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ABSTRACT

Objectives Injury is an important issue in public health. Spinal
curvature disorders are deformities characterised by excessive
curves of the spine. The prevalence of spinal curvature
disorders is not low, but its relationship with injury has not
been studied. The aim of this study is to investigate whether
spinal curvature disorders increase the risk of injury.

Design Population-based retrospective cohort study.

Setting Using data from the Taiwan National Health Insurance
Research Database from 2000 to 2010.

Participants and exposure Patients with spinal curvature
disorders were selected using codes from the International
Classification of Diseases, Ninth Revision, Clinical Modification.
A cohort without spinal curvature was randomly frequency-
matched to the spinal curvature disorders cohort at a ratio of
2:1 according to age, sex and index year.

Primary outcome measures The risk of injury was

analysed using Cox’s proportional hazards regression models
adjusting for age, sex, comorbidities, urbanisation level and
socioeconomic status.

Results A total of 20566 patients with spinal curvature
disorders and 41132 controls were enrolled in this study.

The risk of injury was 2.209 times higher (95%Cl 2.118 to
2.303) in patients with spinal curvature disorders than in the
control group. The spinal curvature disorders cohort exhibited
higher risk of developing injury compared with the control
group, regardless of age, sex, comorbidities, urbanisation

level and subgroup of spinal curvature disorders. Based on
the subgroup analysis, the spinal curvature disorders cohort
had higher risks of unintentional injury and injury diagnoses
such as fracture, dislocation, open wound, superficial injury/
contusion, crushing and injury to nerves and spinal cord
compared with the control cohort.

Conclusions Patients with spinal curvature disorders have

a significantly higher risk of developing injury than patients
without spinal curvature disorders. Aggressive detection and
management of spinal curvature disorders may be beneficial
for injury prevention.

INTRODUCTION

The spine has a gentle curve when viewed
from the side and a straight appearance
when viewed from the back. This structure
absorbs the stress from body movement and

Strengths and limitations of this study

» This is the first nationwide population-based cohort
study to assess the associations between spinal
curvature and injury.

» The main strengths of this study are the large pop-
ulation-based dataset and the retrospective cohort
design, which minimise selection bias.

» This study cohort is large enough to examine each
risks of injury among subgroups.

» The limitation of this study is the lack of informa-
tion on the severity of spinal curvature disorders,
detailed patient characteristics and injury severity.

gravity. Kyphosis is a convex curvature of
the spine that creates a hunchback appear-
ance. Lordosis refers to the inward concave
curving of the cervical and lumbar regions
of the spine.! > When disorders of the spine
occur, the natural curvatures of the spine are
misaligned or exaggerated in certain areas.

Possible spinal curvature disorders include
scoliosis, hyperkyphosis and hyperlordosis,
which can be graded in severity by the Cobb
angle.” Scoliosis indicates a lateral displace-
ment or curvature of the spine,* which is
defined by a curve in the spine with a Cobb
angle of 10° or greater in adults.” Hyper-
kyphosis and hyperlordosis are commonly
referred to as kyphosis and lordosis by the
medical community. The evaluation of these
conditions is challenging due to the lack
of standardised diagnostic criteria. Gener-
ally, the Cobb angle of a normal thoracic
spine ranges between 20° and 50° in young
people.'

Among  community-dwelling  individ-
uals 260 years old, the current incidence of
hyperkyphosis is between 20% and 40%."
There are multiple contributing factors to
spinal curvature disorders, such as vertebral
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fractures with low bone density,'*"?

asin Scheuermann’s disease,l?’ degenerative disc disease,
postural changes,””™® muscle weakness,"”” """ interver-
tebral ligament degeneration® and systemic physical
activity practice.”

Injury is an important issue in public health,” espe-
cially among the elderly.”’ Injuries can be divided into
several types according to various factors, such as injury
diagnosis, cause of injury or intentionality of injury
according to the National Health Insurance Research
Database (NHIRD) of Taiwan.” The occurrence of injury
influences the capacity for activity and can cause compli-
cations, economic burden and even mortality.?’g_z5 Thus,
determining the modifiable risks and strategies for the
prevention or management of injury deserves more clin-
ical attention.

