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Background: To date, no large population-based studies have focused on permanent occupational disability after in-
jury of the anterior cruciate ligament as far as we know. The purpose of our study was to determine the risk factors
for occupational disability after an injury of the anterior cruciate ligament.

Methods: We identified a cohort of 2192 active-duty personnel in the Army who had been hospitalized between
1989 and 1997 because of an injury of the anterior cruciate ligament and had completed a health risk-assessment
survey. With use of the Total Army Injury and Health Outcomes Database, we retrospectively followed these individu-
als for up to nine years and collected clinical, demographic, occupational, and psychosocial data. These data were
then evaluated with bivariate and proportional-hazards regression analyses to identify risk factors for receiving a dis-
ability discharge related to an injury of the anterior cruciate ligament.

Results: Overall, 209 (9.5%) of 2192 initial anterior cruciate ligament injuries resulted in a permanent disability dis-
charge. In bivariate analyses, the following factors were related to a disability discharge: lower job satisfaction (p <
0.0001), lower education level (p < 0.0001), shorter length of service (p < 0.0001), lower pay grade or rank (p <
0.0001), occupational classification (p < 0.0001), older age (p < 0.01), cigarette-smoking (p = 0.01), and greater men-
tal stress at work (p = 0.02). Associated cartilage injury (p = 0.07) and occupational physical demands (p = 0.08) ap-
proached significance; however, with the numbers available, other variables that were hypothesized to contribute to the
development of disability, such as gender (p = 0.85), reconstruction of the anterior cruciate ligament (p = 0.52), and
other secondary comorbidities of the knee, demonstrated no significant association. Proportional-hazards regression
analysis confirmed that pay grade or rank, occupational classification, job satisfaction, age, and length of service were
independent predictors of disability discharge.

Conclusions: In keeping with risk profiles of several other musculoskeletal disorders, such as low-back pain and car-
pal tunnel syndrome, the results revealed a multifactorial risk profile in which psychosocial factors were strongly as-
sociated with disability discharge from active military duty after injury of the anterior cruciate ligament.

Level of Evidence: Prognostic study, Level II-1 (retrospective study). See Instructions to Authors for a complete de-
scription of levels of evidence.

usculoskeletal conditions are the major cause of
occupational disability in adults of working age
worldwide1, accounting for >60% of the disorders

leading to an occupational disability2. Disruption of the anterior
cruciate ligament is among the most frequent major musculo-
skeletal injuries that affect physically active men and women.
Each year in the United States, more than 100,000 new cases of
anterior cruciate ligament injury are reported3 and an estimated
50,000 to 75,000 reconstructions of the anterior cruciate liga-
ment are performed4,5. Anterior cruciate ligament injury is ex-

M
A commentary is available with the electronic versions of this article,
on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our
subscription department, at 781-449-9780, to order the CD-ROM).
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pensive in terms of treatment and postoperative rehabilitation,
lost work, and high risk for disability. The clinical and nonclini-
cal risk factors for disability after an anterior cruciate ligament
injury may be useful data in the assessment of patients in a re-
habilitation program after such an injury.

Multidimensional analyses of occupational disability have
shown that nonclinical, psychosocial factors play a major role in
predicting disability status for various musculoskeletal con-
ditions6-12. For example, Workers’ Compensation benefits have
been shown to adversely influence the outcome of several mus-
culoskeletal disorders, such as low-back pain13,14, carpal tunnel
syndrome8,15, rotator cuff disease16, and meniscal injury7.

Few reports of knee-related work disability following
anterior cruciate ligament injury have used a multifactorial
approach. Noyes et al.17 suggested that “non-knee-related” fac-
tors, such as educational and social factors, are necessary for
the assessment of occupational limitations. Noyes and Barber-
Westin9 studied the influence of Workers’ Compensation status
on outcomes after anterior cruciate ligament reconstruction
and showed that the functional, subjective, and objective re-
sults for patients receiving Workers’ Compensation and con-
trol subjects who were not receiving such compensation were
the same, except that patients receiving Workers’ Compen-
sation were less likely to return to work. Wexler et al.18 retro-
spectively followed twenty-two patients receiving Workers’
Compensation after anterior cruciate ligament reconstruc-
tion and concluded that Workers’ Compensation claims do
not adversely affect outcome, although there was no control
group in that study.

