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Abstract 

 
Introduction: Anterior cruciate ligament (ACL) injuries are common in sports. Most ACL 
injuries are noncontact in nature and frequently occur in certain athletic tasks and female 
athletes have higher risk for ACL injuries than their male counterparts. There is little 
convincing evidence, theoretical or experimental to the association between static factors and 
the risk of noncontact ACL injuries. 
Materials and Methods: 27 healthy female students from department of physical education and 
sport sciences of Kharazmi University with the mean and standard deviation of age (22 ± 1.73 
years), weight (69.34 ± 7.24 kg) and height (169.08 ± 5.34 cm) participated in this study. 
Participants divided into 3 groups (normal, pronated and supinated foot) based on navicular 
drop test. Afterward Participants asked to land on the center of force plate from a box with the 
height of 30 cm that placed at the 15 cm from the edge of force plate. Ground reaction forces 
data collected through Force Platform. Posterior ground reaction forces data normalized 
through divided by their weight and then filtered. Maximum tibia proximal anterior shear force 
assumed equivalent with maximum posterior ground reaction force (PGRF).  
Results: ANOVA test results showed significant difference between pronated and normal 
group in regard maximum PGRF (p≤0.05). Result explained significant difference between male 
and female in regard maximum PGRF (p≤0.05).  
Discussion and Conclusion: Pronated foot group than other groups had more maximum 
PGRF. Regarding the finding this study, subjects with pronated foot than others place 
probability more to expose anterior cruciate ligament injury.   
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Introduction 
 
Examination of the risk factors for prevention of anterior cruciate ligament (ACL) injuries has received 
considerable attention during the past decade because of the relatively large number of injuries that 
occur each year (Miyasaka et al., 1991). Patients who have suffered this injury must endure a lengthy 
and costly rehabilitation with long-term consequences that can lead to a decrease in knee function 
and quality of life (Noyes et al., 1983). The majority of ACL injuries occur during sports participation 
are result of a noncontact mechanisms of injury (Boden et al., 2000; Arendt and Dick, 1995) that often 
occur during landing or deceleration prior to a change of direction (Boden et al., 2000). This type of 
ACL injury occurs at a significantly higher rate in female athletes (Arendt and Dick 1995; DeHaven 
and Lintner 1986; Myklebust et al., 1998). 
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Several predisposing factors have been associated with non-contact ACL injuries in a retrospective 
manner (Griffin et al., 2000; Harmon and Ireland 2000; Harner et al., 1994; Loudon et al., 1996; 
Wojtys et al., 1998). Postural factors such as excessive foot pronation, lower extremity torsion and 
genu recurvatum (Loudon et al., 1996; Beckett et al., 1992; Bonci, 1999; Huegel and Meister, 1997; 
Woodford-Rogers et al., 1994) for example, have been linked to non-contact injuries retrospectively.  
The postural alignment most commonly associated with ACL injuries is foot pronation (Loudon et al., 
1996; Beckett et al., 1992; Woodford-Rogers et al., 1994). Navicular drop values, a commonly used 
clinical measure of foot pronation, have been reported to be significantly higher in individuals who 
have sustained ACL injuries (Loudon et al., 1996; Beckett et al., 1992; Woodford-Rogers et al., 1994). 
Due to the biomechanical link between the talus and the tibia, excessive pronation increases the 
internal tibial rotation and internal tibiofemoral torque during functional activities and transfers high 
loads to the ACL (Beckett et al., 1992; Coplan, 1989). 
A posteriorly directed force is applied to the foot during the landing. This force would cause the knee 
to flex. If motor control demands required the patient or athlete to remain standing, then a quadriceps 
force must balance the tendency of flexion because of the posterior ground-reaction force; this would 
require quadriceps contraction to resist the external knee flexion moment with an internal extension 
moment (Sell et al., 2006; Yu et al., 2006). The quadriceps applies force on the tibia through the 
extensor mechanism and the patellar tendon. The quadriceps contraction can provide an anterior 
shear force on the tibia with the knee at a small flexion angle. Thus we use of proximal tibial anterior 
shear force as an indicator of ACL loading during the landing that is based on careful analysis of the 
lower biomechanics and experimental data (Sell et al., 2006; Yu et al., 2006).  
The studies that have linked lower extremity posture with non-contact ACL injuries have been 
retrospective (Allen and Glasoe, 2000; Hertel et al., 2004; Smith et al., 1997). Further, retrospective 
studies have used measures of lower extremity posture to classify subjects as ACL injured or non-
injured (Loudon et al., 1996). Does this postural alignment increase the risk of injury to the ACL or 
does the absence of ACL result in this posture? 
The primary purpose of this study was to determine if relationships exists between commonly used 
clinical measures of foot pronation and anterior knee shear force. We hypothesized that in individuals 
who have not sustained a knee injury, foot pronation would be positively correlated to anterior knee 
shear force as predicted by posterior ground reaction force. Due to the greater incidence of non-
contact ACL injuries in females (Arendt and Dick, 1995), we used female subjects. 
 
