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INFLUENCE OF HIP STRENGTH ON ACL INJURY RELATED BIOMECHANICS
DURING THE CUTTING MANEUVER IN PREADOLESCENT STUDENTS (Practical
Implication for Physical Education Teachers and Sports Pedagogues)

Abstract
Anterior cruciate ligament (ACL) injuries are one of the most serious injuries of the lower limb and can result in a

relatively low rate of return to sport and decreased quality of life in later years, as well as to the psychological attitude

towards sports among young people. Previous research has investigated the interaction between the hip muscles

and knee valgus moments where some studies have concluded that decreased hip abductor and external rotator

strength is a risk factor for ACL injury, but no research has been conducted on preadolescent population. Data from

271 students (174 girls), age 9-12 where collected while performing cutting manoeuvre and the isometric maximal

voluntary contraction of hip external rotators and abductors. Our results show that no significant correlation where

found between the hip strength does not influence the knee VM during the cutting manoeuvre in this age group which

is in line with many previous studies conducted on older population.

Keywords: ACL; injury prevention; cutting manoeuvre; hip strength; biomechanics; pedagogical observation.

Introduction. Anterior cruciate ligament
(ACL) injuries are one of the most serious
injuries of the lower limb and can result in a
relatively low rate of return to sport (Ardern
et al.,, 2011) [1], decreased quality of life in
later years (Filbay et al., 2015) [2], and a high
rate of knee osteoarthritis (Ajuied et al., 2014)
[3]. It is an expensive injury indicating cost-
effectiveness for prevention programs (Swart
et al., 2014) [4]. Excessive lower extremity
valgus during dynamic activities (e.g. landing,
cutting manoeuvre) has been linked with the
development of ACL injuries.

Frequent and often injuries can develop
negative attitude towards sport and physical
activity. Compared to males, adult females
show a 2-3 fold increased incidence in ACL
injury per hour of exposure (Walden et al., 2011)

[5]. Myer et al. (2011) [6] state in their review
article that the most ACL injuries in female
athletes occur during a non-contact episode,
typically during deceleration, lateral pivoting,
or landing tasks that are often associated with
high external knee joint loads. In the past, ACL
injuries were believed to be a problem affecting
the adults participating in competitive sports,
but Shaw and Finch (2017) [7] found that ACL
injuries are an emerging issue in children and
adolescents too, with girls both sustaining the
injury at a younger age than boys (Sanders et
al., 2016) [8], and receiving reconstructive
surgery at a younger age (Nicholls et al., 2017)
[9]. Growth and development of the hamstring
muscles shows different pattern in boys and girls
and as a consequence also there is discrepancy
in rate of force development, which affects the
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Q-R ratio. The literature shows different results
when the differences between boys and girls
starts to appear. Apart from gender-specific
differences, hip strength or weakness can cause
alterations in the knee valgus moment (VM).
The hip joint provides stability for the lower
extremity. Hip function is very complex and
it is dependent on a synergic interaction of
muscles to provide dynamic stability during
motion. During the loading phase of cutting
and landing, external moments acting on the
hip create flexion, adduction and internal
rotation moments that is recognized as lower
extremity valgus (Powers, 2010) [10]. Recently,
the influence of hip strength on knee function
has been explored in light of the ACL injury
prevention. Previous research has investigated
the interaction between the hip muscles and
knee VM where some studies have concluded
that decreased hip abductor and external
rotator strength is a risk factor for ACL injury
(Ramskov et a., 2015) [11]. On the other hand,
Jacobs et al (2007) [12] found a moderate but
non-statistically significant negative correlation
between hip abduction strength and knee valgus
peak joint displacement during a single leg
landing task. Sigward et al (2008) [13] found
no significant correlations among hip extension,
abduction and external rotation strength, and
knee kinematics during a drop landing task.
To the best of our knowledge, this is the first
study to investigate the correlation between hip
strength and ACL injury—related biomechanics
during the cutting maneuver in preadolescent
students.

The aim of this study was to investigate
the correlation between hip strength and ACL
injury-related biomechanics during the cutting
maneuver in preadolescent, within the first
100 ms of the cutting manoeuvre, which is
the time-frame where ACL injuries occur. We
hypothesized that at this age, hip strength will
not influence the knee VM.

