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Background: The main cause for military training attrition
is musculoskeletal injuries to the knee, such as patellofemoral
pain (PFP).

Objective: To identify which factors increase the risk of
PFP occurrence in military personnel.

Design: Systematic review with meta-analysis.

Data Sources: Searches were performed in MEDLINE/
PubMed, CINAHL, Embase, SPORTDiscus, Web of Science,
Scopus, and OpenGray databases.

Study Selection: Included studies included military person-
nel and had a prospective cohort design investigating at least 1
variable as a risk factor for PFP.

Data Extraction: Extraction was performed by 2 indepen-
dent evaluators, and the data were separated between
the military personnel who developed PFP and those who
did not.

Data Synthesis: Meta-analyses were performed using
standardized mean differences (SMDs) and 95% Cls, and lev-
els of recommendation were determined.

Results: From 11 articles, this review grouped 7518 military
personnel, of whom 572 (7.61%) developed PFP. We found mod-
erate evidence that isokinetic knee-extensor weakness at 60°/s
predicts PFP in the military (SMD = —0.69; 95% CI = —1.02,
—0.35). A larger frontal-plane knee-projection angle during the
single-legged squat was also identified as a risk factor for PFP in
male military personnel (SMD = 0.55; 95% CI = 0.14, 0.97) with
a moderate level of evidence. We found moderate evidence that
sex, body mass index, isometric knee-extensor strength, and iso-
kinetic knee-flexor strength do not predict PFP in military person-
nel. Finally, we found strong evidence that age and body mass
do not predict PFP in this population.

Conclusions: Deficits in isokinetic knee-extensor strength
and a greater frontal-plane knee-projection angle are risk fac-
tors for PFP in military personnel. Given that these are modifi-
able factors, these aspects should be considered in injury-
prevention interventions in the military.

Key Words: knee joint, anterior knee pain, biomechanics,
relative risk, military force

opment of preventive programs during military training.

Key Points

» Atotal of 572 of 7518 military personnel developed patellofemoral pain, for an incidence of 7.61%.

» Knee-extensor weakness and a greater frontal-plane knee-projection angle during the single-legged squat were iden-
tified as risk factors that may predispose military recruits to develop patellofemoral pain.

« ldentifying modifiable risk factors is the first step for injury prevention, and this knowledge can contribute to the devel-

ilitary training demands a combination of psycho-
M logical and physical skills." While attempting to

induce favorable musculoskeletal adaptations, the
training stimulus may result in injury due to cumulative
stress.”* Musculoskeletal injuries may limit the individual’s
ability to perform activities of daily living, recreational
exercise, and occupational duties, which could be detrimen-
tal to those serving in the military.* Military recruits seem to
be particularly more affected by musculoskeletal injuries,

with 1 in every 4 recruits dropping out from elite military
training due to such injuries.? In this context, understanding
factors associated with the most common injuries in this
population is important.

Studies have shown that the major cause of attrition of
basic military training in countries such as the Netherlands
is musculoskeletal injuries to the knee.”® Knee injuries
affect 5.04 per 100 military personnel per year, and this
incidence reaches 62.2 injuries per 100 military personnel
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per year when only elite military personnel are considered.?
Among all musculoskeletal injuries that affect this popula-
tion, patellofemoral pain (PFP) is one of the most com-
mon.* Patellofemoral pain is defined as diffuse anterior
knee pain located around or behind the patella, which is
aggravated by at least 1 activity that loads the patellofemo-
ral joint during weight bearing (eg, squatting, running, stair
ambulation, and jumping).® The prevalence of PFP among
military personnel has been reported to be 13.5%.> These
injuries generate absenteeism from military duties, in addi-
tion to bringing high financial costs of hundreds of millions
of dollars per year.”®

