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The Influence of Musculoskeletal Conditions,
Behavioral Health Diagnoses, and Demographic

Factors on Injury-Related Outcome
in a High-Demand Population

Andrew J. Schoenfeld, MD, Gens P. Goodman, DO, Robert Burks, PhD, Michael A. Black, DSc,
James H. Nelson, MD, and Philip J. Belmont Jr., MD

Investigation performed at William Beaumont Army Medical Center, El Paso, Texas

Background: The extent to which musculoskeletal injuries and sociodemographic factors impact long-term out-
come remains unknown. The purpose of this study was to provide a prognostic analysis of the influence of muscu-
loskeletal conditions, behavioral health diagnoses, and patient-based characteristics on outcomes among a longitudinal cohort.

Methods: This is a longitudinal observational study of the population of an Army brigade deployed to Iraq from 2006 to
2007. The 4087 soldiers who survived the deployment were followed for forty-eight months and were observed for the
development of chronic musculoskeletal conditions, behavioral health disorders, and inability to remain in active service
as indicated by the findings of the Physical Evaluation Board. The influence of demographic factors, behavioral health
conditions, and deployment-related musculoskeletal injuries on the capacity to remain in the military was assessed using
Poisson multivariate analysis and receiver operating characteristic curves.

Results: The mean age of the cohort was twenty-seven years (range, eighteen to fifty-two years). One hundred and sixty-
three soldiers sustained combat-related musculoskeletal trauma, and 587 soldiers had musculoskeletal injuries not
related to battle. Three hundred and seventy-four soldiers (9%) were found to be unfit by the Physical Evaluation Board,
with 236 soldiers (63%) referred for at least one musculoskeletal condition. Of these 236 soldiers, 116 (49%) also had a
behavioral health diagnosis. Multivariate regression analysis revealed that junior enlisted rank (incidence rate ratio, 9.7
[95% confidence interval, 3.1 to 30.3]), senior enlisted rank (incidence rate ratio, 5.6 [95% confidence interval, 1.8 to
17.7]), behavioral health diagnosis (incidence rate ratio, 7.4 [95% confidence interval, 5.6 to 9.6]), age of eighteen to
twenty-three years (incidence rate ratio, 1.6 [95% confidence interval, 1.2 to 2.3]), and male sex (incidence rate ratio,
2.5 [95% confidence interval, 1.2 to 5.0]) were significant predictors of referral to the Physical Evaluation Board for a
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musculoskeletal condition. A prognostic model developed using receiver operating characteristic curves and the risk
factors of musculoskeletal injury, presence of a psychiatric condition, and lower rank explained 78% (95% confidence
interval, 77% to 80%) of the risk of being found unfit by the Physical Evaluation Board.

Conclusions: Musculoskeletal conditions, psychological diagnoses, and lower rank (socioeconomic status) were
identified as potent predictors of inferior outcome in this study. Targeting at-risk patients within populations may improve
results.

Level of Evidence: Prognostic Level IV. See Instructions for Authors for a complete description of levels of evidence.

I
njuries to the musculoskeletal system have long been rec-
ognized to have a negative impact on patient functionality
and the ability to return to work1-7. Several prospective

analyses have pointed toward inferior health status, as well as a
reduced capacity to work, among individuals who have sus-
tained musculoskeletal trauma for up to seven years following
injury2,3. Although some studies contend that access to health
care, quality of treatment, and the nature of injury are factors
predictive of outcomes1,4,8, others have indicated that socio-
economic status, social support systems, and educational level
of the injured are disproportionately responsible for the capacity
to return to work2-4,8. Behavioral health conditions, in particular,
have been increasingly recognized as comorbid factors that not
only elevate the risk of traumatic injury, but also have a depre-
ciative effect on post-injury results2,3,7-14.

Challenges to the effective evaluation of variables influ-
encing inadequate outcomes following musculoskeletal injury
include the fact that previous work conducted in this area has
been performed among individuals following the onset of
trauma, and appropriate control groups are difficult to devise.
When psychiatric conditions or posttraumatic stress disorder
are considered as covariates, it is especially difficult to discern
whether behavioral health concerns were present prior to the
trauma, or if they were potentially involved in precipitating the
injury2,9,10,14.

This investigation attempted to preclude these issues by
studying a longitudinal cohort of American military service
members deployed to Iraq as part of the Iraq War troop
surge. Soldiers deployed with this unit were followed after
their return from Iraq, with the military’s electronic medical
records database, combat casualty rosters, and U.S. Army
Physical Evaluation Board proceedings used to construct a
comprehensive data set. All service members in the unit were
included in this analysis irrespective of the presence of de-
ployment injury, facilitating the derivation of a control group
that was exposed to similar combat conditions while avoiding
injury.

