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Abstract: This study investigates the impact of visual input and aging on postural stability
(PS) in dogs by analyzing center-of-pressure (COP) parameters during static posturography
under sighted (EO) and blindfolded (EC) conditions. Twenty adult (<50% of fractional
lifespan) and 20 senior (>75% of fractional lifespan) dogs, free from orthopedic, neurological,
or visual impairments, were assessed using a pressure measurement plate. While no
significant differences were found between adult and senior dogs under standard EO
conditions, blindfolding revealed age-related disparities. Senior dogs exhibited significantly
higher craniocaudal displacement and support surface values compared to adult dogs,
indicating a greater reliance on visual input for sagittal stability. Conversely, adult dogs
exhibited a reduction in postural sway during EC conditions, indicating an adaptive shift
toward greater reliance on somatosensory input. These findings highlight diminished
sensory integration and adaptability in senior dogs, correlating with aging-related declines
in proprioception and sensory processing. This research underscores the critical role of
vision in canine PS, particularly in older individuals, and emphasizes the need for targeted
interventions, such as balance training, to enhance sensory integration and mitigate fall
risk in aging dogs. Future studies should explore dynamic and multimodal challenges to
further elucidate compensatory mechanisms.

Keywords: posturography; aging; center of pressure; blindfolding; dogs

1. Introduction
Postural stability (PS) is the ability to maintain the body’s center of mass within the

base of support (BOS), whether stationary or during motion [1–3]. It involves the complex
integration of sensory inputs (visual, vestibular, and proprioceptive) and motor responses
to adjust body position and orientation [1,4]. Effective PS reflects the body’s capacity to
resist or recover from disturbances, ensuring physical stability and efficient movement [5].

The BOS, defined as the area enclosed by contact points between the body and the
standing surface, plays a fundamental role in PS. In humans, increasing the BOS through
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a wider stance enhances passive stability by increasing the distance between the center
of mass and the mediolateral limits of the BOS [6]. Conversely, narrowing the BOS, as
observed during single-leg [7–9] or tandem stance (heel-to-toe position) [10–12], increases
the challenge of maintaining PS.

The functional BOS, defined as the area used to maintain balance, may differ from
the total BOS [13]. If the center of mass exceeds the functional BOS, protective steps are
required to avoid a fall [14]. The functional BOS tends to decrease with age, contributing to
increased fall risk in human patients, but can be improved with balance training [15,16].

In humans, falls are a major health concern, often leading to severe injuries due to
declining physical function. As a result, fall prevention is a key area of focus in both
clinical research and intervention strategies [17,18]. Similarly, aging dogs face an increased
risk of falls due to muscle weakness, balance deficits, and age-related conditions such as
musculoskeletal and neurological disorders. However, because dogs are quadrupeds and
have a lower center of gravity, they are less likely to sustain serious injuries from falls
compared to humans. Despite this reduced injury risk, maintaining PS in senior dogs is still
crucial, as falls can negatively impact their overall health and mobility. Therefore, assessing
and addressing balance impairments in aging dogs are important aspects of veterinary care
to help preserve their quality of life [19].

The COP, a key parameter for studying PS in humans [9,20–26] and animals [27–40],
represents the vertical projection of the center of mass and reflects the dynamic interaction
of ground reaction forces during stance and motion [25]. The following COP parameters
are used in canine research: the COP displacement in the craniocaudal (CCD) and medio-
lateral (MLD) directions, the statokinesiogram length (L) defined as the length of the line
connecting the coordinates of the COP trajectory at each timeframe, the support surface
(SS) which is the area of the ellipse containing 90% of all COP points, and the average
COP speed (AS) [30,39]. As stated above, the diameters of the BOS influence postural
strategies [9–15], which is reflected in COP parameters. Thus, ensuring a comparable BOS
during test conditions and across groups is essential when analyzing COP parameters in
static measurements.

In general, larger or more erratic COP shifts suggest instability or difficulty maintain-
ing balance [27–29,35–37], as observed during static stance measurements of orthopedically
diseased [28,29] and senior dogs (those over 75% into their expected lifespan) [33]. While
conditions like cubarthrosis and gonarthrosis significantly increase MLD, CCD, and SS
when compared to control groups [27,28], aging appears to have a minimal effect on
CCD [33]. However, variations in measurement duration and repetitions (e.g., 3 × 20 s [27],
3 × 10 s [28], and 7 × 1 s [33]) complicate the interpretation of these findings [39]. While pres-
sure and force plates yield valid and reliable measures of COP parameters, discrepancies in
the literature can be found, particularly when different equipment [38] or measurement
procedures [39] are used. According to the most recent literature, a single 10 s measurement
or two repetitions of 5 s measurements provide optimal results for evaluating PS in dogs
during static stance when using a pressure plate [39]. Once measurement procedures
are standardized, more reliable results can be obtained so that when introducing further
challenges to PS, more subtle and complex differences between adult and senior dogs might
be identified.

