
Introduction

Tactical athletes (TAs) include individuals who 
possess specific physical abilities and work in combat 
scenarios, such as military personnel, law enforcement 
officers, firefighters, and emergency responders [1]. 
Excellent physical fitness is required to handle the 
physically demanding tasks associated with their 

occupations [2]. As a result, new recruits to these 
professions must complete rigorous basic military 
training (BMT) to prepare them for the physical 
demands of their careers before they start their service. 
The intense nature of BMT increases the risk of 
musculoskeletal injuries (MSIs) among the recruits. 
Prior studies suggest that 80% of military 
training-related injuries are musculoskeletal in nature 
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Objective: Training-related injuries and attrition put an additional burden on police and military institutions. Preventing and 
minimizing musculoskeletal injuries is the primary concern of the Abu Dhabi Police. Therefore, this study aimed to evaluate the 
correlation between functional movement screen, lower-limb strength, Y-balance test, grip strength and vertical jump and the 
incidence of musculoskeletal injuries among Abu Dhabi police recruits.
Design: Observational analytical study.
Methods: An observational study was conducted on 400 male police recruits of Abu Dhabi Police Academy. Physical 
performance was assessed before the 16-weeks basic police training. Spearman’s correlation evaluated the correlation between the 
performance parameters and the outcome measures and logistic regression predicted the risk factors associated with 
musculoskeletal injuries.
Results: 149 (34.4%) participants reported at least one injury during the basic police training. Comparison between injured and 
non-injured participants showed significant difference in mean right Y-balance, back-leg-chest dynamometer, and vertical jump 
(p=0.02, p=0.02, and p=0.04, respectively). Spearman’s correlation showed a significant negative correlation between risk of 
injury and back-leg-chest dynamometer and right Y balance (ρ= -0.11, p=0.03). Logistic regression showed that back-leg-chest 
dynamometer and right Y balance were significant predictors of injury (p =.036 and p=0.037; Odds ratio=0.96; 95% CI (0.92, 
0.99) and Odds ratio=0.99; 95% CI (0.98,0.99).
Conclusions: Our findings suggest functional movement screen and grip strength may not independently predict injury rates, 
balance and lower-limb strength needs to be considered in injury prevention strategies to reduce musculoskeletal injuries.
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[3], accounting for approximately 60% more days lost 
from training [4].

Various screening tools and measures are being 
used to predict the risk of MSIs among TAs. For 
instance, lower scores on the Functional Movement 
Screen (FMS) [5] and Y-Balance Test (YBT) [5, 6] 
for movement patterns and dynamic balance, vertical 
jump height for leg power [7, 8], lower limb strength 
using the Back-Leg-Chest dynamometer (BLCD) [9], 
and hand grip strength [10] independently associate 
with a higher risk of MSIs. These measures are widely 
used to assess injury risk among the tactical population 
during training and service deployment. Additionally, 
low baseline physical fitness has also been suggested 
to increase the risk of MSIs among tactical trainees 
[11]. Consequently, improving the physical fitness of 
the recruits becomes essential to mitigate individual, 
familial, and governmental repercussions. The cost of 
MSIs among the tactical population is significantly 
high; the US army spent 14.89 million dollars on 
injuries sustained by trainees [12]. Furthermore, MSIs 
have also been reported as the leading cause of 
attrition from BMT, which puts an additional burden 
on the training institutions.

The relationship between physical fitness, MSIs, and 
attrition rates among the recruits has been reported for 
US army recruits [13, 14], the Netherlands Armed 
Forces special infantry unit [15], and Australia [16]. 
Attrition rates due to MSIs during training were 
reported to be about 5% in the US army [14] and 
10% in the Australian Armed Forces [16]. However, 
there is a lack of similar data regarding the tactical 
population of the Arabian Peninsula, such as the 
United Arab Emirates and Saudi Arabia, where a 
sedentary lifestyle is common due to the hot and 
humid climate [17]. The training-related injuries and 
attrition put an additional burden on the Abu Dhabi 
police and military institutions. Preventing and 
minimizing MSIs is the primary concern of the Abu 
Dhabi police due to 1) the short-term and long-term 
impact of MSIs on physical readiness and 2) the high 
financial cost associated with medical care, 
rehabilitation, and days lost from training. Therefore, 
this study aimed to evaluate the correlation between 
FMS scores, lower limb strength, YBT, grip strength, 
vertical jump, and the incidence of MSIs among Abu 

Dhabi police recruits. 

