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Introduction 

Body position changes occur frequently and often 
unpredictably during daily life activities. However, in 
older adults, delayed response to these disturbances can 
alter the body’s stability and balance, which may lead to a 

likelihood of falling1. The complex phenomenon of postural 
control helps in controlling the centre of gravity (COG) 
of the human body within the base of support in a given 
environment2. The central nervous system perceives and 
anticipates disruptive events and reacts to produce the 
appropriate muscle contractions to counterbalance any 
postural disruptions3. The two central nervous system-
controlled mechanisms involved in postural control 
mechanisms are anticipatory postural adjustments 
(APA)4,5 and compensatory postural adjustments (CPA)6,7. 
APA are feed-forward control which are top-down in 
nature, while CPA are feedback control which are a 
bottom-up reflex generated by the lower centres of the 
nervous system3. APA decrease the body’s centre of mass 
(COM) displacement before a perturbation occurs4 while 
the CPA recovers the function of COM after a disturbance 
has already occurred8. Prior studies have indicated that 
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older adults may experience compromised APA due to the 
diminished physiological function of the various systems 
associated with aging. The decline in the physiological 
processes in this population leads to a higher susceptibility 
to falls9–12.

The external and internal perturbations acting on the 
human body can be a challenge to static as well as dynamic 
postural control. External perturbations arise from 
external forces such as push, pull, or gravitational forces 
acting on the body. In contrast, internal perturbations may 
originate due to self-initiated movements such as lifting 
an arm, shifting weight, or initiating a step, which can alter 
body’s centre of mass and disturbs postural stability13. The 
APA14 and CPA6 help in maintaining the equilibrium of the 
body when perturbations challenge its stability. During 
these postural adjustments, the activation of muscles 
of the lower extremities, trunk, and inputs from visual, 
somatosensory and vestibular inputs are essential15–17. 
However, deprivation or impairments in sensory or motor 
components may cause alterations in APA and CPA to 
restore balance and equilibrium when it is disturbed by 
either an internal or external perturbation. These studies 
have investigated the postural stability on either internal 
perturbations18,19 or external perturbations20. 

Though the role of vision and somatosensory inputs has 
been investigated in younger adults21, there is a dearth 
of information in this regard in older adults. The postural 
control components undergo age-related decrements 
which may lead to changes in postural adjustments22. 
These changes include increased muscle co-activation, 
reducing the flexibility of postural responses and leading 
to a rigid postural strategy23; reorganization of cortical and 
spinal control mechanisms, characterized by increased 
cortical activation and disinhibition24; and difficulty in 
performing dual-task activities, often prioritizing postural 
stability over cognitive performance, resulting in poorer 
postural outcomes25. Additionally, aging further impairs 
sensorimotor integration, as demonstrated by increased 
body sway and distinct neural activation patterns 
during balance activities26. These deficits become more 
pronounced in dynamic activities, such as walking or 
while responding to external perturbations, where older 
adults often exhibit delayed and inconsistent postural 
responses27,28.

Most of the studies where an external loading is used to 
investigate the effect of external perturbations are applied 
around the trunk region29–31. There is a scarcity of research 
examining the application of an external load on the upper 
extremity, such as catching a load. This scenario resembles 
a real-life event in which Individuals may intercept objects 
hurled towards them. This study investigated the effect 
of visual information availability and somatosensory 
inputs on the relationship between the APA and CPA. We 
hypothesized that postural responses would be influenced 
by the availability of visual and somatosensory inputs 
with external perturbations, resulting in differences in 
anticipatory and compensatory adjustments, as reflected 

in electromyographic (EMG) activity and centre of pressure 
(COP) displacement. These results could be beneficial 
for designing exercise programs for elderly individuals, 
particularly if there are alterations in the postural control 
system under the specific settings examined in the study. 

