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Effects of electromyostimulation on muscle
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Objective: To study the effect of 14 weeks of electromyostimulation (EMS) training (47 minutes/day, 5 days/
week) on both muscle and bone loss prevention in persons with recent, complete spinal cord injury (SCI).
Design: Prospective, experimental, controlled, single-blind randomized trial with external blind evaluation by
third parties.
Methods: Eight men with recent SCI (8 weeks from injury; ASIA Impairment Scale (AIS) “A”) were randomized
into the intervention or the control groups. Cross-sectional area of the quadriceps femoris (QF) muscle was
quantified using magnetic resonance imaging. Bone mineral density changes were assessed with a dual-
energy X-ray absorptiometry. Several bone biomarkers (i.e. total testosterone, cortisol, growth hormone,
insulin-growth factor I, osteocalcin, serum type I collagen C-telopeptide), lipid, and lipoprotein profiles were
quantified. A standard oral glucose tolerance test was performed before and after the 14-week training. All
analyses were conducted at the beginning and after the intervention.
Results: The intervention group showed a significant increase in QFmuscle size when compared with the control
group. Bone losses were similar in both groups. Basal levels of bone biomarkers did not change over time.
Changes in lipid and lipoprotein were similar in both groups. Glucose and insulin peaks moved forward after
the training in the intervention group.
Conclusions: This study indicates that skeletal muscle of patients with complete SCI retains the ability to grow in
response to a longitudinal EMS training, while bone does not respond to similar external stimulus. Increases in
muscle mass might have induced improvements in whole body insulin-induced glucose uptake.
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Introduction
Muscle atrophy1–3 and bone loss4–6 are two immediate
consequences of spinal cord injury (SCI). Those
changes occur rapidly after injury and are associated
with several complications. In brief, skeletal muscle
atrophy is associated with reduced vascularisation,
basal metabolism, cardiac output, oxygen consumption,
increased intramuscular fats, and impaired glucose
tolerance.2,7,8 Simultaneously, bone demineralization

leading to osteoporosis increases the risk of fracture
after minor trauma in subjects with SCI.5 As soon as
5 days after SCI, changes in gene and mRNA
expression provide evidence of muscle atrophy in
humans,9 whereas the use of bone biochemical
markers reveals that bone resorption continuously
increases from the first weeks post-injury.10 It has
been postulated that an interruption of the autonomic
nervous system influences lipid metabolism and serum
lipid levels.11

Weight-bearing, electromyostimulation (EMS),
pulsed ultrasound, vibratory therapies, pulsed electro-
magnetic fields, or physical exercise are among the
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proposed non-pharmacological interventions used to
reduce the negative effects observed shortly after
SCI.12 Shortly after SCI occurs, EMS was shown to be
effective preventing muscle atrophy,13,14 whereas
benefits are more controversial in the treatment of osteo-
porosis resulting from neurological damage.15–20

An early initiation of the EMS program under super-
vision of a physician following SCI has been postulated
to maximize muscle benefits.13 Similarly, the extensive
destruction of the trabecular elements in patients with
long-term SCI limits the available surface area for
bone remodeling, limiting the potential for adaptation
to mechanical loading interventions. The plastic poten-
tial of bone tissue after SCI diminishes with time,
suggesting that mechanical loading interventions have
the greatest chance for success if they are administered
soon after SCI.17 Since the EMS effects on both
muscle content and bone mineral density (BMD) have
not yet been studied simultaneously, the purpose of
this pilot study was to conduct a comprehensive analysis
of muscle and bone adaptations to a 14-week electrical
stimulation training in persons with recent SCI.
We made a hypothesis that the EMS intervention
would significantly reduce the negative changes
observed after SCI on muscle mass and bone (i.e.
increase formation and/or reduce loss). Since the predo-
minant peripheral tissue responsible for insulin-induced
glucose uptake is muscle,21 it was also hypothesized that
an intervention counteracting muscle atrophy would
improve glucose metabolism. Being physically active
after SCI improved lipid and lipoprotein profiles22;
thus, any additional demand to the skeletal muscle
system is expected to improve those markers.

Methods
Inclusion/exclusion criteria
Inclusion criteria for subjects with SCI were (1) male
gender; (2) complete motor post-traumatic SCI
between T4–T12 with total and sensory loss, corre-
sponding to stage A according to ASIA Impairment
Scale after a neurophysiological examination (including
sural nerve neurography, electromyography, transcranial
magnetic stimulation and evoked response sensitive)
occurred less than 8 weeks before the study; (3) age
between 18 and 55 years old; (4) voluntary and informed
participation in the study.

