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The �mpact of decreased t�b�al tors�on angle on ankle spra�n �n football

Futbolda lateral ayak b�leğ� burkulmalarında t�b�al tors�yon açısının etk�s�

Ahmet Bayrak 
Faculty of Phys�cal Therapy and Rehab�l�tat�on, Selçuk Un�vers�ty, Konya, Türk�ye

ABSTRACT

Object�ve: Ankle sprains are one of the most common sports-related injuries. Among them, lateral ankle sprains (LAS) predominantly occur as inversi‐
on-type injuries. As a result of LAS, athletes are required to stay away from training/competitions for a certain period, which leads to a decline in their
athletic performance. While the injury mechanisms for inversion-type injuries have been elucidated, it is imperative to investigate anatomical risk fac‐
tors associated with these injuries.
Mater�al and Methods: This study aimed to examine the influence of tibial torsion angle (TTA) in lateral ankle sprains. In the study, the TTA of 67 male
football players was recorded during pre-season evaluations. Among these players, 23 experienced LAS, while 44 did not.
Results: A statistically significant difference in TTA was observed between players who suffered LAS during the season and those who did not
(p<0.05). The findings indicate that individuals with lower TTA are more likely to experience LAS. In addition, a cutoff value analysis revealed that foot‐
ball players with right TTA<11° and left TTA<10° are at an increased risk of injury.
Conclus�on: In conclusion, the tibial torsion angle should be included as a risk factor in pre-season assessments for lateral ankle sprains, and athletes
with low TTA should be integrated into injury prevention programs targeting LAS.
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ÖZ

Amaç: Ayak bileği burkulmaları en sık görülen spor yaralanmalarından biridir. Bu tip yaralanmalar sıklıkla inversiyon tipinde görülen lateral ayak bileği
burkulmalarıdır (LAB). LAB sonucu sporcular belirli bir süre antrenman ve/veya yarışmadan uzak kalmakta, bu durum sporcuların performansının düş‐
mesine neden olmaktadır. İnversiyon tip yaralanmaların mekanizması ortaya konulmuş olmasına rağmen, anatomik risk faktörlerinin araştırılması
gerekmektedir.
Gereç ve Yöntem: Bu çalışmada lateral ayak bileği burkulmalarında tibial torsiyon açısının (TTA) etkisi incelendi. Toplam 67 erkek futbolcunun TTA de‐
ğerleri sezon başı değerlendirmelerde kayıt altına alındı. Futbolcuların 23’ü LAB tipi yaralanma yaşarken 44’ü bunu yaşamadı.
Bulgular: Sezon içinde yaralanan ve yaralanmayan sporcuların TTA’ları arasında istatistiksel olarak anlamlı fark saptandı (p<0.05). Elde edilen bulgulara
göre TTA’sı düşük sporcuların LAB yaşama olasılığı artmaktadır. Bununla birlikte, yaralanma ‘cut-off’ değerlerinin belirlendiği çalışmada sağ tibial torsi‐
yon açısı 11° ve sol tibial torsiyon açısı 10° altında kalan futbolcuların yaralanma riskinin arttığı belirlendi.
Sonuç: Tibial torsiyon açısının lateral ayak bileği burkulmasında bir risk faktörü olarak sezon başı değerlendirmelerinde yer alması ve düşük TTA’sı olan
sporcuların LAB yönünden yaralanma önleme programlarına alınması gerektiği düşünülmektedir.
Anahtar Sözcükler: Spor yaralanması, futbol, lateral ayak bileği burkulmaları, tibial torsiyon açısı

INTRODUCTION
Ankle spra�ns, although predom�nantly of the �nvers�on
type, are character�zed by the excess�ve stretch�ng or te-
ar�ng of l�gaments located �n the lateral aspect of the ankle
(1-3). Approx�mately three-quarters of all ankle spra�ns oc-
cur as �nvers�on-type �njur�es, w�th approx�mately 73% re-
ported as anter�or talof�bular l�gament �njur�es (1-4). These
�njur�es are most commonly observed �n sports that �nvolve
a s�gn�f�cant amount of jump�ng and runn�ng, such as foot-
ball, basketball, and volleyball (2,4-8). The h�gh �nc�dence
rate of acute ankle spra�ns �s partly attr�buted to the �ncre-
ased r�sk of re-�njury follow�ng an �n�t�al ankle spra�n (4).

