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SUMMARY 
Due to the high risk of anterior cruciate ligament (ACL) 
injuries in females and the synergistic role of the hamstring 
muscles during landing, the effect of hamstring strength on 
performance of a functional landing movement by pubescent 
girls was investigated. Overall, girls with lower hamstring 
strength displayed more vulnerable knee and hip alignments 
upon landing, as well as higher ground reaction forces (GRF) 
compared to girls with higher hamstring strength. Whilst 
further research is warranted, it is postulated that girls with 
lower hamstring strength may be at a greater risk of sustaining 
an ACL injury during sport than their stronger counterparts. 
 
 
INTRODUCTION 
Acute rupture of the ACL is a common and devastating knee 
injury, of which 70% are sport-related [1]. In fact, females are 
2-8 times more likely to rupture their ACL compared to males 
[2] and this gender disparity in ACL injury rate is apparent 
from the onset of puberty [3].  
 
Unlike their male counterparts, girls do not experience a 
defined “spurt” in muscle strength development during 
puberty [4]. Furthermore, girls display significantly weaker 
hamstring muscles relative to their quadriceps muscles 
compared to boys [5]. Although the hamstring muscles play a 
vital role in ACL protection during landing by restraining 
anterior motion of the tibia relative to the femur [6], it is 
unknown whether hamstring strength affects landing 
biomechanics during a functional movement, particularly 
during puberty.  Therefore, this study aimed to investigate 
whether pubescent girls with higher hamstring strength 
displayed differences in landing biomechanics compared to 
girls with lower hamstring strength. 
 
 
METHODS 
Thirty-three healthy girls (aged 10-13 years) confirmed as 
Tanner Stage II of pubertal development [7] and 4-6 months 
from their peak height velocity, determined using a gender-
specific multiple regression equation [8], were recruited as 
participants. Concentric and eccentric isokinetic strength of 
the quadriceps and hamstring muscles were assessed using an 
isokinetic dynamometer (KinCom, Chattanooga Inc., USA) at 
180°.s-1. Based on peak concentric hamstrings torque, 
participants were divided into a higher (peak torque > 60 Nm) 

and lower (peak torque < 45 Nm) strength group (n = 11 per 
group; see Table 1 for participant characteristics).  
 
Participants then performed a functional, single-limb landing 
movement, during which the three-dimensional GRF (1,000 
Hz; Kistler force platform, Switzerland) and three-dimensional 
lower limb kinematics (100 Hz; OptoTRAK 3020, Northern 
Digital, Canada) were collected. 
 
The magnitude of the peak mediolateral, anteroposterior, 
vertical and resultant GRF were calculated and normalised to 
each participant’s body weight (BW). The three-dimensional 
ankle, knee and hip angles were then calculated at the time of 
initial contact, and at the time of the peak anteroposterior and 
peak vertical GRF, to determine lower limb kinematics during 
the impact phase of landing. Visual 3D software (C-Motion 
Inc., USA) was used to analyse the GRF and kinematic data. 
The magnitude of the peak three-dimensional ankle, knee and 
hip joint moments were also calculated using Visual 3D. 
 
Independent samples t-tests were applied to the data to 
determine whether there were any significant (p ≤ 0.05) 
differences in the lower limb landing biomechanics displayed 
by the higher hamstring strength group relative to their lower 
hamstring strength counterparts. 
 
 
RESULTS AND DISCUSSION 
Girls in the higher hamstring strength group displayed 
significantly higher hamstrings-to-quadriceps ratios (H:Q; 
0.88 ± 0.08) compared to girls in the lower hamstring strength 
group (0.47 ± 0.28, p < 0.001). A decrease in hamstring 
strength relative to quadriceps strength is thought to be 
associated with an increased risk of lower limb injuries, as 
H:Q ratios less than 0.75 correlate to greater injury incidence 
in female athletes [9].  
 
During rapid deceleration, such as during landing, contraction 
of the hamstring muscles reduces the anterior shear forces 
experienced at the proximal tibia, in turn, improving dynamic 
functionality at the knee [10]. Therefore, it may be assumed 
that girls in the lower hamstring strength group, who displayed 
H:Q ratios less than 0.75, may be at greater risk of sustaining a 
non-contact ACL rupture, compared to girls in the higher 
hamstring strength group. 
 
 



During the landing task, girls with lower hamstring strength 
displayed significantly (p < 0.05) greater knee abduction, 
internal tibial rotation (see Figure 1) and external femoral 
rotation, which are lower limb postures commonly attributed 
to non-contact ACL injuries [11, 12]. However, no differences 
in ankle, knee or hip joint moments were evident between the 
participant groups (p > 0.05). The lower hamstring strength 
group generated significantly greater resultant GRF (4.5 ± 0.6 
BW) relative to the higher strength group (3.9 ± 0.7 BW, p =  

 
Figure 1:  Mean ± SD for knee abduction and external 
rotation at the times of initial contact, peak vertical GRF and 
peak anteroposterior GRF. *p < 0.05. 
 
 
0.05). These higher GRF were generated at a time that the 
girls displayed vulnerable knee and hip alignments. Combined 
with a lack of compensatory movement seen at the ankle, 
these results suggest that lower hamstring strength may 
increase the risk of sustaining a non-contact ACL rupture. 

CONCLUSIONS 
Given the vital role of the hamstring muscles during a landing, 
it is postulated that lower hamstring strength decreases a 
pubertal girl’s ability to resist the anterior tibial translation and 
tibial rotation caused by the quadriceps muscles during 
landing. This suggests that girls with lower hamstring strength 
may be at greater risk of sustaining a non-contact ACL 
rupture, compared to girls with higher hamstring strength. 
 
Further research is warranted to determine how hamstring 
strength changes throughout puberty and whether these 
strength changes affect landing biomechanics and subsequent 
ACL injury risk.  
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Table 1: Means (± SD) and p-values for participant characteristics in the higher and lower concentric hamstring strength groups. 

Variable Lower strength (n = 11) Higher strength (n = 11) p-value 
Height (cm) 150.01 ± 4.74 150.47 ± 6.36 0.850 

Leg length (cm) 71.25 ± 3.67 70.65 ± 4.71 0.746 
Mass (kg) 36.39 ± 2.41 43.66 ± 4.64 < 0.001 

Tanner stage 1.91 ± 0.54 1.80 ± 0.42 0.614 
Concentric hamstring torque (Nm) 42.46 ± 8.22 70.78 ± 9.14 < 0.001 




