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Abstract
Background Pathological aging can impair sensory information, leading to postural control disorders in older adults. 
Compensatory sensorial mechanisms are emerging to preserve balance function. The objective of the study was 
to identify sensory profiles in functionally impaired older adults, and determine if they are linked to the frequently 
observed cervical proprioceptive disorders in this population.

Methods Fifty-one older adults (76.9 ± 7.6 years) were divided into 2 Functional Groups (FG-/FG+) according to a 
composite score that included 3 variables (gait speed, grip strength and fear of falling). All the participants completed 
the modified clinical test of sensory interaction on balance (m-CTSIB) and the cervical joint sense position error 
(CJPSE) test. Exploratory factor analysis was used to identify common factors among the variables. Pearson correlation 
was used to examine relationships between variables.

Results As expected, conditions 2 and 3 of the m-CTSIB were both challenging to balance, whereas condition 4 
was too difficult for several patients. Factor analysis revealed that the stabilometric variables were grouped together 
in factor one, and proprioceptive performance (CJPSE) and the mean CoP velocity in m-CTSIB condition 3 formed 
another second factor. Moreover, a significant correlation was highlighted between stability in Condition 3 and CJPSE 
in the FG-.

Conclusion Our results revealed the predominance of both visual and podal information in functionally impaired 
adults to control their posture. We speculate that the observed podal preference could be consecutive to a less 
efficient cervical proprioceptive system.

Keywords Sensory reweighting, Older adults, Podal dependance, Cervical proprioception

Sensory profiles in older adults 
with orthopedic conditions during quiet 
stance: a cross-sectional study
Marine Brika1,2*, France Mourey3,4 and Alexandre Kubicki1,2

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s11556-025-00368-9&domain=pdf&date_stamp=2025-2-25


Page 2 of 9Brika et al. European Review of Aging and Physical Activity            (2025) 22:3 

Introduction
Postural control is influenced by the availability of sen-
sory inputs, including visual, proprioceptive, and ves-
tibular information [1]. The dynamic reweighting of 
these sensory inputs ensures the optimization of motor 
and postural performance [1, 2]. This sensory integration 
becomes particularly relevant during aging, as it is often 
disrupted by impairments in the musculoskeletal system 
[3, 4]. Aging is a complex process that leads to declines in 
visual acuity, proprioception and vestibular reflexes com-
pounded by degenerative changes in the neuromuscular 
system [5–7]. To counteract these age-related effects, 
older adults often develop compensatory mechanisms 
to preserve balance [8]. For instance, increased reliance 
on visual information is a well-documented adaptation 
in both normal and pathological aging [9, 10]. Other 
authors reported that the impact of proprioception infor-
mation increases with age due to the degradation of other 
sensory inputs [3]. During quiet stance, the feet act as 
the sole interface with the ground and play a crucial role 
in sustaining balance [11, 12]. However, similar to other 
proprioceptive receptors, the efficiency of podal recep-
tors may decline with age.

This alteration in sensory information can compro-
mise postural control, ultimately impacting the func-
tional capabilities of older adults. In this population, such 
declines often contribute to a state of frailty, defined as 
a reduction in the intrinsic individual’s capacities across 
physiologic systems and heightened vulnerability to envi-
ronmental stressors [13]. The relationship between sen-
sory impairments and frailty is well established in the 
literature [14, 15]. For example, chronic pain in older 
adults is correlated with frailty [14] while de Mettelinge 
et al. have suggested a causal link between reduced cervi-
cal proprioception and an increased risk of falls [15].

Given the diversity of age-related impairments, com-
pensation is dependent on individual history and prefer-
ence [16]. Therefore, the primary objective of this study 
was to analyze the sensory profiles of older adults with 
orthopedic conditions focusing on the three principal 
sensory inputs (plantar proprioception, visual, and ves-
tibular). Our recent findings demonstrated that frail 
patients are similarly perturbed by the closed eyes and 
foam surface conditions [12]. We hypothesized that these 
results would be replicated in this study population. 
Additionally, we aimed to explore potential associations 
between sensory preferences and cervical propriocep-
tive deficits which are prevalent in this population. This 
potential correlation could explain an internal compen-
sation substituting a less efficient proprioceptive system.

Methods
Participants
This study is an observational cross-sectional 
study. Ethical approval was obtained from the Uni-
versity Ethics Committee in September 2021 
(CERUBFC-2021-11-09-036). The study was performed 
in accordance with the ethical practices outlined in the 
Declaration of Helsinki (1964).

