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Objective: Describe the incidence and distribution of appendicular fractures in a cohort of veterans with spinal
cord injury (SCI).

Design: Retrospective, observational study of fractures in veterans with a chronic traumatic SCI.

Setting: The Veterans Health Administration (VA) healthcare system.

Participants: Veterans included in the VA Spinal Cord Dysfunction Registry from Fiscal Years (FY)
FY2002-FY2007.

Interventions: Not applicable.

Main Outcome Measures: Description of fractures by site and number. Mortality at one year following incident
fracture among men with single vs. multiple fractures.

Results: Male and female veterans sustained incident fractures with similar observed frequency (10.5% vs
11.5%). The majority of fractures occurred in the lower extremities for both men and women. In men, a
complete extent of injury (compared to incomplete) was associated with 41% greater relative risk (RR) of
incident fracture (RR 1.41, 95% confidence interval [1.17, 1.70]) among those with tetraplegia, but not
paraplegia. Furthermore, many men (33.9%, n = 434) sustained multiple fractures over the course of the
study. There were no differences in mortality between men who sustained a single fracture and those who
had multiple fractures.

Conclusions: The extent of injury may be an important predictor of fracture risk for male veterans with tetraplegia.
Once a fracture occurs, male veterans with SCI appear to be at high risk for additional fractures.
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Introduction

There are approximately 300,000 individuals in the
United States living with a Spinal Cord Injury (SCI),
and this number is expected to rise with time.!> While
the severity of the SCI impacts the degree of bone loss,
nearly all persons with SCI lose bone mineral density
(BMD) in the long bones below the level of the spinal
injury®; additionally, heterotopic ossification (HO),
which does occur in persons with SCI, is also associated
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with bone loss.* Thus, osteoporosis-related fractures are
a major issue in this population.>> The exact prevalence
of fractures in the SCI population is not known, as some
fractures go unrecognized; however, recently it was
reported that in male veterans with SCI of at least two
years’ duration, there is a 14% five-year incidence of
lower extremity fractures.’

A fracture in a person with SCI may have serious con-
sequences. Following a lower extremity fracture, the risk
of pressure ulcers, respiratory infections, urinary tract
infections, blood clots, depression, and delirium is sig-
nificantly increased.” A fracture in a person with SCI
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also significantly raises the mortality rate above and
beyond the original spinal injury.® However, detailed
studies including more recent data on the epidemiology
of appendicular fractures in persons with chronic SCI
are lacking.

Methods

Persons

The Veterans Health Administration (VA) Spinal Cord
Dysfunction (SCD) Registry is an administrative clinical
database maintained by individual VA medical centers to
track the population of veterans with SCD (including
SCI) followed at each center.” These data are also aggre-
gated at a national level; therefore, the SCD Registry rep-
resents veterans with SCD across the United States. All
men included in the SCD Registry from fiscal years
2002-2007 with a traumatic SCI of at least two years’ dur-
ation were eligible for the analyses. Females represented a
very small minority of the VA SCD population (3.0%)
and are described separately to minimize heterogeneity
in our sample. This study focused on traumatic SCI etiol-
ogy based on a previous study showing that traumatic
causes of SCI were associated with an increased risk for
fracture compared with nontraumatic causes of SCL®
Only those with a minimum of two years’ duration of
SCI were included as a new steady-state between bone
resorption and bone formation is reached approximately
eighteen months to two years following SCIL*®
Information on etiology, duration, level, and complete-
ness of the SCI was obtained from the Registry. Persons
with a missing duration of injury were excluded, as
chronicity of the SCI could not be determined. As an indi-
cator of overall health, Charlson comorbidity indices'®
were calculated using data available within a year preced-
ing incident fracture. The Charlson comorbidity index
quantifies the association of the number and severity of
major comorbid conditions (e.g. cardiovascular disease,
diabetes, cancer) with 10-year mortality.'” If an individ-
ual did not have any VA utilization in the year preceding
an incident fracture then the two years prior to an inci-
dent fracture were used to calculate the individual’s
Charlson comorbidity index. Diagnoses were determined
using VA Medical SAS Inpatient Datasets and the
Outpatient Care File. The full 18-item weighted
Charlson comorbidity index was used, excluding the cat-
egory for paraplegia/tetraplegia. If the person had an
International Classification of Diseases, Ninth Revision
(ICD-9) code contained within the Charlson comorbid-
ity index, that person was assigned the corresponding
comorbidity and was given a score of 1; if the person
did not have the comorbidity or if there was no recording
of that comorbidity, then that person was given a score of

0. After all individual comorbidities had been assessed
for a given person, the comorbidities were summed for
their final Charlson comorbidity index aggregate score.

