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Abstract

Objectives: To analyze differences in laterality in rotational and torsional movement in the lower extremity and its possible influence
on the development of hallux abductus valgus.

Patients and methods: The sample included 129 women. The degree of severity of hallux abductus valgus, hip rotation, tibial torsion,
mobility of the first metatarsophalangeal joint, foot posture index, and foot progression angle were evaluated.

Results: Our results showed that there were differences in external rotation between both hips of 2.34° (p < 0.001) and between
internal and external rotation of the left hip of 4.11° (p < 0.002). We also found a difference of the foot progression angle between feet
of 3°(p <0.001), but there was no significant difference between tibial torsion and foot posture index (p > 0.05). A difference in range of
motion was found between both first metatarsophalangeal joints of 6.30° (p < 0.001), and a relationship was found between extension
and range of motion of the first metatarsophalangeal joint and hallux abductus valgus (p < 0.05).

Conclusions: Based on the results obtained in this sample, the data points to a greater range of motion of the first metatarsophalangeal
joint in the left foot. The results also indicate a probable predominance of internal rotation of the left extremity and external rotation of
the right extremity, which did not show asociation with the degree of hallux aductus valgus in this study.

Resumen

Objetivos: Analizar las diferencias de lateralidad en el movimiento de rotacién y torsion en la extremidad inferior y su posible influencia
en el desarrollo del hallux abductus valgus.

Pacientes y métodos: La muestraincluyd 129 mujeres. Se evalué el grado de severidad del halluxabductus valgus, la rotacion de cade-
ra, latorsion tibial, lamovilidad de la primera articulacion metatarsofalangica, el indice postural del pie y el angulo de progresién del pie.

Resultados: Nuestros resultados mostraron que existian diferencias en la rotacion externa entre ambas caderas de 2.34° (p <0.001) y
entre larotacién internay externa de la caderaizquierdade 4.11° (p <0.002). También se encontro una diferencia del angulo de progre-
sion del piede 3° (p <0.001), pero no hubo diferencias significativas entre la torsion tibial y el indice postural del pie (p > 0.05). Se encontro
una diferencia en el rango de movimiento entre ambas primeras articulaciones metatarsofalangicas de 6.30° (p <0.001), y se hallé una
relacién entre la extensién y el rango de movimiento de la primera articulacion metatarsofalangicay el hallux abductus valgus (p <0.05).

Conclusiones: En base a los resultados obtenidos en esta muestra, los datos apuntan a un mayor rango de movimiento de la primera
articulacion metatarsofalangica en el pie izquierdo. Los resultados también indican un probable predominio de rotacién interna de la
extremidad izquierda y de rotacion externa de la extremidad derecha, que no mostraron asociacion con el estadio del hallux abductus
valgus en este estudio.
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Introduction

Hallux abductus valgus (HV) is the most common progressive
three-dimensional deformity of the forefoot. It consists of a misalign-
ment and medialization of the first metatarsal with the formation of a
medial bony prominence, as well as lateralization of the first toe, with
or without pronation. The development of the deformity involves the
imbalance of the soft tissues of the midfoot and forefoot. Its caus-
es are intrinsic and extrinsic, and the deformity can cause pain and
decreased mobility, among other alterations'*.

Rotational and torsional asymmetries of the lower limbs have
been constantly observed in scientific literature. These asymme-
tries can generate compensatory deviations during gaitand promote
pathologies in the lower extremities (LE), such as osteoarthritis>®.
Femoral anteversion and tibial torsion (TT) are the most frequently
reported asymmetries. External TT in the right lower extremity (RLE)
is described in the literature with an increase between 1 and 5° with
regard to the left lower extremity (LLE)”°. The increase of internal fem-
oral anteversion in LLE is also widely described by various authors® 2,
whose value is found to be increased between 1 and 7° in regard to
RLE. Recently, Ries et al.'® reported a left femoral anteversion of 2.2°
higher than the right, a right external TT that increased by 2.8°, and
atotal of 5.1° more external rotation in RLE, with an absolute rotation
difference of 9.5° between both limbs. The influence of TT on the
angle of foot progression has also been observed'>'.

