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Abstract
Study design Randomized controlled trial.
Objective To determine the effects of advanced weight-bearing mat exercises (AWMEs) with/without functional electrical
stimulation (FES) of the quadriceps and gastrocnemius muscles on the ability of wheelchair-dependent people with spinal
cord injury (SCI) to transfer and attain independence in activities of daily living (ADLs).
Setting An outpatient clinic, Iran.
Methods People with traumatic chronic paraplegia (N= 16) were randomly allocated to three groups. The exercise group
(EX; N= 5) performed AWMEs of quadruped unilateral reaching and tall-kneeling for 24 weeks (3 days/week). Sessions were
increased from 10min to 54min over the 24-week period. The exercise-FES group (EX+ FES; N= 5) performed AWMEs
simultaneously with FES of the quadriceps and gastrocnemius muscles. The control group performed no exercise and no FES
(N= 6). The primary outcomes were the total Spinal Cord Independence Measure-III (SCIM-III) to reflect independence with
ADL, and the sum of the four SCIM-III transfer items to reflect ability to transfer. There were six other outcomes.
Results The mean (95% CI) between-group differences of the four transfer items of the SCIM-III for the EX vs. control
group was 1.8 points (0.2–3.4), and for the EX+ FES vs. control group was 2 points (0.4–3.6). The equivalent differences
for the total SCIM-III scores were 2.7 points (−0.6–6.0) and 4.1 points (0.8–7.4), respectively. There were no significant
between-group differences for any other outcomes.
Conclusions Advanced weight-bearing mat exercises improve the ability of wheelchair-dependent people with SCI to
transfer and attain independence in ADL.

Introduction

Spinal cord injury (SCI) affects people’s abilities to perform
activities of daily living (ADLs) by increasing the time

required for personal care (bathing, dressing, and groom-
ing), reducing mobility (walking and transferring), as well
as negatively affecting individuals’ functional independence
and quality of life [1–4]. Transferring is important for
community integration and wheelchair-dependent people
with SCI use transfers during their ADLs [5, 6]. Pivot
transfers (wheelchair to bed, toilet seat, car seat, bath chair,
and vice versa) are typical movements and are normally
performed 14 to 20 times a day [7–9]. Wheelchair users
with SCI have been found to have decreased or absent trunk
control, leading to poor sitting balance and stability, which
in turn may cause falls during transfers [10–12]. Specific
types of exercises that target upper extremity strength and
trunk control are widely provided to people with SCI to
improve their ability to transfer [13–15].
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Martin and Kessler [16] state that advanced weight-
bearing mat exercises (AWMEs) of quadruped unilateral
reaching and tall-kneeling have widespread functional bene-
fits in people with SCI. They, along with Sullivan [17], argue
that: quadruped unilateral reaching exercises develop upper
extremity strength and coordination and improve the ability
to transfer from the wheelchair to the floor; and tall-kneeling
exercises promote trunk control, which can be used as a
transitional position from the floor back into a wheelchair and
is a preambulation activity. Despite the widespread use of
these exercises in rehabilitation clinics, no study has inves-
tigated the effectiveness of AWMEs on the ability of people
with SCI to transfer and attain independent with ADLs.

Functional electrical stimulation (FES) is a rehabilitation
technique applied to produce functional movements such as
leg flexion/extension, standing, walking, grasping, cycling,
and rowing in individuals with SCI [18, 19]. It is paired
with task-specific practice to facilitate exercise [20, 21].
Some studies indicated that FES on the lower limbs assists
transfers in people with SCI [22, 23]. Thus, herein it was
assumed that, the contraction of the extensor and flexor
knee muscles with FES induces anterior and posterior
weight shift, increasing forward and backward perturbations
during AWMEs, thereby improving the ability to transfer
and perform ADLs. This randomized clinical trial was
designed to investigate the effects of a 24-week AWMEs
program with/without FES of the quadriceps and gastro-
cnemius muscles on the ability of people with SCI to per-
form transfer and attain independence in ADLs.

