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Highlights

e This exercise programme improved aspects of postural control in lower limb
amputees

e Exercise reduced reliance on visual input and/or enhanced somatosensory
interpretation

e A lack of exercise training increased weight-bearing asymmetry during
perturbations

e Self-reported changes in balance confidence were not identified



A block randomised controlled trial investigating changes in postural control
following a personalised 12-week exercise programme for individuals with

lower limb amputation

Abstract (current word count: 298)

Background: Individuals with a lower limb amputation (LLA) have an increased risk
of falls and often report lower balance confidence. They must compensate for altered
mechanics and prosthetic limitations in order to execute appropriate motor
responses to postural perturbations. Personalised exercise could be an effective

strategy to enhance balance and reduce falls.

Research question: In this study, we investigated whether a personalised exercise
programme could improve postural control and self-reported balance confidence in

individuals with an LLA.

Methods: Participants were block randomised into two groups (exercise, n=7;
control, n=7) based on age and level of amputation. The exercise group completed a
12-week personalised exercise programme, including home-based exercise
sessions, consisting of balance, endurance, strength, and flexibility training. The
control group continued with their normal daily activities. All participants performed
the Sensory Organization Test (SOT) and Motor Control Test (MCT) on the
NeuroCom SMART Equitest, and completed the Activities-specific Balance

Confidence-UK (ABC) self-report questionnaire, at baseline and post-intervention.

Results and significance: Exercise group equilibrium scores improved significantly
when standing on an unstable support surface with no visual input and inaccurate
somatosensory feedback (SOT condition 5, P<0.012, d=1.45). There were significant

group*time interactions for medium (P=0.029) and large (P=0.048) support surface



forward translations, which were associated with a trend towards increased
weight-bearing on the intact limb in the control group (medium: P=0.055; large:
P=0.087). No significant changes in ABC score were observed. These results
indicate reduced reliance on visual input, and/or enhanced interpretation of
somatosensory input, following an exercise programme. However, objective
improvements in aspects of postural control were not associated with subjective
improvements in self-reported balance confidence. More weight-bearing asymmetry
in the control group suggests that a lack of targeted exercise training may have
detrimental effects, with potential adverse long-term musculoskeletal consequences,

that were quantifiable within a short timeframe.

Key words postural control; balance confidence; lower limb amputation; exercise;
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Introduction

Effective postural control requires the integration of proprioceptive, somatosensory,
vestibular and visual afferent signals into the central nervous system, with the
appropriate selection and execution of motor responses during static equilibrium or
after a postural disturbance!" 2. Following a lower limb amputation (LLA), the postural
control system must adjust to the loss of proprioceptive and somatosensory
information from the amputated limb, and from altered weight-bearing symmetry,
joint stiffness and limitations with the prosthesis*"\.These factors impair normal reflex
and postural control strategies®® ' and may adversely affect the successful execution

of appropriate responses!'?, especially in more challenging environments.

Passive prosthetic ankle-feet are unable to generate an active ankle strategy; thus,
alternative strategies, such as the hip, combined hip and ankle (utilising the intact
ankle), or stepping strategies, are used to maintain effective postural controlt® ',
Increased postural sway, exaggerated centre of pressure responses, and greater
reliance on visual feedback have all been reported during static and/or dynamic
standing balance for individuals with an LLA® 8 24 Moreover, reliance on visual
feedback is significantly greater in those with a history of falls compared with
non-fallers!'!. Delayed postural responses have also been reported following
perturbations!'" ' and may prove ineffective in challenging or unpredictable
environments. Thus, it is not surprising that individuals with an LLA are at an

increased risk of falls and recurrent fallst® 7.

People with an LLA fall for a number of different reasons including disruptions to the
base of support and intrinsic destabilising factors, as well as slips, trips and

inadequate shifting of weight!'”. Despite the high incidence of falls in this population,



few studies have investigated the effects of exercise interventions for enhanced
postural control in people who have an LLA. This is surprising given that there are
many studies that have demonstrated the positive effects of exercise training on
static and dynamic postural control in older, able-bodied individuals!'®?%. Some
targeted interventions, such as perturbation training specifically for individuals with a
transtibial amputation, have shown encouraging results for better postural control*
24 Another study delivered a short, six-week exercise programme and reported
significantly increased Activities-specific Balance Confidence questionnaire (ABC)
scores in a heterogeneous group of individuals with an LLA®. As such, exercise
training may be a suitable intervention to improve postural control and balance
confidence during daily activities after limb loss. However, to the best of the authors’
knowledge, no other studies have investigated the effects of a personalised exercise
intervention on postural control, delivered over a longer time, and quantified

objectively with computerised dynamic posturography (CDP) following an LLA.