Materials and Methods

Study Design

A cohort study was conducted at the Abu Dhabi 
Police Training Academy in the United Arab Emirates 
(UAE) between October 2021 and June 2022. 

Participants 

A total of four hundred forty-one (441) subjects 
were selected from the Abu Dhabi police recruitment 
department after passing the recruitment medical 
screening (RMS). The Abu Dhabi RMS includes a 
physical examination, blood work, mental health 
assessment, vision examination, and chest X-ray. 
Following the RMS, subjects attended an orientation 
session regarding the study and were invited to 
volunteer if interested. All subjects read and signed a 
written informed consent form approved by the 
Institutional Review Board of the Abu Dhabi 
Department of Health (ADDH), UAE [IRB# 
DOH/CVDC/2021/736] and Loma Linda University 
Health (LLUH), USA [IRB#5210303] prior to 
participation. Eligible subjects met the following 
inclusion criteria: 1) Age: 18-40 years and 2) passing 
the RMS. Subjects were excluded if they reported any 
MSIs, neurological or vestibular symptoms, or 
surgeries since passing the RMS.

Procedures 

Four hundred forty-one subjects who fulfilled the 
inclusion criteria were recruited. Four physical 
therapists with an average of 10 years of tactical 
clinical experience collected demographic data and 
conducted baseline measurements. Demographic data 
included age, height, weight, body mass index (BMI), 
and body fat percentage (using GAIA 359 plus 
professional, South Korea). The baseline measurements 
were taken only once before entering Basic Military 
Training (BMT). These measurements included the 
following: 1) FMS to assess movement patterns and 
identify areas of dysfunction or limitations in movement. 
Specifically, the FMS consists of seven tests that 
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assess mobility, stability, and neuromuscular control, 
namely the deep squat, hurdle step, in-line lunge, 
active straight-leg raise, trunk stability push-up, rotary 
stability, and shoulder mobility [18]. 2) Hand Grip 
using the Jamar Dynamometer to assess grip strength 
[19, 20]. 3) YBT to evaluate dynamic balance [21, 22]. 4) 
Self-report International Physical Activity Questionnaire 
(IPAQ) to assess physical activity levels [23]. 5) 
BLCD to measure lower extremity strength [24]. 6) 
Vertical Jump was assessed using the Vertec Jump 
system to assess lower body power and explosiveness 
[25]. Following the collection of baseline data, all 
participants entered a four-month BMT program at the 
Abu Dhabi Police Training Academy (Figure 1).

Outcome Measures

The outcome variables were collected from the 
police academy’s medical clinic following the 
completion of the BMT. These included and MSI or 
pain.

Data Analyses

Data was analysed using SPSS version 28.0. 
Considering a moderate effect size of 0.5, a power of 

0.80, an alpha of 0.05 and 20% dropout rate, the 
estimated sample size was 400 subjects. The data was 
summarized using frequency and relative frequency 
(%) for qualitative variables and mean (standard 
deviation [SD]) for continuous variables. The normality 
of the outcome variables was examined using the 
Shapiro-Wilk test. Mean (SD) of subjects’ 
characteristics and baseline measures by injury status 
(yes/no) was compared using independent t-test. The 
relationship between status of injury (yes/no) and 
baseline measures was assessed using Spearman’s 
correlation. A stepwise logistic regression was used to 
determine predictors of injury. The level of 
significance was set at p≤0.05.

