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Abstract

Streszczenie

Introduction and objective: Achilles tendon rupture is the most common sports injury. The aim of the study was to analyse
the cause-effect correlation between the occurrence of foot dysfunction and Achilles tendon rupture in male athletes. Materials
and methods: The study included 41 men who were treated for Achilles tendon rupture, and a control group of 40 men who
met the same criteria, but had no history of Achilles tendon rupture. Each participant underwent the following examinations:
orthopaedic examination, plain standing foot radiographs, and foot examination on the gait platform. The final stage was an
experimental study in the field of biomechanics of the musculoskeletal system of the lower limbs, with an assessment of forces
arising in the Achilles tendon and statistical analyses of all obtained results. Results: Plain foot radiographs and examination
on the gait platform showed that the feet in the study group had significantly more abnormalities compared to the control
group. Planovalgus foot deformity was far more frequent in the study group on plain radiographs. The forefoot was overloaded
much more often in the study group, and the foot was placed in excessive abduction, which is characteristic of planovalgus
foot. The experimental study shows that the force in the Achilles tendon increases with increasing load on the forefoot.
Conclusions: Planovalgus foot deformity in male athletes with a history of ruptured Achilles tendon is the most common foot
pathology, significantly increasing the forces transmitted by the Achilles tendon.

Keywords: Achilles tendon rupture, foot deformities, planovalgus foot, sports injury, male athletes

Wprowadzenie i cel: Zerwanie Sciegna Achillesa nalezy do najczestszych urazéw sportowych. Celem pracy byta analiza zwigzku
przyczynowo-skutkowego pomiedzy nieprawidlowo$ciami w budowie i czynnosci stopy a zerwaniem $ciggna Achillesa u mezczyzn
uprawiajacych sport. Material i metody: Przeprowadzone badanie kliniczne obejmowato grupe 41 mezczyzn leczonych operacyjnie
z powodu zerwania $ciegna Achillesa oraz kontrolng grupe 40 mezczyzn, ktérzy spelniali te same kryteria wlaczenia do badania
z wyjatkiem przebytego zerwania Sciegna. Kazdy uczestnik przechodzit kolejno badanie ortopedyczne, badanie radiologiczne stop
na stojaco oraz badanie na platformie chodu. Koncowym etapem bylo badanie doswiadczalne z zakresu biomechaniki uktadu
miesniowo-szkieletowego koriczyn dolnych, z oceng sit powstajacych w Sciegnie Achillesa, a takze analiza statystyczna uzyskanych
wynikéw. Wyniki: Z badania radiologicznego stop na stojaco oraz badania na platformie chodu wynika, iz stopy oséb w grupie
badanej mialy znacznie wigcej odchylen od normy w poréwnaniu z grupg kontrolng. W badaniu radiologicznym zaobserwowano
znacznie czestsze wystepowanie w tej grupie cech budowy stopy plasko-kosélawej jedno- lub obustronnie. Znacznie czesciej w grupie
badanej przecigzane bylo przodostopie oraz stwierdzano ustawienie stopy w nadmiernym odwiedzeniu, co jest charakterystyczne
dla stopy plasko-koslawej. Wyniki badania doswiadczalnego wskazuja, ze wraz ze wzrostem obcigzania przodostopia wzrasta sita
przenoszona przez $ciegno Achillesa. Wnioski: Znieksztalcenie plasko-koslawe stop u mezczyzn uprawiajacych sport, ktorzy
zerwali §ciegno Achillesa w przeszloéci, jest najczesciej obserwowang wada stop i znacznie zwieksza sily przenoszone przez $ciggno.

