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Abstract

Background: Functional ankle instability (FAI) is a common consequence of ankle sprain injury, especially in high-impact sports.
Objectives: To investigate the effect of six weeks of suspension training with total resistance exercises (TRX) on proprioception and
muscle strength in female athletes with FAI.
Methods: Thirty female athletes with FAI (age: 21.9 ± 2.2 years, height: 169.3 ± 4.2 cm, and weight: 59.8 ± 6.1 kg) were randomly
assigned to two equally numbered groups: TRX training and controls based on inclusion and exclusion criteria. In the pre-test, the
anthropometric variables and also proprioception accuracy and muscle strength of subjects were evaluated by joint angle reset
test (JART) and manual muscle testing (MMT) in both dorsiflexion and plantarflexion motions. The training group completed three
sessions per week with progressive load for six weeks, and each training session lasted 15 - 20 minutes, whilst control subjects con-
tinued with their normal activity without special sport activities. After six weeks of training, all tests performed in the pre-test phase
were also performed in the post-test phase. The t-test was used for statistic analysis (α≤ 0.05).
Results: The findings showed that TRX training significantly improved the proprioception accuracy (P≤0.001) and muscle strength
(P ≤ 0.001) in the training group rather than the control group. No statistically significant difference was found in any of the tests
between pre-test and post-test for the control group (P > 0.05).
Conclusions: Six weeks of TRX suspension training had a positive effect on strength and proprioception accuracy in female athletes
with FAI.
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1. Background

Ankle sprain is the most common of all sports injuries.
More than 20 % of patients with a history of ankle sprain
suffer from residual problems. This problem is especially
common in athletes who frequently perform functional
tasks such as jumping, landing, cutting, pivoting, and
quick movements (1).

Recurrent, symptomatic ankle sprain and the subjec-
tive feeling of ankle instability (or both) due to sensori-
motor deficits are extremely common. The sensorimotor
deficits and dysfunction of the proprioceptive accuracy in
patients who have suffered ankle sprain is one of the most
important consequences of FAI (2, 3). Several extrinsic and
intrinsic factors may increase the risk of future sprain and
proprioceptive system deficits. These include deficits in
postural sway, range of motion, voluntary strength, propri-
oception, and previous sprains (4). There are several stud-

ies that have demonstrated that proprioception and mus-
cle strength are strong predictors of ankle sprains (4-6).

Defective ankle sensorimotor systems disturb the pos-
tural control system functions, which can affect the accu-
racy of proprioceptive and muscle strength. Disturbances
of muscle tone may, in turn, affect movement performance
(7, 8). The proprioception system plays an important role
in controlling the balance, and ankle proprioception accu-
racy is one of its important factors. For the athlete, they
provide equilibrium, balance, postural, and motor control
(7, 9). Ultimately, the muscle strength, postural stability,
and mobility in athletic performance is reduced, which is
associated with re-injury or multiple injuries, particularly
in athletes with FAI and proprioceptive dysfunction (5).

Proprioceptive and sensorimotor training are tech-
niques for improving the proprioceptive system, espe-
cially in athletes with FAI (5). In recent years, TRX train-
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ing has received the interest of the sports community. The
ease of implementation, diversity of exercises, and applica-
bility in different places for different age groups is among
the factors that add to the attractiveness of this training
method. The proper activation of the core stability mus-
cles is another prominent feature of this training (10).

The results indicated that the core stability is essen-
tial for force transmission from the trunk to the ground
and in sports activities provides proximal stability for dis-
tal mobility (9, 11). In addition, due to the importance of
pelvic stability in performing lower extremity functional
tasks in FAI, the proximal region trunk muscles are used to
compensate for the neuromuscular defect of the distal re-
gion muscles, such as in FAI (12). Accordingly, TRX training
seems to have the ability to simultaneously develop mobil-
ity, strength, and joint stability on all anatomical planes.

However, the literature on the impact of TRX training
on improving the FAI impairments, such as propriocep-
tive accuracy and muscle strength deficit, is not very rich.
As mentioned earlier, in athletes with FAI, motor control
programs and the sensorimotor system are impaired. Fur-
thermore, female athletes are more likely to suffer ankle
injuries compared to males (5). Therefore, it is important
to evaluate the effectiveness of training methods to reduce
the risk of ankle sprains, especially in female athletes.

