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Abstract: Compression socks are used by a very diverse group of individuals and may potentially
have a greater impact on physically diminished or impaired individuals as opposed to healthy
individuals. The purpose of this study was to compare the effects of sub-clinical (SC) and clinical
(CL) compression socks among healthy (CON), copers (COP), and individuals with chronic ankle
instability (CAI). Postural stability was evaluated in 20 participants (11 males and 9 females) using
Balance Tracking System Balance platform (BTrackS™) during the modified clinical test of sensory
integration in balance (mCTSIB) and limits of stability (LOS) tests. Postural sway parameters were
analyzed using a mixed model repeated measures analysis of variance 3 (group: CON, COP, and CAI)
by 3 (compression condition: BE, SC, and CL) x 4 (balance condition: EO, EC, EOF, and ECF) for
mCTSIB and a 3 (group: CON, COP, and CAI) by 3 (compression condition: BF, SC, CL) x 4 (balance
condition: FL, BL, BR, FR) for LOS. Results revealed significantly greater postural stability with
both SC and CL compression socks when compared to barefoot conditions. However, no significant
differences were observed among groups for compression socks grades. Both SC and CL compression
socks may be effective in increasing postural stability.

Keywords: postural stability; compression socks; chronic ankle instability; proprioception

1. Introduction

The ability of a person to maintain center of gravity (COG) within the base of support
(BOS) is defined as postural stability [1]. Postural stability is achieved by coordinating
movements across several joints with the primary goal of stabilizing the center of mass
within an individual’s base of support. The sensory information needed to maintain
stability is acquired from visual, vestibular, and somatosensory/proprioceptive systems,
and alterations to these systems can affect an individual’s postural control and increase fall
risk [1,2]. In addition, postural control strategies are also generated in order to stabilize
posture [3]. Proprioception is the primary source of sensory feedback utilized in typical
postural control situations (about 70 percent). Proprioception is the sensation of joint and
body positions and movements [4,5].
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Davids et al. (2003) described proprioception as “sensorimotor system noise”, which
enhances movement control and joint position perception [6]. Postural stability and optimal
joint positioning are critical to functional performance in basic activities of daily living and
athletics. In contrast, sub-optimal positions placing the body outside a neutral position,
along with instability, often results in pronounced joint misalignment and injurious kine-
matics. This can cause an unnatural loading on the structure of the musculoskeletal system,
impairing motor control and producing a type of articular instability known as functional
instability [7,8].

The body is a closed kinetic chain; therefore, ankle instability could result in altered
biomechanics throughout the body, increasing the risk of injury, especially for individuals
with poor balance [9]. Similarly to the effects of aging on sensory information and motor
outputs, a decrease in sensory feedback is observed in individuals with ligamentous injuries,
which reveals that neurological feedback mechanisms originating from the articular and
musculotendinous structures are crucial for the maintenance of joint stability [9,10]. This
further supported Freeman (1965), who explained that alteration in postural control could
be due to the deficits in afferent input from mechanorecpetors in ankle ligaments [11].
These deficits can be a result of lateral ankle sprains. As a result of lateral ankle sprains,
the mechanical instability of the ankle can occur due to the affected mechanoreceptors,
resulting in joint laxity at the ankle [12]. Therefore, the maintenance of ankle stability
is crucial in maintaining postural stability [13]. However, despite a lateral ankle sprain,
some individuals (copers) may return to their same level of performance over time [14].
Nevertheless, evidence has shown that compression garments may improve ankle stability
in individuals with poor proprioception via stimulation of mechanoreceptors from localized
and circumferential pressure to the site of instability [15,16].

