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ABSTRACT

Knee injuries are a major health concern for military personnel seeking to return to active-
duty. Nevertheless, there is a lack of research about the incidence and causative factors associ-
ated with knee injuries among active-duty military personnel in Saudi Arabia. This retrospective
cohort research aimed to start group studies on the incidence of knee injuries among active
military personnel in Saudi Arabia.

The objective of the study was to evaluate the causative factors associated with this injury and
pattern of its involvement. This study included data of 2230 patients aged 18 to 60 years with
knee injuries, with mean age of 42.73 SD £16.343. Data was collected from nine of the Saudi
military hospitals in a period of six years (2010-2016) and analyzed using descriptive statistics
and regression models.

The frequency distribution showed that cruciate ligaments (ACL and PCL) were the most
commonly affected structures in knee injuries (45.2%), followed by menisci (24.9%) and internal
derangement (10.1%) with incidence rate 4.57, 0.25, and 0.10, respectively. Sports and military
exercise-related injuries were found to be the most significant causative factors involved in all
knee injuries (30.5%), followed by non-military accidental injuries at 25% (p = 0.000).

This study found that cruciate ligament injuries followed by meniscus injuries were the most
common knee injuries among Saudi active-duty personnel. Sports and military exercises were
found most common causes for knee injuries. Injuries negatively impacted productivity and mili-
tary training as these prevent military personnel from being ready for military service due to
treatment and recovery.

More research is needed on time spent in rehabilitation away from active service as a result
of the cruciate ligament injuries that need time to return to daily activities.

KEeyworps: Anterior cruciate ligament, knee injuries, military personnel, Saudi Arabia

INTRODUCTION

Knee injuries and associated risk factors are a  military operations [Hsiao M et al., 2010; Boling
major health concern for military personnel seek- M et al., 2010; Cameron K, Owens B, 2014]. The
ing to return to active-duty. Knee injuries can re-  consequences of knee injuries are the lost duty
sult from direct training, deployment, or other  days, medical costs of treatment, and the impact
that injury can have on a person’s quality of life.
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[Cameron K, Owens B, 2014, Teyhen D et al.,
2015]. Therefore, it is important to understand the
types or patterns of knee injuries and the causative
factors responsible for these injuries. This will
help to develop strategies to reduce injury inci-
dence and provide resources for rehabilitation and
return to active service [Kuikka P et al., 2013, Tey-
hen D et al., 2015].

Knee injuries range from ligament injuries to
cartilage, tendon, and bone injuries. The most
common types of knee injuries are the anterior cru-
ciate ligament (ACL), medial meniscus tear, the
chondral lesion, medial collateral ligament tear,
contusion damage arising from trauma, lateral me-
niscus tear, and patellar dislocation. Additional
evidence in the literature indicates that males
under the age of 30 are more likely to experience
knee injuries and males under the age of 20 had a
higher chance of developing a patellar dislocation
than people aged 40 years and older [Kuikka P et
al., 2013; Abt J et al., 2014].

Various factors influence the relatively high in-
cidence of ACL injuries compared to a posterior
cruciate ligament (PCL), lateral collateral ligament
(LCL), and medial collateral ligament (MCL)
among active-duty military service personnel
[Kuikka P et al., 2009, Kang S et al., 2016]. Thus,
in addition to the anatomy of the knee joint, neuro-
muscular factors are also significant predictors of
ACL injuries. Further, the anatomical risk factors
relating to ACL injuries include a smaller femoral
intercondylar notch width, increased slope of the
tibial plateaus, and increased anterior-posterior
knee laxity as well as the relevance of quadriceps
to hamstring strength ratio (i.e., a ratio of 0.8 or
80% muscle activity is required as opposed to ratio
of 0.5 or 50% hamstring strength to quadriceps
that is sufficient for daily routine activities) as a
possible predictor of ACL tears [Smith H et al.,
2012; Rubinstein A, Postma W, 2015]. Several
neuromuscular risk factors include knee extension
during deceleration, lateral trunk movements, and
rear weight distribution, further intensifying ana-
tomical risk factors. These factors are especially
important since they are quite common in sports
and physical exercise and are usually performed
by military personnel on active-duty [Andersen K
et al., 2016]. In addition to the risk factors men-
tioned above, there is a significant association be-

tween the risk of knee injury and body mass index
(BMI). Incidence of knee injuries such as osteoar-
thritis (ageing, wear and tear), meniscal and liga-
ment abnormalities (intrasubstance degeneration,
tears) increases with the high BMI [Weidow J,
2006; Scott S et al., 2015].

