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. ABSTRACT

L : Purpose: Ankle sprain is one of the most common sports injuries and many people suffer
Article info: . from chronic ankle instability after ankle sprains. Changes in the function of the lower limbs
Received: 29 Nov 2022 :  following chronic ankle instability make a person susceptible to re-injury of ankle sprains. This
Accepted: 25 Dec 2022 :  is a systematic review of studies that investigated the kinematic changes of the lower limbs in

Available Online: 01 Jul 2022 : people with chronic ankle instability during unilateral jump landing tasks.

Methods: Articles in English were searched in Google Scholar, Science Direct, PubMed, Scopus,
ProQuest, and Cochrane Library databases without a time limit until 2021 with keywords related
to “chronic ankle instability,” “kinematics,” and “‘single-leg jump-landing.” The inclusion criteria
included the subjects being male and female with ankle instability and the type of single-leg
jump-landing task. The modified checklist of Downs and Black (1998) was used to evaluate the
quality of the studies.

Results: Based on the inclusion and exclusion criteria and the study quality review, 15 articles
out of 762 studies, which investigated the kinematics of the lower limbs in the performance of
unilateral jump landing, were comprehensively examined.

Keywords: ' Conclusion: According to the findings of this study, individuals with chronic ankle instability
Kinematics, Chronic ankle ¢ showed kinematic changes in the lower limbs during various unilateral jump landing tasks. These
instability, Single leg . changes are possible factors for the recurrence of ankle sprain injury. The findings show the
jump-landing, Systematic : necessity of developing and creating a rehabilitation program that comprehensively considers
review i the kinematic changes.
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Highlights
e The limitations created by chronic ankle instability on the sensorimotor system change the dominant landing strategies.

e Regarding ankle kinematics, the results seem to be conflicting, and an increase and decrease of dorsiflexion and
inversion, respectively have been reported.

o Regarding knee kinematics, most studies have reported the reduction of knee flexion in different phases before and
after the impact.

o Regarding hip kinematics, most studies have reported an increase in hip flexion, adduction, and internal rotation.

Plain Language Summary

Ankle sprain injury is one of the most important and common injuries among athletes and people who are physically
active. One of the most annoying complications of this injury is the occurrence of chronic instability of the ankle,
which is accompanied by a feeling of giving way, laxity, pain, and swelling, which leads to a defect in sports perfor-
mance and disruption in the daily activities of the affected person. Also, it has been reported that chronic instability
of the ankle can be the cause of the early development of osteoarthritis. The summary of the studies reviewed in this
research showed that the change in the kinematics of the lower limbs (ankle, knee, and hip), especially in the jump-
landing movement, can be related to the occurrence of chronic ankle instability, and these changes are possible risk fac-
tors for the reoccurrence ankle sprain injury. This finding highlights developing and creating a rehabilitation program

that comprehensively considers the kinematic changes created.

1. Introduction

nkle joint injuries are the most common
body injuries reported, about 10% to 30%
of all injuries [1]. Ankle injuries have dif-
ferent types, among which lateral ankle
sprain accounts for 75% to 85% of injuries
[2, 3]. The prevalence of this injury is high, especially in
sports (such as volleyball, basketball, and handball) fields
with a lot of jump-landing and turning (twisting), chang-
ing speed, and direction [4]. This injury causes the athlete
to stay away from the activity for several weeks, or in
many cases, a long period is needed to recover fully [5].

Chronic ankle instability (CAI) is one of the most
frequent and annoying complications of acute ankle
sprains. Chronic instability of the ankle is a condition
that is characterized by the feeling of giving way, pain,
swelling, and the reoccurrence of sprains, which leads
to limitations in daily and sports activities [6, 7]. This
injury is attributed to two potential causes: mechanical
instability and functional instability or a combination of
them. Mechanical instability is caused by pathological
laxity after an ankle ligament injury, and functional in-
stability is caused by sensory defects of proprioceptor
and neuromuscular control after ligament injury [8, 9].

Although it is unclear how ankle sprains progress to
CALl, it is estimated that CAI develops in 47% to 73% of
people who suffer from ankle sprains [6, 10-13], which
increases a person’s risk of future ankle sprains by 70%
to 80% [14]. It has also been reported that CAI can be
the cause of the early development of osteoarthritis [15,
16]. Previous studies have indicated that CAI is related
to defects in static and dynamic posture control, changes
in movement strategies and patterns, neuromuscular
dysfunction, and proprioceptive disorder [17].

