REPORT DOCUMENTATION PAGE Do e 1168

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,

gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this

collection of information, including suggestions for reducing this burden, to Washington Headguarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
2002 Journal Article

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
The natural history and risk factors of musculoskeletal conditions resulting in disability
among US Army personnel

6. AUTHOR(S) _
A.E. Lincoln, G.S. Smith, P.J. Amoroso and N.S. Bell

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

US Army Research Institute of Environmental Medicine REPORT NUMBER

Military Performance Division

Natick, MA 01760-5007 MO1-42

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER

US Army Medical Research and Materiel Command
Fort Detrick
Frederick, MD 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited. 2 0 0 3 0 1 2 8 1 4 2

13. ABSTRACT (Maximum 200 words)

We describe the natural history of 13 musculoskeletal conditions requiring hospitalization and identify demographic,behavioral,
psychosocial, occupational, and clinical characteristics most strongly associated with disability discharge from the Army. -
Subjects included 15,268 active-duty personnel hospitalized for a common musculoskeletal condition between the years
1989-1996 who were retrospectively followed through 1997. Back conditions had the greatest 5-year cumulative risk of :
disability (21%, 19%, and 17% for intervertebral disc displacement, intervertebral disc degeneration, and nonspecific low back
pain, respectively). Cox proportional hazards models identified the following risk factors for disability among males: lowerpay
grade, musculoskeletal diagnosis, shorter length of service, older age, occupational category, lower job satisfaction,recurrent
musculoskeletal hospitalizations, more cigarette smoking, greater work stress, and heavier physical demands. Among females,
fewer covariates reached statistical significance, although lower education level was significant in more than one model.
Modifiable risk factors related to work (job satisfaction, work stress, physical demands, occupation) and health behaviors
(smoking) suggest possible targets for intervention.

14. SUBJECT TERMS 15. NUMBER OF PAGES

Musculoskeletal conditions, natural history, disability, epidemiology, occupation, military 15
personnel, injury 16. PRICE CODE
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION |19. SECURITY CLASSIFICATION |20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) USAPPC V1.00

Prescribed by ANS! Std. Z39-18 298-102




DISTRIBUTION STATEMENTA
Approved for Public Release
Distribution Unlimited

Work 18 (2002) 99-113 99
FOS Press

The natural history and risk factors of
musculoskeletal conditions resulting in
disability among US Army personnel

Andrew E. Lincoln®*, Gordon S. Smith?, Paul J. Amoroso® and Nicole S. Bell®

aCenter for Injury Research and Policy, Department of Health Policy and Management, The Johns Hopkins
University Bloomberg School of Public Health, Baltimore, MD, USA

b71S Army Research Institute of Environmental Medicine, Natick, MA, USA

¢Social Sectors Development Strategies, Inc., Natick, MA and the Boston University School of Public Health,
Boston, MA, USA

Abstract: We describe the natural history of 13 musculoskeletal conditions requiring hospitalization and identify demographic,
behavioral, psychosocial, occupational, and clinical characteristics most strongly associated with disability discharge from
the Army. Subjects included 15,268 active-duty personnel hospitalized for a common musculoskeletal condition between the
years 1989-1996 who were retrospectively followed through 1997. Back conditions had the greatest 5-year cumulative risk
of disability (21%, 19%, and 17% for intervertebral disc displacement, intervertebral disc degeneration, and nonspecific low
back pain, respectively). Cox proportional hazards models identified the following risk factors for disability among males:
lower pay grade, musculoskeletal diagnosis, shorter length of service, older age, occupational category, lower job satisfaction,
recurrent musculoskeletal hospitalizations, more cigarette smoking, greater work stress, and heavier physical demands. Among
females, fewer covariates reached statistical significance, although lower education level was significant in more than one
model. Modifiable nsk factors related to work (job satisfaction, work stress, physical demands, occupation) and health behaviors
(smoking) suggest possible targets for intervention.

Keywords: Musculoskeletal conditions, natural history, disability, epidemiology, occupation, military personnel, injury

1. Introduction ity payments to veterans (lifetime costs of $485 million
to newly disabled Army personnel in 1993) [28], few
studies have examined the course of these conditions
and the risk factors that may be associated with the
outcome of discharge from the service due to disability.

Several investigators have examined the roles of
demographics {3,5,11,20,25,32,36,37,46,52], physical
demands [11,34,36,38], psychosocial factors [3,16,17,
25,36-38,52], and employment-related factors [5.8,
18,23,30,54] in the development of musculoskeletal-

Musculoskeletal conditions are associated with the
majority (51%) of diagnoses resulting in disability dis- .
charge from the US Army [20]. However, the natural
history of these conditions is largely unknown. Despite
the tremendous cost of musculoskeletal-related disabil--

* Address for correspondence: Andrew E. Lincoln, ScD, The Johns

Hopkins Center for Injury Research and Policy, 624 N. Broadway, related disability, or the alternative outcome of return
#512, Baltimore, MD 21205, USA. Tel.: +1 410 614 4023; Fax: +1 to work. While psychosocial factors are now recog-
707 897 1950; E-mail: alincoln@jhsph.edu. nized to play a primary role in a successful rehabil-

The opinions and assertions contained herein are the private views . . . .
of the authors, and are not to be construed as official or as reflecting itation, few studies have simultancously included de-

the views of the Department of the Army or the Department of mographic, behavioral, occupational, and clinical fea-
Defense. tures using an extended follow-up period. The aims

1051-9815/02/$8.00 © 2002 - I0S Press. All rights reserved

Aeauo3- o4~ 6458




100 A.E. Lincoln et al. / The natural history and risk factors of musculoskeletal conditions

of this study were to: 1) describe the natural history
of common musculoskeletal conditions requiring hos-
pitalization of Army personnel; and 2) given hospital-
ization for a musculoskeletal condition, identify those
factors that are most strongly associated with disability
discharge. By identifying factors that play significant
roles in the development of physical disability, we may
distinguish those which are modifiable and, therefore,
amenable to intervention. Resulting informationcan be
used in rehabilitation programs to eliminate or decrease
the modifiable risk factors associated with disability
discharge.