Individuals with PFP may report symptoms lasting for
years, which could reduce physical and work capacity
along with quality of life.*¢ Researchers have suggested
that the cause of PFP is multifactorial, with several factors
associated with a higher risk of developing this condition.
Biomechanical, anthropometric, physiological, and psycho-
social factors have been associated with the development
of PFP.%? Identifying potential modifiable risk factors is
essential for injury prevention, and this is relevant because
of the potential not only to improve quality of life but also
to benefit the military forces, reducing days off and restric-
tions on the performance of military duties.'*"

Researchers have conducted systematic reviews address-
ing risk factors for PFP in the general population, but no
reviews have had a specific focus on the military popula-
tion.”'* For clinical decision-making and resource allocation
for health conditions, clinicians need an understanding of the
risk factors for PFP in this specific population, which can
provide a basis for evidence-based preventive strategies. The
primary purpose of our review was to analyze risk factors
for PFP in military personnel. A secondary objective was to
analyze the incidence of PFP in this population.

METHODS

This systematic review was conducted according to the
reporting guidelines of Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)" and
Meta-analyses of Observational Studies in Epidemiology
(MOOSE)."* The systematic review was prospectively reg-
istered in the PROSPERO database (CRD42021260843).

Search Strategy

The search words used in this review were based on
those used in previous studies, with words related to PFP
and risk factors based on those suggested by Neal et al® and
words related to military personnel based on those used by
Dijksma et al.’ The search strategy for all databases is
detailed in the Supplemental Table. The databases used in
this study were MEDLINE/PubMed, CINAHL, Embase,
SPORTDiscus, Web of Science, and Scopus. We also con-
sulted OpenGray, an online database that collects and
makes available gray literature from Europe. Hand search-
ing of the reference lists was conducted for potential addi-
tional studies that fit the inclusion criteria. The searches
were carried out between database inception and January
2023. No language restriction was used.

Study Selection

Search results were exported to Rayyan (Qatar Comput-
ing Research Institute) software, and duplicates were
removed manually. Two independent evaluators (E.A.B.R.
and D.F.M.M.) read the titles and abstracts and determined
whether the studies met the inclusion criteria. For this
review, the inclusion criteria were as follows: (1) studies
with populations composed entirely or in part of military
personnel, provided that the latter were in a subgroup so
their data could be differentiated from the others, and (2)
studies with a prospective cohort design investigating at
least 1 variable as a risk factor for PFP.

Data Extraction

The same 2 independent evaluators completed data
extraction and separated the data by military personnel who
developed PFP and those who did not. Extracted data
included the following: descriptive data of the population;
author and year of publication; duration of follow-up; defi-
nition of PFP; incidence of PFP; and independent variables
related to biomechanical, anthropometric, physiological, or
psychosocial characteristics or a combination. Disagree-
ments were first resolved by consensus, and, in case of per-
sistence, a third evaluator (S.J.C.A.) was consulted. The
Cohen « index was used to verify the agreement of the
evaluators regarding the articles that were included in
the review."

Risk of Bias

The included studies were assessed for risk of bias using
the Newcastle-Ottawa Scale (NOS).'*'® The NOS is divided
into 3 domains: selection, comparison, and outcome.'® The
domains comprise 8 categories relating to methodological
quality, and each study was given a score out of a maximum
of 9 points (Table 1). This stage was also carried out by the
2 independent evaluators (E.A.B.R. and D.F.M.M.), with
disagreements resolved by consensus. In case of persistent
divergence, a third evaluator (S.J.C.A.) was consulted.

Data Analysis

For the statistical analyses, mean and SD were extracted
for each continuous-scale variable. When similar variables
were expressed in different scales, standardized mean dif-
ferences (SMDs) and 95% CIs were determined. This
allowed us to have a standardized result of the effect size
that the assessed risk factor has on the probability of caus-
ing PFP." The effect sizes were categorized as small
(£0.590), moderate (0.60-1.19), or large (>1.20).%°

Using the software package RevMan 5.0 (The Cochrane
Collaboration), we tabulated data from similar variables in
>1 study and generated meta-analyses with the respective
forest plot. High heterogeneity was considered when > >
50%.>'2* Given the small number and high heterogeneity
of the studies, the random-effects model was used because
a fixed-effects model likely would increase the chances of
a type 1 error.’

