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OBJECTIVE

Patients with diabetes with peripheral neuropathy have a well-recognized in-
creased risk of falls that may result in hospitalization. Therefore this study aimed
to assess balance during the dynamic daily activities of walking on level ground
and stair negotiation, where falls are most likely to occur.

RESEARCH DESIGN AND METHODS

Gait analysis during level walking and stair negotiation was performed in 22
patients with diabetic neuropathy (DPN), 39 patients with diabetes without neu-
ropathy (D), and 28 nondiabetic control subjects (C) using a motion analysis sys-
tem and embedded force plates in a staircase and level walkway. Balance was
assessed by measuring the separation between the body center of mass and
center of pressure during level walking, stair ascent, and stair descent.

RESULTS

DPN patients demonstrated greater (P < 0.05) maximum and range of separations
of their center of mass from their center of pressure in the medial-lateral plane
during stair descent, stair ascent, and level walking compared with the C group,
as well as increased (P < 0.05) mean separation during level walking and stair
ascent. The same group also demonstrated greater (P < 0.05) maximum anterior sep-
arations (toward the staircase) during stair ascent. No differences were observed in D
patients.

CONCLUSIONS

Greater separations of the center of mass from the center of pressure present a
greater challenge to balance. Therefore, the higher medial-lateral separations
found in patients with DPN will require greater muscular demands to control
upright posture. This may contribute to explaining why patients with DPN are
more likely to fall, with the higher separations placing them at a higher risk of
experiencing a sideways fall than nondiabetic control subjects.

Patients with diabetic peripheral neuropathy (DPN) have an altered gait strategy
(1–3) and a fivefold increased risk of falling (4–6). Falling is a major health risk in
many developed countries; for example, in the general U.K. population, over a quarter
of accidents that required hospital treatment were the result of a fall (7). A fall is
preceded by loss of balance, which may be recoverable in some individuals, but
requires rapid responses and a high level of strength from the lower-limb muscles
(8,9). Nevertheless, the more likely an individual is to lose balance, the more likely
they will at some point experience a fall. Therefore, quantifying balance control
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during every day gait activities may be
considered one of the closest proxies
for the risk of falling.
Measures of “balance” in patients with

diabetes and DPN have been mostly lim-
ited to postural sway during quiet stand-
ing, showing greater deviations in the
center of pressure and increased postural
sway (4). Postural movements during
both quiet standing and walking have
demonstrated greater variability in pa-
tients with DPN (3,10,11), which suggests
an inherent difficulty in regulating their
movements resulting in a need for more
frequent adjustments to balance, which
in itself could be destabilizing.
Previous studies have focused on the

deviation in the center of pressure as a
measure for the movement of the body
via where the force is applied to the
ground. A few studies have quantified pos-
tural sway directly by measuring move-
ment of the body center of mass or
accelerations of body regions (10). The
use of center-of-pressure position alone
as a measure of balance during quiet
standingmayprovide someuseful insights;
however, measurements combining body
movement together with the center of
pressure are more appropriate for expos-
ing underlying balance impairments (12). A
person is most stable when their center of
mass is directly above their center of
pressure, as is the case during quiet
standing. Separation of the body center
of mass from the center of pressure is pro-
portional to horizontal acceleration (13)
and consequentially related to the muscu-
lar demands required to remain upright.
Therefore,measurement of separation be-
tween the center of mass and center of
pressure provides a superior measure, as
it accounts for both postural movements
(via the center of mass) and foot place-
ments (via the center of pressure). Given
the implicit relationship between in-
creased separations of the center of mass
from the center of pressure and the in-
crease inmuscular effort required tomain-
tain upright posture, higher separations
between the two represent greater chal-
lenges to balance (14,15). While a number
of previous studies in other populations
have used this measure (15,16), it has
only been applied in a patient population
with diabetes during quiet standing (17),
where balance is relatively unchallenged
and the risk of falling is low.
During walking activities, when an in-