Results

Four hundred forty-three males signed the informed 
consent. Subjects with a mean ± SD age of 21.7±2.5 
years, BMI of 24.3±4.5 kg/m2 and body fat % of 
21.8±8.0 participated in the study. One hundred 
forty-nine (34.4%) subjects reported at least one injury. 
There was no significant difference between those who 
reported at least one injury and those who did not in 
terms of mean age, height (cm), weight (kg), BMI 

Figure 1. Study procedure flowchart.
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(kg/m2) and body fat % (Table 1). Furthermore, the 
were no significant difference in baseline functional 
movement screen score, hand grip, and left Y balance 
measurements between the two groups (p＞0.05). 
However, there was a significant difference in mean 
right Y balance, BLC, and vertical jump (p＝0.02, p＝
0.02, and p＝0.04, respectively, Table 2.)

The results of the Spearman’s correlation showed 

there was a significant negative correlation between 
risk of injury and BLC and right Y balance (ρ＝－0.11, 
p＝0.03) (Table 3).

Findings of the logistic regression showed that both 
variables were significant predictors of injury (p＝.036 
and p＝0.037; Odds ratio (OR)＝0.96; 95% confidence 
interval (CI) (0.92, 0.99) and OR＝0.99; 95% CI 
(0.98, 0.99)] (Table 4).

Yes
(n1＝149)

No
(n2＝284) p-value

Age (years) 22.0 (2.5) 21.5 (2.4) 0.06
Height (cm) 172.7 (5.8) 172.2 (5.5) 0.35
Weight (kg) 72.6 (14.4) 72.2 (15.4) 0.80
BMI (kg/m2) 24.2 (4.4) 24.3 (4.7) 0.89
Body Fat % 21.1 (7.5) 22.2 (8.3) 0.20
Abbreviation: SD: standard deviation, BMI: body mass index

Table 1. Mean (SD) of characteristics of participants by injury status (N＝433)

Functional 
Movement 

Screen
Hand Grip

Right Y 
Balance

Left Y 
Balance

Back-Leg-Che
st

Vertical Jump

Frequency of injury －0.13
(0.11)

－0.06
(0.48)

－0.06
(0.47)

－0.04
(0.62)

－0.23
(0.005)

－0.09
(0.29)

Functional Movement 
Screen 1.0 0.12

(0.15)
0.17

(0.04)
0.09

(0.29)
0.17

(0.04)
0.23

(0.005)

Hand Grip 1.0 0.09
(0.26)

0.05
(0.54)

0.31
(＜0.001)

0.10
(0.24)

Right Y Balance 1.0 0.53
(＜0.001)

0.25
(0.002)

0.23
(0.005)

Left Y Balance 1.0 0.18
(0.03)

－0.02
(0.84)

Back-Leg-Chest 1.0 0.07
(0.43)

Vertical Jump 1.0

Table 3. Correlations between frequency of injury among subjects who reported at least one injury and baseline measures (N＝149)

Yes
(n1＝149)

No
(n2＝284)

p-value 
(Cohen’s d)

Functional Movement Screen 14.2 (1.3) 14.3 (1.3) 0.20 (0.13)

Hand Grip 40.4 (7.9) 40.2 (7.1) 0.16 (0.03)

Right Y Balance 94.3 (5.6) 95.6 (4.9) 0.02 (0.24)

Left Y Balance 95.3 (8.1) 95.8 (4.8) 0.37 (0.09)

Back-Leg-Chest 123.2 (30.4) 130.5 (30.9) 0.02 (0.24)

Vertical Jump 17.2 (4.7) 18.0 (3.3) 0.04 (0.20)

Table 2. Mean (SD) of baseline measurements by injury status (N＝433)
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Discussion

This study examined the association between injury 
rates and various factors including FMS, hand grip, Y 
balance, BLC dynamometer, and vertical jump among 
Abu Dhabi police trainees. The results demonstrated 
an association between injury rates and balance as well 
as injury rates and BLC dynamometer. However, no 
associations were found between injury rates and FMS, 
hand grip, and vertical jump.