Exclusion criteria for SCI subjects were (1) use of
drugs affecting bone and/or muscle metabolism (corti-
coids, thyroid hormones, etc.); (2) serious cognitive,
muscular, or dermatological affectation preventing the
use of EMS; (3) any oncological, rheumatic,

neurological, endocrine, or any other disease being a
bias for the study.

Study design and overall protocol
This was a single-blind, parallel-group study conducted
in the National Hospital for Paraplegics (Toledo,
Spain). All subjects gave written informed consent to
participate. Thereafter, they were allocated to the treat-
ment (EMS) or the control group (CON), according to
the random number table. This study received ethical
approval by the Regional Clinical Research Ethics
Committee (Virgen de la Salud Park Hospital, Toledo,
Spain) and complied with the Declaration of Helsinki.

Since electrically evoked isometric muscle contrac-
tions were relatively mild throughout the study, subjects
were blind to the group they belonged, but not the phy-
siotherapist that applied the electrical stimulation to
them. In order to prevent any muscle injury during
testing, subjects of both groups received a light electrical
stimulation muscle conditioning period from the
moment they entered the study (i.e. weeks 4 to 7 after
SCI) until the pre-training measurements (i.e. week 8
after SCI). Post-training measurements were conducted
at week 23 after SCI (i.e. 14 weeks of trainings).
Patients were normally discharged from Hospital 6
months after SCI, and during their period in our facility,
were on a balanced diet.

Electrical stimulation instrumentation and
training protocol
The EMS training was performed bilaterally using a
commercially available stimulator (T-ONE MEDI
PRO, Electromnedical Mediterranea, S.L., Spain).
Surface electrodes (DORMO-TENS, Telic, S. A.,
Barcelona, Spain) were placed as previously reported.22

In short, one electrode was located on the rectus femoris,
another on the vastus medialis, and a third one on the
vastus lateralis. The last two electrodes were connected
to the first one in order to differentiate the received
intensity of each vastus. The stimulation pattern for
the EMS group consisted of 200-μs pulse duration as
suggested by Bax et al.23 at 30 Hz based on the time–in-
tensity curve and maximum current amplitude of
140 mA. Current amplitude was progressively adjusted
in the intervention group during the protocol to elicit
the similar isometric muscle contraction levels during
the 14-week protocol. For the CON group, all patterns
were the same with the exception of current amplitude,
which was 0 mA. One session consisted on 80 muscle
contractions during 47 minutes divided in 10 contrac-
tions sets with a 60-second rest between sets. Every
two sets, knee angle was changed in order to workout
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throughout all knee angles (i.e. 10°, 35°, 60°, and 85°,
corresponding 0° to full extension). The selection of
this protocol was based on the positive acute adaptation,
which was proved to induce on bone biomarkers in
recent spinal cord injured persons.24 The EMS training
program was performed 5 days a week for 14 weeks by
the same physiotherapist for a given subject. Sessions
took place in the morning or in the afternoon depending
on participant’s availability.

Outcome measures
The muscle cross-sectional area (CSA) of right and left
quadriceps femoris was assessed by using magnetic res-
onance imaging (3Tesla, Magnetom Trio; Siemens AG,
Erlangen, Germany) at our Hospital facility as pre-
viously reported.24 Briefly, 18 T1 2D axial scans of the
thigh were obtained perpendicularly to the femur dia-
physis. Each scan was separated 1/18 of the distance
between greater trochanter and the lateral condyle of
femur on a coronal plane using a 500-mm localizer.
This localizer was used to relocate scans after the 14-
week intervention. Great care was taken to reproduce
the same individual femur length each time using the
appropriate anatomical landmarks. All measurements
were performed blindly by the same technician.
Fourteen scans from 3/18 (close to greater trochanter)
to 16/18 were ported to a personal computer to manu-
ally measure muscle size by using the ImageJTM

program (version 1.40, freely available java-based
public-domain image processing and analysis program
developed at the National Institutes of Health).
Quadriceps femoris CSA was analyzed considering the
average of the 14 scans and each individual scan. CSA
analysis reproducibility and reliability were verified by
blind analysis of duplicate 12 scans (average coefficient
of variation: 4.97% and intra-class correlation coeffi-
cient 95% lower and upper confident intervals: 0.99).
Dual-energy X-ray absorptiometry (DEXA; Hologic