The aim of this block randomised controlled trial was to evaluate the effectiveness of
a 12-week personalised exercise programme on postural control for individuals with
an LLA during different balancing conditions when the somatosensory, visual and
vestibular systems were challenged. We also evaluated whether an exercise
programme would change self-reported balance confidence. It was hypothesised
that participants in the exercise group would demonstrate improved (higher)
equilibrium and strategy scores, and sensory ratios, and better weight symmetry
during stable and unstable balance conditions, as measured by the NeuroCom

SMART Equitest, and increased ABC scores.



Methods

This study received ethical approval from the local NHS Research Ethics Committee
(reference: 14/YH/1138). Participants gave written informed consent prior to study

enrolment.

Participants

Individuals with an LLA were recruited from their local prosthetics services centre
between July 2015 and June 2016 if they met the following inclusion criteria: they
had a unilateral transtibial or transfemoral amputation, of any aetiology; had reported
a fall in the previous two years or were deemed at high risk of falling by their
healthcare team; wore their prosthesis daily; and could walk independently along
level surfaces, with or without mobility aids. Participants were excluded if they had
any cardiac complications; severe infections; uncontrolled hypertension, asthma or
diabetes; cognitive disorders; non-lifestyle chronic diseases; current musculoskeletal
injury including severe lower back pain; severe osteoporosis; or if they were already
involved in a structured exercise programme. Participants should have been
prepared to commit to the required time involved in the study and, with best
intentions, planned to attend the supervised exercise sessions twice weekly
throughout the duration of the programme, in addition to the baseline and follow-up
assessments. Participants were established prosthesis users and had completed a
prosthetics rehabilitation programme previously. Broad inclusion criteria were applied
to enrol a heterogeneous group of participants, reflective of what a real-world
exercise group would resemble in the community. Participants were recruited from
the local area and thus represent a sample of convenience. Four hundred potentially

eligible patients were screened from the local prosthetics centre database and were



assessed for eligibility: 385 individuals were ineligible or declined to take part and 14
were analysed after one person randomised (to the control group) declined to take
part in postural control testing. Participants were block randomised into two groups
based on age and level of amputation (exercise, n=7; control, n=7), following

baseline assessments (Table 1).
Exercise intervention

Participants in the exercise group undertook a 12-week supported exercise
intervention by attending a twice-weekly supervised group exercise session
(performed in circuit-style) at the University, and completing personalised exercises
at home once-weekly, progressing to twice-weekly, after six weeks. The exercise
programme was novel because it is uncommon for exercise to be delivered uniquely
to a group of prosthesis users outside of the NHS. Exercises were personalised
based on findings from each participant’s baseline data, which included gait
biomechanics, strength and postural control profiles, their exercise goals, as well as
level of amputation and prosthetic constraints. The programme involved multiple
components and incorporated exercises targeting muscle strength, balance, gait
endurance, flexibility, and cardiovascular fitness. Specifically, exercises included
concentric and eccentric strengthening of key muscle groups (plantarflexors, knee
extensors, hip extensors, flexors, abductors and adductors, and abdominal muscles)
and dynamic balance (including picking up objects from the floor and balancing on a
compliant surface). Group and home-based exercise sessions were also
personalised according to amount of resistance, body positioning (e.g., in respect to
movement with or against gravity, or seated versus standing), and individually
graded according to progression. A more detailed description of the exercise
programme has been published previously®?®.
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Participants in the control group did not engage in any structured exercise
programme and maintained their normal activities of daily living. They were asked to

refrain from initiating any new exercise regimens during the study period.
Data collection

