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Abstract
Background  Foot morphology plays a critical role in load distribution within the foot–Achilles tendon complex. 
However, the relationship between specific angular morphometric characteristics of the foot and Achilles tendon 
rupture (ATR) remains incompletely understood.

Methods  In this retrospective study, non–weight-bearing lateral foot radiographs of 147 male individuals aged ≥ 25 
years were evaluated. The rupture group consisted of 72 patients diagnosed with ATR, and the control group included 
75 healthy individuals with no prior history of trauma or rupture. A total of five angular foot morphometric parameters 
were assessed. Between-group comparisons were performed using independent t-tests or Mann–Whitney U tests, as 
appropriate.

Results  Significant differences between the rupture and control groups were observed in the Hibbs angle 
(124.49 ± 9.52° vs. 128.10 ± 7.58°; p = 0.012), Talar ground angle (20.29 ± 5.66° vs. 23.48 ± 4.69°; p < 0.001), Meary angle 
(12.55 ± 5.78° vs. 7.13 ± 4.81°; p < 0.001). No significant differences were detected for the remaining angular parameters.

Conclusions  Several angular foot alignment parameters differed between individuals with ATR and healthy controls. 
Significant differences between individuals with Achilles tendon rupture and healthy controls were identified in 
the talar ground angle, Meary angle, and Hibbs angle. These findings indicate that sagittal plane foot alignment, 
particularly longitudinal arch configuration and talar–first metatarsal orientation, may be associated with Achilles 
tendon rupture.
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Introduction
The morphological characteristics of the human foot, 
a crucial component of bipedal locomotion, have long 
attracted the attention of anatomists, clinicians, and pal-
aeontologists alike [1]. Through its complex anatomical 
organisation, the foot plays fundamental biomechanical 
roles in locomotor activities such as walking and run-
ning, distributing body weight across the plantar surface 
while functioning as a lever that assists in forward pro-
pulsion [2]. Within this system, the Achilles tendon is a 
key structure, enhancing the mechanical advantage of the 
plantar flexor muscles and contributing substantially to 
propulsive force generation [3].

The Achilles tendon transmits forces generated by the 
posterior compartment muscles to the heel and experi-
ences high mechanical loads during daily and спортив 
activities. During gait, forces of approximately 2,600 N 
are produced, increasing to 3,800 N during jumping and 
up to 9,000 N during sprinting [4]. Owing to its unique 
anatomical and biomechanical properties, the Achilles 
tendon is prone to injury [5]. Epidemiological data indi-
cate that Achilles tendon rupture affects 7–40 individu-
als per 100,000 annually, predominantly men between 30 
and 40 years of age, most frequently during sports involv-
ing intense lower-limb activity [6–8]. The male-to-female 
incidence ratio is approximately 4:1 [9].

Research on the biomechanics of the foot Achil-
les tendon lever system has highlighted the role of foot 
structure, including arch configuration and rearfoot 
alignment, in locomotor efficiency and tendon loading 
[10, 11]. Early biomechanical models and in vivo stud-
ies have clarified the contributions of the Achilles ten-
don moment arm and foot lever mechanics to propulsion 
and energy efficiency [12, 13], with practical relevance 
for pathological gait, rehabilitation, and prosthetic and 
robotic design [14–17].

Despite extensive research, the pathways linking varia-
tions in foot morphology such as arch height, foot pos-
ture, and rearfoot alignment to Achilles tendon rupture 
remain incompletely understood [15, 18, 19]. Evidence 
regarding whether pronated or supinated foot postures 
predispose individuals to tendon injury remains con-
flicting [20, 21], and the effects of gait-related factors 

on tendon loading and morphology remain a matter of 
debate [22–24]. Furthermore, individual variations in 
tendon structure, may further complicate the assessment 
of injury susceptibility [25, 26].

Despite the widespread use of angular radiographic 
parameters in the assessment of foot and ankle pathology, 
relatively few studies have systematically evaluated their 
association with Achilles tendon rupture. The relevance 
of these parameters commonly applied in the evaluation 
of foot alignment and hindfoot malalignment to ATR has 
not been comprehensively investigated.

Accordingly, the present study aimed to evaluate differ-
ences in selected angular foot morphometric parameters 
between individuals with Achilles tendon rupture and 
healthy controls using radiographic measurements. We 
hypothesized that selected angular foot morphometric 
parameters might differ between patients with Achilles 
tendon rupture and healthy individuals.

Methods
Study population and sample
This retrospective study was conducted using radio-
graphic images of consecutive patients aged 25 years 
and older who presented to a tertiary hospital in Turkey 
between January 2019 and January 2023. All individu-
als who met the predefined inclusion criteria during the 
study period were included, yielding a final study cohort 
of 147 participants, consisting of 72 patients with Achil-
les tendon rupture and 75 healthy controls (Table 1).