Methods

Participants

A consecutive sample of 102 people with SCI from Iranian
SCI associations responded to advertising notices posted via

Telegram messenger between October 2016 and February
2017. All 102 people were screened and 16 people were
included in the study. The inclusion criteria were traumatic
SCI, chronic SCI (over 1 year from injury), paraplegia
(T2–T12) with an American Spinal Injury Association
(ASIA) impairment scale grade (AIS) A or B, (based on the
International Standard For Neurological Classification of
SCI (ISNCSCI)), no voluntary movement in the lower
limbs, aged between 25 and 45 years, responding to FES in
the quadriceps and gastrocnemius muscles (visible muscle
contractions) [24], enough range of motion in the hip, knee,
and ankle joints to do the AWMEs, medically stable, and
not receiving regular physiotherapy (including AWMEs and
electrotherapy) in the previous 6 months. The exclusion
criteria were unwillingness to participate or cooperate, and
complications such as fracture, infection, or pregnancy. All
participants were followed for 24 weeks (Fig. 1). The study
was conducted in an outpatient clinic (Iran) and ended in
August 2017. This study was registered in the Iranian
Registry of Clinical Trials, Ministry of Health and Medical
Education Department as #IRCT201304084952N3 before
randomization of participants. All participants consented to
participate after the study protocol was explained.

Procedure

Baseline assessments were performed by a trained phy-
siotherapist and included collecting data on age, gender,
height, weight, medical history, ISNCSCI, AIS, range of
motion of the hip, knees, and ankle joints, and the ability of
the quadriceps and gastrocnemius muscles to respond to
FES. Participants were randomly allocated to the exercise
group (EX; N= 5), exercise-FES group (EX+ FES; N= 5),
and control group (N= 6). Concealment of allocation and
assignment was performed by an independent person by
blocking randomization using sealed, opaque, and stapled
envelopes.

Fig. 1 CONSORT diagram
depicting participant flow
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The EX and EX+ FES performed AWMEs of quad-
ruped unilateral reaching and tall-kneeling 3 days per week
for 24 weeks (a total of 72 sessions) at the outpatient clinic
under supervision of a trained physiotherapist. In the first
2 weeks, each exercise was performed for 5 min. Every
2 weeks, the training time was progressively increased
by 2 min (2 min for each exercise and 4 min in total), so by
the 23rd and 24th week, it equated to 27 min per day for
each exercise with a total of 54 min per day for two exer-
cises. In the EX+ FES, FES was applied for the quadriceps
and gastrocnemius muscles on both lower extremities
simultaneously with AWMEs (stimulation started at the
beginning of each exercise and continued until the end).
Participants in the intervention groups performed their daily
activities as before and did not receive any other interven-
tion. The control group consisted of participants who
received no exercise and FES during the study period and
they continued with their usual daily activities.

While exercising, participants were allowed to rest as
needed, but they were required to complete the full training
time in each session. At the beginning of each session, the
participants performed 5 min of warm-up exercises includ-
ing stretching of hamstrings, gluteus maximus, ankle plantar
flexors, and hip rotators.

Advanced AWMEs

The quadruped unilateral reaching exercises consisted of the
following steps (Fig. 2):

● Step 1. The participant was asked to assume a four-point
position with the help of a physiotherapist if necessary.

● Step 2. Once the participant was able to maintain the
quadruped position, he/she practiced anterior, posterior,
right, and left weight shifts, as well as arching the back

and letting it sag. When the participant was able to
maintain his/her balance during weight shifting, alter-
nating isometrics (isometric contractions rhythmically
alternating from one side of joint to other side in one or
more plane) and rhythmic stabilization (isometric
contractions occurring in all three planes simulta-
neously) were practiced with the assistance of the
physiotherapist.

● Step 3. The participant was asked to practice unilateral
reaching with one upper extremity while maintaining
his/her balance [16, 17].

The tall-kneeling exercises consisted of the following
steps (Fig. 3):

● Step 1. The participant was asked to assume a
quadruped or side-seating position.