Materials and Methods

Participants

Twenty healthy older adults, aged above 60 years, with 
normal or corrected to normal hearing and vision were 
recruited in the study. Participants were excluded if they 
had any mental health disorders, any orthopaedic condition 
that limited their mobility, impaired cognition, inability to 
follow commands, presence of metabolic disorders, or a 
history of disorders affecting balance. 

Sample size 

A sample of 20 subjects was determined with G*power 
3.1.9.2 using data from a study conducted by Claudino et 
al with an effect size of 1.0, power of 0.90, and α of 0.0532. 

Procedure

Ethical approval was obtained for the study from the 
institutional ethics committee (IEC), Jamia Millia Islamia, 
New Delhi, India. The study was conducted in accordance 
with the ethical principles outlined in the declaration of 
Helsinki. Twenty healthy older adults participated in this 
study. The participants were recruited from the local 
community near to the institution where the study was 
conducted. The participants were informed about the 
study through the distribution of leaflets. Prior to the 
commencement of the trial, all the participants provided 
their written informed consent. Following the initial 
screening process to determine eligibility, the participants’ 
overall demographic information and clinical data were 
documented.

The participants were tested for postural control 
under four experimental conditions: (1) eyes open stable 
surface (EOSS), (2) eyes open unstable surface (EOUS), 
(3) eyes closed stable surface (ECSS), and (4) eyes closed 
unstable surface (ECUS). Before the start of the actual 
testing, the subjects had two practice session trials to 
familiarize themselves with the tasks. The sequence of 
the four trial conditions was random for each participant. 
For each of the four experimental conditions, three 
successful trials were recorded for analysis. Trials 
with excessive movement artifacts, loss of balance, or 
technical recording errors were discarded and repeated 
to ensure three valid trials per condition. Adequate rest 
was given between trials to minimize fatigue. During the 
sandbag-hitting test, the participants were instructed 
to stand barefoot with their feet shoulder-width apart. 
External perturbation was applied to the upper body by 
manually dropping a sandbag of 2 kg into a plastic tray, 
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which was held by the subject with both hands. The upper 
arm was vertical to the ground and the elbow was flexed 
at 90°.

The examiner stood in front of the participant holding 
a sandbag on their hands. The release height was 
standardized relative to the tray, with the bottom of the 
sandbag positioned approximately 30 cm above the tray 
surface (corresponding to eye level), ensuring comparable 
perturbation impulse across participants. The examiner 
then released the hold of the sandbag, so that it dropped 
into the centre of the plastic tray. The tray mass was 
approximately 0.9 kg, also kept constant for all participants 
across all trials and experimental conditions. Participants 
were instructed to maintain the stability of their bodies 
and arms throughout the procedure. This procedure was 
performed under the four above-mentioned conditions 
(EOSS, EOUS, ECSS, and ECUS). For testing on the stable 
surface, the participants stood on the floor, while for the 
unstable surface, the participants stood on a foam cushion 
with a size of 18″ × 18″ × 3.5″.

The onset of perturbation (T0) was defined as the 
moment at which the externally applied load initiated a 
mechanical disturbance to the participant. In accordance 
with Zhang et al. (2019), T0 was identified from the 
perturbation signal as the first detectable rise recorded 
by the vibration/acceleration sensor attached to the 
apparatus. This signal provided an objective temporal 
reference independent of neuromuscular or postural 
responses, and all EMG and COP signals were time-aligned 
to T033.

Assessment of muscle activity

Electrode placement for the recording of 
electromyography (EMG) was in accordance with 
recommendations reported in surface electromyography 
for non-invasive assessment of muscles (SENIAM) 
guidelines34. The electrical activities of the erector 
spinae (ES) and lateral gastrocnemius (LG) muscles were 
recorded. These specific muscles were selected because 
of their involvement in the control of vertical posture 
while dealing with symmetrical perturbations, and they 
have been previously studied to assess anticipatory and 
compensatory control of posture35. After the skin was 
cleaned with alcohol swabs, disposable bipolar Ag/AgCl 
surface electrodes were placed over the belly of the 
aforementioned muscles. Electrode placement for ES: 
One electrode was placed 3cm lateral to the L4 spinous 
process, whereas the second electrode was placed 2cm 
directly below the first electrode33. Electrode placement 
for LG: Both electrodes were placed 1/3 of the line between 
the head of the fibula and the heel. A reference electrode 
was placed on the lateral malleolus.