The implementation of external mechanical perturbations on motorized platforms in
the evaluation of PS is a novel approach in canine research. While researchers found a
significant increase in COP parameters under perturbated conditions [30,40], their tech-
niques require cost-intensive equipment and have not been used in diseased and senior
animals yet. Static stance measurements with restricted sight are considerably easier to per-
form. This method has not been used in canine research up to date but has previously been
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performed in human [17,41,42] and equine [35] research. The effect of blindfolded posturog-
raphy in healthy young adult humans has been studied with varying results [26,43]. While
some researchers describe no effect on PS [26], others have found a significant decrease
in COP displacement in the mediolateral and craniocaudal directions during blindfolded
measurements compared to in the sighted condition, which was interpreted as an increase
in muscular activity [43].

In contrast, a lack of visual information does not affect CCD in elderly humans while
standing on a foam surface but results in a significant increase in MLD. Therefore, medi-
olateral PS is more dependent on visual input, while sagittal control is more affected by
somatosensory input. When visual input is disturbed, the sensitivity to somatosensory
information increases to maintain PS [17]. In contrast to young, healthy adults [26,43], in
horses, the accuracy of PS is strongly dependent on visual input. Blindfolded posturo-
graphic measurements result in a significant increase in MLD, CCD, and mediolateral COP
velocity compared to sighted measurements [35].

The impact of visual input on PS in dogs has not yet been investigated, and data on
elderly dogs are scarce. However, based on the results of human research, differences
between coping strategies in adult and senior dogs can be expected when faced with
conditions challenging PS [17,43].

Thus, canine research should further focus on the effect of different measurement
conditions on PS in both adult and senior dogs. Therefore, we conducted posturographic
measurements during sighted and blindfolded quiet standing. Following previous research,
the abbreviations for eyes open (EO) and eyes closed (EC) were selected [26]. We hypothe-
sized that EC results in a significant increase in COP parameters in adult and senior dogs
compared to EO, with more profound differences in senior dogs compared to adult dogs.

2. Materials and Methods
2.1. Approval and Consent

This study was approved by the Ethics and Animal Welfare Committee of the Univer-
sity of Veterinary Medicine, Vienna, in accordance with the University’s Good Scientific
Practice guidelines and national legislation (ETK-148/10/2021).

2.2. Animals and Inclusion Criteria

This study included a total of 40 pet dogs, consisting of 20 adult dogs (G1 < 50% of
fractional lifespan) and 20 senior dogs (G2 > 75% of fractional lifespan) [44,45]. The standing
measurements of all 40 dogs were included in the data analysis, with the younger dogs
selected to match the older dogs in weight and body height.

The inclusion criteria consisted of the absence of any clinical orthopedic, neurological,
or visual diseases, and a minimum body mass of 10 kg to ensure a more uniform representa-
tion of PS, as smaller dogs may have different anatomical and biomechanical characteristics
that could introduce variability in the results [33]. All dogs underwent a general clinical
examination including visual gait assessment, orthopedic and neurologic examination, and
objective gait analysis using a pressure measurement plate (FDM Type 2, Zebris Medical
GmbH, Allgäu, Germany) [46]. Additionally, the owners were asked to fill out the Canine
Cognitive Dysfunction Rating scale (CCDR) to assess the cognitive function of the animal.
Dogs with a CCDR score > 49, which is the diagnostic threshold for the diagnosis of canine
cognitive dysfunction syndrome [47], were not included.

The breeds of the dogs consisted of mixed breed, Labrador Retriever, Border Collie,
Belgian Malinois, Flatcoated Retriever, Beagle, Standard Poodle, Irish Setter, Golden Re-
triever, Magyar Viszla, Greyster, Springer Spaniel, Rhodesian Ridgeback, and Coonhound.
The mean age of the dogs in group 1 was 2.18 ± 1.29 years and 11.37 ± 1.23 years in
group 2. The groups were matched by body mass, body height (measured from the dorsal
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border of the scapula), and body length (distance between Tuber supraglenoidale and
Tuber ischiadicum) (Table 1).

Table 1. Demographics of the participating dogs in group 1 (adult) and group 2 (senior), including
mean ± SD of body mass, height, length, and CCDR score.

Group Body Mass (kg) Height (cm) Length (cm) CCDR

G1 21.87 ± 5.66 54.27 ± 6.78 57.08 ± 5.78 34.50 ± 1.24
G2 22.34 ± 6.37 52.90 ± 6.63 55.81 ± 6.58 36.30 ± 4.43

2.3. Equipment and Measurement Procedure

The measurements were made for dogs during quiet standing on a pressure mea-
surement plate (FDM Type 2, Zebris Medical GmbH, Allgäu, Germany) equipped with
15,360 sensors covering an area of 203 × 54.2 cm and a measuring frequency of 100 Hz.
The sensor size of the platforms was 0.72 × 0.72 cm. The pressure plate was covered
with a black 1 mm thick non-slip rubber mat. All measurement procedures were filmed
using a Panasonic NV-MX500 camera (Panasonic, Kadoma, Osaka, Japan), as previously
described [39].

