CLINICAL RESEARCH

MEDICAL
SCIENCE

e-ISSN 1643-3750
© Med Sci Monit, 2021; 27: 930081
DOI: 10.12659/MSM.930081

MONITOR

feceived: 2000022 Effects of Short-Term Limitation of Movement

Accepted:
Available online: 2021.02.23

Published: 2031.03.05 of the First Metatarsophalangeal Joint on the
Biomechanics of the Ipsilateral Hip, Knee, and
Ankle Joints During Walking

Authors’ Contribution: ABCDEF 1,2 Rui Xu* 1 Department of Endocrinology, Shanghai National Research Center for Endocrine
Study Design A ABCDEFG 3 Hao Zuo* and Metabolic Disease, State Key Laboratory of Medical Genomics, Shanghai
Data Collection B N Institute for Endocrine and Metabolic Disease, Ruijin Hospital, Shanghai Jiaotong
Statistical Analysis C BCDE 3 Youbo JI University School of Medicine, Shanghai, P.R. China
Data Interpretation D BCDEF 4 Qiang Li 2 Department of Clinical Medicine, Norman Bethune Health Science Center of Jilin
Manuscript Preparation E BCDE 4 Zhonghan Wang University, Changchun, Jilin, P.R. China
Literature Search F . 3 Department of Pain, The Second Hospital of Jilin University, Changchun, Jilin,
Funds Collection G BcDE 4 He Liu PR China
BCD 2 Jiarui Wang 4 Department of Orthopedics, The Second Hospital of Jilin University, Changchun,
BCD 5 Zhey| Wei Jilin, P.R. China
" . 5 Department of Clinical Medicine, Fudan University School of Medicine, Shanghai,
Bcd 6 Weihang Li o @i
Bcp 7 Lin Cong 6 Department of Orthopaedics, Xijing Hospital, the Fourth Military Medical
BCD 8 Han Li University, Xi’an, Shaanxi, P.R. China
. pe 7 Department of Bioengineering, School of Public Health, Jilin University,
ABCDEFG 3 Hui Jin Changchun, Jilin, PR. China
ABCDEFG 9 Jincheng Wang 8 Department of Clinical Medicine, Norman Bethune Health Science Center of Jilin
University, Changchun, Jilin, P.R. China
9 Orthopaedic Medical Centre, The Second Hospital of Jilin University, Changchun,
Jilin, P.R. China
* Rui Xu and Hao Zuo contributed equally to this article
Corresponding Authors: Hui Jin, e-mail: jinhui0203@jlu.edu.cn, Jincheng Wang, e-mail: jinchengwang@hotmail.com
Source of support: Departmental sources

Background: We analyzed the effect of limitation of movement of the first metatarsophalangeal joint (FMJ) on the biome-
chanics of the lower limbs during walking.

Material/Methods: Eight healthy college students completed walking under barefoot (BF) and FM) constraint (FMJC) conditions.
We synchronously collected kinematics and dynamics data, and calculated the torque, power, and work of hip,
knee, and ankle joints.

Results: Compared with normal conditions, when the FMJ is restricted from walking, the maximum ankle dorsiflexion
angle is significantly increased (P<0.001), the maximum plantar flexion angle is significantly reduced (P<0.001),
the maximum plantar flexion torque (P<0.001) and the maximum dorsiflexion torque (P<0.05) increased sig-
nificantly, the maximum power increased significantly (P<0.001), the minimum power decreased significantly
(P<0.001), and the negative work increased significantly (P<0.001). The torque of hip and knee joints increased
significantly (P<0.05).