Several studies have been conducted among the
Saudi population to assess knee injuries and re-
lated risk factors [Althunyan A et al., 2017; Al-
rubayyi M et al., 2018 Almaawi A et al., 2020].
Althunyan and co-authors (2017) reported that
knee injuries are a common health problem for ac-
tive cyclists in the Eastern Province of Saudi Ara-
bia. A cross-sectional study by Almaawi et al.
(2020) reported an overall prevalence of knee inju-
ries (23.2%) among male students at King Saud
University, with ACL being among the most com-
mon. The majority were injured during sports, es-
pecially in football, and 68.7% participated in the
non-contact mechanism of injuries. An earlier
study by Alrubayyi et al. (2018) among the resi-
dents of Mecca reported that ACL is a prevalent
injury, with sports being the most significant risk
factor.

Although there have been studies about knee
injuries among the general public in Saudi Arabia,
to the best of the authors’ knowledge, none have
been conducted to assess the incidence of knee in-
juries specifically among the Saudi military popu-
lation. Thus, the emphasis should be on conduct-
ing research on knee injuries and implementing
preventive strategies to minimize risk factors while
serving in the military. Therefore, the current ret-
rospective cross-sectional research aimed to start
group studies on the incidence of knee injuries
among active military personnel
presented to various military hos-
pitals in Saudi Arabia. The objec-
tive of the study was to evaluate
the pattern of knee injuries and po-
tential causative factors associated
with such injuries.

MATERIAL AND METHODS

This retrospective cohort re-

To overcome it

is possible, due to the

uniting the knowledge and 2
will of all doctors in the world D
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search was aimed to assess the incidence, pattern
and causative factors associated with knee injuries
among military personnel on active-duty at four
military branches in Saudi Arabia: land forces, air
forces, naval forces, and air defense forces. The
study was conducted between 2010 and 2016. The
data collection process began with specific ap-
provals from the relevant medical authorities. The
Principal Investigator has received appropriate
ethics and safety approvals.

The data collection process involved extracting
data from the available medical records of military
hospitals. Nine of the thirteen military hospitals
agreed to collaborate on this study: King Fahad
Military Medical City (KFMMC, Dhahran); Kha-
mis Mushait Military Hospital; Jubail Military
Hospital; Jeddah Military Hospital; Hafr Albatin
Military Hospital; Sharourah Military Hospital;
Prince Sultan Military Medical City (Riyadh);
Dhahran Airbase Military Hospital; Alhada Mili-
tary Hospital (Taif). A total of n = 2230 patients
with knee injuries were included in the study.

The list of variables included age, diagnosis or
pattern, and cause of injury. In addition, hospital
admissions’ data were summarized by major diag-
nostic categories at a seven-digit level using the
International Classification of Diseases, Tenth Re-
vision, Clinical Modification (ICD-10-CM) to re-
cord each patient’s experience in military hospitals
and outpatient visits. The International Classifica-
tion of Diseases, Tenth Revision, Clinical Modifi-
cation (ICD-10-CM) is an updated version of the
ICD and is expected to become the new standard
for healthcare facilities. The use of ICD-10-CM
subclasses makes it possible to develop more than
70,000 new codes. The system uses alphanumeric
codes to identify diseases and related problems ac-
curately. Therefore, the ICD-10-CM classification
was instrumental in this research in facilitating the
extraction of relevant data [Centers for Disease
Control and Prevention (CDC), 2020].

Diagnoses of knee injuries were based on find-
ings of plain film radiographs and cross-sectional
studies (computed tomography or magnetic reso-
nance imaging) in patients who presented in hospi-
tals through outpatient departments and emergen-
cies, got admitted, operated or discharged. Pattern
of knee injuries was defined by an affected struc-
ture within a knee complex (i.e. an isolated abnor-

mality). In cases of combined injuries, structure
with most profound abnormality was documented
for diagnosis. An experienced radiologist catego-
rized knee injuries into bony (femoral, tibial, fibu-
lar), ligament (anterior and posterior cruciate, me-
dial and lateral collateral), cartilage (femoral, tib-
ial), meniscal (medial, lateral), malalignment or
mechanical instability (congenital tibia vara, genu
valgum), external (skin, wound) and synovial (in-
flammation or infection). Causes of knee injuries
were grouped under sports and (military) exercise-

