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Abstract

Background: Altered cortical maps can initiate and maintain a pain experience and older adults who move less may be at 
increased risk for pain, balance and fall risk issues.
Purpose: To determine if a brief graded motor imagery (GMI) session to the plantar surface of the foot in older adults can 
influence self-reported pain, sensitivity of the nervous system and fall risk.
Methods: Forty-one older adults (mean age 76.8) received pain neuroscience education, and GMI to the plantar surface of 
their feet. Measurements pre- and immediately post- intervention included self-reported pain (Numeric pain rating scale), 
laterality, fall risk (Brief-BESTest), gait speed (40-meter self-paced walk test - SPWT), and nerve sensitivity (Pressure Pain 
Thresholds - PPT) to the dorsum of the foot and web space dominant hand.
Results: Immediately following treatment, mean self-reported pain improved by 1.24 points (p < 0.001), with a large sub-group 
meeting the minimal clinically important difference (MCID) for self-reported pain (1.7). Gait speed improved significantly (p 
< 0.001) meeting MCID (0.1 m/s). Left-right judgement task speed (p < 0.001) and accuracy (p = 0.04) improved. None of the 
PPT measurements improved. While mean composite Briefest test scores did not reach MCID values (9 points), statistically 
significant improvements were noted in the biomechanical constraints (p = 0.007) and sensory orientation (p = 0.009) sub-
component scores.
Conclusion: A brief, one-time GMI session in older adults can decrease pain and improve scores on tests associated with fall 
risk but fail to decrease sensitivity of the nervous system. More research is needed to validate the results of this exploratory 
study.
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Abbreviations

GMI: Graded Motor Imagery; MCID: Minimal Clinical 
Important Difference; MDC: Minimal Detectable Change; 
NPRS: Numeric Pain Rating Scale; PPT: Pressure Pain 
Thresholds; PT: Physical Therapy; SPWT: Self-Paced Walk 
Test; TUG: Timed-Up-and-Go.

Introduction

The world population is aging, and it is projected that 
one in five Americans will be over the age of 65 by the year 
2030 [1,2]. With aging comes increased prevalence of health-
related issues, including fall risk, which is on the rise [3]. Falls 
are the leading cause of injury-related visits to emergency 
departments by adults 65 and older and significantly 
increase mortality [1,4]. Increased risk of falls in the aging 
population includes female gender, older elderly (over the 
age of 80), lower cognitive status, previous history of falls, 
vision deficits, heart failure, etc. [3-5]. Various types of skilled 
interventions are known to decrease risk of falls including 
strengthening exercises, balance retraining, education, 
environmental changes, use of assistive devices, etc. [6-8]. 
While these interventions are effective, they require hours of 
training and don’t provide immediate fall risk improvements 
[9,10].

 
Various studies have shown that a person’s physical 

body is represented in the brain by a network of neurons as 
a representation of that particular body part in the brain, or 
body schema, i.e., the primary somatosensory cortex [11-
14]. Body schema is dynamically maintained [15], and plays 
a significant role in a person’s pain experience [16-21]. It 
is proposed that movement-based therapy (i.e., exercise) 
or tactile treatments (i.e., manual therapy), normalizes 
these maps, which in turn may ease pain and disability [22-
24]. This has been explored extensively in complex pain 
conditions such as phantom limb pain, complex regional pain 
syndrome and chronic low back pain [13,16,17,21,25,26]. 
Evidence suggests that in chronic pain there is a form of 
neglect, commonly described in neurological disorders 
[27,28]. It has been reported that these body schema maps 
expand or contract thus increasing or decreasing the body 
map representation in the brain and changes in shape and 
size of body maps seem to correlate to increased pain and 
disability [16,29]. A cycle soon emerges between decreased 
movement, cortical reorganization and increased pain [26].

It is postulated that a combination of ageing, sedentary 
lifestyle, decreased mobility, rigid orthopedic shoes (versus 
natural barefoot), altered gait, pain, and medical conditions 
such as diabetic or peripheral neuropathy may in fact lead 
to a potential altered mapping of the foot in the brain 

[30,31]. Older adults in general present with decreased 
tactile acuity on their skin as a part of the primary aging 
process and compounded by pathologies such as diabetic 
peripheral neuropathy, which can drastically increase fall 
risk [32,33]. With decreased acuity of cortical maps, pain 
perception can increase, which may result in the decline 
of physical activity, which has been tied to increased 
fall risk [3,4]. In order to increase acuity of body maps, 
various tactile and movement-based strategies have been 
recommended and supported for research focusing on 
sensory discrimination [34]. Current evidence, specific 
to painful conditions related to alter cortical mapping, 
have shown growing evidence in reducing pain and 
disability [35,36]. In regards to its ability to alter foot pain 
in older adults and decreasing fall risk, prior conference 
case study and case series presentations have suggested 
potential clinical benefit, but it has not been formally and 
systematically studied [30,31]. The aim of this study was 
to determine if a sensory discrimination program for feet 
in older adults can positively influence self-reported pain, 
sensitivity of the nervous system and fall risk.