To date, no large population-based studies that we
know of have investigated long-term outcomes focusing on
occupational disability after anterior cruciate ligament injury
and reconstruction. Wojtys3 noted the shortcomings of exist-
ing long-term outcome studies. A number of single-institution
surgical groups have reported their experience with postsur-
gical functional outcomes19-25. However, those studies focused
on small samples and homogeneous study populations, they
often did not incorporate multivariate analysis, and they
focused largely on sports-related disability rather than occu-
pational disability. Our objective in the current study was to
evaluate the role of clinical and nonclinical factors in the de-
velopment of occupational disability in physically active men
and women after an anterior cruciate ligament injury. The
current study focused on occupational disability without
consideration of typical clinical outcomes, such as stability or
return to sport, and without a comparison of reconstruction
and conservative treatment.

Materials and Methods
Study Design and Cohort Definition 

retrospective cohort design was used to follow all active-
duty United States Army personnel with an injury of the

anterior cruciate ligament who had an initial hospitalization
for treatment of the injury between 1989 and 1997. A total of
8236 anterior cruciate ligament-related hospitalizations oc-
curred during this period, but the study group was limited to

the patients who completed the Health Risk Appraisal, a self-
administered questionnaire26. The Health Risk Appraisal
has been used in numerous studies to assess health-related
behaviors such as smoking and alcohol use in relation to mo-
tor vehicle accidents, acute injuries, and suicide27-31. It con-
sists of seventy-five items derived from the Carter Center
Health Risk Assessment and the Rhode Island Wellness Sur-
vey and is quite similar to the Centers for Disease Control
behavior risk factor surveys31-33. The Health Risk Appraisal
has been shown to be externally valid as the Army popula-
tion at large is nearly identical to the Army personnel who
complete the Health Risk Appraisal31-34. The Health Risk Ap-
praisal is not administered randomly, but it is generalizable31.
It is most frequently administered when a soldier is initially
in-processing to the service or to a new post, and it may also
be administered during periodic physical fitness examina-
tions that typically occur twice a year, as part of standard
physical health examinations, when a soldier presents to an
outpatient clinic, or for other reasons. In the current study,
1172 patients (53.5%) completed the Health Risk Appraisal
before the injury and 1020 patients (46.5%) completed it af-
ter the injury.

To be included in the study, cohort subjects met the fol-
lowing criteria: (1) they were on active duty at the time of a
hospitalization related to an injury of the anterior cruciate lig-
ament, (2) they were hospitalized with an injury of the ante-
rior cruciate ligament during the period from 1989 to 1997,
and (3) they completed a Health Risk Appraisal during the
same period. Patients who were hospitalized for the same con-
dition before 1989 or who had a disability rating preceding the
initial hospitalization for the injury of the anterior cruciate
ligament were disqualified and eliminated from the cohort.
The study cohort consisted of 2192 individuals who met the
criteria for inclusion.

Data Sources
The United States Army Total Army Injury and Health Out-
comes Database (TAIHOD) was used in the present study in
an effort to investigate a true population-based cohort in
which subjects had a full range of jobs, full employment, ab-
sence of geographical or other bias, and full access to health
care. The TAIHOD is a collection of Army administrative da-
tabases that was recently compiled for injury prevention and
health research26. For the current study, five of the data-
bases—those related to personnel, hospitalization, disability,
loss from service, and health risk appraisal—were linked. The
Health Risk Appraisal database provided information on
health practices and stress levels. The other databases in-
cluded information on demographics, clinical parameters,
outcomes, and length of service. Unique identifiers (en-
crypted Social Security numbers) enabled us to link informa-
tion across databases, which allowed us to track the history of
a subject’s condition from the initial hospitalization related to
an anterior cruciate ligament injury to long-term disability.
The administrative databases provided excellent follow-up
data with minimal loss of cohort subjects.