Ankle spra�ns, wh�ch a�ect approx�mately 1.7 b�ll�on �nd�v�-
duals worldw�de (9), are reported �n two m�ll�on people an-
nually �n the Un�ted States alone (10). Lateral ankle spra-
�ns, occurr�ng at a rate of 1 �n 10,000 �nd�v�duals per day,
represent the most common sports-related �njury (11).

Several factors contr�bute to the suscept�b�l�ty to lateral
ankle spra�ns, �nclud�ng foot �nvers�on, �ncreased body
mass, accelerated concentr�c force of the plantar �exors of
the ankle, decreased propr�ocept�ve percept�on of ankle �n-
vers�on, and delayed react�on t�me of the peroneus brev�s
tendon (12). Wh�le many stud�es have suggested that ankle
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�nvers�on, �nternal rotat�on, and plantar �ex�on play roles
�n the mechan�sm of lateral ankle spra�ns, recent research
has h�ghl�ghted the �mportance of ankle dors��ex�on �n th�s
mechan�sm (13). However, there �s l�m�ted body of l�terature
address�ng the relat�onsh�p between jo�nt pos�t�on and ank-
le anatomy �n the context of ankle spra�ns. Further stud�es
are needed to �nvest�gate the assoc�at�on between jo�nt po-
s�t�on, foot anatomy, and ankle spra�ns (14,15).

In ankle spra�ns, �t �s well recogn�zed that numerous factors
come �nto play, �nclud�ng anatom�cal structure of the foot,
env�ronmental cond�t�ons, and stresses �nherent to the spe-
c�f�c sport (part�cularly those requ�r�ng h�gh sk�ll levels and
�nvolv�ng complex movements) (14-16). However, the exact
�n�uence of anatom�cal r�sk factors on ankle spra�ns has
not been fully clar�f�ed �n ex�st�ng l�terature. Reduc�ng t�b�-
al tors�onal load has been suggested as a potent�al means
to decrease runn�ng-related �njur�es �n athletes, h�ghl�gh-
t�ng �ts place �n �njury prevent�on programs. Nevertheless,
there pers�sts a gap �n knowledge regard�ng th�s subject
(17).

Balance and propr�ocept�on are among the most s�gn�f�cant
r�sk factors for ankle �njur�es (1,18). The �mpact of changes
�n the T�b�al Tors�on Angle (TTA) on balance and propr�-
ocept�on has been �dent�f�ed (17). Wh�le �t has been noted
that �n external t�b�al tors�on, the foot adapts better to spra-
�n stress compared to a neutral foot angle (19), and that
changes �n TTA m�ght �ncrease b�omechan�cal stress �n ath-
letes, lead�ng to ankle �njur�es (18), the e�ect of a decrease
�n t�b�al tors�on angle on ankle spra�ns has not been fully
stud�ed. Ind�v�duals engaged �n d��erent sports may exper�-
ence alterat�ons �n the�r TTA due to the spec�f�c demands of
the�r sport or the exerc�se reg�mens they follow (17). For �ns-
tance, b�omechan�cally, basketball players, who frequently
engage �n jump�ng act�v�t�es, requ�re �nvers�on dur�ng both
the take-o� and land�ng phases. Consequently, ankle spra-
�ns are common among basketball players (20). Therefore,
�nvest�gat�ons �nto t�b�al tors�on (TT) and ankle spra�ns
should be sport-spec�f�c, as th�s approach would allow for a
more object�ve assessment of how TTA changes �n response
to the stress �mposed by a part�cular sport. Accord�ng to l�-
terature, a decrease �n TT angle �s assoc�ated w�th an �ncre-
ased pronat�on, wh�le an �ncrease �n angle leads to a sup�-
nat�on problem. A decreased TT angle makes �t eas�er for
the foot to �nvert due to the sh���ng of the load towards the
lateral s�de of the foot.