With approximately four years of post-deployment ob-
servational data, we sought to determine the impact of muscu-
loskeletal trauma, sociodemographic factors, and the presence of
behavioral health conditions on an individual’s ability to con-
tinue active military service. We also intended to model the risk
incurred by the presence of individual factors, as well as cu-
mulative conditions, on work capacity following injury. We

hypothesized that soldiers who incurred musculoskeletal in-
juries during deployment and had behavioral health conditions
would have lower rates of retention on active duty, as compared
with service members who had not had war trauma or any
psychiatric diagnoses.

Materials and Methods
Subjects

This research received approval from the William Beaumont Army Medical
Center Investigational Review Board prior to its commencement. All ser-

vice members assigned to a single U.S. Army Brigade Combat Team that de-
ployed to Iraq for a fifteen-month period (2006 to 2007) were included in the
study. At the time of the Brigade Combat Team’s deployment, unit rosters,
casualty rosters, the Joint Theater Trauma Registry, and electronic medical
records were used to construct a comprehensive data set inclusive of all service
members assigned. Service member demographic information, including age,
rank, and sex, was recorded, as were all injuries sustained in theater. Deploy-
ment injuries were classified according to those that occurred as a direct result
of combat (battle injury) and those precipitated through other circumstances
(disease or non-battle injury).

Following their return from Iraq, soldiers’ medical records were re-
viewed for the development, or persistence, of physical and mental health-related
issues. Health records were abstracted on a monthly basis for the first six months
following deployment and semi-annually thereafter. The ability to remain on
active duty was determined for each individual based on the presence of Physical
Evaluation Board proceedings. Military personnel are referred to a Physical
Evaluation Board when psychiatric or physical conditions prevent satisfactory
performance of duty

15,16
. With referral to a Physical Evaluation Board, board

proceedings for each soldier were reviewed and condition(s) requiring separation
(e.g., discharge) from the Army were documented. Individual medical records and
Physical Evaluation Board proceedings, if available, were abstracted for every
soldier who survived the 2006 to 2007 deployment, regardless of whether or not
they remained part of the original Brigade Combat Team. Data collection was
finalized in December 2011 and was reflective of forty-eight months of military
medical evaluation and approximately forty-two months of Physical Evaluation
Board proceedings, following the unit’s return from Iraq.

Data Analysis
The inability to remain on active duty, as defined by the findings of a Physical
Evaluation Board, was considered the dependent variable. Predictor variables
included age, sex, military rank, presence of a diagnosed psychiatric condition,
and a deployment-related injury. Age was categorized as eighteen to twenty-
three years, twenty-four to twenty-nine years, and thirty years and older.
Commensurate with previous works showing junior-enlisted ranks to be rep-
resentative of lower socioeconomic status based on pay scales, soldier back-
ground, and the prevalence of certain medical and behavioral conditions

17-19
,

military rank was defined as junior enlisted (lowest four military ranks), senior
enlisted (non-commissioned officers), and officers. Deployment-related injuries
were defined as musculoskeletal (battle and non-battle), battle injury without
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musculoskeletal trauma, and no battle or musculoskeletal injury. Soldiers who
completed the deployment without incurring a battle injury or musculoskeletal
trauma of any kind were considered the control group. When individuals were
separated for a medical condition unrelated to the injury that they sustained
during deployment, the non-deployment-related separation was discounted.

Statistical Analysis
The raw incidence of being deemed unfit by the Physical Evaluation Board,
expressed as the number of individuals per 1000 person-years, was determined
for each of the three injury categories, as well as for the study cohort as a whole.
Incidence rates were also determined, within injury categories and for the entire
cohort, using the predictor variables of age, rank, and sex. Significant risk
factors for being deemed unfit by the Physical Evaluation Board were deter-
mined using Poisson multivariate analysis that controlled for other variables
present in the model. Multivariate analysis was performed using a referent that
was identified by convention as the predictor variable with the lowest unad-
justed incidence rate of being deemed unfit by the Physical Evaluation Board.
Multivariate analysis yielded an incidence rate ratio (IRR) with a 95% confi-
dence interval (95% CI) and a p value. Only those factors with an IRR excluding
1.0 and a p value of <0.05 were considered to be significant predictors of being
deemed unfit by the Physical Evaluation Board.

Predictive Model
On the basis of the significant predictor variables identified in multivariate
analysis, receiver operating characteristic (ROC) curves were constructed to
model the impact of risk factors, alone or in combination, on the chance of
being deemed unfit by the Physical Evaluation Board. The area under the curve
(AUC) following ROC curve analysis was interpreted to explain the variation in
the risk of being deemed unfit by the Physical Evaluation Board attributable to
the predictor variable(s).