In recent studies, it has been determined that the kine-
matic pattern of the knee and ankle joints changes after
ankle instability [18, 19]. Research on the changes in
movement patterns following ankle sprains shows that
people with CAI have different kinematics in jumping-
landing, stairs ascent and descent, walking, and so on [9,
18-22]. In this regard, research has shown that people
with CAI land with less knee flexion and more ankle
dorsiflexion and inversion than healthy people in per-
forming a jump-landing task [9, 22-24]. However, other
studies reported that people with CAI land with more
knee flexion, while they have less dorsiflexion and more
eversion in the ankle joint [25-27].
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Asnoted, the development of CAI can, on the one hand,
disturbs neuromuscular control, and on the other hand,
creates compensatory strategies and movement patterns
in the lower limbs, which is a protective mechanism to
adapt to the various conditions. However, in some cases,
the same adaptations and changes in movement patterns
are considered as one of the potential risk factors for
re-injury [28, 29]. Therefore, this finding shows the im-
portance of accurately identifying changes in the move-
ment pattern of people with CAIL Then again, landing
(single-leg landing) is a common task in sports activi-
ties that requires dynamic stability and is also a common
mechanism of ankle sprain injury [30]. Therefore, much
attention has been paid to landing mechanics in relation
to ankle instability in previous literature.

Many studies have been conducted on the changes in
movement patterns following ankle sprain injury and the
occurrence of CAI, but as mentioned, these studies have
conflicting results, which can be caused by the differenc-
es in methodology, selection criteria of CAI groups, data
processing techniques, and reporting method. This status
makes it difficult to provide a comprehensive conclusion
regarding disorders and changes in movement patterns
in people with ankle instability. Therefore, a review of
the conducted studies helps to make the right decision
in this regard.

Considering that, researchers may lack sufficient time
to collect, evaluate, and synthesize all related texts.
Hence, we performed the systematic review to answer
such questions in an accessible method for decision-
makers [31]. This systematic review aims to provide an
in-depth analysis of the studies that investigated the ki-
nematic changes of the lower limbs in people with CAI
during unilateral jump landing tasks.

2. Materials and Methods

The present review study investigates the kinematic
changes of the lower limbs in people with CAI during
unilateral jump landing tasks.

Search strategy

Articles in English published until December 31, 2021,
were searched in the Google Scholar, Science Direct,
PubMed, Scopus, ProQuest, and Cochrane Library data-
bases with the following keywords and Boolean functions:

(“Chronic ankle instability” OR “ankle instability”” OR
“functional ankle instability” OR “ankle sprain”) AND
(“Kinematic” OR “Biomechanics” OR “movement pat-
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tern” OR “motion pattern” OR “movement strategies”
OR “motion analysis”) AND (“single leg landing” OR
“unilateral landing” OR “Landing” OR “one leg land-
ing”) AND (“ankle” OR “knee” OR “hip” OR “lower
extremity” OR “lower limb”).

In this study, the main keywords (between each cate-
gory with other categories) in the search databases were
combined using the Boolean function “AND” and their
synonym keywords (within each category) were com-
bined using the Boolean function “OR”.

Selection of studies

After searching the databases, all identified articles
were entered into the Endnote software, version 20.4.1
and the duplicate articles were removed. Then, all titles
and abstracts were reviewed to find articles related to the
research topic.

The inclusion criteria included the following items:

1- Their samples should include male and female ath-
letes with CAL,

2- The type of single-leg jump-landing task on the test
leg (from the platform or ground surface),

3- The kinematic pattern of the lower limb joints mea-
sured before landing or after contact with the ground.

The following inclusion criteria were implemented to
screen studies for eligibility:

1- Articles with participants (male and female) that had
a history of at least one ankle sprain injury and were clas-
sified as having CAI,

2- Articles reporting kinematic variables of the lower
limb during a unilateral jump-landing task) from the
height or ground level), and

3- The articles were available in English and peer-re-
viewed full-text manuscripts.

The following exclusion criteria were also implement-
ed to screen studies:

Review articles, animal or cadaver studies, articles that
only the introduction was available, conference proceed-
ings, and articles that investigated the kinematics of the
lower limb in running, walking, and in general tasks ex-
cept single-leg jump landing.
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All articles were discussed and reviewed by two in-
vestigators, and the disagreements were judged and de-
cided by the group supervisor as the final reviewer. After
reviewing the abstracts, the full text of the articles was
studied independently by two investigators in terms of
eligibility. Then, the articles were categorized based on
the tasks to be tested, the type and time of measurement,
and the joints to be tested.