The purpose of th�s study �s to determ�ne the �mpact of the
TTA on the r�sk of ankle spra�ns �n football players. Add�t�-
onally, determ�n�ng the sport-spec�f�c cut-o� value for TTA
�s of s�gn�f�cant �mportance �n both understand�ng �ts �m-
pact on ankle spra�ns and �n the development of �njury pre-

vent�on programs ta�lored to each sport. The tested hypot-
heses of the present study were as follows: changes �n TTA
�n profess�onal football players may �ncrease the �nc�dence
of lateral ankle spra�ns. We bel�eve that th�s study w�ll cont-
r�bute to the l�terature on the subject and ass�st �n future
research endeavors related to th�s top�c.

MATERIAL and METHODS
Part�c�pants

The study �nvolved profess�onal football players w�th a m�-
n�mum of f�ve years of exper�ence �n the Turk�sh Super Le-
ague (Table 1). Over the course of f�ve seasons, ankle �njur�-
es of 67 d��erent football players were documented. TTA
measurements of football players were taken and lateral
ankle spra�ns w�th�n a season were tracked. The evaluat�on
revealed that f�ve of the football players frequently exper�-
enced lateral ankle spra�ns dur�ng the�r football careers.
The �ndependent var�able of our study �s the T�b�al Tors�on
Angle, and the dependent var�able �s ankle spra�ns. It has
been planned as an observat�onal cohort study. Players
who had been d�agnosed w�th ankle spra�ns by the club
sports phys�c�an and who had m�ssed a m�n�mum of three
days of tra�n�ng due to the �njury were �ncluded �n the
study. The sever�ty of �njur�es was recorded us�ng MRI �ma-
g�ng. None of the players had any foot deform�t�es. Eth�cal
approval for the study was obta�ned from the Selçuk Un�-
vers�ty, Eth�cs Comm�ttee (25 May 2021, No. 2021/797). Each
part�c�pant was prov�ded w�th �nformat�on about study pro-
cedures and asked to s�gn the �nformed consent form. Furt-
hermore, wr�tten perm�ss�on was obta�ned from the football
club to ut�l�ze the data for sc�ent�f�c research.

Table 1. Phys�cal character�st�cs of the part�c�pants
  LAS Injury  
Parameters Yes (n=23) No (n=44) t value
Age (yr) 25.2±4.1 25.7±4.1 -0.729
We�ght (kg) 78.3±4.9 78.9±3.9 -0.672
He�ght (m) 1.81±0.07 1.82±0.06 -1.317
BMI (kg/m2) 23.9±2.0 23.7±2.0 0.681
BMI: Body mass �ndex

Data Collect�on

TTA measurements were taken and recorded for the athle-
tes at the beg�nn�ng of the season. TTA was determ�ned by
measur�ng the transmalleolar angle. Th�s was performed
w�th the athletes ly�ng face down, knees �exed at 90°. The
m�dpo�nts of the med�al and lateral malleol� were connec-
ted to create a l�ne under the heel. The angle between th�s
l�ne and a l�ne drawn perpend�cular to �t and �ntersect�ng
w�th the femur l�ne prov�ded the transmalleolar angle (21).
Although the gold standard method for measur�ng T�b�al
Tors�on Angle �s CT (Computed Tomography), stud�es have
shown a s�gn�f�cantly good correlat�on and rel�ab�l�ty bet-
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Table 3. TTA and cut-o� values based on �njury status
  AUC Z p SE 95% CI Sens�t�v�ty Spec�f�c�ty Cut-o� YI
RTT 0.97 29.847 <0.001 0.016 0.897-0.997 95.7 86.4 ≤11 0.820
LTT 0.96 19.431 <0.001 0.023 0.874-0.991 87.0 88.6 ≤10 0.756
RTT: r�ght t�b�al tors�on, LTT: left t�b�al tors�on; SE: standard error, CI: conf�dence �nterval, YI: Youden �ndex. Cut-o� and AUC values obta�ned from the ROC analys�s.
Threshold po�nts determ�ned based on the h�ghest YI value.

ween gon�ometr�c measurement and CT-ass�sted measure-
ment of t�b�al tors�on (22). Gon�ometr�c measurement has
been preferred as �t �s a rel�able and cost-e�ect�ve tool for
determ�n�ng t�b�al tors�on, and also because �t lacks the ra-
d�at�on exposure present �n CT.