2.4. Objective Gait Analysis

Prior to all procedures, the dogs were allowed to move freely in the room to get
accustomed to the measurement setup. Afterward, the dogs were walked over the pressure
plate until at least 5 valid passes for each paw were collected. A valid pass was defined
as a walk in which the dogs crossed the plate in a straight line without changing their
speed, turning their head, or pulling on the leash. A symmetric gait pattern was ensured
by a symmetry index of peak vertical force (PFz) and vertical impulse (IFz) below 3%.
The difference in the speed at which the dogs crossed the plate had to be within a range of
± 0.3 m/s and an acceleration of ± 0.5 m/s2 [39,46,48].

2.5. Static Posturography

After a short break, static posturography was performed during 2 conditions, including
quiet standing with unrestricted sight and while wearing taped laser goggles (Laser Safety
Doggles®, LASERVISION GmbH & Co.KG, 90,766 Fürth, Germany) (Figure 1). The dogs
were asked to approach the plate using positive reinforcement. For the second condition,
the laser goggles were put on after the dog found a comfortable standing position. The dogs
had to stand still on the pressure measurement plate with all limbs perpendicular to the
plate without any body, head, tail, limb, or paw movements.

For this purpose, the owner stood in front of the animal to maintain its attention during
the measurement procedure. None of the dogs were wearing laser goggles before, which
is why they were introduced using positive reinforcement methods. All dogs adapted to
wearing them within a couple of minutes. Afterward, the dogs were first placed on the
pressure plate, and then the goggles were carefully applied.

During the measurement, the owners were allowed to speak to their dogs, which
further helped maintain their attention. The dogs did not show fear toward the goggles
and were rewarded with treats when the goggles were both applied and removed to ensure
positive reinforcement.
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left (HL). The blue trajectory represents a magnified view of the COP trajectory. Within this, the 

craniocaudal displacement (CCD, green arrow), mediolateral displacement (MLD, orange arrow), 

and support surface (SS, blue ellipse) are indicated (c). 
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Figure 1. Experimental setup: The pressure measurement plate (dotted white line) is hidden under a
non-slip rubber mat to ensure an undisturbed standing position. The dogs stand with all paws on the
plate with unrestricted sight (EO) (a) and while wearing taped laser goggles (Laser Safety Doggles®,
LASERVISION GmbH & Co.KG, 90,766 Fürth, Germany) (EC) (b). The body COP (black square) is
measured between the limbs: front right (FR), front left (FL), hind right (HR), and hind left (HL).
The blue trajectory represents a magnified view of the COP trajectory. Within this, the craniocaudal
displacement (CCD, green arrow), mediolateral displacement (MLD, orange arrow), and support
surface (SS, blue ellipse) are indicated (c).

After each measurement, the animal was rewarded with a treat and asked to rest.
As recommended, 2 valid passes of 5 s measurements per condition were collected and
analyzed for each dog [39]. To ensure a static pose, the dogs were visually monitored in
real time, and only sequences without movement were selected during post-experiment
video analysis for the final evaluation.

2.6. Parameters Under Investigation

The fractional lifespan (FLS) was calculated using the following formula [44] adjusted
from imperial to metric units [45]:

FLS = 13.620 + (0.0276 body × height in cm)− (0.1186 × body mass in kg) (1)

All parameters were analyzed using a custom software Pressure Analyzer (Michael
Schwanda, version 4.9.3.0), which was then exported to Microsoft Excel 2016. The following
parameters were used for the evaluation of the inclusion criteria:

• The mean speed (m/s) and acceleration (m/s2) were calculated for the left forelimb;
• The symmetry index (SI), expressed as a percentage (SI%), was calculated for both parameters

(PFz and IFz) according to the following equation modified from Budsberg et al. [49]:

SIXFz(%) = abs
(
[XFzLLx − XFzRLx]
[XFzLLx + XFzRLx]

)
× 100 (2)
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where XFz is the mean value of the PFz or IFz of valid steps, LLx is the left fore- or hindlimb,
and RLx is the right fore- or hindlimb. Perfect symmetry between the right and left fore- or
hindlimbs was assigned a value of 0%.

For the posturographic analysis, the data were low-pass filtered using a fourth-order Butter-
worth Filter with a cutoff frequency of 10 Hz [50]. The following parameters were analyzed:

Base of support:

• Base of support (BOS)—area enclosed by the coordinates of the center of the paws, in cm2.
• Base of support length (BOS L)—distance between the center of the fore- and hindlimbs,

in cm.
• Base of support width (BOS W)—distance between the center of the left and right

limbs, in cm.

Center of pressure [27–39]:

• Craniocaudal displacement—Mean deviation on the craniocaudal axis. This was
normalized to the BOS L and expressed as a percentage (CCD%).

• Mediolateral displacement—Mean deviation on the lateral axis. This was normalized
to the BOS W and expressed as a percentage (MLD%).

• Statokinesiogram length—The length of the line that joins the points of the COP
trajectory. This was normalized to the BOS and expressed as a percentage (L%).

• Support surface or statokinesiogram—The area determined by an ellipse that contains
90% of the points of the COP trajectory. This was normalized to the BOS and expressed
as a percentage (SS%).

• Average speed (AS) (mm/s) of COP sway.

