient adherence, as well as the
long-term psychological impact [14], and leading surgeons
to recommend surgery more often [15]. At end of the time
period examined in this study, Weinstein et al. demonstrated
significant benefits of bracing for managing scoliosis using
a randomized controlled trial [16]. Whether this study will
have an impact on surgical rates remains to be seen. While

Table 3 Median length of stay, post-operative infections requiring surgery, and mortality within 90 days for primary scoliosis surgery in individuals and young adults aged 0-21 years in Swe-

den (2000-2013), stratified by surgical approach

Anteroposterior

Posterior

Anterior

All types of fusion

LOS days (IQR) N (%) LOS days (IQR) N (%) LOS days (IQR)

N (%)

Mortality N

LOS days (IQR) Post-op Infec-
tion N (%) (%)

N

Type of Scoliosis

11 (9-15)

230 (7)

9 (8-11)

2286 (75)

546 (18) 9 (8-11)
NA

16 (0.5)

0
0
0

103 (3)

9 (8-11)
10 (8-11)

3062

Regardless of type

10 (10-10)
12 (10-14)
11 (10-14)
11 (9-15)

109
15 (7)
61 (4)
82 (9)

10 (8-12)

10 91)
131 (57)
1107 (73)
757 (83)

19
3 (1)

20 (1)

11
230
1516
913

Infantile idiopathic

10 (8-11)

9 (8-11)

84 (37)
348 (23)
74 (8)

10 (8-11)

Juvenile idiopathic

8 (7-10)
10 (9-14)

9 (8-11)
10 (8-11)

9 (8-10)
10 (9-14)

Adolescent idiopathic

12 (1.3)

0

59 (6)

Neuromuscular

MMC

21 (9-16)

21 (26)

9 (8-13) 40 (49) 12 (8-18)
191 (81)

10 (8-11)

21 (26)
10 (4)

12 (15)

11 (8-15)

82
236

10 (9-14)

35 (15)

8 (7-10)
10 (8-13)

1(0.4)
341

3(1)
5(7)

9 (7-11)

10 (9-14)

Congenital

15 (11-15)

15 1)

50 (68)

10 (10-14)

9(12)

74

Unspecified*

IQR inter quartile range, LOS length of stay, the duration of a single episode of hospitalization, MMC myelomeningocele, NA not applicable

#Including Other secondary scoliosis and Other forms of scoliosis
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Fig. 2 Length of stay (days) stratified by type of scoliosis, as a func-
tion of calendar year of occurrence by periods of 2 years

we did not see a significant increase in surgery for persons
with neuromuscular scoliosis, the shift from conservative
treatment to surgical management of scoliosis in this group
of Swedish children likely happened prior to 2000 [17].
There was no significant change in incidence of scoliosis
surgery for children with MMC. One possible explanation
for this lack of change is the fact that there are few cases of
children with this condition. Despite the reduction in the
number of Swedish children born with MMC due preven-
tive measures (e.g., folic acid use during pregnancy and
early detection of the condition in utero which has led to
terminations of pregnancies) [18] there has been an influx
of children with MMC into Sweden. We do not know if
the prevalence of MMC changed during the study period.
Additionally, surgical techniques may have advanced enough
for the surgery to be considered safe among this group of
children.

The surgical incidence for scoliosis was higher in females
for all types of scoliosis, except for neuromuscular scolio-
sis and congenital scoliosis and these data confirm results
from earlier studies [7, 17, 19]. When comparing our data
to data from the 1970s, it seems that the sex differences for
surgically treated adolescent idiopathic scoliosis are chang-
ing towards a higher proportion of males being treated than
females [1]. With the information we have available in this
study, we cannot provide insights into the shift towards pro-
portionally more males receiving surgery.

While surgery increased during the study period, there
was a concurrent decrease in hospital LOS over the 14-year

@ Springer

period. These results mirror findings from other large pop-
ulation-based research demonstrating significant reductions
in hospital LOS [7, 8, 17, 20]. Vigneswaran et al. in a study
of surgical outcomes in individuals with idiopathic scoliosis,
reported a decrease in average hospital LOS from 6.5 days
in 1997 to 5.6 days in 2012 [8], which does not seem to be
associated with higher complication rates [21]. In a more
recent study (2002-2011) of surgery in 2154 individuals
with neuromuscular scoliosis, researchers reported a mean
hospital LOS of 9.0 days [17].