Stat�st�cal Analys�s

The normal�ty of angle d�str�but�ons for each group was as-
sessed us�ng the Shap�ro-W�lk test. An �ndependent t-test
was employed to compare normally d�str�buted r�ght and
le� t�b�al tors�on angles between �ndependent groups. The
Rece�ver Operat�ng Character�st�c (ROC) analys�s was used
to determ�ne the threshold value for b�nary class�f�cat�on of
r�ght and le� angles (presence/absence of �njury). Cut-o�
values determ�ned based on the h�ghest Youden �ndex and
the area under the ROC curve (AUC) values are presented �n
Table 3. The level of stat�st�cal s�gn�f�cance was set at
p<0.05. Stat�st�cal calculat�ons were performed us�ng JAMO-
VI v1.2.27.

RESULTS
It was found that the football players' age, we�ght, he�ght,
and body mass �nd�ces were s�m�lar among the groups w�th
and w�thout �njur�es (p>0.05) (Table 1). The r�ght and le�
TTA measurements were s�m�lar (p>0.05) As seen �n Table 2,
the r�ght and le� TTA values of players who exper�enced
ankle spra�ns were s�gn�f�cantly lower than those of the pla-
yers who d�d not exper�ence �njur�es (z=29.847, z=19.431,
p<0.05, respect�vely).

Table 2. Compar�son of T�b�al Tors�on Angles
  LAS Injury    
Angle Yes (n=23) No (n=44) z value p value
R�ght t�b�al tors�on(°) 7.2±2.6 16.1±4.2 29.847 0.001
Left t�b�al tors�on (°) 7.7±2.9 16.3±4.3 19.431 0.001

ROC analys�s �s a valuable analyt�cal method that contr�bu-
tes s�gn�f�cantly to cl�n�cal dec�s�on-mak�ng processes when
deal�ng w�th s�tuat�ons where the d�agnost�c process �s
t�me-consum�ng, expens�ve, requ�r�ng spec�al�zed equ�p-
ment and personnel. It prov�des a means to determ�ne app-
ropr�ate cut-o� values for read�ly ava�lable, cost-e�ect�ve,
and eas�ly obta�nable markers �n a short t�me (23). Scores
obta�ned through L�near D�scr�m�nant Analys�s, Quadrat�c
D�scr�m�nant Analys�s and Log�st�c D�scr�m�nant Analys�s
were separately subjected to parametr�c and non-paramet-
r�c ROC curve methods. The area under the ROC curve
(AUC), opt�mum cut-o� po�nts, sens�t�v�ty, spec�f�c�ty, and
Youden �ndex values were determ�ned. The cut-o� values
were determ�ned cons�der�ng the cond�t�on where the Yo-
uden �ndex was max�m�zed, wh�ch represents the opt�mum
cut-o� po�nt based on the select�on of sens�t�v�ty and spec�-
f�c�ty (24). As the AUC value approaches 1, the excellence of
the model �ncreases. For r�ght TTA, an 0.97 AUC value was
obta�ned, and based on a 0.82 Youden �ndex, a cut-o� value
of 11° was determ�ned. S�m�larly, for le� TTA, an 0.96 AUC
value was obta�ned, and based on a 0.75 Youden �ndex, a
cut-o� value of 10° was establ�shed (Table 3).