- 2. Methods
2.1. Study design

A retrospective cohort design was used to fol-
low active-duty Army personnel from their ini-
tial musculoskeletal-related hospitalization, which oc-
curred between the years 1989 and 1996, through the
development of physical disability, up to 1997. This
design incorporated many different data sources from
the US Army to include 22 variables that are often
considered to be potential confounders of associations
between various exposures and health outcomes.

2.2. Cohort definition

To be included in the study, cohort subjects must have
met several criteria: 1) been on active duty at the time
of hospitalization; 2) been hospitalized for a specified
musculoskeletal disorder or severe sprain/strain during
the period 1989 to 1996; and 3) completed a health risk
appraisal (IIRA) at some point during the same time pe-
riod. The goal of the study was to capture hospitalized
subjects at their first admission for one or more of the
diagnoses of interest. Therefore, subjects hospitalized
for the same condition prior to 1989 (N = 1053) or
having a disability board preceding the initial muscu-
loskeletal hospitalization (N = 27) were disqualified
and eliminated from the cohort (left censored). The
total number of subjects remaining was 15,268.

2.3. Data sources

Data were obtained from the Total Army Injury and
Health Outcomes Database (TAIHOD), a relational
database linking information from seven Department
of Defense agencies [1,2]. Information is linked by en-

crypted Social Security Numbers at the level of the indi-
vidual soldier. The database provides excellent follow-
up with minimal loss of cohort subjects. This study
used the following components: personnel files from
the Defense Manpower Data Center (including demo-
graphic variables and date of separation from service);
hospitalization files (including dates of admission and
diagnoses); health behavior data from the HRA (such as
smoking status and work-related stress); and disability
files (including functional outcomes such as disability
ratings).

2.4. Diagnostic categories

Diagnostic categories were selected based on the
likelihood of well-defined clinical symptoms (e.g., cru-
ciate ligament injury) to permit an accurate diagnosis
or large enough numbers (e.g., non-specific back pain)
to provide adequate statistical power (Table 1). Diag-
noses included both “acute” injuries within ICD-9-CM
codes 836, 840, or 844 and “chronic” conditions (710—
739, 354) that represent similar clinical presentations.
These 40 diagnoses in 13 categories were further clas-
sified into 4 functional groups for more detailed anal-
yses: knee, back, overuse, and other musculoskeletal
conditions. Discussions with an injury researcher with
experience in coding, a practicing orthopedist, and a
practicing physiatrist led to development of diagnostic
categories and functional groupings that involve simi-
lar mechanisms of injury or healing. We decided not to
examine all musculoskeletal injuries; rather we sought
to focus on a group of more precise diagnostic and
clinical entities.

2.5. Endpoint

The outcome of interest, disability, was defined as
having been assigned the following status at a med-
ical evaluation board at some point between the ini- -
tial hospitalization and the end of 1997: 1) permanent
disability/retirement (disability rating of at least 30%
or having at least 20 years of service); 2) severance
without benefits (disability rating of less than 30% and
having less than 20 years of services); or 3) temporary
disability (similar to permanent disability, except for
the possibility that the condition will change within the
next five years and enable the subject to return fit for
duty).

.. Time to disability (number of months) was deter-
mined from the point of the initial musculoskeletal hos-
pitalization until the subject was medically discharged,
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Table 1

Functional groups and diagnostic categories of ICD-9-CM codes for musculoskeletal disorders and sprain/strains (N =15, 268)

Functional

group Diagnostic category
(no. of subjects)

ICD-9-CM code

1. Back
conditions

2. Knee
conditions

3. Overuse
conditions

A. Non-specific back pain (691)

B. Displacement of intervertebral disc (1608)

724.2 Lumbago

724.5 Backache, unspecified

722.0 Displacement of cervical intervertebral disc without myelopathy

722.1 Displacement of thoracic or lumbar intervertebral disc without
myelopathy (includes .1, .10, .11)

722.2 Displacement of intervertebral disc, site unspecified, without
myelopathy

C. Degeneration and other disc disorders (130)  722.4 Degeneration of cervical intervertebral disc

D. Meniscal injury (3691)

E. Cruciate ligament injury (2266)

F. Collateral ligament injury (564)

G. Chondromalacia (923)
H. Synovitis and tenosynovitis (817)

1. Carpal and cubital tunne! syndromes (547)

J. Rotator cuff injury (330)

4. Other MS K. Ganglion and cyst of synovium, tendon,

Conditions

and bursa (1356)
L. Bunion and deformities of toe (1533)

M. Malunion and nonunion of fracture (812)

722.5 Degeneration of thoracic or lumbar intervertebral disc (includes
51,.52)

722.6 Degeneration of intervertebral disc, site unspecified

722.7 Intervertebral disc disorder with myelopathy (includes .70, .71,
72,.73)

722.8 Postlaminectomy syndrome (includes .80, .81, .83)

722.9 Other and unspecified disc disorder {inziudes .90, .91, .92, 93)

717.0 Old bucket handle tear of medial meniscus

717.1 Derangement of anterior horn of medial meniscus

717.2 Derangement of posterior horn of medial meniscus

717.3 Other and unspecified derangement of medial meniscus

717.4 Derangement of lateral meniscus (includes 4. .40, .41, .42, .43,
49)

717.5 Derangement of meniscus, not elsewhere classified

836.0 Tear of medial cartilage or meniscus of knee, current

836.1 Tear of lateral cartilage or meniscus of knee, current

836.2 Other tear of cartilage or meniscus of knee, current

717.83 Old disruption of anterior cruciate ligament

717.84 Old disruption of posterior cruciate ligament

844.2 Sprain/strain of cruciate ligament of knee

717.81 Old disruption of lateral collateral ligament

717.82 OId disruption of medial collateral ligament

844.0 Sprain/strain of lateral collateral ligament

844.1 Sprain/strain of medial collateral ligament

717.7 Chondromalacia of patella

727.0 Synovitis and tenosynovitis (includes .0, .00, .01, .02,.03, .04,
.05, .06, .09)

354.0 Carpal tunnel syndrome ]

354.2 Lesion of ulnar nerve (Cubital tunnel syndrome)

726.1 Rotator cuff syndrome of shoulder and allied disorders (includes
1,.10,.11,.12, .19)

840.3 Infraspinatus (muscle) (tendon)

..840.4 Rotator cuft (capsule)
840.5 Subscapularis (muscle)
840.6 Supraspinatus (muscle) (tendon)

