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Abstract

Knee injuries are of concern to police. The aims of this study were to determine initial reference values for isokinetic
knee extension and flexion in police special force operators to explore the conventional hamstring contraction
(Hcon) quadriceps contraction (Qcon) ratio, and to determine the limb symmetry index of the quadriceps and ham-
string muscles. Absolute and relative isokinetic torque of quadriceps and hamstrings were assessed in 10 police
special force operators using an isokinetic dynamometer Con-Trex. Subjects performed maximal knee extension
and flexion at a contraction velocity of 60°/s at 90° of knee flexion. Means, standard deviations, 95% confidence
interval values, and effect sizes were calculated. A paired samples t-test was used to test the between-leg differ-
ences in absolute and relative torques of quadriceps and hamstring muscles and to test the between-leg difference
in Hcon/Qcon ratios as well as strength asymmetries of quadriceps and hamstrings. Descriptive statistics revealed
torque values similar to athletes, and paired sample t-tests showed no significant between-leg differences in torque
values at a group level. Small effect sizes were observed between legs in both the absolute and relative peak torque
of the hamstring muscles. While, on a group level, no Hcon/Qcon ratio disparity between legs or asymmetries were
observed, individual results indicated a trend towards greater dispersion for the dominant leg and some individual
results indicated an increased asymmetry in isometric strength of hamstrings. The study provides normative data
for this unique police population and highlights the need for relative strength work in this population.
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Introduction tical professions, inclusive of police forces (Lyons et al., 2021).

Considering the structure, function, and daily workload of ~ As examples, a large retrospective cohort study of 12,452 lower
the knee joint, injuries to this structure are common for many  limb injuries suffered by police officers found that the knee
population groups and occur regardless of gender, age, or type ~ was the most common site of injury (31% of all lower limb
of physical activity being performed (Gage et al., 2012). This  injuries) (Lyons et al., 2021) whilst in general duties officers in
is also true for physically demanding occupations such as tac-  particular, the knee was been identified as the leading site of
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injury overall (Orr et al., 2023). Of concern, research suggests
that, together with firefighters, police officers have more days
away from work following a knee injury than other US gov-
ernment workers (Chen et al., 2013). Thus, not only are knee
injuries common but they have a notable impact on police of-
ficers and their agencies.

Knee injury frequency and their impacts are not sur-
prising given the nature of the law enforcement profession.
Police officers respond to a variety of tasks from checking a
suspicious person’s credentials to attending a domestic dis-
pute and arresting offenders (Orr, Hinton, et al., 2020) all
while wearing around 10 kg of personal protective equip-
ment on their bodies (Baran et al., 2018). Thus, officers’ tasks
can range from general duties deskwork and driving in ve-
hicles, to chasing offenders on foot across various terrains
and over obstacles. One means of mitigating injury in po-
lice personnel is through physical fitness whereby personnel
with higher levels of fitness are generally at a lower risk of
injury (Orr et al., 2023) with physical fitness associated with
many policing tasks (Lockie et al., 2023). As such, physical
fitness is considered a very important pillar of policing (Orr,
Robinson, et al., 2022). Noting this requirement for general
duties officers, specialist police perform tasks beyond those
of general duties police officers, carry loads of 20+ kg, and
are required to be fitter than general duties officers (Maupin
et al,, 2018).

Although various tests are applied in practice to assess
risk of the injury (Orr, Lockie, et al., 2022), the isokinetic tests
for the strength imbalance index between muscle groups sur-
rounding the knee joint (i.e., hamstring contraction to quad-
riceps contraction ratio, Hcon/Qcon ratio) is among the few
precise measures available (Coombs & Garbutt, 2002). The
conventional Hcon/Qcon ratio represents the ratio between
the peak torque of the hamstring and the quadriceps mus-
cles and is measured during concentric contractions (Pellic-
er-Chenoll et al., 2017). Hewett et al. (2008) found a correla-
tion between the conventional Hcon/Qcon ratio and angular
velocity of movement in non-athletes, where an increase in
angular velocity led to an increase in the Hcon/Qcon ratio.
Furthermore, studies have found that low values of a Hcon/
Qcon ratio (e.g., Hcon/Qcon < 0.60 at an angular velocity of
60°/sec) increased the risk of knee joint (e.g. anterior cruci-
ate ligament tear) and supporting structure (e.g., hamstring
strain) injuries (Coombs & Garbutt, 2002). Thus, diagnos-
ing the Hcon/Qcon ratio could provide an early indication
of increased risk of injury to the knee joint and supporting
structures.