Lab Chart software, version 7, AD instruments, New 
Zealand was used to record the EMG activities. All raw 
EMG signals were bandpass filtered between 20-500 Hz 
and sampled at 1000 Hz. To identify baseline activity,the 

mean and standard deviation (SD) of the EMG signal were 
calculated from -500 to -350ms relative to T0.

Muscle onset latency (activation or inhibition) was 
detected within a window spanning -250 to +250ms relative 
to T0 using an automated threshold-based algorithm and 
subsequently confirmed by visual inspection of ensemble-
averaged EMG traces to minimize false detections due to 
noise. The latency of a specific muscle was defined as the 
instant lasting for at least 15ms when its EMG amplitude 
was greater (activation) or smaller (inhibition) than the 
mean ± 2 SD of the baseline. Pooled analysis of activation 
and inhibition latency values was done, and no separate 
subgroup analysis was performed.

For amplitude analysis, EMG signals were full-wave 
rectified, and root mean square (RMS) values were 
calculated over the predefined APA and CPA time windows. 
RMS values were calculated separately for each valid trial 
within the predefined APA and CPA time windows. For each 
participant, RMS values were then averaged across the 
three trials within each condition to obtain a representative 
value for statistical analysis. EMG amplitudes were not 
normalized to maximal voluntary contraction; therefore, 
RMS comparisons were restricted to within-subject and 
within-session conditions.

For phased analyses, APA were analysed within a time-
window from -250 to +50ms relative to the onset of 
perturbation (T0), consistent with previously published 
sudden loading paradigms. This interval represents 
an anticipatory-dominant phase that includes both 
pre-perturbation muscle activity and very early post-
perturbation responses temporarily linked to predictive 
motor control. CPA were analysed within the time window 
from +50 to +250ms relative to T0, reflecting later 
feedback- driven responses. This temporal segmentation 
follows established control literature3,4,33,36.

Measurement of COP Displacement 

COP displacement was measured using the Pedalo®-
Sensomove balance system (Sensbalance Mini Board, 
Utrecht, the Netherlands) which consists of a mini-board 
and hemispherical-shaped sensors that are placed below 
the mini-board. After positioning the board, the device 
was calibrated. COP displacement was analyzed along the 
antero-posterior axis. Based on the laboratory coordinate 
system, forward COP displacement was represented by 
negative values, whereas backward displacement was 
represented by positive values. 

For COP analysis, COP displacement was quantified 
separately for the APA and CPA phases using the same 
temporal segmentation as EMG. The anticipatory COP 
(APA-COP) phase (-250 to +50ms) reflects anticipatory-
dominant adjustments, whereas the compensatory 
COP (CPA-COP) phase (+50 to +250ms) reflects 
compensatory postural control. COP at T0 was defined as 
the instantaneous centre of pressure position at the exact 
moment of perturbation onset. This value was extracted 
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from the time-aligned COP signal and included as a discrete 
time point in the repeated-measure analysis. T0-COP was 
included in the inferential analysis as well.

Statistical Analysis

Data analysis was performed using SPSS version 29.0 
for Windows (SPSS Inc., Chicago, USA). The normality 
of the data was determined using the Shapiro Wilk test. 
Descriptive statistics (mean ± SD) were used to summarize 
baseline participant characteristics as presented in Table 
1. Multiple repeated-measure multivariate analysis of 
variance (MANOVA) with factors (1) condition (four levels): 

EOSS, EOUS, ECSS, and ECUS) and (2) phase (two levels: 
APA and CPA) and muscles (LG, ES) were used to analyse 
RMS and muscle onset latencies variables of the recoded 
muscles. COP displacement variables were analysed 
using a multiple repeated measures ANOVA with within 
-subject factors : condition (EOSS, EOUS, ECSS, and ECUS) 
and time (APA window, T0, and CPA window). Post hoc 
analysis with Bonferroni correction was used for further 
pair-wise comparisons. When the assumption of sphericity 
was violated as assessed by Mauchly’s test, Greenhouse-
Geisser correction was applied. Effect sizes were reported 
as partial eta squared (ηp2). Statistical significance was 
set at p ≤ 0.05.