727.4 Ganglion and cyst of synovium, tendon, and bursa (includes .4,
.40, .41, .42, 43, .49)

727.1 Bunion

735.0 Hallux valgus (acquired)

733.8 Malunion and nonunion of fracture (includes .8, .81, .82)

discharged for other reason (e.g., honorable discharge),
or censored because of the end of the follow-up pe-
riod. Although an individual may have been evaluated
for disability determination on more than one occasion
(e.g., if they were placed on temporary disability), their
first occurrence in the disability database was used to

represent the outcome from the Physical Evaluation
Board. Persons assigned a temporary disability for a
condition that had not yet stabilized frequently went.on
to receive a permanent disability status. But even those
who were later found fit for duty were included in the
study as “disability” cases if they had been off work for
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a significant length of time.

2.6. Military Occupational Specialty (MOS) and
physical demands

Physical demands for specific MOSs were classified
as Light, Medium, Moderately Heavy, Heavy, and Very
Heavy [14]. These categories represent maximum up-
per body strength requirements as required for “combat
conditions” performance for enlisted personnel [14].
The Department of Defense occupational coding struc-
ture was used to classify enlisted personnel into one of
10 occupational categories [13].

2.7. Analysis

Kaplan-Meier estimates of cumulative survival of
subjects receiving a medical disability discharge were
calculated for each of the 13 diagnostic categories. Es-
timates of the cumulative proportion receiving a dis-
ability discharge were examined for each of the risk
factors considered one at a time. The statistical signif-
icance of the association between each risk factor and
the cumulative probability of disability discharge were
assessed using log-rank tests for equality of factor lev-
els and for linear trend [12]. Comparisons were made
between age groups, gender, races, pay grades, occupa-
tional specialties, physical demand levels, smoking sta-
tus, alcohol use, health practices, body mass, education
levels, marital status, number of dependents, length of
time in service, diagnostic categories, hospitalization
recurrence, sick days, alcohol-related comorbidity, job
satisfaction, and frequency of experiencing work stress.

The Cox proportional hazards model was used to
estimate the combined effect of multiple risk factors
and the contribution of each factor independently [12].
Variables were entered into the model as either categor-
ical (gender, age group, race/ethnicity, education level,
pay grade, gender-specific body mass index quintile,
cigarette smoking status, alcohol use, marital status, oc-
cupational specialty, MOS physical demand, length of
time in service, job-satisfaction, work stress, diagnos-
tic category, recurrent hospitalization) or continuous
(health practice index, number of dependents) covari-
ates. Gender-specific Cox proportional hazards mod-
els were fitted using a forward-conditional stepwise
approach (pentry = 0.10, premovat = 0.20). Plots of
log minus log (survival) functions against time were
used to check assumptions of proportional hazards. All
analyses were performed with SPSS for Windows 7.5.2
(Chicago, IL: SPSS, Inc.).

To determine whether the study population was rep-
resentative of both active-duty Army personnel and sol-
diers who experienced a musculoskeletal-related hospi-
talization, the sociodemographic characteristics of the
study cohortand two comparison groups were assessed
using chi-square tests. The comparison group of in-
jured personnel included all active duty soldiers who
were hospitalized for any of the principal diagnoses
used to define the study cohort between 1989 and 1995.
Only the first occurrence of an individual in the hos-
pitalization file was used to be consistent with the es-
tablishment of the other groups (N = 52,021). The
active duty sample was generated by random selection
of the end-of-year personnel file for 5000 subjects for
each of 9 years between 1989 and 1997 (N = 44,045).

3. Results
3.1. Sample generalizability

Relative to all personnel with a musculoskeletal hos-
pitalization, there was no difference in the study cohort
in terms of sex (p = 0.40), as both groups are predom-
inantly male (85%). However, the study cohort ap-
peared to be significantly older (mean age = 31.0 years,
SD = 7.5 versus mean age = 29.5 years, SD = 8.3)
(p < 0.0001) and had a correspondingly higher pay
grade/rank (chi-square = 873.0, df = 5, p < 0.0001).
The primary difference between these two groups was
that the study cohort had definitely taken the HRA,
whereas all personnel with a musculoskeletal hospital-
ization may or may not have taken it.

In comparison with a sample of all active duty per-
sonnel over the period of study, both the study and
sample populations were found to be predominantly
male (85% for study cohort versus 87% for active duty
sample), white (63% versus 62%), and well-educated
(99.7% had at least a high school diploma or equivalent
versus 99.5%).. As in the comparison with the hospital-
ized group, the study cohort was slightly older (mean
age = 31.0 years vs. 28.2 years) than the active duty