Explorer/W, Waltham, MA) was used before and after
the 14-week intervention to measure BMD (g/cm2) of
both legs, at the lumbar area and both hips considering
the whole hip, the femoral neck, the trochanteric and
intertrochanteric areas, and Ward’s triangle as pre-
viously reported.25,26 All scanning and analyses were
performed blindly by the same technician following
the operational manual provided by Hologic to users.
Prior any testing, quality control for DEXA was
checked by scanning a lumbar spine phantom consisting
of calcium hydroxyapatite embedded in a cube of ther-
moplastic resin (DPA/QDR-1; Hologic x-caliber
anthropometrical spine phantom). The scanning pro-
cedure lasted 30 minutes. Coefficient of variation was

1% for total BMD. Least significant change (LSC) for
whole hip was 0.00963 g/cm2, while LSC for lumbar
spine was 0.0806 g/cm2. Due to technical problems,
only leg BMD was available for one of the subjects.
Fasting blood samples were drawn at basal conditions

(8:00 a.m.) before and after the 14-week electrical stimu-
lation training. All samples were collected into dry glass
tubes and centrifuged at 3500 rpm for 7 minutes at 20°C
and stored at 4°C until analysis. Serum total testosterone
was measured by chemiluminescent microparticle
immunoassay using ARCHITECT i2000SR (Abbott
Laboratories S.A, Madrid, Spain). The sensitivity of
the testosterone assay was 0.08 ng/ml, and the intra-
assay coefficient of variation was 4.5%. Growth
hormone (GH) and insulin-like growth factor-1 (IGF-
I) were assessed by radioimmunoassay (Immunotech
S.A.S., France). The intra- and inter-assay coefficients
of variation for GH were 1.5 and 14.0%, respectively.
The intra- and inter-assay coefficients of variation for
IGF-I were 3.9 and 7.7%, respectively. Serum cortisol
was measured by microparticle enzyme immunoassay
using ARCHITECT c4000 (Abbott Laboratories S.A,
Madrid, Spain). The sensitivity of the cortisol assay
was< 1 μg/dl, and the intra-assay coefficient of vari-
ation was ≤10%. Serum osteocalcin was kept in ice
after taken, immediately centrifuged, and stored at
−20°C until analyzed by radioimmunoassay using a
Diasource kit (DIAsource ImmunoAssays S.A.,
Barcelona, Spain). The intra-assay coefficient of vari-
ation for osteocalcin was 7.2%. Serum type I collagen
C-telopeptide (CTx) was measured by electrochemilu-
minescence using the E 170 module for MODULAR
ANALYTICS (Roche Diagnostics, S.L., Madrid,
Spain). The intra-assay coefficient of variation for
CTx was 9.6%. Total cholesterol was assayed enzymati-
cally (LX20 PRO Beckman Coulter; Diamond
Diagnostics, Fullerton, USA). High-density lipoprotein
(HDL) was assayed following elimination of other par-
ticles and reaction with cholesterol esterase (LX20 PRO
Beckman Coulter; Diamond Diagnostics, USA). Low
density lipoprotein (LDL) was estimated using the
Friedewald equation. Plasma triglycerides were
measured enzymatically (LX20 PRO Beckman
Coulter; Diamond Diagnostics, USA). The testoster-
one/cortisol, osteocalcin/CTx, TC/HDL-C and LDL-
C/HDL-C ratios were calculated. A standard 75-g
oral glucose tolerance test (OGTT) was administered
before and after the 14-week training. Blood samples
were drawn at fasting and up to 120 minutes later fol-
lowing OGTT with 30 minutes intervals. Glucose was
assayed by glucose oxidase (LX20 PRO Beckman
Coulter; Diamond Diagnostics, USA). Insulin was
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measured by electrochemiluminescence using the E 170
module for MODULAR ANALYTICS (Roche
Diagnostics, S.L., Madrid, Spain).