Romberg Index

The Romberg index (RI) is the ratio of the EC score to EO score multiplied by
100 (EC/EO × 100) [26,50]. It was calculated for each COP parameter and reflects the
impact of the visual input and proprioceptive contribution to PS [26,51–53]. The RI was
calculated for each COP parameter as follows:

RI =
standing measurement with EC
standing measurement with EO

× 100 (3)

2.7. Statistical Analysis

All statistical analyses of the standing measurements of 40 dogs were performed
using IBM SPSS v27. The effects of different measurement conditions and groups on the
parameters were analyzed using linear mixed-effects models in which the conditions and
groups were added as fixed factors to the model. Sidak’s alpha correction was applied
for multiple comparisons. The assumption of a normal distribution was tested using the
Shapiro–Wilk test. For all analyses, a p-value below 5% (p < 0.05) was seen as significant.

3. Results
3.1. Base of Support

Descriptive statistics are displayed in Supplementary Table S1 for each group and
measurement condition. No significant difference was found in the BOS parameters
between the groups (Table S2) and measurement conditions (Table S3).

3.2. Center of Pressure

Descriptive statistics of the conditions EO and EC for all COP parameters in adult and
senior dogs can be found in Table 2 and are illustrated in Figure 2.
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Table 2. Descriptive statistics (mean ± SD) of the COP parameters, including craniocaudal dis-
placement (CCD%), mediolateral displacement (MLD%), statokinesiogram length (L%), support
surface (SS%), and average speed (AS), of adult (G1) and senior (G2) dogs during sighted (EO) and
blindfolded (EC) measurements.

Condition Group CCD% MLD% L% SS% AS (mm/s)

EO
G1 1.18 ± 0.18 # 1.23 ± 0.35 0.11 ± 0.03 0.08 ± 0.04 21.90 ± 3.33 #

G2 1.14 ± 0.30 1.37 ± 0.43 0.10 ± 0.03 0.10 ± 0.05 19.18 ± 5.46

EC
G1 0.99 ± 0.23 *# 1.30 ± 0.32 0.09 ± 0.05 0.08 ± 0.03 * 17.08 ± 7.69 #

G2 1.22 ± 0.27 * 1.46 ± 0.35 0.09 ± 0.03 0.11 ± 0.05 * 17.18 ± 7.00

* Significant difference between groups in each column; # significant difference within group between conditions
in each column (p < 0.05).
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Figure 2. Pairwise comparison of the effect of measurement conditions, including standing with
eyes open (EO) and with taped laser goggles (EC), in adult (blue) and senior (green) dogs on
COP parameters: (a) craniocaudal displacement (CCD%), (b) mediolateral displacement (MLD%),
(c) statokinesiogram length (L%), (d) support surface (SS%), and (e) average speed (AS) of adult (G1)
and senior (G2) dogs during sighted (EO) and blindfolded (EC) measurements. Significant differences
between groups are marked with a black arrow, and significant differences between conditions are
marked with a blue dotted arrow (p < 0.05). The stars and circles represent statistical outliers.
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The loss of visual input led to a significant decrease in CCD% and AS in adult dogs,
but had no impact on MLD%, L%, and SS%. No significant difference was found in any
COP parameters between the conditions in senior dogs (Table 3, Figure 2).

Table 3. p-values of the comparison of the effect of blindfolding in group 1 (adult dogs) and group 2
(senior dogs) for the COP parameters, including craniocaudal displacement (CCD%), mediolateral
displacement (MLD%), statokinesiogram length (L%), support surface (SS%), and average speed
(AS), of adult (G1) and senior (G2) dogs.

Group CCD% MLD% L% SS% AS

G1 0.019 0.531 0.074 0.917 0.015
G2 0.307 0.466 0.466 0.349 0.305

No significant difference in COP parameters between groups was found with EO.
During the blinded conditions, CCD% and SS% in senior dogs showed significantly higher
values compared to in adult dogs. The remaining COP parameters did not show a signifi-
cant difference between groups (Table 4, Figure 2).

Table 4. p-values of the comparison of group 1 (adult dogs) and group 2 (senior dogs) during
sighted (EO) and blindfolded (EC) measurements for the COP parameters, including craniocaudal
displacement (CCD%), mediolateral displacement (MLD%), statokinesiogram length (L%), support
surface (SS%), and average speed (AS), of adult (G1) and senior (G2) dogs.

Condition CCD% MLD% L% SS% AS

EO 0.647 0.192 0.438 0.180 0.248
EC 0.005 0.223 0.833 0.032 0.947

3.3. Romberg Index

The mean and standard deviation and p-values of the group comparison of the RIs
for each COP parameter are summarized in Table 5. In both groups, the RIs of MLD% and
SS% exceeded 100, while CCD% exceeded 100 only in senior dogs. Additionally, the RI of
CCD% was significantly higher in senior dogs compared to in adult dogs.

Table 5. Descriptive statistics (mean ± SD) and p-values of RI of craniocaudal displacement (CCD%),
mediolateral displacement (MLD%), statokinesiogram length (L%), support surface (SS%), and
average speed (AS) of adult (G1) and senior (G2) dogs.