Level of Evidence Recommendation

The level of recommendation of the evidence was deter-
mined based on the statistical analyses and risk-of-bias
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Table 1. Newcastle-Ottawa Scale'®
No. of
Category ltem Stars®
Selection S1: Representativeness of the exposed cohort 0-1
S2: Selection of the nonexposed cohort 0-1
S3: Ascertainment of exposure 0-1

S4: Demonstration that outcome of interest was 0-1
not present at start of study
Comparison C1: Comparability of cohorts on the basis of the 0-2
design or analysis

Outcome O1: Assessment of outcome 0-1
02: Was follow-up long enough for outcomes to 0-1

occur
08: Adequacy of follow-up of cohorts 0-1

@ Scores are classified as low (0-3 stars), medium (4—6 stars), or
high (7-9 stars).

analyses. Criteria adapted from van Tulder et al were used
(Table 2).*

RESULTS

The search yielded 824 articles for title and abstract
review. After duplicates were removed and eligibility crite-
ria were evaluated, 11 articles remained for data extraction
(Figure 1).>*3* The agreement index between the evalua-
tors was 93% (x = 0.811, P =.002) in the evaluation of the
articles for data extraction. This review included 7518 mili-
tary personnel, of whom 572 (7.61%) developed PFP. The
characteristics of the selected studies are detailed in
Table 3.

In the risk-of-bias analysis, all studies had a score >7,
which was classified as high quality (Table 4). The NOS
score had a mean interrater agreement of 93.25% (range,
82%—100%), indicating excellent interrater reliability. Of
the 8 items on the NOS, item C1 (comparability of cohorts
on the basis of the design or analysis) had the largest num-
ber of disagreements in interrater reliability, followed by
item S4 (demonstration that the outcome of interest was
not present at the start of the study).

Anthropometric Variables

Regarding anthropometric variables, we grouped data
for sex,** ¢ height,”*>? body mass,?*? age,**?’*°3! and

body mass index (BMI).?’*%32 We found a moderate level

Table 2. Level of Recommendation

Level Criteria

Strong >3 studies

>2 studies of high methodological quality
Statistical homogeneity

(1) >1 study

>1 study of high methodological quality
Statistical heterogeneity or

(2) >1 study

Moderate or low quality

Statistical homogeneity

(1) 1 study of high methodological quality or
(2) 2 studies of moderate or low quality
Statistical heterogeneity

1 study of moderate or low quality

Moderate

Limited

Very limited

= Studies Identified

(n = 824)
*PubMed (n = 242)
*Embase (n = 69)
*Scopus (n = 87)
*Web of Science (n = 268)
S +CINAHL (n = 60)
T « SportDiscus (n = 98)
£ *Open Grey (n = 0)
L
- Studies Removed Before Screening
(n =365)
*Duplicates (n = 365)
*Marked as ineligible by automation
tools (n = 0)
L « Other reasons (n = 0)
] Title and Abstract Screened
(n = 459)
Studies Excluded
(n = 441)
Studies Sought for Retrieval
(n=18)
o Studies Not Retrieved
£ (n=3)
8
;g Full Text Assessed
for Eligibility
(n=15)
Studies Excluded
(n=4)
*No assessment of risk factors
(n=1)
«Clinical trial (n = 1)
*No specific data for patellofemoral
- pain (n =2)
o]
3 Studies Included in Review
=] -
S (n=11)
Figure 1. Flowchart of study selection.

of evidence, based on 3 articles, that sex is not a risk factor
for PFP in military personnel (risk ratio = 1.12; 95% CI =
0.64, 1.94; Figure 2A).>*° Although the studies were of
high quality, the heterogeneity was quite high (I* = 83%).
In these 3 studies, among those who developed PFP, the
percentage of men (62%) was higher.