- sample (p < 0.0001). Similarly, there were signifi- -

cant differences (p < 0.0001) in the distribution of pay
grade (89% of the study cohort had an annual income
of at least $30,000 (E4 or above) versus 78% of the
active duty sample). It was expected that differences
in age and pay grade/rank were meaningful to these
analyses, while the significant differences for the other
sociodemographic characteristics were less likely to be
relevant. :
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Table 2
Demographics and bivariate analysis of study population
Category Strata Disability discharge Study cohort Disability rate Log-rank  Log-rank
(N =1454), (%) (N =15,268), (%) (per 100 admits) (equality)* (trend)**
Sex Male 1236 85.0 13,013 85.2 9.50 p=078 -
Female 218 15.0 2246 14.7 9.71
Missing 0 0 9 0.1 0.00
Age groups <21 31 2.1 1057 6.9 2.93 p=000 p=0.00
21-25 435 299 3582 235 12.14
26-34 691 475 5550 364 12.45
35+ 297 20.4 5079 333 5.85
Race/ethnicity ~ White 957 65.8 9603 62.9 9.97 p =002 -
Black 398 274 4375 28.7 9.10
Hispanic 50 3.4 603 3.9 8.29
American Indian/ 10 0.7 87 0.6 11.49
Alaskan Native
Asian/Pacific Islander 13 0.9 219 1.4 5.94
Other 26 1.8 371 24 7.01
Unknown = = 10 0.1 0.00
Education level  No H.S. diploma 4 0.3 47 0.3 8.51 p=000 p=0.00
H.S. grad/GED 1274 87.6 11,258 737 11.32
Some college 62 43 1017 6.7 6.10
College degree 101 6.9 2721 17.8 LW
Unknown 13 0.9 220 1.4 591
Missing 0 0 5 0.0 0.00
Pay grade E1-E3 289 19.9 1706 11.2 16.94 p=000 p=0.00
E4-E6 1010 69.5 8702 57.0 11.61
E7-E9 72 5.0 2095 13.7 3.44
WI1-W5 12 0.8 446 29 2.69
01-03 56 39 1266 83 4.42
04-010 15 1.0 974 6.4 1.54
Cadets 0 0 77 0.5 0.00
Missing 0 0 2 0.0 0.00
Total 1454 15,268 9.52 -

*Test of equality of survivat distributions for different levels of a factor.

**Test for linear trend across levels of factor.

3.2. Disability discharge rates by population
subgroups

Results of bivariate analyses are presented in Tables 2
and 3. Differences among strata, as determined by
the log-rank test for equality (p < 0.05), included age
groups, race/ethnicity, education level, pay grade, body
mass index quintile, cigarette smoking status, marital
status, number of dependents, occupational specialty,
MOS physical demands, work stress, job satisfaction,
length of service, health practices index, and within
the diagnostic subgroups of knee and other conditions.
(Note: Not all are shown.) Disability rates were high-
est among the following subgroups:. 21-25 year olds
(12.1/100) or 26—34 year olds (12.5); enlisted person-
nel in the lowest pay grades (E1-E3) (17.0); those
in the service for & 6 months (18.7) or 7-12 months
(16.7); diagnosed with intervertebral disc displacement
(16.7), intervertebral disc degeneration (14.6), nonspe-

cific back pain (13.8), or chondromalacia (12.4); having
multiple musculoskeletal hospitalizations (15.0); hav-
ing a duty MOS of electronic equipment repair (13.3)
or other technical jobs (13.6); being in a “very heavy”
physically demanding occupation (12.8); often stressed
at work (13.7); not satisfied with present job (13.2);
heavy smokers (14 pack/day) (12.3);. heavy drinkers
(> 24 drinks/week) (12.4); and single persons (11.7)
or those having no dependents (11.3). Diagnoses of .
meniscal injury (N = 300), displacement of interver-
tebral disc (N = 268), and cruciate ligament injury
(N = 244) were most frequently associated with dis-
ability discharge. Log-rank tests for linear trend iden-
tified older age group, lower education level, lower pay
grade, more cigarette smoking, having fewer depen-
dents, more physically demanding job, greater work
stress, lower job satisfaction, shorter length of service,
recurrent hospitalizations, and fewer health practices to
be at increased risk for disability discharge (p < 0.001). .
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Table 3
Occupational characteristics and bivariate analysis of study population
Category Strata Disability discharge Study cohort Disability rate Log-rank  Log-rank
(N =1454), (%) (N =15,268), (%) (per 100 admits) (equality)* (trend)**
Enlisted Direct combat 14 1.0 238 1.6 5.88 p = 0.00 -
occupational Electronic equip repair 480 33.0 3599 23.6 13.34
specialty Commun & intelligence 17 12 274 1.8 6.20
Health care 97 6.7 865 5.7 11.21
Other technical 28 1.9 206 13 13.59
Support & administration 56 39 636 42 8.81
Electrical/mech repair 186 12.8 1600 105 °  1L63
Craftsman 145 10.0 1840 12.1 7.88
Service & supply 55 38 485 32 11.34
Non-occupational 290 19.9 2752 18.0 10.54
Warrant Officers 12 0.8 444 29 2.70
Officers 71 .50 2238 14.6 3.17
Physical demand ~ Not determined 80 5.5 1131 7.4 7.07 p=000 p=000
(Enlisted only) Light 23 1.6 233 1.5 9.87
Medium 60 4.1 802 53 7.48
Moderately heavy 196 13.5 1736 11.4 11.29
Heavy 12 0.8 - 138 09 8.70
Very heavy 791 54.4 6172 40.4 12.82
Missing 209 144 2372 15.5 8.81
Frequency of Often 173 11.9 1263 8.3 13.70 p=000 p=000
experiencing Sometimes 384 26.4 3637 23.8 10.56
work stress Seldom 478 329 5820 38.1 821
Never 389 26.8 4089 26.8 9.51
Job satisfaction Not satisfied 233 16.0 1762 115 13.22 p=0.00 p=20.00
Somewhat 327 225 3012 19.7 10.86 i
Mostly 382 263 4687 30.7 8.15
Totally 188 12.9 2793 183 6.73
N/A 288 19.8 2553 16.7 11.28
Total 1454 15,268 9.52 -

*Test of equality of survival distributions for different levels of a factor.
**Test for linear trend across levels of factor.

3.3. Natural history by diagnostic category

Survival curves for the 13 diagnostic categories pro-
vided estimates of the risk of disability discharge over
an extended follow-up period. For many of the cate-
gories, Kaplan-Meier estimates were stable throughout
72 to 84 months of follow-up time, although some cat-
egories with relatively small numbers of subjects pro-
duced curves that are informative for only the initial 36
to 48 months. The maximum follow-up time obtainable
was nine years (108 months).