Group RI CCD% RI MLD% RI L% RI SS% RI AS

G1 87.31 ± 23.39 * 111.33 ± 36.83 87.84 ± 26.19 107.58 ± 55.99 84.67 ± 24.71
G2 109.75 ± 23.58 * 109.22 ± 29.58 93.60 ± 25.74 121.87 ± 37.05 93.21 ± 22.83

p-value 0.004 0.843 0.487 0.347 0.263

* Significant differences between groups (p < 0.05).

4. Discussion
This study aimed to evaluate the influence of visual input and aging on PS in dogs by

analyzing conventional COP parameters during static posturographic measurement under
sighted and blindfolded conditions. The findings reveal critical insights into the sensory
and motor mechanisms underlying balance in adult and senior dogs and their adaptations
to visual deprivation. The hypotheses were that the condition EC results in a significant
increase in COP parameters in adult and senior dogs compared to EO, with more profound
differences in senior dogs compared to adult dogs. This was partially confirmed.

Surprisingly, a significant decrease in CCD% in adult dogs with EC was observed when
compared to EO, which was not evident in senior dogs. Likewise, AS was significantly
reduced during the blindfolded condition in adult dogs, with, again, no significant effect in
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senior dogs. These changes suggest that visual deprivation prompts adult dogs to rely more
heavily on somatosensory input, particularly for sagittal stability. While a reduction in COP
parameters during challenging conditions is hardly mentioned in canine postural research,
healthy young adults show a similar pattern during blindfolded conditions, which was
interpreted as an increase in muscular activity [43].

Conversely, senior dogs showed no significant changes in COP parameters when
blindfolded, highlighting their baseline dependency on visual input for stability. While
adult dogs cope with the loss of visual input by reducing the extent of postural sway, we
propose that senior dogs are unable to use this mechanism anymore. This aligns with
findings in elderly humans, where visual input is critical for stability. The inability of senior
dogs to compensate for the loss of visual input by reducing COP sway, as seen in young
adult dogs, may reflect an age-related decline in sensory integration or diminished adapt-
ability in motor responses. When visual input is disturbed, the sensitivity to somatosensory
information increases to maintain PS [17].

In contrast to previous research [33], a static stance without further challenges to PS
did not result in significant differences between healthy adult and healthy senior dogs in
any of the measured COP parameters. We assume that these discrepancies might be the
result of differences in measurement durations (7 × 1 s [30] compared to 2 × 5 s). Indeed,
based on a recent validation study, 1 s measurements produced the lowest reliability of
COP parameters [39].

Age-related differences became evident under blindfolded conditions, with senior
dogs exhibiting significantly higher values for CCD% and SS% compared to adult dogs, in-
dicating decreased balance control and a less stable stance. Such differences were previously
reported during stance measurements in dogs with cubarthrosis and gonarthrosis, showing
a significant increase in MLD, CCD, and SS when compared to control groups [27,28].

Interestingly, MLD% did not differ significantly between groups, even under blind-
folded conditions. This suggests either that mediolateral stability may not deteriorate as
profoundly as sagittal stability in aging dogs or that the deprivation of visual input is not a
proper method to provoke instability in the transversal axis. The latter theory contrasts
with human research. Mediolateral PS in elderly humans is more dependent on visual
input, while sagittal control is more affected by somatosensory input, like standing on a
foam surface [17]. However, due to anthropometric differences between humans as bipeds
and quadrupedal species, a direct comparison is not possible.

In addition to MLD%, L% did not differ significantly between groups or conditions.
One possible explanation for this could be that the statokinesiogram length is influenced by
the general ability to maintain stability rather than specific postural control mechanisms [54].
Since both groups were able to maintain a relatively consistent trajectory despite age-related
differences, it is plausible that factors such as the overall stability of the dogs, irrespective of
age, resulted in no significant variation in L%. This stability may not have been sufficiently
challenged by the conditions, as was the case with MLD%, where visual input deprivation
did not have a pronounced effect.

The RI provides a quantitative measure of the contribution of visual input to PS. It rep-
resents the percentage difference between the results of static measurement during the EC
condition compared to the EO condition. A value above 100 indicates an increase in values
during the blindfolded measurement condition, which is interpreted as a high reliance
on visual information and a low proprioceptive contribution to the parameter [23,49,51].
In this study, senior dogs exhibited a significantly higher RI for CCD% compared to adult
dogs, indicating a greater reliance on visual input for sagittal stability. Interestingly, the
RIs for CCD%, MLD%, and SS% exceeded 100 in both groups, underscoring a dominant
role of visual input in mediolateral stability. These findings are consistent with equine
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studies, where craniocaudal and mediolateral control is sensitive to visual deprivation [35].
However, visual deprivation alone did not challenge PS in adult or senior dogs to the point
where MLD% showed a significant difference between conditions or groups.