Methods: Participants. The study was
approved by a National Bioethics Committee
of Iceland. In total, 293 students were recruited
from local handball and soccer clubs, but out
of those we used data of 271 students (174
girls) was used for the further analysis. Data

for twenty-two participants were excluded due
to technical errors or erroneous performance.
Prior to participation, all procedures were
explained to each student and informed consent
was signed by the participant and a parent or
guardian. Students were aged between 9 and 12
years and were recruited from the teams’ age-
based training groups. Exclusion criteria were a
history of torn knee ligaments or muscles of the
lower extremities, intra-articular corticosteroid
injections within the previous 3 months,
neurological impairments, impaired balance,
and any orthopaedic problems of the lower limb.

Data collection. After a 5-minute warm-
up on a stationary bicycle, an isometric MVC
of the hip abductors was performed, using a
belt secured dynamometer with the subject in
a side-lying position and hips in 0-5° flexion
and 0-5° abduction. Strength testing of the hip
external rotators followed. For the hip external
rotator strength test, the subject was seated
with arms crossed and no backrest. Hip rotation
was neutral and knees flexed to 90° and feet
off the ground. Strength was measured with a
belt-secured dynamometer. For each strength
test, a familiarization attempt was performed,
followed by recorded maximal trials.

Kinematics were collected at 200 Hz using
a marker set with 46 markers and an 8-camera
Qualisys motion capture cameras (Qualisys
Corp, Sweden) positioned around a calibrated
test area. Kinetics were simultaneously
collected at 2000 Hz from a force platform
(AMTI, Watertown, MA) embedded into the
floor. Where possible markers were placed
directly onto the skin, to minimize movement
artefacts resulting from loose clothing. A static
measurement was used to define segments and
joint centres based on anatomic markers, while
clusters of 4 markers tracked each segment
during dynamic trials.

Participants performed 5 cutting manoeuvres
against a dummy opponent. The movement was
performed from a ready position without a run-
up using a self-selected change of direction
angle. Participants took a quick sideways step
on to the tested leg before accelerating to a
maximal take-off away from the tested leg.
Students were encouraged to use as much speed
and explosiveness as they could.
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Figure 1. Hip abduction isometric strength testing with a handheld digital dynamometer.
Picture was presented by Saper et al, 2019 (DOI: 10.1177/2325967119828953) [14]

Figure 2. Cutting maneuver presented in Qualisys motion capture system

Data synthesis and statistical analysis.
Kinematic outcome variables within the first
100 ms of stance were chosen as a marker for
ACL loading according to two proposed injury
mechanisms supported by prospective risk
factor studies. Knee moments were normalized
by body weight and presented as Nm/kg. The
frontal plane knee moments are reported as
peak external moments identified within the first
100ms as local maxima, the largest of which
from each trial recorded was used for analysis.
Positive values of frontal plane knee moments
are referred to as knee valgus moments, while
negative values represent knee varus moment.

Inverse kinematics were performed in Visual

3D (C-Motion). Data were imported to R (R
Foundation for Statistical Computing, Vienna,
Austria) for analysis and processing. R based
program, Jamovi, was used for calculation the
differences between the genders by using an
independent t-test and Pearson product-moment
correlation to determine whether there was a
significant correlation between the hip strength
measurements and knee VM. Power analysis
was performed using G*Power. The average
value of knee valgus moments for 5 cutting
manoeuvres was used for the further analysis.
Results. Participant characteristics. There
were no differences in age (p=0.778), height
(p=0.716), strength of right abductors (Rabd)
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(p=0.748), left abductors (Labd) (p=0.931),
right external rotators (Rext) (p=0.351) and
left external rotators (Lext) (p=0.305), but

significant differences were found in weight
(p=0.001) between the genders (Table 1).

Table 1.
Participants characteristics
Gender |A g e|Height|Weight|R a b d| Labd Rext Lext | Knee VM (Nm/
o0 | (em) | (kg) | (Nkg) | (N/kg) | (Nkg) | (N/kg) kg)
Mean | Boys 10.6 150 41 13.3 12.6 7.43 7.08 0.32
Girls 10.8 150 42.1 13.8 13.5 6.72 6.52 0.25
SD Boys 0.7 7.9 8.3 3.8 4.0 2.5 2.5 0.19
Girls 0.8 8.0 9.3 3.7 3.6 1.9 1.9 0.16
t-test -1.9 0.36 -3.22 -0.32 0.08 0.93 1.02 0.46
p value 0.778 | 0.716 | 0.001 | 0.748 | 0.931 | 0.351 | 0.305 0.64

Knee valgus moments. Statistical results
of the differences (Independent t-test) were
reported in Table 1. No differences were found
in knee VM (p=0.64) between boys and girls
(Table 1).

