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Abstract: Frontal plane kinematics of the lower limb could be especially relevant in the risk of injuries
in handball (HB) athletes. An association between lower limb frontal plane kinematics and hip
abductor muscles strength has been investigated in different populations. However, the relationship
between pelvis, hip, and knee frontal plane kinematics and the hip abductor strength in HB athletes
has not been considered. Therefore, the objective of this study was to evaluate the relationship
between hip abductor muscles strength and frontal plane kinematics (contralateral pelvic drop,
femoral adduction, and knee valgus) in elite HB athletes using 2D analysis. Design: Cross-sectional
and correlational study. Methods: Thirty-four male professional HB athletes were recruited. Athletes
had to perform a deep single-leg squat. The frontal plane was recorded using the Camera app on
iPhone (5SE). The clinical variables were hip abductor muscles strength assessed using a Lafayette
hand-held dynamometer version 01165, and frontal plane kinematics measured with Kinovea 2D
software version 0.9.4. Both variables were measured independently by two different examiners.
Results: The correlation analysis showed a statistically significant negative correlation between the
hip abductor muscles strength and the pelvic drop angle (p < 0.001; PCC: −0.873). A statistically
significant positive correlation was found between the hip abductor muscles strength and the femoral
adduction angle (p < 0.001; PCC: 0.767) and between the hip abductor muscles strength and the knee
valgus angle (p < 0.001; PCC: 0.855). Conclusion: Hip abductor muscles strongly correlate with frontal
plane kinematics in HB athletes.

Keywords: athletes; kinematics; strength; correlation study

1. Introduction

Handball (HB) is a sport with one of the highest rates of injury [1] because it involves
physical contact, sudden acceleration, hard landing jumps, and rapid direction changes [2,3].
The speed of play, the increasing number of matches per season, as well as the physical and
physiological demands on the musculoskeletal system, are some of the factors that have
caused HB to present a higher risk of injury than other team and individual sports, with
an average incidence of 2.7 injuries per 1000 player-hours. The incidence is higher in male
athletes during competitions, with an incidence of 14.3 injuries per 1000 game hours [3].
The lower limbs present a higher injury prevalence than other body regions. The hip and
knee joints are the most affected areas, which account for 54% of all injuries of the lower
limbs [2]. Muscle strains in hamstrings and anterior cruciate ligament tears are among the
most prevalent injuries in HB athletes [4].

Frontal plane kinematics of the lower limb seem to be one of the most important factors
in the development of lower limb injuries. In the hip region, contralateral pelvic drop
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and femoral adduction have been analyzed during several single-leg tasks. The increase
of contralateral pelvic drop and femoral adduction during a single-leg task have been
related to different pathologies, such as iliotibial band syndrome, gluteal tendinopathy,
or patellofemoral pain syndrome in runners [5–8] or basketball athletes [9]. In the knee
region, the dynamic knee valgus has also been analyzed during jump landing or single-leg
squat [10]. Increased dynamic knee valgus has been detected in runners, soccer, basketball,
volleyball, and HB athletes with knee pain [7,11] and anterior cruciate ligament tears [12,13].

Several authors have suggested that pelvis, hip, and knee frontal plane kinematics are
associated with hip abductor muscles strength (gluteus medius muscle, gluteus minimus
muscle, and tensor fasciae latae muscle) [14–17]. Hip abductor muscles strengthening has
shown a reduction in contralateral pelvic drop, femoral adduction, and dynamic knee
valgus during single-leg tasks [18,19]. In addition, athletes with knee injuries have shown
hip abductor muscles weakness [20]. However, these studies have been performed on
runners, soccer, basketball, and volleyball athletes [14,15,19]. Even though HB has shown a
higher risk of injury than runners, basketball, and volleyball athletes [3], to the best of our
knowledge, no study has investigated whether there is a correlation between the frontal
plane kinematics and the strength of the hip abductor muscles in HB athletes.

