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Introduction
Ankle sprains are amongst the most common injuries of 

the locomotory system in athletes, constituting up to 34.3% 
of sports-related trauma [1]. Lateral ankle ligament lesions 
predominate in such injuries [2]. Literature provides a large 
number of studies on the risk factors contributing to their 
development [3-6]. Beynnon, et al. subdivided ankle sprain 
risk factors into exogenous and endogenous [3].

As for the exogenous risk factors, footwear used by athletes 
is of critical importance. High-heeled shoes or footwear 
containing air cells, increase the risk of ankle injuries. 
According to numerous authors, it is neither the position 
of sportsmen during a match nor the level of the game that 
contribute to the risk of these fractures [3,5]. However, some 
believe ankle sprains are prone to occur more frequently in 

the later stages of the game, speci ically during the second half 
or towards the end of the irst half [7].

A previous sprain history is found to be the most crucial 
endogenous risk factor [5]. Pasanen, et al. showed that 47% of 
ankle sprains sustained by basketball players were recurrent 
[8]. This is because earlier sprains may extend the reaction 
time due to the neuroreceptor lesions induced by previous 
injuries [3]. Hosea, et al. also proposed the female gender as 
a risk factor, reporting the risk of primary sprains to be 25% 
higher in girls than in boys of the same age [6]. 

Others have mentioned laxity of the ankle joint to be 
another contributor to ankle injuries. However, as the results 
of clinical tests – both the anterior drawer test and the talar tilt 
test - are evaluated subjectively, the already-published studies 
on the in luence of laxity on ankle sprains vary in results. 

Abstract 

Study design: Descriptive study.

Background: Many risk factors contributing to ankle sprains have been studied in medical 
literature with coordination and balance being two of the major endogenous factors described. 
These are infl uenced by lateralization – a developmental and adaptive ability determined by 
the asymmetrical construction of the human brain, with cross-laterality referring to mixed limb 
dominance.

Objectives: To determine whether cross lateralization is a risk factor for the severity of 
ligamentous injuries in ankle sprains since no data is yet available on such correlation. 

Methods: Two hundred forty-four patients with acute ankle sprains (136 men and 108 
women) were prospectively evaluated between April 2006 and March 2009. The mean age was 
30 (ranging from 18 to 76). Clinical and ultrasonographic examinations were performed on the 
study subjects. Laterality was then assessed by the Coren questionnaire and the AOFAS score 
was calculated. Patients with syndesmotic injuries and fractures were excluded from the study. 
Those qualifi ed were divided into straight and crossed groups, according to their laterality type. 

Results: One hundred forty-four patients displayed straight lateralization, while cross-laterality 
was found in 100 subjects. Patients in the crossed group experienced more multi-ligamentous 
injuries than those in the straight group (p = 0.02). Following trauma, a higher AOFAS score was 
attributed to subjects that displayed a straight lateralization pattern, in comparison to subjects 
presenting with crossed laterality (p = 0.04).

Conclusion: Crossed lateralization is associated with higher severity of ligament injuries in 
ankle sprains and may be considered a risk factor for calcaneofi bular ligament injuries.
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Nonetheless, it is believed that a positive result of the anterior 
drawer test correlates with a higher incidence of sprains, 
while the talar tilt test does not allow for an unambiguous risk 
estimation [4]. 

Moreover, more frequent ankle sprains have been 
attributed to patients with increased body weight [9] and 
balance disturbances – most commonly measured as an 
inclination of the body’s center of gravity on a dynamic 
platform [3], whereas balance training in athletes has been 
shown to reduce the occurrence of these injuries [10].

One of the endogenous factors in luencing our coordination 
and balance is lateralization, a developmental and adaptive 
ability determined by the asymmetrical construction of the 
human brain. The majority of the human population has 
unilateral right-sided laterality: domination of the right eye 
(right-eyedness), hand (right-handedness), and leg (right-
leggedness). Right-handedness is usually established by the 
age of 2-3 years while left-handedness is by the age of 3-4 
years. De inite lateralization of motoric abilities is established 
by the age of 6. There are three models of lateralization: 
straight, cross, and unsteady [11]. 

Cross-laterality refers to both cerebral hemispheres 
exercising control over different organs. Thus, people with 
this kind of lateralization may have dominant organs on both 
sides of the body’s lengthwise axis. They may, for example, 
be right-eyed and left-handed or right-handed, left-eyed 
and right-legged. This kind of mixed dominance may cause 
a number of problems, such as a tendency to distraction, 
dif iculties in three-dimensional orientation, uncertainty in 
the determination of the left or right side of one’s body, or even 
dif iculties with decision-making. Moreover, they may suffer 
from disturbances of visual-motoric coordination, which – in 
turn - may cause problems in writing, reading, or performing 
motoric activities. Consequently, this may be aggravated by 
stress. Non-typical lateralization should not be of concern 
unless accompanied by any sort of dysfunction, e.g. motoric, 
visual, orientational, or secondary emotional disruption. 