A summary of the survival curves for all 13 diagnoses
presents the cumulative risk of disability discharge at 6
months, 12 months, and 5 years after the initial muscu-
loskeletal hospitalization (Fig. 1). These data indicate
that intervertebral disc degeneration was the most se-
vere condition, having the highest cumulative disability
at 6 months (5.7%) and 12 months (9.1%). The five-
year cumulative risk of disability was highest for the
three back conditions: intervertebral disc displacement

(20.8%), intervertebral disc degeneration (19.1%), and
nonspecific back pain (16.7%).

Among back conditions, non-specific low-back pain
provided the least risk of disability discharge, partic-
ularly in comparison with intervertebral disc displace-
ment (Fig. 2). The log-rank test for equality of hazard
function was marginally significant (p = 0.08). Dur-
ing the initial 15 months, the survival curve for de-
generation and other disc disorders was most severe
among the back conditions, but the small number of
cases beyond that point made it difficult to interpret
how the longer-term survival compared with other back
conditions.

Knee conditions, representing the most commonly
occurring musculoskeletal condition in the study co-
hort (49%), illustrated distinct progressions to disabil-

- ity among the diagnoses (log-rank test for equality p-

value < 0.001). Chronic conditions, such as chondro-
malacia, were more likely to result in disability than
acute knee injuries, such as meniscal injuries, given the
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physical demands associated with a military environ-
ment.

Among overuse conditions (e.g., synovitis and
tenosynovitis, carpal and cubital tunnel syndrome, and
rotator cuff injury), there was little difference in pro-
gression to disability (log-rank test for equality p-
value = 0.90). Beyond 48 months, there was a
greater hazard among those with carpal and cubital syn-
dromes than for synovitis and tenosynovitis. Among
other musculoskeletal conditions, those of fracture
malunion/nonunion produced the greatest hazard ra-

tio within this group, particularly within the initial 24
months.

3.4. Prognostic signs of disability discharge for men

Proportional hazards models for each diagnostic
group provided estimates of relative hazard for dis-
ability discharge among men (Table 4). In multi-
variate models for back conditions, length of service
(»p < 0.001), diagnostic category (p = 0.012), age
group (p = 0.014), physical demands (p = 0.037), and
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Table 4
Cox proportional hazards models by diagnostic group (men)
Covariate Back (N = 1160) Knee (N = 3155) Overuse (N = 742) Other (N =2627)
Relative 95% Relative 95% Relative 95% Relative 95%
hazard  Confidence hazard  Confidence hazard Confidence hazard Confidence
interval interval interval interval
Age group
< 21 years 1.00 - 1.00 - 1.00 - 1.00 -
21-25 years 11,10 1.53 8054 271 1.56 4.68 R.64 1.16 6445 1598 220 116.30
26-34 vears 13.09 1.81 94.68 395 224 695 8.43 112 6337 2441 331 180.21
35+ years 9.19 125 6787 3.66 188 711 21.43 2.71 16953  29.34 3.74 229.87
Pay grade
E1-E3 1.44  0.69 3.03 6.27 278 14.11 not significant 2.16 044 10.60
E4-E6 1.88  1.09 3.22 348 164 1736 1.23 0.27 5.65
E7-E9 1.00 - 1.00 - 0.79 0.16 4.01
WI-W5 Unstable -
01-03 0.36 0.06 2.31
04-010 - 1.00 -
Length of service
< 6 months 1.04 023 4.68 195 086 4.45 5.02 0.57 44.36 Unstable -
7-12 months 079 0.10 5.92 363 1.85 7.1 Unstable - 1.75 0.51 5.99
1-4 years 279 181 4.29 232 151 355 10.08 440 23.09 3.67 1.87 7.23
5-10 years 1.74  1.20 2.51 177 121 2.61 5.75 2.68 12.33 3.08 1.66 5.70
> 10 years 1.00 - 1.00 - 1.00 - 1.00 ~
Job satisfaction
Not satisfied not significant 1.71 1.15  2.56 not significant not significant
Somewhat satisfied 1.59 .10 2.29
Mostly satisfied 126 088 1.79
Totally satisfied 1.00 -
Frequency of experiencing
work stress
Often not significant 1.02 070 149 2.76 1.22 6.24 not significant
Sometimes 096 072 1.28 1.15 0.58 2.30
Seldom 0.69 052 091 .19 0.64 220
Never 1.00 - 1.00 .
Recurrent hospitalizations
No not significant 1.00 - not significant 1.00 .
Yes 136 1.08 172 1.42 0.98 2.06
Occupational category
Direct combat not significant not significant not significant 0.64 0.06 7.49
Electrical equipment repair 1.52 0.31 7.42
Communication & intell Unstable -
Health care 0.51 0.09 291
Other technical 1.22 0.19 7.87
Support & administration 0.99 0.18 5.56
Electrical/mechanical repair 0.75 0.15 .86
Craftsman 0.75 0.14 3.86
Service & supply ’ 0.85 0.14 5.19
Non-occupational 0.79 0.16 4.01
Warrant Officers & Officers 1.00 -
Diagnostic category
Ganglion/cyst not significant 1.00 -
Bunion/toe deformities 1.10 0.71 1.71
Malunion/nonunion 253 1.71 373
Meniscal injury 1.00 -
Cruciate ligament injury 1.13 088 144
Collateral ligament injury 123 082 1.83
Chondromalacia 152 LI1 2.08
Non-specific back pain 1.00 .
Disc displacement 1.52 1.13 2.06

Disc degeneration 194 1.05 3.58
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Table 4, continued