2. Objectives

Hence, this study investigates the effects of six weeks
of TRX suspension training on proprioception and muscle
strength in female athletes with FAI. We hypothesized that
(1) TRX training improves the accuracy of proprioception
in the ankle joint in both dorsiflexion/plantarflexion; and
(2) TRX increases the strength of the dorsiflexor and plan-
tar flexor muscles.

3. Methods

3.1. Study Design and Ethics

The present study was a pretest-posttest control group
experimental design with two groups. Ethical principles
are based on the Declaration of Helsinki. This single-
blinded randomized controlled trial was approved by the
ethical committee of Qazvin Medical University (code:
IR.QUMS.REC.1398.029).

3.2. Participants

Female subjects aged 18 - 25 years and suffering from
FAI volunteered to participate in this study. The sample size
was estimated using G power software (G-Power for Win-
dows, version 3.1, Duesseldorf, Heinrich-Heine University)

with a statistical power of 95%, effect size of 0.5, and alpha
of 0.05. Then, out of 50 volunteers, 30 were selected af-
ter screening tests (see Figure 1). The purposive sampling
method was applied to select the study participants from
basketball, volleyball, and handball team players. In total,
subjects were 15 female athletes with FAI who did the TRX
protocol (experimental group) and 15 female athletes with
FAI who were asked not to do any special sports activities
during the study period and only do their usual daily ac-
tivities (control group). Subjects in both FAI and control
groups were matched on the anthropometric variables.

The criteria for participants’ inclusion were: A history
of at least two ankle sprain injuries that needed treatment
and inactivity in the last two years, at least 3 years of experi-
ence in the sport, no medical treatment for at least twelve
months prior to the study, full weight-bearing ability, nor-
mal walking with full range of motion (ROM) in the an-
kle joint, scoring ≤ 27 from the cumberland ankle insta-
bility tool (CAIT), no pain, weakness, and functional limi-
tation in the affected ankle compared to the other ankle,
no disorders in nervous or vestibular systems, or head in-
jury, no histories of participation in any ankle rehabilita-
tion programs over the past 6 months, and a body mass in-
dex (BMI) of between 18 and 25 (13). Exclusion criteria were:
more than two absences in training sessions, use of drug
and sedatives within 48 hours before the study, unwilling-
ness to participate in the study, feeling of severe pain dur-
ing the study. Also, written informed consent was received
from participants prior to inclusion in the study (Figure 1).

3.3. Procedure

Testing sessions were performed at the same time of
day for each participant under the same environmental
condition (~ 25°C and ~ 40% humidity). Body weight and
height were measured with a digital scale (0.1 kg and 0.1 cm
of accuracy, Health Measuring, model H-300G, China). Per-
centage of body fat (PBF) was determined using a caliper
device (1 mm of accuracy, Lafayette skinfold, model 01127,
USA). PBF was calculated by using the Jackson and Pollock
formula (14).

3.4. Analysis of Proprioception Accuracy in Ankle Joint

Digital imaging was used to measure the propriocep-
tion of the ankle joint with a Sony HD Video Cam. This
method is one of the newest methods used to measure
the proprioception accuracy in the reset of the ankle joint
ROM. This test has acceptable validity and reliability (15).
Foot marker placements were: (A) head of fibula; (B) lat-
eral malleolus; (C) lateral calcaneus (just below the lateral
malleolus); (D) head of the 5th metatarsal (16). The joint an-
gle reset test (JART): The subject sat on the chair and wore
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Figure 1. Flowchart of the study design

goggles, and her foot did not touch the ground. Propri-
oceptive differences were measured in the dominant an-
kle joint. Initially, the subject had 10° passive dorsiflex-
ion (with examiner assistance and measurement by a go-
niometer). Subjects were asked to maintain the angle for
five seconds and to pay attention to the joint position (17).
In this position, the first photo was taken from the out-
side of the ankle, and then the ankle was returned to the
resting position. Then, after seven seconds of rest, the sub-
ject moved actively to reset the former angle. This action
was tested three times, and with each repetition, the reset
angle was photographed to record the mean error of the
three ankle joint dorsiflexions. The differences between
the three angles were compared as an index of propriocep-
tion accuracy in the ankle joint. All of the above was done
during the plantar flexion movement with the difference
that the subject had 20° passively plantar flexion by exam-
iner. All photos are taken from a distance of 185 cm from
the subject’s seat, and the camera lens is at ankle height.
The photos are then transferred to a computer and ana-
lyzed by the KINOVEA software (an open-source software;
https://www.kinovea.org) for the ankle angle reset error (18,
19).