The potential relationship between spinal curvature
disorders and injury is not precisely known. Sinaki et al
demonstrated that thoracic hyperkyphosis in the context
of reduced muscle strength plays an important role in
increasing body sway, gait unsteadiness and risk of falls
in osteoporosis.”” De Groot et al suggest that patients with
flexed posture (characterised by protrusion of the head
and increased thoracic kyphosis) have impaired postural
control during walking and may therefore have higher
risk of falling.”® However, no study has described the
sequential association between spine curvature disorders

short vertebral height
14

and injury. We conducted a nationwide population-based
cohort study to investigate whether spinal curvature disor-
ders increases the risk of injury.

MATERIALS AND METHODS

Data sources

Taiwan’s NHIRD has been built since Taiwan established
a universal healthcare system in 1995. This database
includes the medical records of the Taiwanese popula-
tion of around 23.81million, and the coverage reached
99.6% in 2016. In this study, data were collected from the
NHIRD, and 1 000 000 people were randomly and anon-
ymously selected from the entire population. The disease
diagnosis codes in the NHIRD dossier are based on the
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM).37 This study was
approved after a complete ethical review by the Institu-
tional Review Board of National Defense Medical Center
Tri-Service General Hospital and the informed consent
was not necessary.

Study design and sampled participants

This study was a retrospective cohort design. Patients
were selected if they were diagnosed with spinal curvature
disorders with three or more outpatient visits and spinal
curvature disorders inpatients from 2 January 2000, to

Outpatient and inpatient of Longitudinal Health Insurance Database (LHID)

in 2000-2010in Taiwan

20,795,043 events; 986,713 individuals

Inclusion criteria
1. Spinal curvature disorders
outpatient=3 times
2. Spinal curvature disorders
inpatient
25,915 individuals

Exclusion criteria

2. Injury before t
3.Age <20

5,34

1. Spinal curvature disorders before 2000

racking

4. Gender unknown

9 individuals

gender, age, index

1. Without spinal curvature disorders in study period
2. The same exclusion criteria
3. 2 times patient number matched by

date

A 4

With spinal curvature

v

disorders

20,566 individuals

Without spinal curvature

v

disorders

41,132 individuals

In the end of follow-up (2010.12.31)

3,617
individuals
with injury

v

Figure 1 The flow chart of study sample selection from Taiwan National Health Insurance Research Database.

6,254
individuals
with injury
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Table 1 Demographic data for patients with and without
spinal curvature disorders

Spinal curvature disorders

With Without
Variables n % n % P value
Total 20566 33.33 41132 66.67
Gender 0.999
Male 7279 35.39 14558 35.39
Female 13287 64.61 26574 64.61
Age group (years) 0.999
20-40 3107 15.11 6529 15.87
41-64 6597 32.08 13386 32.54
>65 10862 52.82 21217 51.58
No of comorbidities <0.001
0 12469 60.63 19513 47.44
1 6074 29.53 12021 29.23
>2 2023 9.84 9598 23.33
Urbanisation level <0.001
1 (The highest) 8147 39.61 14344 34.87
2 7807 37.96 17780 43.23
3 2021 9.83 2946  7.16
4 (The lowest) 2591 12.60 6062 14.74
Insurance premium (NT$) <0.001
<18000 20193 98.19 40541 98.56
18000-34 999 324 1.58 482 117
>35000 49 024 109 0.27

31 December 2010, according to the following ICD-9
codes: kyphosis (ICD-9-CM 737.0, 737.1, 737.41), lordosis
(ICD-9-CM 737.2, 737.42), kyphoscoliosis and scoliosis
(ICD-9-CM 737.3, 737.43), and unspecified (ICD-9-CM
737.40,737.8,737.9) from the Longitudinal Health Insur-
ance Database. Patients were excluded for the following
reasons: (1) spinal curvature disorders diagnosed before
2000, (2) injury before tracing, (3) age <20 years and (4)
unknown gender. The patients were divided into four
groups based on the ICD codes.

For the control cohort, we randomly selected patients
without spinal curvature disorders in this period from
among insured individuals. We excluded control subjects
according to the same criteria. The spinal curvature disor-
ders cohort and control cohort were frequency matched
by gender, age and index rate (figure 1).

Patient and public involvement

This retrospective cohort study used Taiwan NHIRD
with anonymised identifications. Therefore, patients and
public were not involved.