Regarding the FMS score, our study did not 
demonstrate any correlation with injury rates, which 
aligns with previous studies [26, 27]. While the FMS 
can effectively identify deficiencies in specific 
movements, it should not be solely relied upon for 
predicting overall injury risk [26]. Meta-analysis 
studies have also shown uncertainty regarding whether 
an FMS score ≤4 out of 21 points is associated with 
an increased risk of injury [27]. However, other 
studies suggest that an FMS score ＜14 is linked to a 
higher injury rate [6, 18].

In terms of the YBT for the right lower limb, our 
study showed a low but significant correlation with 
injury rates, consistent with prior research [21, 22]. 
Interestingly, Plisky et al. (2009) concluded from their 
meta-analysis that while the YBT is a valid and 
reliable tool, it may not accurately predict injury when 
general cut points (i.e., not population-specific) are 
used for the lower quarter [22]. The YBT lower 
quarter score alone is not sufficient to predict injury 
risk [28]. Additionally, Cosio et al. (2020) reported 
that among Coast Guard trainees, the lower reach of 
the upper quarter on the YBT significantly correlates 
with the injury rate, while lower quarter reaches do 
not show such a correlation [6]. Furthermore, other 
studies suggest that a higher FMS score is associated 
with longer composite reaches on the YBT (r＝0.60, p 
＜0.001), and an in-line score of FMS has been 
identified as the strongest predictor of torso-loaded 
balance using the YBT [29].

Interestingly, vertical jump height did not establish a 
significant correlation with injury rates in this study, 
which differs from previous findings [7, 8]. Lower 
vertical jump height among police recruits has been 
associated with a significantly higher risk of injury or 
illness during basic police recruit training [7]. Another 
study suggests that higher vertical jump height 
corresponds to better physical performance and lower 
injury risk during police training [8]. However, our 
study found that lower limb strength, as measured by 
the leg-back-chest dynamometer, correlated with the 
incidence of injury. Our findings indicate that higher 
lower limb strength is associated with a lower risk of 
injury, and vice versa. In contrast to our study, 
Oliveira et al. (2021) reported no correlation between 
lower limb strength and injury rates [9].

Regarding grip strength, it did not correlate with 
injury rates in this study, which contrasts with prior 
findings [8, 10]. Tomes et al. (2020) reported 
significant differences in performance between injured 
and uninjured groups, specifically in right-hand grip 
strength for all injuries [8], suggesting that higher grip 
strength results in a lower incidence of injuries. Police 
recruits with lower grip strength scores are more 
susceptible to failing the tactical occupational task 
assessment. It is important to note that left-hand grip 
strength is significantly negatively associated with 
injury risk, whereas right-hand grip strength did not 
show such a correlation [10].

A key limitation of our study  was the exclusion of 
women from the study, which was due to logistical 
constraints (e.g., feasibility). However, it is essential to 
acknowledge that gender differences may play a role 
in injury rates and risk factors. Future studies should 
aim to include female recruits to investigate potential 
variations in injury risk and the effectiveness of injury 
prevention strategies between genders. This will allow 
for more tailored and targeted interventions that 
address the specific needs and physiological 
differences of both male and female recruits.

Variable Coefficient (B) Std. Error Wald-Statistic p-value Exp(B) 95% Confidence Interval

Constant 4.28 1.93 4.93 0.03

Right Y Balance －0.04 0.02 4.38 0.036 0.96 (0.917, 0.993)

Back Leg Chest －0.007 0.003 4.35 0.037 0.99 (0.984, 0.999)

Table 4. Predictors of risk of injury (N＝433)



Impact of physical performance level on musculoskeletal injury in police recruits 227

Acknowledgments

We would like to thank the Abu Dhabi Police for 
providing all the support and facilitating the logistical 
needs for successful completion of this big project. We 
would like to thank all subjects who devoted their 
time for the body of knowledge. We also would like 
to thank Loma Linda University for spearheading the 
collaborative research model between the two 
institutions.