Table 1. Descriptive characteristics of variables (Mean ± S.D; N=20).

Variables Mean
Standard 
Deviation

Age (yrs) 64.25 4.58

Height (m) 1.63 0.08

Weight (kg) 61.70 5.60

BMI (kg/m2) 23.63 1.77

Latency

APA LG EOSS (ms) -42.05 50.32

APA LG ECSS (ms) -58.80 76.15

APA LG EOUS (ms) -16.15 77.40

APA LG ECUS (ms) -69.30 73.03

APA ES EOSS (ms) -65.70 72.32

APA ES ECSS (ms) -62.55 79.93

APA ES EOUS (ms) -23.65 57.59

APA ES ECUS (ms) -76.25 62.94

CPA LG EOSS (ms) 147.45 40.65

CPA LG ECSS (ms) 136.60 53.17

CPA LG EOUS (ms) 143.60 49.28

CPA LG ECUS (ms) 153.45 40.81

CPA ES EOSS (ms) 128.10 35.66

CPA ES ECSS (ms) 145.35 43.97

CPA ES EOUS (ms) 107.85 38.09

CPA ES ECUS (ms) 150.70 47.89

Root mean square

APA LG EOSS 0.02 0.02

APA LG ECSS 0.01 0.01

APA LG EOUS 0.04 0.07

APA LG ECUS 0.02 0.01

APA ES EOSS 0.02 0.02

APA ES ECSS 0.01 0.01

Variables Mean
Standard 
Deviation

APA ES EOUS 0.02 0.01

APA ES ECUS 0.01 0.01

CPA LG EOSS 0.01 0.01

CPA LG ECSS 0.02 0.01

CPA LG EOUS 0.01 0.01

CPA LG ECUS 0.03 0.02

CPA ES EOSS 0.01 0.01

CPA ES ECSS 0.02 0.01

CPA ES EOUS 0.02 0.01

CPA ES ECUS 0.03 0.02

Centre of pressure displacement

APA-COP EOSS (cm) -1.53 1.57

APA-COP ECSS (cm) -1.26 1.77

APA-COP EOUS (cm) -2.08 1.26

APA-COP ECUS (cm) -1.97 1.13

CPA-COP EOSS (cm) -0.45 2.07

CPA-COP ECSS (cm) -0.28 1.87

CPA-COP EOUS (cm) -1.37 1.31

CPA-COP ECUS (cm) -0.47 1.08

T0-COP EOSS (cm) -1.24 1.65

T0-COP ECSS (cm) -1.07 1.80

T0-COP EOUS (cm) -1.98 1.29

T0-COP ECUS (cm) -1.88 0.98

Abbreviations- BMI: Body Mass Index, APA: Anticipatory 
Postural Adjustment, CPA: Compensatory Postural Adjustment, 
LG: Lateral Gastrocnemius, ES: Erector Spinae, EOSS: Eyes 
Open Stable Surface, ECSS: Eyes Closed Stable Surface, EOUS: 
Eyes Open Unstable Surface, ECUS: Eyes Closed Unstable 
Surface, RMS: Root Mean Square, COP: Centre of Pressure, T0: 
Time of Perturbation; m: Metre, Kg: Kilogram, ms: Milliseconds.
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Results

Muscle Activity 

EMG: Root-Mean-Square (RMS) 