Several studies such as those by Jeon et al.'®, Sass and Hassan'®,
and Requeiro et al.'” have reported that the rotational asymme-
try found during childhood and later in adulthood has its origin in
embryonic development from the adoption of a specific fetal position
during gestation, hereditary factors, or the adoption of flawed posi-
tions after birth; however this last factor may be due to the position
adopted during gestation and not be a predisposing factor in itself,
according to Rodriguez et al.’®. Staheli' specifically points out that
internal torsion and metatarsus aductus would be conditioned by
the intrauterine fetal position. The lower extremities begin to rotate
internally from the seventh week of gestation to adapt to the uter-
ine space. At present, the mechanism that manages the position
of the lower limbs to adapt to each other in the uterine space and
acquire a specific position throughout the gestational period seems
to be unclear. Studies in vertebrates point to the role of the Hox genes,
which direct the anteroposterior plane according to spatial and tem-
poral collinearity principles and are also found in mammals?2'. This
adaptive process of the LE can condition torsional and rotational
asymmetry of the limbs after birth, leading to an inability of rotational
and torsional normalization of the LE during the development of the
individual, ultimately favoring a certain asymmetry in adulthood. At
the podiatric level, more studies identifying the differences in gender
and laterality have been observed, but they are still scarce. Although
previous work has studied the influence of torsions and rotations in
the foot, how these laterality rotational differences may influence the
onset and development of HV has not yet been studied.

The present study performed a comparison of HV severity stages
and analyzed the range of rotation of the hip joint, TT, first metatar-
sophalangeal joint (1°* MTPJ), foot posture index (FPI), and foot pro-
gression angle (FPA) individually and together in patients with HV.
The aim was to identify laterality differences in the lower limbs and
their possible relationship with the degree of HV severity.

[Rev Esp Podol. 2023;34(2):90-98]

91

Patients and methods
Participants

For this study, a previous non-probabilistic and consecutive
sampling was performed in a podiatry clinic from January 2021 to
February 2022. The subjects were patients that attended for various
reasons and presented with HV, regardless of their stage. First, a tri-
age by gender was not performed to determine the prevalence of
men and women with HV. Of the total of 144 participants, 129 were
women (89.58 %) and 15 (10.42 %) were men. Given the resulting
disparity between the two sexes, the sample of participants with the
highest number of cases of HV was analyzed to avoid possible bias
in the variables of the joint range of motion. The sample consisted
of a total of 129 women with a mean age of 51 + 11 years and a BMI
of 25.10 £ 4.68. The subjects’ predisposition to use the right or left
limbs was not considered in this study, although approximately 95%
were right-footed, which was determined by asking with which foot
they would kick a ball.

Inclusion criteria for the study were women aged between 20 and
70 years and had HV, regardless of the level of the deformity. Written
informed consent was obtained from all participants prior to clinical
examination.

Exclusion criteria were patients with a history of musculoskeletal
pathology, surgery, or previous orthopedic treatment. Patients with
hallux limitus (extension less than 65°)%2 and patients with infra- or
supraduction of the first or second toe were excluded from the study.

Study Protocol

A cross-sectional, observational, analytical study was conducted.
The sample calculation was performed to estimate the proportion
of patients with HV who present rotational differences in the LE. A
sample size of 93 patients were needed to estimate this proportion
for a confidence level of 95 % and a precision of + 10 percentage
units, with a prediction that this proportion would be around 60 %.

Passive internal and external hip rotation was measured in the
prone position with a 90° genuflexion by means of an analog incli-
nometer placed on the tibial margin?®. The patient was instructed
not to elevate the opposite hip during hip rotation or during the leg
relaxation movement to both sides. Tibial torsion was assessed by
means of a two-branch universal goniometer; one of the branches
was positioned on the sole of the foot, tracing the bisector from the
center of the heel to the second radius, and the other branch was
directed to the sagittal center of the thigh, maintaining the position of
the neutral subtalar joint?*. In the 1t MTP], passive flexion and exten-
sion were assessed by placing the goniometer on the internal of the
foot, with a branch of the goniometer following the previously-traced
bisector of the first radius and the proximal phalanx, after which the
corresponding movement was forced to its articular stop? (Figure 1).