With respect to surgical approach, posterior fusions sig-
nificantly increased with a concurrent decrease in anteropos-
terior fusion over time. This trend was also found in the US
among adolescents undergoing surgery for scoliosis [7, 8].
Vigneswaran et al. in a study of 20,346 adolescents with
scoliosis aged 0—12 years, found posterior fusions increased
from 63.4% in 1997 to 94.1% in 2012 [8]. The shift in surgi-
cal approach away from anterior fusions may be attributed
to the re-popularization of the posterior approach and the
increased pulmonary function described after posterior sur-
gery compared to anterior surgery [22].

The number of individuals in our study with various
types of scoliosis requiring revision surgery due to infection
was similar to rates reported in earlier studies [17, 23-26].
However, infection rates reported in prior studies and our
study cannot be directly compared with each other. Data on
infection rates differ according to the definition of infections
included (e.g., superficial infections requiring antibiotics,
other studies only include infections which require revision
surgery), and studies have analyzed infections rates within
different time spans. A retrospective review of patients who
were revised more than one year after the index procedure
found that Titanium alloy instrumentations resulted in less
late post-operative infections, when compared to stainless-
steel ones [27]. In Sweden there was a transition in the type
of instrumentation used (stainless steel was the most com-
mon alloy in implants) prior to and including 2006 and after
2006 (titanium alloys were more common), we examined
revision surgery rates and found a 54% increase in revision
surgery due to infections during the earlier time period when
stainless steel was likely used. In our study, children with
MMC experienced the highest post-operative infection rate.
There are few studies that have evaluated surgical outcome,
including infections for children with this type of scoliosis
[28].

In this study, individuals with neuromuscular scoliosis
exhibited the highest mortality (1.4%). Mortality related to
scoliosis surgery has been examined in a variety of ways. In
a study of 8975 pediatric patients undergoing 29 different
orthopedic procedures, four deaths were noted (0.04% of
all patients) within 30 days. These deaths occurred only in
patients with non-idiopathic scoliosis (n = 655) [29]. De
la Garza Ramos (2016) found a seemingly high mortality



Eur Spine J (2018) 27:286-292

291

rate of 0.12% among 36,335 individuals with adolescent idi-
opathic scoliosis during the inpatient stay [20]. In our study
there were no deaths among individuals with adolescent idi-
opathic scoliosis.

Limitations and strengths

Due to the retrospective nature of the study and the use of
a national registry there is the potential for misclassifica-
tion bias or missing data, as we did not confirm surgeries
in the medical records of patients. However, the quality of
the registry data has been systematically reviewed and the
accuracy of the coding is reported to be high [30]. However,
we cannot exclude that the increase of incidence of scoliosis
surgeries might be affected by an increased awareness of the
medical system towards this diagnosis. As it is impossible
to ascertain the number of individuals diagnosed with sco-
liosis from the registry data, our focus is on the changes in
surgical management within the total population at risk. It is
likely that surgical technique has changed over time, but we
find it unlikely that this have resulted in different reporting
patterns to the National Patient Register. A strength of the
study includes examination surgical management of scolio-
sis within a national registry embedded in a public health
system. Thus, we have complete ascertainment of the popu-
lation of risk for surgeries every year. To our knowledge, this
is the largest epidemiology study of surgical management
for individuals and adolescents with scoliosis to examine
various types of scoliosis and trends of this management in
a national population. There were no changes in diagnostic
codes during the time period of the study (all have ICD-
10 codes). To minimize the possibility of including chil-
dren who had scoliosis surgery prior to the study period,
we examined the database and excluded children who had
surgery between 1997 and 2000.

Conclusions

During the study period 2000-2013, the incidence of sur-
gical treatment of scoliosis in individuals and adolescents
increased, driven primarily by increases in surgical manage-
ment for adolescent scoliosis. We do not expect this increase
to reflect a change in surveillance techniques. Rather, we
postulate that surgeons were more likely to recommend
surgery for scoliosis due to improvements in surgical tech-
niques, better peri- and post-operative care, and reduced
bleeding time and complications, even though we lack data
to support this assumption.

The decrease in LOS may reflect improvements in surgi-
cal techniques and post-operative care. This present nation-
wide study is the largest report focused on trends in the
surgical management of individuals and adolescents with

scoliosis diagnosed with various types of scoliosis and may
serve as a basis for further studies.
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