There was no significant main effect of phase (APA vs 
CPA) on ES (RMS), F(1,76) = 1.23, p = 0.27, ηp2 = 0.02, 
and no significant phase × condition interaction, F(3,76) 
= 0.30, p = 0.83, ηp2 = 0.01 (Figure 1A & B). Similarly, 
LG (RMS) did not demonstrate a significant main effect of 

phase, F(1, 76) = 0.05, p = 0.83, ηp2 = 0.001. However, a 
significant phase × condition interaction was observed for 
LG RMS, F(3,76) = 9.94, p < 0.001, ηp2 = 0.28. Post hoc 
analysis revealed significant differences between ECSS 
and EOUS conditions during the APA phase (MD = -0.29, p 
= 0.01), and during the CPA phase between EOSS vs ECSS 
(MD = -0.25, p = 0.01), EOSS vs ECUS (MD = -0.44, p < 
0.001) and EOUS vs ECUS (MD = 0.31, p = 0.001) (Figure 
1C & D).

Figure 1. A: Erector Spinae activity during APA; B: Erector Spinae activity during CPA; C: Lateral Gastrocnemius activity during 
APA; D:Lateral Gastrocnemius activity during CPA. (APA: Anticipatory Postural Adjustments; CPA: Compensatory Postural 
Adjustments; EOSS: Eyes Open Stable Surface; ECSS: Eyes closed Stable Surface; EOUS: Eyes Open Unstable Surface; ECUS: Eyes 
Closed Unstable Surface). *p < 0.05; **p < 0.01; ***p < 0.001. RMS values are reported in arbitrary units (a.u.).



6www.ismni.org

A.M. Kr et al.: Postural Control under Sensory and Perturbation Challenges

EMG: Latency 

A significant main effect of phase was observed for ES 
latency, F(1, 76) = 5.05, p = 0.03, ηp2 = 0.06, whereas the 
phase × condition interaction was not significant, F(3, 76) 
= 1.44, p = 0.24, ηp2 = 0.05 (Figure 2A & B). In contrast, 
LG latency demonstrated a significant main effect of 
phase, F(1, 76) = 653.54, p < 0.001, ηp2 = 0.90, along 
with a significant phase × condition interaction, F(3, 76) = 
4.96, p = 0.003, ηp2 = 0.16. Post hoc analysis indicated a 

significant difference between EOUS and ECUS conditions 
during the APA phase (MD = 53.15, p = 0.01) (Figure 2C 
& D).

Centre of Pressure 

COP Displacement 

There was a significant main effect (APA-COP, T0-
COP, CPA-COP) on COP displacement, F(2, 152) = 98.79, 
p < 0.001, ηp2 = 0.57. Post hoc comparisons revealed 

Figure 2. A: Erector Spinae Latency during APA; B: Erector Spinae Latency during CPA; C: Lateral Gastrocnemius Latency during 
APA; D: Lateral Gastrocnemius latency during CPA.(APA: Anticipatory Postural Adjustments; CPA: Compensatory Postural 
Adjustments; EOSS: Eyes Open Stable Surface; ECSS: Eyes closed Stable Surface; EOUS: Eyes Open Unstable Surface; ECUS: Eyes 
Closed Unstable Surface). *p < 0.05; **p < 0.01; ***p < 0.001. Latency values are expressed in milliseconds (ms).
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significant differences between APA vs T0 (MD = -0.17, p 
= 0.001), APA vs CPA (MD = -1.07, p < 0.001), and T0 vs 
CPA (MD = -0.89, p < 0.001). A significant time × condition 
interaction was also observed, F(6, 152) = 2.98, p = 
0.009, ηp2 = 0.11 (Figure 3).

Discussion

The primary goal of the study was to investigate the 
influence of vision and somatosensory inputs on APA and 
CPA through selected muscle activity and COP changes 
when external perturbations were applied to the upper 
extremities. The findings of the study indicated that APA 
and CPA of the LG, along with displacements of the COP, 
differed significantly across various visual and surface 
conditions. 