Currently, frontal plane kinematics is assessed using advanced three-dimensional (3D)
motion capture systems. These systems are considered the gold standard for kinematic
analysis [21]. However, these methodologies are used in biomechanical laboratories in
controlled environments, require specific training, and only some clinicians can afford them
because of their elevated costs.

In recent years, the introduction of smartphones in society has increased the demand
for two-dimensional (2D) biomechanical analysis. The inclusion of new cameras and
sensors, such as accelerometers, gyroscopes, and magnetometer in smartphones, has
allowed clinicians to record patients’ movement patterns anywhere and at any time. There
is only the need to choose the plane. Franko and Tirrel [22] reported ten years ago that most
health practitioners own a smartphone. For this reason, 2D software is needed to analyze
angles and/or spatio-temporal parameters. In his way, 2D analyses are a free alternative
and have shown to be valid and reliable in measuring the frontal kinematic parameters of
the lower limb during single-leg tasks [21,23].

Among the most used 2D programs, Kinovea has been used in several sports fields.
Puig-Diví et al. [24] concluded that Kinovea was a valid instrument compared to AutoCAD,
and that its reliability was excellent. Kinovea has been used to measure the lower limb
kinematics in frontal [25] and sagittal planes [26], and in several populations such as
cyclists, soccer players [27], and paralympic athletes [28], among others. In addition,
reliable measurements can be expected with no previous experience [29]. According to
this, Kinovea seems to be a free, portable, and easy-to-use software that may be used by
clinicians and researchers

Clinicians and researchers have incorporated new objective assessments and feedback-
driven interventions to evaluate movement quality. It is important to note that these new
technologies try to improve primary and secondary injury risk. However, further economic
and accessible technology development is required to address the clinical limitations in the
kinematics assessment. In this sense, developing an economical and easy-to-use protocol
and measurement tools could be essential in diagnosing, preventing, and controlling the
risk factors of lower limb dysfunctions in HB athletes.

In this sense, frontal plane kinematics may be related to the increasing injury incidence
and prevalence in the lower limbs of HB athletes. Lower limb kinematics seem to be
associated to the hip abductor muscles strength. However, no clinical study has been found
assessing the relationship between lower limb frontal plane kinematics and hip abductor
muscles strength using 2D biomechanical analysis in elite HB athletes. Thus, this study
aims to evaluate the relationship between hip abductor muscles strength and lower limb
frontal plane kinematics (contralateral pelvic drop, femoral adduction, and knee valgus)
in elite HB athletes using 2D analysis. Our hypothesis was that hip abductor muscles



Appl. Sci. 2022, 12, 10044 3 of 11

strength present a strong correlation with lower limb frontal plane kinematics measured
with Kinovea software.

2. Materials and Methods
2.1. Study Design

A cross-sectional and correlational study was designed following the Strengthening
the Reporting of Observational studies in Epidemiology (STROBE) guideline. The study
was carried out between March 2022 and June 2022. The Clinical Research Ethics Committee
of Valladolid Este provided ethical approval (CASVE-NM-21-504). All participants read
the written consent and signed the informed consent before study enrollment.

2.2. Participants

The sample size was calculated using GRANMO v7.12 software (Institut Municipal
d'Investigació Mèdica, Barcelona, Spain). The study of McCurdy et al. [30] was consulted
to perform the calculation, estimating a two-side test with correlation coefficients of 0.7 at
α= 0.05 and β= 0.20. A total of 10 participants fulfilling the inclusion criteria were included
in a pilot study according to recommendations to determine the coefficient correlation [31].
A total of 14 participants were determined as a minimum to achieve the representation.

The recruitment was performed by contacting two professional HB clubs in Soria
(Spain). Finally, 34 elite male participants agreed to participate and were recruited.