To obtain the average value, measurements were taken on three
consecutive occasions, alternating both feet. All measurements were
taken by a single examiner with 20 years of clinical experience as a
podiatrist. The stage of HV was assessed using photographs and the
Manchester Visual Scale?®. This scale consists of standardized photo-
graphs of feet with four degrees of HV (none [A], mild [B], moderate
[C], and severe [D]). The FPA was assessed using the T-Plate® pres-
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sure platform (Medicapteurs, France) with 1,600 resistive sensors of
10 x 10 mm, with an active surface of 400 x 400 mm?¥, recording
an average of five steps for each foot at the individual and natural
cadence of each patient. Subsequently, the angle measurement
program, Ruler® (designed by Ergonautas, Polytechnic University of
Valencia), was used to measure the angle of progression of each foot.
The FPI-6 was evaluated, and was composed of six items to classify
the position of the feet: palpation of the talar head, observation of
supramalleolar/inframalleolar curvature, inversion/eversion of the
calcaneus, medial prominence of the talonavicular joint, heigh of the
medial arch, and abduction/adduction of the toes viewed from the
rearfoot. The score rangeis from-12 to +12. The reference standards
are: normal, O to +5; pronated, +6 to +9; highly pronated, +10to +12;
supinated, -1 to -4; highly supinated, -5 to -1228,

Statistical analysis

The study was performed using R statistical software, version
4.2.0. First, a descriptive analysis of the quantitative variables was

Figure 1. First metatarsophalangeal joint measurement with a
goniometer.
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performed using minimum, maximum, mean, median, and standard
deviation, and the categorical variables were studied using absolute
and relative frequencies. The assessment of hip rotation laterality,
TT, mobility of the 15 MTPJ, FPI, and FPA was performed using the
paired samples t-test or Wilcoxon rank sum test in case of non-com-
pliance with normality. To observe possible statistically significant
relationships in each pair of quantitative variables, hip rotation, TT,
and mobility of the 1t MTPJ, FPI, FPA, and linear regression models
were studied using Pearson’s correlation coefficient. To study the
relationship between Manchester grades (B, C, D), hip rotation, TT,
mobility of the 1* MTPJ, and FPA, multinomial logistic regression
models were fitted.

Results

The asymmetry between internal and external rotation in LLE was
statistically significant. The estimated value for the mean difference
between both internal rotation was 4.11° (95 % confidence interval:
1.47-6.74). The descriptive data indicates that the internal movement
in the left hip was greater (p = 0.002). Significant differences were
found between the right and left side for the external rotation variable,
with a mean estimate difference of 2.34 units (95 % confidence inter-
val: 1.07-3.61, p <0.001). There was also a difference in hip range of
motion (ROM), with a mean difference of 2.12 units (95 % confidence
interval: 0.54-3.70, p < 0.008) (Figure 2). Regarding tibial torsion, no
statistically-significant difference was found in TT between both LE at
0.75° (95 % confidence interval: -0.002-1.50, p = 0.05).

The results show no evidence that the variable FPI differs in the
right2.44 +3.41and left2.51 + 3.44 sides. The estimated mean value
was -0.024 (-0.408 and 0.359), with p > 0.05. Table | describes the
summary statistics of the variables.

Foot progression angle

The difference between the right and left foot progression angle
was 3° (95 % confidence interval: 2.20-3.90, p <0.001) (Figure 3).

Figure 2. Hip range of motion (ROM) difference by side.
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Table I. Statistics summary of the variables measured in the study.

Variable Minimum Mean SD Median Maximum
R/L R/L R/L R/L R/L
HIP
INT ROT 18/18 38.40/38.26 10.01/10.35 36.66/36 70.66/76
EXT ROT 15/13.33 36.63/34.15 8.35/8.52 35.33/33.66 56/56.33
ROM 54/49 75.03/72.41 10.45/11.58 5.33/72 100.33/110.66
TIBIAL TORSION 2/3 17.02/16.26 5.52/5.01 19/18 31.66/30
1.5TMTP) MOVEMENT
EXTENSION 65/67.33 84.84/89.67 11.51/12.50 83.33/90 110/119.66
FLEXION 8.33/8.33 34.43/35.91 10.76/10.64 32.66/35.16 63.33/63.33
ROM 90/86.3 119.31/125.61 15.37/17.12 119.66/125 163.33/170
FPA -3/-5 8.37/5.32 5.39/4.89 8/5 22/19
FPI -9/-6 2.44/2.51 3.41/3.44 3/3 11/10

R: right. L: left. INT ROT: internal rotation. EXT ROT: external rotation. ROM: range of motion. 15T MTPJ: first metatarsophalangeal joint. FPA: Foot pregression angle. FPI: Foot
posture index.