Analyzing the risk of injury in police officers using stan-
dardized laboratory conditions and equipment, such as isoki-
netic testing, is scarce. Rare opportunities, when the utilization
of such tests is possible, should be used to build the scientific
body of knowledge and possibility of developing standards
for an individual assessment of officer’s knee joint injury risk.
Considering this, the aim of this study was to determine refer-
ence values for isokinetic knee extension (quadriceps muscle)
and flexion (hamstring muscle) in specialist police forces. Fur-
thermore, the study aimed to explore the conventional Hcon/
Qcon ratio and to determine the limb symmetry index (LSI)
in quadriceps and hamstring muscles in this population. At
an individual officer level, this information can inform their
conditioning, and reconditioning following knee injury, re-
quirements.

Methods
Experimental approach to the problem

This study employed a cross-sectional research design on
a specific sample of subjects who served as specialist police
officers. The research was conducted at the Faculty of Phys-
ical Education and Sports, University of Banja Luka, Bosnia
and Herzegovina. Subjects visited the laboratory once. During
their visit their anthropometric characteristics were taken fol-
lowing which they warmed up, performed a familiarization
trial, and then performed the test of hamstring and quadri-
ceps muscle isokinetic strength. The research was approved by
the Ethics Committee of the Faculty of Physical Education and
Sports, University of Banja Luka. The research was conducted
in accordance with the Helsinki Declaration.

Subjects

Subjects were 10 male (mean age = 26 + 4.89 years; mean
height = 179.90 + 4.74 cm, mean mass = 89.10 + 6.33 kg; and
mean body mass index (BMI) = 27.5 + 2.21 kg/m2) members
of the special police units of the Republic of Srpska, Bosnia and
Herzegovina. All subjects were experienced police officers with a
minimum of 3 years of service in the police force. They were all
physically active, engaging in at least three weekly organized con-
ditioning training sessions. They were in good physical and men-
tal health, without lower body injuries that could influence the
research results, and regularly participated in organized physical
activities within their units. Subjects were informed about the
purpose and objectives of the research and the measurement
protocols, and all voluntarily agreed to participate in the study.

Anthropometrics

Subject body mass was measured using a Tanita BC418a
scale (USA) with a precision of 0.1 kg. Body height was mea-
sured using a Seca 216 stadiometer (Germany) with an accu-
racy of 0.5 cm. Of the 10 subjects, 8 reported that they were
right leg dominant, with the remaining 2 reporting their left
leg to be dominant. No subjects reported being ambipedal.

Quadriceps and hamstring torque

A general warm-up was performed on a stationary bicycle
(Monark, Cosmed, Italy). Subjects cycled for 8 minutes and then
performed a dynamic warm-up of the lower limbs for 3 min, and
dynamic stretching for 2 min. This warm up was self-directed by
each subject under the observation and direction of a researcher.
The isokinetic test was performed on an isokinetic dynamome-
ter (Con-Trex, Dubendorf, Switzerland). Subjects were seated,
with the upper/lower body angle at approximately 85°. Subjects
were fully secured with straps over the chest, hips, and distal
thighs. The reference point for the axis of rotation was the lateral
femoral condyle. The lever arm length was individually deter-
mined for each subject, and the range of motion was 90° of knee
flexion, whereby 0° corresponded to extended knee (Norkin &
White, 2016). The testing protocol on the isokinetic dynamom-
eter involved performing two sets of warm-ups and adaptation
for subjects on the machine. In the first set, subjects performed
10 submaximal concentric contractions of flexor and extensor
muscles in the knee joint at an angular velocity of 100°/s. Af-
ter a two-minute break, subjects performed 8 submaximal con-
tractions at an angular velocity of 80°/s. After another at least
two-minute rest, subjects proceeded to the final measurement,
where they performed four maximal repetitions at an angular
velocity of 60°/s. The rest between legs was at least five minutes.
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Statistical analysis