The inclusion criteria were: (1) male HB athletes, (2) aged between 18 and 30 years,
(3) a minimum experience of 2 years practicing HB as an elite athlete, (4) and a minimum
practice routine of 2 h/days and 3 days/week. The exclusion criteria were: (1) presence
of low back pain or pain in any joint of the lower limbs, (2) previous fracture, dislocation,
or surgery in the lumbar spine or any joint of the lower limbs, (3) other neurological or
musculoskeletal disorders, (4) use of analgesics, muscle relaxants, or other pharmacological
intervention, (5) previous physiotherapy treatment in the last month in the lumbar spine or
any of the lower limbs.

2.3. Procedure

Sex, age, weight, height, body mass index (BMI), and years of practicing HB were
registered as sociodemographic data. The dominant leg was determined by applying the
clinical tests described by Van Melick et al. [32]. The six clinical tests used were: (1) kicking
a ball, (2) picking marbles, (3) tracing shape, (4) stomping out the fire, (5) standing on
one leg, and (6) jumping one leg. The participants were encouraged to kick a ball four
meters away in the first test. In the second test, the participants were instructed to take
five marbles and put them in a box using one foot while standing. The third test involved
tracing the shape of a house using one foot. In the fourth test, the participants had to
imagine a fire on a paper and were told to stomp it out with one foot while standing. The
fifth test consisted of standing on one leg on an unstable surface with closed eyes. In the
last test, the participants had to jump as far as possible with one leg. The first four tests
were recommended by Schneiders et al. [33] to determine leg dominance, and the last two
tests were added using Van Melick et al. [32]. Three trials of each test were performed. The
dominant leg was considered the leg used in at least two of three trials.

The clinical variables were hip abductor muscles strength and frontal plane kinematics,
which were measured in the dominant and non-dominant lower limb. The non-dominant
lower limb was registered only to compare differences between both lower limbs. Hip
abductor muscles strength and lower limb frontal plane kinematics were measured inde-
pendently by two different examiners. The data from one examiner was hidden from the
other in order to maintain the blinding.

2.3.1. Hip Abductor Muscles Strength

Hip abductor muscles strength was measured using a hand-held dynamometer
(Lafayette 01165, Lafayette Instrument®, Lafayette, IN, USA,) according to the proto-
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col described by Mentiplay et al. [34]. The participants were in a supine position, with
the hips in a neutral position, and the knees extended. The hand-held dynamometer
was placed immediately proximal to the lateral malleolus of the fibula. The test-retest
reliability of this protocol has shown to be excellent (Intraclass Correlation Coefficient
(ICC: 0.87–0.92)) [34]. The hand dynamometer was configured to record the maximal force
of the hip abductor muscles in newtons. All participants performed two trials. Each trial
lasted from 3 to 5 s, and a rest interval of 1 min was established between each trial. In each
trial, the participants were encouraged to push as hard as possible. The value recorded in
each trial was the maximum isometric force, and the mean of both tests was considered
for statistical purposes. A rest interval of 1 min was established before the frontal plane
kinematic assessments [35].

Before the strength test, a 5-min warm-up consisting of dynamic stretching and squat-
ting exercises was performed.

2.3.2. Frontal Plane Kinematics

The frontal plane was recorded using the Camera app on iPhone (5SE). The smartphone
was placed on a tripod perpendicular to the frontal plane. The tripod was set at the
height of 1.05 and a distance of 2.0 m from the task-performing point. The analysis of the
video record was performed using free 2D software (Kinovea version 0.9.4, available at
http://www.kinovea.org (accessed on 29 September 2022)) [36].

Kinovea software is a free and open source (GPLv2) software (©Patreon,
San Francisco, CA, USA), developed in France in 2009, that allows all types of researchers
and clinicians, such as sports doctors, physiotherapists, or coaches, to perform movement
analysis. Researchers and clinicians can manually measure angles, distances, and times,
or semi-automatedly, in different frames. Kinovea software has been used to measure
running gait analysis [37,38], gait analysis in patients with low back pain [26], knee valgus
in single-leg tasks [39], and even facial movements [40]. This software has been shown to
be valid and reliable in previous studies [37,41].