Methods

Participants

A convenience sample of community dwelling older 
adults (65 and older), male and female, was recruited for 
the study. Institutional review board approval was obtained 
from St. Ambrose University and participants provided 
written consent for participation in the study, and the study 
followed the Helsinki declaration of ethics for medical 
research. The study was registered at ClinicalTrials.gov 
(NCT05715112). Inclusion criteria included individuals over 
the age of 65 who were able to independently ambulate with 
or without the use of an assistance device, without open 
wounds or skin conditions impacting the plantar aspect of 
the feet, have the visual acuity to accurately detect images on 
a tablet, and possess fluent reading and writing skills in the 
English language. Exclusion criteria included patients unable 
to perform the various pre- and post-intervention tests or 
unable to tolerate touch/sensory input to their feet (i.e., 
hyperalgesia or allodynia). A community-based care facility 
was contacted to help recruit volunteers, and flyers were 
posted and distributed to residents and those interested 
enrolled in the study.

Study Design

A quasi-experimental case series design with pre- and 
post- assessment to assess the immediate carryover of the 
intervention on self-reported pain, pressure pain thresholds 
(PPT), balance, and gait was chosen. Prior to the intervention 
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descriptive and baseline measures were taken to describe 
the cohort, followed by immediate post-intervention repeat 
measures of the tests to determine possible changes after 
intervention.

Outcome Measures

Demographic information gathered included age, gender, 
ethnicity, living arrangements, social status, assistive device 
use, height, weight, surgical history, self-reported balance 
concerns, fall episodes, sensation loss, other deficits related 
to their feet, diagnosis of neuropathy and/or radiculopathy, 
review of medical conditions associated with fall risk, and 
presence/location of current pain. All participants’ heart rate 
and blood pressure were measured to ensure safety for the 
tests and interventions. Formal measures were:

Pain: Self-reported pain for the lower extremity was 
measured using the numeric pain rating scale (NPRS). The 
NPRS has been used in various studies for older adults [37-
40]. The minimal clinically important difference (MCID) for 
chronic pain, including neuropathy, is 1.7 [41].

Left-Right Judgement Tasks: To assess the speed and 
accuracy of laterality (ability to identify a left or right body 
part), laterality application (Recognise™ - noigroup.com) 
was used for foot images. Patients viewed alternating foot 
images with no cofounding background or texture (vanilla 
feet) for 60 seconds. The program automatically tracks and 
reports on the speed and accuracy of the test. Two tests were 
completed by the patient and the mean score used as their 
final measure [42]. Normative data for accuracy has been 
reported as > 80% and recognition speed of 2 seconds / 
image with a standard deviation of 0.5 [43].

Balance: Fall risk was measured with the Brief-BESTest 
[44-52]. The Brief BESTest contains six tasks, one for each 
of the six subsystems of balance control and evaluates both 
static and dynamic balance. The test is scored out of a total 
of 24 points with lower scores representing more impaired 
balance, has shown excellent inter- and intra-rater reliability 
in community-dwelling older adults [44-52], and the minimal 
detectable change (MDC) has been reported as 9 points [53]. 
While no cut-offs for falls risk exist for community dwelling 
older adults, a cut-off of <11/24 points exists for people 
with Parkinson’s [54] and <10/24 points in older adults in 
nursing homes [49]. The BriefBESTest was selected over 
other assessments as it both separately and collectively 
assesses the 6 balance systems as well as covers two other 
evidence-based assessments including the Timed-Up-and-
Go (TUG) which has validated for use in older adults to 
determine increased fall risk at >15 seconds in international 
populations [8] or >11 seconds in populations within the US 
[5].

Gait speed: To establish a performance-based assessment 
of physical function the 40m self-paced walk test (SPWT) 
was used [55]. The SPWT assesses the time it takes to walk 
40m at a comfortable pace, without overexerting oneself. 
The time it takes to cover a specified distance is recorded 
in seconds. Walking velocity for males (meters/second) has 
been reported as 1.14 and females as 0.89 [56]. A change 
of gait speed of 0.10 to 0.20 m/sec has been reported to be 
the MCID [57]. Cut-off for increased falls risk of community 
dwelling older adults is between <0.8 m/s in international 
populations [8] and <1.0 m/s in populations within the US 
[5]. 

