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Participation in physical and sport 

activities leads to an increase in 

musculoskeletal injuries and the number of 

ankle injuries.”

“

Abstract: The lack of a normal joint 
orientation generates translational 
or shear forces across the joint. These 
forces can put abnormally high strain 
on the cartilage and the surrounding 
capsuloligamentous tissues. Ankle joint 
structure can affect or be affected by 
bony malformations of the surrounding 
areas, including the knee and hip. The 
aim of the current study is to exam-
ine the possible relationship between 
the tibiofemoral (TFA) angle and other 
factors (anthropometric characteris-
tics, medical history, and age) on the 
occurrence of ankle sprains because its 
value provides useful information for 
the anatomical alignment of the lower 
extremity. The study sample consisted 
of 45 high-level athletes, evenly distrib-
uted among 3 sports (basketball, soc-
cer, and volleyball). TFA measurements 
were made on radiographs. The study 
lasted 2 years. A logistic regression was 
used to determine the importance of 
each factor on the probability in ques-
tion. A significance level of P = .1 was 
used. The factors contributing more to 
an ankle sprain were a previous injury 
of the same type followed by body mass 
index (BMI) and age. On the contrary, 
TFA was proven to be statistically non-
significant. When the BMI variable 

was substituted with body inertia pro-
pensity, a derived variable, the TFA 
remained statistically nonsignificant. 
TFA magnitude does not seem to be a 
determinant factor that could increase 
the probability of spraining an ankle.

Keywords: tibiofemoral angle; body 
mass index; body mass moment of iner-
tia; anatomic alignment; injury risk fac-
tors; ankle sprain

Ankle joint function 
is essential because 
of the forces that 

are developed and trans-
ferred to it during the con-
tact of the foot with the 
ground.1,2 The load on a 
joint is a function of the 
alignment of the bones relative to that 
joint.3 Ankle joint structure can affect or 
be affected by skeletal malformations of 
the surrounding areas, including the knee 
and the hip, which can lead to functional 
overloads, structural problems, and mal-
function of the joints of the kinematics 
chain.4 Significant changes in the axial 
alignment of the femur or tibia may influ-
ence the load distribution and soft-tissue 
loading at the hip and ankle joints. Axial 
alignment in the lower extremity has 

been studied previously with reference to 
both the anatomic and mechanical axes 
of the femur and the tibia.5,6

Participation in physical and sport activ-
ities leads to an increase in musculo-
skeletal injuries and the number of ankle 
injuries.7 The ankle joint is one of the 
most commonly injured joints in the 
body because of the forces it withstands 
and the mass it supports.8 Likewise, it is 

the most frequently injured joint in ath-
letes and the general population because 
of its construction and implementation 
in the transfer of body weight.9,10 The 
ankle joint bears more weight per unit 
area than any other joint in the body.8 
Therefore, alignment of the hip, knee, 
and ankle has received substantial inter-
est as a potential risk factor for lower 
extremity injury.

Many ankle sprains occur when per-
forming a lateral cutting movement or 
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landing on an irregular surface, such 
as the foot of another player.11 Landing 
on an irregular surface or a poorly exe-
cuted cut can result in a large supination 
torque, which supinates the foot exces-
sively, overloading and damaging the lat-
eral ankle ligaments.

Ankle sprains are the most common 
injury in soccer,12,13 volleyball,14 and all 
sports combined.11,15 Ankle sprains are 
not trivial, as they account for up to one-
sixth of all time lost from sport because 
of injury.11 Ankle sprains account for 
about 10% to 30% of sports injuries in 
soccer, basketball, and volleyball.16 In 
1996, McKay et al17 indicated that more 
than half (53.7%) of loss of participa-
tion because of injury was due to ankle 
sprains, with lateral ankle sprains being 
the most frequent type of injury in ath-
letes (85%).18,19

Prevention and intervention have 
become focal points for researchers. 
Before these types of studies can be 
used, the risk factors (intrinsic and extrin-
sic) for injury must be established. Many 
injury risk factors, both extrinsic and 
intrinsic, have been proposed.20 Previous 
injuries (sprain), body size, and anatomic 
alignment are some of the intrinsic fac-
tors that could predispose an athlete to 
injury.21

Individuals with a history of ankle 
sprains are more susceptible to ankle 
sprains than others are. Ankle sprains are 
associated with increased susceptibility 
to subsequent sprains or chronic ankle 
instability in between 20% and 50% of all 
sprain sufferers,22,23 and it has been found 
that 47% of ankle sprains occur in ankles 
that had been previously sprained.12 
Therefore, in previously sprained ankles, 
there must be some factor that causes the 
ankle to be excessively supinated more 
frequently. There are numerous factors 
and mechanisms that are thought to con-
tribute to this increased occurrence of 
ankle sprain.24

Body size has been analyzed in risk fac-
tor studies in a number of ways, includ-
ing height and weight,25,26 body mass 
index (BMI),27,28 and mass moment of 
inertia.29 In the current study, BMI and 
body inertia propensity (BIP; a mag-
nitude that is proportional to the mass 

moment of inertia of the body) variables 
are considered as risk factors for injury 
because an increase in either of them 
produces a proportional increase in the 
forces that articular, ligamentous, and 
muscular structures must resist.

