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INTRODUCTION 

The Morton foot syndrome (MFS), known as a hereditary 
syndrome, is radiologically characterized by a short first 
metatarsal bone and a distally longer the second metatarsal 
head compared to the head of the first metatarsal bone.1–3 
Due to posterior displacement of the first metatarsal sesa-
moid bones and excessive mobility of the medial cuneiform 
and first metatarsal bones, relatively the second metatarsal 

head is exposed over weight load during standing or 
walking.4,5 The cause of MFS is still unclear, but previous 
studies have reported heredity, inflammation of the first 
sesamoid bone, vascular replacement, and traumatic injury 
of the medial feet and toes as the main etiology.6–8 

MFS is accompanied by several clinical symptoms when 
standing or walking while wearing shoes with narrow balls 
of the metatarsophalangeal joint area and causes dysesthesia 
or metatarsophalangeal neuroma in the intermetatarsal nerve 
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Purpose To determine kinematic 3D pelvic motion using a 3D motion analysis system, including 
two force platforms with and without a foot-toe orthosis condition. 

Study design A cross-sectional and repeated-measures study design. 

Methods Kinematic pelvic data were obtained during free gait from twenty-five individuals with 
MFS. A three-dimensional motion capture system was used to obtain pelvic motion data with and 
without foot-toe orthotic conditions. Repeated-measures analysis of variance was used to verify 
the influence of each orthotic condition on kinematic values. 

Results Significant differences on the pelvic range of motion (ROM) values of the maximal 
depression (F=6.447, p=0.008), total ROM in coronal plane (F=4.665, p=0.021), and total ROM 
in the transverse plane (F=3.990, p=0.038) were found according to orthosis conditions. 
However, there were no significant differences in any maximal pelvic ROM values between the 
lower limb sides (p>0.05). In addition, there were also no interactive effects between the orthosis 
conditions and the foot sides in any of the pelvic maximal ROM variables (p>0.05). 

Conclusions Applying the foot-toe orthosis for MFS increased the pelvic stability as a reduction 
of maximal pelvic coronal and transverse movement during gait compared to baseline barefoot 
walking condition. Therefore, clinical interventions using relatively easy-to-apply foot-toe 
orthoses are needed to manage and prevent future development of various musculoskeletal 
deformities and pain in individuals with MFS. 

Key words Foot-toe orthosis; Gait analysis; Kinematics; Morton foot; Pelvis.  
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area.9,10 However, most individuals with Morton foot de-
formity rarely have clinical symptoms such as metatarsal 
pain or neuroma, and do not have limitation in their ability 
to perform daily activities such as standing or walking.2 In a 
previous study of over 3,600 people with MFS, approxi-
mately 1,150 (32.1%) of the participants had a longer 
second metatarsal compared to the first, but they had no 
clinical symptoms in their feet or toes.11 Although previous 
studies have reported a few or no clinical symptoms of MFS, 
most study participants were young males, making it diffi-
cult to generalize the results to all individuals with MFS. In 
addition, previous studies on the effects of MFS on bio-
mechanical variables during walking have shown negative 
effects on ground reaction force and foot pressure distri-
bution in the first and second metatarsophalangeal areas.1,2 
These negative effects can cause severe pain in the metatar-
sal and toe bones, paresthesia, and spread of symptoms to 
adjacent foot-toe joints and segments.6  

Among the various clinical treatments for alleviating 
symptoms and improving gait function of MFS, foot-toe 
orthosis intervention should be considered as a non-invasive 
treatment with relatively few side effects.2,12 Foot-toe or-
thoses for MFS should reduce medial forefoot pain during 
walking as well as abnormal body weight pressure concen-
trated on the lower extremity joints and foot segments, 
contributing to improvement of gait efficiency. In the case 
of hallux valgus (HV) deformation, which exhibits a similar 
musculoskeletal deformity of the forefoot as MFS, the 
abnormal alignment due to the lateral deviation of the first 
metatarsophalangeal joint is associated with a decrease in 
walking efficiency.13–15 The biomechanical function of the 
medial forefoot during walking or jogging is to provide 
body weight support and sufficient GRF in the terminal 
stance phase, thereby generating propulsive force in the 
early swing phase and maintaining the efficiency of walking. 
From this perspective, individuals with MFS or HV de-
formities have a decreased gait efficiency and more clinical 
symptoms compared to the general population.2,15 

Previously, there have been reports on the clinical and 
biomechanical effects of a pad-type foot-toe orthosis on the 
lower extremity joints during gait in subjects with MFS.1,2 
However, few studies have investigated the influences 
between pelvic kinematics and structural changes in the 
forefoot musculoskeletal system of MFS according to the 
application of a pad-type foot-toe orthosis. In addition, the 
pelvis is a segment that plays an important role in the 
efficiency of walking, and it does not only affect the biome-
chanics of the lumbar and hip joints but also contributes to 
postural stability.16 A smaller value of pelvic movement is 
considered indicative of better pelvic stability during gait. 

