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Highlights
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e A 12-week instrument-assisted soft tissue mobilization (IASTM) and Faradic electrotherapy (FES) can change

ankle-knee coordination during different subphases of gait.

e A 12-week IASTM and FES can alter ankle-hip sagittal and transverse plane coordination.

o A 12-week IASTM and FES can improve knee-hip frontal and transverse plane coordination.

e Coupling pattern approached similarity to healthy subjects in LR and MS for the ankle-knee sagittal plane.

Plain Language Summary

This research paper examines how using IASTM and FES can help improve the way a person walks when they
have stiff ankles. The study focused on one patient who had ankle stiffness and weak muscles due to not moving their
ankle for 3.5 years. The patient went through a 12-week program with IASTM and FES. By analyzing the patient’s leg
movements before and after the program, the researchers found that the interventions changed how the ankle, knee, and
hip joints worked together during walking. The results showed that the patient’s leg movements became more similar
to those of healthy individuals in certain phases of walking. This suggests that IASTM and FES can help to improve
how the legs move when someone has ankle stiffness after surgery. More research with more patients is needed to

confirm these results.

Introduction

nkle stiffness is a crucial factor in human

movement and musculoskeletal health.

Understanding ankle stiffness is vital for

comprehending joint mechanics, neuro-

muscular control, and lower extremities

coordination [1]. Low joint stiffness can
lead to injury, while joint excessive stiffness may not ab-
sorb enough strain energy, increasing the risk of overuse
injuries. Excessive stiffness can result from injury, age-
related changes, or pathological conditions, leading to
compensatory movement patterns and gait abnormalities
[1]. Gait analysis provides valuable insights into func-
tional mobility and overall musculoskeletal and neuro-
logical health and coordination between the ankle, knee,
and hip joints during walking [2].

Throughout the gait cycle, the lower extremity joints
collaborate to provide stability, absorb shock, and gen-
erate propulsion [3]. In the initial contact and loading
response (LR) phases, the ankle joint undergoes dorsi-
flexion for shock absorption, the knee joint undergoes
flexion to absorb the impact of a foot strike, and the hip
joint undergoes extension for propulsion. In midstance
(MS) and terminal stance, the ankle transitions into
plantarflexion, while the knee and hip extend to provide
push-oft (PO) force. During the swing phase, the ankle

undergoes dorsiflexion, and the knee flexes for limb
clearance and forward progression [4].

Disruptions in lower limb joint coordination can sig-
nificantly impact an individual’s gait and mobility,
particularly in cases of increased ankle stiffness. This
can lead to altered movement patterns and compensa-
tory mechanisms, increasing energy expenditure, and the
risk of secondary musculoskeletal issues [5]. Decreased
ankle range of motion can limit dorsiflexion and plan-
tarflexion, leading to compensatory knee flexion and ex-
tension, respectively [6]. It can also affect lower extrem-
ity alignment, potentially influencing hip abduction and
adduction during weight-bearing activities and requiring
increased hip flexion during the swing phase [7]. It may
result in reduced forward progression of the tibia over
the foot during the stance phase, leading to increased hip
flexion to clear the foot during the swing phase [8].

Comprehending lower limb coordination is crucial to
identify deviations in movement patterns and devising
targeted interventions to enhance gait efficiency and al-
leviate the risk of musculoskeletal complications [2].
Addressing ankle stiffness and its impact on lower limb
joint coordination is paramount to optimize gait patterns
and mitigating potential complications [9]. Various in-
terventions, including minimal shoes [10], myofascial
release [11], biofeedback [12, 13], instrument-assisted
soft tissue mobilization (IASTM) [11], and Faradic elec-
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trotherapy (FES) [14], have demonstrated potential for
improving lower limb biomechanics. Nonetheless, the
specific effects of these interventions on lower limb joint
coordination during gait warrant further exploration.
Hence, this case study was conducted to examine the
effect of a 12-week intervention, including IASTM and
FES on ankle-knee-hip coordination in a patient exhibit-
ing uncommon excessive ankle stiffness. By focusing on
the coordination of the ankle, knee, and hip joints, this
study was conducted to provide valuable information on
how these interventions can improve walking patterns
and eliminate musculoskeletal disorders in individuals
experiencing post-operative issues related to stiffness.