Conclusions: After the movement of the FM)J is restricted, the human body mainly compensates and transfers compensation
by increasing the angle of dorsiflexion, increasing work and the activity level of surrounding muscles through
the ankle joint, thereby increasing the torque load of the knee and hip joints to maintain the dynamic balance
of kinematics. FMJC condition increases the energy consumption of the human ankle, knee, and hip joints dur-
ing walking. The load is compensated by the gradual attenuation of the ankle, knee, and hip. Long-term limi-
tation may cause damage to the posterior calf muscles and increase the incidence of knee arthritis.
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Background

During walking, the lower-limb movements are realized by
multiple joints. If the first metatarsophalangeal joint (FM)) is
restricted, such as hallux valgus or hallux rigidity, rheumatoid
arthritis, diabetes, and other diseases involving the metatarso-
phalangeal joints, patients often experience decreased mobility
of the metatarsophalangeal joints and increased pressure on
the forefoot plantar during walking [1-3]. The movement pat-
tern of these patients is a typical restricted movement of the
forefoot [4,5]. The literature has shown that the limited range
of motion of the first metatarsophalangeal joint may change
gait performance, such as walking speed, stride length, and
joint kinematics of the lower limbs [6,7]. When a joint has dys-
function, in order to complete the action, the adjacent shut-
down will make an additional reaction, which is called com-
pensation [8,9]. The transmission of joint motion compensation
affects dynamic parameters such as joint load [10]. There are
FMJ lesions in many patients with hip, knee, and ankle lesions,
especially those with knee arthritis [11]. At present, there is a
lack of literature on this relationship, according to the prelim-
inary experimental basis [12]. We hypothesize that FMJ func-
tion limitation leads to joint compensation and biomechanical
effects, which increase the risk of knee arthritis.

In the design of anthropomorphic robots and prostheses, the
foot is often taken as a whole without considering the move-
ment of the metatarsophalangeal joints [13]. Research on
whether the limited range of motion of the metatarsopha-
langeal joint will affect the walking gait is mostly the analy-
sis of kinematics or plantar pressure when walking after the
limited motion of the metatarsophalangeal joint [14-16]. Few
studies have integrated kinematics and dynamics to system-
atically analyze the effects of restricted movement of the first
metatarsophalangeal joint on the biomechanical characteris-
tics of the lower limbs during walking. The present study will
help to understand how the human body performs joint com-
pensation and compensation delivery, to further understand
the function of the first metatarsophalangeal joint in human
motion, and provide a certain reference for improvement of
the surgical plan, postoperative rehabilitation, and the de-
sign of prostheses.

Material and Methods

Inclusion and Exclusion Criteria

We enrolled 8 healthy young people: 4 men and 4 women,
mean age 23.2+1.1 years, mean height 172.6+3.1 cm, mean
weight 66.7+6.5 kg, and mean shoe size Euro 40. Subjects did
not engage in vigorous exercise for 48 h before the experi-
ment. It was confirmed that there was no obvious damage to
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the lower limbs and feet within the last 6 months. All subjects
had normal movement of the first metatarsophalangeal joint,
without any disease. The dominant foot of all subjects was
the right foot. Before the experiment, the subjects signed an
informed consent form. This experiment was approved by the
Second Hospital of Jilin University Ethics Committee (2020046).

Study Design

The first metatarsophalangeal joint constraint (FMJC) used in
the experiment is composed of a low-temperature thermoplas-
tic sheet brace (medical polymer splint), medical gauze, and
Velcro provided by Convalescez® (Figure 1). During the exper-
iment, an FMJC was made according to the foot shape of each
subject, so that the movement of the first metatarsophalan-
geal joint was restricted.

According to the commonly used Helen Hayes motion capture
model [17], during the test, 19 reflective landmarks were at-
tached to the subject: left/right anterior superior iliac spine,
midpoint of the fourth and fifth lumbar spinous processes,
left/right thigh anterior, left/right tibial tuberosity, left/right
fibula lateral malleolus, left/right tibia and medial malleolus,
left/right toe, left/right heel, and toe point, and left/right first
metatarsophalangeal joint. The data acquisition system con-
sists of a Vicon three-dimensional optical motion capture sys-
tem including 6 MX infrared cameras and 4 AMTI biomechan-
ics force plates. The acquisition frequency of the force plate
is 1000 HZ and the size is 450x500 mm. The gait walking test
bench has a total length of 5m, a width of 1 m, and a height
of 0.8 m. The 4 force plates are embedded in the walking test
bench, and the ground angle level of the force plate can be
adjusted to ensure that the force plate is flush with the sur-
face of the test bench. An accompanying protection device
is installed above the walking test bench. When the subject
is walking, the operator manually controls the protection de-
vice so that the speed of the device can be changed with the
change of the subject’s pace. Therefore, the device can walk
with the subject without disturbing the subject’s natural gait,
and the subject can be supported by the protective belt to en-
sure safety when the subject slips.