Stowa kluczowe: zerwanie $ciegna Achillesa, znieksztalcenia stopy, stopa plasko-koslawa, uraz sportowy, mezczyzni
uprawiajgcy sport
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INTRODUCTION

he so-called “healthy lifestyle” has gained popu-

larity in recent years. More and more people, in

addition to taking care of proper nutrition, un-
dertake various sports disciplines. With the increased in-
terest in physical activity, the number of accompanying in-
juries has also grown. One of the most common injuries is
Achilles tendon (AT) rupture (ATR). Various sources in-
dicate that it may affect from seven to even 40 people per
100,000 per year-®. ATR mainly affects men in the 3" and
4™ decades of life. Most often, this type of injury occurs
during sports activities involving, in particular, the lower
limbs, e.g. running, football, basketball, volleyball, tennis,
etc.!"?). According to the literature, 48% of AT injuries in
the United States occur while playing basketball, while in
Europe football is the most common cause of tendon rup-
ture®?. Surgical treatment, followed by a period of conva-
lescence, leads to the exclusion of patients not only from
physical activity but also often from professional life for
a period of 6-12 months®. There are many factors con-
tributing to tendon rupture, both external and internal.
Despite many years of research, there is no consensus on
which of them plays the most important role. Most of-
ten, the aetiology of this type of injury is complex. The lit-
erature abounds in publications emphasising the impor-
tance of such factors as age, sex, body weight, blood group,
genetic factors, chronic steroid therapy, diabetes, heavy
smoking, training errors, and many others®*”. Possible
intrinsic factors leading to ATR also include disorders in
the structure and function of the foot, but there are few
studies discussing this problem in a broader aspect.

AIM OF THE STUDY

The aim of the study was to analyse the cause-effect corre-
lation between ATR and the occurrence of disorders in the
structure and function of the foot in men practising sports.

MATERIALS AND METHODS

In the years 2014-2018, at the Department of Traumatology
and Orthopaedics, a total of 239 patients, including 38
women and 201 men, underwent surgical treatment due
to ATR. The following criteria for study inclusion were in-
troduced: informed consent to participate in the study, age
20-49 years, male gender, ATR during sports activities, reg-
ular physical activity before tendon injury (minimum 150
minutes a week, i.e. three workouts of 50 minutes or five
workouts of 30 minutes), no chronic comorbidities, non-
smoker, body mass index (BMI) <35. Taking into account
the above criteria, the study group consisted of 41 men
and the control group of 40 men (comprising volunteers
who met the same inclusion criteria as in the study group,
except for a history of ATR).
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The study was approved by the Bioethics Committee
(Resolution No. 43/WIM/2017 of 9 August 2017).

The participants in both groups underwent radiograph-
ic examination of the feet in a standing position, in two
views: anterior-posterior (AP) and lateral. The following
radiographic parameters were analysed using the Alteris-
Nawigator software: talometatarsal-1 angle on the AP and
lateral view radiographs, talonavicular coverage angle on
the AP view radiograph, calcaneal peach angle on the ra-
diograph in the lateral view, and talocalcaneal angle in the
lateral view radiograph. X-ray assessment was performed
to assess the structure of the foot and to detect possible
disorders.

Each study participant underwent static and dynam-
ic examinations of the feet on a platform of ground reac-
tion forces with a passive path (Mata BASE). The device
shows precisely which part of the foot transfers loads to the
ground while standing as well as while walking. The mat is
connected to a computer, so the test results can be analysed
on an ongoing basis using the FreeSTEP software.

An experimental study was carried out in the field of bio-
mechanics of the musculoskeletal system of the lower
limbs to assess the forces arising in AT for various vari-
ants of foot positioning and various schemes of pressure
distribution of ground reaction forces on the surface of
the foot. The study was carried out using the OpenSim
software. As input data for the models, the results of mea-
surements of pressure distribution on the foot during
loading (testing on the ground reaction forces platform)
were used. The results obtained in numerical simulations
made it possible to assess the impact of the foot structure,
the arrangement of the foot segments, and the distribu-
tion of ground reaction forces on the loads arising in AT.
On this basis, it was possible to draw conclusions about
overloads in the tendon, as well as to assess the risk of its
possible damage depending on the position of the foot.
The OpenSim software uses a full-body model consisting
of 69 rigid bodies representing different segments of the
human body (bones), which are defined by mass and main
axes of inertia applied at the centre of mass of the segment.
The joints were represented by kinematic pairs, with the
number of degrees of freedom depending on the anatom-
ical conditions of the joints. The muscular system of the
human body was modelled using 1,000 active force ele-
ments representing muscle fibres. The line of action of in-
dividual muscles was defined using the initial and final
attachments, or intermediate points.