For analysis, the absolute and relative peak torque values of
hamstring and quadriceps muscles were used. The absolute re-
sults are presented in newton-meter (N/m) and the relative re-
sults in newton-meter per kilogram (Nm/kg). The conventional
Hcon/Qcon ratio of concentric contraction was determined by
dividing the peak torque of hamstring muscles by the peak torque
of quadriceps muscles. The LSI was calculated to determine the
percentage of the difference in peak torque produced by the same
muscle group of dominant and non-dominant leg. The following
formula was used to determine LSI: (peak torque of dominant leg
- peak torque of non-dominant leg) / peak torque of dominant
leg x 100. The size of the of the asymmetry was determined using
a general normative value of 15% and using group arbitrary val-
ues of +2 standard deviations (Parkinson et al., 2021).

The testing results were analyzed using JASP (version
0.18.1, Amsterdam). The descriptive analysis determined the
mean, standard deviation, and 95% confidence interval for all
investigated variables. The normality of distribution was test-
ed using the Shapiro-Wilk test and all variables were normally
distributed. Accordingly, parametric statistical tests were used.
A paired samples t-test was used to investigate the between-leg

differences in absolute and relative torque of quadriceps and
hamstring muscles. This test was also used to test the be-
tween-leg difference in Hcon/Qcon ratios. Cohen’s effect size
(d) was used to quantify the differences as d < 0.2 (trivial or no
effect), d = 0.2-0.5 (small), d = 0.5-0.8 (moderate),d = 0.8-1.3
(large), or d >1.3 (very large) (Sullivan & Feinn, 2012). As the
study employed a sample of convenience, Power*G software
was used to determine the required power for the given sam-
ple and level of significance and based on this analysis 0.5 was
used as the lower bound for a small effect size.

Results

Table 1 presents the mean, standard deviation, and 95%
confidence interval of absolute and relative peak torque values
for quadriceps and hamstring muscles for both dominant and
non-dominant legs. There were no significant between-leg dif-
ferences in absolute and relative torque obtained by quadriceps
and hamstrings muscles. However, observing the distribution
of subjects and consulting the effect size analysis (Figure 1),
the difference of a small effect size could be observed between
legs in both the absolute (TmaxHams) and relative (TrelHams)
peak torque of the hamstring muscles.

Table 1. Means, standard deviations, and effect sizes for absolute and relative peak torque values of flexor and extensor
in the knee joint dominant and non-dominant leg.

Dominant leg

Non-dominant leg

Variables Effect sizes
Mean + SD 95% Conf. Interval Mean + SD 95% Conf. Interval
e e
Trnatiams (N 12521-16097 161615212 smal
TrelQuad (Nm/kg) 22'27;2?'7107 22'?37;29'7277 Trivial
TrelHams (Nm/kg) 11'191 f19.7285 11'?312%1?.6296 small

Note. SD: standard deviation; TmaxQuad: absolute peak torque of quadriceps muscles; TmaxHams: absolute peak torque of hamstring
muscles; TrelQuad: relative peak torque of quadriceps muscles; Trel[Hams: relative peak torque of hamstring muscles.
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Figure 1. The distribution of absolute and relative torque exerted by Quadriceps
and Hamstrings muscles.

Hcon/Qcon ratio

The mean values of the Hcon/Qcon ratio were similar
within dominant (Hcon/Qcon = 0.61 + 0.11) and non-dom-
inant (Hcon/Qcon = 0.58 + 0.08) legs. In addition, there were
no significant between-leg differences in Hcon/Qcon ratios (p
= 0.19). However, a tendency towards a greater dispersion of
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absolute Hcon/Qcon ratio could be observed in the dominant
leg when compared to the non-dominant leg. It is of note that
two subjects had high relative Hcon/Qcon in their dominant
leg and that the dispersion of between-leg differences were
bigger when the Hcon/Qcon of the dominant leg was larger
than in the non-dominant leg (Figure 2).
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Figure 2. Relative Hcon/Qcon ratio of dominant and non-dominant leg and
corresponding between-leg difference.