There are several psychological tests used to estimate 
laterality, including the “right-left” Piaget test [4], the Zazzo 
trial [12], or the handedness questionnaire developed by 
Old ield [13]. In our study, the Coren questionnaire [11] was 
applied to assess handedness, leggedness, eyedness, and 
earnest by testing basic activities, such as writing, throwing, 
handling a tennis racket, kicking, etc. The dominant side is 
determined by a number of test scores. 

To our knowledge, limited research has been carried out 
on the correlation between leg dominance and limb fractures 
but this is the irst analysis of the in luence of lateralization on 
ankle sprains and brain laterality being a potential risk factor 
for these injuries. The objective of our study was to evaluate 
the in luence of laterality on the severity of ligamentous 
injuries in ankle sprains.

The results of this study are sent for publication now, but 
the research has been carried out in the years 2006-2009. 
The irst author sets forth the explanation for the delay in 
publication: “I have spent the last several years developing 
my own orthopedic clinic, hence due to time and resource 
constraints I have been unable to publish my research.

Materials and methods
The approval of the ethics committee was not required 

at the time the research was performed. All consecutive 
patients diagnosed with acute ankle sprains were 
prospectively evaluated between April 2006 and March 
2009. After anamnesis, patients underwent standard clinical 
examinations comprising the talar shift and anterior drawer 
tests. The radiographic examination involved anteroposterior 
and lateral projections, and ultra-sonography of both ankles. 
The following inclusion criteria were applied: irst-time, 
acute ankle sprain, no history of trauma of the involved leg, 
and an age above 18 years. Patients with systemic disorders, 
fractures, and syndesmotic injuries were excluded from the 
study group. 

Data was collected from the study subjects on age, gender, 
and side of injury, the AOFAS score was calculated at [14] and 
laterality was assessed through the Coren questionnaire [11]. 
The patients were divided into two groups according to their 
laterality type. The irst group was made up of subjects with 
a straight eye-hand lateralization (straight group), while the 
second group consisted of patients with a crossed eye-hand 
lateralization (crossed group). We decided to use eye-hand 
laterality as a parameter rather than eye-leg lateralization 
since 50% of the healthy population had not had an established 
laterality model for lower extremities.

Statistical analysis 

To statistically analyze results, the non-parametric equality 
test for two fractions and the chi-square Pearson’s test were 
used with the p - value of 0.05 [15].

Results 
Two hundred forty-four patients were involved in the 

study (136 men and 108 women). The mean age was 30 years 
(ranging from 18 to 76 years). In 122 cases, the right ankle 
was sprained (60 women, 72 men), while in 112 - the left 
ankle (48 women, 64 men). 

One hundred forty-four patients presented with straight- 
and one hundred displayed crossed lateralization, respectively. 

The differences in the distribution according to gender 
are presented in Table 1 and have no statistical signi icance. 
The effects of the severity of injury examined with the ultra-
sonographic examination are shown in Table 2.

Infl uence of lateralization

Patients with cross lateralization experienced multi-
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ligamentous injuries more frequently than those with 
a straight lateralization pattern and this difference was 
statistically signi icant (p = 0,02, chi = 5,35). The ratio of 
single ligament injury to multi-ligamentous injury was 1.25 in 
the straight group and 3.17 in the crossed group, respectively 
(Table 3). 

AOFAS score results 

The mean AOFAS score after trauma was 62. All AOFAS 
scores are presented in Table 4. A statistical difference between
laterality groups was observed. 

Discussion 
The in luence of lateralization on movement precision, 

three-dimensional orientation, and correct writing is well 
known but, to our knowledge, no data on the effect of laterality 
on injury and trauma to the ankle has been published so far. 
Yet, several analyses of the in luence of limb dominance on the 
incidence of locomotory system injuries are available. 

Pekkarinen, et al. analyzed the correlation between the 
dominant hand and injuries and concluded that the risk of 
injury in the ambidextrous population is only insigni icantly 
higher [16]. 

