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Abstract

Introduction: The aim of this study was to examine the anatomic alignment of shin, ankle and feet in elite runners with and without
medial tibial stress syndrome (MTSS). Materials and methods: The number of subjects employed in this study was 70 male elite runners
who were divided into two groups: those with MTSS and a mean age of 25.9+3.21 and the control group with a mean age of 25.3+33.3. They
were investigated for plantar arch index (Staheli), navicular drop, ankle dorsi flexion, plantar ankle flexion, tibia vara and tibial torsion. Data
were analyzed employing SPSS software, version 18 and independent samples t-test. Results: The results of data analysis revealed that there
was a significant difference between the two groups in the mean navicular drop, dorsi flexion and tibial torsion, such that the rate of navicular
drop in the affected group was higher than that of the control group (P=0.011). In addition, the affected group had limited dorsi flexion of the
ankle (P=0.048) and low tibial torsion angle (P=0.002). However, there was no significant difference between the two groups in the mean plantar
arch index (Staheli) (P=0.428), plantar flexion (P=0.448) and tibia vara (P=0.672) (P>0.05). Conclusion: According to the results of this study,
abnormal plantar arch, dorsi flexion limitation and tibial torsion are imperative risk factors in the occurrence of MTSS, which can be forestalled
with timely diagnosis of abnormalities and early intervention.
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excessive traction (1). According to Yagi ef al., imaging studies
have shown that bone marrow, bone periosteum and adjacent
muscles may be injured in MTSS (7). Soleus and posterior tibia

Introduction

Medial tibial stress syndrome (MTSS) is one of several injuries

caused by excessive use of the lower extremity, which is
commonly known as "shank pain” or "shin splints" (1). The
medial tibial stress syndrome involves an increase in pain in
two-thirds of the distal and posterior tibia (2-4). The highest
prevalence rate of shin splint was reported among military forces
(1). According to reports, the prevalence of this injury among
runners is between 13.2 and 17.3 percent (1, 5). In a study,
milgrom et al., reported the prevalence of MTSS among 295
infantrymen to be 41% (6). Various studies have attempted to
find the exact pathophysiology of the MTSS, but this has not
been elucidated precisely (1). Until recently, tibial periostitis was
considered to be the most likely cause of MTSS owing to

produce forces that can apply stress on fascia and tibial
periosteum in the proximal bone during running (8, 9).
Researchers have identified numerous risk factors for MTSS,
including exercises on hard or non-uniform surfaces, incorrect
practice techniques, increase in exercise intensity in the short
term, shoe shifts, muscle imbalance, non-flexibility and
biomechanical abnormalities (1). In addition, previous studies
have investigated several other risk factors for MTSS such as
increased foot pronation in standing position (1, 10, 11), high
body mass index (BMI) (12, 13), female sex (1, 11, 14), increase
in the range of motion of the plantar ankle flexion (12, 14) and
decrease in the range of motion of the femoral anteversion (12).

Journal of Clinical Physiotherapy Research. 2018;3(2): 89-94

Copyright © 2016 Shahid Beheshti University of Medical Sciences. All rights reserved. Downloaded from: http://journals.sbmu.ac.ir/physiotherapy/



90

Kashi & Minoonejad

S ¥ B
Figure 1. Measurement of Foot Arches Index (Static)

The above-mentioned risk factors have not been consistent in
all the studies conducted on MITSS, and most of the results are
contradictory. Raeisi.ef al., reported that there was a significant
correlation between navicular drop and MTSS, but there was
no significant correlation between MTSS and Q angle, the
Achilles angle, the tibial angle, the distance of the inner
condyles and medial tibial ankles, and lower extremity length.
Neal et al. (15) and Chuter and Jonge (16) presented strong
evidence to show that foot pronation is a risk factor for MTSS.
Moen et al., reported that body mass index, decrease in the
range of motion of the femoral anteversion, positive navicular
drop and an increase in plantar ankle flexion had a significant
correlation with shin splint (12).

Regarding the sporting goals and the need for physical
health among athletes as well as the consequences and costs of
injury, identification of the factors associated with this injury
is important in order to design preventive blueprints for the
prevention of injury and application of corrective techniques.
According to previous researches, different and limited
anatomical, biomechanical, physiological factors and training
variables have been employed in this type of study and only
two to three variables have been used to compare the two study
groups; but, the present study has attempted to eliminate the
limitation of previous researches by taking into account the
anatomical factor and the simultaneous measurement of the
studied variables. On the other hand, in previous researches, a
limited number of studies have been conducted on elite
athletes, and most researches were carried out on military
forces. For this reason, the present study is aimed at providing
information on this risk factor for injury by comparing the
anatomic alignment of lower extremities in runners with and
without MTSS.