Statistical analysis of all obtained results was carried out us-
ing the Statistica 13 program. The non-parametric Mann-
Whitney U test was used to analyse the homogeneity of
the study and control groups in terms of age and BMI, and
the Student’s t-test in terms of height and weight. The chi-
square test was used to compare the prevalence of abnormal
values of individual angles in the foot between the groups.
Comparison of the mean values of all angles, except the
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Talometatarsal-1 angle X-ray AP view
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Fig. 1. Distribution of abnormalities in the foot structure in the study group and the control group based on the talometatarsal-1 angle on

plain radiograph AP view
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Fig. 2. Distribution of abnormalities in the foot structure in the study group and the control group based on the talonavicular coverage

angle on plain radiograph AP view

talometatarsal-1 angle in the AP view, which was not cal-
culated in numerical values, was made using the Mann-
Whitney U test. The distribution of irregularities in the
loading of the right and left feet, as well as the forefoot and
hindfoot, in the study group and the control group, was de-
termined using the chi-square test. The level of statistical
significance of 0.05 was assumed in all tests.

RESULTS
Radiographic examination
Among the study participants with ATR, abnormal talo-
metatarsal-1 angle (a component of planovalgus foot) on
the radiographs in the AP view was significantly more com-

mon than in the control group (Fig. 1). The difference be-
tween the groups was statistically significant (p = 0.0034).

PEDIATR MED RODZ Vol. 20 No. 1, p. 90-97

In the study group, abnormal talonavicular coverage an-
gle (a component of planovalgus foot) on the radiographs
in the AP view was also significantly more common than
in the control group (Fig. 2). The difference between the
groups was statistically significant (p = 0.0065).

In the study group, abnormal talometatarsal-1 angle on the
radiographs in the lateral view (a component of planoval-
gus foot) was significantly more frequent than in the con-
trol group (Fig. 3). The difference between the groups was
also statistically significant (p < 0.0001).

In the study group, abnormal calcaneal peach angle (a com-
ponent of planovalgus foot) on the radiographs in the later-
al view was significantly more frequent than in the control
group (Fig. 4). The difference between the groups was also
statistically significant (p = 0.0027).

In the study group, abnormal talocalcaneal angle (a compo-
nent of planovalgus foot) on the radiographs in the lateral
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Talometatarsal-1 angle X-ray lateral view

I Both feet normal 1 Both feet flat
I One foot flat, the other normal Both feet cavus
B One foot cavus, the other normal  One foot cavus, the other flat
25
14
13
1
8
3 3
0 1 1 1 0
Study group Control group

Fig. 3. Distribution of abnormalities in the foot structure in the study group and the control group based on the talometatarsal-1 angle on
plain radiograph lateral view
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Fig. 4. Distribution of abnormalities in the foot structure in the study group and the control group based on the calcaneal peach angle on
plain radiograph lateral view
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Fig. 5. Distribution of abnormalities in the foot structure in the study group and the control group based on the talocalcaneal angle on plain
93 radiograph lateral view
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Dynamic analysis — forefoot and hindfoot loading
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Fig. 6. Load distribution between the forefoot and hindfoot of one foot or both feet during walking in the study group and control group

Dynamic analysis — feet position
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Fig. 7. Method of positioning the feet during walking in the study group and control group

view was significantly more frequent than in the control
group (Fig. 5). The difference between the groups was sta-
tistically significant (p = 0.0338).