The measurements were performed in the same room after the training to ensure that
environmental conditions remained stable. The participants were instructed to perform
single-leg squats with the opposite knee flexed to approximately 90◦ [42]. Three practice
attempts were allowed before starting recording. Three consecutive single squats were
recorded. The deepest single-leg squat position was used in the frontal plane for statistical
purposes. Hip and knee joints were considered the deepest position when no upward or
downward movement was seen in the pelvis [41]. This position was determined by slowly
advancing the video frame by frame.

Three angles were measured in the frontal plane: contralateral pelvic drop angle,
femoral adduction angle, and dynamic knee valgus angle. The contralateral pelvic drop
angle was recorded by drawing a first horizontal line from the stance leg’s anterior superior
iliac spine [ASIS], and a second line joining the ASIS of the stance leg and the swing leg. The
greater this angle, the greater the fall of the contralateral pelvis [36]. The femoral adduction
angle was registered by drawing the first line joining the ASIS of the stance leg and the
swing leg, and a second line connecting the ASIS of the stance leg with the knee joint center.
Smaller femoral adduction angles represent more femoral adduction pelvis [36]. The knee
valgus/varus frontal-plane angle was recorded by drawing a first line between the ASIS of
the stance leg and the patella midpoint, and a second line between the patella midpoint and
the anterior tibial tuberosity [39]. Minor knee valgus angles represent more knee valgus
(Figure 1).

2.4. Reliability of the Measures

Test-retest reliability was assessed for all the variables before the study. Ten healthy
HB athletes, different from the study participants with the same sociodemographic char-
acteristics, were assessed on the same day. The sociodemographic characteristics of the
participants were: mean age 23.50 (4.89) years, height 186.30 (7.08) cm, weight 86.30

http://www.kinovea.org
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(13.91) kg, BMI 24.90 (3.24) kg/m2, and years of practicing HB 12.46 (5.73). The examiners
who carried out the measurements of the study performed the measurements. Hip muscle
strength and frontal plane kinematics were assessed following the same protocols described
above. These measurements were used to calculate the ICCs(2,1) (Table 1) [43].
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Table 1. Test-retest reliability of the study variables.

ICC(2,1) (95% CI)

Hip abductor strength (NW) 0.97 (0.95, 0.98)

Contralateral pelvic drop (◦) 0.92 (0.9, 0.94)

Femoral adduction (◦) 0.95 (0.9, 0.97)

Knee valgus (◦) 0.97 (0.96, 0.98)
Abbreviations: ICC: intraclass correlation coefficient; CI: confidence interval.

2.5. Statistical Analysis

The statistical package for social studies (SPSS) version 20.0 for Windows (IBM SPSS,
Chicago, IL, USA) was used for the statistical analysis. Means (M) and standard deviations
(SD) were considered for sociodemographic and clinical variables (strength assessment and
kinematics) for each participant for both lower limbs (the dominant and non-dominant).
Each dependent variable’s normal or non-normal distribution was analyzed using the
Shapiro-Wilk test. Within-group comparisons were performed using the paired t-test or
the Wilcoxon test for normally distributed or non-normally distributed data. Only the
dominant lower limb was considered for correlation analysis. The Pearson correlation
coefficient (PCC) or Spearman rho was used to investigate the correlation between strength
and kinematics variables. A p-value < than 0.05 was considered statistically significant. The
Rank Correlation Coefficients were interpreted as weak (rho or PCC = 0–0.3), moderate (rho
or PCC = 0.3–0.5), strong (rho or PCC = 0.5–0.7), or very strong (rho or PCC = 0.7–1) [44].

3. Results

Forty-five elite HB athletes were considered for the study. Thirty-four male HB athletes
met all the inclusion criteria and were finally included in the study. The sociodemographic
characteristics of the participants were: mean age 22.41 (4.25) years, height 186.94 (7.33) cm,
weight 85.82 (11.21) kg, BMI 24.59 (2.78) kg/m2, and years of practicing HB 10.58 (5.09).
Thirty participants were right-legged (88.23%), and four were left-legged (11.74%).