The minimum required sample size was estimated 
using G*Power software (version 3.1.9.4). Assuming a 
medium effect size (0.5), a significance level of 5%, and 
a statistical power of 80%, the minimum sample size was 
calculated as 128 participants.

Patients were allocated into two independent groups: a 
rupture group comprising patients diagnosed with Achil-
les tendon rupture and a control group consisting of indi-
viduals without Achilles tendon pathology. No individual 
was included in both groups.

As only one female patient was present in the rupture 
group, sex-based subgroup analyses were not consid-
ered statistically meaningful. Accordingly, comparative 
analyses were primarily conducted in the male patient 
population.

Due to the retrospective design of the study and limita-
tions of hospital medical records, only basic demographic 
variables (age and sex) were available. Information on 
height, weight, body mass index, physical activity level, 
smoking status, occupational loading, and sports partici-
pation could not be reliably retrieved and was therefore 
not included in the analyses. The inclusion and exclusion 
criteria applied in this study are detailed below.

Inclusion criteria age ≥ 25 years; presentation between 
January 2019 and January 2023; and availability of a 

Table 1  Flow of participants through the study
Stage n Reason / Description
Assessed for eligibility 173 Consecutive patients (Janu-

ary 2019 – January 2023)

Excluded 26 Incomplete or poor-quality 
radiographs, Missing clini-
cal or demographic data

Included in the final cohort 147 Met predefined inclusion 
criteria

Allocated to rupture group 72 Achilles tendon rupture

Allocated to control group 75 Healthy controls
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non–weight-bearing lateral foot radiograph of sufficient 
quality for angular morphometric assessment. The rup-
ture group included patients diagnosed with Achilles 
tendon rupture, whereas the control group consisted of 
individuals with no history of Achilles tendon pathology.

Exclusion criteria for both groups were: incomplete or 
poor-quality radiographs precluding reliable landmark 
identification; non-standard radiographic projections; 
prior foot, ankle, or Achilles tendon surgery; major post-
traumatic deformity or severe structural abnormalities 
that could affect angular measurements; and missing 
basic demographic data (age or sex).

Radiographic evaluation and data collection
The foot radiographs analyzed in this study were retro-
spectively obtained from patients who underwent rou-
tine radiographic evaluation following acute trauma or 
injury-related hospital admission. In accordance with 
standard clinical practice in emergency and outpatient 
settings, non–weight-bearing radiography is typically the 
initial imaging modality for the assessment of foot and 
ankle injuries [27]. Accordingly, non–weight-bearing lat-
eral foot radiographs were retrieved and analyzed using 
the hospital’s Picture Archiving and Communication Sys-
tem (PACS).

All measurements were performed based exclusively 
on established angular parameters commonly used to 
evaluate foot morphology and its anatomical relationship 
with the Achilles tendon. Measurements were obtained 
using standardized radiographic techniques to ensure 
consistency and reproducibility.

Morphometric parameters and measurements
Five angular morphometric parameters were measured 
on lateral foot radiographs to evaluate foot bony align-
ment and its anatomical relationship with the Achilles 
tendon (Fig.  1). All parameters were selected based on 
previously published radiographic assessment methods 
widely used in the evaluation of foot biomechanics and 
sagittal plane alignment.

All angular measurements were performed by a single 
observer, Prof. Dr. Veysel BURULDAY, an experienced 
musculoskeletal radiologist, using standardized mea-
surement protocols based on predefined anatomical 
reference points. The observer was blinded to group allo-
cation at the time of measurement. All assessments were 
conducted using the same imaging modality, identical 
imaging planes, and consistent measurement settings to 
ensure measurement consistency and reproducibility.

Fowler–Philip Angle (FPA)  The angle formed between 
a line drawn along the plantar surface of the calcaneus 
and a line tangent to the posterior aspect of the calcaneal 
tuberosity was measured [28].

Talar Ground Angle (TGA)  The angle between the mid-
tarsal line and the supporting surface was measured [29].

Hibbs Angle (HA)  Also known as the calcaneus–first 
metatarsal angle. It was defined as the angle between a 
line tangent to the plantar surface of the calcaneus and the 
longitudinal axis of the first metatarsal [30].

Meary Angle (MA)  The angle between the longitudinal 
axis of the talus and the axis of the first metatarsal bone 
was measured [31].

Calcaneal Pitch Angle (CPA)  Also known as the cal-
caneal inclination angle. It was measured between a line 
along the supporting surface and a line tangent to the 
plantar surface of the calcaneus [32].