Outcome measures

All study participants were followed from the index date
until the first diagnosis of injury (ICD-9-CM 800-999),
withdrawal from the National Health Insurance

programme or the end of 2010. Based on the definition
of injury categories from prior studies,” * the causes
of injury were classified as traffic injuries (ICD-9-CM
E800-E849), poisoning (ICD-9-CM E850-E869), falls
(ICD-9-CM ES880-E888), burns and fires (ICD-9-CM
E890-E899), drowning (ICD-9-CM E910), suffocation
(ICD-9-CM  E911-E915), crushing/cutting/piercing
(ICD-9-CM E916-E920) and other unintentional injuries
(ICD-9-CM E870-E879, E900-E909, E951-E949). The
intentionality categories of injuries include unintentional
(ICD-8-CM E800-R949), intentional (ICD-9-CM E950-
E979, E990-E999) and unknown.

Comorbidities

Baseline comorbidities include diabetes (ICD-9-CM 250),
hypertension (ICD-9-CM 401-405), ischaemic heart
disease (ICD-9-CM codes 410-414), stroke (ICD-9-CM
430-438), chronic kidney disease (ICD-9-CM 585), liver
cirrhosis (ICD-9-CM 570, 571, 572.1, 572.4, 573.1-573.3),
chronic obstructive lung disease (ICD-9-CM codes 490,
491, 495 and 496) and cancer (ICD-9-CM 140-208). The
population was also stratified according to the number of
comorbidities (0, 1 and >2).

Statistical analysis

All analyses were performed using the Statistical Package
for the Social Sciences (SPSS) V.21. X2 and t-tests were
used to evaluate the distributions of categorical and
continuous variables between patients with spinal curva-
ture disorders and the control group. The incidence
rates of injury were calculated according to gender, age,
number of comorbidities, urbanisation level and insur-
ance premium. Multivariable Cox proportional hazards
regression models were used to determine the risk of
injury, which is presented as a HR with a 95% CIL. The
difference in injury risk between the two groups was esti-
mated using the Kaplan-Meier method with the log-rank
test. A two-tailed p value <0.05 was considered significant.

RESULTS

We enrolled 20566 patients who had spinal curvature
disorders and 41132 subjects without spinal curvature
disorders in the control group. The majority of patients
were 265 years old (52.82% and 51.58% for spinal curva-
ture disorders and control group, respectively). Females
accounted for more than half of the subjects (64.61%)
in each cohort. There is a significant difference in the
number of comorbidities, urbanisation level and insur-
ance premium between the spinal curvature group and
control group (table 1). The average period of follow-up
was 5.48 years for the spinal curvature disorders cohort
and 6.24 years for the control group.

Table 2 shows that the incidence of injury was higher
in the spinal curvature disorders cohort than that in the
control cohort (10905.25 and 9059.47 incidences per
100000 person-years, respectively). Compared with the
control group, patients with spinal curvature disorders
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Table 2 Risk of injury stratified by variables

With spinal curvature

Without spinal curvature

disorders disorders
IRt (per IRt (per

Variables Event PYs 10°PYs) Event PYs 10°PYs) Ratio  Adjusted HR*(95% Cl)
Total 3617 33167.52 10905.25 6254 69032.77 9059.47 1.204  2.209 (2.118 to 2.303)***
Gender

Male 1308 12003.99 10896.38 2288 24100.91 9493.42 1.148  2.098 (1.958 to 2.249)***

Female 2309 21163.52 10910.28 3966 44931.86 8826.70 1.236  2.279 (2.162 to 2.402)***
Age group (years)

20-40 289 2945.11 9812.88 177 6082.11 2910.17 3.372 6.665 (5.512 to 8.060)**

41-64 885 7561.59 11703.89 603 8360.88 7212.16 1.623  6.154 (5.527 to 6.852)***

>65 2443  22660.82 10780.72 5474 54589.78 10027.52 1.075 1.666 (1.587 to 1.749)**
No of comorbidities

0 2008  14400.78 13943.69 2653 22738.69 11667.34 1.195 2.424 (2.284 to 2.572)**

1 1142  11337.55 10072.72 2077 21977.53 9450.56 1.066  2.203 (2.047 to 2.371)***

>2 467 7429.19 6286.02 1524 24316.54 6267.34 1.003 1.674 (1.507 to 1.860)***
Urbanisation level