Fifty-one volunteer older adults (76.9 ± 7.6 years, 13 
males and 37 females) were recruited by a physiothera-
pist from a readaptation center located in Montbéliard 
(France) between February 2022 and June 2023.

All the participants were aged 65 years and over and 
presented with some orthopedic disabilities (hip or knee 
arthroplasty). However, all participants presented a cor-
rected vision deficit and an ankle muscle strength > 3/5 
on manual muscle strength assessment. None of them 
had diabetes, vestibular pathology or major neurocogni-
tive disorders. Written informed consent was obtained 
from each participant.

The participants’ anthropometric data (gender, age, and 
body mass index) were collected. Fall history from the 
previous 6 months and the presence (or absence) of fear 
of falling (assessed using the Short-FES scale) [17] and 
neck pain (visual analog scale) were also recorded. The 
range of ankle dorsiflexion was measured for each par-
ticipant, as were their grip strength and gait speed. Ankle 
dorsiflexion range of motion was measured bilaterally 
using a inclinometer [18]. Grip strength was assessed 
using a Jamar® dynamometer, following established 
guidelines [19]. Gait speed was assessed over a 10-meter 
distance, with time measured at self-selected pace [20].

The participants were divided into two functional 
groups (FG-/FG+) according to a composite score that 
included 3 variables (gait speed, grip strength and fear of 
falling).

Calculation of the composite score for functional ability
The participant’s gait speed was expressed relative to the 
maximum gait speed of our sample (m.s− 1).
GSpeed’ = (Gait speed × 100)/1.2.

The participant’s grip strength was expressed relative to 
the maximum grip strength of our sample (kg).
GStrength’: (Grip strength × 100)/46.9.

The composite score was subsequently calculated via 
the following formula:
Composite score = (Gspeed’+Gstrength’) +/- 10%.

+/- 10% was applied depending on the presence (+) or 
absence (-) of fear of falling.

Procedure
The protocol included an evaluation session performed 
by an evaluator unaware of the participants. All the par-
ticipants completed the modified Clinical Test of Sensory 
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Interaction on Balance (m-CTSIB) and performed one 
proprioception test. The exclusion criterion encom-
passed incomplete stabilometric evaluations, defined as 
participants completing only 2 out of 3 trials per condi-
tion or evaluating only 2 out of 4 specified conditions.

Modified clinical test of sensory interaction on balance 
(m-CTSIB)
The test used a stabilometric platform (Techno concept® 
with Posturewin software, France). The participants were 
instructed to stand barefoot on the platform and adopt 
the reference position: feet shoulder width apart, arms 
at their sides and gazing straight ahead at a visual cue. 
Throughout the 20-second data acquisition, the partici-
pants maintained stillness while their center-of-pressure 
(CoP) trajectory was captured at a rate of 40  Hz by the 
platform’s three strain gauges. The plate level thickness 
was 0.002  m from the ground. A foam surface (Airex®, 
height 50 cm, width 41 cm, thickness 6 cm, density 55 kg.
m− 3) was used to disrupt the contribution of podal infor-
mation to postural regulation.

Four conditions, comprising a measurement block, 
were assessed: standing reference position with eyes 
open (condition 1), standing with eyes closed (condi-
tion 2), standing on foam with eyes open (condition 3), 
and standing on foam with eyes closed (condition 4). 
The participants completed three measurement blocks, 
separated by breaks between each block. If participants 
required assistance to maintain balance, e.g., with light 
support on a chair or the physiotherapist to prevent them 
from falling, the trial was stopped and not retained.

Proprioception tests
After executing the m-CTSIB test, the participants were 
instructed to perform the (neutral) cervical reposition-
ing test (or cervical joint sense position error) [21]. In the 
sitting position, participants wore a helmet with a laser 
pointer and were asked to memorize the neutral refer-
ence position, which consists of looking straight ahead 
with the laser pointing at the center of a target 90  cm 
away. With the eyes closed, the participants performed 
active rotational movements in the transverse plane 
through the full range of motion, from left to right. The 
objective was to return to the reference position with 
maximum precision consistently with the eyes closed. 
Each trial involved measuring the distance from the tar-
get’s center to the laser’s arrival point, which was deter-
mined when the participant believed that he or she had 
accurately returned to the reference position.

Three trials were performed, and the results were aver-
aged. In accordance with the same principle, three cer-
vical repositioning tests were also performed after active 
flexion/extension movement (sagittal plane) [22].

Data analysis
For the cervical repositioning test, the difference between 
the starting position (zero) and the point of return in the 
plane of movement was measured in centimeters and 
then converted to degrees via the following formula: 
angle = tan− 1 [error distance/90 cm] [23]. Only the abso-
lute error was calculated and defined as the mean of the 
total deviation from the target, ignoring the positive and 
negative values [24].