We observed that height is not a risk factor for PFP in the
military (> = 57%; SMD = —0.03; 95% CI = —0.27, 0.20)
with a moderate level of evidence (Supplemental Figure
A).2%32 A strong level of evidence indicated that body mass is
not a risk factor for PFP in this population (7 = 0%; SMD =
0.13; 95% CI = —0.02, 0.28) based on the results of 7 studies
(Figure 2B).>>* A strong level of evidence, based on 4 arti-
cles, indicated that age is not a risk factor for PFP in this pop-
ulation (¥ = 1%; SMD = 0.04; 95% CI = —0.18, 0.26;
Supplemental Figure B).?%*73%3! We observed a strong level
of evidence that BMI is not a risk factor for PFP in military
personnel (I* = 47%; SMD = 0.20; 95% CI = —0.14, 0.53;
Supplemental Figure C).?’2%32

Strength

Muscle strength was prospectively assessed in military
personnel in 5 studies, which allowed the variables to be
grouped. In these studies, the strength of the knee flexors,
knee extensors, or both were evaluated, with different
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Table 4. Newcastle-Ottawa Scale Results

Scale®

Study, y S1 S2 S3 S4 C1 o1 02 03 Results Classification
Milgrom et al,?® 1991 1 1 1 1 1 1 1 1 8 High
Van Tiggelen et al,*? 2004 1 1 1 1 2 1 1 1 9 High
Hetsroni et al,*® 2006 1 1 1 1 0 1 1 1 7 High
Thijs et al,?® 2007 1 1 1 1 0 1 1 1 7 High
Duvigneaud et al,?® 2008 1 1 1 1 2 1 0 1 8 High
Boling et al,?®> 2009 1 1 1 1 2 1 1 1 9 High
Van Tiggelen et al,®' 2009 1 1 1 1 0 1 1 1 7 High
Rauh et al,** 2010 1 1 1 1 2 1 1 1 9 High
Nakagawa et al,>° 2020 1 1 1 1 0 1 1 1 7 High
Boling et al,?* 2021 1 1 1 1 2 1 1 1 9 High
Alrayani et al,?” 2023 1 1 1 1 2 1 1 1 9 High

@ Scale abbreviations are defined in Table 1.

angles of the knee joint.?*"23? In 2 studies,*®-*? isokinetic  related to subtalar pronation during walking, not observing

evaluations were performed, and in the 3 other studies,
the evaluations were isometric.>>*”-* In studies that evalu-
ated knee-extensor strength in isometric contraction, we
observed a moderate level of evidence that this variable
does not predict PFP in military personnel (I> = 66%;
SMD = —0.27; 95% CI = —0.58, 0.04; Supplemental
Figure D).>>2"%°

In studies that evaluated knee-flexor strength in concentric
isokinetic evaluations, we observed a moderate level of evi-
dence that the variable does not predict PFP in this popula-
tion at a speed of either 60%s (* = 0%; SMD = —0.09; 95%
CI = —0.42, 0.24; Supplemental Figure E) or 240°/s (I* =
0%; SMD = —0.10; 95% CI = —0.43, 0.22; Supplemental
Figure F).?**? In studies that evaluated knee-extensor strength
in a concentric isokinetic assessment normalized to body
weight, a moderate level of evidence indicated that knee-
extensor weakness predicts PFP in military personnel, at
speeds of both 60°/s (I* = 0%; SMD = —0.61; 95% CI =
—0.94, —0.28; Figure 2C) and 240%s (I* = 0%; SMD =
—0.53; 95% CI = —0.87, —0.20; Figure 2D).?**? In studies
that evaluated knee-extensor strength in a concentric isoki-
netic evaluation normalized to BMI, we observed a moderate
level of evidence that knee-extensor weakness predicts PFP,
at speeds of both 60°/s (* = 0%; SMD = —0.69; 95% CI =
—1.02, —0.35; Supplemental Figure G) and 240%s (I* = 0%;
SMD = —0.51; 95% CI = —0.84, —0.18; Supplemental
Figure H).2%3?