dividual transfers their weight from one

limb to another there are brief periods of
large separation between the center of
mass and the center of pressure. High
levels of muscular strength are required
tomaintain balance during these periods.
These large separations between the cen-
ter of mass and center of pressure expe-
rienced during the single stance periods
of dynamic gait activities may be a con-
tributing factor toward understanding
why the risk of falling during gait activities
is much greater than during quiet stand-
ing. Few studies, however, have at-
tempted to address the issue of balance
during walking in patients with diabetes,
and none have addressed themuchmore
physically challenging activities of stair as-
cent and descent, during which the risk of
falling is known to be very high (7). We
therefore investigated a more “dynamic”
measure of balance during stair ascent,
stair descent, and level walkingdthree
activities with the highest risk of fall-
related injury (7)dwith the hypothesis
that individuals with peripheral neuropa-
thy would display greater separations be-
tween their center of mass and center of
pressure (i.e., poorer balance), thereby
contributing to explaining why they are
at high risk of falls.

RESEARCH DESIGN AND METHODS

Participants
After receiving ethics approval from all
relevant bodies, 89 participants were re-
cruited to take part. Participants all gave
their informed written consent before
being allocated to one of three groups
based on defined criteria: patients with
diabetes and moderate-severe periph-
eral neuropathy (DPN) (n = 22), patients
with diabetes but no peripheral neurop-
athy (D) (n = 39), and healthy control
subjects without diabetes and without
peripheral neuropathy (C) (n = 28).

Clinical Assessment
All participants underwent a clinical as-
sessment: presence of peripheral neu-
ropathy was assessed using a modified
Neuropathy Disability Score (mNDS) and
the vibration perception threshold
(VPT). The mNDS is a semiquantitative
composite score derived from the as-
sessment of perception of temperature,
vibration, and pain and Achilles tendon
reflex (18). In addition, VPT, a quantitative
assessment of vibration perception, was
performed using a neurosthesiometer
(Horwell, Nottingham, U.K.) (19). Patients

were defined as having moderate-to-
severe neuropathy and classed as DPN
if in either one or both of their feet
they displayed either an mNDS score of
$6 or a VPT of$25 V (or both). Patients
were deemed to have no neuropathy
and were grouped as D if in both feet
they displayed scores for the mNDS of
#5 and for the VPT of #24. All nondia-
betic control subjects were confirmed to
have no peripheral neuropathy (mNDS
,6 and VPT ,25 V). A random blood
glucose reading was also taken from
the nondiabetic control subjects to con-
firm the absence of diabetes. Major ex-
clusion criteria included the following:
an inability to walk independently of as-
sistance, presence of any lower-limb am-
putation, significant foot deformity (e.g.,
Charcot), open foot ulcers, history of ce-
rebral injury and poor visual acuity (less
than 6/18 of any etiology), and a BMI
.35 kg/m2. Where possible, duration
of diabetes and the most recent HbA1c
readings for patients with diabetes were
ascertained using hospital records.

Gait Analysis
Participants were invited to a gait labo-
ratory with a bespoke seven-step instru-
mented staircase for assessing stair
ascent and descent and a level 8-mwalk-
way for assessing “normal” level walk-
ing. Participants were provided with
standardized footwear with a neutral
foot bed (MedSurg; Darco, Raisting,
Germany) to ensure no influence on
gait from different styles of shoe while
also ensuring that the patients with di-
abetes walked with appropriate foot-
wear. Three-dimensional motion data
were recorded in the gait laboratory us-
ing a 10-camera motion-capture system
(Vicon, Oxford, U.K.) positioned around
the test areas. With use of a Helen-
Hayes–based full-body model, 56 re-
flective markers were placed at key
anatomical positions on the participants
to track movement of all body seg-
ments. For elimination of movement
artifacts in the markers from loose
clothing, participants were given close-
fitting shorts and tops to wear, and
wherever possible markers were placed
directly onto the skin. Force data were
collected simultaneously with the mo-
tion data using three embedded force
platforms (Kistler, Winterthur, Switzer-
land) in the level walkway and four em-
bedded force platforms (Kistler) in the
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middle four steps of the staircase. For
safety, a full-body harness was worn by
all participants during gait analysis on
the staircase.
Stair testing (ascent and descent) and