Measurement tools
Digital radiographic images were obtained from the hos-
pital’s Picture Archiving and communication System 
(PACS). All morphometric measurements were per-
formed using the integrated linear and angular measure-
ment modules of the PACS software.

Statistical analysis
All statistical analyses were performed using IBM SPSS 
Statistics version 25.0 (IBM Corp., Armonk, NY, USA). 
Data distribution was assessed using the Kolmogorov–
Smirnov test. Continuous variables were expressed as 
mean ± standard deviation (SD). Between-group com-
parisons were performed using the independent samples 
t-test for normally distributed variables and the Mann–
Whitney U test for non-normally distributed variables. 
Effect sizes for between-group differences were calcu-
lated using Cohen’s d.

Results
The mean age of the control group was 37.19 ± 12.63 
years (range, 25–75 years), while the mean age of the rup-
ture group was 37.88 ± 11.25 years (range, 25–76 years), 
indicating comparable age distributions between groups 
(Table 2).

Comparisons of angular morphometric parameters 
between the rupture and control groups are presented 
in Table  3. No statistically significant differences were 
observed between the groups for the FPA and the CPA 
(p > 0.05).

In contrast, statistically significant between-group 
differences were identified for the HA, TGA and MA. 
Specifically, HA and TGA values were significantly 
higher in the control group, whereas MA value were 
significantly higher in the rupture group (HA: p = 0.012, 
d = 0.42; TGA: p < 0.001, d = 0.61; MA: p < 0.001, d = 1.00. 
The largest between-group difference was observed for 
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Fig. 1  Angular morphometric measurements performed on lateral foot radiographs. (a) Fowler–Philip Angle (FPA); (b) Talar Ground Angle (TGA); (c) 
Hibbs Angle (HA); (d) Meary Angle (MA); (e) Calcaneal Pitch Angle (CPA)
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TGA (p < 0.001, 95% CI: 1.50 to 4.88), followed by MA 
(p < 0.001, 95% CI: − 7.17 to − 3.67). The remaining sig-
nificant differences showed small to moderate effect sizes 
(Table 3).

Discussion
This study contributes to the limited body of literature 
investigating the association between foot alignment 
and Achilles tendon rupture using radiographic angular 
measurements. Comparisons between the rupture and 
control groups demonstrated statistically significant dif-
ferences in selected angular parameters, suggesting that 
variations in sagittal plane foot alignment may be pres-
ent in individuals with Achilles tendon rupture. However, 
the magnitude of these differences was relatively modest; 
therefore, the findings should be interpreted cautiously 
and not as evidence of a direct causal relationship.

The observed differences, particularly in parameters 
reflecting sagittal plane alignment such as the TGA, MA, 
and HA, may indicate alterations in the biomechanical 
behavior of the foot Achilles tendon complex. Changes 
in longitudinal arch alignment and talar first metatarsal 
orientation could potentially influence load transmission 
characteristics along the Achilles tendon. When inter-
preted in the context of existing biomechanical knowl-
edge, these findings suggest that individual variations in 
foot alignment may contribute to differences in tendon 
loading patterns, rather than acting as isolated or deter-
ministic factors for rupture.

Among the evaluated angular parameters, the TGA 
and MA demonstrated the most pronounced between-
group differences. The lower TGA observed in the rup-
ture group may reflect alterations in talar orientation 

relative to the supporting surface, potentially influencing 
sagittal plane alignment and load transmission charac-
teristics. Similarly, the higher MA indicates deviations 
in longitudinal arch alignment that may affect biome-
chanical behavior within the foot Achilles tendon com-
plex. Previous biomechanical studies have shown that 
alterations in talar alignment and medial arch configura-
tion can modify load transmission through the posterior 
chain and increase localized tendon strain [33–35]. In 
this context, the present findings suggest that variations 
in sagittal plane foot alignment may be associated with 
altered Achilles tendon loading patterns rather than act-
ing as isolated determinants of rupture.

The observed differences in MA are consistent with 
previous studies linking Meary’s angle to longitudinal 
arch alignment and Achilles tendon morphology. Pro-
natory or valgus tendencies reflected by MA have been 
shown to alter medial–lateral load distribution along the 
posterior kinetic chain, potentially increasing localized 
strain within specific regions of the tendon [36]. These 
findings support the interpretation that deviations in 
sagittal plane alignment may influence Achilles tendon 
biomechanics.