The study was approved by the Veterans Affairs
Institutional Review Board and principles of the
Declaration of Helsinki were followed.

Incident fractures

Fractures were defined using ICD-9 codes.'! Table 1
includes the ICD-9 codes for the fracture sites of inter-
est. A fracture was considered “incident” if there were
no encounters with the same 3-digit ICD-9 code
within a 120-day time period prior to the date of the
identified fracture.® Pathologic fractures (ICD-9 code
733), ill-defined fractures of the lower extremity, site-
unspecified fractures, and multiple fractures that
occurred on the same day at discrete sites were excluded.
Fractures from high-energy, external traumatic events
having a supplemental ICD-9 “E-code”,'” were
excluded, except those resulting from an non-specific
fall (E-code 888.9), which are described separately.

Mortality

Date of death was obtained from the National Death
Index (NDI) of the National Center for Health
Statistics'® and the VA Vital Status File."* NDI records
are available approximately 16 months after the con-
clusion of a given year.'* Mortality was ascertained
one year following the incident fracture.

Statistical analysis
For the primary analyses, male veterans were divided
into three groups: (1) persons with a single upper extre-
mity fracture, (2) persons with a single lower extremity
fracture, and (3) persons with multiple fractures (more
than one site-specific fracture on a unique day in the
study-eligible time period). For men with multiple frac-
tures within the 6-year study window, baseline charac-
teristics are presented for the persons’ first fracture.
Mortality is calculated from the last incident fracture.
Shapiro-Wilk and Kolmogorov-Smirnov tests for nor-
mality were performed across each of the three fracture
groups (single upper, single lower, and multiple frac-
tures) for the continuous variables age, Charlson comor-
bidity index, and duration of injury. Bivariate analyses
of baseline characteristics were analyzed using X2 tests
(or Fisher’s exact test) for categorical variables,
ANOVA for continuous variables that met the assump-
tions for normality, and Kruskal-Wallis for continuous
variables that did not meet normality assumptions.
The Bonferonni correction was used to address the
multiple testing among the 6 variables examined (age,
race/ethnicity, level, extent, and duration of SCI and
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Table 1 ICD-9 codes for appendicular fractures Table 2 Overall distribution of fracture sites by sex
Fracture Site ICD-9 Code Fracture Site Men n (%) Women n (%)
Scapula 810.x Upper Extremity 345 (17.4) 14 (24.1)
Clavicle 811.x Scapula 3(0.9) 0(0.0)
Humerus 812.x Clavicle 38 (11) 1(2.9)
Forearm 813.x Humerus 96 (27.8) 3(8.8)
Carpal 814.x Forearm 55(15.9) 2(5.9)
Metacarpal 815.x Carpal 42 (12.2) 0(0.0)
Phalanges of hand 816.x Metacarpal 59 (17.1) 4(11.8)
Multiple fractures of hand 817.x Phalanges of Hand 51(14.8) 1(2.9)
Pelvis 808.x Multiple Hand 1(0.0) 0(0.0)
Femoral neck 820.x, 820.1x, 820.8, 820.9 Lower Extremity 1634 (82.6) 44 (75.9)
Trochanteric 820.20, 820.30 Pelvis 39 (0.1) 0(0.0)
Intertrochanteric 820.21, 820.31 All Hip 253 (15.2) 1(2.94)
Subtrochanteric 820.22, 820.32 Femoral Neck 169 (10.1) 0(0.0)
Femur 821.x Trochanteric 18 (1.1) 0(0.0)
Patella 822.x Intertrochanteric 10 (0.6) 0(0.0)
Tibia/Fibula 823.x Subtrochanteric 56 (3.4) 1(2.9)
Ankle 824 .x Femur 419 (25.1) 4(11.8)
Tarsals/Metatarsals 825.x Patella 26 (1.6) 1(2.9)
Phalanges of foot 826.x Tibia/Fibula 542 (32.5) 9 (26.5)
Ankle 206 (12.4) 5(14.7)
Tarsal/Metatarsal 105 (6.3) 2(5.9)
the Charlson comorbidity index). Statistical significance A,lpgiﬁﬂfﬁf of Fool 194713 E12 66(3))_0) 525 §12 (%.0)
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was set at the 0.0083 (0.05/6) level. All analyses were
done using SAS v9.3 (SAS Institute, Inc., Cary, NC,
USA).