These findings emphasize the differential roles of visual and somatosensory systems
in maintaining PS across age groups. In adult dogs, sensory integration appears more
dynamic, allowing for compensatory adjustments in the absence of visual cues. In contrast,
senior dogs exhibit a more rigid dependence on visual input, potentially due to age-related
declines in proprioceptive function or slower central processing of sensory information.
The results underscore the importance of visual input in maintaining PS, particularly for
senior dogs, and highlight the reduced capacity for sensory reweighting with age. These
findings align with the broader literature on aging and postural control, emphasizing
the need for targeted interventions, such as proprioceptive training, to improve sensory
integration and mitigate injuries and fall risk in older populations [55].

Compensatory stepping to increase the BOS is a well-known coping mechanism
in challenging conditions to prevent falling, which has been described in humans and
dogs [14,30]. However, aging affects proprioceptive and tactile sensitivity, particularly in
the plantar region, resulting in the impaired control of compensatory stepping [18]. Since
no significant differences were found in BOS parameters between conditions or groups, this
coping mechanism either is not triggered by the loss of visual input alone or is hindered by
the tactile loss due to aging.

Aging dogs face an increased risk of falls due to limb weakness and neuromuscular
degeneration, though their quadrupedal stance and proximity to the ground reduce the
severity of fall-related injuries compared to humans. The mechanisms of aging and func-
tional decline in dogs closely resemble those in humans [17,18,56], making them a valuable
model for studying frailty and intervention strategies. As research progresses, validating
clinical assessment tools will be essential for the early detection of mobility issues and the
development of therapeutic strategies aimed at extending the healthy lifespan and quality
of life of aging dogs. Addressing risk factors such as obesity and inactivity, alongside
adapting exercise-based interventions from human medicine, will be critical in mitigating
functional decline and preserving quality of life in aging dogs [56].

While this study provides valuable insights into canine PS, several limitations should
be noted. The relatively small sample size may limit the generalizability of the findings.
Additionally, breed differences in COP parameters, although minimized through careful
group matching, could introduce variability. Since different breeds have varying average
lifespans, using multiple breeds may affect result accuracy. To address this, the fractional
lifespan was calculated based on the height and body mass of the dogs to provide a more
standardized measure of aging [44,45]. Future studies should consider focusing on a
single breed to enhance result credibility or employing a larger sample size to account for
breed-related differences.

Furthermore, the position of the owner during the static measurement could influence
the results. The owner stood in front of the dog to maintain its attention during the
procedure, which may have affected the results. Future research could explore the impact
of the owner’s position on standing measurements to determine whether this factor plays a
significant role.

5. Conclusions
This study demonstrates the crucial role of visual input in PS and reveals significant

age-related differences in sensory integration among dogs. While no major disparities were
observed between adult and senior dogs under normal sighted conditions, blindfolding
exposed key differences. Senior dogs exhibited a greater CCD% and increased SS%, sug-
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gesting a stronger reliance on vision for sagittal stability. In contrast, adult dogs displayed
reduced postural sway under blindfolded conditions, indicating a compensatory shift toward
somatosensory reliance. These findings highlight diminished sensory adaptability with aging,
which may contribute to balance impairments in senior dogs. Recognizing these age-specific
sensory adaptations is crucial for developing targeted interventions, such as balance training,
to enhance sensory integration and mobility in aging dogs. Future research should explore
dynamic and multimodal postural challenges to further elucidate compensatory mechanisms
and refine clinical applications for improving canine quality of life.
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24. Zemkova, E.; Vlašič, M. The Effect of Instability Resistance Training on Neuromuscular Performance in Athletes after Anterior
Cruciate Ligament Injury. Sport Sci. 2009, 2, 17–23.

25. Palmieri, R.M.; Ingersoll, C.D.; Stone, M.B.; Krause, B.A. Center-of-Pressure Parameters Used in the Assessment of Postural
Control. J. Sport Rehabil. 2002, 11, 51–66. [CrossRef]

26. Aghapour, M.; Affenzeller, N.; Peham, C.; Lutonsky, C.; Tichy, A.; Bockstahler, B. Effect of Vision and Surface Slope on Postural
Sway in Healthy Adults: A Prospective Cohort Study. Life 2024, 14, 227. [CrossRef]

27. Carrillo, J.M.; Manera, M.E.; Rubio, M.; Sopena, J.; Santana, A.; Vilar, J.M. Posturography and dynamic pedobarography in lame
dogs with elbow dysplasia and cranial cruciate ligament rupture. BMC Vet. Res. 2018, 14, 108. [CrossRef]

28. Manera, M.E.; Carrillo, J.M.; Batista, M.; Rubio, M.; Sopena, J.; Santana, A.; Vilar, J.M. Static Posturography: A New Perspective in
the Assessment of Lameness in a Canine Model. PLoS ONE 2017, 12, e0170692. [CrossRef]

29. Pitti, L.; Oosterlinck, M.; Díaz-Bertrana, M.L.; Carrillo, J.M.; Rubio, M.; Sopena, J.; Santana, A.; Vilar, J.M. Assessment of static
posturography and pedobarography for the detection of unilateral forelimb lameness in ponies. BMC Vet. Res. 2018, 14, 151.
[CrossRef]