Compression garments are used in clinical and athletic settings to increase postu-
ral stability, potentially impacting physically diminished or impaired individuals more
significantly than healthy individuals [17]. Although the exact mechanism behind com-
pression garments” impact on neuromuscular performance remains unclear, it is believed
that compression garments increase postural stability by stabilizing underlying tissue,
resulting in increased proprioception and stimulation of cutaneous mechanoreceptors [17].
Furthermore, Nishikawa and Grabiner (1999) hypothesized that wearing compression
socks may increase the motor neuron excitability of the Hoffmann Reflex (H-reflex), poten-
tially stimulating various cutaneous mechanoreceptors and motor neurons, and muscle
proprioceptors [18]. These mechanoreceptors in the muscles and joints convey information
regarding the body’s posture and movements, playing a significant role in proprioception
and motor control. Therefore, it is reasonable to say that this increased efficiency in cuta-
neous stimulation of mechanoreceptors and proprioception could cause an improvement
in performance in at-risk individuals that could benefit from compression garments, such
as the injured or elderly. This increase in proprioception can be attained by using several
different types of compression garments; some more commonly used garments include
adhesive tapes and compression socks. However, evidence has revealed that athletic tape
does not benefit performance in weight-bearing tasks, such as standing or the support
phases of running or walking [19], which could be due to the lack of pressure on the under-
lying tissues. Therefore, localized compression on the ankle only is believed to provide an
increase in joint perception [19].

Very diverse groups of individuals use compression socks including those who have
experienced ankle and foot injuries, individuals who experience lower extremity pain, and
individuals who participate in sports and fitness with the primary benefit of improved
balance and postural stability. Since localized compression effectively improves balance,
it is reasonable to assume that greater compression could provide greater proprioceptive
feedback in individuals with chronic ankle instability (CAI). Therefore, the purpose of this
study was to compare the immediate effects of two different levels of compression socks
(clinical: 20-40 mmHg (CL); sub-clinical: <20 mmHg (SC)) compared to barefoot (BF) in
three different groups: healthy (CON), individuals with a history of ankle sprain that did
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not develop chronic ankle instability—copers (COP)—and individuals with chronic ankle
instability (CAI). This study specifically aimed to compare differences in postural stability
among CON, COP, and CAI groups; compare the difference in postural stability among BF
and CL compression socks and SC compression socks; and assess the interactions among
groups and compression sock types on postural stability. First, it was hypothesized that
the CON group would have greater postural stability than the COP group, followed by
the CAI group. The secondary hypothesis was that CL compression socks would elicit
greater postural stability than SC compression socks or no socks (barefoot). The third
hypothesis was that the CON group wearing the clinical compression socks would elicit
greater postural stability and that both COP and CAI groups would benefit from wearing
both clinical and sub-clinical compression socks.

2. Materials and Methods
2.1. Participants

Twenty participants (11 males and 9 females; age: 21.5 & 2 years; height: 169.63 & 9.2 cm;
weight: 72.13 £ 16.5 kg) both with and without a history of ankle injuries, with no current
existing musculoskeletal, visual, vestibular, neurological, and cardiopulmonary disorders,
were recruited for this study. Sample size for this study was determined a priori, based
on similar past research [20-22]. The study was approved by the university’s Institu-
tional Review Board (IRB) under human subject research protocol number IRB-21-089. All
participants were university students or employees between 18 and 30 years of age.

In an attempt to perform further validation based on the previous literature, partici-
pants completed the Ankle Joint Functional Assessment Tool (AJFAT) to place them into
one of the three following categories: control (CON), copers (COP), and chronic ankle
instability (CAI) [22,23]. Based on previous research, a score of 22 out of a possible 48 was
used to determine which category the participant was placed in [24]. The following specific
criteria were met for the CON group: no history of ankle sprain, free from acute lower
extremity and head injuries for the previous three months, free from known equilibrium
disorders and chronic lower extremity pathologies, and a score of greater than 22 out of a
possible 48 on the AJFAT. In order to be defined as a coper, individuals who have previously
suffered from ankle sprains must have been free from pain, weakness, and instability in
the affected ankle; have resumed all pre-injury activities without limitation for at least
12 months prior to testing; and have a score greater than 22 out of a possible 48 on the
AJFAT. In order to qualify as CAI, participants must have had at least one episode of the
ankle “giving way” within the past year, have at least one recurrent sprain between three
and six months prior to study participation; perceive pain, instability, or weakness in the
involved ankle and attribute the cause of those perceptions to their initial ankle injury;
failed to return to all pre-injury level of activity; and have a score less than 22 out of a
possible 48 on the AJFAT. Based on the criteria mentioned above, participants in the current
study included six uninjured controls (CON), eight copers (COP), and six individuals with
chronic ankle instability (CAI).