Results

Within the VA SCD Registry, there were 12,162 male
veterans and 296 female veterans with a traumatic SCI
of at least two years’ duration identified from fiscal
years 2002-2007. There were 1,979 non-E-coded extre-
mity fractures in 1,281 men. The majority of fractures
in men, 1,634 (82.6%), occurred at lower extremity
sites; 345 (17.4%) fractures occurred at upper extremity
sites. There were 34 women (11.5% of women) identified
with 58 incident fractures (2.8% of all fractures); among
them, there were 14 upper extremity fractures (24.1%)
and 44 lower extremity fractures (75.9%). There was
no significant difference in the frequency of incident
fractures between men and women (10.5% vs 11.5%,
respectively, P = 0.60) and no difference in distribution
of upper and lower extremity fracture sites based on
sex (P =0.33). The distribution of specific fracture
sites among men and women are shown in Table 2.
Over 1/3 of men in the cohort sustained multiple inci-
dent fractures on unique days over the six-year obser-
vation period (Fig. 1). Additionally, 48 E-coded
fractures due to non-specific falls were identified.

The derivation of the final analytic sample is shown in
Fig. 2. Descriptive statistics for men in the cohort by
fracture group (single upper extremity, single lower
extremity, multiple fractures) are shown in Table 3.
There were no significant differences in age, race/ethni-
city, and duration of SCI based upon the fracture group
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(Table 3). There were significant differences between the
fracture groups based on level and extent of SCI as well
as the Charlson comorbidity indices (Table 3). Among
men with a known level and extent of injury, upper
extremity fractures were more common in those with tet-
raplegia and incomplete injuries; lower extremity frac-
tures were more common in those with complete
injuries. Charlson comorbidity indices were higher
among men with single upper extremity fractures.
When comparing all men with single site-specific frac-
tures to men with multiple fractures, there were no sig-
nificant differences in age (P = 0.93), race/ethnicity
(P=0.62), level (P=0.12), extent (P=0.88), or duration
(P=0.26) of SCI, as well as Charlson comorbidity
indices (0.94 vs 0.73, P=0.04, data not shown).
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Figure 1. Percentage of men with single and multiple fractures.
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33542 male SCI patients from
VA SCD Registry FY 2002-
2007

-16,800 patients with non-traumatic
causes of SCI

A 4

16742 patients with traumatic SCI

- 4580 patients with SCI of less than
2 years’ duration

A.

12162 patients with chronic,
traumatic SCI

- 10433 patients without an incident
fracture

1729 patients with chronic,
traumatic SCI and at least
one incident fracture

» - 121 patients with E-coded fractures

A 4

1608 patients with chronic,
traumatic SCI and at least one
non E-coded incident fracture

- 155 patients with multiple fractures
diagnosed on a single day

1453 males with chronic traumatic
SCl and at least one unique,
incident, non E-coded fracture on a
unique day

- 172 patients with fractures only at
unspecified/ill-defined sites

A

1281 patients with chronic, traumatic SCI and
at least one unique non E-coded incident
fracture at a specific site on a unique day

analyzed

Figure 2. Derivation of final analytic sample.

Complete injury (compared to incomplete) was
associated with an additional 41% risk of appendicular
fracture in men with tetraplegia (relative risk (RR) =
1.41 95% CI=[1.17, 1.70]); however, among men
with paraplegia, there was no increase in the RR of
fracture with having a complete injury (RR = 1.01
95%CI = [0.87, 1.18]).

There were few (n = 48) E-coded fractures for non-
specific falls. Most commonly, non-specific falls resulted
in fractures of the tibia/fibula (data not shown).

There were 63 (7.4%) deaths among men with a single
site-specific fractures and 31 (7.1%) in those with mul-
tiple fractures, a difference which was also not signifi-
cant (P=0.94).

Discussion

Male veterans with chronic traumatic SCI had a sub-
stantial number of appendicular fractures; female veter-
ans, who represented a small minority of the population
of interest, sustained fractures at a similar frequency.
Among men, there were significant differences in the
number and sites of fractures based on the extent and
level of SCI as well as the presence of other comorbid
conditions. Over one-third of men in this cohort had
multiple incident fractures over the 6-year time period
of this study; multiple fractures were not associated
with SCl-related factors (i.e. duration, level, or extent
of SCI), age, race/ethnicity, or Charlson comorbidity
indices.