Ekstrand and Gillquist [5] found a considerably higher 

risk of ankle injury in the dominating leg in football players, 
observing that 92% of ankle injuries involved the dominant 
lower limb. This was further studied by DeLang, et al. who 
noted a higher incidence of injuries in the dominant limbs of 
soccer players [17]. Some authors believe that the dominant 
lower limb is at greater risk because of the higher demands 
and larger loads the majority of athletes place on them, while 
the non-dominant ankle has a more ef icient protective 
mechanism due to greater lexor activity during excessive 
joint motion [18]. One study noted a 10-millisecond difference 
in latency of the peroneus longus muscle between both limbs, 
showing that the time it takes for the muscle to respond to 
ankle inversion is greater in the dominant limb [19]. As the 
peroneus longus acts as the primary active defense against 
lateral ankle injuries, greater latency in its activity increases 
the risk of sprains [19]. 

Noteworthily, indings of other authors – such as Beynnon, 
et al. [4] or Surve, et al. [20] - do not con irm the relationship 
between limb dominance and a higher risk of injury in football 
players, ield hockey, or lacrosse players. When identifying the 
risk factors for hamstring muscle injuries, Freckleton, et al. did 
not ind any signi icant differences between the dominant and 
non-dominant leg [21]. Potential reasons for this discrepancy 
could lie in the methodology of the studies and the complexity 
of ankle injury risk factors. A study by Mason, et al. suggests 
risk factors for ankle injuries might be unique for each gender 
– attributing a previous sprain history and higher BMI to 
male factors while correlating female ankle sprains with 
lower concentric dorsi lexion strength only [22]. According 
to their meta-analysis, only 20.2% of the pooled sample size 
constituted females, highlighting the lack of female-speci ic 
research and the discrepancy between the results for both 
genders. 

Another limitation of the subject of our research is that 
limb dominance can be task-speci ic [23]. Similarly to limb 
preference, the superiority of one limb in a speci ic task does 
not exclude its inferiority in another – it is, therefore, possible 
that there is a discrepancy between the studies’ chosen 
assessments for limb dominance and its in luence on ankle 
injuries [24].

Moreover, no research has been found studying the 
in luence of lateralization on accidental injuries. Kimmerle 
noted the lack of laterality data in research, mentioning 
reports rarely take into account the side of the body that was 
injured, disqualifying the possibility of body asymmetry being 
a risk factor for these injuries [25]. 

The objective of our study was to establish the in luence of 
lateralization on locomotor trauma severity. We evaluated not 
only the effect of extremity domination but also, the impact 
of laterality on the severity of the injury. As lateralization is 
especially pronounced in the upper limb, the combination 
of eye and upper limb domination was used to divide the 

Table 1: Laterality type of the studied group according to gender.
Straight Lateralization Group Crossed Lateralization Group

Men 76 60
Women 68 40

Total 144 100

Table 2: Ligament injuries in ultrasonography according to laterality type.

Number of patients
Injury

Right Ankle Left Ankle
ATFLa ATFL+CFLb ATFL ATFL+CFL

Straight Group 144 36 40 28 40
Crossed Group 100 12 44 12 32

Total 244 48 84 40 72
a ATFL: Anterior Tibiofi bular Ligament; bCFL: Calcaneofi bular Ligament

Table 3: The severity of injury according to laterality type.
Laterality type ATFLa ATFL+CFLb ATFL+CFL / ATFL ratio
Straight Group 64 (44%) 80 (56%) 1.25
Crossed Group 24 (24%) 76 (76%) 3.17 (p = 0.02, chi = 5.35)

a ATFL: Anterior Tibiofi bular Ligament; bCFL: Calcaneofi bular Ligament 

Table 4: AOFAS scores according to lateralization, age and gender.
Varia Subgroups AOFAS score p - value

Laterality
Straight group 71

p = 0.04
Crossed group 57

Gender
Men 65

p > 0.05*
Women 58

Age (years)
18 - 45 62

p > 0.05*
> 45 53

Side
Right 59

p > 0.05*
Left 64

* Non-signifi cant p - value
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examined population into “straight” and “crossed” lateralized 
groups. We did not evaluate the relationship between lower 
extremity laterality and the severity of the injury.

The type of trauma analyzed was that of ankle sprains. 
To maintain a uniform group, only patients with the most 
prevalent ankle sprain pattern were included, limiting 
the study to an anterior talo ibular ligament (ATFL) and 
calcaneo ibular ligament (CFL) ruptures. Any other injury 
patterns such as “high ankle sprains” were excluded. 

Due to its high sensitivity and speci icity in the assessment 
of ankle ligaments, ultrasonography was used to establish 
the number of ligamentous injuries. D’Erme [26] reported 
a concordance of 85% and 67%, respectively, between 
ultrasonographic examination and magnetic resonance 
imaging (MRI) in the diagnosis of ATFL and CFL damage. This 
is also supported by Milz, et al. [27] who found that ultrasound 
and MRI were concordant in 13 out of 14 damaged anterior 
talo ibular ligaments and in all damaged calcaneo ibular 
ligaments.