Experimental Process

Each subject completed walking barefoot with immediate lim-
itation of the first metatarsophalangeal joint and 30 min of
limitation of the first metatarsophalangeal joint. Before the
start of the experiment, the Vicon® system was calibrated,
19 reflective balls were pasted on the subjects’ lower limbs,
and the subjects were allowed to stand still in the test area
with their arms slightly extended for about 2 s, so as to es-
tablish a static model for the subjects. Before data collection,
the subjects were given appropriate practice time to adapt to
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Medical Gauze

Velcro

Low Temperature Thermoplastic Sheet Brace

Figure 1. The first metatarsophalangeal joint
constraint (FMJC) consists of a low-
temperature thermoplastic sheet
brace, medical gauze, and Velcro.

the test environment and the position of the force plate, so
that the feet were stepped on the center of the force plate as
much as possible, and data were collected after the exercise.
The subjects were required to complete the test in a natural-
ly relaxed state, and each set of data collected should con-
tain 3 to 4 gait cycles. Each subject was required to complete
10 walking tests while barefoot (BF), with immediate limita-
tion of the first metatarsophalangeal joint and 30 min of lim-
itation of the first metatarsophalangeal joint. Subjects rested
for 2 min after every 2 tests to prevent physical fatigue from
affecting the subjects’ walking gait. The walking speed of all
subjects was the normal walking speed.

The three-dimensional coordinates of all the marker points col-
lected were smoothed by Butterworth low-pass filtering, and
the cutoff frequency was 10 Hz. The human body link coor-
dinate system was established according to the coordinates
of the marker points [18]. The hip joint center was calculat-
ed according to Bell’s research [19], the center of rotation of
the knee joint was the midpoint of the medial and lateral con-
dyles of the femur, the center of rotation of the ankle was the
midpoint of the medial and lateral malleolus, and the cen-
ter of rotation of the metatarsophalangeal joint was the cen-
ter of the first and fifth metatarsophalangeal joints. The Euler
angle method was used to calculate the three-dimensional
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angles of the hip, knee, and ankle, and the inverse dynam-
ic method was used to calculate the three-dimensional net
torque of the joint [20]. The human body inertia parameter
uses the Zatsiorsky-Seluyanov’s human body inertia param-
eter modified by DelLeva [21]. The joint power is the product
of the joint torque and the joint angular velocity. The trape-
zoid method was used to calculate the joint power over time
to obtain the joint power. The present study only analyzed the
human sagittal plane data, and normalized each indicator ac-
cording to a gait cycle (right toe off the ground to right toe
off the ground again).

Data Analysis

This test needs to analyze 6 spatiotemporal parameters (step
speed, stride length, stride frequency, stride time, single sup-
port period, and double support period) to avoid splitting mul-
tiple dependent variables into single factors for testing, re-
sulting in increased type | errors. To improve the inspection
efficiency, the Hotelling T? test was performed on the collect-
ed spatiotemporal parameters [22]. For other parameters, the
difference between FMJC and BF was analyzed by paired-sam-
ple t test. P<0.05, p<0.01 and P<0.001 were considered sta-
tistically significant, and the data processing was performed
using SPSS24.0.
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Table 1. Comparison of gait parameters between normal walking, walking immediately after FMJC, and walking 30 minutes after FM)C

(n=8).
Step length Step width Step frequency Percentage of swing Percentage of support
(cm) (cm) (steps/s) phase (%) phase (%)
Normal 82.31+4.5 12.55+4.31 1.89+0.10 0.361+0.021 0.610+0.015
| .
mmediately 81.92+4.41 14.71£3.12 1.8840.21 0.389+0.029 0.582+0.021
after FMJC
30 minutes "
79.11+2.3*# 15.41+3.11 1.85+0.31 0.401+0.031 0.571+0.025
after FMJC
Compared with the normal group * p<0.01; Compared with immediate limitation # p<0.01.
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Figure 2. Comparison of parameters of ankle, knee, and hip joints during normal walking, walking immediately after FMJC, and walking
30 minutes after FMJC (n=8).