3.5. Ankle Muscle Strength Measurement

Manual muscle test (MMT) is used to determine the
extent and degree of muscular weakness resulting from
disuse or injury. MMT assessment was used to evaluate
the strength of the dorsiflexor and plantar flexor muscles.
This test has acceptable validity and reliability (20). In this
method, the evaluation examines the strength of the dorsi-
flexor and plantarflexor muscles by applying resistance to
dorsiflexion and plantar flexion of the ankle. A handheld
dynamometer (Lafayette Instrument, model 01165, USA)
was used to assess strength. The instrument was calibrated
and remained unused before the test (21). To conduct a
MMT, the subject was in supine position for isolating the
muscle and positioning so that the muscle works against
manual resistance. The test was performed by asking the
subject to move the ankle (dorsi/plantar flexion) through
the full available ROM. To perform the test, the examiner
stabilizes the joint with one hand and resists the move-
ment of the subject’s limb with the other hand, and the
subject must move her limb against the resistance with ut-
most force. Grades are assigned on a 0 - 5 scale (1 = trace
score, 2 = poor, 3 = fair, 4 = good, 5 = normal). Grades > 1
demonstrate motion, and grades > 3 are against manual
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resistance. The examiner must have sufficient experience
and perform this test based on the demographic character-
istics of the subjects (21, 22).

3.6. TRX Protocol

After the initial test (pre-test), the experimental group
trained three times per week for six weeks for non-
consecutive days and at the same time of the day. The rest
interval was one or two minutes between the two exercises.
The first 10 minutes of the session were devoted to warm-
up followed by 15 to 20 min of selected TRX exercises un-
der the supervision of the researcher, and the last 5 min-
utes of the session was devoted to stretching for cool-down
(23). Before starting the program, two sessions were in-
tended to familiarize the participants with the exercises.
TRX exercises were based on related references and articles
published in the field of suspension TRX exercises (10, 23).
The training program was a combination of exercises for
large muscle groups and several anatomical planes. The
TRX training program was performed using the TRX device
(TRX PRO3 Suspension Trainer System, USA). The TRX device
was mounted on a rod connected 2.44 meters above the
ground (10). According to common training principles, the
progression of intensity and difficulty is realized through
5 - 6 progressively advancing stages of difficulty (level 1 or
2: easiest level; level 5 or 6: most difficult level) for each ex-
ercise. With respect to the different levels, increasing diffi-
culty is achieved through the principles of FITT (frequency,
intensity, time spent, and type of exercise) and then con-
firmed by a specialist physician (24). Tables 1 and 2 pre-
sented the level of movement along with the TRX training
protocol.

3.7. Statistical Analysis

Statistical analysis was performed using SPSS (SPSS 19
for Windows, USA). Data were analyzed and confirmed for
normality using the Shapiro-Wilk test. Therefore, paramet-
ric methods were used for data analysis. To determine the
similarity between the groups in baseline, the anthropo-
metric variables were compared using independent t-tests.
The independent t-test was used to examine differences be-
tween the groups. Statistical significance was set at P <
0.05.

4. Results

Table 3 shows the demographic characteristics of the
subjects. There was no significant difference between sub-
jects in both groups concerning age, weight, height, BMI,
and PBF (P > 0.05).