● Step 2. Using a ladder fixed on the wall, the participant
pulled up to a tall-kneeling position, hips forward, while
resting on the iliofemoral (Y) ligaments.

● Step 3. The participant tried to maintain his/her balance
in this position.

● Step 4. The participant was asked to practice the
alternating isometrics, rhythmic stabilization, and reach-
ing activities while maintaining his/her balance [16, 17].

Functional electrical stimulation

A 733X-model electrical stimulator (Novin Co., Esfahan,
Iran) was used to induce contractions of the quadriceps and
gastrocnemius muscles (Fig. 2). Surface rubber electrodes
of 6 × 8 cm in size were strapped bilaterally over the

Fig. 2 Quadruped unilateral reaching exercise combined with FES of
the quadriceps and gastrocnemius muscles

Fig. 3 Tall-kneeling exercise. Alternating isometrics and rhythmic
stabilization are practiced by the physiotherapist
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quadriceps and gastrocnemius muscles [25]. Rectangular
pulses were applied with a pulse width of 400 µs, and a
frequency of 40 Hz at an on/off cycle of 5/10 s. The sti-
mulation amplitude was adjusted individually from 20 to
200 mA to produce a visible contraction [24].

Outcome measures

All outcome measures were taken before and after the 24-week
intervention by a blinded physiotherapist. The primary out-
comes were the total Spinal Cord Independence Measure-III
(SCIM-III) to reflect independence with ADL (max score of
100 points), and the sum of the four SCIM-III transfer items to
reflect ability to transfer (max score of 7 points). There were
six other outcomes. All outcomes were collected at the
beginning and end of the study. The details are outlined below.

Spinal Cord Independence Measure-III

The SCIM-III was used to measure independence with ADL
and ability to transfer. The SCIM-III is a disability scale
specifically designed for people with SCI to evaluate
functional changes in a person’s daily life [26]. This
instrument comprises 19 items in three subscales: (i) self-
care (0–20); (ii) respiration and sphincter management
(0–40); and (iii) mobility (0–40). The total score ranges
from 0 to 100, with a higher score reflecting greater inde-
pendence with ADLs. To assess the ability to perform
transfers, four transfer items from the mobility subscale
were used and tallied into one score (0–7). This included the
bed-wheelchair transfer (0–2); wheelchair-toilet-tub transfer
(0–2); wheelchair-car transfer (0–2); and ground-wheelchair
transfer (0–1). So a total of six outcomes were derived from
all the SCIM-III for analyses, namely:

● The total SCIM-III (max score of 100 points).
● The sum of the four SCIM-III transfer items (max score

of 7 points).
● The self-care subscale (max score of 20 points).
● The respiratory item (max score of 10 points).
● The sphincter items (max score of 30 points).
● The mobility subscale except transfer items (max score

of 33 points).

The Persian version of the SCIM-III was used as a self-
report for this study. Its reliability and validity have been
established in a previous study [27].

Time in quadruped/kneeling

The maximal amount of time a participant was able to
maintain quadruped unilateral reaching and tall-kneeling
positions without FES was measured using a digital timer.

These measures were used to reflect changes in endurance,
strength and coordination of the upper limb and trunk
muscles (above the level of injury), postural stability, and
dynamic control of the trunk [16, 17].

Participants were asked to stay in the quadruped position
while reaching out unilaterally without assistance. They
were told to maintain this position as long as possible. This
was performed twice with a 2-min interval for rest, and the
longest time was recorded. If the participant was unable to
perform unilateral reaching in the quadruped position, the
quadruped position alone was replaced with this move.
Thus, the participant was asked to assume a quadruped
position without help twice with a 2-min interval for rest,
and the longest time was recorded. Similarly, the longest
placement time in the tall-kneeling position was measured.
After 24 weeks only one repetition was recorded if a par-
ticipant stated he/she had reached his/her maximum cap-
ability and was capable of maintaining the position for a
long period of time.