30. Lutonsky, C.; Peham, C.; Mucha, M.; Reicher, B.; Gaspar, R.; Tichy, A.; Bockstahler, B. External mechanical perturbations challenge
postural stability in dogs. Front. Vet. Sci. 2023, 10, 1249951. [CrossRef]

31. López, S.; Vilar, J.M.; Rubio, M.; Sopena, J.J.; Santana, A.; Rodríguez, O.; Rodríguez-Altonaga, J.A.; Carrillo, J.M. Pedobarography:
A novel approach to test the efficacy of treatments for lameness; an experience with mavacoxib in dogs with elbow osteoarthritis.
BMC Vet. Res. 2019, 15, 193. [CrossRef]

32. López, S.; Vilar, J.M.; Rubio, M.; Sopena, J.J.; Damiá, E.; Chicharro, D.; Santana, A.; Carrillo, J.M. Center of pressure limb path
differences for the detection of lameness in dogs: A preliminary study. BMC Vet. Res. 2019, 15, 138. [CrossRef] [PubMed]

33. Mondino, A.; Wagner, G.; Russell, K.; Lobaton, E.; Griffith, E.; Gruen, M.; Lascelles, B.D.X.; Olby, N.J. Static posturography as a
novel measure of the effects of aging on postural control in dogs. PLoS ONE 2022, 17, e0268390. [CrossRef] [PubMed]

34. Clayton, H.M.; Buchholz, R.; Nauwelaerts, S. Relationship between morphological and stabilographic variables in standing
horses. Vet. J. 2013, 198 (Suppl. 1), e65–e69. [CrossRef]

35. Clayton, H.M.; Nauwelaerts, S. Effect of blindfolding on centre of pressure variables in healthy horses during quiet standing.
Vet. J. 2014, 199, 365–369. [CrossRef]

36. Nauwelaerts, S.; Malone, S.R.; Clayton, H.M. Development of postural balance in foals. Vet. J. 2013, 198 (Suppl. 1), e70–e74.
[CrossRef]

37. Dewolf, A.H.; Ivanenko, Y.P.; Mesquita, R.M.; Willems, P.A. Postural control in the elephant. J. Exp. Biol. 2021, 224, jeb243648.
[CrossRef]

38. Shaheen, A.F.; Lins, D.; Toledo, T.; Gómez Álvarez, C.B. Postural stability measures in healthy miniature Dachshunds obtained
using a pressure mat and a force platform: A validity and reliability study. BMC Vet. Res. 2023, 19, 79. [CrossRef]

39. Aghapour, M.; Affenzeller, N.; Lutonsky, C.; Peham, C.; Tichy, A.; Bockstahler, B. A validation study to analyze the reliability of
center of pressure data in static posturography in dogs. Front. Vet. Sci. 2024, 11, 1353824. [CrossRef]

40. Wolszky, V.; Zablotski, Y.; Fischer, A.; Lauer, S. Balance Assessment on a Modified Posturomed Platform in Healthy Dogs. Vet. Sci.
2024, 11, 498. [CrossRef]

41. Quijoux, F.; Vienne-Jumeau, A.; Bertin-Hugault, F.; Zawieja, P.; Lefèvre, M.; Vidal, P.-P.; Ricard, D. Center of pressure displacement
characteristics differentiate fall risk in older people: A systematic review with meta-analysis. Ageing Res. Rev. 2020, 62, 101117.
[CrossRef]

42. Paillard, T.; Noé, F. Techniques and Methods for Testing the Postural Function in Healthy and Pathological Subjects. Biomed. Res.
Int. 2015, 2015, 891390. [CrossRef] [PubMed]

43. Błaszczyk, J.W.; Beck, M.; Sadowska, D. Assessment of postural stability in young healthy subjects based on directional features
of posturographic data: Vision and gender effects. Acta Neurobiol. Exp. 2014, 74, 433–442. [CrossRef]

44. Greer, K.A.; Canterberry, S.C.; Murphy, K.E. Statistical analysis regarding the effects of height and weight on life span of the
domestic dog. Res. Vet. Sci. 2007, 82, 208–214. [CrossRef]

45. Wrightson, R.; Albertini, M.; Pirrone, F.; McPeake, K.; Piotti, P. The Relationship between Signs of Medical Conditions and
Cognitive Decline in Senior Dogs. Animals 2023, 13, 2203. [CrossRef]

https://doi.org/10.1136/bmjopen-2016-015087
https://doi.org/10.3390/ijerph19052864
https://www.ncbi.nlm.nih.gov/pubmed/35270563
https://doi.org/10.1589/jpts.27.2357
https://www.ncbi.nlm.nih.gov/pubmed/26311983
https://doi.org/10.1123/jsr.11.1.51
https://doi.org/10.3390/life14020227
https://doi.org/10.1186/s12917-018-1435-y
https://doi.org/10.1371/journal.pone.0170692
https://doi.org/10.1186/s12917-018-1462-8
https://doi.org/10.3389/fvets.2023.1249951
https://doi.org/10.1186/s12917-019-1946-1
https://doi.org/10.1186/s12917-019-1881-1
https://www.ncbi.nlm.nih.gov/pubmed/31068192
https://doi.org/10.1371/journal.pone.0268390
https://www.ncbi.nlm.nih.gov/pubmed/35802714
https://doi.org/10.1016/j.tvjl.2013.09.035
https://doi.org/10.1016/j.tvjl.2013.12.018
https://doi.org/10.1016/j.tvjl.2013.09.036
https://doi.org/10.1242/jeb.243648
https://doi.org/10.1186/s12917-023-03633-0
https://doi.org/10.3389/fvets.2024.1353824
https://doi.org/10.3390/vetsci11100498
https://doi.org/10.1016/j.arr.2020.101117
https://doi.org/10.1155/2015/891390
https://www.ncbi.nlm.nih.gov/pubmed/26640800
https://doi.org/10.55782/ane-2014-2006
https://doi.org/10.1016/j.rvsc.2006.06.005
https://doi.org/10.3390/ani13132203