Participants completed the NeuroCom assessments at two time points: baseline and
post-intervention. Postural responses to dynamic perturbations were measured using
the NeuroCom SMART Equitest?, during the Sensory Organization Test (SOT) and
Motor Control Test (MCT), both of which have had their reliability and/or validity
assessed in populations of older adults and with an LLA®"- %8, Moreover, changes in
weight-bearing symmetry and balance in individuals with an LLA have been
evaluated previously with the NeuroCom/?®3%. The use of the NeuroCom system
provided objective measurements of postural control, able to detect and quantify
subtle changes in weight-bearing symmetry, response latencies and postural control
strategies. As the intervention included exercises that challenged the sensory
systems responsible for balance (e.g., standing on a compliant surface, twisting from
side to side, bending down to floor level) and weight distribution (e.g., rhythmic
weight-shifting), we believed the SOT and MCT tests were appropriate tests to

quantify the effects of our exercise intervention on postural control.

The SMART Equitest® hardware system incorporates a dual-force plate system
capable of graded backwards and forwards translations and sagittal plane rotation
about the ankle joint. Four transducers under the force plate measured vertical
forces for each foot individually; a fifth transducer measured shear force. The force
sampling frequency was 100Hz. The sway-referenced visual surround rotated

forwards and backwards, up to a maximum velocity of 15°/s.



Participants’ heights were entered into the NeuroCom software? allowing support
surface translations to be scaled according to height for the MCT. All participants
wore a safety harness to prevent an actual fall. The harness allowed postural sway
beyond normal limits of stability (4° posteriorly, 8.5° anteriorly, and 6° laterally)®".
Wearing flat shoes, each foot was positioned on one force plate such that the medial
malleoli were aligned with the axis of rotation of the support surface, according to the
manufacturer’s instructions. The prosthesis was positioned parallel to the intact limb.
Participants were asked to stand upright throughout all tests, without moving their

feet or touching the visual surround.

The SOT measured postural sway during three, 20-second trials of six different
conditions challenging the visual, vestibular and somatosensory systems during
stable and unstable support surface conditions. The order of tests was standardised
according to the manufacturer’s instructions. An explanation of each of the six

conditions is shown in Table 2.

The MCT measured automatic postural reactions following standardised support
surface translations. The MCT consisted of graded (small, medium, large) conditions
performed backward, then forward. Each condition consisted of three individual
translations. The small translation served as a familiarisation so only four conditions
were analysed. The distance of the translation was scaled according to the
participant’s height, causing 1.8° sway for 300ms, and 3.2° sway for 400ms, for the
medium and large translations, respectively. Participants kept their eyes open for the
duration of the test, and the surround remained fixed throughout the MCT. Latency
between the onset of the perturbation and detection of an active force response was
calculated by the centre of force generated by each leg independently for 2.5
seconds.
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Participants in both groups completed the ABC questionnaire at the same time
points as the NeuroCom assessments. The ABC-UK questionnaire®? comprised 16
questions that asked respondents to indicate their confidence to maintain their
balance and remain steady during daily tasks on a scale of zero (no confidence) to
100 (complete confidence); the average of the 16 questions was then used as the
overall score. Although not specific to LLA, it has been previously validated in this

population and a minimal detectable change of 6 points was determined®.
Outcome measures

For the SOT, outcome measures included changes in equilibrium and strategy
scores, and sensory ratios at baseline and post-intervention. Equilibrium scores were
calculated by comparing each participant’s maximum anterior-posterior centre of
gravity displacement with 12.5°, the theoretical limit of sway stability. If a participant
lost their balance, required support from the harness or surround, or used a stepping
strategy they were assigned a score of zero for that trial, and this was recorded as a
loss of balance (LoB). Equilibrium scores ranged from zero (LoB) to 100 (perfect
stability). Therefore it was important to consider LoBs as they influenced equilibrium
scores and the subsequently derived sensory ratios. Strategy scores were calculated
by comparing each participant’s peak-to-peak amplitude of horizontal shear force
with the maximum possible shear force of 11.4 kg (25 Ibs). Strategy scores ranged
from zero (maximal shear force and a full hip strategy) to 100 (little or no shear force
and a full ankle strategy). Scores in between were reflective of a combination of hip
and ankle strategies. The average equilibrium and strategy scores for the three trials
were reported for each condition. An equilibrium composite score was also
computed. Sensory ratios were computed for the SOT once equilibrium scores of
conditions 1 to 6 were obtained. Calculations and descriptions for each of the four
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ratios (somatosensory, visual, vestibular and visual preference) are presented in
Table 2. Low scores indicated poor use of the respective somatosensory, visual and
vestibular systems for postural stability; for the visual preference ratio, a low score
indicated a reliance on unstable visual cues rather than more stable somatosensory

and vestibular sensory cues.