A
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Diagnosis and Procedure Codes 
The diagnostic codes of the ICD-9-CM35 (International Classi-
fication of Diseases, Ninth Revision, Clinical Modification)
were used to identify potential subjects with disruption of the
anterior cruciate ligament. Subjects with diagnostic codes in-
dicating multiple ligament injuries were excluded, leaving
only those who had unilateral, single ligament injury as the
primary diagnosis. Determination of a knee-related comor-
bidity (nonligamentous) was based on the presence of a sec-
ondary diagnostic code indicating a meniscal injury, cartilage
injury, or synovitis in the remaining seven diagnostic fields.
These secondary diagnoses were grouped into five clinically
relevant categories: medial meniscal injury, lateral meniscal
injury, both medial and lateral meniscal injuries, cartilage in-
jury, or synovitis. It is possible that subjects with a partial tear
of the anterior cruciate ligament were miscoded as having a
complete tear and were included in the study, but it is also
possible that these subjects were coded under another diagno-
sis such as meniscal tear and were excluded from the study.

ICD-9-CM procedure codes were used to identify surgi-
cal intervention, including therapeutic arthroscopy, anterior
cruciate ligament reconstruction, and other common related
surgical procedures, such as 80.6 (excision of semilunar carti-
lage of the knee), 80.86 (other local excision or destruction of
lesion of joint), and 81.47 (other repair of the knee). The ma-
jority of the subjects (96.1%) underwent at least one of these
anterior cruciate ligament-related procedures.

Outcome
The outcome of interest was the development of disability fol-
lowing the initial hospitalization related to an anterior cruci-
ate ligament injury. Occupational disability has been defined
as termination of employment, inability or impaired ability to
work, or the awarding of compensation benefits36. Long-term
disability has been defined on the basis of pensions11. In the
current study, the determination of long-term disability was
based on the findings of a medical evaluation board of physi-
cians and the ruling of a physical evaluation board of Army of-
ficers. We considered long-term disability status to be
represented by the following conditions: (1) a permanent dis-
ability or retirement (a knee-related disability rating of ≥30%,
regardless of length of service, or any disability in an individ-
ual with at least twenty years of service) and (2) involuntary
Army separation without benefits (a knee-related disability
rating of <30% in an individual with less than twenty years of
service)37. The standardized Army disability evaluation relies
on fitness for duty and considers whether the medical condi-
tion precludes the reasonable performance of the duties of the
office, grade, rank, or rating38. This disability definition mini-
mized biases resulting from geographic variation.

Time-to-Event Analysis
Survival analysis techniques were used to measure the risk of a
disability discharge related to an anterior cruciate ligament in-
jury over time. The starting point for the analysis was the date
of the initial hospitalization related to the anterior cruciate lig-

ament injury, and the end point was the date of the outcome
of interest (a disability discharge related to the anterior cruci-
ate ligament injury), the date of discharge for another reason,
or the end of the follow-up period (1997). For example, if a
subject was hospitalized because of an injury of the anterior
cruciate ligament on the first day of the study and remained in
the Army during the nine-year study period without becom-
ing disabled, the duration of follow-up for that subject would
be nine years. If that same subject were to receive a disability
discharge two years after hospitalization related to an injury of
the anterior cruciate ligament, the duration of follow-up
would be two years. For a subject who had a hospitalization
because of an anterior cruciate ligament injury in the third
year of the study with only two months remaining in his or
her commitment and who consequently left the Army two
months later for reasons unrelated to the knee injury, the du-
ration of follow-up is two months before this subject is cen-
sored. These techniques accommodate variable durations of
follow-up by censoring subjects who reach an end point be-
fore the outcome of interest is experienced39,40.

Product-limit (Kaplan-Meier) estimates of survival
time were used to assess the risk of disability discharge re-
lated to an anterior cruciate ligament injury among different
groups. Log-rank tests for equality and for linear trend were
used to determine whether there were significant differences
(defined as p < 0.05) between the groups with respect to the
time to outcome (a disability discharge related to the ante-
rior cruciate ligament). Cox proportional-hazards regression
was used to assess the concurrent influence of multiple vari-
ables on survival. This analysis produces a relative hazard,
which is a measure of the influence that a covariate has on
the outcome while controlling for the other covariates in the
model.