ES muscle plays a role in maintaining postural stability 
and generates the appropriate counterbalancing action to 
preserve equilibrium in the event of a perturbation38. The 
results showed that the activity of ES was not different in 
both APA and CPA. Also, similar findings were found in 
altered vision and changes in the stability of the surface. 
Nevertheless, that was consistent with previously reported 
results that found APA were generated in the thigh and leg 
muscles with no changes in the trunk muscles39. Although 
the outcomes of this study were comparable to those of 
a previous study conducted on healthy young adults who 
underwent a single session of training to maintain balance, 
future research is recommended to delve deeper into the 
muscle activity of the trunk muscles among older adults in 
relation to APA and CPA. A study conducted by Bouisset 
(2008) also emphasized that lower limb muscles play a 

crucial role in the coordination of APA and CPA40. These 
muscles are activated in anticipation of and in response 
to movements to stabilize the body and maintain postural 
equilibrium.

While examining the gastrocnemius muscle in the distal 
region, significant differences emerged between the APA 
and CPA across various standing conditions. Particularly, 
the gastrocnemius muscle activity demonstrated striking 
distinctions between conditions with visual input present 
and those without visual input on a stationary surface. 
However, these results were reversed in CPA, with all 
pairwise comparisons exhibiting substantial differences, 
except for the ECSS vs EOUS. Past research has shown that 
the generation of postural adjustments depends on visual 
or proprioceptive cues of the forthcoming perturbation41. 
Furthermore, research has demonstrated that when vision 
information is available, APA are produced in the trunk and 
leg muscles due to the accurate estimation of the timing of 
the perturbation to the body42. 

Contrary to muscle activity findings, the latency of 
ES was different between APA and CPA. Also, there was 
a significant difference during the APA and CPA phases 
in different conditions for gastrocnemius. The pairwise 
post hoc analysis showed a significant difference between 
EOUS Vs ECUS in the APA phase only. A previous study 
also reported that the latency of the ES and biceps brachii 
muscles across different conditions were significantly 
shorter in the eyes-open condition than in the eyes-closed 
condition for both muscles. This implies the importance 
of vision on APA and CPA postural stability in response to 
unpredictable postural perturbations33. 

The importance of vision in balancing the body is well 
understood and studied43,44. The deterioration in balance 

Figure 3. Mean centre of pressure (COP) displacement in APA, T0, and CPA under four sensory conditions. (Negative values 
represent forward COP displacement). COP displacement is expressed in centimetres (cm). (COP: Centre of Pressure; APA: 
Anticipatory postural adjustments; CPA: Compensatory postural adjustments; T0: Instant of perturbation; EOSS: Eyes Open Stable 
Surface; ECSS: Eyes closed Stable Surface; EOUS: Eyes Open Unstable Surface; ECUS: Eyes Closed Unstable Surface). *p < 0.05; 
**p < 0.01; ***p < 0.001.
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often results from challenged visual feedback which 
induces unnecessary body sway45. These body sways are 
found to be maximum in eyes-closed conditions. It has 
already been established in literature that in conditions 
where visual input is limited or altered, such as eyes-closed 
situations or low light environments, older adults exhibited 
greater difficulty in maintaining balance compared to 
younger adults46.

It has additionally been shown that peripheral vision 
rather than focal vision adds to the support of a steady 
standing position, with body sway being impacted 
more during head/eye movements, than during truncal 
movements47. During eyes-closed conditions, CPA may 
be higher than APA due to unaccustomed disturbance in 
body posture, which induces perturbations and reciprocal 
activation of muscles as recorded by EMG activity. The 
current study showed that in CPA phase, the RMS value 
of LG was significantly higher in the eyes-closed condition 
than in the eyes-open condition. These results are 
consistent with the earlier reported studies which found 
that CPA is higher than APA when a movement is initiated36. 
Furthermore, the results showed that latencies were not 
different in proximal and distal muscles, while the muscle 
activity was different during APA and CPA. In contrast, 
previous studies have investigated the latency associated 
with changes in the visual inputs and determined that the 
APA exhibit reduced efficiency with a lesser magnitude 
and/or delayed latencies37,41. It has been found that to 
balance the body, a healthy adult requires a combination 
of all three sensory feedbacks in a fixed proportion with 
role of somatosensory being the highest (70%), vestibular 
(20%) and the vision (10%) in normal environment48.