This study enabled us to examine the in luence of the 
lateralization pattern on the severity of trauma to the ankle 
joint. 

Patients with cross laterality suffered more severe ankle 
ligament injuries. Moreover, they performed worse in several 
clinical scores. Other factors in luencing prognosis included 
age and sex - worse prognostic factors were attributed to 
women and people over 45 years of age. 

Establishing a lateralization type may have practical 
implications. Our results suggest that more complex injuries 
and worse treatment results may be expected in patients with 
cross-laterality, potentially leading to additional diagnostic 
requirements and more intensive rehabilitation. In our view, 
establishing cross-lateralization may be a crucial prognostic 
factor.

Conclusion
Cross-lateralization is associated with higher severity of 

ligament injuries in ankle sprains and may be considered a 
risk factor for CFL injuries.

Key points

Findings: Patients with cross-lateralization experienced 
multi-ligamentous injuries more frequently than those with a 
straight laterality pattern. 

The mean AOFAS score after trauma was signi icantly 
lower among subjects with cross lateralization. 

Implications: More prevention exercises and longer 
rehabilitation protocols are recommended for patients with a 
cross-laterality pattern. 

Caution: Our indings were based on clinical and 
ultrasonographic examinations. 

References
1. Fong DT, Hong Y, Chan LK, Yung PS, Chan KM. A systematic review 

on ankle injury and ankle sprain in sports. Sports Med. 2007;37(1):73-
94. doi: 10.2165/00007256-200737010-00006. PMID: 17190537.

2. Doherty C, Delahunt E, Caulfi eld B, Hertel J, Ryan J, Bleakley C. The 
incidence and prevalence of ankle sprain injury: a systematic review 
and meta-analysis of prospective epidemiological studies. Sports 
Med. 2014 Jan;44(1):123-40. doi: 10.1007/s40279-013-0102-5. PMID: 
24105612.

3. Beynnon BD, Murphy DF, Alosa DM. Predictive Factors for Lateral 
Ankle Sprains: A Literature Review. J Athl Train. 2002 Dec;37(4):376-
380. PMID: 12937558; PMCID: PMC164368.

4. Beynnon BD, Renstrom PA, Alosa DM, et al. Ankle ligament injury risk 
factors: a prospective study of college athletes. J Orthop Res. 2001 
19(2), 213-220.

5. Ekstrand J, Gillquist J. Soccer injuries and their mechanisms: a 
prospective study. Med Sci Sports Exerc. 1983;15(3):267-70. doi: 
10.1249/00005768-198315030-00014. PMID: 6621313.

6. Hosea TM, Carey CC, Harrer MF. The gender issue: epidemiology of 
ankle injuries in athletes who participate in basketball. Am J Sports 
Med. 1982; 10:297-299. 

7. de Noronha M, Lay EK, Mcphee MR, Mnatzaganian G, Nunes GS. 
Ankle Sprain Has Higher Occurrence During the Latter Parts of 
Matches: Systematic Review With Meta-Analysis. J Sport Rehabil. 
2019 May 1;28(4):373-380. doi: 10.1123/jsr.2017-0279. Epub 2019 
Feb 4. PMID: 29809104.

8. Pasanen K, Ekola T, Vasankari T, Kannus P, Heinonen A, Kujala 
UM, Parkkari J. High ankle injury rate in adolescent basketball: A 
3-year prospective follow-up study. Scand J Med Sci Sports. 2017 
Jun;27(6):643-649. doi: 10.1111/sms.12818. Epub 2016 Dec 29. 
PMID: 28033652.

9. Kobayashi T, Tanaka M, Shida M. Intrinsic Risk Factors of Lateral 
Ankle Sprain: A Systematic Review and Meta-analysis. Sports Health. 
2016 Mar-Apr;8(2):190-3. doi: 10.1177/1941738115623775. PMID: 
26711693; PMCID: PMC4789932.

10. de Vasconcelos GS, Cini A, Sbruzzi G, Lima CS. Eff ects of proprioceptive 
training on the incidence of ankle sprain in athletes: systematic review 
and meta-analysis. Clin Rehabil. 2018 Dec;32(12):1581-1590. doi: 
10.1177/0269215518788683. Epub 2018 Jul 12. PMID: 29996668.

11. Coren S. The left-hander syndrome. New York: 1-st Vintage books. 
1993

12. Zazzo R. Methods of psychological examination of a child. Warsaw: PZWL.

13. Oldfi eld RC. The assessment and analysis of handedness: the 
Edinburgh inventory. Neuropsychologia. 1971 Mar;9(1):97-113. doi: 
10.1016/0028-3932(71)90067-4. PMID: 5146491.