level walking were assessed on two sep-
arate occasions to allow movement of
the camera-based motion analysis sys-
tem around the staircase or the level
walkway. During stair ascent and de-
scent, participants were asked to start
at the top/bottom of the staircase close
enough to the edge of the step to be
ready to take their first step. They
were then instructed to ascend/
descend the staircase at a speed they
felt most comfortable (i.e., their self-
selected speed), not using the handrails
unless they felt unable to complete the
task without them. For walking on a level
surface, participants were instructed
to start behind a mark on the level walk-
way and, when instructed, walk to the
other end of the walkway at the speed
they felt most comfortable. During level
walking, the start mark was moved in-
crementally forward or backward to
achieve “clean” (without the foot over-
lapping the edges) foot contacts with the
force plates without the participants
aiming to step on them. During stair as-
cent and descent, the force plates
formed the entirety of the center of
the four middle steps so that clean foot
contacts with the force plates occurred
without aid. Stair ascent and descent
and level walking tasks were repeated
until the achievement of at least three
trials for each gait task with clean foot
contacts with the force plates.
During the session when level walking

was assessed, data for quiet standing
was also collected to compare against
the walking activities and to provide a
reference for comparison with previous
studies that have solely investigated
quiet standing. Participants were asked
to stand comfortably with their feet
side-by-side (approximately shoulder
width apart) and with one foot placed
on each force plate. Motion and force
data were then collected for two sepa-
rate 30-s long trials: during both, partic-
ipants were asked to stand comfortably
still with their arms down by their sides
and facing straight ahead. During the
first trial, they were asked to perform
this task with their eyes open, and dur-
ing the second trial they performed this
task with their eyes closed.

Dynamic Sway and Postural Sway
Motion data collected during gait anal-
ysis were processed, and Dempster seg-
ment parameter model (20) was used to
calculate mass distribution for each
body segment, thereby allowing calcula-
tion of an accurate entire-body center-
of-mass position throughout the trials.
Ground-reaction force data from the
force plates were assessed to calculate
the center of pressure (the point from
which the resultant ground reaction
force originates) during periods when a
foot was in contact with the ground.
When two feet were simultaneously
on two separate force plates, data
from the individual force plates were
combined using an equation described
by Winter (13) to yield a weighted aver-
age position for the center of pressure.
This enabled the separation between
the position of the center of mass and
the position of the center of pressure to
be calculated throughout the trials in
both the medial-lateral and anterior-
posterior planes (Fig. 1). We have
termed these separations between the
center of mass and center of pressure
“dynamic sway” during the gait activi-
ties of level walking, stair ascent, and
stair descent and “postural sway” during
quiet standing. The maximum sway (in
the medial-lateral plane and separately
for the anterior-posterior plane) and the

range of sway (difference between max-
imum left and maximum right sway in
the medial-lateral plane and difference
between anterior maximum and poste-
rior maximum in anterior-posterior
plane) were measured to quantify ex-
tremes in dynamic sway and postural
sway. Typical levels of sway throughout
the trial were quantified by the mean
sway in each plane. For quantification
of the within-participant reproducibility
of the main variable (separations be-
tween the center of mass and center
of pressure), the coefficient of variation
for the range of medial-lateral dynamic
sway was calculated for all groups
across the three gait tasks (results of
which are presented in Supplementary
Table 1). The reproducibility of this vari-
able will reflect both inherent biological
variability (associated with group and
task) and methodological (equipment)
variability.

Statistical Analysis
Variables were calculated for each trial
before an average across the trials of
each activity was calculated per partici-
pant to give a single result per person for
each activity. Between-group differ-
ences for all variables were tested
using a one-way ANOVA and followed up
using Tukey post hoc tests with respect to
the control group. The level of agreement

Figure 1—Graphic illustration of the measurement of center-of-mass to center-of-pressure
separation in the anterior-posterior (A) and medial-lateral (B) planes. The center-of-mass loca-
tion is projected downward, and the center-of-pressure position is projected upwards. Horizon-
tal arrows show the center-of-mass (CoM) to center-of-pressure (CoP) separation.
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between the maximum dynamic sway
(chosen as one of the key variables show-
ing significant differences across the gait
tasks) and three other variablesdVPT,
stance width, and maximum medial-
lateral postural sway during quiet stand-
ing with eyes opendwas tested using
Pearson correlations.