Source of Funding
No external funding was received in support of this study.

Results

The Brigade Combat Team under study, at the time of de-
ployment (2006 to 2007), consisted of 4122 service mem-

bers. The mean age at the time of deployment was twenty-seven

years (range, eighteen to fifty-two years). Thirty-five service
members died over the course of the deployment, resulting in a
population at risk of 4087. Three-hundred and thirty-one of
these surviving soldiers sustained war trauma, with extremity
injuries being the most common (49%), followed by combat-
related trauma involving the head and neck (36%), and injuries
to the thorax and abdomen (<10%). The most prevalent combat-
related diagnosis was soft-tissue extremity wounds, occurring in
158 soldiers, followed by war-related fractures, occurring in fifty-
nine soldiers, and traumatic amputations occurring in fourteen
soldiers. Musculoskeletal injuries were also the most frequently
encountered non-battle injury (50%), followed by psychiatric
conditions (24%). Among non-battle casualties, the most com-
mon diagnosis was musculoskeletal sprain (139 soldiers), followed
by musculoskeletal pain not specified (129 soldiers), and low back
pain (eighty-one soldiers). Non-battle-related fractures were
documented for sixty-six soldiers.

One hundred and sixty-three soldiers were classified as
having sustained musculoskeletal battle injury, and 587 soldiers
were classified as having sustained musculoskeletal non-battle
injury (Table I). No evidence of combat-related injury, or mus-
culoskeletal trauma, was encountered in 3169 soldiers, who were
then designated as the control group. Within four years of the
Brigade Combat Team’s return from deployment, 374 indi-
viduals (9.2%) were found unfit by the Physical Evaluation
Board. Among these cases, 236 (63%) were unfit because of one
or more musculoskeletal conditions, and 221 (59%) were unfit
because of a psychiatric condition. Of the 236 individuals who
were referred for musculoskeletal concerns, 116 (49%) also had
a psychiatric diagnosis.

Posttraumatic stress disorder, low back pain, and trau-
matic brain injury were the three most common conditions
making individuals unfit for military service for the entire
cohort, regardless of the presence of musculoskeletal injury

TABLE I Demographic Factors and Injury Characteristics of the Cohort*

Demographic Factor

Musculoskeletal
Battle Injury
(N = 163)

Musculoskeletal
Non-Battle Injury

(N = 587)

Battle Injury Not Involving
Musculoskeletal

System (N = 168)

No Battle or
Musculoskeletal
Non-Battle Injury

(N = 3169)

Rank
Junior enlisted 75 (46%) 287 (49%) 87 (52%) 1609 (51%)
Senior enlisted 72 (44%) 260 (44%) 74 (44%) 1248 (39%)
Officers 16 (10%) 40 (7%) 7 (4%) 312 (10%)

Age
Eighteen to twenty-three years 52 (32%) 183 (31%) 76 (45%) 1142 (36%)
Twenty-four to twenty-nine years 68 (42%) 203 (35%) 65 (39%) 1105 (35%)
Thirty years or older 43 (26%) 201 (34%) 27 (16%) 922 (29%)

Sex
Male 162 (99%) 543 (93%) 166 (99%) 2891 (91%)
Female 1 (1%) 44 (7%) 2 (1%) 278 (9%)

*The values are given as the number of patients, with the percentage in parentheses.
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(Table II). Musculoskeletal diagnoses represented half of the
ten most common conditions rendering a soldier unfit for duty
for the entire population, as well as among those who sustained
no battle or musculoskeletal injuries.

The overall incidence of being deemed unfit by the Physical
Evaluation Board for musculoskeletal conditions was 46.2 per
1000 person-years (Table III). The population mean was ex-
ceeded by soldiers who were male, eighteen to twenty-three years
or twenty-four to twenty-nine years of age, and junior enlisted

personnel (Table III). The highest incidence rate was encountered
among personnel with a behavioral health diagnosis at 195.8
per 1000 person-years. Among the entire population, mul-
tivariate Poisson regression analysis revealed that rank of junior
enlisted (IRR, 9.7 [95% CI, 3.1 to 30.3]; p < 0.001) or senior
enlisted (IRR, 5.6 [95% CI, 1.8 to 17.7]; p = 0.004), age of
eighteen to twenty-three years (IRR, 1.6 [95% CI, 1.2 to 2.3];
p = 0.004), presence of a behavioral health diagnosis (IRR, 7.4
[95% CI, 5.6 to 9.6]; p < 0.0001), and male sex (IRR, 2.5 [95%