Conflicts of Interest

The authors declare no conflict of interest.

References

1. Smith S. Phase One of Tactical Fitness: Candidate/
Recruit Preparation | Military.com. Military.com, 
h t t p s : / / w w w. m i l i t a r y. c o m / m i l i t a r y - f i t-
ness/military-workouts/special-operations-fit-
n e s s / p h a s e - o n e - t a c t i c a l - f i t-
ness-candidate-recruit-preparation (2021, accessed 
25 February 2023).

2. Han M, Park S, Park JH, et al. Do police officers 
and firefighters have a higher risk of disease than 
other public officers? A 13-year nationwide cohort 
study in South Korea. BMJ Open 2018; 8: 1–7.

3. Hauschild VD, Richardson M, Lee T, et al. 
Application of the Taxonomy of Injuries: Analysis 
of Army Recruit Injuries, CY 2016.

4. Molloy JM, Pendergrass TL, Lee IE, et al. 
Musculoskeletal Injuries and United States Army 
Readiness Part I: Overview of Injuries and their 
Strategic Impact. Mil Med 2020; 185: E1461–
E1471.

5. Scudamore EM, Stevens SL, Fuller DK, et al. 
Functional Movement Screen Items Predict 
Dynamic Balance under Military Torso Load. Mil 
Med 2020; 185: 493–498.

6. Cosio-Lima L, Knapik JJ, Shumway R, et al. 
Associations between functional movement screen-
ing, the Y balance test, and injuries in coast guard 
training. Mil Med 2016; 181: 643–648.

7. Orr R, Pope R, Peterson S, et al. Leg power as an 

indicator of risk of injury or illness in police 
recruits. Int J Environ Res Public Health 13. Epub 
ahead of print 1 February 2016. DOI: 
10.3390/ijerph13020237.

8. Tomes C, Schram B, Pope R, et al. What is the 
impact of fitness on injury risk during police acad-
emy training? A retrospective cohort study. BMC 
Sports Sci Med Rehabil 12. Epub ahead of print 6 
July 2020. DOI: 10.1186/s13102-020-00188-7.

9. De Oliveira RM, Neves EB, Da Rosa SE, et al. 
Effect of 6 Months of Physical Training on the 
Physical Fitness of Young Brazilian Army Cadets. 
Healthcare (Basel) 9. Epub ahead of print 1 November 
2021. DOI: 10.3390/HEALTHCARE9111439.

10. Orr R, Pope R, Stierli M, et al. Grip Strength and 
Its Relationship to Police Recruit Task Performance 
and Injury Risk: A Retrospective Cohort Study. Int 
J Environ Res Public Health 2017; 14: 941.

11. Knapik JJ, Sharp MA, Canham-Chervak M, et al. 
Risk factors for training-related injuries among men 
and women in basic combat training, 
http://www.acsm-msse.org (2001).

12. Bornstein DB, Sacko RS, Nelson SP, et al. A 
state-by-state and regional analysis of the direct 
medical costs of treating musculoskeletal injuries 
among US Army trainees. Prog Cardiovasc Dis 
2022; 74: 53–59.

13. Molloy JM, Pendergrass TL, Lee IE, et al. 
Musculoskeletal Injuries and United States Army 
Readiness. Part II: Management Challenges and 
Risk Mitigation Initiatives. Mil Med 2020; 185: 
e1472–e1480.

14. Sammito S, Hadzic V, Karakolis T, et al. Risk fac-
tors for musculoskeletal injuries in the military: a 
qualitative systematic review of the literature from 
the past two decades and a new prioritizing injury 
model. Mil Med Res 8. Epub ahead of print 1 
December 2021. DOI: 10.1186/s40779-021-00357-w.