Statistical analysis
Changes over time were determined using a Wilcoxon
test for two related samples. Group differences were
assessed by the Mann–Whitney U test for two-indepen-
dent samples. A Friedman test with Bonferroni post hoc
was applied to test any changes over time in glucose and
insulin level. In this case, only intervention group results
were analyzed due to the low n of the control group. All
data are presented as mean± standard deviation. In the
OGTT, due to the small sample size in the control group
for this analysis, no statistical comparisons were con-
ducted for this group, and individual data from the
study are then described in lieu of statistical measure-
ments. An alpha level of P< 0.05 was considered stat-
istically significant. Statistical analysis was done with
SPSS v. 17.0 (SPSS Inc., Chicago, IL, USA). Given
the relatively small sample size, Cohen’s delta effect
sizes were calculated to compare baseline scores to
post-activity scores within condition and to compare
change scores between conditions for each outcome; rel-
evant medium (≥0.50) or large (≥0.80) effect sizes are
discussed.30 Effect size measurements were conducted
using Cliff’s Delta Calculator (free download from the
website of the Institute for Psychological Research at
Universidad del Salvador; http://www.iipus.com).

Results
Participants
Twenty-two candidates entered our hospital facility
during the study period (March 2009–October 2011)
as illustrated in Fig. 1. Ten men with paraplegia
caused by a recent (<8 weeks) complete upper motor
neuron lesion (T4–T12) agreed to participate in this
study. Two of them withdrew during the protocol for
reasons not related to the study. Thus, eight subjects
completed the 14-week study. Participants were ran-
domly divided into intervention (n= 5) and control
groups (n= 3). There were no significant differences
(P> 0.05) across training groups in subject age, height,
weight, body mass index, and time after injury (Table 1).

Muscle size
Average CSAwas not significantly different (P= 0.228)
between experimental groups at the beginning of the
treatment. After 14 weeks of training, the percentage
of change of average CSA from pre- to post-intervention
was significantly higher in the EMS (U= 0, P< 0,05;
δ= 1) (Fig. 2). In the intervention group, the percentage

of change of average CSA from pre- to post-intervention
was 10.08% (range: 3.95 to 20.85%), whereas in the
control group it was −14.76 (range: 3.34 to −32.84%).

When comparing the sections of the quadriceps
femoris (3/18 to 16/18 of femur’s length), at pre-
measurements the EMS group showed greater values
than the CON in the sections 4/18 (U= 1, P< 0.05;
δ= 0.866), 6/18 (U= 0, P< 0.05; δ= 1) and 7/18
(U= 1, P< 0.05; δ= 0.866) (Fig. 3). The comparison
of the percentage of change from pre to post in each
section of the quadriceps femoris revealed a greater
increase in muscle CSA for the EMS in the medial to
distal portion of the thigh, more specifically in the cuts
9/18 (P< 0.05; δ= 0.866), 11/18 (P< 0.05; δ= 1),
12/18 (P< 0.05; δ= 0.866), and 14/18 (P< 0.05; δ=
0.866) (Table 2).

Bone density
Before treatment there were no differences in BMD or
T-scores between intervention and control groups for
any measured region with the exception of the lumbar
area in which the control group had higher values
than the intervention group (P< 0.05). The percentages
of change in BMD from pre- to post-intervention were
not significantly different between the two groups (P>
0.05) (Table 3).

Blood markers
There were no significant differences in pre-training
values of any bone biomarker (Table 4). Regarding
lipids and lipoproteins, LDL, total cholesterol/HDL
ratio, and LDL/HDL ratio were significantly higher
in the CON group at pre-training measurements. After
14 weeks of training, EMS and CON groups had
the same percentage of change in all serum markers
(P> 0.05).

Carbohydrate metabolism
Blood glucose concentration significantly changed in
the EMS group at the beginning of the protocol
(χ2(5)= 17.914, P= 0.003). Further multiple compari-
son test showed significant increases at 60 and 90
minutes samples when compared to 1 minute (P<
0.05) (Fig. 4A). After the 14 weeks of electro-stimu-
lation, glucose concentration significantly increased
(χ2(5)= 18.486, P= 0.002) at moments 30 and 60
minutes when compared to 1 minute (P< 0.05). Blood
insulin significantly changed in the EMS group during
the pre-measurements (χ2(5)= 18.600, P= 0.002).
Further multiple comparison test revealed significant
increases at 60 and 90 minutes when compared to 1
minute (P< 0.05) (Fig. 4B). After 14 weeks of electro-
stimulation, insulin concentrations were significantly
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changed (χ2(5)= 14.257, P= 0.014). Multiple compari-
son test showed significant increases at 60 minutes when
compared to basal and 1-minute samples (P< 0.05).