Covariate Back (N = 1160) Knee (N = 3155) Overuse (N = 742) Other (N = 2627)
Relative 95% Relative 95% Relative 95% Relative 95%
hazard  Confidence hazard  Confidence hazard Confidence hazard  Confidence

interval interval interval interval

Smoking

Nonsmoker not significant 1.00 - not significant not significant
Former smoker 0.85 0.60 1.23
Light (< 1 pack/day) 1.29 098  1.69
Heavy (14 pack/day) 1.67 126 222
Physical demands
Light 1.00 - 1.00 - 1.00 - not significant
Medium 0.23 0.07 0.72 0.86 033 223 0.56 0.11 2.83 .
Moderately heavy 1.01 046 2.23 0.87 037 2.04 0.24 0.06 099
Heavy 0.95 024 3.70 3.50 0.86 14.21 2.43 037 15.84
Very heavy 0.93 044 1.99 1.25 0.55 2.81 0.69 021 228

Not significant — not included in final model.
Unstable — too few subjects insiraia.

pay grade (p = 0.044) were significantly associated
with disability discharge. Personnel at highest risk in-
cluded: those in the service for 14 years relative to
those with greater than 10 years of service; 26-34 years
old relative to those < 21 years old; diagnosed with
intervertebral disc degeneration relative to nonspecific
back pain; and those of lower rank (E4-E6) relative to
E7-E9. Those with “medium” physical demands were
at decreased risk relative to those with “light™ demands,
while those with “heavy” or “very heavy” demands did
not exhibit increased risk. ‘

Significant predictors among males with knee con-
ditions included age group (p < 0.001), pay grade
(p < 0.001), cigarette smoking (p < 0.001), length
of service (p = 0.001), recurrent hospitalizations
(p = 0.009), frequency of experiencing work stress
(p = 0.024), job satisfaction (p = 0.025), physi-
cal demands (p = 0.031), and diagnostic category
(p = 0.066). Personnel at highest risk were: 26-34
years old; lowest ranking enlisted personnel (E1-E3);
heavy smokers (14 pack/day); those with 7-12 months
of service; those with one or more recurrent muscu-
loskeletal hospitalizations; those not satisfied with their
job; those in MOSs with heavy physical demands; and
those diagnosed with chondromalacia. Those who sel-
dom experienced work stress were at decreased risk rel-
ative to those who never experienced work stress, while
often experiencing work stress was not associated with
increased risk.

Among overuse conditions, length of service (p <
0.001), age group (p = 0.004), physical demands
(p = 0.044), and frequency of experiencing work stress
(p = 0.083) were significantly associated with disabil-
ity discharge. Personnel at highest risk included those
who were: 35+ years old; in the service for 1-4 years;

often experienced work stress; and in MOSs with heavy
physical demands, although the wide confidence inter-
val reflects the small number in the heavy classification
(N = 16).

For the other musculoskeletal conditions, diagnostic
category (p < 0.001), length of service (p = 0.002),
age group (p = 0.004), occupational category (p =
0.018), recurrent hospitalization (p = 0.061), and pay
grade (p = 0.084) were predictive of disability dis-
charge. At greatest risk were those with: a diagnosis
of fracture malunion or nonunion; 1-4 years of service;
35+ years old; jobs in electrical equipment repair; low-
est ranking enlisted personnel (E1-E3); and having at
least one recurrent musculoskeletal hospitalization.

3.5. Prognostic signs of disability discharge for
women

Fewer covariates reached statistical significance in
proportional hazards models for females (Table 5). Pre-
dictors of disability discharge for back conditions in-
cluded only diagnostic category (p = 0.018)and length
of service (p == 0.065). Greatest risk existed for those
diagnosed with intervertebral disc displacement rela-
tive to nonspecific back pain and those who had served
1-4 years relative to those with more than 10 years of
service.

For females with knee conditions, education level
(p < 0.001), length of service (p = 0.023), and job
satisfaction (p = 0.024) were identified as significant
predictors of disability discharge. Those at highest risk
were high school graduates relative to college gradu-
ates, those who have served 6 or fewer months relative
to those with more than 10 years of service, and those
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Table 5
Cox proportional hazards models by diagnostic group (women)
Covariate Back (N = 252) Knee (N = 210) Overuse (N = 334) Other (N = 952)
Relative 95% Relative 95% Relative 95% Relative 95%
hazard  Confidence hazard Confidence hazard Confidence hazard Confidence
interval interval interval interval
Education
High school grad/GED not significant 8.76 2.67 28.70 3.62 110 11.92 not significant
Some college 1.73 0.18 16.82 1.21 020 7.24
College degree 1.00 - 1.00 -
Length of service
< 6 months 1.41 030 6.63 6.26 1.87 2092 not significant not significant
7-12 months Unstable - 2.62 0.51 1357
14 years 2.65 133 531 2.43 094 633
5-10 years 1.37 0.63 299 1.54 0.55  4.30
> 10 years 1.00 - 1.00 -
Job satisfaction
Not satisfied not significant 1.73 073 413 not significant not significant
Somewhat satisfied 0.56 0.24 1.33
Mostly satisfied 0.73 0.33 1.61
Totally satisfied 1.00 -
Frequency of experiencing
work stress
Often not significant not significant not significant 0.68 .27 1.69
Sometimes 0.87 047 1.62
Seldom 0.25 0.12 054
Never 1.00 -~
Diagnostic category
Non-specific back pain 1.00 - not significant not significant
Disc displacement 2.37 1.28 437
Disc degeneration 091 012 17.13
Ganglion/cyst 1.00 -
Bunion/toe deformities 1.10 0.60  2.03
Malunion/nonunion 5.15 222 1191

Not significant — not included in final model.
Unstable - too few subjects in strata.

not satisfied with their jobs relative to those totally sat-
isfied.

Among females with overuse conditions, only edu-
cation level was found to be a significant predictor of
disability (p = 0.044), with high school graduates at el-
evated risk relative to college graduates. For other mus-
culoskeletal conditions, those with a diagnosis of frac-
ture malunion or nonunion were at elevated risk rela-
tive to those diagnosed with ganglion/cyst (p < 0.001).
Also, those who seldom experienced work stress were
at less risk than those who never experienced work
stress.