2.2. Experimental Design and Procedures

The experimental protocol followed a mixed model repeated measures design con-
sisting of one day of testing preceded by a five-minute familiarization period. During
familiarization, following obtaining the informed consent form, a physical activity readi-
ness questionnaire (PARQ) was completed to assess the current physical activity level [25].
In addition, participants” general anthropometric assessments, including age, height, body
mass, and injured foot/ankle, were recorded. The balance testing was assessed using the
Balance Tracking System (BTrackS™) Assess Balance Advanced software (Balance Tracking
Systems, Inc., San Diego, CA, USA). Participants completed two protocols while barefoot
(BF), while wearing sub-clinical compression socks (5C), and while wearing clinical com-
pression socks (CL). Testing protocol began with BF trials, followed by each compression
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sock condition in a counterbalanced assignment order. Following each sock condition was
a 5 min rest period in an attempt to a prevent learning effect. The protocols were as follows.

Modified Clinical Test of Sensory Integration and Balance (mCTSIB): In this assessment,
participants were instructed to stand still for four 20s trials on the BTrackS™ balance plate
(Balance Tracking Systems, Inc., San Diego, CA, USA) with feet shoulder-width apart
and hands placed on the hips. Trials included conditions with both eyes open and eyes
closed and on either the stable surface of the plate or on a foam surface placed on the plate.
In particular, conditions included eyes open firm surface (EO), eyes closed firm surface
(EC), eyes open foam unstable surface (EOF), and eyes closed foam unstable surface (ECF)
(Figure 1). Participants completed one trial each condition for a total of four trials that were
performed in the same order based on the guidelines of the clinical test as well as the order
based on the BTrackS™ software (Balance Tracking Systems, Inc., San Diego, CA, USA). A
5 min rest period was employed following completion of all four trials prior to continuing
to the following test.

(a)

Figure 1. An example of a participant (a) performing the foam conditions (unstable surface) on the

modified clinical test of sensory integration on balance (mCTSIB) and (b) performing the limits of
stability (LOS) test on a hard firm surface wearing compression socks.

Limits of stability (LOS): To complete this test, participants stood on the BTrackS™
balance plate (Balance Tracking Systems, Inc., San Diego, CA, USA), with feet shoulder-
width apart and arms alongside of the body. Participants were instructed to lean their body
in all directions (360 degrees) to create the biggest blue area possible in the middle of the
computer screen to the front of them while keeping feet flat on the ground and maintaining
balance. Participants were asked to begin by leaning forward as far as possible and then to
continue the test by leaning the front left direction, followed by back left, back right, and
front right. The area was based on the furthest extent center of pressure (COP) that could
be displaced in any given direction and measured in cm?. The larger the area created, the
greater LOS was (Figure 1). A 5 min rest period was employed following completion of
this test prior to continuing to the next sock condition. Completing the balance tests on all
three conditions (BF, SC, and CL) marked the end of postural stability testing.

2.3. Data Analyses

For mTCSIB, COP Path Lengths (PLs) was derived from the BTrackS™ Balance Plate
(Balance Tracking Systems, Inc., San Diego, CA, USA)were calculated by the BTrackS™
Assess Balance software (Balance Tracking Systems, Inc., San Diego, CA, USA). In addition,
the front left (FL), back left (BL), front right (FL), back right (BR), and total sway area from
the LOS were calculated by the BTrackS Assess Balance software (Balance Tracking Systems,
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Inc., San Diego, CA, USA). These measures were chosen to provide an overall assessment
of the postural stability status directly calculated and derived from BtrackS™ Balance Plate
(Balance Tracking Systems, Inc., San Diego, CA, USA).