RESULTS

Clinical Assessment and
Demographics
There was a higher proportion of male
participants in all three groups com-
pared with female participants (Table 1).
There were no significant differences be-
tween the groups with regard to age or
height, but the DPN group was signifi-
cantly (P , 0.05) heavier and had a
higher BMI (Table 1). The D group dis-
played no significant differences from
the C group for either neuropathy test.
The DPN group as expected displayed
significantly higher scores for both neu-
ropathy tests comparedwith the C group
(P , 0.05) (Table 1).
Duration since diagnosis of diabetes

and HbA1c readings were ascertained
for 38 of the 61 participants with di-
abetes (D, 26 of 39; and DPN, 12 of 22
participants). There were no signifi-
cant differences shown between the
D and DPN groups for duration since
diabetes diagnosis or HbA1c readings
(Table 1).

Dynamic Sway
During both stair ascent and descent,
the DPN group demonstrated signifi-
cantly (P , 0.05) greater maximum
and range of center-of-mass to center-
of-pressure separation in the medial-

lateral plane compared with the C group
(Table 2). During level walking, the DPN
group again showed significantly (P ,
0.05) greater maximum and range of
medial-lateral center-of-mass to center-
of-pressure separation but also a signif-
icant (P , 0.05) increase in the mean
medial-lateral center-of-mass to center-
of-pressure separation relative to the
C group (Table 2). In the anterior-posterior
plane during both stair ascent and de-
scent, there was an increased range of
separation in the DPN group relative to
the C group (P , 0.05) (Table 2). During
stair ascent, the DPN group also showed
increased maximum anterior separation
relative to the C group, and during stair
descent the DPN group showed a de-
creased maximum posterior separation
and mean separation relative to the C
group (P , 0.05) (Table 2). During level
walking, the DPN group displayed a
lower mean separation than the C group
(P, 0.05) (Table 2). No significant differ-
ences were observed between the D and
C groups for any variable during any gait
task in either medial-lateral or anterior-
posterior plane.

Gait Parameters
Gait velocities were significantly lower
in the DPN group compared with the
control group during stair ascent, stair
descent, and level walking (P , 0.05)
(Table 2), with no significant difference
displayed between the D and C groups
during stair ascent or descent, but a re-
duction in gait velocity was observed in
the D group relative to the C group dur-
ing level walking (P , 0.05) (Table 2).
During stair descent and level walking,
there were significant increases in step

width in the DPN group relative to the C
group during stair descent and level
walking (P , 0.05) (Table 2) but no sig-
nificant change during stair ascent. Step
length was calculated only for level
walking, as during stair ascent and de-
scent, step length is constrained by the
depth of the step. Step length during
level walking was significantly lower in
both D and DPN groups relative to the C
group (P , 0.05) (Table 2).

Postural Sway During Quiet Standing
During quiet standing in the eyes-open
condition, the DPN group displayed sig-
nificantly greater mean and range of
anterior-posterior separation relative
to the C group and a greater mean
medial-lateral separation (Table 2). Dur-
ing the eyes-closed condition, the DPN
group demonstrated increased mean
and range in separations relative to
the C group in both medial-lateral and
anterior-posterior planes (Table 2). The
D group demonstrated greater maxi-
mum separations in both medial-lateral
and anterior-posterior planes relative
to the C group in both eyes-open and
eyes-closed conditions (Table 2) but no
significant changes in mean or range of
separations.

Correlations
Positive correlations were found be-
tween the VPT and maximum medial-
lateral dynamic sway during stair ascent,
stair descent, and level walking (P ,
0.05) (Fig. 2A–C). Positive correlations
were found between stance width and
maximum medial-lateral dynamic sway
during all three gait activities of stair
ascent, stair descent, and level walking
(P , 0.05) (Fig. 2D–F). During stair de-
scent, maximum medial-lateral postural
sway was only weakly correlated with
maximum medial-lateral dynamic sway
(P , 0.05; r = 0.27), but no significant
associations were present between
these variables for stair ascent and level
walking (P. 0.05; r = 0.23, and r = 0.21,
respectively).