4. Discussion

4.1. Findings

Results of this study provide a broad picture of mus-
culoskeletal conditions and a wide range of covari-

ates that may affect the progression towards disabil-
ity. Overall, these common musculoskeletal conditions
represent a substantial risk of disability discharge with
a rate of 9.5 per 100 initial hospitalizations and a 5-
year cumulative risk of 13.2% (95% confidence inter-
val: 12.5%, 13.9%). Back conditions were associated
with the highest S-year cumulative risk of disability
discharge. This is consistent with high back-related
disability rates in civilian studies [11] and exposures
to heavy physical demands [34] associated with many
military occupations. Survival curves for specific diag-
noses suggest that intervertebral disc degeneration and
displacement are the most severe conditions, as indi-
cated by their steep slopes within the initial 12 months
of follow-up.

Multivariate survival analysis techniques identified
the adjusted risk of disability discharge for covariates
subsequent to an initial musculoskeletal hospitaliza-
tion. For males, significant predictors included older
age group, lower pay grade, intermediate length of ser-
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vice, lower job satisfaction, greater work stress, recur-
rent musculoskeletal hospitalizations, diagnosis, occu-
pational category, heavy physical demands, and heavy
cigarette smoking. Fewer consistent predictors (five)
were identified for females than males (ten), includ-
ing lower education level, shorter length of service,
lower job satisfaction, and diagnosis. As suggested
by the IOM [26] and Feuerstein et al. [20], perhaps
women in the military are affected by unique physical
and psychosocial factors beyond the 22 covariates in-
cluded in this investigation. Pinsky et al. also found far
fewer significant predictors among women than among
men [44], suggesting that these findings are consistent
and valid.

4.1.1. Effect of age

Of particular interest is the finding of very large rel-
ative hazards for males 35+ years old for overuse (RH
= 214, 95% CI: 2.7, 169.5) and other (RH = 29.3,
95% CI: 3.7, 229.9) conditions. This is consistent with
several other studies of musculoskeletal-related dis-
ability [3,5,11,25,33,34,36,52]. The NIOSH review of
musculoskeletal disorders and workplace factors sug-
gests, “loss of tissue strength with age may increase
the probability or severity of soft tissue damage from a
given insult [6].” The effect of older age has a slightly
different interpretation in this study than in the studies
cited above; the outcome for those studies is the in-
cidence of musculoskeletal-related injury or disability,
whereas the outcome of this study is the development
of disability following the incidence of a condition.

Based on the findings of greater disability risk with
increasing age, we might also expect an increasing risk
with length of service, which is highly correlated with
age. However, we found males with 14 years of ser-
vice to have the highest risk of disability for back,
overuse, and other conditions, while males with 7-12
months of service had the highest risk for knee condi-
tions. Among females, those with the shortest length
of service (< 6 months) were at highest risk for knee
conditions while those with 1-4 years of service were
at greatest risk for back conditions. This presents the
unusual scenario whereby increased risk is associated
with an increase in age but a decrease in both pay grade
and length of service. While older persons may not
heal as readily as younger persons, those in higher pay
grades may not have as stringent physical demands as-
sociated with their jobs. Also, older persons may not
need to return to as high a level of physical capacity
as those in lower pay grades and with less time in ser-
vice. Younger Army personnel, who tend to perform

more physically demanding jobs, have also been found
to have a higher risk of repeat injury [48], possibly
associated with higher levels of physical capacity re-
quired to perform their jobs. Surprisingly, heavy phys-
ical demands were not associated with elevated risk of
disability among subjects with back diagnoses, as oth-
ers have identified [11,38]. Perhaps the broad catego-
rization scheme for physical demands resulted in some
misclassification bias, thereby diluting the effect of this
factor.

4.1.2. Effect of work stress

Among males with overuse conditions, frequently
experiencing work stress was associated with increased )
risk of disability (RH = 2.8, 95% CI: 1.2, 6.2). This
finding is consistent with the magnitude of risk found
by Berkowitz et al. [5] for higher work stress in relation
to low back disability in Army soldiers (OR = 2.7).
Also, those not satisfied with their job were at elevated
risk (RH = 1.7) among both males and females with
knee conditions. These findings support the hypothesis
that work stress and job satisfaction may play a funda-
mental role in the development of musculoskeletal con-
ditions [9] and their resulting physical disability [54].
However, inconsistencies in the magnitude and direc-
tion of effect associated with work stress across diag-
noses and gender suggests the need to better understand
this complex relationship.

4.1.3. Effect of recurrent hospitalization

Recurrent hospitalization, a surrogate measure of in-
jury severity in some cases and of healing in others, was
associated with increased risk for males with knee con-
ditions (RH = 1.4,95% CI: 1.1, 1.7) or other conditions
(RH = 1.4, 95% CI: 1.0, 2.1), but not back or overuse
conditions. One may have expected recurrent hospital-
ization to have a greater relative hazard for knee and
overuse conditions and to be highly significant among
back conditions as well. However, the requirement that
the principal diagnosis in later hospitalizations exactly
match the fourth or fifth digit ICD code may have re-
sulted in a lack of sensitivity for this measure. Other
research has suggested that the level of agreement for
external cause of injury (E) coding is greater at the level
of the third digit than at the fourth or fifth [31]. It is
likely that an increased level of agreement would have
been obtained by using the third digit level of the nature
of injury (N) coding as well. -
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4.1.4. Effect of education

Although a lower level of education was found to be
an independent predictor of disability discharge among
women for knee (RH = 8.8) and overuse (RH = 3.6)
conditions, it was not found to be predictive among
males for any diagnostic group. Similarly, other studies
have found education to be the lone predictor among
women, other than age, of good function {44]. Many
studies have identified education level as one of the
strongest predictors of disability resulting from mus-
culoskeletal conditions such as low back pain, lower
extremity fracture, and rheumatoid arthritis [3,16,17,
25,36,38,43,44]. Pincus and Callahan proposed edu-
cation level to be “a composite or surrogate variable,
reflecting intrinsic abilities, income, access to and use
of medical facilities, levels of personal responsibilities
for health care, problem-solving experience™ and oth-
ers [43]. However, perhaps the military environment,
unique in its command-oriented structure and universal
access to medical care, minimizes the effect of formal
education on the development of physical disability.
Also, the fact that even those with the least education
had attained a high school diploma limits the variation
in education level and may have muted its effect.