Based on the results of t-test as shown in Table 3, a
significant improvement was found in the experimental
group over the control group that for JART in dorsiflexion
(t = 4.63, df = 28, P < 0.001), in plantar flexion (t = 10.25, df
= 28, P < 0.001), for MMT in dorsiflexion (t = 5.25, df = 28, P
< 0.001), and in plantar flexion (t = 8.04, df = 28, P < 0.001).
Also, significant improvement was observed in the exper-
imental group before and after TRX intervention for JART
in dorsiflexion (t = 8.03, df = 14, P < 0.001), in plantar flex-
ion (t = 8.15, df = 14, P < 0.001), for MMT in dorsiflexion (t =
6.76, df = 14, P < 0.001), in plantar flexion (t = 7.32, df = 14, P
< 0.001), which means TRX training improves the accuracy
of proprioception and ankle joint muscle strength in both
dorsiflexion/plantarflexion motions.

5. Discussion

The aim of this investigation was to determine whether
six weeks of TRX suspension training would improve
the accuracy of proprioception and ankle joint muscle
strength in both dorsiflexion/plantarflexion motions in fe-
male athletes with FAI. The main finding in this study is
that six weeks of TRX suspension training can significantly
improve the accuracy of proprioception and ankle joint
muscle strength in both dorsiflexion/plantarflexion mo-
tions. Similarly, a previous study showed that deficits in
strength, proprioception, balance, muscular imbalance,
and functionality in athletes with FAI have a positive ef-
fect through training programs that have an essence of
strength, stability, and accuracy of proprioception (25-28).
A systematic review of proprioceptive exercises resulted
in significant improvement in ankle function, and also
have shown that using exercises that involve the neuro-
muscular system improves the links between neuromus-
cular pathways and, by reducing the delay in propriocep-
tive sensory function, significantly reduces the acute in-
juries in knees and ankles (26, 29).

Before and during a motor command (athletes in all
sports that involve jumping and side-stepping), the mo-
tor control system must consider the different positions
of the joint and consider the complex mechanical regula-
tion of the musculoskeletal system (30). Motor programs
should be re-adjusted for unexpected disorders or changes
in external stimuli. Although the visual sense is consid-
ered the main source of input information, the proprio-
ceptive source of information is rather accurate (31). The
central nervous system (CNS) uses proprioceptive sensory
information to construct a representation of body position
and muscle activity that is critical in initiating and refining
centrally driven motor control. Proprioceptive informa-
tion influences voluntary commands in supraspinal mo-
tor centers necessary for neuromuscular control of postu-
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Table 1. Movement Level for TRX Protocol

Movement Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

(A) Squat Squat Squat-ankle plantar Fixed squat- ankle
plantar

(B) Hamstring Hamstring Hamstring-abduction Hamstring curl S.L. hamstring

(C) Lunge Forward lunge Forward lunge S.L. lunge S.L. lung with ball

(D) Single leg squat S.L. squat S.L. squat with leg
swing

S.L. squat to lateral

(E) Jump landing Squat jump Squat jump F-B Squat jump with Ball S.L. squat Jump S.L. squat Jump F-B S.L. squat jump with
ball

(F) Cutting Squat jump S.L. squat jump R-L S.L. squat jump with
ball

Abbreviations: F-B, forward-backward; R-L. right-left; S.L, single leg.

Table 2. TRX Training Session Protocol

Seasons Movement Type and Difficulty Levels (Sets × Seconds)

1 A1 (3 × 30) B1 (3 × 25) C1 (3 × 25)

2 A1 (3 × 30) B1 (3 × 25) C1 (3 × 25)

3 A1 (3 × 35) B1 (3 × 30) C1 (3 × 35)

4 A2 (3 × 35) B2 (3 × 30) C2 (3 × 35)

5 A2 (3 × 35) B2 (3 × 30) C2 (3 × 35)

6 A3 (3 × 35) B3 (3 × 30) C2 (3 × 35)

7 A3 (3 × 35) B3 (3 × 30) C3 (3 × 35) D1 (3 × 25)

8 B4 (3 × 25) C3 (3 × 35) D1 (3 × 25) D2 (3 × 20) E1 (3 × 20)

9 B4 (3 × 25) C3 (3 × 40) D1 (3 × 30) D2 (3 × 25) E1 (3 × 25)

10 C4 (3 × 40) D2 (3 × 30) E1 (3 × 25) E2 (3 × 25) E3 (3 × 25)

11 C4 (3 × 45) D2 (3 × 30) E2 (3 × 25) E3 (3 × 25) E4 (3 × 25) F1 (3 × 30)

12 C4 (3 × 45) E2 (3 × 30) E3 (3 × 30) E4 (3 × 25) E5 (3 × 25) F1 (3 × 20)

13 E3 (3 × 35) E4 (3 × 30) E5 (3 × 20) E6 (3 × 35) F1 (3 × 20) F2 (3 × 20)

14 - 18 E4 (3 × 30) E5 (3 × 25) E6 (3 × 25) F1 (3 × 40) F2 (3 × 20) F3 (3 × 25)