Before conducting the statistical analysis, the normal-
ity (Shapiro‒Wilk test, all p > 0.01) of each variable was 
checked. The comparison of fundamental clinical data 
(shoe size, weight, body mass index, dorsiflexion, perfor-
mance of cervical proprioception tests) and stabilomet-
ric data (CoP mean velocity during conditions 1, 2 and 
3 of the m-CTSIB) between the two groups utilized the 
Mann‒Whitney test. Student’s t test was used to compare 
the following variables: age, height, walking speed and 
CoP mean velocity during condition 4 of the m-CTSIB. 
Additionally, a χ²  test with Yates correction was per-
formed for the variable “history of falls”.

An exploratory factor analysis based on a matrix of 
correlated associations was carried out to determine 
common factors between variables. Considering the non-
normality of several variables, the method used for fac-
tor extraction was the “principal axis factor” procedure. 
Next, Bartlett’s test was used to verify the hypothesis of 
sphericity, and the Kaiser‒Meyer‒Olkin (KMO) test was 
used to check the adequacy of the sampling. The num-
ber of factors was determined via the parallel analysis 
method, which considers the number of factors whose 
eigenvalues are greater than those obtained with ran-
dom data. The sum of the square loadings and the pro-
portion of variance were subsequently calculated. The 
applied rotation method was either oblique or orthogo-
nal, depending on the factor loading coefficient.

If stabilometric variables seem to be linked with repo-
sitioning variables, and in the case of normality and 
homogeneity of these variables, a characterization of the 
relationship was performed via the Pearson coefficient.

For all the statistical analyses, the significance level was 
set at p < 0.05. Statistical analyses were performed via 
JASP® software (Version 0.16.3, JASP Team, University of 
Amsterdam, Netherlands).

Results
Within the sample of 51 participants (total group, TG), 
3 participants were excluded because the mean value of 
one of their clinical or stabilometric variables exceeded 2 
times the standard deviation. More specifically, 2 partici-
pants were excluded on the basis of the weight variable, 
and 1 participant was excluded on the basis of the mean 
velocity of the center of pressure variable in condition 3. 
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Consequently, 48 participants were included in the sub-
sequent statistical analysis.

Participants’ characteristics
On the basis of the anthropometric data, both groups 
of participants were similar in all aspects. In terms of 
the clinical data, there was a significant difference in the 
walking speed between the two groups. Compared with 
the FG + group, the FG- group walked significantly more 
slowly over a distance of 10 m (p < 0.001). Similarly, a sig-
nificant difference was observed in the composite score 
between the two groups (p < 0.001).

Exploratory factor analysis
The variables selected for exploratory factor analysis 
were weight, composite score, proprioception test per-
formance (CJPSE flexion-extension and CJPSE rotation) 
and stabilometric variables (mean CoP velocity in the 4 
conditions of the m-CTSIB) (see Fig. 1).

In the initial phase of assessing the feasibility of 
hypothesis testing through factorial analysis, Bartlett’s 
sphericity test was significant (p < 0.01), indicating suf-
ficient correlations between variables. All the variables 

tested with the KMO test (factorial solution adequacy) 
presented values exceeding 0.6 (mean MSA = 0.68).

In the second phase, a data rotation procedure was 
performed. Prior to the rotation procedure, exploratory 
factor analysis revealed 2 factors. The sum of the square 
loadings was 3.196 and 0.971 for factor 1 and factor 2, 
respectively. Factor 1 explained 53% of the variance in 
these variables, whereas factor 2 explained 16% of the 
variance, resulting in a combined explanation of 69% of 
the variance explained by the 2 factors.

An orthogonal rotation was chosen because the cor-
relation value of the factors in oblique rotation was 
0.15. After the rotation procedure, the same 2 factors 
remained discernible. Factor 1 included all the stabilo-
metric variables, whereas factor 2 included propriocep-
tive performance (CJPSE flexion-extension and CJPSE 
rotation) and the mean velocity of CoP on foam with eyes 
open (Condition 3 of the m-CTSIB) (see Fig. 2).

After the rotation procedure, the sum of the square 
loadings was 2.650 and 1.489 for factor 1 and factor 2, 
respectively. Factor 1 explained 44% of the variance in 
these variables, whereas factor 2 explained 25% of the 
variance, resulting in a combined explanation of 69% of 
the variance explained by the 2 factors (Table 1).