Between-leg asymmetry

Considering mean values, a small asymmetry could be
observed in both quadriceps and hamstring muscles (Figure
3). When both criteria for asymmetry were analyzed, only
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one subject had quadriceps asymmetry over 15% while two
subjects had hamstring asymmetries over 15%. None of the
subjects attained the asymmetry larger than + 2 standard de-
viations of the group’s mean.
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Figure 3. LS| assessed relative to general normative values and relative to
sample’s mean and data dispersion.

Discussion

This study aimed to establish reference values for isokinet-
ic knee extension and flexion muscles in police special force
operators, assess their conventional Hcon/Qcon ratio, and
determine leg asymmetry. As will be discussed, descriptive
statistics revealed torque values similar to athletes, and paired
sample t-tests showed no significant between-leg differences
in torque values on a group level. However, when the effect
size was calculated and the dispersion of individual results was
observed, small differences in hamstrings were noted. Fur-
thermore, while, on a group level, no Hcon/Qcon ratio dis-
parity between legs was observed, individual results indicated
a trend towards greater dispersion in the dominant leg. Sim-
ilarly, asymmetry could not be detected at a group level even
though individual results indicated an increased asymmetry
in isometric strength of hamstrings. These results suggest that
police special force operators belong to higher tiers of individ-
uals in terms of torque produced by quadriceps and hamstring
muscles. However, when their quadriceps and hamstring
function is tested and analyzed in smaller groups (units) they
should be treated both as a group and individually.

Considering that the sample of subjects in this study were
presumed to be in excellent physical condition, it could be
supposed that they would provide higher outputs of absolute
torque when compared to the general population and be sim-
ilar to those of higher level athletes. This was not necessari-
ly the case however. In a review of the literature Sarabon et
al. (2021) considered the mean pooled relative torque of the
male adult population to be 2.78 Nm/kg for the quadriceps

(knee extension) and 1.25 Nm/kg for the hamstrings (knee
flexion). While the data were not divided into dominant
and non-dominant leg, their results suggest that the popula-
tion in this research performed below the adult male popu-
lation in quadriceps strength (dominant = 2.57 + 0.17 Nm/
kg; non-dominant = 2.57 + 0.27 Nm/kg) but above the adult
male population in hamstring strength (dominant = 1.59 +
0.25 Nm/kg: non-dominant = 151 + 0.26 Nm/kg). Consider-
ing these differences, the ranges of motion at the knee for the
pooled review data ranged from 110 to 180° and the hip angle
was generally 90° (94% of studies) but ranged from between 75
and 110°. As such, variations in the positioning of the subject
may have impacted performance through alterations to mus-
cle length-tension relationships.

When compared to professional football players in the
first division of Belgium (Lehance et al., 2009), similar abso-
lute values of peak torque of the thigh muscles were achieved
(quadriceps = 224.2 + 38.8 Nm / hamstring = 136.8 + 34.1
Nm) with similar values also found in combat sports athletes
(boxing quadriceps = 221.5 + 48.9 Nm / hamstring = 124.9 +
28.2 Nm; wrestling quadriceps = 241.0 + 21.8 Nm / hamstring
= 141.1 + 31.4 Nm; Wushu quadriceps = 250.6 + 28.6 Nm /
hamstring = 142.4 + 30.22 Nm) (Tatlici & Lokliioglu, 2022).
When relativized to body mass, values were higher in football
players (quadriceps = 2.98 + 0.35 Nm/kg and hamstrings =
1.98 £ 0.30 Nm/kg) and the combat sports athletes (boxing =
3.18 £ 0.49 Nm/kg; wrestling = 3.14 + 0.29 Nm/kg; Wushu =
3.25 £ 0.66 Nm/kg). The reason for the difference in relative
values is the significantly higher body mass of the special force
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operators compared to professional football players (89.10 +
6.33 kg vs. 77.9 + 6.2 kg) (Lehance et al., 2009) or the com-
bat sports athletes (boxing = 69.30 + 9.58 kg; wrestling =77.20
+8.71kg; Wushu = 78.50 £9.62 kg) (Tatlic1 & Lokliioglu, 2022).
Thus, the relative strength of these athletes’ leg muscles may
be more effective at handling their body statures and volumes
(i.e., body frame and mass accompanied with training load),
which is expected given their training history and professional
demands.