1 (The highest) 1012 9790.98 10336.04 1759 20803.62 8455.26 1.222 2.225 (2.056 to 2.409)**

2 1522  14516.01 10484.97 2813 31263.20 8997.80 1.165 2.145 (2.012 to 2.285)**

3 325 2422.89 13413.73 463 4925.73 9399.62 1.427 2.766 (2.390 to 3.202)**

4 (The lowest) 758 6437.64 1177450 1219 12040.22 10124.40 1.163 2.131 (1.942 to 2.339)**
Insurance premium (NT$)

<18000 3545  32458.79 10921.54 6161 67962.43 9065.30 1.205 2.210 (2.118 to 2.305)**

18000-34 999 68 643.84 10561.63 88 965.58 9113.69 1.159 2.297 (1.651 to 3.194)™*

>35000 4 64.89 6164.28 5 104.76 4772.81 1.292 1.868 (0.430 to 8.119)F
***P<0.001.

*Adjusted HR: multivariable analysis including gender, age, number of comorbidities, urbanisation level and insurance premium.

TIndicates incidence rate per 100000 PYs.
$P=0.405.
IR, incidence rate; NT$, New Taiwan dollars; PYs, person-years.

were associated with a significantly higher risk of injury
(adjusted HR 2.209 (95% CI 2.118 to 2.303)). The spinal
curvature disorders cohort exhibited a higher risk of
injury compared with the control group, regardless
of age, sex, comorbidities and urbanisation level. The
risk of injury was also significantly higher in the spinal
curvature disorders cohort than in the control cohort
among patients with insurance premiums <NT$18000
New Taiwan dollars and NT$18000-NT$34999. Table 3
shows the risks of injury stratified by subgroup of spinal
curvature disorders (kyphosis, lordosis, kyphoscoliosis
and scoliosis, and unspecified type). All subgroups of
spinal curvature disorders had a significantly higher risk
of injury compared with the control cohort (adjusted HR
2.777 (95% CI 2.553 to 3.021), 2.087 (95% CI 1.235 to
3.527), 2.113 (95% CI 2.021 to 2.210), 2.727 (95% CI
2.119 to 3.509), respectively).

Table 4 shows the incidence and adjusted HR of injury
according to the injury diagnosis, cause of injury and
intentionality of injury at the end of the follow-up period.
The spinal curvature disorders cohort had a significantly

higher risk of unintentionality of injury compared with
the control cohort (adjusted HR 1.537 (95% CI 1.200
to 2.605)). The spinal curvature disorders cohort had
significantly higher risk in injury diagnoses of fracture,
dislocation, open wound, superficial injury/contusion,
crushing, injury to nerve and spinal cord and other injury
compared with the control cohort (adjusted HR 1.502
(95% CI 1.398 to 1.614), 1.732 (95% CI 1.172 to 2.558),
1.597 (95% CI 1.310 to 1.939), 1.414 (95% CI 1.131
to 1.761), 4.949 (95% CI 1.093 to 30.895), 2.428 (95%
CI 1.310 to 4.500) and 1.387 (95% CI 1.284 to 1.499),
respectively). They also had significantly higher risk of
traffic injuries, falls, suffocation, crushing/cutting/
piercing and other injuries compared with the control
cohort (adjusted HR 1.379 (95% CI 1.191 to 1.597),
1.552 (95% CI 1.429 to 1.686), 6.442 (95% CI 2.335 to
17.776), 2.595 (95% CI 1.056 to 3.409) and 1.612 (95%
CI 1.443 to 1.800), respectively). Significantly higher risk
of unintentional injury was also observed in the spinal
curvature disorders cohort (adjusted HR 1.537 (95% CI
1.200 to 2.605)).
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Table 3 Risk of injury stratified by subgroup of spinal
curvature disorders

Table 4 Risk of injury stratified by injury diagnosis, cause
of injury and intentionality of injury in the end of follow-up

Spinal curvature Crude HR

disorders (95% ClI) Adjusted HR* (95% CI)
Kyphosis
With 1.579 2.777 (2.553 to 3.021)**
Without 1 (Reference) 1 (Reference)
Lordosis
With 1.033 2.087 (1.235 to 3.527)1
Without 1 (Reference) 1 (Reference)
Kyphoscoliosis and scoliosis
With 1.146 2.113 (2.201 to 2.210)***
Without 1 (Reference) 1 (Reference)
Unspecified
With 1.388 2.727 (2.119 to 3.509)**
Without 1 (Reference) 1 (Reference)
**P<0.001.