2.4. Statistical Analyses

All balance and postural sway dependent variables were assessed using a mixed
model repeated measures analysis of variance (RM-ANOVA) (3 groups (CON, COP, and
CAl) (between-subjects)) 3 x 4 (within-subjects) (3 compression condition (BF, SC, and CL)
x 4 balance condition (EO, EC, EOF, ECF)) for mCTSIB and a (3 groups (CON, COP, and
CAl) (between-subjects)) 3 x 4 (within-subjects) (3 compression condition (BF, SC, and CL)
x 4 balance condition (FL, BL, BR, and FR)) for LOS to identify variances between groups
and between compression sock grade and type of balance condition. A significant main
effect was followed up with post hoc pairwise comparisons with a Bonferroni correction.
The significance level was set with an alpha level of 0.05 using JASP statistical software
(University of Amsterdam, Nieuwe Achtergracht 129B, Amsterdam, The Netherlands).

3. Results

For mCTSIB, results from RM-ANOVA revealed significant interaction between com-
pression condition (BF, SC, and CL) and balance condition (EO, EC, EOF, and ECF) at
F (6, 102) =4.765; p < 0.001, npz = 0.219 and a significant main effect for balance condition
(EO, EC, EOF, and ECF) for mCTSIB at F (3, 51) = 95.700; p < 0.001, np? = 0.849. Simple
effect comparisons of the significant interaction revealed that all compression conditions
of BE, SC, and CL had significantly greater COP PL in EOF and ECF compared to EO,
significantly greater COP PL in ECF compared to EC, and significantly greater COP PL
in ECF compared to EOF. Additionally, BF had significantly greater COP PL in the ECF
balance condition compared to both compression sock conditions (SC and CL). Post hoc
pairwise comparisons revealed significantly greater COP PL in EOF and ECF compared
to EO, significantly greater COP PL in EOF and ECF compared to EC, and significantly
greater COP PL in ECF compared to EOF. All significant differences were at p < 0.05. How-
ever, no significant differences were found between groups (CON, COP, and CAI), and no
significant main effect was found across the compression sock conditions (BF, SC, and CL)
(Figure 2).

100 Compression_Condition
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Figure 2. Center of Pressure (COP) path length (cm) during the modified clinical test of sensory
integration of balance (mCTSIB) conditions: eyes open (EO), eyes closed (EC), eyes open foam (EOF),
and eyes closed foam (ECF) in three compression conditions: barefoot (BF), sub-clinical compression
sock (SC), and clinical compression sock (CL). * represents significant differences, and bars represent
standard errors.
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For LOS, results from the RM-ANOVA revealed a significant main effect between
LOS directions (FL, BL, BR, and FR) at F (3, 51) = 185.480; p < 0.001, npz =0.916. Post hoc
pairwise comparisons revealed significantly greater COP total area for FR and FL compared
to BR and BL, indicating that front LOS directions had significantly greater total sway area
than backward LOS directions (Figure 3).
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Figure 3. Center of pressure (COP) sway area (cm?) during the limits of study (LOS) test in four
directions; front left (FL), back left (BL), back right (BR), and front right (FR) in three compression
conditions: barefoot (BF), sub-clinical compression sock (SC) and clinical compression sock (CL).
* represents significant differences, and bars represent standard errors.