A previous study30 measured the effect 
of Q angle on the probability of ankle 
sprains. The current study used a dif-
ferent measure of anatomic alignment. 
Tibiofemoral angle (TFA) is another 
important indicator of normal alignment 
of the lower leg and describes the axial 
relationship of the femur and tibia in the 
frontal plane. This angle is formed by the 
lines drawn along the femur and tibia, 
and it is called the anatomic axis. The 
normal TFA is 5° to 7° valgus.31-33

The aim of the current study was to 
examine the possible effect of the TFA on 
the occurrence of ankle sprains because 
its value supplies useful and impor-
tant information regarding the alignment 
between the pelvis and the lower leg.

The importance of this research lies 
within the assumption that one of the 
most common injuries in sports might be 
predisposed to the factors under consid-
eration and that through the exploration 
of this hypothesis, preventive measures 
could be suggested.

Materials and Methods
The study sample consisted of 45 bas-

ketball, soccer, and volleyball male ath-
letes ranging in age from 18 to 30 years 
(mean, 22.8 ± 3.55 years) evenly distrib-
uted among the sports. Athletes were 
excluded if they had a history of a surgi-
cal procedure involving the lower extrem-
ity. Questionnaires were distributed in an 
effort to collect information for the med-
ical and athletic history (especially previ-
ous ankle sprain injuries) of each athlete. 
TFA measurements were made on radio-
graphs (Optimus Philips, Germany, 1997), 
taken with individuals relaxed and stand-
ing on 2 legs without weight shifting.34 A 
manual routine similar to that described 
by Petersen and Engh35 was used. By join-
ing 2 points in the midshaft, one 10 cm 
above the knee and the other as far prox-
imally as the radiograph allowed, they 
established the true anatomical axis of the 

femur, which closely follows the centre of 
the shaft.36-38 The anatomical axis of the 
tibia was established by joining 2 points in 
the midshaft, one 10 cm below the knee 
and the other as far distally as the radio-
graph allowed. The angle subtended by 
these 2 lines was recorded as the TFA.

The athletes in the sample were mon-
itored for a 2-year period. All volun-
teers signed a consent form, which was 
approved by the university.

Although the main goal was to exam-
ine the effect of TFA on the probability of 
sustaining an ankle sprain, other factors 
were also studied, such as body struc-
ture, similar prior injuries, and so forth.

The group of independent variables 
included TFA, previous sprain, age, BMI, 
and BIP. The occurrence of an ankle 
sprain was the dependent variable, in 
particular, the probability of its occurring 
during the research period.

Given the lack of significant differences 
between TFA values for both legs of each 
athlete, the use of TFA as an indepen-
dent variable was as follows: the final 
value was the average of the TFA of both 
legs for each participant who has not suf-
fered an ankle sprain during the research 
period and the value of the leg for each 
of those who sustained an ankle sprain. 
The independent variable “previous 
ankle sprain” was defined as the injury 
that participants had suffered before the 
research period.

Regarding the anthropometric charac-
teristics of the athletes, 2 variables were 
calculated: BMI, which is defined as the 
ratio of body weight in kilograms to the 
square of height in meters (weight [m]/
height2 [m]), and the derived variable 
BIP, which is determined by multiply-
ing the weight in kilograms by the square 
of the height in meters (weight [kg] × 
height2 [m]) and is proportional to body 
mass moment of inertia.29 Jones et al39 
found that men in the lowest and highest 
quartiles for BMI had a 3-fold increase in 
the incidence of all lower extremity inju-
ries compared with the middle 50% of 
male recruits.

A logistic function (conditional logit) 
was used to determine the importance of 
each factor on the probability of ankle 
sprain occurrence.
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The analysis was conducted in the 
statistic/econometric software Stata. The 
current study recorded an ankle sprain 
as the injury of the ankle joint occurring 
during sports participation (training or 
game) that leads to immediate cessation 
of sporting activity with at least 1 absten-
tion from sports (game or training).40

Results
Table 1 provides a summary of the 

descriptive characteristics of the inde-
pendent variables (age, BMI, and TFA) 
and the dependent variable (ankle sprain 
occurrence), which were used for the 
model of the sample.