Discussion
To our knowledge, this is the first study comparing the
effects of EMS on both muscle size and BMD in individ-
uals with recent ASIA A SCI. The goal of this study was
to investigate bone andmuscle adaptations to an electrical
stimulation treatment shortly after SCI occurs. The pre-
vious literature on electrical stimulation training in
recent spinal cord injured persons showed improvements
in muscle content.13,14 The intensity of the evoked con-
traction proved to be an important factor in an electrical
stimulation training program in SCI,27 which is true for
patients with either recent13 or chronic SCI.28 The
present protocol was proved to acutely induce positive
alterations in serum markers of bone turnover in
persons with recent SCI24; therefore, the selected evoked
contraction intensity was thought to be sufficient to
elicit positive changes in bone metabolism longitudinally.
Muscle atrophy occurs rapidly after SCI. This atrophy

has been related to both denervation and disuse.29 Six
weeks after trauma, muscle fiber size is about 60% of

those of able-bodied controls,1 with a further 32%
decrease at 24 weeks after SCI. Muscle size increased
in all participants of the intervention group from 8
weeks to 22 weeks after SCI an average of 10.08%,
while the control group showed a mean decrease of
14.76%. The differences between groups were both sig-
nificant and large after Cohen’s proposed convention
for some effect size estimates.30 It has been previously
proposed that skeletal muscle exposed to minimal
activity is more apt to grow in response to stimulus com-
pared with muscle exposed to normal weight bearing.31

Nonetheless, the CSA of quadriceps femoris in the
group exposed to electrical stimulation remained
smaller (about 51 cm2 at its greatest site) than that
observed in non-trained healthy adults measured by
the same technique (about 80 cm2 at its greatest site).32

Thus, there is still a large room of improvement to
achieve healthy muscle content values. Whether a differ-
ent training intervention, in terms of length and/or
intensity, induced further muscle increases or improve-
ments had already reached a plateau, is unknown.
Future studies including muscle biopsies might help to
elucidate any change on muscle fiber typing, size, or
fatigability.

Figure 1 CONSORT diagram summarizing numbers of subjects recruited and randomized to each of the two study groups.

Table 1 Descriptive data of participants

Group Age (years) Height (m) Weight (kg) Body mass index (kg/m2) Weeks post-injury

ES 41.7± 12 1.76± 0.1 75± 9.3 24.3± 2.7 5.5± 1.1
CON 36± 13.6 1.78± 0.1 84± 21.3 26.5± 4.9 5.8± 1.7

Values expressed as mean± SD.
ES, intervention group; CON, control group. n.s.
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Previous anti-osteoporosis studies using electrical
stimulation in persons with recent SCI demonstrate con-
tradictory results.15–20 A possible reason for this conflict
may be the location of measured sites, since bone
mineral adaptations are limited to the bone area under
mechanical stress.33 The study by Groah et al.18

showed positive effects on BMD in the distal femur
and proximal tibia, whereas lumbar and hip measure-
ments did not show any benefits from quadriceps electri-
cal stimulation. Shield and Dudley-Javorosky19 reported
positive adaptation on the distal tibiae after plantar
flexor muscle stimulation. In the study by Clark
et al.15 quadriceps femoris and tibialis anterior
muscles were electrically stimulated, and BMD on prox-
imal tibia or distal femur was not measured due to an
acknowledged limitation of the DEXA software, while
proximal femur did not show any positive adaptation
to training. Finally, the study by Eser et al.16 stimulated
quadriceps, gluteal and hamstring muscles, recording no
effects on BMD on the tibial diaphysis. This study did
not show any attenuation of bone loss in the measured
sites (i.e. proximal femur, lumbar, and hip) after electri-
cal stimulation, as previously reported from those
places.15,18 Since muscle adaptations were maximal in
the middle to distal portion of the thigh, it remains
unknown whether any bone adaptations occurred at a
different portion of the femur.

Another reason for the inconsistency of bone adap-
tations to electrical stimulation observed in the literature
is related to the intensity of the electrically evoked
muscle contractions. A study in chronic spinal cord
injured persons (i.e. more than 2 years from SCI)

showed a direct relationship between the intensity of
the stimuli and the osteogenic effects.34 Furthermore,
EMS was suggested to be less effective than electrical
stimulation cycling on BMD prevention after SCI.20

The present protocol used stimulation patterns that
acutely decrease the serum concentration of osteoclastic
markers in men with recent SCI (i.e. CTx),24 suggesting
a positive effect on bone metabolism. However, the
training effects of our study could have been either insuf-
ficient to attenuate bone loss longitudinal or encum-
bered by as-yet-unexplained factors affecting the
osteogenic response to mechanical strain.15 Both
groups moderately increase their BMD at the lumbar
area. Most probably, changes are not related to the
EMS intervention, but may be due to weight-loading
at the lumbar spine while sitting in a wheelchair.35