Nerve Sensitivity (PPT): To assess the sensitivity of the 
nervous system, pressure algometry was used. PPT followed 
standardized protocols [58,59], and was measured in pounds 
(lbs.) at a local site (dorsum of the foot) and remote site - 
web space of the dominant hand. A change of 15% in PPT has 
been reported as the MCID [59].

Intervention

The treatment protocol was based on graded motor 
imagery (GMI) guidelines [35,36,43], and two exploratory 
conference presentations focusing on older adults with foot 
pain [30,31]. Treatment was applied to patients while seated 
in a chair to the dorsal and plantar surfaces of their feet with 
the skin exposed (no socks). All sensory treatment was first 
verbally explained and followed by tactile touch to their 
dominant hand to prepare them for the stimuli for their feet 
during the treatment [7,30,31,35,36]. Each treatment station 
was completed for 3 minutes, for a total of 15 minutes and 
included.

Pain Neuroscience Education: Participants were taught 
about body maps in the brain, similar to a previous study 
[23], explaining how decreased use and stimulation of body 
areas cause maps to become “smudged” which is tied to 
increased sensitivity and pain in the foot and the series of 
treatments being done will aim to sharpen these maps.

Sensory Integration: Participants placed their feet in a tub 
of beans and moved their feet through the tubs of beans 
to allow their feet to be stimulated with beans as a form 
of sensory awareness and integration. Participants were 
instructed to pay attention to “feeling the beans” against 
their feet.

Sensory Discrimination: Rectangular plastic toy blocks 
were placed in the tub of beans and participants were 
asked to identify (feel) with their feet for these blocks 
(instead of beans) with their eyes closed to work on sensory 
discrimination.
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Two-Point Discrimination: A participant’s hand was 
touched with a two-point discriminator caliper to familiarize 
them with one or two points. Next, the plantar surface of 
the foot was randomly stimulated with one or two points 
and the participant (eyes closed) had to distinguish one or 
two points. The caliper was set at the norms for two-point 
discrimination for the foot (20.9 ± 8.9 millimeters) [60]. If 
participants were unable to differentiate, the calipers were 
moved 5mm further apart until a distinct one or two points 
were felt [60].

Sensory Integration: A medium-sized textured rubber ball 
was placed under the participant’s foot and asks them to roll 
the ball under their foot with special emphasis to cover as 

much of the bottom of the foot – front-to back and side-to-
side to cover the plantar surface. Participants closed their 
eyes and were instructed to pay attention to the sensations 
on the various parts of the foot and “feel” the ball.

Sensory Discrimination: Flooring samples (hardwood, 
plush carpet, Berber carpet, etc.) were placed on the floor 
and participants went through a mental imagery process of 
“feeling” each surface with their foot and developing a mental 
image for each surface. Following the sensory integration/
motor imagery, participants closed their eyes, and a therapist 
randomly placed a floor sample in front of them and with 
eyes closed and only using their foot, asked to identify the 
floor samples (Figure 1).

Figure 1: Example of the GMI treatment.

Data Analysis

There was no attrition during the study and all 
participants were accounted for in post-treatment analysis. 
Data was entered into and analyzed using R™ Version 4.3.2. 
Summary statistics were generated for a wholistic overview 
of the study sample. The primary analysis for this exploratory 
study was a series of participant’s paired, one-sample t-tests 
with df = 40 were used to test for significant differences in 
NPRS, laterality testing, Brief BESTest, and PPT. A pre-defined 
significance level of a = 0.05 was used in this study for testing 
significance of analyses. Post-hoc power analysis showed 

that with n = 18, a = 0.05, and effect size of 0.8, the results 
of the paired, one-sample t-tests yielded power at 0.947, 
suggesting that the results of these tests can be reasonably 
generalized to a larger population which is demographically 
similar to the study sample.