Results Kinematics and Biomechanical Parameters

Gait Parameters Ankle Joint

Compared with the normal situation, there was no signifi-
cant difference in the step width, swing phase, support phase,
step length, and step frequency of the ankle, knee, and hip
when walking on the first metatarsophalangeal joint (P>0.05)
(Table 1).
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The results of kinematics and dynamics parameters of each
joint of the lower limbs when walking in BF and FMJC condi-
tions (Figure 2, Table 2) show that, under restricted conditions,
the maximum ankle dorsiflexion angle was significantly greater
than the BF case (P<0.001), and the maximum plantar flexion
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Table 2. Comparison of parameters of ankle, knee, and hip joints during normal walking, walking immediately after FMJC, and walking

30 minutes after FMJC (n=8).

Ankle joint

Immediately 30 minutes
after FMJC after FMJC

Immediately 30 minutes

Knee joint

Hip joint
Immediately 30 minutes

after FMJC after FMJC after FMJC after FMJC

Maximum 6.47 5.51 6.11 72.37
angle (°) +2.91 +3.20% +2.91% +1.36
Minimum -28.81 -21.01 22,51 2.16
angle (°) +7.31 +6.49***  $3.61* +1.13
fgf;'uf“m 1.88 1.77 1.69 1.01
b 21% 13* +0.
e +0.23 +0.21 +0.13 +0.14
x'r:'q'::‘m -0.32 -0.49 -0.58 -0.47
+0.02 +0.03* +0.01*** +0.11
e +0.0 0.03 0.0 +0
’;Aoi’v(g:“m 2.38 4.1 5.0 1.49
+ ¥ + A *k + X kkkif + N
e +0.41 +0.39 +0.91 +0.31
':\O'\rl‘v'gr'“m -0.61 -1.31 -1.65 -2.81
+0.1 $0.29%%  £0.28**  31.1
e +0.18 9 +0.28 +1.16
Positive work 0.3 0.29 0.21 0.26
0/Kg) +0.04 +0.02 1004 3015
Negative -0.11 -0.18 -0.21 -0.23
work (1/Kg) +0.02 +0.02% +0.01%* +0.03

70.25 67.21 32.15 36.13 38.35
+2.14* +1.31* +8.12 +4.15** +5.12**
2.17 2.21 13.16 1141 10.16
+1.01 +1.03 +6.21 +4.12* +2.21*
1.08 1.41 1.35 1.72 1.95
+0.26 +0.04* +0.12 +0.2* +0.32**
-0.41 -0.31 -1.3 -1.17 -1.10
+0.11 +0.11* +0.21 +0.14 +0.01
1.57 1.73 1.67 1.82 1.99
+0.33 +0.31* +0.41 +1.01 +0.21*
-2.94 -3.41 -1.83 1291 -2.13
+0.21 +1.16* +0.51 +0.21 +0.31*
0.19 0.10 0.22 0.23 0.24
+0.02 +0.11* +0.18 +0.19 +0.28
-0.22 -0.21 -0.28 -0.30 -0.34
+0.01 +0.03 +0.02 +0.06 +0.11

Compared with the normal group * p<0.05, ** p<0.01, *** p<0.001; Compared with immediate FMJC # p<0.05.

angle was significantly smaller than the BF case (P<0.001); The
maximum plantar flexion torque of the ankle joint (P<0.001)
and the maximum dorsiflexion torque (P=0.029) were signifi-
cantly greater than the BF case. The maximum value of ankle
joint power was significantly greater than that of BF (P<0.001),
and the minimum was significantly smaller than that of BF
(P<0.001). The negative work of the ankle joint was significant-
ly greater than that of BF (P<0.001), and there was no signifi-
cant difference between the 2 cases of positive work (P>0.05).