Alignment Variables

Alignment variables, such as the frontal-plane knee-
projection angle (FPKPA) and the static Q-angle during a
single-legged squat, could be grouped from the results of 3
studies.”?7*° A moderate level of evidence indicated that a
greater FPKPA during the single-legged squat task is a risk fac-
tor for PFP in male military personnel (7 = 41%; SMD =
0.55; 95% CI = 0.14, 0.97; Figure 2E).?’*° A moderate level
of evidence, based on the results of 2 studies, indicated that the
Q-angle is not a risk factor for PFP in this population (* =
28%; SMD = 0.20; 95% CI = —0.07, 0.47; Supplemental
Figure I).2%7

Of all studies evaluated, only Hetsroni et al** and Rauh
et al** presented variables that could not be grouped with
those of any other study. Hetsroni et al assessed variables

any relationship between these variables and the development
of PFP in military personnel.*® Rauh et al classified the foot
arch index as normal, low, or high based on criteria that they
determined.** This made the combination of their results with
those of other studies unfeasible.

DISCUSSION

The purpose of this systematic review was to identify
risk factors for PFP in military personnel. The main result
was that the strength of the knee extensors, normalized to
body weight or BMI, is a predictor of PFP in military per-
sonnel. In addition, we found that FPKPA during a single-
legged squat task is a predictor of PFP in male military
recruits. However, considering the small number of studies
and variables, as well as the high heterogeneity of results,
the level of recommendation of the evidence was moderate
for most results.