Both lower limbs showed similar results with no statistically significant differences for
hip abductor strength and lower limb frontal plane kinematics (p > 0.05). The descriptive
data of hip abductor strength, contralateral pelvic drop angle, femoral adduction angle, and
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knee values angle of the dominant and non-dominant limbs, and the significance between
sides, are described in detail in Table 2.

Table 2. Mean and standard deviations of hip strength and frontal plane kinematics.

Dominant Limb Non-Dominant Limb Significance

Hip abductor strength (NW) 204.38 (34.67) 186.43 (50.05) 0.165 b

Contralateral pelvic drop (◦) 5.42 (3.53) 5.72 (3.36) 0.671 a

Femoral adduction (◦) 72.24 (8.08) 73.22 (8.42) 0.648 a

Knee valgus (◦) 164.43 (10.58) 166.44 (9.46) 0.522 a

a: Paired sample t-test; b: Wilcoxon test. Abbreviations: SD: standard deviation; NW: newtons; ◦: Degrees.

The correlation analysis showed a statistically significant negative correlation between
the hip abductor muscles strength and the contralateral pelvic drop angle (p < 0.001).
Figure 2a illustrates the negative correlation graphically, showing that the greater the
hip abductor strength, the less contralateral pelvic drop angle. A statistically significant
positive correlation was found between the hip abductor muscles strength and the femoral
adduction angle (p < 0.001). Figure 2b shows the positive correlation indicating that the
greater hip abductor muscle strength, the more femoral adduction angle. Additionally, a
significant positive correlation was achieved between the hip abductor muscle strength and
the knee valgus angle (p < 0.001). Figure 2c demonstrates the positive correlation showing
that the greater the hip abductor muscle strength, the more knee valgus angle. Correlation
analysis data is reported in Table 3.
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Table 3. Correlation analysis.

Pearson Correlation Pelvic Drop (◦) Femoral Adduction (◦) Knee Valgus (◦)

Hip abductor strength
(NW) R = −0.873 r = 0.767 r = 0.855

Significance <0.001 <0.001 <0.001
R = Pearson correlation test. Abbreviations: NW: newtons; ◦: degrees.

4. Discussion

This is the first study investigating the relationship between hip abductor muscles
strength and frontal plane kinematics in HB athletes. The results of this study confirmed the
hypothesis raised and reported a very strong relationship between the hip abductor muscles
strength and the pelvic drop, femoral adduction, and knee valgus in male HB athletes.

A negative relationship was found between hip abductor muscles strength and pelvic
drop angle, while a positive relationship was identified with the femoral adduction angle.
Thus, higher strength levels were related to less pelvic drop and femoral adduction in
HB athletes. The results achieved in this study agree with those found by previous au-
thors [18,45,46]. Selistre et al. [45] concluded that hip abductor strength explained 17% of
contralateral pelvic drop and 21% of femoral adduction angle during walking in patients
with knee osteoarthritis. Park et al. [46] reported that hip abductor muscles, knee flexor
muscles, and ankle inversion muscles strength explained 34.4% of contralateral pelvic drop
during walking in patients with knee osteoarthritis. Willy et al. [18] found a statistically
significant reduction in contralateral pelvic drop and femoral adduction during a single-leg
squat after a hip strengthening program in runners. Other studies showed no associations
between hip muscle abductors strength and pelvis and hip kinematics. However, the
task requested was not a single-leg task, which could lead to conflicting results [47,48].
Nevertheless, this is the first study showing a very strong correlation among HB athletes.