Results

Participants

Forty-one participants volunteered for and participated 
in the study (Table 1).
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Characteristic Participants
 (n = 41)

Female (%) 28 (68.3)
Male (%) 13 (31.7%)

Mean age - years (range) 76.8 (66 - 93)
Ethnic group: (%)

White, non-Hispanic 38 (92.8)
African American 1 (2.4)

Hispanic 1 (2.4)
Not listed 1 (2.4)

Living situation: (%)
Lives independent with someone else. 27 (65.9)

Lives independent by themselves 14 (34.1)
Social status: (%)

Married 25 (61)
Widowed 12 (29.3)

Single 3 (7.3)
Divorced 1 (2.4)

Currently experiencing pain (%) 19 (46.3)
Mean pain rating for those 

experiencing pain 1.7

Mean duration (months) of those 
experiencing pain 31.6

Mean body-mass index (BMI) 26.3
Underweight (below 18.5) (%) 0 (0)

Healthy (18.5-24.9) (%) 18 (43.9)
Overweight (25 – 29.9) (%) 15 (36.6)

Obese (Over 30) (%) 8 (19.5)
Have had surgery (%) 36 (87.8)

Currently using a cane/crutch (%) 6 (14.6)
Currently having balance issues (%) 17 (41.5)
Fallen in the past due to balance (%) 22 (53.7)

Experiencing altered sensation in 
their feet (%) 18 (43.9)

Diagnosed with neuropathy (%) 4 (9.8)
Diabetic (%) 4 (9.8)

Mean heart rate 72.7
Blood pressure (mmHg)

Mean systolic blood pressure 137.9
Mean diastolic blood pressure 76.4

Table 1: Participant demographics.

Self-Report Pain

Mean self-reported pain rating before GMI was 1.7. 
Immediately following GMI, self-reported pain improved to a 
mean score of 0.46 (p < 0.001) (Figure 2). Mean self-reported 
pain improvement of 1.24 did not meet MCID, but 12 of the 
17 participants (70.6%) who were experiencing pain at the 
time of the intervention improved their pain > the MCID after 
GMI (Figure 2).

Figure 2: Self-reported pain before and immediately after 
GMI.

Laterality Tasks

Prior to intervention, the mean speed of foot laterality 
(1.95 seconds) and accuracy (81.4%) were within normal 
limits. Sixteen participants (39%) displayed abnormal values 
with four (9.8%) displaying abnormal speed and accuracy 
values; 10 (24.3%) abnormal accuracy values and two 
(4.9%) abnormal speed. Following intervention, mean speed 
improved to 1.79 seconds (p<0.001) and mean accuracy 
improved to 83.5% (p = 0.04).

Nerve Sensitivity (Pressure Pain Thresholds)

Immediately following GMI, none of the PPT measures 
improved – dominant hand (p = 0.459), left foot (p = 0.512) 
and right foot (p = 0.24).

40m SWPT

Mean duration of the 40m SWPT improved from 37.34 
seconds to 32.56 seconds after GMI (p = 0.03). Gait speed 
increased from 1.28 m/sec. to 1.41 m/sec after GMI (p < 
0.001), with the improvement meeting/exceeding the MCID 
(0.1 m/s). 

Balance – Brief BEST Test

Mean composite brief BEST test scores improved from 
15.51 prior to GMI to 16.93 after GMI (p < 0.001), failing 
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to meet MCID. Prior to GMI, 10 patients were rated as a fall 
risk (< 12.5 score), whereas 7 patients were at fall risk after 
GMI, yielding a 30% improvement. Prior to GMI, 12 patients 
required an assistive device for ambulation (< 14 score), 

whereas only 8 needed an assistive device post-training, for 
a 33% improvement. Individual category changes for brief 
BEST are displayed in Table 2.

Test Mean pre-score Mean post-score Difference Significance
Biomechanical constraints 1.05 1.51 0.46 p = 0.007*

Stability limits (trial 1)
Trial 1 distance 29.68 30.62 0.94 p = 0.446
Trial 2 distance 30.86 31.27 0.37 p = 0.666

Trial 1 score 2.37 2.46 0.09 p = 0.323
Trial 2 score 2.42 2.49 0.07 p = 0.498

Transitions – anticipatory postural adjustment
Left 1.44 1.66 0.22 p = 0.07

Seconds 11.1 13.66 2.56 p = 0.008*
Right 1.49 1.56 0.07 p = 0.445

Seconds 12.43 12.9 0.47 p = 492
Reactive postural response

Left 2 2.15 0.15 p = 0.159
Right 2.02 2.1 0.98 p = 0.412

Sensory Orientation
Trial 1 2.29 2.56 0.27 p = 0.025*
Trial 2 2.39 2.59 0.2 p = 0.009*

Stability in gait
TUG Score 2.66 2.78 0.12 p = 0.256
Time (sec) 6.44 7.22 0.78 p = 0.179

Table 2: Individual categories of the brief BEST test before and after intervention.

Discussion

This is the first formal study testing the ability of a GMI 
session to positively influence self-reported pain and fall 
risk in older adults. A brief, one-time GMI session applied 
to the plantar surface of older adults can decrease pain and 
improve scores on tests associated with fall risk but fails to 
decrease sensitivity of the nervous system.