Regarding the mobility of the 15t MTP], the difference found in
flexion was 1.50° (95 % confidence interval: 0.33-3.33, p<0.016),
in extension was 4.66° (95 % confidence interval: 3, 16-6.15,
p <0.001), and ROM was 6.30° (95 % confidence interval: 4.44-
8.15,p<0.001), and furthermore, all values were higher in the left
MTP]J (Table II). The presence of HV in the sample of 129 subjects
was observed bilaterally in 123 cases (95.34 %) and unilaterally in
6 cases (4.65 %): one (0.77 %) in the right foot and five (3.87 %)
in the left foot. In the level of severity of HV, stage B increased in
eight cases (8.06 %) in the right feet, according to Manchester
scale?®. Furthermore, the left feet presented an increase of sev-
en (4.85 %) more cases of HV in stage C, and five (3.82 %) more
cases in stage D, but no statistically-significant differences were
observed between both feet (Odds Ratio (OR)B: 0.86, p = 0.420;
ORC:1.33,p=0.266;and ORD: 2.11, p=0.163). For both left and
right foot Manchester stage, no significant effect of hip rotation,
TT (Figure 4), FPI (Figure 5) or FPA (Figure 6) was found (p > 0.05).

Table Il describes the values of the variables according to the degree
Figure 3. Foot progression angle difference by side. of severity of HV (Table I1).

Table Il. Average values according to hallux abductus valgus.

B (58/L66) C(58/L50) D(11/L6)
HV degree R/L R/L R/L
HIP
INT ROT 38.82+-10.22/39.28 +-11.34 38.02+-9.81/37.32+-9.88 35.33+-10.28/38.06 +-7.74
EXT ROT 36.70+-7.78 /33.80 + -8.89 36.48+-9.27/34.75+-8.13 37.72+-8.30/32.43 +-9.46
ROM 75.53+-9.64/73.07 +-12.33 74.50+-11.29/72.08 +-11.09 73.05+-13.71/70.48 +-11.44
TIBIALTORSION 16.88+-5.91/16.47 +-4.77 16.82 +-5.01/16.36 +-4.87 19.72+-5.69/14.27 +-6.87
15T MTP) MOVEMENT
EXTENSION 87.03+-12.24/91.99+-11.89 82.34+-10.20/88.31 £-12.91 79+-7.24/83.27 +-12.54
FLEXION 33.64 +-9.60/36.08 +-9.28 35.50+-11.83/36.44+-11.94 34.27 +-14.62/32.18 +-10.18
ROM 120.67 £-15.12/128.07 +-15.15 117.85+-15.67/124.76 +-19.18 113.27 £-14.94/115.45+-10.73
FPA 8.5+5.38/5.61+5.37 8.51+5.30/4.68 +4.35 12+6.87/6.30+4.78
FPI 2.01+-3.45/2.40+-3.72 2.85+-3.45/2.48+-3.24 3.58+-2.72/3.39+-3.30

R: right. L: left. INT ROT: internal rotation. EXT ROT: external rotation. ROM: range of motion. 15T MTPJ: first metatarsophalangeal joint. FPA: foot pregression angle. FPI: foot
posture index.

[Rev Esp Podol. 2023;34(2):90-98]
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Regarding the mobility of the 1* MTPJ, a significant effect was
found for the Manchester degree in extension in both feetand range
of motion in the left foot (Table Il). Each one-degree increase of exten-
sion reduces the probability of having a type C HV in regard to B by
3.6 % in the right foot. In the left foot, it reduces the probability of
having atype D HVin regard to B by 5.8 %. Each one-degree increase
in ROM reduces the probability of having a type D HV in regard to B
by 4.6 % in the left foot.

Giménez Lopez R

Discussion

Until now, rotational and torsional asymmetries in the LE and
their possible impact on the development of HV had not been ana-
lyzed. The results of this study reveal the possible existence of a
leftinternal rotational pattern in LLE and a right external rotational
pattern in RLE, as observed in previous studies such as Ries' and
Lafuente et al.®.

Figure 4. Relationship between Hallux valgus (HV) and tibial torsion (TT).

Figure 5. Relationship between Hallux valgus (HV) and Foot posture index (FPI).

[Rev Esp Podol. 2023;34(2):90-98]
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Figure 6. Relationship between Hallux valgus (HV) and Foot progression angle (FPA).