The role of altered somatosensory information in the 
control of perturbed posture is of special interest because 
many individuals with neurological conditions have 
diminished somatosensory information and are frequently 
exposed to external perturbations. For instance, people 
with diabetic neuropathy often experience greater body 
sway owing to diminished feet and ankle mechanoreceptors 
feedback than in healthy adults49. 

Alterations in somatosensory information in the current 
study were induced by unstable surface that produced 
body sway. Such altered somatosensory information 
resulted in a significantly higher RMS value of LG. The 
possible explanation for this observation was the fact that 
somatosensory information is the main feature in balance 
control48 and it was not astonishing that adjustments in 
the proprioceptive information have influenced muscle 
activation patterns and COP relocations even in eye-
open conditions. This result is in accordance with the past 
research50,51.

In this study, information from two sensory systems, 
vision and somatosensory, was altered (ECUS) before 
applying external perturbations to the upper body of 
the subjects. The findings revealed that in conditions 
with altered somatosensory information and absence 
of vision, there was greater activation of muscles and 

COP displacement during the CPA phase. There are two 
possible explanations for this observation, the subjects 
in our experiment were in eye-closed conditions (ECSS 
and ECUS), which may have limited their ability to predict 
the upcoming perturbation induced by the release of 
the sandbag and it is well established that predictability 
of upcoming external disturbance against the body is a 
major factor in the generation of APA and subsequent 
CPA magnitude. Thus, it was observed that APA control 
was not seen in subjects who were exposed to external 
perturbations such as being hit by a ball in all the conditions 
in eyes closed environment35. Secondly, the subjects were 
standing on the foam surface which acts as an unstable 
surface thus the subjects are in unstable posture which 
is also consistent with the fact that the production of 
APA during unstable surface is lesser52. Since, APA itself 
generates internal motion which acts as a destabilizing 
force during unstable surface conditions52. In response to 
this internal motion, subjects in earlier studies produce a 
greater amount of CPA in order to restore the deranged 
balance of the body35. Thus, in this study, subjects were 
unable to produce anticipatory EMG activity which 
eventually resulted in large compensatory EMG activity. 

Changes in COP displacement 

In addition to the EMG analysis, COP was another 
measurement index used to assess postural stability. The 
COP changes at different time points were significantly 
different during APA, time of sandbag-hitting (T0), and 
CPA. The pair-wise comparison also showed a significant 
difference APA vs T0, APA vs CPA, T0 vs CPA. COP 
displacement differed significantly across time points 
(APA, T0, CPA) and showed a significant time × condition 
interaction; post hoc comparisons indicated a significant 
difference between ECSS and EOUS. That was similar to 
a study by Laessoe & Voigt, (2008), researchers used 
the movable force plate to compare the postural stability 
among elderly and young participants, and they found that 
APA were used to overcome the perturbation event and the 
anticipatory COP displacement was higher under the dual 
task conditions in both groups53. In addition, numerous 
previous studies indicated that when vision was available, 
participants exhibited stronger APA activation and lesser 
latency period in the examined muscles33,35,36,54.

The COP displacements were recorded in the forward 
direction (negative values according to the laboratory 
coordinate system) for all four conditions. The anticipatory 
displacement of COP at the moment of perturbation (T0) 
was smallest for the ECSS condition, followed by EOSS and 
ECUS, and largest for the EOUS; however, no significant 
pairwise differences were observed between conditions 
for APA-COP (all p > 0.05). On the contrary, previous 
studies showed backward displacement of COP when visual 
input was available, and the participant was expecting 
the perturbation35,55. A possible explanation for this 
observation is that during the EOUS condition, participants 



9www.ismni.org

A.M. Kr et al.: Postural Control under Sensory and Perturbation Challenges

were able to visually anticipate the upcoming perturbation 
while being in a relatively unstable posture, leading to 
anticipatory muscle activation and corresponding changes 
in COP displacement. The magnitude of COP displacement 
after perturbation was highest for EOUS followed by EOSS 
and ECUS and it was smallest for ECSS condition, however 
no significant pairwise differences were observed between 
conditions for CPA-COP (all p > 0.05). 