T4BLE 1.
Descriptive characteristics of the sample
(n =2230).
Characteristics Freq(ﬂt)ency Perczg/:)tage
<30 721 32.3
31-40 513 23.0
Age 41 -50 144 6.5
(years)  51-60 852 38.2
Mean SD
42.73 16.343
Ligament Injury 1018 45.7
Bony Injury 110 4.9
Cartilage Injury 200 9.0
Mechanical 245 11.0
Diagnosis instability
Meniscal Injury 588 26.4
External or open 33 1.5
wound injury
Synovial injury 36 1.6
Non-military 752 33.7
accidental
Sports and 991 44.4
Cause of Military exercise
Injury
Road Traffic 276 12.4
Accident
Undetermined 211 9.5
Hafr Albatin 80 3.6
KFMMC 191 8.6
Jubail 99 4.4
Airbase 362 16.2
Hospital ~ Shoruruh 16 0.7
Jeddah 34 1.5
Taif 176 7.9
Khamis Mushait 126 5.7
Riyadh 1146 51.4
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TABLE 2.
Association between diagnosis and cause of injury (n = 2230).
Causes of Knee Injuries
Diagnoses ot
g Non-military  Military exercise/ RTA Undetermined n (%)
n (%) Sports Injury n (%) n (%) n (%)
Ligament Injury 227 (22.3%) 595 (58.4%) 165 (16.2%) 31(3.0%) 1018 (100.0%)
Bony Injury 4 (3.6%) 23 (20.9%) 80 (72.7%) 3(2.7%) 110 (100.0%)
Cartilage Injury 88 (44.0%) 46 (23.0%) 0(0.0%) 66 (33.0%) 200 (100.0%)
Mechanical instability 102 (41.6%) 121 (49.4%) 13(5.3%) 9(3.7%) 245 (100.0%)
Meniscal Injury 313 (53.2%) 183 (31.1%) 12(2.0%) 80 (13.6%) 588 (100.0%)
Open wound 2 (6.1%) 23 (69.7%) 6 (18.2%) 2(6.1%) 33 (100.0%)
Synovial injury 16 (44.4%) 0 (0.0%) 0(0.0%) 20 (55.6%) 36 (100.0%)
Total 752 (33.7%) 991 (44.4%) 276 (12.4%) 211(9.5%) 2230 (100.0%)

NOTES: * SIGNIFICANT AT 95% SINCE P-VALUE < 0.05

related, non-military accidental injuries (sprains or
twisting injuries), road traffic accident (RTA) and
those undetermined (i.e., those not explained by
any trauma or accident).

The main factors during this study were inci-
dence of knee injuries per year and causative fac-
tors. The incidence rate was calculated by divid-
ing the total number of incidences of a specific
knee injury by the total number of knee case. The
correlation between the incidence of knee injuries
and various causative factors was assessed using
a multivariate regression model. This model was
applied to estimate the number of knee injuries
per 100 person-years depending on age, cause of
injury, and military unit. SPSS software version
23.0 (SPSS Inc., Hllinois, USA) was used for sta-
tistical analysis. The association between diagno-
sis and injury cause was assessed using the Chi-
square test.

REsuLTS

This retrospective cross-sectional research ex-
tracted data on the incidence of knee injuries in
nine military hospitals over six years (2010-2016).
Total data of n = 2230 patients with a mean age of
42.73 years + 16.343 SD was extracted (Table 1).
The frequency distribution showed that ligament
injury was the most common of knee injuries
(45.7%), followed by meniscal injury (26.4%) and
malalignment or mechanical instability (11.9%).

Although the overall results of the current study
indicated that ACL/PCL and meniscus injuries

were the most common diagnoses, contradictory
results were obtained in some study sites (hospi-
tals). Thus, data from the Sharourah Military hos-
pital n = 16 (0.7%), Jeddah Military hospital n =
34 (1.5%) and Alhada Military Hospital (Taif) n =
176 (7.9%) showed that the most frequent knee in-
juries were due to RTA unknown to the other two
hospitals (Table 1).

Sports and related activities (44.4%) accounted
for most causes of knee injuries among military
personnel, taking into account the diagnosis and
cause of injuries in a cross-tabulation (Table 2).
Sports activities were a significant risk factor for
the development of ACL/PCL (p = 0.000), bony
injury (p = 0.000), and meniscus injuries (p =
0.000). Twisting injury (33.7%) was the second
most significant knee injury factor in this sample.

The results of the present study indicated that
age was not a significant risk factor for the develop-
ment of two common ACL/ PCL and meniscus inju-
ries (Table 3).

Discussion

This retrospective cohort research aimed to
start group studies on the incidence of knee inju-
ries among active military personnel (all hospital-
ized/ in-patient and discharged/ outpatient) in
Saudi Arabia. The objectives of the study were to
evaluate patterns of knee injuries and the potential
causative factors associated with such injuries.
The study was conducted between 2010 and 2016.