Outcome measures for the MCT were weight symmetry and intact limb latency at
baseline and post-intervention. Previous research has shown that the prosthetic limb
does not generate a large enough active force response required to measure
latencies!"" ™°; therefore, only the intact limb was investigated. Weight symmetry
scores reflected the distribution of total body weight over each limb. The data were
scaled to between —100 (total intact limb weight-bearing) to +100 (total prosthetic
limb weight-bearing), with zero indicating perfect symmetry!'". The average latency
and weight symmetry scores were computed from the three translations for the four

MCT conditions per participant.

For the ABC questionnaire, changes between baseline and post-intervention were
investigated. A score of <80% on the self-reported ABC questionnaire indicates the
need for further physical therapy interventions for older, able-bodied adults®*.

Typical scores for individuals with an LLA range between 57.5% and 74.8%33 3537,
Statistical analysis

Variables were imported into SPSS, Version 22 for statistical analysis. Data were
imputed for three participants (exercise, n=2; control, n=1) where there were missing
data with multiple imputation using a Markov chain Monte Carlo fully conditional
specification. Statistical differences (P<0.05) between, and within groups, across and

at the two different time points (baseline and post-intervention), were assessed using
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a repeated measures general linear model. Effect size was calculated and reported
using Cohen’s d where <0.41 was deemed negligible, >1.15 as moderate and >2.70

considered as a strong effect sizel®®,
Results

There were no significant differences between groups for age, height, body mass or

time since amputation (Table 1).

Of all the SOT trials completed (14 participants*18 trials/participant), 22 (8.7%) were
recorded as a LoB (exercise, n=6; control, n=16) at baseline and 6 (2.4%) were
recorded as a LoB (exercise, n=1; control, n=5) at post-intervention. All LoBs

occurred during conditions 5 and 6.

In condition 5, the exercise group demonstrated a significantly (P=0.023) better
equilibrium score compared to the control group at post-intervention (Figure 1a), as
well as a significant improvement from baseline with moderate effect size (P=0.012,
d=1.45). No significant changes were observed for the other conditions. Similarly, the
exercise group significantly improved their strategy score during condition 5 at
post-intervention with a small effect size (P=0.028, d=0.86; Figure 1b), with higher
scores indicating better balance with less reliance on a hip strategy. No other

significant changes were observed for the strategy score.

Sensory ratio results are reported in Table 3. Significant changes were seen for the
vestibular ratio for the exercise group (P=0.009, d=1.19) and the control group

(P=0.037, d=0.81), with moderate and small effect sizes, respectively.

In the MCT, during forward displacements, there were significant group*time
interactions for medium (P=0.029) and large translations (P=0.048). Additionally,

analysis indicated trends toward greater limb asymmetry for the control group, for
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both forward-medium (P=0.055, d=0.42) and forward-large (P=0.087, d=0.32)
translations (Table 3); however, the effect sizes were negligible. No significant
interactions or changes were recorded for backward translations. There was a
significant increase in latency times during forward-medium translations in the

exercise group with a small effect size (P=0.036, d=0.88; Table 3).

No significant changes were observed for ABC score between any time points or for

either group (Table 3).
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Discussion

The aim of this study was to evaluate how a 12-week personalised exercise
programme affected postural control and self-reported balance confidence for people
with an LLA. The results of this study are the first to quantify some improvement in
postural control, using CDP, following an exercise programme designed for people

with limb loss.