This study tested an hypothesis that in older adults 
decreased movement and use of their feet could be 
associated with altered cortical body maps, which in turn 
may drive increased pain and higher fall risk [30,31]. This 
study showed that the one-time, brief GMI session was able 
to significantly alter lower extremity self-reported pain, with 
a subgroup of participants seeing a shift beyond MCID. This 
result is supported by the findings in the previous conference 
presentations, but also tying GMI to its ability to positively 
influence self-reported pain [35,36]. Altering pain in older 

adults is important since pain is common and has been tied 
to decreased mobility and increased fall risk [3,8]. Fall risk 
was also positively influenced by the GMI session, which 
further underscores the importance of research such as this 
to explore the link between pain, cortical body maps and fall 
risk. 

The 40-meter SWPT was significantly improved after 
GMI, exceeding the MCID for community-dwelling older 
adults [57]. Gait speed is described as the gold standard for 
fall risk assessment in older adults and being able to shift 
this measure with a brief, one-time treatment in PT shows 
promise for this type of treatment. It is important to note 
that while MCID was met for this population, at baseline, the 
individuals in this study were already considered to be well-
above the threshold for fall risk at either of the cut-offs (<0.8 
m/s or 1.0 m/s). Future studies should seek to incorporate 
older adults who are at a known fall risk to assess the impact 
on a higher need population within the aging population. 

https://medwinpublishers.com/APhOT


Annals of Physiotherapy & Occupational Therapy
7

Louw A, et al. Graded Motor Imagery and Fall Risk in Older Adults: An Exploratory Case Series. Ann 
Physiother Occup Ther  2024, 7(4): 000270.

Copyright©  Louw A, et al.

Changes in performance on the Brief-BESTest were also 
significant, further driving the notion that this intervention 
has a positive influence on fall risk [53]. The biomechanical 
constraints sub-component significantly improved after 
GMI, which may be tied to the fact that fear-avoidance and 
kinesiophobia is often tied to biomechanical constraints 
and have been shown to be decreased with GMI treatment 
[61]. Additionally, the sensory orientation sub-component of 
the Brief-BESTest also changed following GMI intervention. 
As GMI is linked to increased body awareness through 
spatial mapping, this intervention could prove promising 
for clinicians wishing to provide an immediately carryover 
in performance regarding this balance system [62,63]. As 
PT providers have shifted to working on dynamic balance 
concurrently with static activities instead of the former 
stepwise progression, this immediate change could improve 
overall outcomes in steady state, anticipatory, and reactive 
postural control in the meantime. Using GMI, paired with 
other evidence-based interventions such as environmental 
adaptations and management of medical comorbidities that 
place patients at risk of falls, on the first visit would improve 
balance control until exercise interventions reach the 
threshold of change in functional and fall risk status [8,10]. 

GMI has traditionally been tied to patients with chronic 
pain, especially neuropathic pain [35,36,64,65]. Evidence 
is showing that GMI, and parts of the GMI treatment (i.e., 
mirror therapy) can be used very successfully in orthopedic 
conditions to improve self-reported pain, disability, and 
movement [22,23,66,67]. Often patients with chronic pain 
are seen by a specialist, and it could be argued the same may 
be true for older adults - a geriatric specialist. This novel GMI 
approach can and should be done by any/all clinicians seeing 
older adults. Even though many questions arise from this 
exploratory study about dosage, frequency, short-and long-
term functional impacts, home-exercise prescription, etc., 
the brief nature of the session along with its results on pain 
and fall risk should be seen as strength. 

This study contains numerous limitations. First, it’s 
not uncommon to use a case series design in exploratory 
studies, but by design the lack of a control group limits the 
interpretation and strength of the results. Second, if the 
sample only included participants with pain, abnormal 
laterality or fall risk, versus a mixed cohort, stronger 
conclusions could potentially be drawn from the data. Third, 
no follow-up measurements or longitudinal tracking of falls 
rate was performed. Finally, as community-dwelling older 
adults tend to be highly mobile, the results from thus study 
cannot be extrapolated to sub-populations (i.e., dementia, 
individuals with high medical complexity, or people who 
live in more supportive care environments). Future studies 
should explore the various limitations of this exploratory 
case series.

Conclusion

A brief, one-time GMI session applied to the plantar 
surface of older adults can decrease pain and improve 
scores on tests associated with fall risk but fail to decrease 
sensitivity of the nervous system. More research is needed to 
validate the results of this exploratory study.
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