ICD-9-CM code: kyphosis (ICD-9-CM 737.0, 737.1, 737.41),
lordosis (ICD-9-CM 737.2, 737.42), kyphoscoliosis and scoliosis
(ICD-9-CM 737.3, 737.43), and unspecified (ICD-9-CM 737.40,
737.8, 737.9).

*Adjusted HR: multivariable analysis including gender, age,
comorbidities, urbanisation level and insurance premium.
TP=0.006.

ICD-9-CM, International Classification of Diseases, Ninth Revision,
Clinical Modification.

We used Kaplan-Meier survival analysis to assess the
cumulative incidence. The injury rates of spinal curvature
disorders subjects (17.59%, in 20 566) and non-spinal
curvature disorders control (15.20%, in 41 132), and in
two-tailed test, while setting the significance as p<0.05, the
estimated statistical power for this study is 0.999. There
were significant differences in the cumulative incidence
of injury among the patients with and without spinal
curvature disorders from the first to the 11th follow-up
year (log-rank test; p<0.001) (figure 2).

DISCUSSION

This is the first nationwide population-based cohort study
to investigate the associations between spinal curvature
disorders and injury. We found that patients with spinal
curvature disorders had 2.209 times higher risk of devel-
oping injury compared with those without spinal curva-
ture disorders. Although the spinal curvature disorders
and non-spinal curvature disorders cohorts had different
prevalence of comorbidities, urbanisation level and insur-
ance premium on the index day, spinal curvature disor-
ders remained an independent risk factor for injury in
the adjusted Cox regression analysis. As shown in table 2,
patients in the spinal curvature disorders cohort had a
higher incidence of injury than patients in the control
cohortin most of the subgroup analyses of sex, age, comor-
bidity, urbanisation level and socioeconomic status. This

Crude HR

(95%Cl)  Adjusted HRT (95% Cl)

Injury diagnosis

Fracture 1.193 1.502 (1.398 to 1.614)*
Dislocation 1.859 1.732 (1.172 to 2.558)*
Sprains and strains 1.510 1.341 (0.927 to 1.942)
Intracranial/internal injury  0.835 0.996 (0.808 to 1.501)
Open wound 1.244 1.597 (1.310 to 1.939)*
Injury to blood vessels 0.297 0.287 (0.007 to 11.122)
Superficial injury/ 1.321 1.414 (1.131 to 1.761)*
contusion
Crushing 4.460 4.949 (1.093 to 30.895)**
Foreign body entering 1.469 1.921 (0.970 to 3.803)
through orifice
Burn 2.018 1.453 (0.968 to 2.180)
Injury to nerves and spinal 2.379 2.428 (1.310 to 4.500)*
cord
Poisoning 0.999 0.983 (0.809 to 1.602)
Others injury 1.270 1.387 (1.284 to 1.499)*
Cause of injury
Traffic injuries 1.370 1.379 (1.191 to 1.597)*
Poisoning 1.150 1.423 (0.906 to 2.234)
Falls 1.258 1.552 (1.429 to 1.686)"
Burns and fires 2.498 1.567 (0.977 to 2.567)
Drowning NAt NAT
Suffocation 1.972 6.442 (2.335 to 17.776)*
Crushing/cutting/ 1.788 2.595 (1.056 to 3.409)*
piercing
Other injuries 1.401 1.612 (1.443 to 1.800)*
Intentionality of injury
Unintentional 1.335 1.537 (1.200 to 2.605)*
Intentional 2.330 2.218 (0.994 to 3.424)
Unknown 1.095 1.076 (0.419 to 1.830)

Some patients did not provide information about cause and
intentionality of injury.

*P<0.05.

TAdjusted HR: multivariable analysis including gender, age,
comorbidities, urbanisation level and insurance premium.