Therefore, the purpose of the study was to investigate 
biomechanical influences of a pad type foot-toe orthosis on 
3D kinematic pelvic motion in individuals with MFS using 
a reliable and objective 3D motion analysis equipment. The 
study hypothesis established that when applying the foot-toe 
orthosis condition, the subjects would have increased pelvic 
stability during walking compared to those without orthotic 
condition. 

 
METHODS 

Subjects 

The subjects were twenty-five individuals (15 males and 
10 females) with MFS. All participants had both feet MFS 
and shorter length of the hallux end than the second toe. 
They had no other feet deformities such as HV and reported 
no foot or toe pain during gait. Inclusion criteria were at 
least 8 mm longer length of the second metatarsal bone 
compared to the first metatarsal head in both feet and no 
surgical history of the feet and toes.2 Individuals with 
musculoskeletal or neurological problems of the foot and 
toe joints and foot-toe osteoarthritis were excluded due to 
the low efficacy of foot-toe orthosis walking condition. In 
addition, if participants had systemic rheumatoid arthritis, 
painful ankle, or pathologic conditions affecting gait, they 
were excluded from the study. MFS assessment was per-
formed by a licensed clinical professional to determine the 
difference in length between the first and second metatarsal 
heads.11 Participants had an average age of 34.4 years, a 
height of 166.9 cm, and a weight of 63.0 kg. A research 
expert explained all the experimental procedures to the 
participants, and all participants participated in the experi-
ment voluntarily. The study design and experimental pro-
tocol were approved by the Institutional Review Board of 
Jeonju University (jjIRB-190611-HR-2019-0602). 

 
Instrumentation for pelvic kinematics and data collec-
tion 

This study design was a cross-sectional and repeated 
measures design with and without foot-toe orthosis. The 
motion analysis laboratory room had a 3D motion capture 
system (Vicon Inc., Oxford, England) composed of eight 
infrared cameras, two force platforms (AMTI, Watertown, 
MA, USA), and a 10 m walking pathway (Figure 1). This 
study utilized the force platforms installed in the center of 
the walkway to measure more accurate gait cycles. The 
sampling rate of the force platform was set to 500 Hz. The 
sampling rate of the motion capture camera operation was 
set at 100 Hz. A 7.5 cm T-frame wand was used as a 
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calibration reference object for identifying the lab origin 
and to calibrate the motion capture system. 3D pelvic kine-
matic data during gait were acquired in the motion analysis 
laboratory of Jeonju University. 

A Nexus software program (version 1.8.5, Vicon Inc., 
Oxford, England) was used to analyze camera capture and 
force platform data. Additionally, it was used to create the 
basic musculoskeletal model of each participant through the 
attached reflective markers on the anatomical landmarks of 
the joints and segments.2 Kinetic force platform data were 
low-pass filtered using a 4th order Butterworth filter with a 
cut-off frequency of 15 Hz and Kinematic camera capture 
data were low-pass filtered with a 4th order Butterworth 
filter with a cut-off frequency of 6 Hz.17 The c3d files 
finally obtained through the Nexus program were trans-
ferred to the Visual3D v6 professional program (C-Motion 
Inc., MD, USA) which was used to analyze all final graph 
reports and 3D kinematic pelvic data based on the Cali-
brated Anatomical System Technique according to foot-toe 
orthosis walking conditions (Figure 2).17 The foot-toe ortho-
sis (ZESPA Co., Seoul, Korea) for MFS used as the orthotic 
condition in this study was made of soft silicone. It was 
inserted between the hallux and the second toe to support 

the sole area of the medial forefoot (Figure 3). 
 

Three-dimensional pelvic motion analysis procedures 
during gait 

The experimental procedures included with and without 
foot-toe orthosis gait trials. To maintain a constant walking 
condition, tape guidelines were attached to the walking path 
to maintain a walking velocity and step width so that each 
participant could be aware of the free gait achieved during 

 

Figure 1. 3D gait analysis system consisted of six motion 
capture cameras and two force platforms equipped in the 
middle of the experimental 10 m walking pathway. 

 

Figure 2. Visual 3D representation of virtual musculo-
skeletal pelvic model based on the anterior superior iliac 
spine and posterior superior iliac spine markers accord-
ing to foot-toe orthosis conditions during gait. 