It �s w�dely accepted that as the area under the ROC curve
approaches 1, the d�agnost�c accuracy �ncreases. The opt�-
mal pos�t�ve l�kel�hood rat�o threshold value �s the one that
prov�des the po�nt closest to the upper-le� corner on the
curve. Upon exam�nat�on of the ROC graph, a sens�t�v�ty of
95.7% and spec�f�c�ty of 86.4% were �dent�f�ed as the values
closest to the upper-le� corner for r�ght TTA. For le� TTA, a
sens�t�v�ty of 87.0% and spec�f�c�ty of 88.6% were determ�-
ned as the values closest to the upper-le� corner. In the
ROC curve, an area value of 100% corresponds to a d�ag-
nost�c power of 1. The convergence of the curve to 100%
sens�t�v�ty �n the upper-le� corner for both r�ght and le�
TTA �nd�cates that the f�nd�ngs obta�ned, �n conjunct�on
w�th the threshold value, have a strong d�agnost�c value
(F�gure 1). F�gure 1.  Roc curve
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DISCUSSION
In our study �nvolv�ng profess�onal football players, the s�-
m�lar�ty found between the r�ght and le� TTA �s cons�stent
w�th the l�terature. Prev�ous stud�es have not found a s�gn�-
f�cant d��erence between extrem�t�es �n TTA measurements
(25). In adult men, TTA measurements have y�elded results
rang�ng from 19.0±4.8 to 41.0±8.8 degrees (22). In our study,
we obta�ned 16.1±7.2 and 16.3±7.7 TTA. The d��erence bet-
ween our results and the l�terature may be due to the fact
that the study �n the l�terature was conducted on sedentary
male groups. Furthermore, study�ng TTA measurements �n
�nd�v�duals w�th developed deformat�ons w�ll also result �n
d��erences (22). Our study exclus�vely �ncludes profess�onal
male football players. The d��erence emerg�ng �n the l�tera-
ture due to sports act�v�t�es (17) and populat�on d��erences
(25) s�gn�f�cantly �n�uences TTA. Jo�nt anatomy �s recogn�-
zed as an �ntr�ns�c r�sk factor for �njury (26). However, there
�s a dearth of l�terature regard�ng anatom�cal �n�uences on
ankle spra�ns. Therefore, there �s a need for further rese-
arch on th�s top�c (14). Ident�fy�ng ankle �njury r�sk factors
�s cruc�al for the development of prevent�on programs and
m�n�m�z�ngthe �nc�dence of �njur�es (15,27).

In the study, �t was observed that football players who ex-
per�enced lateral ankle spra�ns (LAS) had s�m�lar age, we-
�ght, he�ght and BMI w�th those who d�d not exper�ence
LAS. However, a s�gn�f�cant d��erence �n t�b�al tors�on ang-
les (TTA) was �dent�f�ed between athletes w�th and w�thout
LAS. Athletes who exper�enced th�s type of �njury had lower
TTA values, and a relat�onsh�p was establ�shed between the
decrease �n TTA angle and the r�sk of �njury. Cut-o� values
were determ�ned between athletes' �njur�es and TTA based
on the ROC analys�s results. It was found that a reduct�on �n
r�ght t�b�al tors�on angle <11° and le� t�b�al tors�on angle
<10° �ncreased the r�sk of �njury. No prev�ous study �n the
l�terature has reported cut-o� values for TTA �n ankle spra-
�ns or �dent�f�ed the spec�f�c values that pose a r�sk. Furt-
hermore, there are very few stud�es that �llustrate the relat�-
onsh�p between TTA and LAS (16).

In a study compar�ng the runn�ng b�omechan�cs of female
athletes w�th ankle �nstab�l�ty and those w�thout spra�ns, �t
was reported that foot �nvers�on �ncreased s�gn�f�cantly �n
women w�th ankle �nstab�l�ty severe enough to cause con-
cern (28). A cadaver study that �nvolved model�ng the l�ga-
ments and bones of the ankle, and the mechan�sm of late-
ral ankle �njury reported that the pr�mary e�ect dur�ng �n-
jury should be cons�dered as the �nternal rotat�on of the
foot. Mac�ntyre and Joy (29) also �ncluded the �mpact of
TTA on ankle �njur�es among dancers �n the�r l�st of �ntr�n-
s�c �njury r�sks. These f�nd�ngs al�gn w�th our study, as an
�ncreased tendency toward �nternal rotat�on along w�th

changes �n TTA was observed.Changes �n TTA have been
noted to cause alterat�ons �n pressure w�th�n the ankle jo�nt
(30). McCarthy and colleagues suggested that �nternal t�b�al
tors�on could lead to syndesmot�c �njur�es (31). The decre-
ase �n TTA we observed �s cons�stent w�th the �dea that �n-
ternal t�b�al tors�on could result �n lower extrem�ty al�gn-
ment d�sorders s�gn�f�cant enough to cause �njur�es, l�kely
due to pressure changes on the ankle jo�nt, lead�ng to an
�ncreased r�sk of ankle spra�ns.