TABLE II Rank of Unfitting Conditions by Group

Rank Entire Cohort Musculoskeletal Injury No Battle or Musculoskeletal Injury

1 Posttraumatic stress disorder Posttraumatic stress disorder Posttraumatic stress disorder

2 Low back pain Low back pain Low back pain

3 Traumatic brain injury Traumatic brain injury Traumatic brain injury

4 Other medical condition Knee pain Other medical condition

5 Knee pain Knee arthritis Psychiatric condition

6 Psychiatric condition Loss of nerve function Knee pain

7 Neurologic condition Leg pain Neurologic condition

8 Knee arthritis Psychiatric condition Cervical spine pain

9 Cervical spine pain Neurologic condition Shoulder pain

10 Shoulder pain Other medical condition Knee arthritis

TABLE III Risk Factors for an Unfitting Musculoskeletal Condition for the Cohort as Determined by Adjusted Incidence Rate Ratio

Demographic Factor
Population
at Risk*

Population with Unfitting
Musculoskeletal

Condition†

Incidence of Unfitting
Musculoskeletal

Condition‡

Incidence Rate
Ratio of Unfitting
Musculoskeletal

Condition§ P Value

Rank
Junior enlisted 2058 159 (7.7%) 61.8 9.7 (3.1 to 30.3) <0.001
Senior enlisted 1654 74 (4.5%) 35.8 5.6 (1.8 to 17.7) 0.004
Officers 375 3 (0.8%) 6.4 Reference# Reference#

Age
Eighteen to twenty-three years 1453 100 (6.9%) 55.1 1.6 (1.2 to 2.3) 0.004
Twenty-four to twenty-nine years 1441 86 (6.0%) 47.7 1.4 (1.0 to 2.0) 0.047
Thirty years or older 1193 50 (4.2%) 33.5 Reference# Reference#

Sex
Male 3762 228 (6.1%) 48.5 2.5 (1.2 to 5.0) <0.001
Female 325 8 (2.5%) 19.7 Reference# Reference#

Behavioral health diagnosis
Present 474 116 (24.5%) 195.8 7.4 (5.6 to 9.6) <0.0001
Absent 3613 120 (3.3%) 26.6 Reference# Reference#

Population total 4087 236 (5.8%) 46.2 N/A** N/A**

*The values are given as the number of subjects. †The values are given as the number of subjects, with the percentage in parentheses. ‡The
values are given as the incidence, expressed as the incidence per 1000 person-years. §The values are given as the incidence rate ratio, with the
95% CI in parentheses. The determinations for rank were controlled for age, sex, and behavioral health diagnosis; the determinations for age were
controlled for rank, sex, and behavioral health diagnosis; the determinations for sex were controlled for rank, age, and behavioral health di-
agnosis; and the determinations for behavioral health diagnosis were controlled for rank, sex, and age. #Reference refers to the condition that was
used as the referent in multivariate Poisson regression analysis. **N/A = not applicable.
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TABLE IV Risk Factors for an Unfitting Musculoskeletal Condition by Injury Category as Determined by Adjusted Incidence Rate Ratio

Risk Factors
Population
at Risk*

Population with Unfitting
Musculoskeletal

Condition†

Incidence of Unfitting
Musculoskeletal

Condition‡

Incidence Rate
Ratio of Unfitting
Musculoskeletal

Condition§ P Value

Musculoskeletal battle injury 163 33 (20.2%) 162
Rank

Junior enlisted 75 19 (25.3%) 202.7 4.1 (0.5 to 30.3) 0.2
Senior enlisted 72 13 (18.1%) 144.4 2.9 (0.4 to 22.1) 0.3
Officers 16 1 (6.3%) 50 Reference# Reference#

Age
Eighteen to twenty-three years 52 15 (28.8%) 230.8 2.5 (0.9 to 6.8) 0.08
Twenty-four to twenty-nine years 68 13 (19.1%) 152.9 1.6 (0.6 to 4.6) 0.3
Thirty years or older 43 5 (11.6%) 93 Reference# Reference#

Sex
Male 162 33 (20.4%) 163 N/A** N/A**
Female 1 0 (0%) 0 N/A** N/A**

Behavioral health diagnosis
Present 31 23 (74.2%) 593.55 9.8 (4.2 to 22.7) <0.001
Absent 132 10 (7.6%) 60.6 Reference# N/A**

Musculoskeletal non-battle injury 587 60 (10.2%) 81.8
Rank

Junior enlisted 287 43 (15.0%) 119�9 2.3 (1.3 to 4.0) 0.004
Senior enlisted 260 17 (6.5%) 52.3 Reference# Reference#
Officers 40 0 (0%) 0 N/A** N/A