Variables considered for modeling were either categorical
(for example, gender, age-group, race, or pay grade) or continu-
ous (health practice index41 or number of dependents). Catego-
ries for age-group and other demographic characteristics are
consistent with those of the 1992 Worldwide Survey of Sub-
stance Abuse and Health Behaviors Among Military Per-
sonnel41,42. The age-groups reflect the Army population in terms
of new recruits, early career, mid-career, and full-career military
personnel. Occupations were defined according to the United
States Army military occupational classification system, and oc-
cupational physical demands were categorized as light to very
heavy on the basis of the maximum upper-body strength re-
quirements as defined by the Army43. The categories of occupa-
tion and occupational physical demands are applicable only to
enlisted personnel (1775 of 2192 subjects). All other categories
applied to all subjects in the study.

Proportional hazard models were fitted to study vari-
ables with use of a forward-conditional stepwise method (Pentry =
0.10, and Premoval = 0.15). The proportional-hazards regression
model assumes that the effects of the covariates are constant
over time and that censoring occurs independent of outcome.
Plots of log minus log functions against time and partial resid-
uals against time were used to check for violations of this pro-
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portional assumption. All analyses were performed with SPSS
for Windows (release 9; SPSS, Chicago, Illinois). Significance
was defined as a p value of <0.05.

Results
he current cohort of 2192 subjects was generally young
(mean age, twenty-eight years; range, eighteen to fifty-five

years), male (91%; 2001 subjects), white (66%; 1442 subjects),
and educated (74%; 1622 subjects were high-school gradu-
ates). The median duration (and standard deviation) of follow-
up was 32.9 ± 27.3 months.

Of the 2192 study subjects, 2107 (96.1%) underwent at
least a diagnostic arthroscopy because of an anterior cruciate
ligament injury. A total of 1239 subjects (57%) underwent re-
construction of the anterior cruciate ligament, and 953 (43%)
did not. Three hundred and two subjects (14%) who had re-
construction had an articular cartilage injury, and 996 sub-
jects (45%; 1178 diagnoses) who had reconstruction had a
meniscal injury (627 medial and 551 lateral meniscus). Other
procedures included excision of the semilunar cartilage of the
knee (780 subjects), other local excision of destruction or le-
sion (419 subjects), and other repair of the knee (214 sub-
jects). These data are included in the analyses.

The results of the bivariate analysis for the study popu-
lation are presented in terms of demographic (Table I), clini-
cal (Table II), and occupational or psychosocial factors (Table

III). The overall rate of disability discharge related to anterior
cruciate ligament injury was 9.5% of the initial injuries of the
anterior cruciate ligament.

Survival curves for the factor levels provided estimates
of the risk of disability discharge over an extended follow-up
period. Analyses of demographic factors revealed that two
age-groups (twenty-one to twenty-five and twenty-six to
thirty-four years old) were at greater risk for a disability dis-
charge related to an injury of the anterior cruciate ligament
(p = 0.01) than were the other age-groups and that individuals
who were single were at higher risk for such a disability dis-
charge (p = 0.0006) than were those who were married. No
significant difference in the time to a disability discharge re-
lated to an anterior cruciate ligament injury was detected with
respect to gender (p = 0.85) or race (p = 0.96).

Many occupational and psychosocial factors were strongly
associated with a disability discharge related to an anterior cru-
ciate ligament injury. Greater risk was evident with lower job
satisfaction (p < 0.0001), shorter length of service (p <
0.0001), lower pay or rank (p < 0.0001), no college educa-
tion (p < 0.0001), greater mental stress at work (p = 0.02), and
cigarette-smoking (p = 0.01).

Occupation was strongly associated with disability dis-
charge related to an anterior cruciate ligament injury among
enlisted personnel (p < 0.0001). Those in the classification of
direct combat, communications or intelligence, and craftsmen

T

TABLE I Bivariate Analysis of Demographic Factors and Disability After Hospitalization for Treatment of Anterior Cruciate 
Ligament Injury in 2192 United States Army Personnel from 1989 to 1997*

Covariate
No. (%) of 
Patients

No. (%) of 
Patients Disabled†

Log-Rank Test‡ 
(Equality)

Gender

Male 2001 (91.3) 193 (9.6) 0.85

Female 190 (8.7) 16 (8.4)

Age-group

<21 207 (9.4) 9 (4.3) 0.01§

21 to 25 710 (32.4) 76 (10.7)