CONCLUSIONS

For the first time, we have shown that
balance is markedly impaired in patients
with DPN during the gait activities of
level ground walking, stair ascent, and
stair descent. This balance impairment
in patients with DPNwas predominantly

Table 1—Clinical measurements and demographics

C D DPN

n 28 39 22

Male:female ratio 15:13 20:19 15:7

Age (years) 53 (18) 56 (13) 57 (9)

Body mass (kg) 75 (13) 78 (12) 93 (22)**

Height (m) 1.71 (0.09) 1.67 (0.10) 1.74 (0.10)

BMI (kg/m2) 26 (4) 28 (4) 31 (6)**

mNDS (score/10) 1 (1) 2 (2) 7 (3)**

VPT (volts) 8 (5) 10 (5) 30 (9)**

Duration (years)‡ 22 (13) 25 (16)

HbA1c (% [mmol/mol])‡ 8.2 [66] (3.7 [17]) 9.2 [77] (4.3 [24])

Data are means (SD) unless otherwise indicated. **Significant (P , 0.01) difference from the
control group. ‡Results are only available for a sample of the entire group, for n = 26 in the D
group and n = 12 in the DPN group.

care.diabetesjournals.org Brown and Associates 1119

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/38/6/1116/624723/dc141982.pdf by guest on 10 April 2024

http://care.diabetesjournals.org


in the medial-lateral plane and was
greatest during stair descent.

During the gait tasks, we found no
significant balance impairments in pa-
tients with diabetes without DPN,
clearly emphasizing that the link be-
tween diabetes and instability is a symp-
tom of peripheral neuropathy. This was
further reinforced via a significant posi-
tive correlation between one of the key
variablesdmaximum medial-lateral dy-
namic swaydand the extent of periph-
eral neuropathy (VPT score) (Fig. 2A–C).

Impairments to balance in patients
with DPN were found mainly in the
medial-lateral plane, with increased
maximum and range of dynamic sway
observed in this plane during all three
gait activities. During stair ascent, there
was an indication of impaired anterior-
posterior balance by the increased max-
imum dynamic sway in the anterior
direction (Table 2). However, no in-
crease in posterior dynamic sway
(away from the staircase) was observed,
suggesting that individuals preferred to
lean slightly toward the stairs, poten-
tially falling toward the stairs rather
than away if a fall were to occur. During
stair descent, the DPN group displayed
the opposite behavior, with a decrease
in dynamic sway toward the staircase
(Table 2). This may be a response to
the decreased haptic feedback and pro-
prioception common to patients with
DPN, as a greater reliance is placed on
visual stimuli for accurate foot place-
ment, which posterior dynamic sway
would occlude. During level walking, de-
creased dynamic sway in the anterior-
posterior plane in patients with DPN
compared with the C group (Table 2) is
likely the result of the shorter step
length (Table 2). Shortening step length
is a common strategy in populations
known to be at heightened risk of falling,
as this maintains a closer control of the
center of mass above the center of pres-
sure, thereby reducing muscular de-
mands and decreasing the risk of
falling (21,22).

The potential increase in fall risk due
to increased dynamic sway and the as-
sociated increase in muscular effort to
maintain balance is of particular con-
cern when combined with marked mus-
cular deficiencies that are present in
patients with DPN (23). Our findings of
increased maximum and range of dy-
namic sway in patients with DPN

Table 2—Dynamic sway and postural sway (center-of-mass to center-of-pressure
separation)

Activity

Means

C D DPN

Level walking
Medial/lateral (cm)
Max 7.8 (1.9) 7.7 (1.7) 10 (2.6)**
Range 13 (2.8) 12.8 (2.4) 16.6 (4.5)**
Mean 5.1 (1.1) 4.8 (0.9) 6.1 (1.4)**

Anterior/posterior (cm)
Anterior max 23.3 (2.8) 22.3 (2.7) 22.6 (3.2)
Posterior max 31.2 (3.5) 29.4 (4.1) 28.5 (4.4)
Range 54.6 (5.2) 51.7 (6) 51.1 (7)
Mean 12 (1.1) 11 (1.6) 10.8 (2.2)*

Gait velocity (m/s) 1.41 (0.2) 1.28 (0.17)* 1.19 (0.17)**
Stance width (cm) 11.3 (2.1) 10.9 (2.4) 14.3 (3.5)**
Step length (cm) 72.5 (7.4) 67.4 (6.1)* 65.4 (10.9)**

Stair ascent
Medial/lateral (cm)
Max 10.4 (2.7) 10.1 (2.3) 13.2 (1.9)**
Range 17.5 (4.2) 17.7 (3.8) 23.1 (4.2)**
Mean 5.3 (1.4) 4.9 (1.1) 6.1 (1.4)