Knee Joint

The maximum flexion angles of the knee joint at the 2 FMJC
time points were significantly greater than normal (P<0.05).
Compared with normal conditions, the maximum torque, min-
imum torque, maximum power, minimum power, and positive
power after 30-min FMJC were significantly different (P<0.05).
Compared with the normal group, the knee joint torque of 30-
min FMJC increased significantly (P<0.05), and the joint mo-
tion tended to compensate in the transfer of mechanical load.

Hip Joint

Compared with the normal group, the maximum angle, min-
imum angle, and maximum torque of the hip joint at the 2
FMJC time points were significantly different (P<0.01, P<0.5).
Compared with the normal group, the maximum torque of the
hip joint in the 30-min FMJC group was significantly increased
(P<0.01), and there was a tendency of joint movement in the
transfer of mechanical load.

To Sum Up

In the case of FMJC, the angle of the ankle, knee, and hip joints
changed significantly. The torque of the ankle, knee, and hip
joints showed consistent changes, indicating that there is joint
motion compensation between the hip, ankle, and knee. In
the attenuation of torque compensation transfer, the torque
changes of joints have a decreasing trend.

Discussion

When a person needs to lift the heel when walking, the meta-
tarsophalangeal joint will inevitably produce movement, and
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the metatarsophalangeal joint cannot be ignored in assess-
ing the human body’s movement. Under normal circumstanc-
es, the metatarsophalangeal joint has a large range of motion;
however, in many cases, the range of motion of the metatar-
sophalangeal joint will be limited. Patients with these diseas-
es often receive metatarsophalangeal joint fusion, especial-
ly the first metatarsophalangeal joint fusion. The operation
can reduce or eliminate the pain, but often sacrifices the joint
range of motion [23,24]. Prolonged limited movement of the
metatarsophalangeal joints increases the risk of foot ulcers in
patients with foot neurological diseases [1], which can even
cause low back pain [25].

Short-Term Limitation of Movement of the First
Metatarsophalangeal Joint and Changes in Parameters of
Hip and Knee Joints

When the movement of the human metatarsophalangeal joints
is limited, the fulcrum moves forward when the foot is off the
ground during walking, and the contact time between the fore-
foot and the ground is shortened, so that the support phase
time of the walking cycle is reduced. There is a negative cor-
relation between the support phase time and the pace. When
there is a decrease in the percentage of the support phase,
the subjects could reduce the step length or the step frequen-
cy, or adjust both at the same time to keep the pace constant.
There was no significant difference in cadence between the 2
groups, which may be caused by different adjustment strate-
gies adopted by different subjects. The angle changes of the
hip and knee joints during the gait cycle are important factors
affecting the time distance parameters [26], The results of this
study show that the limitation of movement of the first meta-
tarsophalangeal joint has a significant impact on the angle of
the hip and knee joints during walking, and there is a tenden-
cy for joint motion compensation to shift, which may also be
why the step length and step frequency did not change sig-
nificantly. We have reason to believe that the hip and knee
joints play a role in compensating the ankle joint load, mean-
ing that the lower-extremity exercise load is transferred from
the proximal end to the distal end.