26 to 34 899 (41.0) 105 (11.7)

≥35 376 (17.2) 19 (5.1)

Marital status

Single 845 (41.2) 108 (12.8) 0.0006

Married 1205 (58.8) 93 (7.7)

Race

White 1442 (65.8) 136 (9.4) 0.96

Black 552 (25.2) 54 (9.8)

Hispanic 92 (4.2) 11 (12.0)

American Indians 9 (0.4) 1 (11.1)

Asian 35 (1.6) 4 (11.4)

Other 60 (2.7) 4 (6.7)

Total 2192 (100) 209 (9.50) NA

*Data were not available for all subjects. †Per 100 hospitalizations. ‡The values are given as the p value. NA = not applicable. §Test for
trend.
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had higher disability rates (Table III). Multivariate analysis
confirmed that occupation was an independent predictor of
disability, with greater risk for those involved in direct combat
(relative hazard, 1.73; 95% confidence interval = 1.09 to 2.73)
and communications or intelligence (relative hazard, 1.88;
95% confidence interval = 0.98 to 3.62). Occupational physi-
cal demands only approached significance (p = 0.08).

With regard to clinical factors, we found no significant
difference between patients who underwent reconstruction of
the anterior cruciate ligament and those who did not (p =
0.52). Further stratification based on gender, age, body-mass
index, occupational physical demands, pay grade or rank, job
satisfaction, and comorbid knee conditions also showed no
significant difference, with the data available, with respect to
reconstruction of the anterior cruciate ligament. The presence
of one or more knee comorbidities was not strongly associated
with a greater risk of disability related to anterior cruciate liga-
ment injury. In unadjusted analyses, cartilage injury was not
associated with disability discharge (p = 0.07); however, after
adjusting for age, cartilage injury in patients who were less
than thirty years old was associated with disability discharge
(p = 0.01).

For the entire study population, the final multivariate
model identified the covariates of pay grade or rank, job satis-
faction, age, and length of service as significant independent
predictors of a disability discharge related to an injury of the
anterior cruciate ligament. The most dramatic difference in
risk was found among subjects at the lowest pay grade, whose
risk of a disability discharge related to an anterior cruciate lig-
ament injury was nearly seven times higher than that for
higher-ranking subjects. The survival curves based on this
model for pay grade (Fig. 1), job satisfaction (Fig. 2), age (Fig.
3), and length of service (Fig. 4) are also adjusted for the ef-
fects of gender, anterior cruciate ligament reconstruction, and
a secondary diagnosis of cartilage injury. A final model in-
cluding only enlisted personnel added occupational classifica-
tion to the list of significant predictors.

Discussion
his study yielded a broad view of many covariates that
were suspected of affecting the risk of disability discharge

after anterior cruciate ligament injury. The overall disability
discharge rate for those who were hospitalized for surgery re-
lated to the anterior cruciate ligament was nearly 10% of the
subjects (9.5/100 initial hospitalizations). This number is
markedly lower than that reported in a United States Navy
study24 (23%) and substantially higher than that found in a
study of Army aviators, in which 2.3% of the subjects were
medically terminated after nonrevision reconstruction of the
anterior cruciate ligament25. Cullison et al.24 reviewed the cases
of 120 patients with an injury of the anterior cruciate ligament
from a single naval institution and found that twenty-eight
had received a medical discharge after surgical reconstruc-
tion. They concluded that reconstruction of the anterior cru-
ciate ligament offered a “higher likelihood of return to full
military duty” than did nonoperative management, on the ba-
sis of a historical control group from a previous study by Bar-
rack et al.44 that showed fair to poor results with nonoperative
management. We found no significant difference (p = 0.52) in
risk between patients who underwent reconstruction of the
anterior cruciate ligament and those who did not. The overall
rate of disability discharge of 9.5% is similar to the overall rate
of musculoskeletal disability reported by Lincoln et al. for a
wide range of common musculoskeletal disorders45.