 

Material and Methods 

Data Collection: Twenty seven female students from physical education & sport science department 
of Kharazmi university [mass 69.44±7.24 kg, height 170.08 ± 5.34 cm, age 23 ± 1.73  years] 
participated in this study. All subjects were free from current pathology of the lower extremity and 
reported no history of lower extremity injury. Subjects were grouped [n= 9 per group] on the basis of 
weight bearing navicular drop (ND) (supinated, ≤ 4mm; normal, 5-9 mm; pronated, ≥10 mm) (Cote et 
al., 2005; Hargrave et al., 2003). Subjects sat in a chair with both feet resting on the floor and hip 
motion controlled manually by an investigator. Another investigator marked the subject’s navicular 
tubercle of the right foot and positioned the subtalar joint into a neutral position. Subtalar neutral was 
determined by passively inverting and everting the foot until the medial and lateral aspect of the talus 
could be palpated equally (figure 1). Another investigator recorded the distance of the marked 
navicular to the ground in millimeters. Following this measurement, the subject was instructed to 
stand and weight bear on the right foot, and the second measurement was recorded. The navicular 
drop measure was calculated as the change in distance between the two measures (figure2). Three 
measurements were taken in each position. The difference between the two averaged measurements 
represented the navicular drop (Dufek and Bates, 1991). 
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Figure1: Establishing subtalar neutral.              Figure 2: Navicular drop test. 
     
This study was approved by the university institutional review board. All participants signed an 
informed consent document approved by the Institution human subjects review board. Subjects 
positioned barefoot on a box 0.30 m above the landing surface with arms aligned along the shafts of 
the femur and the fibula. The force plate [MIE, 40 × 60] served as the landing surface and placed on 
the floor 0.15 m in front of the box (Hargrave et al., 2003). Before testing, subjects identically were 
instructed about landing protocol. Subjects stood on the box in a comfortable, full weight-bearing, 
double-leg position. They were instructed to drop off the box, not lower themselves from it, and 
perform a single-leg landing on the force plate with preferred leg. Upon landing, subjects were 
encouraged to try to maintain their balance after contact with the force plate. Subjects were allowed 
sufficient practice to become comfortable with the landing procedure and to determine the preferred 
landing leg. The preferred landing leg was defined as the leg the subject chose to land on most 
frequently during the first 3 practice trials. Subjects then performed drop jumps until 5 acceptable trials 
were recorded. Acceptable trials were defined by the following landing criteria: [1] contact of the 
forefoot first, [2] maintenance of balance, [3] ability to land without hopping, and [4] knee flexion less 
than 90° during the whole landing contact. 
The landing data are collected on force plate at a sampling rate of 200 Hz. A fast Fourier 
transformation analysis indicates that the raw analog signals of a single-leg stance and the jump 
landing maneuver are below 30 Hz. Therefore, a minimum sampling rate of 60 Hz would be sufficient 
for collecting data. We selected, therefore, 200 Hz to provide a sampling rate six times greater than 
the raw analog-signal under study. 
Subjects landing on force plate and the acquired force plate data, PGRF was analyzed. Peak PGRF 
determined as the peak posterior force (N) during landing. The data were normalized with respect to 
body weight (N). 
Data Analysis: Inter-rater reliability was determined for navicular drop test measures by examining 
interclass correlation co-efficient (ICC). We used one way analysis of variance (one way ANOVA) at 
the p level of 0.05 to compare peak PGRF between three groups. 

 
Results 

 
     These anthropometric data and navicular drop test value of the subjects are summarized in table  

 
Table1: The mean and standard deviation of anthropometric characteristics and navicular drop 

test value of the subjects 
Group N Age[year] Weight[kg] Height[cm] Navicular drop test 

value[mm] 
Normal foot 9 22.28 ± 1.50 73 ± 7.21 168 ± 5.42 6.76± 1.32 

Pronated foot 9 21.35± 1.56 65.54 ± 7.24 169.82 ± 5.12 11.98 ± 2.81 
Supinated foot 9 22.38 ± 1.83 69.28 ± 6.61 171.81 ± 6.21 1.96 ± 2.34 

 
     Inter-rater reliability for our compliance measure was good. The inter-rater ICC was 0.84 for 
navicular drop. 
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Table 2: the results of one way ANOVA for peak PGRF in groups 
Groups Average S.D F2.24 Sig 

Normal foot 0.135 0.029 3.430 0.049 
Supinated foot 0.224 0.102 
Pronated foot 0.349 0.282 

     Peak PGRF in the pronated foot group was more than other groups appear in figure 3. 
 