For individuals with an LLA, most falls occur as a result of disruptions to the base of
support and intrinsic destabilising factors!'”. The equilibrium score of the SOT is
determined according to the participant’s ability to control their posture for the
duration of the trial, without losing their balance. Those who sustained a LoB
recorded a score of zero, which influenced their overall score. Therefore, the number
of LoBs during the SOT were investigated and reported to understand changes in
the equilibrium score and derived sensory ratios. All LoBs occurred during conditions
5 and 6, during which visual input was absent or disrupted, respectively, and
somatosensory feedback was inaccurate, concurrently. Therefore the expected
sensory system response was from the vestibular system. The exercise group
demonstrated a significant improvement in the equilibrium score during condition 5
between the two time points. The improved postural control at post-intervention,
compared with baseline, was likely a result of improved interpretation of
somatosensory input (even when inaccurate, as this sensory system is most
adversely affected by amputation and could be positively affected by exercise),
together with the enhanced response from the vestibular system, as evidenced by
the significantly higher vestibular ratio, or prior experience of the SOT, or a
combination of these. A learning effect has previously been documented for the
SOT, and is more substantial in conditions 4 to 6 than 1 to 359 Even so, the SOT
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has previously been validated for use with individuals who have an LLA, and is
sensitive enough to detect even small improvements in postural control?®l. Higher
equilibrium scores, suggestive of improved postural control during more challenging
balance situations, may mitigate the risk of falling when these scenarios are faced

outside of a laboratory setting (e.g., when standing on a moving bus).

The improvement in equilibrium score during condition 5 may also suggest reduced
reliance on visual input to maintain postural control. Previous research has shown
that lower limb prosthesis users are unlikely to fall during quiet standing even with
reduced visual input, and most falls occur during level walking!”!, but people with an
LLA have a greater reliance on visual input to overcome inaccurate somatosensory
feedback®® " 1314 Therefore, in the current study, it was unsurprising that no change
in equilibrium score was measured when the eyes were closed and the platform was
stable (condition 2), where participants already scored highly at baseline. In the
current study, the significant improvement in vestibular ratio overall and in
equilibrium score during condition 5 for the exercise group suggests that an exercise
intervention wanting to improve balance following LLA could incorporate graded
exercises on unstable support surfaces, where the emphasis is on the
re-interpretation of somatosensory input, combined with exercises that challenge the
vestibular system. Strengthening the other sensory systems could reduce the
reliance on visual input for postural control. This is important during more challenging
and/or novel balance situations. The exercise group also significantly increased
strategy score during condition 5, indicating reduced postural sway during standing
with eyes closed and inaccurate somatosensory input, and a greater capacity to

maintain balance without having to generate torque about the hip joint (i.e., less
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reliance on a hip strategy). This finding may be explained by the fact that, unlike the

equilibrium score, strategy scores are still calculated when a LoB occurred.

Overall, the exercise intervention did not change the somatosensory or visual
sensory ratios as these were already quite high at baseline. Low vestibular ratio
scores were seen in both groups at baseline testing, which increased significantly
over time with small (d=0.81) and moderate (d=1.18) effect sizes in the control and
exercise groups, respectively. Equilibrium scores are used to calculate the sensory
ratios; therefore, fewer LoBs occurring post-intervention during condition 5 likely
contributed to the significant increase in vestibular ratio scores. Although the
exercise intervention did not target any sensory system exclusively, it involved
activities that challenged the vestibular system, and this may be a finding worth

exploring for future exercise programmes wanting to improve balance.

Both groups demonstrated a stronger intact limb preference for weight-bearing
during unstable perturbations. However, after the 12-week intervention period, the
control group demonstrated a trend towards more weight-bearing asymmetry, with
even greater intact limb reliance after a postural disturbance. This increased
asymmetry, demonstrated by the significant group*time interactions during forward
perturbations, quantified within a relatively short 12-week period, suggests that a
lack of targeted exercise training could be detrimental, perhaps due to increased
affected side weakness or disuse. This finding supports the importance of targeted
exercise to maintain existing, and ideally increase, lower limb muscle strength as we
found that normal daily activities may be insufficient to, thereby prompting increased
reliance on the intact limb. In the long-term, weight-bearing asymmetry, as a result of

an intact limb preference, as reported in previous studies, has also been associated
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with the possible development of degenerative musculoskeletal conditions such as

osteoarthritis, lower back pain and reduced bone density on the affected limb 4441,

The latency scores for the participants in the current study (range: 114-154
milliseconds) exceeded the range of 73—110 milliseconds!* necessary for automatic
postural responses, thus indicating reliance on voluntary responses that have a
longer latency. The increased time between perturbation onset and centre of force
movement for the exercise group was unexpected. However, the exercise
intervention emphasised endurance and strength exercises more than power, and
did not target latency or time to recover from perturbations (where time is a key
factor). Future exercise programmes wanting to focus on latency should include
strength and balance exercises with a temporal element, with important safety

considerations in a population at high risk of falls.