The results of this study also showed a positive relationship between hip abduction
strength and dynamic knee valgus angle in HB athletes; greater strength was associated
with less dynamic valgus. Previous studies support the hypothesis concerning the rela-
tionship between hip muscles and dynamic knee valgus in athletes using a 2D motion
capture [19,49]. Willson et al. [49] showed a significant positive correlation between external
rotation hip strength and the dynamic knee valgus in soccer, basketball, and volleyball
athletes during single-leg squat. Ferri-Caruana et al. [19] reported a decrease in dynamic
knee valgus at dynamic landing after applying a hip muscle strengthening protocol in
soccer athletes. Suzuki et al. [50] reported similar results using a 3D motion capture system,
showing a moderate correlation between hip muscles and knee kinematics in basketball
athletes during single-legged medial drop. These findings suggest that using 2D software
Kinovea may present similar results compared to a 3D system. Previous studies have
analyzed the association between 2D software Kinovea and a 3D system (©VICON Motion
System, Oxford, UK) for measuring hip, knee, and ankle angles during walking, and found
a reasonable association with errors between 2◦ and 5◦ between both systems [51]. Thus,
2D systems may elicit similar results to 3D systems, and could be used in future studies
and training programs to analyze injury risk.

Lower limb kinematics in the frontal plane seems to play a role in an athlete’s devel-
opment of lower limb injuries [5–8,11–13]. This study evidences its relationship with the
strength of the hip abductor muscles, and several authors suggest that these variables are
modifiable with a physical therapy intervention based on strengthening [19,49,50]. Thus,
its evaluation and management in clinical practice should be considered. In this sense, 2D
motion capture systems for kinematic assessment appear to be reliable and accessible to
clinicians. In addition, previous studies included runners [18,44,45], soccer [19,49], basket-
ball [49,50], and volleyball [49] athletes, but this is the first study focused on HB athletes.
Since HB showed a higher risk of injury than these sports [1], it is necessary to under-
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stand the relationship between biomechanical risk factors to develop injury prevention or
rehabilitation strategies.

The results of the present study suggested a very strong relationship between the hip
abductor muscles strength and the dynamic balance of the lower limb. Therefore, as a
preventive measure, it should be considered to assess and improve the strength of the hip
or knee muscles of HB athletes. Using 2D software Kinovea could facilitate the control of
hip and knee kinematics in the clinical practice and sports environment.

This study presents some limitations. First, the study design is correlational, and the
relationships observed do not imply causality. Second, the reliability measures described
in this study may not be a valid determinant because they were calculated on the same
day. Third, it used 2D motion capture systems, while 3D systems have been considered
the gold standard. Fourth, kinematic analysis performed in a controlled environment may
not accurately reproduce the athletic environment. Fifth, it was suggested that ipsilateral
trunk tilt could act as a compensatory mechanism preventing the pelvic drop, but trunk
kinematics were not assessed. Sixth, the test-retest reliability was measured on the same
day, which could have favored the high ICC values. Finally, the sample was made up
exclusively of men, so these results cannot be extrapolated to HB female athletes.

Future research should contrast our findings in HB athletes. Studies should include
the frontal plane’s kinematic analysis of trunk tilt and its relationship to pelvic drop. Fur-
thermore, future research should involve a prospective analysis, evaluating the effects on
the number of injuries, strength, and function in HB athletes with different musculoskeletal
conditions and kinematics of lower limbs. In addition, clinical trials should be carried out
in order to analyze the effects of prevention programs and rehabilitation in HB athletes
with lower limb dysfunctions on muscle strength and lower limb kinematics.

5. Conclusions

Hip abductor muscle strength strongly correlates with the pelvic drop, femoral adduc-
tion, and dynamic knee valgus in HB athletes. These results suggest that the hip abductor
muscles strength plays an important role in the frontal plane lower limb kinematics in
HB athletes.

This study highlights the importance of assessing lower limb kinematics and muscle
function in HB athletes. Future studies should focus on prospective analysis of the kinemat-
ics of the lower limb, and on analyzing the effects of prevention and rehabilitation programs
in HB athletes with lower limb dysfunction on muscle strength and lower limb kinematics.
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