Regarding the imbalance of TFA values, 
53.33% of the participants had higher val-
ues in the left leg than in the right leg. 
Thirty percent of those had higher val-
ues in the right leg than in the left, while 
16.66% showed equal values for both 
legs (see Table 2).

Although there was a seemingly asym-
metric size of TFA between the left and 
right legs of each participant, no signif-
icant difference could be detected (P = 
.24). These results confirmed the initial 
estimate that there was no significant dif-
ference between the values of the TFA 
for both legs of the same athlete. In addi-
tion, a correlation test was run, and the 
Pearson product–moment coefficient 
(TFA for both legs) showed a strong posi-
tive correlation (r = 0.88).

The body size variable used in our 
basic analysis was chosen after check-
ing for differences between BMI and 
BIP, which experienced very low corre-
lation (r = 0.35), whereas their averages 
showed a significant statistical differ-
ence (t statistic = 38.1, t critical = 2.01). 
Accordingly, BMI was used in the basic 
regression while BIP was used for the 
robustness tests.

The results (see Table 3) revealed that 
the signs of independent variables were 
generally expected, except that of TFA, 
while the rate of the likelihood ratio (LR) 
was quite good.41

Previous ankle sprain was the most 
important statistical factor (P = .01) fol-
lowed by BMI (P  < .1) and age (P < 
.10). The TFA was not proven to be sta-

tistically significant (P > .1), with a nega-
tive sign.

The independent variable BMI was 
replaced by BIP as an alternative mea-
surement (Table 4). BIP now was the 
most important statistical factor (P < .1), 
followed by age (P < .1). Previous ankle 
sprain was not proven to be a statisti-
cally significant factor (P > .1). The TFA 
remained statistically nonsignificant (P > 
.1). The independent variable age was 
statistically significant (P < .1) with a neg-
ative sign.

In the current study, basketball ath-
letes showed the largest percentage of 
ankle sprains (73%), followed by vol-
leyball athletes (27%) and soccer play-
ers (13%).

In the analysis of variance (ANOVA), 
the dependent variable ankle sprain 
was found to be statistically significant 
(P < .05), while differences were mostly 
found between soccer and basketball 

athletes and basketball and volleyball 
athletes.

Discussion
Soccer is at the top of the list of sports 

in which ankle sprain injuries occur, fol-
lowed by basketball and volleyball.42,43 
However, Beynoon et al44 stated that 
among male athletes, the percentages of 
injuries appear to be higher in soccer, 
but the risk of injury is not significantly 
different from basketball. The results 
of the current study were consistent with 
the findings of other studies regarding 
the incidence of ankle sprains in the 3 
sports, except that the highest incidence 
occurred in basketball players. The mag-
nitude of the TFA in this study did not 
appear to be a potential risk factor for 
such an injury.

The existing literature is divided on 
whether a previous ankle sprain can 

Table 1. 

Descriptive Characteristics

Expected 
Sign

 
n

 
Mean

 
SD

 
Min

 
Max

Dependent variable 
(ankle sprain)

45 0.2 0.40 0.00  1.00

Tibiofemoral angle (+) 45 6.75 3.06 2 19

Age (–) 30 22.8 3.55 18.00 30.00

Body mass index (+) 30 24.17 1.73 20.81 28.94

Previous ankle 
sprain

(+) 45 0.60 0.96  0.00  4.00

Table 2. 

Asymmetry of the Tibiofemoral Angle (TFA)

>Left TFA >Right TFA Equal TFA

Soccer 6 2 2

Basketball 5 3 2

Volleyball 5 4 1

Total 16 (53.33%) 9 (30.00%) 5 (16.66%)
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predispose an athlete to future sprains.45 
Studies in soccer and basketball ath-
letes reached the same conclusion29,40,46-48; 
however, a few studies48-50 found no 
increased risk. The results of the current 
study showed that the variable “previous 
ankle sprain” was statistically significant. 
An additional ankle sprain increased the 
chances for injury by 21% when BMI was 
used. This appeared to be the strongest 
predictive factor in this study.