In one of the few epidemiological studies investigating
outcomes of operative compared with nonoperative treatment
for injury of the anterior cruciate ligament, Daniel et al. stud-
ied a group of 292 patients at the Kaiser Medical Center and
found no significant differences in return to work between the
operative and the nonoperative group46. That descriptive study
did not control for operative intervention and was not ran-
domized; its findings were likely influenced by surgical tech-
nique, activity level, and comorbidities. However, the findings
suggested that patients who receive nonoperative treatment
for an injury of the anterior cruciate ligament may do as well

T

TABLE II Bivariate Analysis of Clinical Factors and Disability After Hospitalization for Treatment of Anterior Cruciate Ligament 
Injury in 2192 United States Army Personnel from 1989 to 1997

Covariate
No. (%) of 
Patients

Disability 
Rate*

Log-Rank 
Test† (Equality)

Knee comorbidity

Medial meniscal injury 627 (28.6) 8.0 0.13

Lateral meniscal injury 551 (25.1) 10.0 0.64

Medial and lateral meniscal injury 182 (8.3) 9.3 0.98

Synovitis 154 (7.0) 9.7 0.69

Cartilage injury 302 (13.8) 11.9 0.07

Reconstruction of anterior cruciate ligament 

Yes 1239 (56.5) 9.3 0.52

No 953 (43.5) 9.9

Total 2192 (100) 9.50 NA

*Per 100 hospitalizations. †The values are given as the p value. NA = not applicable.
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TABLE III  Bivariate Analysis of Occupational and Psychosocial Factors and Disability After Hospitalization for Treatment of 
Anterior Cruciate Ligament Injury in 2192 United States Army Personnel from 1989 to 1997* 

Covariate
No. (%) 

of Patients
Disability 

Rate†

Log-Rank Test‡

Equality Trend 

Pay grade§

E1-E3 337 (15.4) 18.4 <0.0001 <0.0001

E4-E7 1286 (58.7) 10.6

E8-E9 152 (6.9) 2.0

W1-W5 42 (1.9) 0

O1-O3 266 (12.1) 3.0

O4-O10 80 (3.6) 0

Cadets 29 (1.3) 0

Length of service

<1 yr 82 (3.7) 19.5 <0.00 <0.0001

1 to 4 yr 932 (42.6) 12.3

5 to 10 yr 704 (32.2) 8.4

>10 yr 469 (21.4) 3.6

Work stress

Often 170 (7.9) 16.5 <0.0001 0.02

Sometimes 495 (22.9) 10.3

Seldom 877 (40.7) 7.9

Never 615 (28.5) 9.6

Job satisfaction

Not satisfied 254 (14.4) 15.4 <0.00 <0.0001

Somewhat 435 (24.7) 10.3

Mostly 692 (39.3) 8.2

Totally 381 (21.6) 3.1

Cigarette-smoking

Nonsmoker 1606 (73.3) 8.7 0.01 NA

Smoker 586 (26.7) 11.8

Education

No college 1641 (76.2) 11.9 <0.0001 NA

College 512 (23.8) 2.5

Occupational class

Direct combat 604 (28.3) 13.7 <0.0001 NA

Electronic equipment repair 34 (1.6) 2.9

Communications or intelligence 116 (5.4) 19.0

Health care 29 (1.4) 10.3

Other technical 91 (4.3) 8.8

Support or administration 220 (10.3) 11.4

Electrical or mechanical repair 218 (10.2) 6.4

Craftsman 64 (3.0) 14.0

Service or supply 375 (17.6) 9.6

Nonoccupational 380 (17.8) 2.1

Total 2192 (100) 9.50

*Data were not available for all subjects. †Per 100 hospitalizations. ‡The values are given as the p value. NA = not applicable. §E1 to E3, pri-
vate to private first class; E4 to E7, corporal to sergeant first class; E8 to 9 master sergeant to sergeant major; W1 to W5, warrant officer level
1 to 5; O1 to O3, junior officers; and O4 to O11, senior officers.
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Fig. 2

Adjusted survival curve for time to dis-

ability after hospitalization for the treat-

ment of an injury of the anterior cruciate 

ligament, according to job satisfaction, 

for United States Army personnel from 

1989 to 1997.

as those who receive operative treatment, on the basis of data
for return to work and other indicators.