In the current study, men and women appeared to
sustain fractures at a similar frequency. In a Danish
study comparing non-veteran men and women with
SCI, women were found to have a higher relative risk
of fracture compared to men'>; however, this was a
cross-sectional study that included more women (n =
322 vs n = 34), included individuals with nontraumatic
SCI and fractures were ascertained by self-report, which
may account for the differences. The findings that the
majority of fractures occurred in the lower extremities
for both men and women are in accord with the
overall distribution of fractures reported in previous
studies.®'> ' The most common fracture site within
the lower extremity among both men and women was
the tibia/fibula. This observation is in agreement with
two prior studies'®?° but is in contrast to other reports
which found supracondylar femur fractures,'®?' femur
fractures,'”® or fractures about the hip'® to be most
common, although tibial fractures are often second in
prevalence.”> Clinical studies following a SCI indicate
that bone loss severity progresses caudally, such that
the loss of bone in the tibia is greater than in the
femur,?*** which is consistent with the findings of this
study. That the frequency of upper and lower extremity
fractures was similar between men and women differs
from a prior report that upper extremity fractures
(“arm” fractures) were more common in men.>*

Single upper extremity fractures were more common
in men with tetraplegia, incomplete injuries, and in
men with higher Charlson comorbidity indices. The
association of higher Charlson comorbidity index with
upper extremity fractures is in agreement with a pre-
vious report from the non-SCI literature in
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Table 3 Baseline characteristics of male veterans by fracture group

Fracture Group

Single Upper Extremity Single Lower Extremity Multiple Fractures P-
Characteristic (n=183) (n = 664) (n =434) value®
Age (years), mean + sd 56.2 +12.3 56.6 + 12.3 56.5+11.6 0.84
Race/ethnicity, n (%) - - - 0.94
White 106 (57.9) 387 (58.3) 262 (60.4) -
Black 21 (11.5) 76 (11.4) 41(9.4) -
Other 1(0.5) 4 (0.6) 4(0.9) -
Missing 55 (30.1) 197 (29.7) 127 (29.3) -
Level of Injury®, n (%) - - - <0.001
Paraplegia 75 (41.0) 381 (57.4) 255 (58.8) -
Tetraplegia 77 (42.1) 252 (38.0) 143 (32.9) -
Unknown 31(16.9) 31(4.7) 36 (8.3) -
Extent of Injury®, n (%) - - - <0.001
Complete 29 (15.4) 287 (43.2) 168 (38.7) -
Incomplete 102 (55.7) 246 (37.0) 175 (40.3) -
Missing 52 (28.4) 131 (19.7) 91 (21.0) -
Duration of Injury (years), 21.0 +13.1 241 +14.2 244 + 135 0.01
mean =+ sd
Charlson Comorbidity Index,® 12+20 08719 073+ 15 0.007
mean =+ sd

ANOVA for normally distributed continuous variables, Kruskal-Wallis for continuous variables not meeting normality assumptions, and
éz/Fisher’s exact test for categorical variables. Due to multiple comparisons, statistical significance was set to P < 0.0083.
Among men with incident fracture, 711 (565.5%) of men had paraplegia, 472 (36.8%) had an incomplete injury, and information on level

of injury was missing for 98 (7.6%) patients.

°Among men with incident fracture, 484 (37.8%) of men had a complete injury, 523 (40.8%) had an incomplete injury, and information on

extent of injury was missing for 274 (21.4%) patients.
9Does not include index component for paraplegia/tetraplegia.

nonambulatory persons on dialysis that found fractures
in general to be more common in those with higher
Charlson comorbidities.”” The finding that tetraplegia
was associated with a higher percentage of upper extre-
mity fractures is not surprising as only those with tetra-
plegia have upper extremity involvement and bone
density is lower in these persons who are unable to use
these limbs for exercise.”® The reasons why upper extre-
mity fractures were more common with incomplete inju-
ries are not clear.

A complete extent of injury was associated with an
increased relative risk of fracture, but only in those
with tetraplegia. This finding is in accord several prior
studies showing an association with between motor
and sensory complete SCI and fracture incidence.?’*®
The lack of this association in those with paraplegia
may be due to the fact that complete injuries are more
common in paraplegia.”’