 
Figure 3. The experimental pad-type foot-toe orthosis: 
(A) Before wearing the foot-toe orthosis; (B) after wear-
ing the foot-toe orthosis. 
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walking practice. To obtain kinematic pelvic range of 
motion (ROM) data through gait analysis, 40 reflective 
markers (1.4 cm) were attached to the pelvic segment and 
bilateral lower limbs to feet, malleoli, femur condyles, 
grater trochanters, anterior superior iliac spines, and poste-
rior superior iliac spines. Each four-marker cluster was 
fixed by a Velcro on the calf and thigh segments according 
to six degrees of freedom (6DOF) model.17 After setting the 
reflective markers, an initial static camera capture of the 
standing posture was performed to generate a template 
model that was used to analyze the dynamic pelvic ROM 
values under with and without foot-toe orthosis gait condi-
tions. For foot-toe orthotic condition, the participants were 
asked to walk along a 10 m walking pathway with a free 
gait speed. A total of 8 successful walking trials were 
performed with and without orthosis condition, and the 
kinematic data of the pelvic segment obtained through these 
trials were used for final analysis. If the walking trial was 
not completed successfully due to marker loss or foot 
position errors in an orthotic condition, an additional gait 
trial was performed. The experimental order of each ortho-
sis condition was randomly assigned by dice throwing. 

 
Statistical analysis 

To compare the pelvic ROM occurred with and without 
orthosis gait trial, peak ROM variables developed in each 
3D motion plane during gait were used. Six maximal pelvic 
ROM variables (anterior tilting and external rotation devel-
oped in 30%–60% of the gait cycle; posterior tilting and 
elevation developed in 50%–80% of the gait cycle; and 
depression and internal rotation developed in 0%–30% of 
the gait cycle) were used in final statistical analysis. 
Repeated measures analysis of variance (ANOVA) with 
Bonferroni’s adjustment was used to compare kinematic 
data of the pelvic segment according to orthotic conditions 
and lower limb sides. If the interaction effect (foot-toe 
orthotic condition and limb side) was significant, post-hoc 
testing was used to verify pairwise comparison based on 
ANOVA results. The Kolmogorov-Smirnov test was used 
to investigate that the pelvic ROM data were distributed 
normally. All analyses were conducted using SPSS version 
29.0 (IBM Corp., Armonk, NY, USA). Differences were 
considered significant at α=0.05 level. 

 

RESULTS 

Normal distribution and Mauchly’s assumption of sphe-
ricity were satisfied for all maximal pelvic ROM variables 
required for repeated measures ANOVA analysis. There 
were significant differences in some maximal pelvic ROM 

variables between the foot-toe orthotic conditions during 
gait (Table 1). The pelvic ROM values of the maximal 
depression (F=6.447, p=0.008), total ROM in coronal plane 
(F=4.665, p=0.021), and total ROM in the transverse plane 
(F=3.990, p=0.038) were significant differences according 
to orthosis conditions (Table 1). However, there were no 
significant differences in any maximal pelvic ROM values 
between the lower limb sides (p>0.05) (Table 1). In addition, 
there were also no interactive effects between the orthosis 
conditions and the foot sides in any of the pelvic maximal 
ROM variables (p>0.05) (Table 1). 

Table 2 presented the mean values of pelvic maximal 
ROM between with and without foot-toe orthosis conditions 
during gait. Under the orthosis walking condition, the par-
ticipants walked with less maximal depression, less external 
rotation, and less total coronal pelvic motion than in the 
without orthotic condition in right foot side (Table 2). In left 
foot side, the participants walked with less maximal depres-
sion and less total transverse pelvic motion in the applying 
orthotic condition (Table 2). There were no significant dif-
ferences in anterior and posterior tilting variables between 
with and without foot-toe orthotic conditions (p>0.05) 
(Table 2). 

 
DISCUSSION 

Reliable and quantitative biomechanical examination is 
an important process in acquiring clinical results for pa-
tients with musculoskeletal foot and toe deformation such 
as MFS.18 In this respect, the strength of this study is that it 
analyzed the kinematic data of the pelvic segment during 
gait using a motion analysis system, which is widely recog-
nized as the most objective and quantitative technology in 
the field of biomechanical analysis. In addition, this study 
investigated the 3D kinematic maximal ROM values of the 
pelvic segment according to foot-toe orthotic condition 
using a motion analysis system while walking in individuals 
with MFS.  