ABC scores were generally comparable to other studies involving participants with
an LLAB3- 3536 Average scores for neither group reached 80%, suggesting that
ongoing physical therapy or longer-term exercise training would be beneficial for our
cohort of participantsi*. However, the lack of change in ABC scores after 12 weeks
was unexpected. Similar findings of ABC scores remaining constant or declining,
despite quantifiable improvements in postural control following an exercise
intervention, have previously been reported in older, able-bodied adults*® 471,
Together, these findings suggest that objective changes in standing postural control
may not be associated with subjective, self-reported balance confidence during
dynamic daily activities. The possible reasons for this outcome include that, as
exercises were graded in difficulty throughout the intervention, the absence of

mastery did not increase participants’ confidence levels, and/or that participants had
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gained an increased awareness of their falls risk and postural control boundaries as

a result of taking part in the intervention!® 471,
Study limitations

The exercise intervention involved multiple exercise modalities, including balance,
strength, endurance and flexibility. We were unable to identify a single or several
types of exercise that contributed to the improved postural control that we quantified
with CDP. Participants completed at least three, 1-hour sessions weekly (supervised
and home-based), increasing over the intervention period, however intensity was not
monitored. Therefore we are unable to recommend an optimal exercise
dose-response. Although we applied broad inclusion criteria to make the programme
as accessible to a heterogeneous group of participants, the large number of
participants who were ineligible or declined to take part suggests other important
factors need to be considered before implementing an exercise programme
successfully in the community. For example, in order to overcome some of the
issues around time commitment, transport and cost, delivering supervised exercise
sessions virtually could be a viable alternative. A better understanding of the barriers
and facilitators to exercise, of participants in the local community, may have resulted
in a better uptake to exercise. Broadly speaking, the outcomes of larger, simpler
randomised trials can be generalised more easily to the wider population of interest
compared to smaller more complex treatments. Participants in this study were a
small group completing a multi-component exercise programme that was
personalised to their baseline profiles based on rigorous biomechanical
assessments. Therefore caution should be applied when interpreting the results as
this limits our ability to generalise the findings to other individuals with an LLA
undertaking exercise.

19



Conclusions

This study is the first to quantify the effects of a personalised exercise programme on
postural control for people with an LLA. Improvements in postural control, as
evidenced by the SOT higher equilibrium and strategy scores and vestibular ratio,
particularly in challenging, unstable conditions with the eyes closed, may indicate
reduced reliance on visual input, with enhanced somatosensory awareness and
vestibular function, following an exercise intervention. A group*time interaction
indicating increased MCT weight asymmetry in the control group suggested that
normal daily activities (i.e., no exercise, even over a 12-week period) lead to greater
reliance on the intact limb after a perturbation, which could have long-term, negative
effects. Future studies may identify an optimal exercise modality and dose-response,

and enhance balance training to reduce postural response latency.
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Figure captions

Figure 1. (A) Equilibrium and composite; and (B) strategy scores for SOT conditions
one to six with Exercise group n=7 and Control group n=7

Footnotes: (A) Scores closer to 100 indicate perfect stability, and scores closer to
zero indicate instability. A score of zero indicates a loss of balance; (B) Scores closer
to 100 indicate an ankle strategy, with scores closer to zero indicating more reliance
on a hip strategy. Scores in between represent a combination of ankle and hip
strategies.

* indicates a significant (P<0.05) difference between PRE and POST.

COMP: composite score; PRE: baseline measure; POST: follow-up measure; SOT:
Sensory Organization Test.
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Table 1. Participant baseline demographics including prosthetic componentry.