Age
Eighteen to twenty-three years 183 27 (14.8%) 118 2.7 (1.3 to 5.4) 0.006
Twenty-four to twenty-nine years 203 22 (10.8%) 86.7 2.0 (1.0 to 4.1) 0.06
Thirty years or older 201 11 (5.5%) 43.8 Reference# Reference#

Sex
Male 543 58 (10.7%) 85.5 2.4 (0.6 to 9.6) 0.23
Female 44 2 (4.5%) 36.4 Reference# Reference#

Behavioral health diagnosis
Present 86 27 (31.4%) 251.2 4.8 (2.7 to 8.3) <0.001
Absent 501 33 (6.6%) 52.7 Reference# N/A**

No battle injury and no musculoskeletal
non-battle injury

3169 131 (4.1%) 33.1

Rank
Junior enlisted 1609 89 (5.5%) 44.3 8.6 (2.1 to 35.0) 0.003
Senior enlisted 1248 40 (3.2%) 25.6 5.0 (1.2 to 20.7) 0.03
Officers 312 2 (0.6%) 5.1 Reference# Reference#

Age
Eighteen to twenty-three years 1142 51 (4.5%) 35.7 1.2 (0.8 to 1.8) 0.4
Twenty-four to twenty-nine years 1105 46 (4.2%) 33.3 1.1 (0.7 to 1.8) 0.6
Thirty years or older 922 34 (3.7%) 29.5 Reference# Reference#

Sex
Male 2891 125 (4.3%) 34.6 2.0 (0.9 to 1.5) 0.1
Female 278 6 (2.2%) 17.3 Reference# Reference#

Behavioral health diagnosis
Present 329 59 (17.9%) 143.5 7.1 (4.9 to 10.2) <0.001
Absent 2840 72 (2.5%) 20.3 Reference# N/A**

*The values are given as the number of subjects. †The values are given as the number of subjects, with the percentage in parentheses. ‡The values are
given as the incidence of unfitting musculoskeletal condition, expressed as the incidence per 1000 person-years. §The values are given as the incidence
rate ratio, with the 95% CI in parentheses. The determinations for rank were controlled for age, sex, and behavioral health diagnosis; the determinations for
age were controlled for rank, sex, and behavioral health diagnosis; the determinations for sex were controlled for rank, age, and behavioral health di-
agnosis; and the determinations for behavioral health diagnosis were controlled for rank, sex, and age. #Reference refers to the condition that was used as
the referent in multivariate Poisson regression analysis. **N/A = not applicable.
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CI, 1.2 to 5.0]; p < 0.001) were significant predictors of being
deemed unfit by the Physical Evaluation Board for a muscu-
loskeletal condition. A borderline trend was also noted for the
age of twenty-four to twenty-nine years (IRR, 1.4 [95% CI, 1.0
to 2.0]; p = 0.047) to be influential of the risk for being deemed
unfit by the Physical Evaluation Board.

The incidence rate for being deemed unfit by the Physical
Evaluation Board was 162 per 1000 person-years for those with
musculoskeletal battle casualties, 81.8 per 1000 person-years
for those with musculoskeletal non-battle injuries, and 33.1 per
1000 person-years for the control group. Behavioral health
diagnosis (IRR, 9.8 [95% CI, 4.2 to 22.7]; p < 0.001) was the
sole significant predictor for being deemed unfit by the Physical
Evaluation Board within the musculoskeletal battle injury
group (Table IV). Behavioral health diagnosis (IRR, 4.8 [95%
CI, 2.7 to 8.3]; p < 0.001), junior enlisted rank (IRR, 2.3 [95%
CI, 1.3 to 4.0]; p = 0.004), and age of eighteen to twenty-three
years (IRR, 2.7 [95% CI, 1.3 to 5.4]; p = 0.006) were signif-
icant variables for the cohort with non-battle musculoskel-
etal injuries. Among soldiers with no battle injury and no
musculoskeletal injury, behavioral health diagnosis (IRR, 7.1
[95% CI, 4.9 to 10.2]; p < 0.001) and ranks of junior enlisted
(IRR, 8.6 [95% CI, 2.1 to 35.0]; p = 0.003) and senior enlisted
(IRR, 5.0 [95% CI, 1.2 to 20.7]; p = 0.03) were significant
predictors.