Materials and Methods

According to the goals and research content of the study, this
was a descriptive and post-event comparative research. For this
purpose, according to inclusion and exclusion criteria that
included sampling only in the male group who fall within age

Figure 2. Navi Bone Drop Measurement

bracket of 20 to 30 years, being active in running, not being
affected by injuries other than that induced by MTSS, and
having at least three years’ experience of regular physical activity
(exercise). A total of 70 elite runners from the Premier League of
Athletics were selected to participate in this study through
targeted sampling. Then, 35 runners with MTSS were assigned
to the case group and 35 runners without MTSS (healthy) to the
control group. All participants in the study used a track and field
court for practice and competition. Participants with MTSS were
identified based on the pain history that persists from several
hours to several days after exercise, the pain location, which is
on the tibial posterior extending at least 5 centimeters and
palpation that induces pain extension and non-uniform surface
of the bone (1).

Depending on the diagnosis, people with pains for reasons
other than those induced by MTSS were excluded from the
study, such as compartment syndrome, stress fracture, as well as
those with a history of surgery and fracture in the lower
extremity. In addition, the presence of MTSS was confirmed by
an orthopedist.

Measurement process

All measurements were performed by a researcher. Each of these
measurements was performed three times by the researcher, and
the average of the three measurements was recorded as the
person’s score. The variables investigated in this study included
plantar arch index (Staheli), navicular drop, dorsi flexion,
plantar flexion, tibia vara and tibial torsion.

The Staheli index was employed to measure the plantar arch
of the subjects. First, talcum powder was sprinkled on a pre-
prepared plate, and the subject was asked to walk as normal as
possible from a few meters farther, and put his feet on it
normally without paying attention to the plate. Thereafter, based
on the footprint on the plate, the thinnest point of the plantar
arch and the widest point of the heel of each foot were recorded
and Staheli index was computed by dividing the thinnest point
of the plantar arch by the widest point of the heel (Figure 1). The
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Figure 3. Measuring tibia vara

natural range for this age group is between 0.44 and 0.89, and
numbers higher than 0.89 were identified as flat foot and those
lower than 0.44 as pes cavus. This index was presented by Staheli
in 1987 and he has computed the criteria for different ages and
genders (17, 18).

Navicular drop test was employed to determine the amount
of foot pronation. First, the subject sat on the chair with his thigh
and knees in a 90° flexion, his sole of foot on the ground and the
subtalar joint in a neutral and relaxed position. The examiner
palpated the navicular tuberosity and estimated the distance to
the ground using a ruler. The subject was then asked to stand
and open the legs to the width of the shoulder and place the body
weight evenly on the two legs (weight bearing). Then, with re-
palpation of the navicular tuberosity and its marking, the
distance between the navicular bone and the ground was
estimated. The difference between these two points was
recorded in millimeters as the navicular drop level in the two
positions (19) (Figure 2). The amount of navicular drop between
9 and 5 mm was considered as a normal foot, more than 10 mm
as the foot pronation and less than 4 mm as the foot supination
(20). The validity of this test was also reported at 0.94 (21).

In this study, the range of motion of the ankle dorsi flexion
was estimated employing goniometer. For this purpose, the
subject was asked to prostrate with the knees in the extension
position and the ankle in a 90" position hanging from the edge of
the examination table. The fibula tip, the fifth bone of the sole

Figure 4. Measuring Coarse Twist

of the foot and the ankle were marked as reference points. The
goniometer center on the ankle was the fixed arm along the
fibula tip, and the movable arm was along the fifth bone of the
sole of the foot. The subject was then asked to actively perform
the dorsi flexion motion (22). The validity of this technique has
been reported at 0.80 (21). The range of motion of plantar ankle
flexion was also estimated by the goniometer. To this end, the
subject was asked to stand in a supine position, while the knees
were in the extension position and the ankle in a 90" position
hanging from the edge of the examination desk. The fibula tip,
the fifth bone of the foot and the ankle were marked as the
reference points. The goniometer center on the ankle was the
fixed arm along the fibula tip, and the movable arm was along
the fifth bone of the sole of the foot. The subject was then asked
to actively perform a plantar flexion (23). The validity of this
technique is 0.89 (21).