Serum markers were selected in order to provide a
comprehensive approach of the anabolic/catabolic
state of subjects and the bone formation/destruction
status. None of the measured serummarkers showed sig-
nificant changes from week 8 to week 22 after SCI in
either the intervention or the control group. Serum tes-
tosterone is suppressed after SCI, but it returns to
normal levels 6 weeks after SCI.36 The study by
Maïmoun et al.4 reported testosterone values within
normal clinical levels at 13.4 weeks after a thoracic
SCI, but below those of able-bodied persons. Another
study did not report any change in testosterone levels
from week 16 to week 24 after SCI.37 Levels of GH
and IGF-I are not altered during the early stages follow-
ing SCI.4 No data concerning cortisol alterations follow-
ing SCI were available. Osteocalcin levels in person with

Figure 2 Individual values (left side of the panel) and mean percentage of change of average quadriceps femoris CSA (mean± SD).
*P < 0.05 intervention group (EMS) vs. control group.
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Figure 3 Quadriceps femoris CSA (mean± SD) for length of femur 3/18 to 16/18 before (Pre) and after (Post) electrical-stimulation
training for the intervention (EMS, filled boxes) and control group (empty boxes). *P < 0.05 intervention vs. control values at Pre.
†P< 0.05 intervention vs. control percentage of change from PRE to POST.

Table 2 Percentage of change in CSA (cm2) from pre to post-intervention in the intervention (ES) and control group

Section Δ Intervention (n= 5) Δ Control (n= 3) U Δ ES – Δ Control

3/18 9.9 (35.3) −34.1 (42.7) 2
4/18 −13.5 (32.2) −18.2 (14.2) 5
5/18 10.1 (25.8) −8.2 (6.0) 4
6/18 8.6 (23.2) −7.3 (19.2) 3
7/18 7.3 (16.1) −3.9 (29.6) 6
8/18 9.0 (10.6) −13.2 (20.7) 2
9/18 8.6 (7.8)* −15.2 (20.3) 1
10/18 10.1 (10.9) −13.1 (14.1) 2
11/18 17.4 (11.8)* −13.2 (15.4) 0
12/18 11.7 (12.3)* −14.2 (16.6) 1
13/18 9.1 (13.5) −14.9 (19.1) 2
14/18 15.0 (19.1)* −15.6 (20.8) 1
15/18 18.4 (33.6) −23.0 (27.0) 2
16/18 102.3 (170.0) −11.9 (29.5) 2

Values expressed as mean (±SD).
*P< 0.05 compared to control values.
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recent SCI (16 weeks after trauma) were reported to be
higher than those of able-bodied persons,37 but within
normal values5,18 as reported herein. There were no
reported changes from week 8 to week 24 after SCI in
osteocalcin levels.5,37 Levels of bone resorption
markers, such as CTx, were reported systematically

elevated after SCI.4,5,18,26,37 These markers remained
higher for longer than week 24 after SCI.5,37

In spite of the relatively large decreases in cortisol
(>20%) and in CTx (>26%) concentrations observed
in both groups, together with a noteworthy increase in
osteocalcin levels (>50% in the intervention group),

Table 3 BMD (g/cm2) and T-score at pre-intervention (pre), post-intervention (post) and % of change from pre to post in the
intervention (ES) and control groups

Region BMD

Intervention (n= 5) Control (n= 3)
U Pre

GE – pre–control
U Δ GE –

Δ ControlPre Post Δ (%) Pre Post Δ (%)

Leg 1.19 (0.12) 1.16 (0.08) −2.92
(5.14)

1.44 (0.17) 1.38 (0.04) −3.34 (8.58) 2 7

Femoral neck† 0.79 (0.14) 0.72 (0.08) −7.56
(7.24)

0.96 (0.15) 0.88 (0.16) −8.34 (2.48) 1 5

Trochanteric† 0.70 (0.14) 0.62 (0.09) −9.94
(6.86)

0.83 (0.01) 0.77 (0.07) −8.12 (7.75) 2 5

Intertrochanteric† 1.05 (0.19) 0.98 (0.13) −5.86
(5.01)

1.22 (0.15) 1.21 (0.09) −0.95 (8.28) 2 4

Ward’s triangle† 0.65 (0.16) 0.59 (0.09) −6.47
(13.68)