14. Kitaoka HB, Alexander IJ, Adelaar RS. Clinical rating systems for the 
ankle-hindfood, mid-foot, hallux and lesser 310 toes. Foot Ankle Int. 
1994; 15:135-149.

15. Sobczyk M. Statistics [in Polish]. Warsaw: PWN. 2002 

16. Pekkarinen A, Salminen S, Järvelin MR. Hand preference and risk 
of injury among the Northern Finland birth cohort at the age of 30. 
Laterality. 2003 Oct;8(4):339-46. doi: 10.1080/13576500244000283. 
PMID: 15513230.

17. DeLang MD, Salamh PA, Farooq A, Tabben M, Whiteley R, van 
Dyk N, Chamari K. The dominant leg is more likely to get injured in 
soccer players: systematic review and meta-analysis. Biol Sport. 2021 
Sep;38(3):397-435. doi: 10.5114/biolsport.2021.100265. Epub 2020 
Oct 28. PMID: 34475623; PMCID: PMC8329968.



The lateralization pattern has an infl uence on the severity of ankle sprains

https://www.heighpubs.org/jsmt 020https://doi.org/10.29328/journal.jsmt.1001066

18. Niu W, Wang Y, He Y, Fan Y, Zhao Q. Kinematics, kinetics, and 
electromyogram of ankle during drop landing: a comparison between 
dominant and non-dominant limb. Hum Mov Sci. 2011 Jun;30(3):614-
23. doi: 10.1016/j.humov.2010.10.010. Epub 2011 Mar 24. PMID: 
21439665.

19. Kobayashi T, Tanaka M, Shida M. Intrinsic Risk Factors of Lateral 
Ankle Sprain: A Systematic Review and Meta-analysis. Sports Health. 
2016 Mar-Apr;8(2):190-3. doi: 10.1177/1941738115623775. PMID: 
26711693; PMCID: PMC4789932.

20. Surve I, Schwellnus MP, Noakes T, Lombard C. A fi vefold reduction 
in the incidence of recurrent ankle sprains in soccer players using the 
Sport-Stirrup orthosis. Am J Sports Med. 1994 Sep-Oct;22(5):601-6. 
doi: 10.1177/036354659402200506. PMID: 7810782.

21. Freckleton G, Pizzari T. Risk factors for hamstring muscle strain injury 
in sport: a systematic review and meta-analysis. Br J Sports Med. 2013 
Apr;47(6):351-8. doi: 10.1136/bjsports-2011-090664. Epub 2012 Jul 4. 
PMID: 22763118.

22. Mason J, Kniewasser C, Hollander K, Zech A. Intrinsic Risk Factors for 
Ankle Sprain Diff er Between Male and Female Athletes: A Systematic 
Review and Meta-Analysis. Sports Med Open. 2022 Nov 18;8(1):139. 
doi: 10.1186/s40798-022-00530-y. PMID: 36399159; PMCID: PMC
9674823.

23. Virgile A, Bishop C. A Narrative Review of Limb Dominance: Task 
Specifi city and the Importance of Fitness Testing. J Strength Cond Res. 
2021 Mar 1;35(3):846-858. doi: 10.1519/JSC.0000000000003851. 
PMID: 33470600.

24. Dos’Santos T, Bishop C, Thomas C, Comfort P, Jones PA. The eff ect 
of limb dominance on change of direction biomechanics: A systematic 
review of its importance for injury risk. Phys Ther Sport. 2019 
May;37:179-189. doi: 10.1016/j.ptsp.2019.04.005. Epub 2019 Apr 9. 
PMID: 30986764.

25. Kimmerle M. Lateral bias, functional asymmetry, dance training and 
dance injuries. J Dance Med Sci. 2010;14(2):58-66. PMID: 20507722.

26. D’Erme M. Le lesioni dei legamenti collaterali del collo del piede: 
diagnosi e follow-up con risonanza magnetica ed ecografi a [Lesions 
of the collateral ligaments of the ankle: diagnosis and follow-up 
with magnetic resonance and ultrasonography]. Radiol Med. 1996 
Jun;91(6):705-9. Italian. PMID: 8830353.

27. Milz P, Milz S, Steinborn M, Mittlmeier T, Putz R, Reiser M. Lateral 
ankle ligaments and tibiofi bular syndesmosis. 13-MHz high-frequency 
sonography and MRI compared in 20 patients. Acta Orthop Scand. 
1998 Feb;69(1):51-5. doi: 10.3109/17453679809002357. PMID: 
9524519.