To measure the tibia vara, the subject was asked to stand on
one leg and keep the fingers in contact with the ground, and look
forward. Then, the examiner identified the line which divides
the shin posterior part into two equal halves, and plotted the line
from two-third of the upper shin to above the ankles. The angle
between the line perpendicular to the measured surface and the
plotted line was recorded as the tibia vara value (Figure 3) (24).

In this study, the thigh foot angle technique was employed to
measure tibial torsion. The subject was placed in the prone
position on the testing table and the knee joint was at 90°
flexion, the center of the heel was marked at the plantar surface,
and a line was drawn from this point to the middle of the foot
and a line dividing the thigh into two halves was drawn. The
intersection angle of these two lines was recorded as the tibial
torsion angle (Figure 4) (25, 26).

Statistical analysis
The K-S statistical test was employed to determine the normality of
the data. In order to compare the lower extremity variables in the
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Table 1. Demographic specifications of the subjects (N=70)

Variable Affected group  Control group T Df  P-value
Age (year) 25.9+3.21 25.3+£3.23 0.69 68 0.48
Weight (kg) 70.5+7.62 69.7+7.51 0.48 68 0.62
Height (cm) 181.5+6.7 178.2+7.14 2.003 68 0.49
BMI 21.4+2.09 21.9+1.49 - 1.11 68 0.26

Table 2. Results of independent t-test, mean and standard deviation (M + SD) of variables (N=70)

Variable Affected group  Controlgroup T Df  P-value
Plantar arch index (mm)  0.58+0.14 0.60+0.14 -0.79 68 0.42
Navicular drop (mm) 13.4+4.16 10.8+4.30 2.60 68 0.01
Dorsi flexion (degree) 15.78+3.51 17.28+3.24 -1.85 68 0.04
Plantar flexion (degree) 47.91+8.46 46.51+8.34 0.69 68 0.48
Tibia vara (degree) 9.56+2.95 9.30+2.02 0.42 68 0.67
Tibial torsion (degree) 6.98+3.02 9.35£3.17 -3.20 68 0.002

group with MTSS and the control group, independent samples t-
test was used. SPSS software, version 18 was employed to compute
all statistical data. The 95% significance level with an alpha value less
than or equal to 0.05 was considered throughout the study.

Results

Demographic information of the subjects is presented in Table
1. T-test results showed no significant difference between the
affected and control groups in height, weight, age and body mass
index (P>0.05). However, this difference was significant in
height (P<0.05).

Table 2 shows comparison of the measured variables and
independent samples t-test results between the two groups. As
shown in the results, there was a significant difference between the
two groups in the variables of navicular drop, dorsi flexion and tibial
torsion (P<0.05) such that the subjects with MTSS had higher level
of navicular drop, less tibial torsion angle and limitations on the
range of motion of ankle dorsi flexion range. However, this
difference was not significant in the plantar arch index, the range of
motion of plantar flexion and tibia vara level (P<0.05).

Discussion

Regarding navicular drop rate, the results showed that the
average of navicular drop in the affected group was higher than
that of the control group, indicating a significant increase in foot
pronation in the affected group (P=0.011). The results of this
study are in consonance with the results of Moen et al., (12). In
a study conducted on 35 military forces, Moen et al., (12)
reported that BMI, reduced femoral anteversion, positive

navicular drop and increase in plantar ankle flexion had a
significant correlation with MTSS. On the other hand, the results
of the present study are not in consonance with the results of
Rinking et al. (27). The inconsistent results can be attributed to
the different research samples used. This is because in the study
of Rinking et al., high school athletes were used but the present
study was conducted on elite runners (27). Excessive pronation
has been identified as a risk factor for MTSS, as it may influence
the distribution of loads in the lower extremities (28). Excessive
foot pronation is the mechanism responsible for the loss of
forces in the lower extremity by increasing the impact (28). Since
the plantar arch is an important component for absorbing the
reaction force of the ground during the stepping cycle, excessive
pronation induced the intrinsic and extrinsic muscles to stay in
eccentric contraction for a longer time. As a result, there is early
onset of muscle fatigue, which can further increase the amount
of absorbed proximal force on the periosteum and bone, and this
can be a factor in the development of MTSS (29). In addition,
according to the fascial stretch theory, since the increase in
deformation of the inner longitudinal arch requires larger
eccentric contractions by the plantar flexor muscles, it can
increase the stress at the fascial joint site on the tibia leading to
MTSS (30).