0.86 (0.29) 0.79 (0.27) −7.74 (1.01) 2 2

Whole hip† 0.92 (0.16) 0.85 (0.11) −6.99
(5.19)

1.08 (0.03) 1.07 (0.04) −0.42 (6.23) 2 1

Lumbar area† 0.91 (0.07)* 0.95 (0.11) 3.47 (5.54) 1.23 (0.1) 1.26 (0.15) 2.08 (3.79) 0 4
T-score Pre Post U Pre GE –

Pre Control
Pre Post U Pre–post GE – pre–post

control
Femoral neck† −1.55 (1.49) −2.31 (0.83) 2 0.28 (1.67) −0.48 (1.87) 4.5
Trochanteric† −0.73 (1.67) −1.79 (1.10) 2 0.68 (0.04) 0.7 (0.5) 1
Intertrochanteric† −1.02 (1.67) −1.78 (1.03) 2.5 0.18 (0.18) 0.08 (0.81) 3
Ward’s triangle† −1.51 (1.48) −2.08 (0.95) 3 0.9 (3.18) 0.25 (3.04) 2
Whole hip† −0.97 (1.66) −1.8 (1.04) 2 0.48 (0.39) 0.3 (0.5) 3
Lumbar area† −1.56 (0.5)* −1.36 (0.94) 0 1.3 (0.85) 1.55 (1.34) 5

Values are expressed as mean (±SD).
Δ (%), Percentage of change in BMD.
*Compared to control P< 0.05.
†n= 2 in control group.

Table 4 Serum markers before (pre) and after (post) 14 weeks of electro-stimulation training (media± SD) in the intervention (ES)
and control groups

Intervention Control

U pre EMS – pre control U Δ EMS – Δ controlPre Δ from pre n Pre Δ from pre n

T (ng/ml) 5.59± 2.1 −3.1± 25 5 4.68± 1.8 9.8± 26.6 3 4 5
C (ug/dl) 13.5± 3.6 −21.4± 22.2 4 10.13± 4.5 20.6± 38 2 4 1
Ratio T/C 0.46± 0.3 40.5± 43.3 4 0.48± 0.1 0.9± 8.6 2 6 2
GH (ng/ml) 0.34± 0.3 28.9± 64.6 5 0.2± 0.0 16.7± 28.9 3 6 7
IGF-I (ng/ml) 179.8± 75.7 4.3± 81.4 5 136± 58.1 33.9± 31.9 3 4 4
O (ng/ml) 10.64± 5.5 51.5± 50.5 5 6.63± 2.5 27.7± 57 3 4 5
CTx (ng/ml) 1.26± 0.6 −26.4± 38 5 0.93± 0.1 −28.1± 26 3 6 7
Ratio O/CTx 8.63± 4.0 122.5± 53.1 5 7.29± 3.3 84.6± 92.1 3 7 4
TC (mg/dl) 214.4± 24.6 −14.84± 10.4 5 236.0± 16.7 −11.18± 21.9 3 3 7
LDL (mg/dl) 147.6± 15.2* −18.71± 7.4 4 176.0± 5.6 −14.49± 24.3 3 0 5
HDL (mg/dl) 38.6± 8.7 −10.21± 11.1 4 31.0± 12 17.12± 33.3 3 5 3
TG (mg/dl) 141.0± 35.3 −16.76± 30.1 5 145.0± 17.6 −11.59± 30.3 3 6 6
Ratio CT/HDL 5.71± 1.1* −8.19± 5.26 4 8.35± 3 −18.67± 31.6 3 1 5
Ratio LDL/

HDL
3.94± 0.8* −8.83± 9.92 4 6.34± 2.7 −20.82± 34.9 3 1 6

Δ, change; EMS, intervention group; T, total serum testosterone; GH, growth hormone; IGF-I, insulin growth factor-I; C, serum cortisol;
O, serum osteocalcin; CTx, serum type I collagen C-telopeptide; TC, total cholesterol; TG, triglycerides.
*P< 0.05 compared to control values.
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our data did show any significant change over time in
the measured serum markers partially due to the small
sample size. Thus, the measured basal serum biomarkers
do not clarify the observed muscle and bone adaptations
to training.
Persons with SCI have higher serum triglycerides,

total and LDL cholesterol, together with lower serum
HDL cholesterol levels compared to healthy popu-
lations.21,38,39 Disturbances in the autonomic nervous
system and muscle paralysis39 lead to an increased mor-
bidity and mortality from cardiovascular causes after
SCI,40 with a 228% incidence of developing cardiovas-
cular diseases in SCI compared to healthy able-bodied
controls.41 Sport activity was the most important deter-
minant of changes in total cholesterol, LDL and TC/