In terms of percentages of involvement, the study by Mathon?®,
using two different methods of measurement, revealed a difference
inTT of 3°in 12 % of the sample with the first method, and 4.9°in 9 %
of the participants with a second method. Shultz and Nguyen® also
reported a difference in TT that exceeded the measurement error in
more than 32 % of the participants. Regarding femoral anteversion,
Mathon et al.° found an absolute side difference of 6.3° in 47 % of
participants, and Shultz et al.3' found a difference between 5 % and
32 % of cases. Theanalysis of the data in this study reveals that nei-
ther hip rotational asymmetry nor TT is related to the stage of severity
of HVin any foot, although there is a tendency for values to decrease
in the left leg and increase in the right leg as the stage of severity of
the HV increases. Despite this, this LE asymmetry may influence the
foot during gait as the result of the FPA shown.

In this study, measurements in the LE were taken segmentally
rather than globally to identify the origin of a rotational abnormal-
ity in the lower limb as a whole. Singh®*?and Hawi?* argue that the
thigh-foot angle provides a reliable alternative to computed tomog-
raphy for measuring TT. The results of this study do not deviate from
the average 15° thigh-foot angle in people without pathology®,
although this value can be extended to 19°%. In scientific literature,
a difference of less than 3° is not considered clinically significant®®,
although, itis observed that even with lower values, TT is increased
in RLE compared to LLE.

With regard to other studies, the hip rotation values do not differ
from the mean values referenced in healthy subjects®®, demonstrat-
ing a predominance of internal rotation versus external rotation, in
contrast with the American Academy of Orthopedic Surgeons ref-
erenced data®. In this regard, other authors such as Shultz and
Nguyen® reported that women had greater internal rotation of the
hips and genu valgum compared to men. Along the same lines,
the studies by Hudson'# and Cannon et al.*® reported a predomi-

[Rev Esp Podol. 2023;34(2):90-98]

nance of internal hip rotation versus external rotation associated
with internal femoral torsion in a higher percentage of women. In
this study, itis noted that increased external rotation in the right hip
is associated with external TT in twice as many cases as with internal
TT, and on the contrary, in the left hip, internal rotation is normally
associated with internal TT.

Aninternal rotational and torsional componentin the LE will favor
a greater pronation of the foot. In addition, this circumstance favors
the medial ligaments at the level of the 1t MTF] for elongation, and
the head of the first metatarsal for sliding medially, accentuating the
imbalance of the joint reaction forces®. This may be the reason why we
found a higher passive ROM of the left 1st MTF], which may be related
to the more severe cases of HV found in the left foot at 9 %. These
data do not coincide with the recent study by Crooks et al.*°, which
evaluated the difference between sides in cases of HV, showing only
2 % more severe cases in the left foot. The present study, in contrast
to Crooks, included unilateral cases in the sample and used a differ-
ent methodology. Likewise, the mobility values of this joint without
weight bearing are observed to be increased with respect to other
studies performed with the same methodology*'. One of the causes of
thisincrease in joint mobility could be the composition of the sample,
which was represented only by women whose ligamentous laxity is
usually found in a higher proportion (3:1) with respect to men“2. The
mean FPlvalue observed by Sanchez etal.?®was 1.6in menand 2.4in
women, similar to the results of this study, and these were related to
more supinated feetin men and more valgus or neutral feetin women.
In turn, Carvalho et al.** observed that the participants in their study
had a more pronated posture of the left foot than the right.

In this study however, the FPI result corresponds to normal feet
and does not evidence the pronator character in the left foot, sup-
posedly favored by the internal rotation observed in LLE. We found
that the frontal plane position values of the calcaneus of the FPl were
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higher in the left foot, and lower in the right foot, with respect to the
average. In addition, according to Livingston s article*4, mean values
did not always reflect the real variation of the data within the sample.
It was found that in 56 % of the participants there was a minimum
difference of 4° in the bilateral hindfoot angle that exceeded 7° in
20 % of the sample; however, Nguyen and Shultz* did not observe
differences between sides or sexes in this criterion.