Cullison et al.24 also found that clinical parameters, such
as concomitant Outerbridge stage-III and IV chondromalacia,
subsequent reoperation, and Lysholm scores of <80 points,
were associated with medical discharge. The inclusion of such
clinical parameters is desirable, but this was not possible in our
retrospective cohort study, where only administrative data from
hospitalization records were available. Our inability to grade the

severity of cartilage injury may have biased our findings toward
the null, resulting in only marginal significance associated with
the comorbidity of cartilage injury.

In the current study, three of the four clinical covari-
ates—anterior cruciate ligament reconstruction, secondary
meniscal injury, and secondary synovitis—were not associated
with disability related to anterior cruciate ligament injury. A
secondary diagnosis of cartilage injury in patients who were
less than thirty years old was significantly associated with a

Fig. 1

Adjusted survival curve for time to disabil-

ity after hospitalization for the treatment 

of an injury of the anterior cruciate liga-

ment, according to pay grade, for United 

States Army personnel from 1989 to 

1997. E1 to E3, private to private first 

class; E4 to E7, corporal to sergeant first 

class; and E8 to E9, master sergeant to 

sergeant major.
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greater risk of a disability discharge related to an injury of the
anterior cruciate ligament. Overall, demographic, occupa-
tional, and psychosocial covariates demonstrated much stron-
ger associations with the disability discharge rate than did
clinical covariates. This finding is consistent with those in
other studies in which occupational and psychosocial factors
have been found to be associated with musculoskeletal
disability6,8,9,13,15. Similarly, the results of this investigation sup-

port those in the study by Berkowitz et al.47, who found that
disability risk factors among Army personnel are multifacto-
rial. As Noyes et al. noted, sports-related and occupational
knee problems are distinctly different17. Occupational knee
problems are more difficult to address objectively and are
likely influenced more by nonclinical factors over which the
orthopaedist has little control. This observation reflects the
complex nature of occupational disability, which is influenced

Fig. 4

Adjusted survival curve for time to 

disability after hospitalization for the 

treatment of an injury of the anterior 

cruciate ligament, according to length 

of service, for United States Army 

personnel from 1989 to 1997.

Fig. 3

Adjusted survival curve for time to 

disability after hospitalization for the 

treatment of an injury of the anterior 

cruciate ligament, according to age-

group, for United States Army person-

nel from 1989 to 1997.
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by elements other than simply the medical condition10-12,48, and
might explain why several authors have noted a lack of associ-
ation between objective findings (e.g., laxity) and outcome af-
ter anterior cruciate ligament reconstruction9,21,49,50.

Rank or pay grade was the strongest predictor of disabil-
ity discharge among the many variables analyzed for this popu-
lation. These findings are consistent with those of other studies
in which wages have been shown to be highly associated with
outcome6,8,45,51. An analysis of medical discharges from the Brit-
ish Army also found lower discharge rates among officers52.

It is generally accepted that musculoskeletal disability
increases with increasing age6. The overall trend in our data
supported this idea. However, patients who were between
twenty-six to thirty-four years old in our study population
were at greater risk than were those who were more than
thirty-five years old in both adjusted and unadjusted analyses.
Barber et al.53 concluded that disability after reconstruction of
the anterior cruciate ligament in patients who were more than
forty years old was not significantly different from that in
younger control subjects. Our subanalysis of the 1239 individ-
uals who underwent reconstruction of the anterior cruciate lig-
ament demonstrated no difference in outcome when stratified
by age (p = 0.78). The inconsistency between the increased risk
of disability discharge with increasing age in the people who
were between twenty-six and thirty-four years old may partly
reflect the overall high level of fitness across the study group or
the lower functional demand in the older subjects.

Although it is known that women are at increased risk
for injury of the anterior cruciate ligament3,54, it has not been
shown previously whether this translates to an increased risk
of disability. Feuerstein et al.55 found that the risk of musculo-
skeletal-related disability was higher for women than for men
in their study population. Several authors12,45,51,56 have noted a
higher risk for occupational disability in women, whereas
others6 have found no difference overall for musculoskeletal
disability on the basis of gender. In addition, men seem to be
at increased risk for specific musculoskeletal disorders, such as
low-back pain, but less so for other musculoskeletal disorders,
such as arthritis6,56. To our knowledge, the current investiga-
tion is the first large population-based study to address the
role of gender in occupational disability related to injury of
the anterior cruciate ligament. We found no significant differ-
ence (p = 0.85) between disability discharge rates for women
(8.4%) and men (9.6%). Although multivariate analysis of
risk confirmed this finding, this conclusion is limited by the
predominance of males in the study population.