Study results partially supported our hypothesis, as the 
foot-toe orthosis did affect some maximal pelvic ROM 
variables during free walking. The results showed that the 
pad-type foot-toe orthosis affected maximal pelvic depres-
sion while gait compared to the without orthotic condition. 
Additionally, total pelvic ROM developed in coronal and 
transverse motion planes showed less pelvic movement 
during gait compared to the without orthotic condition. It 
was difficult to review the results of this study because there 
were only few previous studies that performed biomechani-
cal analysis of the lower extremities using gait analysis 
individuals with MFS. Hypertrophy of the second metatarsal 



  

 Influences of Metatarsal Toe Orthosis on Pelvic Motion in Individuals with Morton Foot Syndrome  5 

 

Vol. 9, No. 1, Jun. 2025   Journal of Musculoskeletal Science and Technology 

causes disability and pain (metatarsalgia) in the forefoot in 
patients with MFS.18 Inflammation and pain of the medial 
metatarsal joint is common when walking or after exercise 
and prolonged standing.2,18 These musculoskeletal disorders 
are due to excessive pressure on the second metatarsal head.  
The results of this study showed that the application of the 
foot-toe orthosis for MFS contributed to pelvic stability 
during walking by reducing pelvic movements, especially in 
the coronal and transverse planes. The reason for these 
results is thought to be those musculoskeletal disorders of 

the foot and ankle joint, such as ankle sprain, ankle insta-
bility, and HV, which commonly occur in patients with MFS, 
also contribute to the instability of the pelvic segment 
during gait.3,4,19,20 Therefore, the silicone based foot-toe 
orthosis applied to the first and second metatarsal head 
areas on the medial side of the forefoot may contribute to 
the prevention and improvement of various foot deformities 
and pain and improve walking efficiency in individuals with 
MFS. 

Similar to the pelvic elevation of the coronal motion 

Table 1. Comparison of 3D pelvic motion by orthosis condition and foot side during gait (repeated measures ANOVA, N=25) 

Pelvic motion (°) Level F p value 

Maximal anterior tilting 

Orthosis conditions 1.445 0.262 

Foot sides 1.007 0.389 

Conditions × sides 1.751 0.180 

Maximal posterior tilting 

Orthosis conditions 1.444 0.270 

Foot sides 0.963 0.379 

Conditions × sides 1.585 0.234 

Total range in sagittal plane 

Orthosis conditions 1.507 0.253 

Foot sides 0.888 0.418 

Conditions × sides 0.927 0.377 

Maximal elevation 

Orthosis conditions 1.445 0.269 

Foot sides 2.109 0.152 

Conditions × sides 1.489 0.264 

Maximal depression 

Orthosis conditions 6.447 0.008* 

Foot sides 1.122 0.357 

Conditions × sides 0.074 0.947 

Total range in coronal plane 

Orthosis conditions 4.665 0.021* 

Foot sides 1.220 0.331 

Conditions × sides 1.990 0.150 

Maximal internal rotation 

Orthosis conditions 0.897 0.403 

Foot sides 1.573 0.256 

Conditions × sides 1.657 0.214 

Maximal external rotation 

Orthosis conditions 2.204 0.127 

Foot sides 1.111 0.360 

Conditions × sides 1.468 0.270 

Total range in transverse plane 

Orthosis conditions 3.990 0.038* 

Foot sides 1.204 0.348 

Conditions × sides 0.887 0.477 

*p<0.05. 
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plane, total range in transverse motion of the pelvic segment 
mainly decreased applying the foot-toe orthosis compared 
to non-orthotic condition. We could not find any compara-
tive studies that examined the effect of foot-toe orthosis on 
3D pelvic kinematics for MFS. In a previous study that 
verified kinetic ground reaction force by applying foot-toe 
orthosis for MFS in individuals with Morton toes, the 
application of the foot-toe orthosis had a clinically positive 
effects on peak ground reaction force developed in frontal 
plane compared to without orthotic condition.2 The applica-
tion of pad-type toe orthotics for MFS is thought to have 
contributed to pelvic stability and walking efficiency by 
improving the push-off force of the medial forefoot in the 
terminal stance during walking. When the second metatarsal 
bone is longer, its head area is in touch with the floor first, 
resulting in a transfer of body weight to the front of the 
medial forefoot.2,18,19 This musculoskeletal imbalance, asso-
ciated with an abnormal gait and an incorrect postural 
alignment causes biomechanical problems during gait. 
Additionally, these problems can cause pain in the ankles, 
hips, back, neck, and even headaches.18 The physical stress 
caused by this abnormal posture causes small but painful 

contractions called myofascial triggers in the horizontal 
muscles of the ankle and foot segments.2,19 