Incidence

The incidence of PFP in this review was 7.61%, demon-
strating that this condition affects approximately 8 out of
100 military personnel. This result is similar to that
observed in another review, in which an incidence of PFP
of 11% was observed in subgroups of individuals from a
military population.” However, in a review, Smith et al
observed incidence rates of 9.7 to 571.4 cases per 1000
people per year in different military populations.®> This
large variability may have resulted from the different char-
acteristics of the military population in different categories
of activity. A lower incidence of PFP was observed in
countries where good physical fitness is a requirement for
military recruitment.® In military conscripts, Taanila et al
found that low levels of physical fitness (determined using
a series of physical tests, including the 12-minute run test,
push-ups, sit-ups, pull-ups, etc) increased the risk of muscu-
loskeletal injuries by >3 times.?® This finding may be a con-
sequence of the fact that a group with a higher level of
physical fitness is probably more adapted to intense periods
of physical activity, which would reduce the risk of injury.*
The abrupt increase in training load can be a factor that
increases the risk of injury. Already-trained individuals tend
to adapt better to the training load imposed by military train-
ing compared with individuals with less physical capacity
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Male Female
Risk Ratio,
Events, Total, Events, Total, Weight, Mantel-Haenszel, Risk Ratio,
Study (Year) No. No. No. No. % Random (95% Cl) Mantel-Haenszel, Random (95% Cl)
Boling et al?® (2009) 16 40 24 40 31.9 0.67 (0.42, 1.05)
Boling et al** (2021) 94 188 94 188 38.7 1.00 (0.82, 1.22)
Thijs et al?® (2007) 25 36 1 36 294 2.27 (1.33, 3.89) —-—
Total 135 264 129 264 100.0 1.12 (0.64, 1.94)
Heterogeneity: 12 = 0.19, x% = 11.93, P =.003, I* = 83% 0.01 0.10 1.00 10.00  100.00
Test for overall effect: Z = 0.40, P = .69 Favors Favors
Female Sex Male Sex
B
Injured Group Uninjured Group
Standardized Mean
Difference, Inverse
Mean + SD, Total, Mean+SD, Total, Weight, Variance, Random Standardized Mean Difference,
Study (Year) kg No. kg No. % (95% Cl) Inverse Variance, Random (95% CI)
Alrayani et al?” (2023) 71.05+17.38 37 65.82+12.23 278 19.1 0.40 (0.06, 0.75) —_—
Duvigneaud et al?® (2008) 60.2+9.3 26 61.9+87 36 8.9 -0.19 (-0.69, 0.32) —
Milgrom et al?® (1991) 70.2+97 60 69.3+95 330 299 0.09 (-0.18, 0.37) —_—
Nakagawa et al*® (2020) 68.74 £ 6.62 14 66.63+1244 121 7.4 0.17 (-0.38, 0.73) s
Thijs et al?® (2007) 67.6 £ 8.41 36 67.4+7.63 48 121 0.02 (-0.41, 0.46) —_—t
Van Tiggelen et al*2 (2004) 70.6 £10.8 31 702+77 65 124 0.05 (-0.38, 0.47) s
Van Tiggelen et al*' (2009) 72.1+8.96 26 70.5+8.52 53 10.2 0.18 (-0.29, 0.65) _—
Total 230 931  100.0 0.13 (-0.02, 0.28) [
Heterogeneity: 12 = 0.00, yZ = 4.46, P = .62, P = 0% -1.0 -0.5 0.0 0.5 1.0
Test for overall effect: Z=1.68, P =.09 Favors Lower Favors Higher
Body Mass Body Mass
Cc
Injured Group Uninjured Group
Standardized Mean
Difference, Inverse
Mean +SD, Total, Mean+SD, Total, Weight, Variance, Random Standardized Mean Difference,
Study (Year) N-m/kg No. N-m/kg No. % (95% ClI) Inverse Variance, Random (95% Cl)
Duvigneaud et al® (2008) 1.97+03 26 22+0.38 36 414 -0.65 (-1.17, -0.13) —_—
Van Tiggelen et al®? (2004) 2.58 +0.41 31 2.82+0.41 65  58.6 -0.58 (-1.02, -0.14) ——
Total 57 101 100.0 -0.61(-0.94, -0.28) i
Heterogeneity: 12 = 0.00, y? = 0.04, P= .84, P = 0% —1'<0 —(5‘5 010 075 1:0
Test for overall effect: Z = 3.58, P < .001 Lower Knee- Higher Knee-
Extension Strength  Extension Strength
at 60°/s at 60°/s
D
Injured Group Uninjured Group
Standardized Mean
Difference, Inverse
Mean + SD, Total, Mean+SD, Total, Weight, Variance, Random Standardized Mean Difference,
Study (Year) N-m/kg No. N-m/kg No. % (95% ClI) Inverse Variance, Random (95% CI)
Duvigneaud et al?® (2008) 1.04+0.18 26 1.15+0.16 36 411 -0.64 (-1.16, -0.13) —_—
Van Tiggelen et al®? (2004) 14+0.21 31 1.5+0.22 65  58.9 -0.46 (-0.89, -0.02) ——
Total 57 101 100.0 -0.53 (-0.87, -0.20) ———
Heterogeneity: 12 = 0.00, y? = 0.29, P= .59, P = 0% -1.0 -05 00 05 10
Test for overall effect: Z = 3.15, P = .002 Lower Knee- Higher Knee-
Extension Strength  Extension Strength
at 240°/s at 240°/s
E
Injured Group Uninjured Group
Standardized Mean
Difference, Inverse
Total, Total, Weight, Variance, Random Standardized Mean Difference,
Study (Year) Mean+SD,° No. Mean%SD,° No. % (95% Cl) Inverse Variance, Random (95% ClI)
Alrayani et al?” (2023) 7.36+8.78 37 3.78+9.2 278 63.4 0.39 (0.05, 0.73) ——
Nakagawa et al*®® (2020) 6.05 + 5.64 14 05+6.74 113 36.6 0.83 (0.27, 1.40) —
Total 51 391 100.0 0.55 (0.14, 0.97) —~—
Heterogeneity: 12 = 0.04, y2 = 1.71, P= 19, 2 = 41% 15 -10 -05 00 05 10 15
Test for overall effect: Z = 2.60, P = .009 Lower FPKPA Higher FPKPA
Figure 2. Forest plots detailing the relationships of different variables between injured and uninjured individuals. A, Sex. B, Body

mass. Isokinetic strength of knee extensors at C, 60°/s normalized to body weight, and D, 240°/s normalized to body weight. E, Frontal-

plane knee-projection angle (FPKPA).
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due to previous adaptations associated with muscle mem-
ory.*® Discrepancies in the incidence of PFP in military
recruits of distinct countries may be due to these groups
being submitted to different training methods, but unfortu-
nately the studies provided little detail on that aspect. More
detailed information on volume, frequency, and intensity of
training is needed to better understand the relationship
between military training and the occurrence of injuries such
as PFP.