It is of note, that police special force operators typically
carry considerable operational load whilst on duty (Keeler et
al., 2022). These loads can average around 20-25kg without
additional equipment like door breaching equipment or bal-
listic shields. This poses additional strain to their legs, thus re-
quiring higher strength levels than those of normal adult pop-
ulation. Furthermore, research suggests that relative strength
in particular is crucial for the load carriage ability of police
special force officers (Orr, Robinson, et al., 2022). Therefore,
to optimize police special force officer capability, strength and
conditioning programs meeting the specialized needs of these
personnel should be among their training priorities.

The findings of this study fall within the range of profes-
sional male football players. A review systematic review by
Baroni et al. (2020) of professional male soccer players (to-
taling 27 studies and 1,274 players) found a Hcon/Qcon ra-
tio ranging from 0.5 to 0.89. Of note in the review, data were
drawn from studies whose velocities ranged from 12-600s-1.
As such, the wide range and differences in findings may be due
to different methodological approaches and resultant impact
of force-velocity relationships.

On a group level, identical Hcon/Qcon ratios for both legs
calculated from both absolute and relative torque values sug-
gest a potential lack of strength training focused on relative
strength (Dawes et al., 2019). Greater dispersion of absolute
Hcon/Qcon in the dominant leg suggests that variations in
absolute values did not correspond to variations in relative
values. Instead, individuals with higher body mass generated
larger torque, supporting the supposition of a potential lack
of relative strength. This finding underscores the importance
of allometric scaling in muscle strength testing (Folland et al.,
2008). The between-leg difference in Hcon/Qcon, with pos-
itive values indicating a larger ratio in the dominant leg, ex-
hibited a widely dispersed distribution. This suggests greater
consistency in the contraction of knee extensors than flexors
in the dominant leg. In addition, the approach used for the
analysis detected two subjects with high Hcon/Qcon ratio in
their dominant legs. Despite Kellis et al’s (2023) recent system-
atic review revealing no conclusive link between the Hcon/
Qcon ratios and ACL injuries, monitoring this ratio remains
essential for assessing the function and effectiveness of knee
flexors and extensors (Sarabon et al., 2021).

The LSI results suggest that the differences in muscle
strength within the same muscle group in both legs falls within
the limit of two standard deviations. In terms of the normative
value of 15%, one subject exhibited stronger quadriceps in the
non-dominant leg, while two subjects had stronger hamstrings
in the dominant leg compared to the non-dominant. The two
criteria (i.e., two standard deviations and normative values of
15%) were employed following recent findings in a systematic
review by Parkinson et al. (2021) who caution against relying
solely on pre-established thresholds (10-15%) for interpreting
asymmetry scores, due to a lack of robust evidence. This ap-
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proach allowed for the comparison of results against external
normative values and within the group, both against the group
mean and among subjects. It also facilitated the timely identi-
fication of individuals with increased imbalances for targeted
strength and conditioning programs. Police special force op-
erators, unlike athletes who may develop beneficial sporting
asymmetries (Maloney, 2019), require effective movement in
diverse scenarios while carrying an occupational load, often
under stress and unpredictability. In addition, their profes-
sional careers generally last longer and is dependent on their
physical health. Thus, detecting and addressing professional
asymmetries early would be of benefit in this population.

Several limitations exist in this study. The small sample size
necessitates caution in extrapolating findings, highlighting the
need for additional subjects in future research. The exclusive
inclusion of male operators reflects the current composition
of the special force police unit, given the absence of females
meeting the physical fitness criteria during the study. Future
research should incorporate occupation-specific tests to assess
the impact of isokinetic profiles, Hcon/Qcon ratio, and asym-
metries on occupational performance.

This study provides preliminary isokinetic strength data
for the quadriceps and hamstring muscles among police spe-
cial force operators. The results reveal absolute torque values
comparable to athletes but a lower relative strength, indicating
diminished effectiveness of the leg muscles in relation to the
officer’s body mass. This underscores the importance of imple-
menting strength and conditioning programs that specifically
address relative strength. Additionally, the study introduces a
methodological framework for the evaluation of data at both
group and individual levels, facilitating a comprehensive un-
derstanding of how the group compares to normative values
specific to this population and identifying individuals necessi-
tating focused attention. This approach allows for meticulous
planning of personalized interventions, thereby contribut-
ing to enhanced group performance and individual operator
health.
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