Our finding of substantial numbers of additional frac-
tures over time (more than 1/3 of the population) in
male veterans with a SCI is similar to several historical
reports with very small sample sizes'° and a more
recent report finding that 34.6% of individuals with
traumatic SCI sustained two or more fractures over an
11-year time period.'® The findings that age was not
associated with multiple fractures is in agreement with
a cross-sectional study of persons with traumatic SCI°!
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and extends these findings to suggest that race/ethnicity
and higher burden of comorbid disease are also not
associated with multiple incident fractures. While dur-
ation of injury was not associated with multiple fractures
in the current study, one previous report suggested that
longer duration of SCI is associated with multiple frac-
tures over time.’! Multiple fractures were more
common in those with paraplegia and persons with
paraplegia may be at increased risk of osteoporosis
(and thus fracture) compared to persons with tetraplegia
because they are more likely to have lower motor neuron
injuries and greater muscle atrophy.”?

There was no increased mortality for men with
additional fractures over time compared to those with
single fractures. This is in contrast to the non-SClI litera-
ture, which reported an increased risk of mortality,
especially for men, if an additional fracture was sus-
tained following a first osteoporotic fracture.*

Study limitations

There were several limitations to this study. A large
number of fractures occurring at unspecified and ill-
defined sites were excluded (485 of 2,464 fractures
initially identified in the cohort, 19.7%); the effect of
this is not known. Although data on age was missing
for less than 1% of persons, there was a high frequency
of missing data for race/ethnicity, level, and extent of



Bethel et al. A historical study of appendicular fractures in veterans with traumatic chronic spinal cord injury

injury; however, sensitivity analyses of the SCI Registry
have shown that those with missing information do not
differ significantly across any of the other covariates.
Further, since ICD-9 codes and not direct physician
documented chart data were used to identify comorbid
conditions for the Charlson comorbidity index, it is
possible that important comorbid conditions were not
included as an ICD-9 code. This may have underesti-
mated the association of comorbid conditions with mor-
tality among those with multiple fractures. Those
missing duration of injury and those with a duration
of injury of less than two years were excluded from the
analyses. This is a limitation because longer duration
of injury is an important predictor of both lower
BMD?? and impaired bone strength.** It is possible
that the epidemiology of fractures differs in those with
an acute SCI (< 2 years duration) from what is reported
here. The cohort included was from FY2002-2007 and
the current composition of the Veteran population
with SCI in VHA may be different due in part to an
influx of new SCI injuries from conflicts in Iraq and
Afghanistan, an increase in the number of women in
the military, and the aging of veterans’>; therefore, the
findings described here may not accurately describe frac-
tures in this population as it exists today. E-codes are a
subset of the ICD-9 classification system that further
describe an injury as due to an external cause (the
major ones include accidents, poisoning and adverse
effects of drugs, accidental falls, late effects of accidents,
self-injuries, assaults, or suicide). For the purposes of
this study, only E-codes from non-specific falls were
included. However, in this administrative database it is
possible that some of the E-coded fractures were mis-
classified.>® ASIA scores were not uniformly recorded
in the time period of the study and thus were not
included. Based on our previous work,*’ the develop-
ment of HO following an incident fracture was exceed-
ingly rare, therefore, we did not examine the
association of HO with incident fracture. BMD was
not included; it has been reported that low BMD is a
predictor of the number of fractures in SCI.3!®
Physical therapy modalities, such as functional electrical
stimulation,® standing frames,*® and body-weight-sup-
ported treadmill training,*' have potential effects on
osteoporosis and muscle changes after spinal cord
injury; there was no information on the use of these
devices or modalities. Finally, at present, the power of
the study to detect differences in mortality rates is only
5.4%. The sample size in the study would have been suf-
ficient in detecting a small effect size (h = 0.17) between
mortality rates in persons with single fracture vs. those
with multiple fractures. To detect the extremely small

effect size observed in this study (h = 0.01), 35,000
persons with fracture would have needed to be observed.

There are also important strengths to this study. First,
this is the largest series to date to examine the frequency
and distribution of fractures in persons with chronic
SCI. Furthermore, it includes information on the sub-
stantial frequency of additional fractures occurring fol-
lowing an initial fracture.

Conclusions

In male veterans with chronic traumatic SCI and tetra-
plegia, a complete extent of injury significantly raises
the risk of fracture. Multiple fractures are common in
male veterans, but do not appear to increase mortality
in the short term. However, the contribution of multiple
fractures to excess morbidity and long term mortality in
this population should be addressed in future studies.
There were few female veterans with chronic traumatic
SCI who sustained incident fractures in the time
period examined and their observed fracture percentage
was similar to males with SCI.
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