Platform of ground reaction forces
with a passive path (Mata BASE)

The dynamic analysis based on the assessment of the load
on the forefoot and hindfoot during walking in the ATR
and control groups showed that significantly more partic-
ipants in the ATR group overloaded the forefoot of both
feet compared to the control group, in which most indi-
viduals loaded both feet within normal limits (Fig. 6).
The difference between the groups was statistically signifi-
cant (p < 0.0001).

A similar situation was noted with regard to foot abduc-
tion during walking. Significantly more participants in the
study group excessively abducted both feet compared to the

PEDIATR MED RODZ Vol. 20 No. 1, p. 90-97

control group (Fig. 7). The difference between the groups
was statistically significant (p < 0.0001).

Experimental part of the study

The experimental study shows that the forces transmitted
by AT increase along with an increase in the load on the
forefoot, an increase in the BMI index, an increase in the
load on the medial part of the forefoot (Fig. 8), and when
the lower limb is externally rotated to 12 degrees and the
foot is in significant pronation of 12 degrees (marked 10 on
the chart in Fig. 9).

DISCUSSION
Any deviation in the structure of the musculoskeletal sys-

tem affecting both professional and recreational athletes
can exclude them forever or for a long time both from

DOI: 10.15557/PiMR.2024.0012
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Forefoot load lateral 30% — medial 70%
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Fig. 8. Values of the force transmitted by the Achilles tendon depending on the hindfoot-forefoot load pattern and BMI for the forefoot load
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Fig. 9. Values of forces transmitted by the Achilles tendon depending on the rotation of the lower limb relative to the long axis of the limb
and the position of the foot (pronation/supination of the foot) for various patterns of loading the lateral-medial part of the forefoot

professional and everyday life activities. ATR is one of the
most common sports injuries. Despite this, its aetiology
is still unknown. The causes are attributed to both inter-
nal and external factors. In the literature on this topic, the
majority of publications attempt to explain the role of in-
ternal factors. Attention is drawn to changes occurring in
the structure of AT itself and causing its rupture, including
disorders in the structure of collagen, chronic ischaemia,
genetic factors, sex, and body weight. The factors listed
above are mentioned by Lemme et al.®), Yammine et al.?,
Claessen et al.®), and other authors. Not only these internal,
but also external factors contribute to ATR, as described
in the research papers by Wertz et al.®), Alves et al."?, and
Teng et al."). The most frequently discussed topics related

DOI: 10.15557/PiMR.2024.0012

to external factors include degenerative changes in the ten-
don as a result of oral drug therapy (fluoroquinolones,
anti-diabetic agents, steroids) and topical drug treatment
(steroids), smoking, and training errors.

Our study was aimed at elucidating the possible internal
causes of ATR in young men active in sports involving the
lower limbs. The study involved healthy men, in whom the
above-mentioned external and internal factors had been ex-
cluded, yet they had a positive history of ATR. Therefore,
the presented study was focused on the assessment of foot
structure in young men actively practising sports.

Based on the radiographic examination, it was found that
the majority of subjects in the study group had features
of planovalgus foot, which led to the conclusion that this