ROC curve analysis demonstrated that the presence of
musculoskeletal injury explained 61% (95% CI, 60% to 63%
[coefficient = 1.2; p < 0.001]) of the risk of being deemed unfit
by the Physical Evaluation Board (Fig. 1-A). Stepwise addition
of age and the presence of a psychiatric condition resulted in
age losing significance as a predictive variable (coefficient = 20.2;
p = 0.1), and a strong association was appreciated for the pres-
ence of behavioral health diagnosis and the risk of being deemed
unfit by the Physical Evaluation Board (coefficient = 2.2; p < 0.001)
(Fig. 1-B). The most parsimonious ROC curve was generated
by the inclusion of musculoskeletal injury, presence of a psy-
chiatric condition, and lower rank (coefficient = 20.6; p < 0.001).
The inclusion of these risk factors explained 78% (95% CI,

77% to 80%) of the risk of being deemed unfit by the Physical
Evaluation Board (Fig. 1-C).

Discussion

We believe that this investigation provides the first prognostic
analysis of the impact of musculoskeletal conditions, be-

havioral health diagnoses, and patient demographic characteris-
tics on outcomes among a longitudinal cohort of American
military adults. Prior studies addressing these issues in civilian
populations have been hindered by small sample size, limited
duration of follow-up, insufficient controls, and the fact that
all investigations were essentially retroactive to the onset of
trauma1-4,7,12. Our study is unique in that a defined population
of more than 4000 individuals was followed from a period
antedating the onset of traumatic events and/or exposure to
violence.

Irrespective of whether or not combat-related injuries
were sustained, the group of soldiers under study was exposed
to a substantial amount of violence as evidenced by the fact
that 8.7% of soldiers sustained combat-related trauma and
approximately 1% died during the deployment. All personnel
in the cohort were afforded the same medical, surgical, or-
thopaedic, behavioral health, and rehabilitative services during
deployment and upon return to the United States. These fac-
tors render the group that did not sustain combat-related and/
or musculoskeletal injuries an effective control to which com-
parisons can be made.

In total, 12% of soldiers with any musculoskeletal injury
during deployment were unable to remain in active military
service within forty-eight months after their return from de-
ployment. The prognostic model that was developed, including
multivariate analysis and ROC curves, identified musculoskeletal
conditions, psychological diagnoses, and lower rank as predictive
of inferior outcomes necessitating separation.

In many respects, such findings are unsurprising and com-
parable with previous reports involving civilians. Prior works have
cited a wide range of return to work rates following musculo-
skeletal injury, highly influenced by the nature of the orthopaedic

Fig. 1

ROC curve analysis demonstrating the impact of musculoskeletal injury alone (Fig. 1-A); musculoskeletal injury, age, and the presence of a psychiatric

condition (Fig. 1-B); and musculoskeletal injury, presence of a psychiatric condition, and lower military rank (Fig. 1-C). The most parsimonious ROC curve

was generated by the inclusion of musculoskeletal injury, the presence of a psychiatric condition, and lower rank.
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trauma, types of injuries sustained, and the duration of follow-
up2,3,5. The prevalence of behavioral conditions within our
population was also anticipated on the basis of previous pub-
lications. Several studies have maintained that a high propor-
tion of veterans from Iraq and Afghanistan are discharged from
service with mental health conditions, including posttraumatic
stress disorder13,15,16,20,21. A deleterious effect of mental health
conditions on outcomes following trauma has been postulated
in studies examining orthopaedic injuries4,14, the Trauma Re-
covery Project1, and survivors of the Oklahoma City bomb-
ing11. The presence of mental health disorders has been thought
to adversely impact outcomes following musculoskeletal injury
because of the effect of the acute psychological response on
post-injury rehabilitation as well as patient satisfaction4,9.

Relatively few studies have considered the influence of
socioeconomic status on outcomes after musculoskeletal trauma.
Some works have maintained that socially disadvantaged patients
are at greater risk for inferior results, often citing disparities
within the health-care system or hospital segregation3,22,23. Works
conducted within the military system have found that junior
enlisted personnel often derive from, and are representative of,
socially disadvantaged civilian populations17-19. As the military
provides health care in a universal system, socioeconomic dis-
crimination and hospital segregation are not reasonable expla-
nations for the potent influence of rank on outcome appreciated
here. More likely, social factors such as attitudes toward the use of
health care and the health-care system, educational level, and
inadequate social support networks are responsible for the ele-
vated risk of medical separation among soldiers of lower enlisted
rank.