The HA, which also differed significantly between 
groups, is an important parameter reflecting foot struc-
ture and arch integrity. Reduced HA values have pre-
viously been associated with diminished medial arch 
stability, altered plantar pressure distribution, and 
increased Achilles tendon loading [15, 37, 38]. Further-
more, structural alterations in foot alignment following 
Achilles tendon injury have been reported to persist and 
may influence long-term functional outcomes [39–41]. 
The lower HA values observed in the rupture group are 
therefore consistent with previously described asso-
ciations between reduced arch stability and increased 
mechanical demand on the Achilles tendon.

In contrast, no significant between-group differences 
were observed for the FPA or calcaneal pitch angle CPA. 

Table 2  Age distribution of the control and rupture groups
Groups Mean ± SD (Years) Min. Max.
Control Group (n = 75) 37.19 ± 12.63 25 75

Rupture Group (n = 72) 37.88 ± 11.25 25 76

Table 3  Comparison of angle measurements by group
Measurement (°) Control Group

Mean ± SD
(Min–Max)

Rupture Group
Mean ± SD
(Min–Max)

Mean Diff. 95% CI t p

FPA 50.72 ± 6.65
(36.60–67.50)

52.44 ± 6.31 (33.40–63.80) –1.72 –3.83 to 0.39 –1.60 0.110

HA 128.10 ± 7.58
(110.60–151.20)

124.49 ± 9.52 (101.80–159.00) 3.60 0.80 to 6.41 2.54 0.012*

CPA 24.66 ± 5.82
(9.40–37.60)

25.66 ± 6.20 (12.10–43.30) –1.00 –2.96 to 0.95 –1.01 0.312

TGA 23.48 ± 4.69
(13.80–32.60)

20.29 ± 5.66 (10.00–38.00) 3.19 1.50 to 4.88 3.72 < 0.001*

MA 7.13 ± 4.81
(0.10–20.80)

12.55 ± 5.87 (1.40–27.30) –5.42 –7.16 to -3.67 –6.13 < 0.001*

Note: FPA Fowler–Philip Angle, TGA Talar Ground Angle, HA Hibbs Angle, MA Meary Angle, CPA Calcaneal Pitch Angle

* Statistically significant at (p < 0.05)
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This finding aligns with heterogeneous and sometimes 
conflicting evidence regarding the role of static foot pos-
ture parameters in Achilles tendon pathology [42–44]. 
Collectively, these results support the concept that Achil-
les tendon rupture is unlikely to be attributable to a single 
angular parameter and instead reflects a multifactorial 
biomechanical process.

One of the strengths of this study is the systematic 
evaluation of multiple radiographic angular alignment 
parameters using standardized measurement techniques. 
Nevertheless, the retrospective design and relatively lim-
ited sample size restrict causal inference. Variability in 
imaging techniques and measurement protocols further 
underscores the importance of standardized assessment 
methods to improve reproducibility and comparability 
across studies [45, 46].

Although several angular parameters differed signifi-
cantly between groups, the absolute differences were 
relatively small, and their clinical relevance should there-
fore be interpreted cautiously. Accordingly, the present 
findings should be considered hypothesis-generating and 
warrant confirmation in prospective studies incorporat-
ing comprehensive biomechanical and clinical covariates.

Limitations
This study has several limitations. First, the use of non–
weight-bearing radiographs represents a methodological 
constraint, as dynamic alterations in foot arch configura-
tion and hindfoot alignment under physiological loading 
conditions could not be assessed. The inclusion of weight 
bearing imaging techniques would enable a more com-
prehensive evaluation of the functional characteristics of 
foot morphology and should be considered in future pro-
spective investigations.

Second, due to the retrospective design and the lim-
ited scope of hospital medical records, only basic demo-
graphic data (age and sex) were available. Information 
regarding height, weight, body mass index (BMI), physi-
cal activity level, smoking status, occupational loading, 
and sports participation factors known or potentially 
associated with Achilles tendon rupture risk was not sys-
tematically recorded and therefore could not be incor-
porated into the analyses. This limitation precluded 
statistical adjustment for potential confounding variables 
and restricts the interpretation of the findings.

Finally, because only one female patient was identi-
fied in the rupture group, sex-specific subgroup analyses 
could not be performed in a statistically reliable manner. 
Consequently, comparative analyses were conducted pri-
marily within the male population, which limits the gen-
eralizability of the results to female individuals.

Conclusion
Significant differences between individuals with Achil-
les tendon rupture and healthy controls were identified 
in the talar ground angle, Meary angle, and Hibbs angle. 
These findings indicate that sagittal plane foot align-
ment, particularly longitudinal arch configuration and 
talar–first metatarsal orientation, may be associated with 
Achilles tendon rupture. However, these associations 
should not be interpreted as causal and require confirma-
tion in well-designed prospective studies.
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