PEDIATR MED RODZ Vol. 20 No. 1, p. 90-97
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might be a factor increasing the risk of ATR. No subjects
in the study group had features of cavus foot, which oc-
curs in 10.5-25% of the adult population'?. Despite this,
Wertz in his review, in which he collected 22 articles on
AT, mentions cavus foot as a causative factor the rupture of
AT, among other contributing factors®. Young and Maffulli
present similar conclusions in their study?. Ryan et al., on
the other hand, after examining a group of runners, found
that athletes with flat feet were more prone to ATR, which
is consistent with our results'?. Excessive pronation of the
foot (which is a component of flat foot) as the cause of ATR
is also mentioned in the study by Lee et al. and Hess>!°),
In the literature, one can find articles about the impact
of the position of the forefoot and hindfoot on the forces
transmitted by AT, affecting the risk of tendon rupture. In
our analysis, 80.5% of the men in the study group had fore-
foot abduction, and 53.6% of the participants had hindfoot
valgus on the surgical side. Paavola mentions forefoot ab-
duction and hindfoot valgus as the disorders that may con-
tribute to ATR"”. Ryan et al. point out the fact that in the
group of runners with ATR, the hindfoot valgus is high-
er than in the control group®. Lee et al. observed in their
study that excessive pronation of the forefoot (which is also
associated with abduction of the forefoot) in participants
with flat feet causes additional load on AT, while increased
pronation of the forefoot contributes to greater hindfoot
valgus"®. Waldecker, on the other hand, argues that the var-
us position of the hindfoot has a greater impact on the oc-
currence of ATR®®. Conversely, Wolfram et al. called into
question the influence of pronation or supination of the foot
on the amount of force transmitted by AT in healthy adults
without internal diseases!'?. However, it should be taken
into account that the study was conducted on a group of
only 11 participants. In the above-mentioned studies, the
authors failed to provide their results of plain radiograph
measurements and did not calculate individual angles on
the basis of which the structure of the foot could be de-
termined. They based their conclusions mainly on clinical
and podoscopic examinations, which, in our opinion, is not
a fully reliable source of information. In today’s era of ex-
tensive diagnostic possibilities, it is worth complementing
the results of clinical examinations with appropriate imag-
ing tests, which gives studies greater credibility.

PEDIATR MED RODZ Vol. 20 No. 1, p. 90-97

In conclusion, there is an important point to consider. With
such knowledge about the possible causes of ATR in young
active people, are we able to prevent it somehow? In the lit-
erature, there is no consensus or guidelines regarding the
use of various types of orthoses, including orthopaedic in-
soles, in the prevention of AT diseases in individuals with
flat feet practising running sports. The degree of advance-
ment of foot structure disorders varies from person to per-
son and it has not been determined when such prophy-
laxis should actually be implemented. Also, there are not
enough comparative studies evaluating various prevention
methods, including orthopaedic insoles, as options for pre-
venting ATR. However, it has never been proven that such
prevention is ineffective. Therefore, it would certainly be
useful for a patient reporting AT pain to a family doctor
to have at least plain radiographs and a clinical examination
of the feet. The problem is not rare, and the earlier it is de-
tected, the more likely it will be possible to implement mea-
sures to prevent tendon rupture.

CONCLUSIONS

1. Acquired foot deformities in men who regularly practise
sports contribute to ATR.

2. Planovalgus foot deformity in male athletes with a histo-
ry of ruptured AT is the most common foot pathology.

3. Acquired foot deformities in male athletes with no his-
tory of ATR are rare. Normal foot structure has a pro-
tective effect on AT.

4. Planovalgus foot deformity increases the forces trans-
mitted by AT significantly.

Conflict of interest

The authors do not report any financial or personal connections with
other persons or organisations which might negatively affect the content
of this publication and/or claim authorship rights to this publication.

Author contributions

Original concept of study: JG. Collection, recording and/or compilation of
data: JG. Analysis and interpretation of data: JG, KK. Writing of manu-
script: JG. Critical review of manuscript: KK, PC. Final approval of man-
uscript: KK, PC.

DOI: 10.15557/PiMR.2024.0012

9



97

Justyna Gotos-Lewandowska, Krzysztof Kwiatkowski, Piotr Ciedlik

References

1.

10.

Mazza D, Annibaldi A, Monaco E et al.: Achilles tendon rupture
in professional football player: an epidemiological study in Euro-
pean championship with a mid-term follow-up. Muscles Liga-
ments Tendons J 2022; 12: 478-483.

Lantto I, Heikkinen J, Flinkkild T et al.: Epidemiology of Achil-
les tendon ruptures: increasing incidence over a 33-year period.
Scand ] Med Sci Sports 2015; 25: e133-e138.

Lemme NJ, Li NY, DeFroda SF et al.: Epidemiology of Achilles
tendon ruptures in the United States: athletic and nonathletic
injuries from 2012 to 2016. Orthop J Sports Med 2018; 6:
2325967118808238.