Occupation for enlisted personnel was significantly asso-
ciated with disability discharge rates. This information is of in-
terest, although further investigation is needed to determine the
reasons for the association. The occupational categories used in
the current study encompass hundreds of different jobs, each
with its own rating for occupational physical demands and
other factors. Additional studies are needed to investigate the
occupational classifications with a significant association with
disability in greater detail.

Results for occupational physical demands were ex-

pected to be significantly associated with disability discharge,
but they only approached significance (p = 0.08). A potential
association between physical demands and disability may have
been masked by a relationship that likely exists between more
stringent physical activity and lower rank. The highest level of
occupational physical demands (“very heavy”) included ap-
proximately 70% (939) of the 1340 enlisted subjects for whom
data were available. The ceiling effect in this category may
have prevented the identification of a significant association
between physical demands and disability. Indeterminate or
missing data for approximately 25% (435) of the 1775 total
enlisted subjects in this category also limited the analysis.

At the time of the current study, it was common practice
for the Army to hospitalize individuals for injuries that pre-
vented them from carrying out daily activities. Thus, some sub-
jects were included in the current study who might otherwise
not have been hospitalized. In general, however, this study was
not able to capture subjects who had an anterior cruciate liga-
ment injury but were not hospitalized. The current study was
also limited to those who completed the Health Risk Appraisal
because psychosocial factors were of critical interest.

The timing of the administration of the Health Risk Ap-
praisal varied in the study period. A sensitivity analysis was
done to determine the effect on the results of the timing of the
administration of the Health Risk Appraisal with regard to the
time of injury. For example, a response to the Health Risk Ap-
praisal question on job satisfaction might be interpreted as
contributing to the disability if the questionnaire was admin-
istered before the injury and as an effect of the disability if it
was administered after the injury. The sensitivity analysis
showed no changes in the significance of the predictors or in
their magnitude in a model that included only subjects who
completed the Health Risk Appraisal prior to the injury.

The administrative database used in the current study
did not include data on injury severity. Some investigators
have considered hospitalization to be an indicator of severity56,
but this assumption may not be valid for the current popula-
tion as Army practice may have required hospitalization for
the injury period and convalescence. Disease stratification
with use of knee comorbidities had little prognostic value in
the current study, although the use of ICD-9-CM coding may
have played a part in this lack of significant association. How-
ever, a lack of association between return to work and injury
severity has been noted by other investigators9,51.

ICD-9 coding was used for primary and secondary diag-
noses in the current study, and the use of these diagnosis codes
introduces the possibility of error to the study. In one report
on the frequency of discrepancies between the original diag-
nosis coding and the reabstracting, the rate of correct coding
for the principal diagnosis was found to be 65.2% for fourteen
target diagnoses57. The same study found ICD reliability rang-
ing from 30.2% for chronic ischemic heart disease to as high
as 97% for surgical diagnoses. It is possible that error rates for
diagnosis coding may have improved since the time of the reli-
ability study, yet this remains a potential source of error in the
current study. Furthermore, the current study did not review
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hospital operative reports to verify the accuracy of diagnosis
coding in the administrative database. Such a review is desir-
able and might reveal coding errors.

In conclusion, our results showed an overall occupa-
tional disability rate following injury of the anterior cruciate
ligament of approximately 10% in this young, active popula-
tion. The current study also showed that men and women had
similar rates of disability discharge and that anterior cruciate
ligament reconstruction did not affect the likelihood of occu-
pational disability after an injury of the anterior cruciate liga-
ment. The type of occupation for the enlisted personnel was
found to be associated with disability discharge after hospital-
ization related to an anterior cruciate ligament injury, with the
highest risk associated with those in direct combat. Psychoso-
cial risk factors were strongly associated with disability dis-
charge after hospitalization for the treatment of an anterior
cruciate ligament injury, and they resembled the risk profiles
of several other musculoskeletal disorders, such as low-back
pain and overuse syndromes of the upper extremity. �
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