Short-Term Limitation of Movement of the First
Metatarsophalangeal Joint and Changes in Ankle
Parameters

When a normal person walks, the first metatarsophalange-
al joint has a larger range of motion. After the heel is off the
ground, the metatarsophalangeal joint is bent, causing the
sole to roll along the ground. The rolling axis is the metatar-
sophalangeal joint, which has a large dorsal curvature angle
displacement before the toe is off the ground [27]. When the
metatarsophalangeal joint is constrained, the heel is lifted and
rotated forward with the toe as the center, and the radius of
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gyration increases significantly, making the angle of ankle dor-
siflexion increase significantly when off the ground (P<0.05).
The angle of plantar flexion of the ankle joint at the initial
stage of swing was significantly smaller than normal (P<0.05),
because the angle of ankle dorsiflexion increases at the time
of departure. When entering the swing phase, the ankle pas-
sively turns to plantar flexion under the action of gravity, and
the degree of turning to plantar flexion of the ankle joint in
a larger dorsiflexion state at the beginning of the swing de-
creases. When the heel touches the ground, the line of action
of the ground reaction force passes behind the center of the
ankle joint, and it generates an external torque to perform an-
kle joint plantar flexion. This external plantar flexion torque
is opposed by an internal ankle joint dorsiflexion torque. This
dorsiflexion torque (related to the eccentric activity of the
ankle dorsiflexor) controls the front of the foot to touch the
ground, and its value is small, mainly because the ground re-
action force is small and the line of force is closer to the center
of the ankle joint [28,29]. When the first metatarsophalange-
al joint is restricted, the ankle joint is relatively dorsiflexed at
the time of touchdown, and the ground reaction force on the
ankle joint’s torque arm is larger than normal. Therefore, the
maximum ankle dorsiflexion torque is larger when restricted.
Once the foot is flat, the center of pressure quickly moves for-
ward below the metatarsal of the foot, and the line of ground
reaction force passes in front of the center of the ankle joint,
which generates an external dorsiflexion torque and quickly
increases, balancing its internal plantarflexion torque (relat-
ed to the eccentric activity of the plantar flexors of the ankle
joint), which controls the forward movement of the lower leg
over the foot. At this stage, although the ankle plantar flexion
torque increases rapidly, the dorsiflexion rate is very slow, so
the joint power is still small. The angle of dorsiflexion of the
ankle joint reaches its maximum at 90% of the gait cycle, and
plantar flexion begins. At this time, the speed of plantar flex-
ion increases. The combination of internal plantar flexor torque
and significant plantar flexion angular velocity forms an ankle
joint power burst, which lifts the heel off the ground and the
moves ankle joint center upward and causes forward acceler-
ation. This power is attributed to the centripetal movement
of the plantar flexors of the ankle joint [30,31]. When the first
metatarsophalangeal joint is constrained, after the heel is lift-
ed, it rotates forward with the toe as the center, the pressure
center moves forward, and the ground reaction force increas-
es the torque arm of the ankle joint center, resulting in an in-
crease in the external dorsiflexion torque.

This part of the dorsiflexion torque is resisted by the plantar
flexion torque generated by the internal muscles. Therefore,
the ankle joint plantar flexion torque, when pushing off the
ground, is significantly greater than normal in the restricted
situation (P <0.05).
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The Ankle Plantar Flexor Muscles Need to Consume More
Energy When Walking in FM)C

The net joint torque is the equivalent of the muscle action ef-
fect [32]. The work done by the muscle torque will affect the
mechanical energy of the system. When the joint net torque
is consistent with the direction of the joint angular velocity,
the joint power is positive, and the joint muscles contract cen-
tripetally to do positive work, which means that the muscles
generate energy and transfer energy to the limbs. When the
joint net torque is opposite to the angular velocity of the joint,
the joint power is negative, and the eccentric contraction of
the joint muscles does negative work. At this time, the work
done by the external force on the muscles is the total work,
which reflects the flow of energy from the limbs to the mus-
cles, and the muscles absorb energy [33,34]. When walking,
negative work mainly makes the limbs absorb energy when
resisting gravity, while positive work makes the human body
move forward. Whether it is positive work or negative work,
muscle contraction consumes energy. When the first metatar-
sophalangeal joint is restricted, the negative work of the an-
kle joint was significantly greater than normal (P<0.05), which
indicates that the first metatarsophalangeal joint activity was
restricted and the ankle flexor muscles needed to consume
more energy when walking. In this study, the increase in en-
ergy consumption of the ankle joint caused by the FMJC was
mainly due to the change of the forefoot support point and
the center of pressure in the support phase, which makes the
torque arm change, which affects the muscle torque and in-
creases the mechanical work. The low-temperature thermo-
plastic sheet brace used in this research is light in weight, has
ductility and stability, and can be made according to individu-
al requirements. It is an ideal material for making lower-limb
orthopedic braces [35], and the weight of each foot only in-
creases by about 30 g. Our results also showed that the neg-
ative work of the ankle joint increased by 63.6% (from 0.11 )/
kg to 0.18 J/kg) under restricted conditions, so the increase in
the mass of the low-temperature thermoplastic sheet brace is
not the main reason for the increase in energy consumption.