ral mobility (32). In other words, any change or modifi-
cation of pre-stored motor control programs depends on
proprioception (6). Proprioception relates primarily to the
position sense of mechanoreceptors. Mechanoreceptors
convert mechanical changes into nerve signals and send
them to the CNS through the sensory pathways (19). The
high accuracy of proprioception and sensory information
received from articular receptors are important because
the nervous system uses sensory information to maintain
stability and safety in the joint by sensory triggering ei-
ther in feedback or feedforward mechanisms (13). Propri-
oception with the complex neuromuscular process main-
tains motor stability and orientation along with stability
during activities (26). Muscle spindles and tendon organs
are proprioceptive sensors that play an important role in
motor control (19). The nervous system, along with pro-

prioceptive information, has the ability to correct and re-
store the motor control programs that were disturbed and,
when necessary, send the correct movement instructions
to the muscles responsible for controlling and performing
movement in different joints (13, 29). It seems that the TRX
training while enhancing the accuracy of the propriocep-
tive information affects the motor control system outputs
and has a significant role in improving the movements’ ac-
curacy.

Another factor that can play a major role in creating
dynamic joint stability, especially when sudden forces are
applied to the joint, is increased muscle tone around the
joint or increased muscle stiffness. Moreover, propriocep-
tion represents the discriminating ability of joint muscle
strength (19). It seems that the contribution of various
exercises in improves the proprioceptive sense, and only
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Table 3. Characteristics of Randomized Women, JART and MMT Scores (Mean ± SD)

Variable Experimental (N = 15) Control (N = 15) P-Valuea

Age, y 22.01 ± 1.75 21.83 ± 2.05 0.798

Weight, kg 60.38 ± 6.15 59.20 ± 5.37 0.580

Hight, cm 170.03 ± 4.49 168.33 ± 3.89 0.277

BMI, kg/m2 20.89 ± 0.33 20.97 ± 0.21 0.435

PBF, % 24.73 ± 0.69 24.79 ± 0.75 0.821

JART for anke dorsiflexion, degrees

Baseline 4.67 ± 0.64 5.01 ± 0.88 0.185

Post intervention 2.33 ± 0.93 3.97 ± 1.01 < 0.001b

P-valuec < 0.001b 0.122

JART for ankle plantar flexion, degrees

Baseline 6.12 ± 1.44 7.01 ± 0.59 0.371

Post intervention 2.33 ± 1.08 6.0 ± 0.87 < 0.001b

P-valuec < 0.001b 0.220

MMT for anke dorsiflexion, scores

Baseline 3.1 ± 0.85 3.4 ± 0.61 0.320

Post intervention 5.3 ± 0.93 3.4 ± 1.05 < 0.001b

P-valuec < 0.001b 0.160

MMT for ankle plantar flexion, scores

Baseline 3.3 ± 0.75 2.0 ± 0.83 0.240

Post intervention 5.2 ± 0.67 3.4 ± 0.55 < 0.001b

P-valuec < 0.001b 0.160

Abreviations: BMI, body mass index; JART, joint angle reset test; MMT: manual muscle test; PBF: percent body fat; SD, standard deviation.
aP-value is calculated by independent t-test.
bStatistically significant difference at P ≤ 0.001.
cP-value is calculated by dependent t-test.

in dynamic conditions, all muscle receptors are activated,
and the proprioceptive sense is strengthened (13). The pos-
itive effects of strength training have been highlighted in
the rehabilitation of injured athletes and their return to
sports (30). Athletes with ankle sprain injuries, followed
by FAI, have impaired muscle activation control programs,
and this affects the extent and manner of activation of the
ankle muscles. Therefore, it has been reported that these
athletes encounter muscle weakness and impaired accu-
racy of the ankle joint. The TRX training can play a great
role in improving the strength of the lower-limb muscles
due to their suspension-strength nature. Comparing the
TRX and traditional strength training, Janot et al. found
that as a result of the five weeks training, the balance
of subjects is increased by increasing the strength of the
lower-limb muscles and increasing the activity of the core
stability muscles through the TRX training (24).