The results of this study readily translate to the civilian
sector. Although not representative of the American demo-
graphic as a whole, the military population has been used as a
proxy for athletic and high-demand civilian populations in the
past19,24. Moreover, the demographic composition of the cohort
under study approximates that of many investigations con-
sidering civilian trauma patients, including the Trauma Re-
covery Project1 and the Lower Extremity Assessment Project
(LEAP) study2,10. There is no reason to assume that the pre-
dictive factors for inferior outcome identified here, including
the potent and synergistic effects of mental health conditions
and rank (as a proxy for socioeconomic status), are only ap-
plicable to military populations. Furthermore, the ROC curve
developed using the risk factors of musculoskeletal injury,
presence of psychiatric conditions, and rank approximated a
good predictive model for outcome that can be meaningfully
applied to civilian practice. Aggressive outreach and enhanced
access to social and behavioral health services, among military
and civilian patients with the risk factors identified, may ulti-

mately be able to enhance outcomes, including overall satis-
faction and return to work.

One of the primary limitations in this study was our in-
ability to utilize a standard battery of tests to document outcome.
Instead, we had to rely on the recommendation for medical
separation as our sole proxy for the end result, a metric that may
not be entirely translatable to the civilian sector. Additionally,
soldiers who did not seek care for their medical or behavioral
health conditions and/or separated through retirement or failure
to re-enlist would not be designated in this study as having an
inferior result, creating the potential for selection bias. Lastly, this
study did not possess a detailed analysis of preexisting alcoholism
or mental health conditions that may have already been present
in soldiers at the time of their deployment to Iraq.

Although acknowledging these limitations, we empha-
size that this investigation is the first to follow a large cohort of
American patients with musculoskeletal injuries along with a
group of appropriate controls to ascertain important risk fac-
tors for inferior outcomes following trauma. The results presented
here indicate the substantial burden in deployment-related injuries
and disability that result from exposure to the combat environ-
ment. Perhaps equally as important, the prognostic model that was
developed, including the identification of behavioral health
conditions and rank as potent predictors of poor results fol-
lowing musculoskeletal injury, has the potential to improve
the care of trauma patients in both the military and civilian
settings. n

Andrew J. Schoenfeld, MD
Department of Orthopaedic Surgery,
University of Michigan,
2800 Plymouth Road,
Building 10, RM G016,
Ann Arbor, MI 48109.
E-mail address: ajschoen@neomed.edu

Gens P. Goodman, DO
Michael A. Black, DSc
James H. Nelson, MD
Philip J. Belmont Jr., MD
Department of Orthopaedic Surgery,
William Beaumont Army Medical Center,
Texas Tech University Health Sciences Center,
5005 North Piedras Street,
El Paso, TX 79920

Robert Burks, PhD
Naval Postgraduate School,
1 University Circle,
Monterey, CA 93943

References

1. Holbrook TL, Anderson JP, Sieber WJ, Browner D, Hoyt DB. Outcome after major
trauma: 12-month and 18-month follow-up results from the Trauma Recovery Project.
J Trauma. 1999 May;46(5):765-71; discussion 771-3.
2. Higgins TF, Klatt JB, Beals TC. Lower Extremity Assessment Project (LEAP)—the
best available evidence on limb-threatening lower extremity trauma. Orthop Clin
North Am. 2010 Apr;41(2):233-9.

3. MacKenzie EJ, Morris JA Jr, Jurkovich GJ, Yasui Y, Cushing BM, Burgess AR,
DeLateur BJ, McAndrew MP, Swiontkowski MF. Return to work following injury: the
role of economic, social, and job-related factors. Am J Public Health. 1998 Nov;
88(11):1630-7.
4. Ponsford J, Hill B, Karamitsios M, Bahar-Fuchs A. Factors influencing outcome
after orthopedic trauma. J Trauma. 2008 Apr;64(4):1001-9.

e106(7)

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 96-A d NU M B E R 13 d J U LY 2, 2014
IN F LU E N C E O F MU S C U LO S K E L E TA L , BE H AV I O R A L , A N D