Correlation between the hip strength
and knee VM. No statistically significant
correlations were found among any hip strength
measurements and knee VM (Table 2).

Table 2
Correlation Matrix
Rabd Labd Rext Lext
Pearson’s r Knee VM -0.106 -0.085 0.029 0.048
p-value 0.081 0.165 0.637 0.429

Discussion. The aim of this study was
to investigate the correlation between hip
strength and ACL injury-related biomechanics
during the cutting maneuver in preadolescent
students within the first 100 ms of the cutting
manoeuvre. Presented results showed that the
hip strength does not influence the knee VM
during the cutting maneuver in this age group,
but certainly we can say that hip strength
provides an important support in the stability
of the lower limbs. Our findings are similar to
previous work of Cashman et al (2012) [15] that
has investigated the relationship between hip
muscle strength and dynamic lower extremity
valgus. The authors reported weak correlation
between weaker hip strength and dynamic lower
extremity valgus. However, thisresearch focused
just on adult males. No significant correlation
between the hip abduction strength and knee
VM was found in other studies (Lawrence et
al., 2008 [16]; Munkh-Erdene et al., 2011 [17];

Bandholm et al., 2011 [18]; Smith et al., 2014
[19]; Hollman et al., 2014 [20]; Nilstad et al.,
2015 [21]; Baggaley et al. 2015 [22]; Malloy
et al., 2016) [23]. Furthermore, our findings are
in a line with findings of Malloy et al., 2016
[23]; Suzuki et al., 2015 [24] and Baldon et al.,
2011, who did not find a significant correlation
between the strength of external rotators of hip
and different dynamic tasks such as high level
hop, single leg drop jumps and single leg squats.

Injury prevention plays very important part
in professional and amateur sports as well
as in recreational sports activities and in last
years more and more in preadolescent students
involved in school sport activities (Grossman,
2000; Rivara, 2002; Abernethy & Bleakley).
Strength and conditioning coaches, performance
staff and physical therapists dedicate their time
and resources to programs that enhance hip and
knee control to prevent injury. The relationship
between hip strength and dynamic valgus is very
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complex and not possible to separate from the
general injury prevention. Human movement
patterns are very different, movement variability
is large and multifactorial and correlation is not
the same as causation (Dix et al., 2019) [25].
A relationship between hip muscle strength
and lower extremity valgus kinematics shell be
overviewed in a much broader context because
strength testing and kinematic assessment tasks
not always challenge the participants capacity
to a level demanded in sport. Injury prevention
programs have an important role since the ACL
injuries can result in a relatively low rate of
return to sport (Ardernetal.,2011)[1], decreased
quality of life in later years (Filbay et al., 2015)
[2], and a high rate of knee osteoarthritis (Ajuied

et al., 2014) [3] and gonarthrosis at earlier age
(Roos et al., 1994).

Conclusion. Future studies should increa-
singly attempt to bridge the gap between the
laboratory and the sports field and interpret
potential relationship within the complexity
of human movement behavior. By using more
appropriate kinematic and kinetic evaluation
tasks and strength testing, the future studies
should be able to provide better and more
reliable evidence of whether a correlation exists
between hip strength and dynamic knee valgus.
Also, the future studies should more look into
the psychological impact of the ACL injuries
and the consequences that can have on the
preadolescents.
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OpTa MeKTen SKACBIHAAFbI OKYUIBLIAPABIH KbLIAAM-KATKBLT Ceply :KATTBIFYJIapbIH Kacay Ke3iHjaeri
aJbIHFBI alikacTypiiec cinipain (AAC) :kapakarranybiMeH 0ailylaHbICTbI OMOMeXaHUKA OOibIHIIA kamMOac
KYIIiHiH BIKNAJBIH NMeJaroruKaJbIK 0aKblLIay (1eHe TopOueci MyraiaiMaepi MeH CIOPTTHIK MeAarorrap yumiH