HDL-C between the 6th and 24th month after SCI,
explaining 34, 47, and 29% of the variance, respect-
ively.22 These findings imply that subjects who were
physically active showed larger improvements of the
risk profiles than sedentary or less active subjects. For
that reason, we hypothesized that an increase in skeletal
muscle activity (i.e. 5 sessions per week of EMS) will
reduce the negative effects of SCI in the lipid and lipo-
protein profiles. The present EMS intervention
induced positive adaptation in muscle size. However, it
was not sufficient to positively affect the lipid and lipo-
protein profiles. Other more vigorous physical interven-
tions involving larger muscle mass and challenging the
cardiovascular system might be necessary to have an
impact on these markers.

Figure 4 Blood glucose (A) and insulin (B) (mean± SE) after oral administration of 75 g of glucose in the intervention group (EMS);
and individual values of controls before (Pre) and after (Post) 14 weeks of electrical-stimulation. †P< 0.05 compared to basal;
*P< 0.05 compared to 0 minute.
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Glucose intolerance and insulin resistance are
abnormalities associated to SCI.2,41 Glucose intolerance
after glucose load is characterized by a higher rise of
plasma glucose and slower return to the baseline than
does in normal individuals.42 Thus, the fact that peak
values of glucose and insulin in the EMS group
appeared sooner in time after the 14-week intervention
suggests faster glucose absorption and, therefore, an
improved carbohydrate metabolism. Individual control
values do not show any improvements in plasmatic
glucose or insulin after OGTT. However, these results
should be carefully taken due to the small sample size.
The predominant peripheral tissue responsible for
insulin-induced glucose uptake is muscle.21 Thus, a
probable etiology of the abnormality in carbohydrate
handling noted in subjects with SCI may result from
morphological changes and lean tissue atrophy with
associated potential receptor and post-receptor pertur-
bations. Bauman et al.21 found that subjects with
greater neuronal damage (tetraplegia vs. paraplegia),
especially males, showed worse carbohydrates tolerance
and greater insulin values. Aksnes et al.43 studied whole
body insulin-mediated glucose utilization and isolate
glucose transport in denervated muscle in vitro in
patients with tetraplegia. They concluded that the 43%
reduction in whole body glucose transport was due to
reductions in muscle mass together with defective trans-
capillary diffusion of insulin to the cell surface, hormo-
nal changes, and dyslipidemia. Skeletal muscle showed a
remarkable capacity to maintain an intact glucose trans-
port system in spite of denervation and sever morpho-
logical changes (i.e. myofiber atrophy, lack of type I
fibers, and connective tissue increase). In this study,
positive correlations were found in the EMS group
between the change in muscle size and the change in
basal glucose concentration (r=−0.904, P< 0.05).
This may suggest that those who increased more their
muscle volume had more improvements in their basal
glucose from pre to post.

The positive effects observed on muscle content might
be clinically relevant since muscle atrophy after SCI
proved to result in other health related problems such
as reduced vascularisation, basal metabolism, cardiac
output and oxygen consumption; increased intramuscu-
lar fats, and impaired glucose tolerance.2,7,8 Thus, it
would be advisable for physicians and physiotherapists
to longitudinally apply a stimulus capable to counteract
those changes to individuals with a recent SCI. The
current electrical stimulation protocol would be a plaus-
ible option. However, further research aimed to improve
both muscle and bone is warranted. In this study age,
gender, level of lesion, ASIA score and time post-

injury were controlled. However, adequate matching
may never be possible in the SCI population due to
inter-individual variability with a small number of par-
ticipants.44 The study length may have resulted in a
limitation of the study. It is possible that intervention
durations were not long enough for the bone benefits
to be gained from EMS.

Conclusion
The results of this pilot study indicate that skeletal
muscle is more sensitive than bone to the same external
stimuli. Eighty electrically induced isometric contrac-
tions per day, 47 minutes/day, 5 days/ week during 14
weeks increased muscle content, whereas bone tissue
was not significantly affected. The improvements in
carbohydrate metabolism could be related to the
improvements in muscle tissue. Results should be con-
firmed by further investigation on this area of research.
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