When the Movement of the First Metatarsophalangeal
Joint Is Limited, It Mainly Passes Through the Ankle,
Knee, and Hip Joints for Sequential Motion Compensation
Transmission

In this experiment, FMJC significantly affected the biomechani-
cal indicators (eg, torque and power) of the ankle, knee, and hip
joints during walking, while there was no significant change in
the traditional kinematics data (eg, step length, step width, and
pace). To ensure the integrity of movement, the adjacent and
distal joints have compensatory effects [36,37]. If a joint has a
problem, the other adjacent joints will use motion compensa-
tion to ensure the integrity of the movement; for example, in
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the case of FMJC, the load will be compensated by the ankle,
knee, and hip, in theory. The results of this experiment show
that there is significant ankle, knee, and hip load compensa-
tion transmission, and the biomechanical changes of the an-
kle, knee, and hip are gradually attenuated.

Although short-term FMJC will only be shown in the data as
the transfer of ankle, knee, and hip load, studies have shown
that long-term knee load increase greatly increases the inci-
dence of knee joints problems [38], seriously affecting the qual-
ity of life of patients, so the potential risk of FMJC is not only
for the ankle joint, but also for the knee joint and even the
hip joint. Many patients with knee arthritis have unsatisfacto-
ry treatment results because they do not pay attention to foot
and ankle function. Studies have shown that foot and ankle
function have an impact on knee joint disease [39]. However,
the impact of FMJC has not been defines. The results of the
present study prove the hypothesis that FMJ has a potential
impact on the occurrence and development of knee arthritis.

Shortcomings and Prospects

Of course, this experiment has some shortcomings and de-
fects. Our sample size was small and there were certain dif-
ferences among individual subjects. We will expand the num-
ber of subjects in the future. We only studied the short-term
restriction of the first metatarsophalangeal joint, and did not
conduct long-term follow-up studies. Because the subjects
were healthy, long-term wearing of the device would cause
irreversible damage to joints and muscles and other tissues,
so the next step can be studying a patient with limited first
metatarsophalangeal joint function, that is, a patient with lim-
ited forefoot movement, and rehabilitation treatment will be
carried out according to their limitation. The treatment effect
can be observed by comparing before and after treatment and
comparing with the results of the present experiment. The
transmission direction of compensation, the threshold of the
transmission of compensation, and the criteria for judging the
occurrence of compensation are all issues that we will address
in future research. For patients with limited joint function, we
believe that there are multiple compensatory transmissions at
the same time, but the mutual influence and ultimate mani-
festation between them need further study. The possibility of
lower-extremity compensation via the pelvic/sacroiliac joint
to the other lower extremity/spine needs further research.

Conclusions

After the movement of the first metatarsophalangeal joint is
restricted, the human body mainly compensates by increas-
ing the angle of dorsiflexion, increasing work, and increasing
the activity level of surrounding muscles through the ankle
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joint, so as to maintain the stride length, pace, and dynam-
ic balance during exercise. Restricting the first metatarsopha-
langeal joint increases the energy consumption of the human
ankle, knee, and hip joints during walking, and the load is
compensated by the gradual attenuation of the ankle, knee,
and hip. Long-term restriction can cause fatigue or damage to
the muscles of the back of the calf, and also increase the in-
cidence of knee arthritis.
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