FNA, non-applicable due to only one drowning event in patients
with spine curvature disorders and no drowning event in the
control group.

observation strengthens the finding that spinal curvature
disorders independently increases the risk of injury.

For subgroup analysis of injury events, we found that
patients with spinal curvature disorders had higher risk
of unintentional injury and injury diagnoses such as
fracture, dislocation, open wound, superficial injury/
contusion, crushing and injury to nerves and spinal cord.
The severity of spinal curvature disorders is defined by
the measurement of the Cobb angle of curvature.” Chest
wall compliance decreases in severe cases, which leads
to difficulty in breathing, increased risk of respiratory
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Figure 2 Kaplan-Meier curve for cumulative risk of injury
among aged 20 over stratified by spinal curvature disorders
with log-rank test.
muscle fatigue,” * increased dead space fraction, alve-
olar hypoventilation with hypercapnia,”’ hypoxaemia,*
ventilation—perfusion mismatch, apnoeic events with
nocturnal hypoventilation and arterial oxygen desatura-
and exercise limitations.** ** Previous studies also
suggest that spinal curvature disorders is associated with
reduced muscle strength, increased body sway and gait
unsteadiness.” *** The increased risk of unintentional
injury in our study may be explained by these systemic
manifestations of spinal curvature disorders.

We found that patients with spinal curvature disorders
had higher risks of various injury causes, such as traffic
injuries, falls, suffocation, crushing/cutting/piercing
and other unintentional injuries. Among these causes,
risk of suffocation (adjusted HR 6.442) was much higher
than that of other injuries. Although respiratory muscle
fatigue' '® and lung function impairment were found
in patients with spinal curvature,'” there are insuffi-
cient studies explaining the mechanism between spinal
curvature disorders and suffocation. Further studies for
analysing this correlation are warranted.

After stratifying patients with injury by age, we found
that the adjusted HR of subjects aged 20 to 40 years
and 41 to 64 years was much higher than that in those
aged 65 years and above (adjusted HR: 6.665, 6.154 and
1.666, respectively). This contrasts with the concept that
risk of injury is higher among the elderly, especially for
fracture due to car crashes.”” The actual mechanisms
remain unknown for this phenomenon. We found that
older patients with spinal curvature disorders had more
comorbidities than younger patients with these disorders
(table 2). Previous studies showed that age and chronic
illness are associated with disability in daily living activi-
ties.”’ > Therefore, older patients with spinal curvature
disorders may present less activity. On the other hand,
previous studies also demonstrated that impaired balance
control®® and changes in the capacity of maintaining

position® can be found in young patients with scoliosis.
It is possible that daily activities may be less limited in
younger populations with spinal curvature disorders,
which increases the risk of injury. Future studies on this
correlation are warranted.

The treatment of spinal curvature disorders includes
supportive care, bracing, pulmonary rehabilitation,
non-invasive ventilation and surgery.M_58 Treatment may
also improve pulmonary function, exercise capacity,
and arterial blood gas, as well as eliminate obstructive
apnoea.” We found spinal curvature disorders were
associated with higher risk of injury. However, whether
providing assistive devices or protective gear to patients
with spinal curvature disorders decreases the incidence of
injury remains uncertain. Future studies focusing on the
association between early detection, adequate treatment
of spinal curvature disorders and the prevention of injury
is warranted.

This study has some limitations. First, the severity of
spinal curvature disorders, the subjective symptoms and
physical examinations were not recorded which might
confound the incidence rate of spinal curvature disor-
ders. Second, there is no information on patient charac-
teristics from the NHIRD. The data lacked information
about smoking, dietary habits, alcoholism, substance use,
obesity and bone mineral density, which might influence
the time and incidence rate of injury occurrence. Third,
the severity of injuries that would impact the patient’s daily
life was not evaluated. Fourth, other bias might remain
in this retrospective cohort study, despite the meticulous
adjustment of the model for potential confounders.

In conclusion, our study suggests that patient with spinal
curvature disorders exhibit higher risk of developing
injury than patients without spinal curvature disorders,
especially the risks of unintentional injury and injury diag-
noses such as fracture, dislocation, open wound, superfi-
cial injury/contusion, crushing and injury to nerves and
spinal cord. Aggressive detection and management of
patients with spinal curvature disorders may be beneficial
for injury prevention from a public health perspective.
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