One study wh�ch �nvest�gated the anatom�cal r�sk factors
for lateral ankle �njur�es �n adolescent athletes reported
that TTA d�d not �n�uence ankle spra�ns (16). The mean age
of the players �n th�s study was 14.5 ± 3.0 years, and TTA's
values of football, basketball, volleyball and handball pla-
yers were compared �n the�r study. As ankle k�nemat�cs va-
r�ed w�th�n each sports branch, ankle �njury mechan�sms
also d��ered. Therefore, �t was reported that establ�sh�ng a
relat�onsh�p between TTA and ankle spra�ns based solely
on mean values across sports may not y�eld accurate re-
sults. Wh�le Sak� et al. reported that TTA had no e�ect on
ankle spra�ns, �t �s �ntr�gu�ng that non-�njured athletes had
lower mean values of 8.8 ± 5.5°, compared w�th 7.4 ± 5.0° �n
�njured athletes. TTA completes �ts development at the age
of 18. However, s�nce th�s study focused on athletes aged
14-16, d��erent results may have been obta�ned. In the same
study, a relat�onsh�p was �dent�f�ed between nav�cular drop
and ankle spra�ns (16). Accord�ng to l�terature, a decrease
�n t�b�al tors�on angle leads to an �ssue of overpronat�on
(32,33). The development of nav�cular drop due to overpro-
nat�on al�gns w�th our perspect�ve that �t may be assoc�ated
w�th TTA.

L�m�tat�ons of the Study

In th�s study, �n order to control some of the factors contr�-
but�ng to ankle spra�ns, the research group cons�sted of
players compet�ng �n the same team and under the same
f�eld cond�t�ons. Therefore, external stress and ground re-
act�on e�ects were cons�dered to be s�m�lar and stable. The
�n�uence of age was standard�zed as the research group
cons�sted of young adult players. The �mpact of health and
techn�cal sta� on ankle spra�ns was assumed to be s�m�lar,
and s�nce all players were el�te athletes, they were subjec-
ted to the same protect�on and prevent�on programs. These
factors collect�vely enhanced the observab�l�ty of the e�ect
of t�b�al tors�on �n a soccer team. Therefore, a healthy se-
dentary group was not �ncluded �n the study. Among our
l�m�tat�ons �s the fact that general jo�nt lax�ty tests were not
conducted, and the relat�onsh�p between TTA and the seve-
r�ty of �njur�es was not exam�ned.
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CONCLUSION
The f�nd�ngs obta�ned from our study, wh�ch followed pro-
fess�onal football players for a per�od of f�ve years, �nd�ca-
ted that a decrease �n t�b�al tors�on angle �s assoc�ated w�th
an �ncreased �nc�dence of ankle spra�n-type �njur�es. In fo-
otball, a sport that frequently �nvolves runn�ng and d�rect�-
onal changes, t�b�al tors�on angle should be cons�dered as a
r�sk factor �n prevent�ng ankle �njur�es. We bel�eve that our
study contr�butes to the l�terature by h�ghl�ght�ng the �m-
portance of TTA �n terms of lower extrem�ty al�gnment, and
�nd�cat�ng the l�kel�hood of LAS when TTA falls below cer-
ta�n values �n football players. Includ�ng players w�th TTA
values <11° for the r�ght foot and <10° for the le� foot �n
ankle �njury prevent�on programs �s expected to reduce the
�nc�dence of such �njur�es and emphas�ze the �mportance of
cons�der�ng TTA as a cr�ter�on �n pre-season assessments.
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