Anterior/posterior (cm)
Anterior max 13 (2.9) 14.6 (3.2) 16.5 (3.6)**
Posterior max 13.5 (2.6) 13.7 (2.2) 13.1 (2.9)
Range 26.5 (2.9) 28.4 (3.1) 29.6 (3.9)**
Mean 5.1 (0.5) 5.3 (0.7) 5.3 (0.7)

Gait velocity (m/s) 0.48 (0.1) 0.44 (0.1) 0.39 (0.1)**
Stance width (cm) 13.2 (8.1) 11 (2.8) 14.4 (2.2)

Stair descent
Medial/lateral (cm)
Max 12.4 (2.7) 12.5 (2.5) 15.6 (3.2)**
Range 21.8 (4.4) 22.3 (4.3) 28.2 (5.2)**
Mean 6.4 (1.2) 6 (1.2) 7.1 (1.3)

Anterior/posterior (cm)
Anterior max 10.6 (1.9) 10.8 (1.8) 10.7 (2)
Posterior max 18.6 (3.1) 17.4 (2.2) 16.7 (2.1)*
Range 29.2 (2.5) 28.3 (2.3) 27.4 (2.4)*
Mean 4.9 (0.6) 4.7 (0.5) 4.4 (0.6)*

Gait velocity (m/s) 0.53 (0.1) 0.47 (0.1) 0.42 (0.1)**
Stance width (cm) 15.1 (2.2) 14.9 (2.6) 17.3 (2.7)*

Quiet standing (eyes open)
Medial/lateral (cm)
Max 1.2 (0.65) 0.74 (0.46)** 1.07 (0.48)
Range 0.54 (0.25) 0.66 (0.54) 0.75 (0.33)
Mean 0.07 (0.04) 0.08 (0.03) 0.1 (0.05)*

Anterior/posterior (cm)
Anterior max 1.35 (1.4) 1.15 (1.16) 1.21 (1.22)
Posterior max 20.32 (1.09) 0.15 (1.39) 0.45 (1.13)
Range 1.03 (0.6) 1.29 (0.62) 1.66 (0.66)**
Mean 0.14 (0.08) 0.16 (0.05) 0.21 (0.07)**

Quiet standing (eyes closed)
Medial/lateral (cm)
Max 1.2 (0.62) 0.82 (0.45)* 1.18 (0.65)
Range 0.58 (0.24) 0.77 (0.46) 0.92 (0.61)*
Mean 0.08 (0.04) 0.09 (0.03) 0.13 (0.09)*

Anterior/posterior (cm)
Anterior max 1.55 (1.22) 1.37 (1.17) 1.54 (1.26)
Posterior max 20.13 (1.16) 0.26 (1.32) 0.72 (1.18)
Range 1.42 (0.58) 1.63 (0.6) 2.26 (0.98)**
Mean 0.18 (0.08) 0.21 (0.06) 0.29 (0.11)**

Data are means (SD). *Significant (P , 0.05) difference from the control group. **Significant
(P , 0.01) difference from the control group.
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highlight the extremes of dynamic sway
that are occurring during these gait ac-
tivities. These extremes in dynamic sway
show the momentary points when a loss
of balance becomes most likely, as the
center of mass is at the furthest point
from the center of pressure and the
muscular demands to maintain balance
are highest. Therefore, the larger “ex-
tremes” (maximum sway) shown by pa-
tients with DPN suggest they are more
vulnerable to a fall during these activi-
ties. Mean dynamic sway represents a
general level of the magnitude of sepa-
ration throughout the activities and was
significantly higher in the medial-lateral
plane in the patients with DPN com-
pared with the C group during level
walking alone, indicating a consistently
poorer ability to control sway in patients
with DPN during this activity.
The magnitude of dynamic sway ob-

served in the current study varies be-
tween gait activities. Stair descent is
widely recognized as an activity where

the risk of falling is highest (7,24,25),
and in agreement with these reports,
we found the largest magnitudes of dy-
namic sway in all three participant
groups during this activity, particularly
in patients with DPN. As the difficulty
of the gait task decreases, we found
the magnitude of the dynamic sway
also reduces, as did the extent of differ-
ence between the groups, with level
walking demonstrating the smallest lev-
els of dynamic sway throughout the
groups and yielding the smallest differ-
ences between the groups (Table 2).