Strength

In our study, decreased concentric isokinetic knee-
extensor strength was found to be a predictor of PFP in mili-
tary personnel. This finding corroborates the results of other
systematic reviews with different populations (ie, adoles-
cents, recreational runners, and civilian adults).>'? The quad-
riceps plays a key role in the knee joint because quadriceps
activation is important for patellar stabilization during
dynamic activities, leading to optimal patellar tracking.’’
Greater quadriceps strength also allows more energy dissi-
pation, thus reducing stress on the patellofemoral joint.*
These findings may help explain why rehabilitation pro-
grams involving quadriceps strengthening have good results
in individuals with PFP.>® Quadriceps muscle strengthening
appears to be one of the most important aspects of PFP treat-
ment, with authors of several studies observing beneficial
results of interventions including quadriceps strengthening
in reducing pain and improving function in individuals
with PFP.**° The identification of quadriceps weakness as
a risk factor for PFP in military personnel emphasizes
quadriceps strengthening as an aspect to be highlighted in
prevention programs before the beginning of military train-
ing. This preventive strengthening program must fit the ini-
tial physical conditions of these soldiers at entry, such as
the volume, intensity, and frequency of activities to which
individuals were exposed before recruitment. These vari-
ables may directly influence quadriceps strength and the
muscle’s ability to adapt to new military training due to
molecular muscle memory in response to previous train-
ing.*® However, this information was rarely presented in
detail in the studies.

Frontal-Plane Knee-Projection Angle

The FPKPA during the single-legged squat was identified
as a risk factor for PFP in male recruits in our review but with
a small effect size despite the statistical homogeneity
observed. Previous studies*'* identified that individuals with
PFP present changes in frontal-plane knee movement; how-
ever, in the military population, only 2 studies®’>° assessed
whether the FPKPA is a risk factor for PFP. Nakagawa et al
observed that an FPKPA > 4.81° has a sensitivity of 79% and
a specificity of 80% for predicting PFP in male military
recruits (hazard ratio = 4.6).>° Alrayani et al found that an
angle > 5.2° has a sensitivity of 70% and a specificity of 70%
for predicting PFP in male recruits (hazard ratio = 2.2).%
These findings indicate that the FPKPA is a relevant variable
for male recruits, potentially due to the increase in lateralizing
forces on the patella, which may increase the contact pressure
between the lateral femoral condyle and the lateral facet of
the patella, consequently contributing to PFP.30434°

Anthropometric Variables

The results of this review indicated that sex is not a
risk factor for the development of PFP in military person-
nel. This finding corroborates the findings of a review by
Neal et al.” However, it conflicts with the finding of
Lankhorst et al, who observed that female military per-
sonnel have a higher risk of developing PFP when com-
pared with male military personnel.'? Their conclusion
was based on the results of only one study in which,
despite no association between sex and PFP, the inci-
dence of this dysfunction in female military personnel
was almost twice as high as that of male military person-
nel.?®> In this review, we identified a small number of
studies on the subject, and the results had high heteroge-
neity. Thus, despite the absence of a causal relationship
between female sex and PFP, a larger and more robust
investigation of this variable would be important because
the total number of female military personnel in studies
on the subject is smaller than that of male military per-
sonnel. Information about the type, volume, load, and
progression of training is also important and should be
better detailed in the studies, such as verifying whether
both sexes participate in the same training or whether dif-
ferent training courses are used. Generally, military train-
ing is of high intensity, with similar activities and
objectives and equal exposure for both sexes.*® However,
Bell et al reported that female soldiers tend to start mili-
tary training with a lower physical capacity compared
with male soldiers and that when both have the same
level of physical activity, the risks of musculoskeletal
injuries are similar.*® Bergman and Miller suggested that
training planned by sex can have better results in terms of
minimizing injuries.*’