Quality evaluation

To assess the quality and risk of bias in selected stud-
ies, a modified checklist was used, which is derived from
the checklist of Downs and Black (1998) [32]. Downs
and Black’s checklist is a valid tool to assess the meth-
odological quality of randomized and non-randomized
studies of health care interventions [32, 33]. The reli-
ability of this checklist, which was reviewed by three
experienced judges, was reported as high (KR-20=0.89).
Also, its validity has been reported as high by using the
test-re-test of 10 randomized trials and 10 non-random
trials (r=0.88) [32].

In the modified checklist, 14 out of 27 items of Downs
and Black’s checklist (1, 2, 3, 5, 6, 7, 10, 11, 12, 16, 18,
20, 21, 22) were used. These items were included to
assess overall reporting bias, external validity, internal
validity bias, and internal validity [18, 33]. The maxi-
mum possible score for each study was 15. The same
two investigators who assessed the studies for eligibility
scored the studies according to the modified checklist.
If disagreements on scores were greater than 10%, the
two investigators would discuss the differences to reach
a final decision. If no agreement was reached, a third in-
vestigator would act as the final decision maker. Studies
that scored greater than 50% (score 7) in the modified
quality checklist were included in this review [18, 33].

Data extraction

In the current study, in several stages, accurate determi-
nation of the problem, collection, analysis, and interpre-
tation of the findings was done according to the preferred
reporting items for systematic reviews and meta-analy-
ses (PRISMA) guideline [34] (Figure 1). The results re-
lated to the kinematics of the subjects’ lower limb joints
were extracted from the included articles. The following
data were extracted and summarized in the tables: type
of study design, participant groups, sample size, type of
jump-landing task, and main dependent variables.

PHYSICAL TREATMENTS

3. Results

By searching the keywords in various databases, 762
articles were found. Then duplicate articles (360 arti-
cles) were eliminated and the title and abstracts of 402
articles were examined. After the screening of titles and
abstracts, 355 articles were excluded and 47 remaining
articles were reviewed. According to inclusion and exclu-
sion criteria, 18 full-text articles were reviewed and 29
articles were excluded from the review process because
they did not provide the type of task or kinematic infor-
mation that we were looking for (for example, articles in
which the task presented was different from the research
inclusion criteria). After quality evaluation of the articles,
15 articles that exclusively investigated the kinematics of
the lower limb during single-leg jump-landing were se-
lected for comprehensive review (Figure 1).

Result of quality evaluation

The results of the quality assessment are presented in
Table 1. All studies were evaluated based on the modi-
fied checklist of Downs and Black, and the quality index
score for all articles was higher than 7, so the selected
articles had acceptable quality levels.

Characteristics of the included studies

Fifteen studies included in this review examined the
kinematics of the lower limb during a unilateral jump-
landing task. In 10 studies, a height of 30 to 50 cm was
used to perform the single-leg landing task [9, 14, 22-
24, 35-39]. In one study, the investigated task was jump
landing, which included jumping 2 feet from the ground
and landing with the test leg from a distance of 75 to
90 cm from the center of the force plate [26]. Single-leg
forward jump from a height of 15 cm followed by a sin-
gle-leg landing was utilized in one study [25]. Single-leg
landing (double!l 'leg forward jump from 70 cm distance
from the center of the force plate and landing with the
test leg) and then keeping the balance for 5 second were
used in two studies [40, 41]. In one study, a single-leg
landing task (from a box with 15 cm height) with 2 feet
and landing with 1 foot was investigated [42].

Out of the 10 studies that reported lower extrem-
ity kinematic parameters, 6 studies reported ankle,
knee, and hip kinematics [14, 24-26, 36, 39-41], 3 stud-
ies reported ankle and knee kinematics [9, 22, 42], 3
studies reported only ankle kinematics [23, 35, 37],
while the remaining one study reported ankle and foot
kinematics [38].
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Figure 1. Flow diagram of the study selection process (based on the preferred reporting items for systematic reviews and meta-
analyses [PRISMA]).
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PHYSICAL TREATMENTS

Moreover, 5 studies reported kinematics in the sagit-
tal, frontal, and transverse planes [14, 36, 38, 40, 41], 8
studies reported sagittal and frontal plane kinematics [9,
23-26, 35, 37, 42], while the remaining 2 studies only
reported sagittal plane kinematics [22, 39].