The data collection process involved extracting
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TABLE 3.
Association between age group and cause of injury (n = 2230).
Causes of Knee Injuries
Age group  Non-military Military exercise/ Total

RTA Undetermined

accidental Sports
<30 207 (28.7%) 317 (44.0%)
31-40 156 (30.4%) 225 (43.9%)
41 - 50 49 (34.0%) 53 (36.8%)
51 - 60 340 (39.9%) 396 (46.5%)
Total 752 (33.7%) 991 (44.4%)

93 (12.9%)
71 (13.8%)
14(9.7%)
98 (11.5%)
276 (12.4%)

104 (14.4%)
61 (11.9%)
28 (19.4%)
18(2.1%)
211(9.5%)

721 (100.0%)
513 (100.0%)
144 (100.0%)
852 (100.0%)
2230 (100.0%)

Nores: *Significant at 95% since P-value < 0.05.

data from the available medical records of military
hospitals. Nine of the thirteen military hospitals
agreed to collaborate on this study: King Fahad
Military Medical City (KFMMC, Dhahran); Kha-
mis Mushait Military Hospital; Jubail Military
Hospital; Jeddha Military Hospital; Hafr Albatin
Military Hospital; Sharourah Military Hospital;
Prince Sultan Military Medical City (Riyadh);
Dhahran Airbase Military Hospital; Alhada Mili-
tary Hospital (Taif).

The frequency distribution showed that ACL/
PCL was the most common of knee injuries, fol-
lowed by meniscus injury and malalignment or in-
congruency. These findings are consistent with
several previously published studies on knee inju-
ries [Rezasoltani Z et al., 2016; Barrow A et al.,
2017]. Thus, Rezasoltani Z and co-authors (2016)
conducted a similar study among lranian armed
forces and reported that ACL injuries were the
most common knee injuries, followed by meniscus
injuries. However, Kuikka P and co-authors (2013),
in their retrospective study among young male
military personnel, reported that patellar disloca-
tion was the most common type of knee disorder
with an incidence rate of 3.1 per 1000 person-
years, followed by meniscal injuries (2.2 cases per
1000 person-years).

The physical training program was practically
the same for the entire sample, since all officers
and soldiers graduated from the same military
school and the same military institutes, where
there is not much difference in the physical train-
ing program. All fractures were caused by military
or sports injuries, which is also a common factor
among militants.

Sports and military exercise-related activities

(44.4%) accounted for most causes of knee injuries
among military personnel, including the develop-
ment of ACL/PCL, bony injury, and meniscus inju-
ries. Non-military accidental injury was the second
most significant knee injury. These results were
similar to those by Hauret K and co-authors (2015),
who reported that 52% of the causes of injuries
among military personnel were physical exercise
and sports-related activities (i.e., sports in the field).
The present study results indicated that age was not
a significant risk factor for the development of the
two common knee injuries ACL/PCL and meniscus
injuries. In comparison, the findings by Jones J and
co-authors (2012), Pihlajaméaki H and co-authors
(2017), Kuikka P and co-authors (2013), and Gor-
don B and co-authors (2013) found age as a signifi-
cant risk factor for knee injuries.

In sum, this study revealed that ACL/PCL inju-
ries followed by meniscus injuries were the most
common knee injuries among active-duty military
personnel in Saudi Arabia. Sports activities were
commonly cited as the causative factors contribut-
ing towards knee injuries. The injuries negatively
influence operational productivity and military
training by preventing military readiness due to
time spent out of service during treatment and re-
habilitation.

Additional research is required on the data per-
taining to time spent in rehabilitation, away from
the active-duty resulting from ACL/PCL injuries,
since any patient with ACL/PCL needs time to re-
turn to daily activities. Although Saudi military
hospitals have proper and qualified rehabilitation
methods under the guidance of qualified physio-
therapists, in most cases, patients do not adhere to
the processes and treatment plan. Future research
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is required to develop effective interventions to re-
duce the impact of preventable risk factors such as
sports and related exercise that contribute to the
development of knee injuries since the sports cat-
egory is broad and not very specific. Thus, this
study can be viewed as hypothesis-generating re-
search that supports future research efforts that
will redirect to possible alternative factors leading
to knee injuries, specifically ACL/PCL injuries.

LimiTaTIONS

Current research should be recognized within
specific limitations. Data was collected from only
nine of the thirteen military hospitals. The remain-
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