Our findings have demonstrated an
increased stance width in patients with
DPN during stair descent and level walk-
ing (Table 2). Normally considered a
compensatory mechanism, during dy-
namic gait activities an increased stance
width increases separation between the
center of mass and center of pressure
(sway) during periods of single-limb sup-
port when moving away from the sup-
porting limb. Correlations between

stance width and maximum medial-
lateral dynamic sway showed strong pos-
itive correlations during stair descent
and level walking (r = 0.78 and r = 0.63,
respectively) (Fig. 2E and F) and a weak
positive correlation (r = 0.33) (Fig. 2D)
during stair ascent. This calls into ques-
tion the effectiveness of patients with
DPN adopting a wider stance as a com-
pensation for instability. Although dur-
ing double-limb support, when two feet
are in contact with the ground, this will
create a much better support system,
during activities with single-limb sup-
port periods (i.e., all types of walking
activity) we suggest these participants
are temporarily increasing their level of
instability. The DPN population investi-
gated also demonstrated a significantly
higher body mass than the other two
groups (Table 1), a common finding
among populations with neuropathy,
who also tend to be less active. Al-
though differences in BMI were ob-
served between the groups, fat mass
distribution would be symmetrical and
would therefore not impact upon the
body center of mass position in the
medial-lateral plane. Increased abdominal
fat mass may slightly shift the center of
mass anteriorly; however, fat mass dis-
tribution may not differ in a consistent
way between groups. During dynamic
gait activities, the position of the center
of mass and center of pressure are in
constant flux (due to the movement of
the limbs), making this unlikely to affect
our measurements in the anterior-
posterior direction.

This study also demonstrated a
greater level of postural sway in patients
with DPN during quiet standing both
with eyes open and eyes closed (Table
2). Due to the stable nature of quiet
standing compared with gait, it is per-
haps unsurprising that the magnitudes
of postural sway were considerably
smaller than those of dynamic sway dur-
ing the gait activities: none of the groups
displayed maximum postural sway val-
ues.1.6 cm in either plane (Table 2), as
opposed to maximum excursions during
the gait activities in some cases exceed-
ing 30 cm (Table 2). These small excur-
sions during quiet standing are in
agreement with the findings of Corriveau
et al. (17) in elderly patients with DPN
and can be explained by the stable
nature of quiet standing. When compar-
ing maximum medial-lateral postural

Figure 2—Correlation results. A–C: Maximummedial-lateral dynamic sway plotted as a function
of VPT score. D–F: Maximummedial-lateral dynamic sway plotted as a function of stance width.
Values are individual participant data points, with group indicated as follows: *DPN group,
+D group, ○C group.
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sway during quiet standing with eyes
open to maximum medial-lateral dy-
namic sway during the three gait activi-
ties, we found a significant but poor
correlation only during stair descent
(P, 0.05, r = 0.27) and no significant re-
lationship during stair ascent or level
walking. This suggests that while the con-
trol mechanisms of balance during gait
activities and quiet standing are related,
postural sway during quiet standing does
not provide a very accurate representa-
tion of balance when considered in rela-
tion to falls, which predominantly occur
during gait activities (7,25,26).

Limitations
Duration since diagnosis of diabetes and
HbA1c readings were obtained for partic-
ipantswith records at the local hospital; as
described in the RESULTS, this demographic
information was available for just over
50% of the D and DPN groups.
Our sample population included a slight

bias toward a higher number of male par-
ticipants within all three groups, but par-
ticularly within the DPN group. While the
distribution of the center of mass may
differ slightly betweenmales and females,
themale-to-female ratios across the three
cohort groups were relatively similar, al-
beit somewhat higher within the DPN
group (C, 54%; D, 51%; DPN, 68%).

Summary
We have shown marked impairments in
dynamic sway during gait activities in
patients with DPN, which become
more evident with increasing gait task
complexity. Impaired balance in pa-
tients with DPN may also be linked to a
compensatory mechanism (increased
stance width) that is used because of
perceived instability but may actually in-
crease the risk of falling.
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