Case Description

A 41-year-old female athlete who had been exercising
regularly since the age of 10 experienced a fracture of
the tibia, fibula, calcaneus, and Achilles tendon rupture
in her right leg during a high jump at the age of 34. This
led to infection and compartment syndrome necessitat-
ing several surgeries to prevent the patient from amputa-
tion. The patient regained the ability to walk after 3.5
years, at the age of 37.5 years. At the time of the study,
which was 3.5 years after recovering from the fracture,
the patient was 41 years old, with a height of 1.68 m, a
mass of 59 kg, a body mass index 0f 20.9, and leg lengths
of 84.5 cm (right) and 86.5 cm (left). Ankle stiffness was
measured using the Isokinetic Biodex system as reported
in our previously published study [15]. The excessive
ankle stiffness was confirmed by a certified physician.
Throughout our interventions, the participant contin-
ued her daily workout routine, which included swim-
ming and fitness training. Interventions were evaluated
from December 2022 to March 2023. The experiments
were performed by the ethical standards of the Helsinki
Declaration. This study was approved by the Research
Ethics Committees of the Faculty of Physical Education
and Sport Sciences, Tehran University. The participants
provided written consent.

All datasets analyzed in the current study are included
in this published article and any more data is available
from the corresponding author on reasonable request.

Data collection

A motion capture system comprising 12 cameras (6
Infra-red Cameras: MX T40-S, 4 IR Cameras), (Vero
[v2.2]; (vicon motion capture system, two Video Cam-
eras: Bonita 720c) (Vicon Motion Systems Ltd., Oxford,
UK) at a sampling rate of 120 Hz, it was utilized to track
the position of the 50 passive reflective markers (14 mm)
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positioned based on Oxford foot model. The individual
walked barefoot at a comfortable pace along a 5 m walk-
way.

Intervention

The treatments were administered by a licensed phys-
iotherapist (Hooman Minoonejad) and an instructor
(Fateme Khorramroo). The program involved three ses-
sions a week at home, for 12 weeks, with the participants
beginning each session with a five-minute warm-up that
involved moving the ankle in three different planes of
movement. Two interventions were utilized, including
IASTM techniques based on the instructions for the
Graston technique [16] and FES [14]. These interven-
tions were applied on different days, alternating between
electrotherapy on the tibialis anterior, gastrocnemius
muscles, and foot soles, and myofascial release [14],
friction massage [17], and Graston technique [16] (us-
ing GTS, GT6, and GT2) on calf muscles, Achilles ten-
don, sole and on the spots with adhesions on the other
day. Participants received electrotherapy on the same
day as their exercise sessions. We utilized a device called
the Beurer EM 49 Digital TENS/EMS for the electro-
therapy [18], with an impulse duration of 250 ps and a
frequency ranging from 25 to 50 Hz [18]. We gradually
extended the intervention timing by 2-3 minutes every
two weeks, if the participant was not distressed after the
first progressed session and reported readiness for longer
durations.

Data analysis

The initiation of the stance phase was determined from
the heel marker in the kinematic data. The frame in which
the heel marker had the least measure was determined as
heel contact with the ground. The results were averaged
across 5 trials. Nexus software was used to filter the data
of the Vicon system and gap filling of the missing mark-
ers was done by the Rigid body and pattern fill method in
Nexus software, version 2.16. Woltring filter with MSE
mode 10 was implemented by Nexus [19].

Calculations for inter-joint coordination

We used the vector coding method used by Jafarne-
zhadgero et al. [2].

Statistical analysis

This descriptive study used Excel software to calculate
the mean for pre and post-tests.
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Figure 1. Coordination before and after the intervention

Results

Table 1 and Figure 1 show Coordination in each sub-
phase of stance phase before and after intervention

Ankle-knee coordination

The interventions altered the ankle-knee coordination
occurring in LR and MS in the sagittal, LR in the frontal
and LR, and PO in the transverse plane.

Ankle-hip coordination

The interventions altered the ankle-hip coordination
occurring in MS and PO in the sagittal plane and trans-
verse, and MS in the transverse plane.