Johnson et al. suggested that the exercises involving
core muscle stability can increase the awareness of the

overall proprioception. By activating articular receptors
and proprioception, it modifies the motor control pro-
grams sent by the CNS (5, 33).

In athletes, for compensating the icurred instability,
higher levels of ankle muscle co-contractions are required
to maintain their ankle stability. However, due to weak-
ness in the ankle muscles, disturbances in the transmis-
sion of sensory information, as well as motor informa-
tion, they have to rely more on the hip strategy to cor-
rect their movements (13). Athletes with FAI change the
patterns of lower limb muscle activity in unexpected and
unstable conditions, and it seems that the proximal mus-
cles work harder and faster than the distal muscles of the
lower limbs (34). The evidence presented in previous stud-
ies shows that the antagonist muscles have the ability to
better maintain the joint in conditions of disorder when
the muscles have the strength and tension necessary to
maintain the joint (22). Strength training can play an im-
portant role in promoting antagonistic muscles and main-
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taining joint stability, even without deliberately changing
the athlete’s motion patterns. The contraction of the an-
kle antagonist muscles also increases the stiffness of the
joint and can increase the stability of the ankle joint and
prepare it to control the rapid and intense change in the
length of the tendon-muscle complex and rapid move-
ments (21, 22). Considering the previous studies, exercises
with traction-contraction mechanisms can improve and
change the start of muscular activity and may also indi-
rectly affect the feedforward. This mechanism is consid-
ered in the treatment and prevention of lower limb in-
juries (32).

A great deal of research suggests that TRX suspension
training programs include exercises that involve and im-
prove components such as balance, strength, endurance,
strength, proprioceptive sensory function, motor func-
tion, and ROM by changing the center of gravity, body
weight load and open and closed kinetic chain, and can be
useful for athletes with FAI (23, 33). The lower limb prox-
imal muscles act better and more accurately to compen-
sate for ankle injuries and delays in starting activity during
perturbation with different orientations and speeds (34).
It should also be noted that the neuromuscular, proprio-
ception system, and motor control disorders are not lim-
ited to the ankle joint and depend on the entire lower ki-
netic chain (35). Closed kinetic chain exercises are consid-
ered the best way to maximize the output of mechanical
receptors. Researches have shown that closed chain exer-
cises have the best effect on retraining reflex responses and
sensorimotor facilitation of the lower limbs (11). It seems,
the exercises designed in this study may be able to improve
joint stability by improving the efficiency of sensory recep-
tors and neuromuscular facility and muscle strength while
improving the proprioceptive sense of the joints.

5.1. Conclusions

The improvement of proprioceptive accuracy and mus-
cle strength in the training group can be attributed to the
improved quality of information sent from the ankle joint
proprioceptive mechanoreceptors to the CNS, which con-
trols the movement patterns of the ankle joint. The TRX
suspension training program used in this study had a pos-
itive effect on proprioception and muscle strength in fe-
male athletes with FAI. It seems that TRX suspension train-
ing can be a good method to rehabilitate athletes with FAI
due to their weight bearing and closed kinetic chain in dif-
ferent ROMs in the ankle.

5.2. Limitations

Although this study has considerable practical appli-
cation, a limitation of the study was the low number of

subjects. The subjects were recruited from only three ball
sports. The duration of training interventions was short.
The poor description of the subjects’ characteristics, in
particular, was a measure of the severity of the FAI and how
the subjects were selected. Further, fully powered studies
were required to investigate efficacy and its validity.

Regarding the study’s results, we recommend that it
is better for female athletes with a history of FAI to use
TRX suspension training as a great complement in rehabil-
itation and physical fitness, reducing the risk of ankle re-
injury and sport deprivation.
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