Raikin SM, Garras DN, Krapchev PV: Achilles tendon injuries in
a United States population. Foot Ankle Int 2013; 34: 475-480.
DeLee JC, Drez D, Miller MD: Achilles tendon injuries. In:
Orthopaedic Sports Medicine: Principles and Practice. 3" ed.,
Saunders Elsevier, Philadelphia, PA 2010: 2182-2205.

Noback PC, Jang ES, Cuellar DO et al.: Risk factors for achilles
tendon rupture: a matched case control study. Injury 2017; 48:
2342-2347.

Yammine K, Daccache E, Assi C: Morphological changes and
pathological findings in the Achilles tendons of diabetic patients:
a meta-analysis of comparative clinical studies. Muscles Liga-
ments Tendons J 2023; 13: 201-210.

Claessen FMAP, de Vos R], Reijman M et al.: Predictors of pri-
mary Achilles tendon ruptures. Sports Med 2014; 44: 1241-1259.
Wertz ], Galli M, Borchers JR: Achilles tendon rupture: risk
assessment for aerial and ground athletes. Sports Health 2013; 5:
407-409.

Alves C, Mendes D, Marques FB: Fluoroquinolones and the risk
of tendon injury: a systematic review and meta-analysis. Eur
J Clin Pharmacol 2019; 75: 1431-1443.

DOI: 10.15557/PiMR.2024.0012

11.

12.

13.

14.

15.

16.

17.

18.

19.

Teng ZL, Cao SX, Ma X et al.: Epidemiological characteristics of
patients operated for Achilles tendon rupture in Shanghai.
Orthop Surg 2022; 14: 1649-1655.

Sanpera I, Villafranca-Solano S, Muiioz-Lopez C et al.: How
to manage pes cavus in children and adolescents? EFORT Open
Rev 2021; 6: 510-517.

Young JS, Maffulli N: Etiology and epidemiology of Achilles ten-
don problems. In: Maffulli N, Almekinders LC (eds.): The Achil-
les Tendon. Springer-Verlag, London 2007: 39-49.

Ryan M, Grau S, Krauss I et al.: Kinematic analysis of runners
with Achilles mid-portion tendinopathy. Foot Ankle Int 2009;
30: 1190-1195.

Lee KKW, Ling SKK, Yung PSH: Controlled trial to compare the
Achilles tendon load during running in flatfeet participants
using a customized arch support orthoses vs an orthotic heel lift.
BMC Musculoskelet Disord 2019; 20: 535.

Hess GW: Achilles tendon rupture: a review of etiology, popula-
tion, anatomy, risk factors, and injury prevention. Foot Ankle
Spec 2010; 3: 29-32.

Paavola M: Achilles Tendon Overuse Injuries. Diagnosis and Treat-
ment. University of Tampere, Tampere 2001. Available from: https://
trepo.tuni.fi/bitstream/handle/10024/67125/951-44-5122-8.
pdf?sequence=1&isAllowed=y.

Waldecker U, Hofmann G, Drewitz S: Epidemiologic investiga-
tion of 1394 feet: coincidence of hindfoot malalignment and
Achilles tendon disorders. Foot Ankle Surg 2012; 18: 119-123.
Wolfram S, Morse CI, Winwood KL et al.: Achilles tendon
moment arm in humans is not affected by inversion/eversion of
the foot: a short report. R Soc Open Sci 2018; 5: 171358.

PEDIATR MED RODZ Vol. 20 No. 1, p. 90-97



https://trepo.tuni.fi/bitstream/handle/10024/67125/951-44-5122-8.pdf?sequence=1&isAllowed=y
https://trepo.tuni.fi/bitstream/handle/10024/67125/951-44-5122-8.pdf?sequence=1&isAllowed=y
https://trepo.tuni.fi/bitstream/handle/10024/67125/951-44-5122-8.pdf?sequence=1&isAllowed=y

	Button 53: 
	Button 39: 
	Button 54: 