Knee-hip coordination

The interventions altered the knee-hip coordination oc-
curring in PO in the frontal plane, MS, and PO in the
transverse plane.

PHYSICAL TREATMENTS

Discussion

The present study was conducted to investigate the ef-
fect of a 12-week intervention, including IASTM and
FES on ankle, knee, and hip 3-dimensional coordina-
tion during walking in a patient with excessive ankle
stiffness. The results of the study revealed alterations in
the post-test. Specifically, the patient demonstrated in-
creased ankle ROM leading to a more fluid and efficient
gait pattern. These improvements were also accompa-
nied by a reduction in pain and discomfort during walk-
ing, indicating a positive impact of the intervention on
the patient's overall functional mobility.

The observed improvements in gait coordination are
consistent with the proposed mechanisms of action of
IASTM and FES. IASTM can impact lower limb inter-
joint coordination during gait by improving soft tissue
mobility and flexibility, enhancing ankle joint range of
motion, and addressing soft tissue restrictions and adhe-
sions. Similarly, FES can improve muscle activation and
control around the ankle and knee, contributing to more
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Table 1. Coordination in each subphase of stance phase before and after the intervention

Coordination Sub-phase Pre-test Pattern Post-test Pattern

LR 276.3823 D 193.5288 P
Ankle-knee sagittal MS 252.3355 D 158.2786 P
PO 110.8117 D 89.22331 D
LR 88.99552 D 67.23631 IN
Ankle-knee frontal MS 210.6477 IN 203.7494 IN
PO 273.4477 D 281.4336 D
LR 279.0049 D 245.7451 IN

Ankle-knee transverse MS 322.2229 ANTI 334.1925 ANTI
PO 109.9541 D 177.1935 P
LR 277.2825 D 254.2713 D
Ankle-hip sagittal MS 297.9346 ANTI 260.8345 D
PO 201.0094 P 179.755 P
LR 96.55588 D 85.25504 D
Ankle-hip frontal MS 221.6583 IN 216.2048 IN
PO 271.9128 D 282.4811 D
LR 69.872 D 103.0244 D
Ankle-hip transverse MS 171.8099 P 262.1922 D
PO 227.1045 IN 252.8858 D
LR 254.2198 D 264.2836 D
Knee-hip sagittal MS 262.9028 D 269.6091 D
PO 179.3813 P 184.9307 P
LR 345.1136 P 168.4678 P
Knee-hip frontal MS 91.69262 D 93.9914 D
PO 144.7172 ANTI 191.6019 P

LR 127.2515 ANTI 114.203 ANTI
Knee-hip transverse MS 184.038 P 225.6222 IN
PO 292.6021 ANTI 280.812 D

PHYSICAL TREATMENTS

Abbreviations: LR: Loading response; MS: Midstance; PO: Push-off; D: Distal phase; IN: In phase; ANTI: Anti phase; P: Proxi-
mal phase.
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efficient joint mechanics and aiding in motor learning
and the development of new movement patterns. Addi-
tionally, IASTM and FES can help to improve proprio-
ception, which can help the muscles around the ankle
and hip which are most needed in the stance phase [20],
and the muscles surrounding the ankle in stabilizing the
foot during weight transfers to the toes [21] leading to
more optimal coordination.

Ankle-knee coordination

Our results for ankle-knee sagittal plane coordination
demonstrated that during LR and MS subjects showed a
proximal pattern in the post-test, indicating that the knee
flexes before the ankle after the 12-week interventions.
This is consistent with the results of Yaserifar et al. [22]
which showed that the knee-ankle coordination in soc-
cer players showed a distal phase coordination pattern of
the ankle less often during the gait cycle. The observed
coordination pattern in the subjects under investigation
approached a level of similarity to that of healthy indi-
viduals in LR and MS for the ankle-knee in the sagittal
plane, which was the main objective of this study for the
patient.

Our results for ankle-knee frontal plane coordination
demonstrated an in-phase pattern in LR indicating a si-
multaneous movement.