Fig. 1 Path diagram following the factorial analysis. Red arrows indicate a negative correlation with the factor. The green arrows indicate a positive cor-
relation with the factor. The thickness of the arrows indicates the degree of importance of the variable in relation to the factor and the degree of error 
importance
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Proprioception tests
Cervical repositioning rotation test
For the entire sample, the average performance in the 
rotation cervical proprioception test was 6.1 ± 4.3°. 
Within this sample, the mean performance for the FG- 
sample was 7.5 ± 5.0°, and that for the FG + sample was 
4.7 ± 2.4° (p < 0.05; please refer to Table 2).

A significant correlation was observed for the entire 
sample between proprioceptive performance in rotation 
and stability on foam with eyes open (r = 0.51, p < 0.01).

Subsequent correlations were analyzed within each 
group (FG + and FG-). While no correlation was dem-
onstrated between proprioception test performance and 
stabilometric evaluation in FG + individuals, a significant 
correlation was highlighted between stability on foam 
with eyes open and the precision of rotation reposition-
ing (r = 0.55; p < 0.01) in FG- individuals (see Fig. 3).

Cervical repositioning flexion/extension test
For the entire sample, the average performance in the 
rotation cervical proprioception test was 6.8 ± 4.1°.

Within this sample, the mean performance for the FG- 
sample was 6.8 ± 4.1°, and that for the FG + sample was 
4.7 ± 2.7° (p = 0.06; please refer to Table 1).

A significant correlation was observed in the entire 
sample between proprioceptive performance in flexion/
extension and stability on foam with eyes open (r = 0.47; 
p < 0.05).

Subsequent correlations were then analyzed within 
each group (FG + and FG-). While no correlation was 
demonstrated between proprioception test performance 
and stabilometric evaluation in FGs+, a significant cor-
relation was highlighted between stability on foam with 
eyes open and the precision of cervical flexion/extension 
repositioning (r = 0.48; p < 0.05) in FGs (see Fig. 3).

Discussion
This study aimed to understand the sensory profile of 
older adults at two different functional levels and exam-
ine a potential link between preferential sensory pro-
files and cervical proprioception. Maintaining a quiet 
stance without human or technical aid in Condition 4 
of m-CSTIB was too challenging for 17 participants. In 
healthy subjects, this condition seems to be linked to the 

Table 1 Weights of each variable in their respective factors after 
rotation (note: the applied rotation method is varimax)

Factor 1 Factor 2 Uniqueness
CoP mean velocity condition 2 1.038 -0.078
CoP mean velocity condition 1 0.795 0.244
CoP mean velocity condition 4 0.692 0.496
CoP mean velocity condition 3 0.659 0.594 0.213
CJPSE Rotation 0.736 0.440
CJPSE Flexion-extension 0.667 0.546

Fig. 2 Model plot following confirmatory factor analysis
The numbers written on the black lines correspond to the weight of each variable in the associated factor. The numbers below the squares indicate the 
conditions of the m-CTSIB (C1, C2, C4, C3), and proprioceptive performance (CJPSE flexion, CJPSE rotation) represents the values of residual variances. The 
notation 0.36 between the two factors corresponds to the covariance weight of the factors
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contribution of the semicircular canals to maintaining 
disturbed postural balance [25].

Older adults, distinguished by their functional level 
into two groups (FG + and FG-), exhibited a comparable 
degree of destabilization under conditions 2 (eyes closed) 
and 3 (foam) of the m-CTSIB. Our results align with our 
previous study showing the predominance of both visual 
and podal information in frail aged adults to control their 
posture [12]. Notably, the population in our previous 
study tended to be similar to that in the FG- group in the 
present study.

The FG + group in this study included relatively robust 
patients (i.e., nonfrail patients). In this population, the 
literature suggests the existence of visual reliance [9, 
10]. However, Hupfeld’s recent study is in line with our 
results: their results revealed no age group differences in 
visual reliance scores between young and older adults. In 
contrast, they reported a significant difference in condi-
tion 3 and concluded that older adults rely more on pro-
prioceptive inputs than young adults do in maintaining 
balance [26].

Regarding proprioceptive abilities at the cervical level, 
our study revealed that cervical repositioning tests per-
form less well in FG- patients than in FG + patients. How-
ever, only 3 participants reported neck pain in FG- group. 
Existing studies have focused on comparing cervical 
proprioceptive performance between young and healthy 
older adult. These investigations consistently reveal a 

decrease in accuracy among older adults when perform-
ing this specific task [27, 28].