Sensors 2025, 25, 1300 14 of 14

46. Reicher, B.; Tichy, A.; Bockstahler, B. Center of Pressure in the Paws of Clinically Sound Dogs in Comparison with Orthopedically
Diseased Dogs. Animals 2020, 10, 1366. [CrossRef]

47. Salvin, H.E.; McGreevy, P.D.; Sachdev, P.S.; Valenzuela, M.J. The canine cognitive dysfunction rating scale (CCDR): A data-driven
and ecologically relevant assessment tool. Vet. J. 2011, 188, 331–336. [CrossRef]

48. Charalambous, D.; Lutonsky, C.; Keider, S.; Tichy, A.; Bockstahler, B. Vertical ground reaction forces, paw pressure distribution,
and center of pressure during heelwork in working dogs competing in obedience. Front. Vet. Sci. 2023, 10, 1106170. [CrossRef]
[PubMed]

49. Budsberg, S.C.; Jevens, D.J.; Brown, J.; Foutz, T.L.; DeCamp, C.E.; Reece, L. Evaluation of limb symmetry indices, using ground
reaction forces in healthy dogs. Am. J. Vet. Res. 1993, 54, 1569–1574. [CrossRef]

50. Hernandez, M.E.; Snider, J.; Stevenson, C.; Cauwenberghs, G.; Poizner, H. A Correlation-Based Framework for Evaluating
Postural Control Stochastic Dynamics. IEEE Trans. Neural Syst. Rehabil. Eng. 2015, 24, 551–561. [CrossRef]

51. Lacour, M.; Barthelemy, J.; Borel, L.; Magnan, J.; Xerri, C.; Chays, A.; Ouaknine, M. Sensory strategies in human postural control
before and after unilateral vestibular neurotomy. Exp. Brain Res. 1997, 115, 300–310. [CrossRef]

52. Tjernström, F.; Björklund, M.; Malmström, E.-M. Romberg ratio in quiet stance posturography—Test to retest reliability. Gait
Posture 2015, 42, 27–31. [CrossRef] [PubMed]

53. Isableu, B.; Ohlmann, T.; Crémieux, J.; Amblard, B. Differential approach to strategies of segmental stabilisation in postural
control. Exp. Brain Res. 2003, 150, 208–221. [CrossRef] [PubMed]

54. Baratto, L.; Morasso, P.G.; Re, C.; Spada, G. A new look at posturographic analysis in the clinical context: Sway-density versus
other parameterization techniques. Mot. Control 2002, 6, 246–270. [CrossRef]

55. Low, D.C.; Walsh, G.S.; Arkesteijn, M. Effectiveness of Exercise Interventions to Improve Postural Control in Older Adults:
A Systematic Review and Meta-Analyses of Centre of Pressure Measurements. Sports Med. 2017, 47, 101–112. [CrossRef]

56. Frye, C.; Carr, B.J.; Lenfest, M.; Miller, A. Canine Geriatric Rehabilitation: Considerations and Strategies for Assessment,
Functional Scoring, and Follow-Up. Front. Vet. Sci. 2022, 9, 842458. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ani10081366
https://doi.org/10.1016/j.tvjl.2010.05.014
https://doi.org/10.3389/fvets.2023.1106170
https://www.ncbi.nlm.nih.gov/pubmed/36846253
https://doi.org/10.2460/ajvr.1993.54.10.1569
https://doi.org/10.1109/TNSRE.2015.2436344
https://doi.org/10.1007/PL00005698
https://doi.org/10.1016/j.gaitpost.2014.12.007
https://www.ncbi.nlm.nih.gov/pubmed/25891528
https://doi.org/10.1007/s00221-003-1446-0
https://www.ncbi.nlm.nih.gov/pubmed/12677318
https://doi.org/10.1123/mcj.6.3.246
https://doi.org/10.1007/s40279-016-0559-0
https://doi.org/10.3389/fvets.2022.842458

	Introduction 
	Materials and Methods 
	Approval and Consent 
	Animals and Inclusion Criteria 
	Equipment and Measurement Procedure 
	Objective Gait Analysis 
	Static Posturography 
	Parameters Under Investigation 
	Statistical Analysis 

	Results 
	Base of Support 
	Center of Pressure 
	Romberg Index 

	Discussion 
	Conclusions 
	References