Ankle-knee transverse plane coordination in LR
showed an in-phase pattern and in PO showed a proxi-
mal pattern. This indicates that in LR ankle and the knee
move in the same direction and PO, the knee moves be-
fore the ankle. Our results are in contrast with the known
normal transverse plane ankle knee coordination during
LR, which occurs when the ankle and knee move in an
anti-phase pattern relative to each other [23].

However, A study conducted by Aquino et al. [7]
showed that ankle dorsiflexion restriction caused a de-
creased pelvic rotation angle and lower hip and knee
maximum flexion in the stance phase. In the post-test,
a sooner knee movement in LR, MS, and PO happened
which shows improvements in sagittal plane coordina-
tion.

Ankle-hip coordination

Ankle-hip flexion/extension showed that the ankle
moves before the hip in MS versus an anti-phase pat-
tern in the pre-test. This indicates that the compensatory
movement of the hip may have been diminished in the
post-test due to increased ankle ROM in the transverse

PHYSICAL TREATMENTS

plane. Our pre-test results are consistent with Yen et al.'s
[24] study which changed to distal pattern in the post-
test. This may be due to the increased ankle ROM in
the post-test. Ankle-hip in the transverse plane showed
a sooner ankle rotation (distal pattern) in the post-test,
which contrasts the findings of Yen et al. [24] that re-
ported an anti-phase pattern in PO. This also may be due
to increased ankle ROM and changes in muscle activity
of the dorsi and plantar flexors.

A study conducted by Guan et al. [6] showed that knee
and hip angles compensated for the decreased ankle
ROM and less work generation was observed at the knee
and more work absorption at the ankle.

Knee-hip coordination

The study found a sooner hip motion in the knee-hip
abduction/adduction in the PO in the post-test compared
to an anti-phase pattern in the pre-test. Furthermore, an
in-phase coordination pattern was observed in the post-
test for knee-hip internal/external rotation indicating that
both segments move simultaneously in MS and the ankle
moves before the hip in the PO in the post-test. This may
be due to increased plantarflexion ROM and strength
after the intervention. Furthermore, results of transverse
plane knee-hip coordination showed a less scattered pat-
tern in the post-test. Yaserifar et al. [22] reported that
hip-knee had an anti-phase pattern (knee flexion and hip
extension during LR which is in contrast with our re-
sults, and hip phase (proximal) in MS and PO which is
consistent with our results, and soccer players showed an
in-phase pattern in mentioned phases.

These results suggest the importance of muscle strength
and coordination in influencing joint motion patterns
during gait, highlighting the need for further research to
explore potential interventions.

The results of this study have crucial implications for
clinical practice. The use of IASTM and FES as part of
a comprehensive rehabilitation program may be benefi-
cial for individuals with excessive ankle stiffness, as it
can help to address underlying soft tissue restrictions and
improve neuromuscular control. This, in turn, may lead
to enhanced functional mobility and reduced risk of sec-
ondary musculoskeletal complications.

Conclusion
In conclusion, the results of this study suggest that a

12-week intervention, including IASTM and FES, can
change lower limb coordination in ankle-knee, ankle-hip
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sagittal and transverse, and knee-hip frontal and trans-
verse planes during different subphases of gait after
intervention in a patient with excessive ankle stiffness.
The observed coordination pattern in the subjects under
investigation approached a level of similarity to that of
healthy individuals in LR and MS for the ankle-knee
sagittal plane. These results have crucial implications for
the rehabilitation of individuals with ankle stiffness and
highlight the potential benefits of incorporating these
interventions into clinical practice. Further research is
required to validate these results and to clarify the under-
lying mechanisms involved.

Limitations and recommendation

This case study has a few limitations. Firstly, it focuses
on just one patient, which limits the external validity (the
ability to apply the results to a broader population). It is
also challenging to determine the specific contribution
of either IASTM, electrotherapy, or the combined treat-
ment to the patient's progress. Additionally, it is essen-
tial to consider the impact of a unilateral ankle injury
on the uninjured ankle and to assess any asymmetries
between both sides. Lastly, recommending interventions
for upper joints may be beneficial due to compensatory
movements in the hip joint and trunk, as well as reduced
postural control [6].
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