Our results revealed a difference in the rotation direc-
tion of the joint position error test at the functional level 
(FG- subjects were significantly impaired compared with 
FG + subjects). With respect to the extension-flexion 
direction, the between-group analysis revealed a non-
significant p-shaped trend (0.06). From a biomechanical 
perspective, rotation is primarily generated by mobil-
ity at the C1 and C2 levels, whereas extension/flexion is 
more related to the lower cervical spine and head-cervi-
cal joint at the C0–C1 level. Additionally, the density of 
joint/muscle receptors appears to be greater in the upper 
cervical spine [29]. The imprecision of joint and muscle 
receptors in pathological aging could therefore explain 
the more pronounced difference in performance in this 
component of the test.

Interestingly, the factorial analysis revealed 2 factors 
of 4 variables (factor 1) and 3 variables (factor 2). Fac-
tor 2 included proprioceptive variables (CJPSE flexion-
extension and CJPSE rotation), and condition 3 included 
m-CTSIB. This main finding aligns with the results 
observed in the study conducted by Reddy et al., where 
a significant correlation (mean Pearson correlation coef-
ficient r = 0.7) was identified [30]. This correlation was 
noted between the functional scores of the Berg and 
Timed Up and Go (TUG) tests and the error in the cer-
vical repositioning test across both directions [30]. A 

Fig. 3 Relationship between the cervical positional error data (x-axis) and the mean CoP velocity displacement speed under Condition 3 (y-axis). The 
Pearson and associated p values are displayed at the top of the graph. The dotted line represents the regression line in the complete sample
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recent study by Raizah et al. revealed that cervical repo-
sitioning test performance was negatively correlated with 
the Berg score (r = -0.7; p < 0.001) in older adults with 
chronic neck pain [31].

Our study revealed a significant correlation within the 
FG- group, whereas such a correlation was not observed 
in the FG + group. To explain this result, we hypoth-
esize the existence of “internal” compensation within 
the somatosensory system. Poor cervical proprioceptive 
ability might have prompted reweighting in the integra-
tion of sensory inputs, resulting in increased reliance on 
ankle/foot proprioception. Our results are in line with 
those of the exploratory study of Quek et al., which com-
pared older adults with and without neck pain [32]. These 
findings indicate that, compared with those without neck 
pain, older adults with neck pain demonstrated reduced 
postural stability. These findings suggest that sensory 
reweighting occurs to engage lower limb proprioception 
to compensate for deficits in neck proprioception among 
older adults.

Indeed, the prevalence of neck pain is significant 
among older adults [33]. This painful context leads to a 
modification of the sensory proprioceptive information 
perceived by these individuals [34]. When pain becomes 
chronic (defined temporally as over 3 months), this per-
sistent context of painful information results in reorgani-
zation of the somatosensory cortex at the cortical level. 
A challenge in interpreting cervical sensory information 
may subsequently lead to sensory reweighting, favoring 
other localizations, especially podal inputs. Neverthe-
less, this speculation should be verified through further 
research. This finding suggests that the sensory weighting 
process remains effective in older adults, notwithstand-
ing the aging of their neuronal system, providing addi-
tional evidence of central nervous system plasticity in 
older adults, which is likely to play a foundational role in 
enhancing relearning efficiency in geriatric rehabilitation 
programs [35].

Limitations
The results of this study must be interpreted in the light 
of our study limitations. Firstly, the sample size may be 
perceived as relatively small, which could limit the gen-
eralizability of our findings. Secondly, the use of a non-
instrumental muscle testing scale to assess ankle strength 
as an inclusion criterion has been questioned. While this 
is a common clinical practice, the use of a dynamometer 
would have provided a more objective measurement. 
However, it is worth noting that manual muscle testing 
remains a widely used clinical tool for simple and inex-
pensive strength assessment [36].

Thirdly, the creation of a composite score to classify our 
elderly population lacks scientific validity. A more rigor-
ous approach would have been to classify participants 

based on a validated functional test, such as the Short 
Physical Performance Battery. Nevertheless, the com-
posite score is of interest as it incorporates three clinical 
variables commonly observed in geriatrics, including fear 
of falling, which is recognized as a factor impacting func-
tional performance in older adults.

Thus, our study emphasize the importance of podal 
afferences for standing balance in older adults with 
orthopedic conditions, and suggest that optimizing cer-
vical proprioception could be a key objective in geri-
atric rehabilitation to counteract the compensation by 
podal inputs. Further studies are necessary to verify this 
hypothesis of sensory reweighting and explore the poten-
tial of reducing podal dependence in older adults through 
interventions targeting cervical proprioceptive abilities.
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