The results showed significant differences in PGRF between three groups of supinated, pronated, and 
normal foot (F2,24=3.430, ≤α 0.05, P=0.049) as showed in table 2. 
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Figure3: mean and Std. for peak PGRF in supinated, pronated and normal groups 
 
     The result of tukey test in table 3 explained significant difference between pronated foot group with 
normal foot group in regard maximum PGRF(α ≤0.05). 

 
Table 3: The results of tukey test 

Groups Foot type sig 
Normal foot Supinated foot 0.532 

Pronated foot 0.040* 
Supinated foot Normal foot 0.532 

Pronated foot 0.299 
Pronated foot  Normal foot 0.040* 

Supinated foot 0.299 
                      p≤0.05, ٭significant at p level of 0.05 
 
 

Discussion and conclusion 
 

The aim of this study was to examine the role of subtalar joint hyper pronation in amount of tibia 
proximal anterior shear force as a stress on the ACL in single leg drop landing. The results of our 
study suggest that pronated foot group may be associated with increased stress on the ACL in single 
leg drop landing than others groups.  
In general, these results are in agreement with the reports who reported that hyper pronation is a risk 
factor for ACL injury (Trimble et al., 2002; Hertel et al., 2004; Allen and Glasoe, 2000; Woodford-
Rogers et al., 1994; Beckett et al., 1992) and in disagreement with the result of study headed by 
Smith et al (1997). The studies that have linked lower extremity posture with non-contact ACL injuries 
often have been retrospective (Hertel et al., 2004; Allen and Glasoe, 2000; Woodford-Rogers et al., 
1994; Beckett et al., 1992; Smith et al., 1997). 
Because of the anatomical functions of the ACL, prolonged pronation of the foot and ankle complex 
produces excessive internal tibial rotation, and thus may produce a preloading effect on the ACL. 
Produce a preloading effect on the ACL. This preloading concept may serve as a partial explanation 
for the high percentage of injuries to the ACL that occur during a non-contact moment of sport activity 
(Brody, 1982; Noyes et al., 1983). If abnormal pronation of the foot and ankle complex exists with 



Intl. j. Sport Std. Vol., 3 (5), 492- 497, 2013 
 

496 
 

resultant prolonged internal rotation of the tibia, minimal restraint is available to check the anterior 
transitory forces of the tibia. The ACL, hamstrings, and menisci act to resist this anterior and rotatory 
displacement. Once the integrity of the ACL is compromised, these forces meet less resistance and 
actual subluxation occurs (Tamea and Henning, 1981). 
Motion of the subtalar joint is triplanar with simultaneous motion occurring in the three cardinal planes 
[frontal, transverse, and sagittal]. When the foot is fixed to the support surface during closed kinetic 
chain activities, transverse plane motion of the subtalar joint pronation is translated into internal tibial 
rotation motion (Areblad et al., 1990). Excessive internal tibial rotation during closed kinetic chain 
activities with a flexed knee can lead to excessive internal tibiofemoral rotation and stress to the ACL 
(Coplan, 1989), a common mechanism of non-contact ACL injuries (Emerson, 1993). 
There was a direct relationship between applied anterior tibia loads (ie. AKSF), increased anterior 
tibia translation, increased ACL tension, and increased ACL strain. This relationship is such that 
activities or events that result in significant AKSF may pose a challenge to stabilizing the knee joint in 
the sagittal plane. Those who experience high AKSFs during weight bearing activity will likely 
experience periods of high ACL strain, thereby increasing the risk of the ligament tearing (Woo et al., 
1999). Hence, greater anterior load of the tibia on the femur may control strain on the ACL during 
functional activities. 
Further study is needed to determine if this is a causal relationship or related to other things. The 
complexity of the anatomical relationships in the lower extremity (Saltzman and Nawoczenski, 1995; 
Tiberio, 1988), coupled with the variance in subject population and data collection procedures, only 
allow us to suggest an association. ACL tears are a common injury. If excess pronation and tibial 
rotation contribute to the incidence of injury, screening and possible prevention with orthotic 
management of the foot could benefit many. 
Regarding the finding of our study, females with pronated foot than others groups place probability 
more to expose anterior cruciate ligament injury. To fully examine the association between these 
postural variables and injury to the ACL, a prospective longitudinal study is indicated. 
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