Age is an additional factor that may 
shape the probability of ankle sprain 
occurrence. The studies of risk factors 
relating to the effects of age report mixed 
results because of the research pro-

cess, which differs depending on sport 
and age categories.51 Some studies have 
shown an increasing frequency of injury 
in older athletes,20,27 whereas others40,52 
have found an increasing frequency of 
injury in younger athletes. Chomiak et al53 
and Soderman et al54 did not find any 
correlation between age and injury. In 
the current study, an athlete’s young age 
seemed to contribute positively to the 
probability of spraining an ankle. The 
athlete’s age was the third most important 
factor when the BMI was used and the 
second when BIP was used. The increase 
over 1 year of age without the existence 
of ankle sprain reduces the likelihood of 

an ankle sprain by 8% when BMI is used 
and by 1% when BIP is used because 
volatility has been absorbed by a previ-
ous sprain.

Anthropometric characteristics signif-
icantly affected the probability of the 
occurrence of ankle sprains. The results 
of univariate analysis of the variables 
weight and height revealed that when 
the athletes’ size increased, the inci-
dence of ankle sprains increased as well. 
These findings are consistent with the 
results of Milgrom et al,29 who stated that 
those who were taller and overweight 
incurred a greater risk of suffering an 
ankle sprain, whereas when weight and 
height are expressed as weight × height2 
(a magnitude that is proportional to the 
mass moment of inertia of the body), 
they were found to be statistically signif-
icant factors for ankle sprain prediction. 
Sitler et al34 showed that although height 
and weight have not been established as 
independent risk factors, when expressed 
as body mass moment of inertia, they 
were found to be statistically signifi-
cant. Tyler et al 55 examined risk factors 
and showed that a previous injury and a 
high BMI are independent risk factors in 
ankle sprain occurrence without contact. 
Moreover, the combination of these 2 fac-
tors had a cumulative effect.

On the other hand, the results of stud-
ies by Willems et al,56 Beynnon et al,26 
McKay et al,40 and Baumhauer et al50 
revealed no significant relationship 
between anthropometric characteristics 
and ankle sprain occurrence.

In our study and in both models, 
anthropometric variables proved to be 
statistically significant because a 1-unit 
increase in BMI increased the likeli-
hood of injury by 13%. When BMI was 
replaced by BIP, the likelihood was 
reduced to 5% for an increase of 10 per-
centage points.

Conclusion
In the current study, the TFA magni-

tude did not seem to be a decisive fac-
tor that could increase the probability of 
spraining an ankle. It could be proposed 
that TFA values will not be the criterion 
for advising athletes. Nevertheless, the 

Table 4.

Results of the Basic Regression in the Total Sample With 
Body Inertia Propensity (BIP)

Independent 
Variable

 
Coefficient

 
SE

z Statistic 
(P Value)

[prob(Y = 1)] 
[1 – prob (Y = 1)]β

Previous ankle 
sprain

 0.69 0.47  1.48 (.138)  0.14

BIP   0.025 0.14  1.84 (.065)   0.005

Age –0.47 0.25 –1.88 (.065) –0.01

Tibiofemoral 
angle

–0.08 0.17 –0.46 (.645)  –0.017

Constant 1.3 3.9 0.36 (.721) –0.27
aLikelihood ratio: 7.86. N = 45. Dependent variable: ankle sprain.

Table 3.

Results of the Basic Regression in the Total Sample With 
Body Mass Index (BMI)a

Independent 
Variable

 
Coefficient

 
SE

z Statistic 
(P Value)

[prob(Y = 1)] 
[1 – prob(Y = 1)]β

Previous ankle 
sprain

 0.98 0.53 1.85 (.065)  0.21

BMI  0.62 0.33 1.89 (.058)  0.13

Age –0.39 0.22 –1.78 (.075) –0.08

Tibiofemoral 
angle

–0.08 0.18 –0.46 (.645) –0.02

Constant –8.2 6.42 –1.28 (.202) –1.71
aLikelihood ratio = 7.86. N = 45. Dependent variable: ankle sprain.
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restrictions of this investigation make this 
conclusion unfounded. The most impor-
tant factors that could affect the probabil-
ity of sustaining an ankle sprain were the 
athlete’s age, anthropometric character-
istics, and prior injuries. Other causative 
factors of this type of injury should be 
examined in more detail (reduced muscle 
strength, balance deficits, reduced pro-
pioception, reduced muscular reaction 
time, and misalignment). Future stud-
ies must be prospective in design, use 
a larger sample size for sufficient statis-
tical power, and provide comparisons 
between men and women and between 
athletes with normal and abnormal TFA 
values. An ideal type of study would be a 
longitudinal prospective study, in which 
a group of asymptomatic participants 
are monitored over time on a regular 
basis for any display of symptoms or any 
change in TFA. This might be the way to 
determine whether the TFA is the cause 
of ankle sprain or if it is caused by ankle 
sprains. 
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