15. Dijksma I, Zimmermann WO, Hertenberg EJ, et al. 
One out of four recruits drops out from elite mili-
tary training due to musculoskeletal injuries in the 
Netherlands Armed Forces. BMJ Mil Health 2022; 
168: 136–140.

16. Tait JL, Drain JR, Bulmer S, et al. Factors 
Predicting Training Delays and Attrition of Recruits 
during Basic Military Training. Int J Environ Res 



228 Phys Ther Rehabil Sci 12(3)

Public Health 19. Epub ahead of print 1 June 2022. 
DOI: 10.3390/ijerph19127271.

17. Sulaiman N, Elbadawi S, Hussein A, et al. 
Prevalence of overweight and obesity in United 
Arab Emirates Expatriates: The UAE National 
Diabetes and Lifestyle Study. Diabetol Metab Syndr 
9. Epub ahead of print 2 November 2017. DOI: 
10.1186/s13098-017-0287-0.

18. Bonazza NA, Smuin D, Onks CA, et al. Reliability, 
Validity, and Injury Predictive Value of the 
Functional Movement Screen. American Journal of 
Sports Medicine 2017; 45: 725–732.

19. Bai Z, Shu T, Niu W. Test-retest reliability and 
measurement errors of grip strength test in patients 
with traumatic injuries in the upper extremity: A 
cross-sectional study. BMC Musculoskelet Disord 
20. Epub ahead of print 28 May 2019. DOI: 
10.1186/s12891-019-2623-z.

20. Bellace J V., Healy D, Besser MP, et al. Validity of 
the Dexter Evaluation System’s Jamar dynamometer 
attachment for assessment of hand grip strength in 
a normal population. Journal of Hand Therapy 
2000; 13: 46–51.

21. Shaffer SW, Teyhen DS, Lorenson CL, et al. Y-bal-
ance test: A reliability study involving multiple 
raters. Mil Med 2013; 178: 1264–1270.

22. Plisky PJ, Gorman PP, Butler RJ, et al. The reli-
ability of an instrumented device for measuring 
components of the Star Excursion Balance Test. 
North American Journal of Sports Physical Therapy 
2009; 2: 92–100.

23. Helou K, El Helou N, Mahfouz M, et al. Validity 
and reliability of an adapted Arabic version of the 
long international physical activity questionnaire. 
BMC Public Health 2017; 18: 1–8.

24. Ten Hoor GA, Musch K, Meijer K, et al. Test-re-
test reproducibility and validity of the 
back-leg-chest strength measurements. Isokinet 
Exerc Sci 2016; 24: 209–216.

25. Yingling VR, Castro DA, Duong JT, et al. The reli-
ability of vertical jump tests between the Vertec 
and My Jump phone application. PeerJ 2018. Epub 
ahead of print 2018. DOI: 10.7717/peerj.4669.

26. Bardenett SM, Micca JJ, DeNoyelles JT, et al. 
FUNCTIONAL MOVEMENT SCREEN NORMATIVE 
VALUES AND VALIDITY IN HIGH SCHOOL 

ATHLETES: CAN THE FMSTM BE USED AS A 
PREDICTOR OF INJURY? Int J Sports Phys Ther 
2015; 10: 303.

27. Trinidad-Fernandez M, Gonzalez-Sanchez M, 
Cuesta-Vargas AI. Is a low Functional Movement 
Screen score (≤4/21) associated with injuries in 
sport? A systematic review and meta-analysis. BMJ 
Open Sport Exerc Med 2019; 5: e000501.

28. Lai WC, Wang D, Chen JB, et al. Lower quarter 
y-balance test scores and lower extremity injury in 
NCAA division i athletes. Orthop J Sports Med 5. 
Epub ahead of print 1 January 2017. DOI: 
10.1177/2325967117723666.

29. Scudamore EM, Stevens SL, Fuller DK, et al. Use 
of Functional Movement Screen Scores to Predict 
Dynamic Balance in Physically Active Men and 
Women. J Strength Cond Res 2019; 33: 1848–1854.