Statistical analysis

Statistical analysis was performed using SPSS software (ver-
sion 22, IBM Corp., Armonk, NY, USA). Descriptive statis-
tics were used for the demographic and clinical data and
expressed as means and standard deviations. The
Shapiro–Wilk test was used to assess the assumption of nor-
mality. In each group, the scores of the SCIM-III (items and
total score) and the amount of time spent in quadruped uni-
lateral reaching and tall-kneeling (time in quadruped/kneeling)
at baseline and after 24 weeks of intervention were compared
using the paired-samples t-test. Analysis of variance (one-way
ANOVA) was used along with the post hoc Tukey test to
compare the difference in SCIM-III (items and total score) and
time in quadruped/kneeling parameters between the groups. A
P-value of <0.05 was considered as statistically significant.

Results

Among 102 people assessed for study eligibility, 16 people
with T5-T12 AIS A were recruited and randomly allocated to
three groups: EX (N= 5), EX+ FES (N= 5), and control
(N= 6). The sample size was that which could be realistically
achieved within a 4-month recruitment period. All participants
were included in the analysis with respect to the groups they
were assigned to (Fig. 1). The demographic and clinical
characteristics of the study population are shown in Table 1.

Spinal Cord Independent Measure-III

Changes in the total score of the SCIM-III, and the sub-
scores and item scores of the SCIM-III before and after
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24 weeks of intervention are shown in Table 2. The mean
(95% CI) between-group differences of these scores are
shown in Table 3. For the EX, the four transfer items
improved 1.8 points (95% CI, 0.2–3.4) compared to the
control group, but the SCIM-III total score difference was
not significant (95% CI, −0.6–6.0). For EX+ FES, the four
transfer items and the SCIM-III total score improved 2
points (95% CI, 0.4–3.6) and 4.1 points (95% CI, 0.8–7.4),
respectively, compared to the control group. There was no
significant difference in the four transfer items (95% CI,
−1.9–1.6) or the SCIM-III total score (95% CI, −4.8–2.0)
between two intervention groups.

Time in quadruped/kneeling

Changes in the time in quadruped/kneeling before and after
24 weeks of intervention are shown in Table 2. The mean
(95% CI) between-group differences of the time in quad-
ruped/kneeling are shown in Table 3. For the EX, the time
spent in quadruped unilateral reaching and tall-kneeling
positions improved 15 min (95% CI, 4.6–26) and 22 min
(95% CI, 6.6–37), respectively, compared to the control
group. For the EX+ FES, the time spent in quadruped
unilateral reaching and tall-kneeling positions increased
16 min (95% CI, 5.3–26) and 30 min (95% CI, 15–45),
respectively, compared to the control group. There was no
significant difference in the time spent in quadruped uni-
lateral reaching (95% CI, −12–10) and tall-kneeling posi-
tions (95% CI, −24–8.0) between the two intervention
groups.

Additional bone density data were also collected as part
of this study but have not yet analyzed. They will be pub-
lished in the future.

Discussion

This study investigated the effect of 24-week AWMEs with/
without FES of the quadriceps and gastrocnemius muscles
on the ability to transfer and attain independence in ADLs
in people with SCI. Few studies have reported on the effects
of exercise on the ability of people with SCI to perform
transfer and attain independence in ADLs [28–30], and no
study has reported on the effects of AWMEs in combination
with FES. Advanced AWMEs are a relatively inexpensive

Table 1 Demographics and clinical characteristics of study population

EX
(N= 5)

EX+ FES
(N= 5)

Control group
(N= 6)

Gender

Female/Male 5/0a 4/1 4/2

Age (year) 37 (4.5)b 35 (5.7) 39 (3.2)

BMI (kg/m2) 23 (5.5) 30 (8.9) 26 (6.8)

Duration of
injury (year)

13 (5.7) 14 (7.0) 13 (8.4)