Height, body mass, age, and BMI were not predictors of
PFP in military personnel. These results corroborate the
findings of the review by Neal et al.” When analyzing the
baseline characteristics of the populations participating in
the studies, we found that the variables were very similar
because these recruits, who are starting their careers, gener-
ally need to meet some anthropometric requirements for
admission to the military. In contrast to this result, in their
systematic review, Hart et al observed an association
between BMI and PFP.*® Their finding, however, may have
occurred because they also included studies with a cross-
sectional design.*® Thus, this association may be due to a
possible decrease in physical activity levels after the onset
of symptoms.

Strengths, Limitations, and Future Studies

Our study had strengths and limitations. The NOS was
chosen because it is a valid scale and is widely used in
cohort assessments.*-** Margulis et al'’” reported that the
NOS is recommended by the Cochrane Collaboration in its
handbook for systematic reviews of this nature.?! The NOS
is the most used scale for analyzing the risk of bias in
observational studies; however, it is considered a limited
tool because it covers few fields and can generate arbitrary
results due to warranting the same grade to studies with dif-
ferent qualities.'®'7~!

The search strategy involved 6 databases and 1 gray
database, which makes this review more comprehensive
when compared with other systematic reviews.”'? The
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great heterogeneity of variables evaluated in the studies
was a challenge, and we could group only 14 of 74 vari-
ables for meta-analyses. Most variables were evaluated
separately, and considering the multifactorial characteristic
of PFP, further studies are needed to analyze the interac-
tions between risk factors.** Based on our search strategy,
we found no study that assessed whether psychological fac-
tors are a risk factor for PFP in military personnel. Given
that, in their review, Maclachlan et al emphasized the
importance of these aspects, future studies should be done
to consider the possibility of psychological aspects, such as
pain catastrophizing and anxiety, being potential risk fac-
tors for PFP in military personnel.>

Finally, the population in the included studies was
restricted to military recruits (ie, soldiers at the beginning
of their careers). The generalization of these results to other
categories of military personnel, such as elite groups and
administrative groups, among others, should be done with
caution. In future studies, other categories of the military
should be included in the sample, which may generate
more comprehensive results for risk factors for musculoskel-
etal injuries such as PFP in this population. Understanding
risk factors is an important step in developing preventive
interventions.”® To our knowledge, only one study has inves-
tigated the effects of an exercise-based intervention (quadri-
ceps and gluteal strengthening and lower limb stretches) to
reduce PFP in the military.*® Although complex, prevention
studies are of paramount importance, and future research
should be done to investigate whether an intervention
addressing known risk factors can effectively decrease the
incidence of PFP in the military.

CONCLUSIONS

This systematic review demonstrated that a deficit in
knee-extensor strength evaluated isokinetically is a predic-
tor of PFP in military personnel, with a moderate level of
evidence and a small to moderate effect size. We also iden-
tified that a greater FPKPA during a single-legged squat is
a predictor of PFP in military personnel, with a moderate
level of evidence. Quadriceps strengthening and strategies
to decrease the FPKPA, such as strengthening the hip
abductors, controlling subtalar hyperpronation, and move-
ment pattern training with oral instructions, may be impor-
tant for the prevention of PFP in this population. Future
prospective studies should be done to evaluate whether
these therapeutic approaches prevent PFP in military
personnel.
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Supplemental Figure. Forest plot detailing the relationships of
each variable between injured and uninjured participants. A,
Height. B, Age. C, Body mass index. D, Isometric strength of the
knee extensors. Isokinetic strength of the knee flexors at E, 60°/s,
and F, 240°/s. Isokinetic strength of the knee extensors at G, 60°/s
normalized to body weight, and, H 240°/s normalized to body
weight. I, Q-angle.
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