DE M O G R A P H I C FAC T O R S O N IN J U RY-RE L AT E D OU T C O M E



5. Vallier HA, Cureton BA, Patterson BM. Factors influencing functional outcomes
after distal tibia shaft fractures. J Orthop Trauma. 2012 Mar;26(3):178-83.
6. Vallier HA, Cureton BA, Schubeck D, Wang XF. Functional outcomes in women
after high-energy pelvic ring injury. J Orthop Trauma. 2012 May;26(5):296-301.
7. van der Sluis CK, Eisma WH, Groothoff JW, ten Duis HJ. Long-term physical, psy-
chological and social consequences of severe injuries. Injury. 1998 May;29(4):281-5.
8. Williams AE, Smith WR, Starr AJ, Webster DC, Martinez RJ, Vojir CP, Sakalys JA,
Morgan SJ. Ethnic differences in posttraumatic stress disorder after musculoskel-
etal trauma. J Trauma. 2008 Nov;65(5):1054-65.
9. Aaron DL, Fadale PD, Harrington CJ, Born CT. Posttraumatic stress disorders in
civilian orthopaedics. J Am Acad Orthop Surg. 2011 May;19(5):245-50.
10. McCarthy ML, MacKenzie EJ, Edwin D, Bosse MJ, Castillo RC, Starr A; LEAP
study group. Psychological distress associated with severe lower-limb injury. J Bone
Joint Surg Am. 2003 Sep;85(9):1689-97.
11. North CS, Nixon SJ, Shariat S, Mallonee S, McMillen JC, Spitznagel EL, Smith
EM. Psychiatric disorders among survivors of the Oklahoma City bombing. JAMA.
1999 Aug 25;282(8):755-62.
12. Rispoli DM, Mackenzie EJ; Extremity War Injuries VII Outcomes Panel. Ortho-
paedic outcomes: combat and civilian trauma care. J Am Acad Orthop Surg. 2012;
20 Suppl 1:S84-7.
13. Seal KH, Shi Y, Cohen G, Cohen BE, Maguen S, Krebs EE, Neylan TC. Associ-
ation of mental health disorders with prescription opioids and high-risk opioid use in
US veterans of Iraq and Afghanistan. JAMA. 2012 Mar 7;307(9):940-7.
14. Starr AJ, Smith WR, Frawley WH, Borer DS, Morgan SJ, Reinert CM, Mendoza-
Welch M. Symptoms of posttraumatic stress disorder after orthopaedic trauma.
J Bone Joint Surg Am. 2004 Jun;86(6):1115-21.
15. Cross JD, Ficke JR, Hsu JR, Masini BD, Wenke JC. Battlefield orthopaedic in-
juries cause the majority of long-term disabilities. J Am Acad Orthop Surg. 2011;
19 Suppl 1:S1-7.

16. Patzkowski JC, Rivera JC, Ficke JR, Wenke JC. The changing face of disability in
the US Army: the Operation Enduring Freedom and Operation Iraqi Freedom effect.
J Am Acad Orthop Surg. 2012;20 Suppl 1:S23-30.
17. Mullie P, Clarys P, Hulens M, Vansant G. Distribution of cardiovascular risk
factors in Belgian army men. Arch Environ Occup Health. 2010 Jul-Sep;65(3):135-9.
18. Nurutdinova D, Chrusciel T, Zeringue A, Scherrer JF, Al-Aly Z, McDonald JR,
Overton ET. Mental health disorders and the risk of AIDS-defining illness and death in
HIV-infected veterans. AIDS. 2012 Jan 14;26(2):229-34.
19. Schoenfeld AJ, McCriskin B, Hsiao M, Burks R. Incidence and epidemiology of
spinal cord injury within a closed American population: the United States military
(2000-2009). Spinal Cord. 2011 Aug;49(8):874-9. Epub 2011 Mar 8.
20. Milliken CS, Auchterlonie JL, Hoge CW. Longitudinal assessment of mental
health problems among active and reserve component soldiers returning from the
Iraq war. JAMA. 2007 Nov 14;298(18):2141-8.
21. Doukas WC, Hayda RA, Frisch HM, Andersen RC, Mazurek MT, Ficke JR, Keeling
JJ, Pasquina PF, Wain HJ, Carlini AR, MacKenzie EJ. The Military Extremity Trauma
Amputation/Limb Salvage (METALS) study: outcomes of amputation versus limb
salvage following major lower-extremity trauma. J Bone Joint Surg Am. 2013 Jan
16;95(2):138-45.
22. Haider AH, Chang DC, Efron DT, Haut ER, Crandall M, Cornwell EE 3rd. Race and
insurance status as risk factors for trauma mortality. Arch Surg. 2008
Oct;143(10):945-9.
23. Alosh H, Riley LH 3rd, Skolasky RL. Insurance status, geography, race, and
ethnicity as predictors of anterior cervical spine surgery rates and in-hospital
mortality: an examination of United States trends from 1992 to 2005.
Spine (Phila Pa 1976). 2009 Aug 15;34(18):1956-62.
24. Pallis M, Svoboda SJ, Cameron KL, Owens BD. Survival comparison of allograft
and autograft anterior cruciate ligament reconstruction at the United States Military
Academy. Am J Sports Med. 2012 Jun;40(6):1242-6. Epub 2012 Apr 24.

e106(8)

TH E J O U R N A L O F B O N E & JO I N T SU R G E RY d J B J S . O R G

VO LU M E 96-A d NU M B E R 13 d J U LY 2, 2014
IN F LU E N C E O F MU S C U LO S K E L E TA L , BE H AV I O R A L , A N D

DE M O G R A P H I C FAC T O R S O N IN J U RY-RE L AT E D OU T C O M E