6–10 2 1 3

11–15 2 2 1

16–20 0 1 0

21–25 1 1 2

AIS A 5 5 6

EX exercise group, EX + FES exercise with functional electrical
stimulation group, BMI body mass index, ISNCSCI International
Standard for Neurological Classification of SCI, AIS ASIA impairment
scale grade
aNumber of participants
bMean (SD)

Table 2 Changes in SCIM-III scores and time in quadruped/kneeling
before and after 24 weeks of intervention

SCIM-III (score) EX
(N= 5)

EX+ FES
(N= 5)

Control group
(N= 6)

Time in quadruped/
kneeling (min)

Pre
Post
Post− pre

Pre
Post
Post− pre

Pre
Post
Post− pre

Four transfer items,
/7 points

4.2 (1.9) 4.6 (2.3) 5.2 (1.7)

5.8 (1.6) 6.4 (1.3) 5.0 (1.5)

1.6 (1.1)* 1.8 (1.3)* −0.2 (0.4)

Self-care subscale,
/20 points

20 (0.0) 20 (0.0) 20 (0.0)

20 (0.0) 20 (0.0) 20 (0.0)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Respiration item,
/10 points

10 (0.0) 10 (0.0) 10 (0.0)

10 (0.0) 10 (0.0) 10 (0.0)

0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

Sphincter items,
/30 points

17.6 (7.4) 18.6 (3.7) 19.7 (2.5)

17.8 (7.5) 20.2 (3.5) 19.7 (2.5)

0.2 (0.4) 1.6 (1.8) 0.00 (0.0)

Mobility subscale
(except transfer items),
/33 points

11.2 (1.3) 11.6 (0.5) 11.5 (0.8)

11.8 (0.4) 12 (0.0) 11.3 (0.8)

0.6 (0.9) 0.4 (0.5) −0.2 (0.4)

Total SCIM-III,
/100 points

63.0 (9.6) 64.8 (5.8) 66.3 (4.5)

65.4 (8.7) 68.6 (3.4) 66 (4.2)

2.4 (1.5)* 3.8 (3.3) −0.3 (0.8)

Quadruped unilateral
reaching

12 (4.9) 10 (8.0) 15 (13)

26 (6.0) 26 (9.2) 14 (11)

14 (9.6)* 16 (6.9)* −1 (1.6)

Tall-kneeling 7 (4.4) 6 (9.9) 11 (14)

30 (13) 36 (16) 12 (15)

23 (10)* 30 (13)* 1 (3.2)

ADLs activities of daily living, EX exercise group, EX+ FES exercise
with functional electrical stimulation group. Mean (SD)

*P < 0.05
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form of therapy compared to training with special auxiliary
devices such as FES cycling and rowing. They are also
more feasible as they can be practiced independently in
different places such as at home and while traveling. In
addition, quadruped unilateral reaching and tall-kneeling
exercises take people out of the seated position. This may
help them attain a healthier lifestyle because prolonged
sitting is an independent health risk factor contributing to
mortality [31, 32].

After training, the participants in both intervention
groups showed improved ability to perform transfers (to
wheelchair, car seat, and toilet-tub) than the control group
as reflected in the four transfer items of the SCIM-III. This
is in line with previous research indicating improvements in
the ability of people with SCI to transfer following ther-
apeutic exercise alone [7, 16] and in combination with FES
[23, 33]. Exercises have been shown as an effective means
to increase upper extremity strength, trunk control, and
sitting balance in people with SCI [12, 34, 35]. Seemingly,
quadruped unilateral reaching and tall-kneeling exercises
improved transfer ability in similar ways. We did not find
any significant differences between the two intervention
groups for any outcomes. However, nor did we rule out the
possibility of a difference indicating that our failure to find a
difference could be due to the small sample size.