4. Discussion

This study aimed to determine the effectiveness of sub-clinical and clinical-grade
compression socks compared to barefoot conditions during postural stability tasks in in-
dividuals with ankle instability compared to healthy controls. Findings from the study
supported previous literature that balance testing conditions in which sensory information
is absent or altered resulted in decreased postural stability [1]. Regardless of the compres-
sion sock condition, COP PL during mCTSIB was significantly greater in EOF and ECF
compared to EO, significantly greater in ECF compared to EC, and significantly greater in
ECF compared to EOF, suggesting that postural stability is worse when both vision and
somatosensory-proprioceptive systems are altered or compromised [1]. A significant com-
pression and balance condition interaction demonstrated that during the more challenging
balance condition of ECF, with absent visual feedback and altered somatosensory feedback,
the use of both SC and CL compression socks resulted in a significantly lower COP PL
compared to the barefoot condition, suggesting better postural stability compared to BE.
During LOS, the anterior (forward) directions of FL and FR demonstrated significantly
greater COP total sway area compared to the posterior (backward) directions, supporting
such directional differences in LOS due to the inverted pendulum model for postural
control [26]. However, the lack of significant differences between compression sock types
in each direction of the LOS test suggests that compression socks do not impact the LOS in
postural control. Finally, while significant differences existed between compression sock
conditions compared to barefoot conditions and between balance conditions for both mCT-
SIB and LOS tests, no significant differences were evident between groups (CON, COP, and
CAI). The current investigation included a three-part hypothesis: (1) It was hypothesized
that the CON group would have greater postural stability than the COP group, followed
by the CAI group, (2) that CL compression socks would elicit greater postural stability
than SC compression socks or no socks (barefoot), (3) that the CON group wearing the
clinical compression socks would elicit greater postural stability, and that both COP and
CAI groups would benefit from wearing both clinical and sub-clinical compression socks.
While these findings did not support our hypotheses, the current investigation results
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support previous research, revealing no significant differences in postural stability between
grade compression socks [27].

The mCTSIB on the BTrackS™ Balance Plate (Balance Tracking Systems, Inc., San
Diego, CA, USA), along with its four testing conditions of EO, EC, EOF, and ECF, serves
to assess the contribution of the visual, somatosensory, and vestibular sensory systems to
maintain upright stance and postural stability. Previous literature explains that the CTSIB
test may be modified due to lack of differences between healthy and at-risk populations,
hence the use of mCTISB [28]. BTrackS Balance Plate (Balance Tracking Systems, Inc., San
Diego, CA, USA) has been validated against traditional force platforms, and normative
data have been collected on more than 17,000 individuals with ages ranging from 5 to
100 years old [29-31]. Significantly better postural stability was evident in conditions when
all three sensory systems were available (EO) compared to conditions when the visual
feedback was absent (EC and ECF) and when somatosensory feedback was altered (EOF and
ECF) [1]. Limits of stability tests have been successfully used to identify fall risk in fall-prone
individuals and aid in differentiating fallers from non-fallers [32]. It has also been shown
to be useful in assessing functional stability in healthy adults [33]. The limits of stability
(LOS) test assesses spatial and temporal postural control measures, including intentional
movements of leaning and weight shifts in various directions, maximizing excursions
without losing balance and falling. The fear of falling limits ADLs due to constraints in
LOS. The current findings support the observation that the anterior directional LOS is
significantly greater compared to posterior directional LOS, which can be attributed to
the anatomical LOS during static bilateral stance, which, based on the inverted pendulum
model suggested by [26], has greater anterior LOS compared to the posterior LOS, especially
in the sagittal plane (anterior—posterior direction), with no significant differences between
the right and left sides.

Although the mechanism of compression socks” improvement upon postural control
is unclear, it is believed that it could be due to the stimulation of cutaneous mechanorecep-
tors [17], enhancing proprioceptive feedback. Furthermore, because (gamma) motoneuron
activation is primarily influenced by afferent input, decreased proprioceptive input leads to
decreased (gamma) motor neuron activation, which, therefore, may lead to decreased joint
stiffness and instability. However, Sousa et al. (2017) explained that individuals with CAI
as a result of functional ankle instability demonstrate greater proprioceptive deficits than
those with mechanical ankle instability [4]. The results of this study provide evidence that
compression socks, regardless of the compression grade (SC or CL), significantly improved
postural stability, especially when visual feedback was absent and when somatosensory
feedback was distorted, suggesting that the compression sock may have improved proprio-
ceptive feedback during such challenging balance testing conditions. The lack of significant
differences in other balance testing conditions in the mCTSIB and the LOS can be attributed
to the availability of visual feedback and non-distorted somatosensory feedback.