4.1.5. Effect of smoking

Smoking is a significant predictor of disability
among males for knee injuries (RH=1.7), but not back
injuries. There is a significant literature that relates
smoking to the incidence of back conditions [4,7,10,15,
21,2224 29.40.41,45.47,49,51]. A recent review sug-
gests that cigarette smoking may be associated with the
progression of musculoskeletal conditions to disabil-
ity [35]. However, there is relatively little to suggest
that knee conditions (as a specific lower extremity in-
jury) would be affected by cigarette smoking [27,45,
53]

4.1.6. Effect of diagnosis

The finding that chondromalacia has the highest risk
for disability among knee conditions may also be con-
sidered surprising. Perhaps the physical demands of
military life combined with limited treatment options
combine to increase the risk of disability discharge rel-
ative to meniscal and ligamentous injuries.

4.2. Limitations
There are several concerns with using HRA data in

these analyses. Although many variations of the HRA
have been shown to be valid, reliable, and internally

consistent [19], this specific instrument has not been
tested for these parameters. Another concern regards
the stability and accuracy of behavioral practices in
Army personnel and whether the measures, as recorded
by the HRA prior to their hospitalization, are likely
to be the same at the time of initial musculoskeletal
hospitalization. In order to assess the likelihood that
smoking behavior may have changed over time, a sub-
analysis was performed using the kappa measure of
agreement for smoking history among those subjects
who completed the HRA prior to and following the ini-
tial musculoskeletal hospitalization (N = 1482). Re-
sults indicate very good agreement (kappa = 0.74,95%
CI(0.71,0.77)) between first and last HRAs inregard to
smoking status (e.g., nonsmoker, former, current). This
suggests smoking practice remained stable over several
years (mean = 37 months, SD = 42 months) for this
cohort. Among subjects who were current smokers at
both HRAs (N = 360), the mean difference in number
of cigarettes smoked per day was an increase of 0.89
(2-sided p-value = 0.035). Although these results were
encouraging, we were still concerned about the oppor-
tunity for simultaneous equation bias, whereby the de-
pendent variable (disability) and covariate (smoking)
may have a two-way causal relationship (i.e., smoking
may increase the risk of disability, or disability may
encourage one to smoke) [33]. In an effort to minimize
this, the last semiannual personnel file update imme-
diately prior to the initial hospitalization was used to
capture covariates as accurately as possible. This is
an important point as the subject may have changed
their job after their hospitalization. Similarly, if the
HRA was taken on multiple occasions, the survey oc-
curring closest to the hospitalization was used in data
collection.

Another potential limitation is the validity of self-
reported behavior associated with responding to the
HRA. A previous meta-analysis has indicated that self-
reported tobacco use is accurate in most studies, par-
ticularly if students are not included in the study popu-
lation [42]. In addition, the study cohort appears to be
slightly older and has a higher pay grade/rank than both
Army personnel who experienced a musculoskeletal-
related hospitalization and active duty personnel in gen-
eral as well. This may stem from a length of service bias
resulting from the requirement that the cohort subjects
must take the HRA. Because age was associated with
the development of disability (at least among men), this
additional 2 to 3 years of age on average among the
study cohort should be recognized.

A potential limitation involves the use of a hospital-
ization, for case ascertainment, because it does not nec-
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essarily represent the initial injury or event. In studies
by Tomlinson et al. [S0] and Reynolds et al. [45], only
3 and 2.4 percent, respectively, of musculoskeletal in-
juries/conditions that were reported to sick call resulted
in hospitalization. Therefore, following subjects from
initial hospitalization only provides a partial view of
the natural history and most likely underestimates the
length of the condition’s history.

This study is intended to be generalizable to an adult
population with activity levels that approach those of
active duty Army personnel. However, attempts to gen-
eralize the findings to civilians should be made with
caution. Despite some differences in civilian and mil-
itary work environments, this study population repre-
sented a wide variety of occupational groups, most of
whom had directly comparable tasks to those found in
civilian jobs.

4.3. Strengths

The primary strength of this study is the ability to
collect a wide array of exposure data and follow sub-
jects over time to determine the likelihood of disability
discharge. The key to the success of this study is the
linkage of several high quality data sources to assess
demographic, behavioral, psychosocial, occupational,
and clinical factors. Such a linkage of relevant data
systems is one of the identified research needs iden-
tified by the NIOSH National Occupational Research
Agenda Traumatic Injury Team as necessary for effec-
tive research [39].

The study includes a range of potential confounders
in a study of disability development, and provides sig-
nificant insight into the natural history of many preva-
lent health conditions. In addition, the tremendous size
of the target population offers the ability to follow a
cohort with power to detect associations between co-
variates and the outcome of interest. The study ben-
efits from a reduction of the antagonistic employee-
employer relationship that is often evident with civilian
worker compensation cases. Also, the determination of
disability is fairly objective relative to the experience
of private sector disability policy.

5. Conclusion

Musculoskeletal conditions requiring hospitalization
represent a substantial risk of disability resulting in
discharge from the US Army. Back conditions are
shown to be the most severe and have the highest 5-year

cumulative risk of disability. Demographic, behavioral,
psychosocial, occupational, and clinical characteristics
are associated with disability discharge, demonstrating
the multivariate nature of disability. Modifiable risk
factors related to work (job satisfaction, work stress,
physical demands, occupation) and health behaviors
(smoking) suggest possible targets for intervention to

.achieve a successful rehabilitation.
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