In the EX+ FES, participants showed higher indepen-
dence in ADLs than the controls as reflected in the SCIM-
III total scores, indicating that AWMEs along with FES of

the quadriceps and gastrocnemius muscles can increase
independence with ADLs in people with SCI. This is in line
with previous research showing that performing exercise
along with FES improves performance of ADLs in these
people [25, 36]. This could be due to the fact that FES of the
quadriceps and gastrocnemius muscles increases forward
and backward perturbation by increasing knee extension
and flexion torque during exercise. As a result, increased
muscle effort in the upper extremity and trunk (above the
lesion level) is required to control balance. This may
improve the ability to transfer and perform ADLs in people
with SCI. For the EX, independence did not significantly
increase in relation to the performance of ADLs.

Many of items of the SCIM-III, including self-care,
respiration, mobility (in bed, indoors, for moderate dis-
tances, and outdoors), and stair management, may have
been insensitive to changes in ADL for those with chronic
wheelchair-dependent paraplegia. This may explain the lack
of significant improvement in ADLs in the EX. Previous
studies found similar limitations in the SCIM for people
with thoracic SCI [37, 38].

The EX and EX+ FES showed significant increases in
the amount of time spent in quadruped unilateral reaching
and tall-kneeling compared to the control group. Possibly,
AWMEs increased the time spent in these positions due to
an improvement in physical parameters such as upper
extremity and trunk muscle endurance and strength, pos-
tural stability, and dynamic control of the trunk [16, 17].
Previous researchers have shown the effectiveness of
exercise along with FES on these types of physical attri-
butes in these people [39–41]. No significant differences
were found between the two intervention groups on this
outcome, but again this may be attributed to the small
sample size. During the exercises, some participants com-
plained of pain in the wrist, which was resolved after a brief
rest. There was no report of problems in the performance
of ADLs.

The present study had three limitations. Firstly, the study
had a small sample size, which could be the reason why
transfer ability and amount of time spent in the positions
were not significantly higher for the EX+ FES compared to
the EX. Secondly, we did not use a direct and objective
measure of upper extremity, trunk, and knee strength.
Thirdly, it was not possible to determine whether or not
FES alone improved participants’ independence with ADL
and ability to transfer because we did not include a group
that received FES alone. Fourthly, we relied on self-report
for SCIM-III scores. Participants were not blinded and
therefore those in the two interventions groups might have
overestimated their own abilities.

In conclusion, the results of the present study indicate
that AWMEs improve independence with ADL and ability
to transfer in people with SCI who are wheelchair

Table 3 Comparison of the mean between-group differences of SCIM-
III scores and time in quadruped/kneeling

SCIM-III (score) EX vs. Control EX+ FES vs.
Control

EX vs. EX+
FES

Time in quadruped/
kneeling (min)

Mean (95%CI) Mean (95%CI) Mean (95%CI)

P-value P-value P-value

Four transfer items,
/7 points

1.8 (0.2–3.4) 2.0 (0.4–3.6) −0.2 (−1.9–1.6)

0.03* 0.02* 0.95

Sphincter items,
/30 points

0.2 (−1.5–1.9) 1.6 (−0.1–3.3) −1.4 (−3.1–0.3)

0.95 0.06 0.12

Mobility subscale
(except transfer items),
/33 points

0.8 (−0.2–1.8) 0.6 (−0.4–1.6) 0.2 (−0.9–1.3)

0.15 0.33 0.88

Total SCIM-III,
/100 points

2.7 (−0.6–6.0) 4.1 (0.8–7.4) −1.4 (−4.8–2.0)

0.11 0.01* 0.55

Quadruped unilateral
reaching

15 (4.6–26) 16 (5.3–26) −1 (−12–10)

0.006* 0.004* 0.98

Tall-kneeling 22 (6.6–37) 30 (15–45) −8 (−24–8.0)

0.006* 0.001* 0.41

Self-care subscale and respiration item were not included in the table
because post score− pre score (post−pre, Table 2) was 0 in the
three groups

ADLs activities of daily living, EX exercise group, EX+ FES exercise
with functional electrical stimulation group, CI confidence interval

*P < 0.05
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dependent. However, these findings now need to be con-
firmed in a larger study with outcome measures that do not
rely on self-report.

Data archiving

The datasets generated and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.
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