NMPAKTHKAJIBIK YCHIHBICTAP)

M.Ilemposuy’, B.Ilyzoeuv?, X.Pamoc 3, C.IHIkpxap’, E.Ceiicenoexos®

!lanoaxomckonu (Petixvseux, Henranous),

2«Cnopmmpuix akademusy sHcogapul kaciou Oinim bepy koanedxci (benepad, Cepbous),
SBuomeduyuna sicane HeupoHowiK undicenepus uncmumymot (Petikvasuk, Heaanous,),
*Ilene mapbue scane cnopm ¢paxynomemi (Hoeu-Cao, Cepbusi),

JAbaii ameinoasvl Kazax yimmolx nedazoeuxansiy yHueepcumemi (Animamot, Kazaxcman)

Anoamna

AnnprHFE aiikactypiec ciHipaig (AAC) jxapakaTTaHybl aJaMHBIH asK OOIIriHIH aybIp jKapaKaTTapbIHEIH 0ipi 060-
JIBIT TaOBLIAIbI 1A, OHBIH 3ap/anTapbl CIIOPTIIBIHEIH CIIOPTKA KEIII OpaTybIHA, IICUXOJOTHSUIBIK TYPFBIIA HKaCTap/IbIH
CIOPTKa JAETEH Tepic KO3KapachIH XKoHE KeHiHT1 KbUIIAphl OMip cypy KaOUIeTTUTiriHe Kepl 9CepiH THTi3edi. AJIBIHFBI
3eprreyliepae KepceTuIreHae, xambac OYIMBIK eTTepi MEH Ti3e OYBIHBIHBIH BaNbIYCTIK coTTepiniH (VM) e3apa
KUMBUI-OPCKETTEPl aHBIKTAJIFaH-Ibl. MBbIHA 3CpPTTCYJICPJCH Kepi CO3BUIATBHIH KamOac-caH OyBIHBI MEH CBIPTKBI
aHANABIPFBII KYIIiHIH ToMeH ey apKeiTsl AAC jkxapakar aimy KayinTiiiri pakTopsl JKaiibl HOTHKE IIbIFapyFa 6omna-
JIbl, alaiiia, OpTa MEKTEIl )AChIH/IaFbl OKYIIBLIAP apachiHia MyH/ail 3epTTeyiep xKyprisiired koK. Kepi co3puiarein
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skam0ac OYIIIBIK eTTEPiH KbUIIaM-KaTKbUI KHMBUI-OPEKETTepl MEH CHIPTKBI aifHATIBIPFBIITAPIBIH EPiKTi TYpIeTi
N30METPHSIIBIK OapbIHINA KBICKAPYBIH OpbIHAAY OapbichiHAa 27 1 OKYIIBI KbI3ap/AblH (OHBIH imniHe, 9-12 xxacrars! 174
KBI3) aKMmapaTTapsl )KUHAIIBL. JKaTTHIKTRIPY XKOHE JKayalThl JKapbICTap Ke3iHae )KapaKkar ajiFaH aifHaJIbICYIIBUIAPIBIH
TICUXOJIOTUSUTBIK XaJl-axXyaliIapblH J1a ecKepreH ad3an. bi3ni HoTmkenepimMizae KepceTiren e, Oy 5KacThIK TOTTa
ykamOac OYJIIIBIK €TTEPiHIH apachlH/la aHBIKTaFaH KaHai ja 0ip MoHI 6ap KOppessiius KbULIaM-KaTKbUT KUMBLJI-
opekeTTep Ke3iHae Tize OysIHAapbhIHBIH VM-Ha embip ocep ete ammanasl. OHBI jKachkl KEITeH ajaMmiap apachlHaa
OTKI3UITeH KONTEreH aJIIBIHFBI 3ePTTEYIICP/IIH HOTIDKEIIEPiHEH aK Olryre Oomaibl.

Tyuiin cesoep: AAC; xapakaTTaplbl aJlJIbIH-aJTy; KbIUIIaM-KaTKbUT KUMBUI-OPEKETTED; )KaMbac-caH OYJIIIBIK €T-
Tep KyIi; OMOMEXaHuKa; MeJaroruKajIbIK OaKpLIay.