Although the vestibular system plays an important role 
in maintaining balance, it was not specifically targeted in 
this study. The experimental setup involved static standing 
with upper limb loading, which did not require significant 
head movement—thus limiting vestibular activation. 
Moreover, assessing vestibular contribution typically 
involves techniques such as head rotations or galvanic 
stimulation, which were beyond the study’s scope. In 
older adults, degeneration of somatosensory receptors 
often shifts reliance toward visual and, to a lesser 
degree, vestibular inputs. Under conditions where both 
vision and surface stability are altered (e.g., ECUS), it is 
possible that vestibular inputs may play a role in postural 
control; however, this cannot be determined from the 
current dataset. Therefore, any interpretation regarding 
vestibular contribution remains speculative and requires 
confirmation through studies incorporating vestibular-
specific assessments or manipulations3,48.

However, the study had some limitations that needed 
to be addressed. First, the participants were aware 
of the direction and weight of the dropping sandbag. 
Future research could consider changing the direction 
of the catch with different weights. Second, although the 
perturbation was applied in the standardized manner 
using the same load and release procedure, the sandbag 
dropping speed was not instrumentally controlled. Manual 
release paradigms similar to the present study have 
been used in investigations of APA and CPA4,39; however 
variability in perturbation impulse cannot be entirely 
excluded. Therefore, interpretations of anticipatory and 
compensatory responses in the present study should 
be restricted to relative differences across sensory 
conditions rather than absolute measures of postural 
control efficiency. However, in the present study, the 
examiner practiced releasing the sandbag before the 
actual trial to substantially ensure as much similarity in 
speed as possible. 

Also, the study included healthy older adults, so the 
findings cannot be generalized to this population with 
balance or neurological impairments. Future studies are 
recommended to investigate the influence of visual and 
somatosensory inputs on APA and CPA among older 
adults with motor deficits. That might assist in setting the 
stage for developing prevention strategies for postural 
control-related incidents among older adults.

Additionally, another important limitation of this study 
was the limited number of EMG recording sites, as muscle 
activity was recorded only from the ES  and LG muscles. 
Although a key finding highlighted differential activation 

patterns between trunk extensor and lower-limb muscles, 
recording from these two muscles alone cannot fully 
characterize the complex multi-muscle trunk versus lower 
limb postural strategies involved in APA & CPA. Employing 
a more extensive muscle activation mapping-including 
additional trunk and lower-limb muscles with EMG- 
could provide more comprehensive understanding of 
neuromuscular coordination underlying postural control. 
Future studies are therefore encouraged to use more 
detailed neurophysiological measurements and broader 
range of muscles to further clarify these activation 
patterns. Finally, EMG amplitude data were not normalized 
to MVC. Although all comparisons were made within-
subject and within-session, this limits direct comparison 
of EMG amplitude values with studies using normalized 
EMG signals.

Conclusion

This study demonstrated greater modulation of 
anticipatory activity in the LG compared with the ES in 
response to external perturbation, reflecting muscle-
specific contributions to postural control under altered 
sensory conditions. This differential activation suggests 
that the LG demonstrated greater involvement in rapidly 
stabilizing the body in response to unexpected disturbances 
relative to the ES muscle. In addition, the study revealed 
that in conditions when the vision cues were not available 
with alternation of the support surface, the muscle activity 
and COP displacement were larger during the CPA phase. 

The study’s findings provide insight into the sensory 
and neuromuscular mechanisms underlying postural 
control mechanisms in older adults and may form the basis 
of future balance-training interventions. However, the 
effectiveness of such interventions requires confirmation 
through dedicated interventional studies.
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