Furthermore, Chang et al. (2022) examined the effects of compression socks on half-
marathon runners at different distances [34]. The data revealed no significant differences
between compression and non-compression on proprioception until 21 km, implying
compression socks have a greater effect with time [34]. This corresponds with the current
investigation, revealing no immediate effects of compression socks on ankle stability.
Therefore, the impact of compression socks may be more effective in fatiguing situations.
The results also revealed no significant differences between the two levels of compression.
Therefore, it may be reasonable to assume that there was no increased proprioceptive
feedback due to localized compression grade pressure in mmHg due to the compression
socks. The results of this study agree with previous research, demonstrating no effects
of compression socks on enhancing ankle stability [35-37]. Hence, based on the current
findings, both compression socks can improve postural stability when other intrinsic
sensory information is absent or altered, but differences between SC and CL were not
evident in acute conditions. However, these findings were attributable to all groups as no
significant differences were evident between groups (CON, COP, and CAI).
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Maintaining the integrity of the ankle joint is crucial for postural stability. Ankle
instability could result in altered biomechanics throughout the body, making ankle stability
highly correlated to the risk of injury and putting those with poor balance at greater risk
of injury [9]. Lephart et al. (1998) revealed decreased sensory feedback in those with
ligamentous injuries, which shows the importance of stimulation of neurological feed-
back mechanisms in the musculotendinous and articular structures to maintain postural
stability [10]. Compression socks could improve proprioceptive feedback via localized,
circumferential compression in those with CAIL Previous research has demonstrated the
significance of the role of compression socks in the elderly population and individuals with
CAI [15,37]. However, the current investigation revealed no significant differences among
participants with no history of ankle instability, copers, and those with CAI The rationale
for the lack of significant differences between groups may be due to the testing of postural
stability in mCTSIB and LOS tests on the BTrackS™ balance platform (Balance Tracking
Systems, Inc., San Diego, CA, USA), as they are required to be performed in bilateral stance
compared to unilateral stance. Previous literature has revealed a positive effect of com-
pression socks on unipedal postural stability [34,38]. Furthermore, Wikstrom et al. (2010)
revealed a significant difference in unipedal postural stability between individuals with
CAI and healthy individuals, thus suggesting future studies to use the single-leg balance
protocol on the BTrackS™ balance platform (Balance Tracking Systems, Inc., San Diego,
CA, USA), especially over time with fatigue [14]. Additionally, the AJFAT questionnaire
while commonly used to classify groups of healthy, coppers, and chronic ankle instability
can also include other approaches such as the Cumberland Ankle Instability Tool (CAIT) to
have a better classification of individuals with ankle instability.

Few limitations to this study include the testing of only bilateral stance postural sta-
bility tasks, the use of only AJFAT questionnaire to classify groups, the testing of young
college-aged population, and the testing for balance only during acute conditions, with-
out any fatigue that might further compromise postural stability, all of which should be
addressed in future studies. Furthermore, there could be dynamic changes in mediolateral
postural sway that may not have been accounted for with LOS alone [39], which should be
addressed in future research.

5. Conclusions

The findings from the current study reveal that both sub-clinical and clinical-grade
compression socks aid in postural stability compared to barefoot, but only when visual or
somatosensory feedback is compromised, suggesting enhanced proprioceptive feedback
with the compression socks. In addition, postural stability was significantly worse in
sensory-challenged conditions and had significantly lower excursion limits anteriorly
compared to posterior, rather than any right-left side differences, for all participants in
all groups. However, significant differences were not evident between healthy controls,
coppers, and chronic ankle instability individuals, which may be attributed to the type
of bilateral stance balance test performed, and the classification of individuals into the
groups. Therefore, compression socks may result in greater postural stability, especially
when sensory feedback systems are compromised, such as in clinical populations or even
in a healthy population under fatiguing conditions.
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