Ilenaroruyeckoe Ha0/M0eHNe HA BIUsSIHHE CUJIBLI Oeipa 1Mo OMoMeXaHUKe, CBA3aHHOM ¢ TPaBMOIi nepenHei
Kpectoodpa3Hoii cBasku (ITKC), Bo Bpems pe3KHX TOTYKOBBIX YIPaKHEHHI Y IIKOJILHUKOB CPeIHero
BoO3pacTa (MpaKkTH4YecKue peKOMEHIAINH ISl yuuTesaeld pu3niecKoro BOCMUTAHUSA H CIIOPTHBHBIX
1e1aroroB)

Munow Iemposuy', Braoumup Ilyszoeuy’, Xopxearuna Pamoc >,

Cmanucnae llkpkap’, Epran Ceiicenoexos’

! lanoaxomckonu (Petixvseux, Henranous),

’Konnedoic svicuieco npogheccuonanvuoeo oopazosanus « Cnopmuenas akademusy (berepao, Cepbus),
SUnemumym 6uomeduyunst u neuponnot undicenepuu (Pelikvssuxckuil ynuseepcumem, Hcaanous),
‘@akynomem cnopma u pusuuecrkozo eocnumanus (Yuusepcumem Hosu-Cao, Cepbus),

SKazaxcxuil Hayuonanvuwlil nedazo2udeckuil ynusepcumem umenu Abas (Aimamol, Kazaxcman)

Annomayus

Tpasmbl niepenneit kpecroobpasznoii ces3ku (ITKC) sBisioTes oqHUME 13 Hanbosiee Cepbe3HBIX MOBPEXKICHUN
HIDKHEH KOHEYHOCTH, MOTYT IPUBECTH K ITO3THEMY BO3BPAI[CHUIO B CIIOPT U CHIDKEHUIO KM3HECIIOCOOHOCTH, a TaK-
K€ K MICUXOJIOTMYECKOMY OTHOMICHHUIO K CIIOPTY CPEIH MOJIOACKH B OoJiee Mo3aHNe ToAbl. B mpensiaymmx neeieno-
BaHIIX OBLIO IMOKa3aHO B3aUMOCHCTBIE MBIIII] Oe/lpa U BaJIbI'yCHBIX MOMeHTOB (VM) koleHHOTO cycTaBa. V3 naH-
HBIX UCCJICAOBAHUI MOXKHO CJIENaTh BBIBOA, YTO CHM)KEHHE CHIIBI OTBOASIIETO Ta300EPEHHOIO CyCTaBa U BHEITHETO
Bpamareis sBisgercs paxkropom pucka TpaBMmsl [IKC, HO 10 3THX MOp HUKAKUX MCCIEIOBAHUN CPEIH MIKOJBHIKOB
HE TPOBOAWIHCE. [Ipy BEITOITHEHUH PE3KUX MAHEBPOB U M30METPHYCCKOTO MaKCUMAJIFHOTO TIPOM3BOIBHOTO COKpPa-
IICHHs BHEUIHUX Bpalaresiei, OTBOSIIMX MBIIII Oepa ObuTH coOpansbl gaHuble 271 mkonbHu (174 neBouex B BO3-
pacte 9-12 nert). CaeayeT yYUTHIBATh U MCHUXOJIOTUIECKOE COCTOSHIE 3aHUMAIOIINXCS, KOTOPBIC TOTYYHIIN TPABMBI
BO BpeMsI TPEHHPOBOK WIJIM OTBETCTBEHHBIX COPEBHOBAaHUH. Hammm pe3yibraTsl MOKa3hIBAIOT, YTO B 3TOM BO3PACTHON
rpyIIe HUKaKasi 3HaYuMasl KOppelsiiys, oOHapyKeHHasi M1y CHJION Oezpa, He BIUSIOT Ha VM KoJieHa BO BpeMs
PE3KOro MaHeBpa, YTO COTIACYETCS CO MHOTUMH MPEABLTYIINMH HCCIICTOBAHUAMH, TPOBEICHHBIMI Ha TTOKHJIIBIX JTFO-
JSIX.

Knoueswie cnosa: TIKC; npodunakTrka TpaBM; pexyIIuii MaHEeBp; cuiia Oepa; OMOMEXaHHKa; MEarorundecKoe
HaOJIIOEHHE.
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