The time frame of the measurements was between 50
and 300 millisecond (ms)before and after the initial con-
tact, while most studies examined 200 ms before and
200 ms after the initial contact (Table 1).

4. Discussion

This research systematically evaluated the studies that in-
vestigated the kinematic changes of the lower limb in peo-
ple with CAI during unilateral landing tasks. The results
were discussed separately for lower limb joints (ankle,
knee, and hip) to facilitate interpretation and conclusions.

Ankle joint

In the ankle joint, individuals with CAI and functional
ankle instability (FAI) showed a greater dorsiflexion
angle [9, 22-24, 38] during various phases of jump-land-
ing, especially at the moment of initial impact [9, 23, 38]
and post-landing [22, 24]. There is a hypothesis that an
increase in dorsiflexion in individuals with FAI may be
a protective adaptation that creates a more stable posi-
tion for the lateral ligaments and the talocrural joint. In
other words, in the case of more dorsiflexion, the lateral
ligaments are in a less stretched position, which leads
to more protection of the lateral ligament complex of
the foot [22]. Increase in dorsiflexion was done uncon-
sciously by individuals with ankle instability to reduce
the effects of ground reaction force (GRF) on the liga-
ments during landing [22]. Reducing the plantar flexion
of the ankle can be a compensatory strategy to protect
the ankle from the re-injury of lateral ankle sprain. This
strategy due to the inverse relationship between a stiffer
landing pattern (smaller range of motion) and a higher
load can make individuals prone to ankle instability
[38]. In contrast to the previous studies, in 3 studies, a
reduction in ankle dorsiflexion was observed in people
with CAI during [26] and after the initial impact [14, 26,
35]. The authors’ justification was that reducing the dor-
siflexion angle of the ankle leads to less bone stability
and capacity to absorb shock to control the body [14]. In
other words, the reduction in dorsiflexion decreases the
ability to absorb GRF and an increase in the posterior
GRF, which makes the person prone to repeated ankle
sprain injuries [35].
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In the ankle, individuals with CAI showed a greater
inversion angle [24, 26, 35, 42] during various phases
before and after unilateral landing. Some studies report-
ed increased inversion angle in subjects with FAI and
CAI compared to healthy subjects during various phases
before and the initial compact moment [35] and post-
impact phases [24, 42]. In two studies by Delahunt et
al. (2006) and Herb et al. (2018), the ankle of healthy
people tended toward eversion after impact, but in peo-
ple with chronic instability, the ankle tended toward in-
version [24, 35]. It has been found that eversion causes
the absorption of energy at the moment of landing and
modifies GRF. Therefore, in people with CAI with the
inclination of the ankle to inversion, there is an inability
to absorb landing energy (loading), which is likely to be
related to an increase in vertical GRF [24]. A more in-
verted position may place the ankle in a harmful position
that requires more activation of the peroneal muscles to
move the foot out of this position and prevent inversion
[24]. Only in Lin et al. (2019) research, an increase in
ankle eversion angle at the moment of initial impact was
reported in people with CAI and coper [25]. According
to the findings of this research, people with CAI and
coper often show an increase in ankle eversion at the
moment of impact as the main change in movement, to
reduce the effect of excessive inversion. This increase in
eversion is considered a protective mechanism, although
this mechanism only occurs in the initial phase [25]. Re-
ducing the amount of ankle inversion can be considered
a protective mechanism to reduce the risk of ankle sprain
[25]. Other studies reported no significant difference in
ankle kinematics in the frontal and sagittal plane be-
tween CAI and control groups [36, 37, 39-41].

Regarding the ankle kinematics in people with CAI
at the sagittal and frontal levels, the results seem to be
conflicting. Several articles observed an increase in dor-
siflexion, and some others observed a decrease in dor-
siflexion. Also, at the frontal plane, several studies re-
ported an increase in inversion and some others reported
a decrease.