Exercise group (n=7)

Control group (n=7)

Sex, male/female, n
Age, years, mean (SD)
Height, cm, mean (SD)
Body mass, kg, mean (SD)
Time since amputation, years, mean (SD)
Level of amputation, n (%)
Transfemoral
Transtibial
Reason for amputation, n (%)
Vascular
Trauma
Other
Prosthetic knee*, n (%)
Monocentric
Polycentric
Microprocessor
Prosthetic ankle
SACH
Other

473
60 (12)
172 (10)
92 (15)
10 (17)

5 (71)
2 (29)

3 (43)
1(14)
3 (43)

1(20)
3 (60)
1(20)

4 (57)
3 (43)

710
63 (17)
178 (7)
101 (21)
18 (21)

5 (71)
2 (29)

2 (29)
3 (43)
2 (29)

2 (40)
3 (60)

4 (57)
3 (43)

b. *n=5, transfemoral amputees only.
SACH, solid ankle cushion heel
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Table 2. Conditions of the Sensory Organization Test and sensory ratios

. Eyes o Feedback
Condition Open/Closed Description removed/inaccurate
1 Open Fixed visual surround and None
P support surface
Fixed visual surround and .
2 Closed support surface Visual feedback removed
Sway-referenced visual
3 Open surround; fixed support Visual feedback inaccurate
surface
P y PP inaccurate
surface.
Fixed visual surround; Somatosensory feedback
5 Closed sway-referenced support inaccurate and visual
surface. feedback removed
6 Open Sway-referenced visual Somatosensory and visual
P surround and support surface feedback inaccurate
Ratio Name Ratio Pair Description
Somatosensory Condition 2 Ability to utilise somatosensory input to maintain balance
Condition 1
. Condition 4 i . . . _—
Visual Condition 1 Ability to utilise visual input to maintain balance
Vestibular M Ability to utilise vestibular input to maintain balance
Condition 1

Visual Preference

Condition 3 + 6

Condition 2 +
5

Degree to which there is reliance on visual input to maintain
balance, even when the information is inaccurate
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Table 3. Sensory ratio during the SOT; latency times (milliseconds) and weight symmetry scores
(=100 to 100) during the MCT; and total ABC scores.

Exercise group (n=7) C
PRE POST 95% CI P d PRE PO:!
Somatosensory 90.6 (3.1) 87.9 (4.1) -05,6.1 0092 0.75 91.2 (5.2) 91.0 (
seSngIry Visual 92.1 (4.2) 93.6 (5.5) -48,18 0336  0.31 92.2 (5.4) 93.8
Catios Vestibular 444 (30.5)  69.2(11.2) -42.1,-7.5 0.009* 1.19 | 33.3(2655)  50.7(
Visual preference 1055 (10.4)  92.9(11.8) -4.0,29.0 0.125 1.14 | 109.5(26.2) 112.0
Backwards
Medium 152.9 (48.9) 144.3(11.3) -22.0,39.2 0.553 029 | 144.3(19.0) 145.7
Ia"t"e(ily Large 151.4(19.5) 1357 (12.7) -25.0,56.4 0.417 098 | 125.7(56.8) 142.9
scores Forwards
Medium 120.0 (54.2)  150.0 (14.1) -57.6,—2.4 0.036* 0.88 | 152.9(18.0) 154.3
Large 115.7 (52.6) 114.3(53.5) -45.3,48.2 0948 0.03 | 138.6(14.6) 145.7
Backwards
_ Medium -27.0(18.2) -21.0(12.6) -13.7,1.7 0117 039 | -31.6(25.3) -33.61
“’Ls;m':'tgct Large -25.3(19.2) -22.2(7.9) -155,94 0599 023 | —27.1(26.0) -32.4(
scores Forwards
Mediumt -24.6(18.6) -18.0(8.4) -17.0,3.8 0.191 049 | -22.6(21.4) -32.7
Larget -24.6(20.9) -19.1(10.6) -151,40 0.233 0.35 | —25.6(22.8) -33.8
ABC score Total score  62.1 (26.2)  67.2(15.3) -21.8,11.6 0518 025 | 74.2(19.9)  76.4(

PRE & POST values are mean (SD).

Higher scores indicate greater postural control for the somatosensory, visual and vestibular ratios,

scores nearer 100 indicate greater postural control for the visual preference ratio.

A score of =100 for weight symmetry indicates total intact limb weight-bearing, +100 indicates total
prosthetic limb weight-bearing, and zero indicates perfect symmetry.
* indicates a significant (P<0.05) change; t indicates a significant (P<0.05) group*time interaction.

ABC, Activities-specific Balance Confidence questionnaire; MCT, Motor Control Test; PRE,
baseline measure; POST, post-intervention measure; SOT, Sensory Organization Test.
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