The result of this study showed no significant difference 
in the pelvic anterior and posterior tilting movements in 
the sagittal plane between two foot-toe orthosis conditions 
among the 3D pelvic movement variables. These results are 
presumed to be because the toe orthosis applied in this 
study improved the insufficient walking support of the first 
and second metatarsal heads arranged in the frontal plane, 
thereby contributing to the stability of the movement of the 
lower extremity joints and pelvic segments. As shown in the 
results in Table 2, the same results were not observed in 
some variables of maximal pelvic motion during gait on the 
right and left sides depending on whether the foot-toe 
orthosis was applied or not. For example, there was a sig-
nificant difference in maximal external rotation of the right 
pelvic segment before and after application of the foot-toe 
orthosis, but there was no significant difference in the left 
pelvic segment. This is a factor based on the general char-
acteristics of the subjects, such as dominant and non-domi-
nant feet, and most participants were right-foot dominant. In 
addition, the gait analysis was conducted only in one 

Table 2. Average of maximal pelvic motion with and without foot-toe orthosis during gait (N=25) 

Foot sides Maximal pelvic motion (°) Orthosis No orthosis p 

Right 

Anterior tilting 0.88±0.65 0.91±0.99 0.627 

Posterior tilting 1.67±1.11 1.88±1.02 0.554 

Total sagittal motion 2.55±0.84 2.79±1.00 0.777 

Elevation 4.52±0.86 5.04±1.22 0.448 

Depression 3.01±1.07 4.27±0.97 0.005* 

Total coronal motion 7.56±1.55 9.31±1.11 0.002* 

Internal rotation 1.23±0.72 0.94±1.00 0.321 

External rotation 7.51±2.47 8.52±2.08 0.015* 

Total transverse motion 8.74±1.63 9.46±1.65 0.093 

Left 

Anterior tilting 1.03±0.87 0.93±1.21 0.630 

Posterior tilting 1.55±1.00 1.70±0.99 0.523 

Total sagittal motion 2.53±0.93 2.63±1.14 0.742 

Elevation 4.08±1.11 3.76±1.08 0.800 

Depression 3.51±1.01 4.26±0.93 0.037* 

Total coronal motion 7.59±1.06 8.02±1.05 0.105 

Internal rotation 1.05±0.70 1.33±1.00 0.241 

External rotation 6.76±1.73 7.51±2.57 0.073 

Total transverse motion 7.81±1.35 8.84±2.88 0.018* 

*Significant differences between with and without orthosis condition using 2 × 2 repeated measures ANOVA (p<0.05). 
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direction on the 10 m walk pathway, not in both directions. 
The limitations of the study were that the experimental 

procedure was performed on relatively healthy MFS indi-
viduals without painful feet and toes that would interfere 
with walking. Therefore, it is difficult to consistently apply 
these results to all MFS individuals who already have MFS 
signs and symptoms in the foot and toe joints. In addition, 
due to the difficulty in recruiting subjects with MFS, a small 
number of subjects participated in the study. This study also 
has limitations in that it verified the temporary biomechani-
cal effectiveness of the cross-sectional experimental appli-
cation of the foot-toe orthosis for MFS. Therefore, future 
studies will need to overcome these limitations and verify 
the mid- to long-term effects of clinical interventions such 
as the application of the foot-toe orthoses through many 
MFS subjects with various clinical signs and symptoms. 

 

CONCLUSIONS 

This study was executed to confirm the influences of the 
silicone pad-type foot-toe orthosis on the 3D kinematic 
pelvic movements using a quantitative and reliable 3D mo-
tion analysis system. The results supported that applying the 
foot-toe orthosis for MFS increased the pelvic stability as it 
reduced maximal pelvic movement during gait compared to 
baseline barefoot walking condition. Therefore, clinical in-
terventions using relatively easy-to-apply foot-toe orthoses, 
as introduced in this study, are needed to manage and 
prevent future development of various musculoskeletal 
deformities and pain in individuals with MFS who have no 
signs or symptoms. 

 

Key Points  

Question Does the foot-toe orthosis walking trial have an 
effect on the maximal pelvic movement during gait in 
individuals with Morton foot syndrome (MFS)? 

Findings There were significant changes observed in some 
maximal pelvic movements when with and without foot-toe 
orthosis trials were executed/conducted for individuals with 
MFS during gait. 

Meaning Application of the foot-toe orthosis in individuals 
with MFS could contribute to pelvic stability during walking 
by reducing pelvic movements, especially in the coronal and 
transverse planes. 
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