Knee joint

Some studies reported an increase in the knee flex-
ion angle in the initial contact phase [26] and 20 ms
before and 60 ms after the initial contact [22] in peo-
ple with CAI during landing. Previous studies show
that when the mechanical demand increases, eccen-
tric energy is absorbed by the knee and hip during
landing by increasing flexion [38]. The increase in
knee flexion can be due to the increase in GRF, which
people with CAL distribute and neutralize with knee
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flexion [14]. In the study of Caulfield et al. (2002),
the reason for the increase in knee flexion before the
contact, while there are no external forces, was the
difference in the feedforward-motor program. They
also stated that the changed movement pattern that
was observed in people with CAI indicates the ad-
aptation created as a result of a previous injury [22].
Several studies have also reported a decrease in knee
flexion in different phases of jump-landing in patients
with CAIL Kunugi et al. (2018) and Herb et al. (2018)
reported a decrease in the knee flexion angle in the
post-impact phase [14, 24]. Gribble et al. (2010) also
reported a decrease in knee flexion in the pre-impact
phase [41]. It has been found that the reduction of
knee flexion is a risk factor for non-contact knee in-
juries [29]. Previous research has shown that the re-
duction of knee flexion, especially 10-30 degrees, is
when the quadriceps muscle exerts the most anterior
shearing force on the tibia [43].

The more ankle, knee, and hip flexion, the better abil-
ity they have to absorb GRF energy, which leads to less
force being transferred to the knee [44]. When the knee
is in an extended position, the force resulting from the
contraction of the hamstring muscles is parallel to the
anterior cruciate ligament, which reduces the ability of
the hamstrings to limit the anterior displacement of the
tibia [29]. Despite the above, in another study, more knee
extension before impact was mentioned as a contributing
factor in compensating for the decrease in dynamic knee
stability in individuals with CAI during sports activities
such as jump-landing.

It has also been reported that increased knee extension
in the pre-impact phase may be due to creating a long
time to distribute and control the GRF after landing [41].
It should be mentioned that in one of the studies where
the knee flexion angle was not reduced, the subjects per-
formed a different jumping task [26].

Knee rotations have been investigated in very few ar-
ticles, and only one study reported a reduction in knee
external rotation in the CAI group 250 to 300 ms before
the initial contact [14]. This result indicates a changed
strategy in the transverse plane in people with CAI dur-
ing landing [45]. In general, regarding the knee, most
studies have reported the reduction of knee flexion in
various phases before and after the impact.

Hip joint

Regarding the hip joint, studies reported an increase in
hip flexion [25, 26, 36]. Increasing hip flexion is a mech-
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anism that people use to help dissipate force in the lower
limb [44]. One of the reasons for the increase in hip flex-
ion can be a preparation mechanism to help distribute
force during impact in people with CAI. Probably, this
is a feedforward pattern that occurs due to the body’s
awareness of the instability in the ankle joint [20]. In the
frontal plane, only one study reported a decrease in the
hip adduction angle [14], but in other studies, an increase
in hip adduction [25, 26, 40] was observed. Also, in the
transverse plane, studies reported an increase in the inter-
nal rotation of the hip [35, 36] in the pre-landing phase.

Research has shown that increased adduction and in-
ternal rotation of the hip is a risk factor for non-contact
knee injuries because they can cause knee valgus [35].
The decrease in hip abduction angle (increase in adduc-
tion) in the CAI group may be due to a change in the in-
ternal-external positioning of the foot, but more research
is needed [40]. Because of the lower range of motion of
the hip joint compared to the knee in the frontal plane,
lateral instability of the ankle joint can be compensated
by movements in the hip joint [46].

It has been determined that the change in the movement
patterns of the hip in individuals with CAI is potentially
caused by the change in the movement programs in the
central nervous system following peripheral joint injury
(ankle) and contributes to recurrent injury and CAI de-
velopment [40, 47]. Altogether, regarding the hip, most
studies have reported a decrease in flexion, adduction,
and internal rotation.

5. Conclusion.

In summary, the limitations caused by CAI on the senso-
ry-motor system change the dominant landing strategies
in the proximal parts of the lower limb (knee and hip)
and it seems that these adaptations are also affected by
the type of jump-landing task. According to the results of
the studies, people with CAI showed kinematic changes
in the lower limbs (ankle, knee, and hip) during single-
leg landing jumps. Considering the effect of different
parts of the lower limb on each other and the effect of the
forces on the joints, these changes are possible factors
for the reoccurrence of ankle sprain injury in people with
CALI The important point is that none of the mentioned
studies provided sufficient information on the cause-
and-effect relationship between the kinematic changes
of the lower limbs and CAI. Thus, it is unclear whether
these kinematic changes in the lower limbs lead to ankle
sprains and instability or whether CAI has caused kine-
matic changes in the lower limb over time. It seems that
prospective research can clear the above ambiguity. The
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findings of this study can assist specialists and clinicians
to identify abnormal movement patterns associated with
frequent lateral ankle sprains and develop an effective
rehabilitation program to restore motor sensory deficits
that occur after a primary ankle sprain injury that can
lead to CAL
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