Moreover, when excluding feet with hallux limitus in this study,
a greater number of right feet with hallux limitus was observed at
5:2 with respect to the left. Although this is alow number, we hypoth-
esize the influence of increased external TT and external hip rotation
as a predisposing factors for foot supination. This supination would
lead to elevation of the first metatarsal off the ground, or in other
words, to a metatarsus primus elevatus, thus favoring a hallux limitus.
This new hypothesis would be supported by the research of Ciufo®,
who observed a statistically-significant correlation between external
TT, talus morphology, and tibiotalar inclination. With reference to this
alteration and with another view, Lafuente et al.*” identified hallux
limitus as the cause of alower internal rotation of the El; however, the
cause-effect of this other deformity is not clear. We also found other
references to asymmetry, such as that of foot height by Zhao*¥, who
observed more height at the right foot with respect to the left, which
could be explained by a mostly-supinated position of the right foot,
or a pronated position of the left foot. Throughout the growth of the
individual, the foot progression angle remains slightly positive, with
values between 6° to 10°, due to the progressive loss of hip internal
rotation’. The average FPA in this study was slightly decreased in the
left foot. This decrease may be due to greater femoral anteversion,
as indicated by Alexander® and Bruderer et al.5, although according
to Hudson’s assessment', TT would be the component that would
most influence the direction and magnitude of the FPA, as shown by
68 % of the subjects in his study.

Regarding the results of this analysis, a 3° difference was found in
the angle of progression between both feet coinciding with the sum
of the rotational asymmetries of the RLE in unloading, which is very
similar to those of other studies carried out with children***, so it can
be assumed that this asymmetry persists into adulthood.

In most of the articles consulted, it was found that the partici-
pants did not present pathology, which indicates that these asym-
metries may have an influence on the appearance and development
of HV, depending on other predisposing morphological factors in the
individual. This study suggests that the biomechanics of the human
body are not always able to achieve rotational symmetry of the limbs
during its development. Data from this study indicates a predomi-
nance of left internal and right external rotation in adulthood due to
fetal position and/or hereditary factors. Hereditary factors are still a
pending study, and the fetal position that would lead to this asymme-
try would have its origin in the placement of the right lower extremity
over the left during gestation, favoring greater internal rotation of
the LLE and greater external rotation of the RLE, as pointed out by
several authors such as Sthaeli'®, Fabry'®, Radler'?, Sass and Hassan',
and Rodriguez'® (Figure 7). Along these lines, Katz®' observed that
premature infants presented a greater external rotational patternin
their lower extremities, and a lesser number of adducted metatar-
sals. Furdon and Donlon*?emphasize that the foot is malleable, soiitis
susceptible to compression and deformation due to the intrauterine
position. The authors also point out the importance of distinguishing

Giménez Lopez R

Figure 7. Drawing “the fetus in the womb” by Leonardo Da Vinci.
Source: Wikipedia

between a temporary positional deformity and a structural malfor-
mation of the foot, which is a challenge. This statement could also
be extrapolated to the lower limb as a whole.

Inthe absence of better performance and accessibility of diagnos-
ticimaging systems, such as computed tomography, great similarities
between these sophisticated techniques can be found with those used
in a podiatry clinic through rudimentary tools; for example, a universal
goniometer, which facilitates the possible reproducibility of this study
in any field. This study has limitations due to the exclusion criteria,
which has led to a possible decrease in the information recorded on
variables such as the severity of HV. Also, it was not possible to access
acontrol sample due to the COVID-19 pandemic situation during data
collection. Nevertheless, we found the same rotational asymmetries
in the LE as in samples without pathology according to the literature
consulted. Itis important to emphasize that the mobility of the joints
isassessed in unloading, so these data should be contrasted with the
global performance and dynamics of the LE.

In conclusion, the findings of the present study have shown no
significant difference between right and left HV, though there was
a significant difference in ROM of the 15 MTF], being greater in the
left foot. There was a difference between both hips rotations but no
difference was observed in TT. Our study points to the possible exis-
tence of afrequentinternal rotation pattern in the LLE and external in
the RLE to be considered in the early diagnosis and treatment of the
individual. Fetal position could be the common predisposing factor
of a rotational pattern of LE in a high percentage of the population.

[Rev Esp Podol. 2023;34(2):90-98]
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Whose origin could be dueto a “Lower limbs gestational positional
pattern”. These rotational asymmetries of the LE may condition the
structure and function of the of the musculoskeletal system, of the
footand the 1st MTFJ. Future biomechanical and other investigations
will be pertinent to corroborate these results.
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