Regarding dorsi flexion, the results indicated that the mean
dorsi flexion in the affected group was lower than that of the
control group, indicating the limitation of dorsi flexion in the
affected group (P=0.048). The stiffness of soleus and
gastrocnemius muscles induced a decrease in the dorsi flexion
range of motion (31). The dorsi flexion limitation produced
more pressure and ultimately extended to the anterior part of the
tibia, the site of muscle attachment on the bone. It is believed
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that in individuals with dorsi flexion limitation, these fibers are
impaired and have been established to be the primary cause of
pain in MTSS (32). According to Thacker et al., most physicians
believe that the weakness of soleus muscle is in some way
responsible for this injury; also, the body cannot quickly
reconstruct bone among training sessions (33). This role of soleus
muscle and lack of bone regeneration among training sessions
may enervate the muscle and bone and reduce the ability of these
two tissues to absorb the applied forces; this force is applied to the
bone periosteum, which can lead to MTSS. It has also been
reported that the reduction of the ankle dorsi flexion in people
with leg and ankle injuries shows that the stiffness of soleus and
gastrocnemius muscles disrupts the foot and ankle mechanical
performance. In addition, the results of this study showed that
non-flexible gastrocnemius muscle induced the restriction of
dorsi flexion, which can lead to subtalar joint pronation, stressed
tissue and eventually, MTSS (34).

Regarding tibial torsion angle, the results showed that the
mean tibial torsion in the affected group was lower than that of
the control group (P=0.002). The results of this study are
inconsistent with the results of Baluchi et al. (29). The
inconsistent results of this research can be attributed to the
technique used for determination of the tibial torsion, because
in the study of Baluchi et al., the CT scan technique was used to
estimate the tibial torsion (29). Based on the kinematic chain
theory, the change of the anatomical state of each part of the
body affects its adjacent sections and joints. Tibial torsion is
usually associated with bony structures and since tibial torsion
is associated with the torsion of the knee and ankle joints, the
activity of the muscles changes as well (35). According to the
results of this study, individuals with MTSS who had lower tibial
torsion than the control group had higher toe-in during running
(21). When running and walking with natural toe-out, the axial
pressure driven by the movement is directed toward the desired
direction but this axial pressure is inclined in toe-in and there
may be other problems such as muscle imbalance. The muscle
imbalance and frailty, and shortness of a group of other muscles
lead to inordinate pressure on the bone periosteum, which can
predispose a person to MTSS (34). Based on the kinematic chain
system, the orthopedic disorder or anomaly developed in one
part of the body is transferred to other parts and affect those
parts (35). Consequently, people with excessive pronated foot
undergo a change in positions such as tibial anteversion and
increase in Q angle, and many of them have increased thigh
anteversion (35). People with pronation syndrome have
predictable patterns of injury including plantar fasciitis, shin
splint, patellar tendonitis and back pain (35).

Regarding plantar arch index, plantar flexion and tibia vara
level, the results of the study did not show any difference
between the two groups (P>0.05). These results are possibly due
to the lack of effect of these factors on the prevalence of MTSS.

Based on the results of this research, it is suggested that
before exercises, heel alignments of the lower extremities be
investigated in athletes. In the case of an abnormality, it should
be corrected as much as possible. Since injury itself may induce
an anatomic limb alignment, it is recommended that team
physicians should design and execute appropriate rehabilitation
programs so that the secondary abnormalities in the individual
caused by muscle frailty and shortness can be prevented.

Conclusion

Since the results of this study showed that increased foot
pronation, limited dorsi flexion range of motion and reduction
of tibial torsion angle in runners with MTSS were higher than
those in the control group, soft tissue around the joints is
enervated due to heel anatomic alignment and biomechanical
changes in the lower extremity joints. This could lead to a
decrease in load absorption by the muscles and tissues, which is
the primary cause of periostitis, eventually culminating in
MTSS. Based on these results, a preventive approach should be
adopted to deal with the MTSS before exercises and MTSS
should be prevented by examining and controlling the knee
joint, tight antreversion and range of motion in the runners as

well as correcting heel alignments and disorders.
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