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Investigation of osteometabolic and  
cardio-respiratory changes occurring after  
gait training under neuromuscular electric 

stimulation in quadriplegic patients

SUMMARY

This study was aimed to evaluate the effects of gait 
training with neuromuscular electric stimulation (NMES) 
on skeletal and cardio-respiratory systems of full quadri-
plegic patients (C4-C8). Aerobic power (VO2), carbon 
dioxide production (VCO2), minute ventilation (VE), 
heart rate (HR), blood pressure (BP), energy consump-
tion, bone markers analysis (osteocalcin, bone alkaline 
phosphatase, pyridinoline, and deoxypyridinoline) and 
bone densitometry (DEXA) of the femoral neck and total 
femur were performed at baseline and six months later. 
Eleven patients walked on ergometric wake, with NMES 
and discharge of 60 – 70% of body weight, during six 
months, twice a week, 20 minutes daily. Ten patients 
did not perform the gait. Within the gait group, 81.8% 

showed significant increases of formation markers, 
of which 72.7% also presented with reduced bone 
resorption. Within the control group, 20% showed in-
creased bone formation. DEXA results were, in general, 
opposite to those of bone markers. Cardio-respiratory 
tests showed a significant increase for VO2 l/min (36%), 
VCO2 (42.97%), VE (30.48%), SBP mmHg (4.8%) and 
energy consumption kcal/min (37.68%). In the control 
group, only VO2 l/min showed a significant increase 
(26.29%). Gait training with NMES was more efficient 
in increasing bone formation rates and aerobic power 
in quadriplegic patients.   

Keywords: Quadriplegia; Gait; Electrical stimulation, 
Bone mineral density; Oxygen consumption; Metabolism;  
Respiration.
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INTRODUCTION

Recently, osteoporosis and cardiovascular diseases have 
emerged as important public health problems. Patients 
with spinal cord injuries present with a strong bone mass 
loss during the first 3 months after injury, as well as being 
at a higher risk for cardiovascular diseases than normal 
population(1). 
Thus, rehabilitation programs in spinal cord injured 
patients are important to improve or maintain a healthy 
skeletal and cardio-respiratory systems and, as a result, 
to reduce the risk of fractures on osteoporotic bones and 
the risk of cardiovascular diseases, making them also able 

to walk again as soon as possible, since new evidences 
have shown that gait training with neuromuscular electric 
stimulation (NMES) regularly performed may contribute 
to motion recovery, either through locomotion generator 
pattern or through neuroplasticity. The potential of functio-
nal recovery may also occur through medical (stem cells 
studies)(2) or technological advancements (creation of 
electric stimulators that could be used for patients’ daily 
life activities).
Osteoporosis is a usual complication related to spinal cord 
injury, because palsy causes a mechanical stress reduction 
over bones. The absence of muscular contraction and of 
weight support increases bone resorption by osteoclasts(3), 
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which promotes a reduction of bone mass, weakening bo-
nes and making them more susceptible to fractures.   
The most extensive bone loss is seen between the first 
four to six months after trauma. After that period, bone 
loss ratio is lower and, within sixteen months, bone mass 
is reduced to 2/3 of the original amount(3,4). 
With the full cervical injury, in addition to the significant 
bone mass loss, a shutdown occurs between the cen-
tral command of sympathetic system and its peripheral 
portion(5). The absence of sympathetic nervous system 
changes cardiovascular responses during exercise, jeo-
pardizing chronotropic and innotropic responses.   
Exercises associated to NMES on lower limbs recruit large 
muscular groups, activate lower limbs’ venous pump, 
facilitate venous feedback, increase systolic volume, im-
prove heart contraction force, and, as a result, enhance O2 

supply to active muscles (5,6). Additionally, NMES promotes 
muscular changes including increased muscle resistance, 
hypertrophy and histochemical changes (increased num-
ber of myoglobins, mitochondria and capillary density), 
which increases aerobic power in patients with spinal 
cord injury. Besides, a muscular improvement may benefit 
bones, since a strengthened muscle generates a stron-
ger mechanical stress on the bone where it is inserted, 
enhancing bone formation stimulus (6).
The present study analyzed the effect of gait training yiel-
ded by NMES, on ergometric belt with 60-70% of body 
weight discharge, during 6 months, twice a week, on 
bone mass and cardio-respiratory system of quadriplegic 
patients with full injuries.    

METHOD

The clinical trial was conducted in quadriplegic patients 
(n=21) with full injuries, injury level ranging from C4 to 
C8, who suffered rachimedullary trauma, belonging to 
Laboratory of Biomechanics and Locomotive Apparatus 
Rehabilitation, HC/UNICAMP. The study was divided into 
2 groups: a gait group, constituted of 11 patients (age 
= 33.83 ± 8.73 years old; time of injury= 78.58 ± 56.20 
months; body mass= 64.91 ± 12.68 kg and height= 178 
± 8.92 cm) and a control group, formed by 10 patients 
(age = 30.9 ± 7.72 years old; time of injury= 51.4 ± 
29.37 months; body mass= 65.1 ± 10.57 kg and height 
= 76.6 ± 4.81 cm). 
Patients included in gait group (GG) were submitted to at 
least 5 months of knee extension exercises through NMES 
on quadriceps muscles with the objective of increasing 
strength and resistance of quadriceps muscles and, thus, 
allowing for the maintenance of an orthostatic position 
during the 20 minutes of ambulation.  

Gait training on ergometric belt was performed with 
combined use of 4-channel electric stimulation to enable 
functional gait, and of dynamic suspension with discharge 
between 60% and 70% of body weight to avoid excessive 
mechanical load on lower limbs, but also to allow heel’s 
touch during gait. The electric stimulator used releases a 
bipolar single-phase wave, in a 25 Hz frequency, with a 
pulse train lasting 300µs and amplitude of up to 200 V (1 
kΩ load). Treatment was delivered during 6 consecutive 
months, twice a week, 20 minutes a day, being rest deter-
mined by the very patient.  
In control group (CG), patients were not submitted to 
gait training induced by NMES. Patients who could not 
participate on proposed treatment due to lack of time or 
transportation difficulties were included in this group. CG 
patients were submitted only to traditional physical therapy 
twice a week (kinesiotherapy: range of motion main-
tenance, stretching and active exercises on preserved 
muscles), with the majority of treatments also including 
the maintenance of orthostatic posture (by means of 
orthostatic tables).  
Those patients presenting with involvement of lower motor 
neuron, medical and/ or psychological instability, other dis-
eases/ injuries or in the presence of a medical or drug condi-
tion that could interfere on bone formation were excluded. This 
study was approved by the Committee on Ethics in Research 
of the Medical Sciences College, UNICAMP.   
At the moment of admission and 6 months later, all pa-
tients were submitted to bone densitometry analysis, 
bone metabolism biochemical markers collection and 
cardio-respiratory test.   
Bone densitometry was performed at femoral neck region 
and total femur, using the DEXA technology, model DPX-
ALPHA, Lunar brand. The minimal significant variation for 
femoral neck was 3.80% and for total femur, 4.15%.  
Urine and blood samples were collected for bone mark-
ers analysis. Two biochemical markers of bone resorption 
were analyzed: pyridinoline and free deoxypyridinoline, 
which were adjusted by urinary creatinin. Urine samples, 
light-protected, were stored at -20º C until the moment 
of analysis. For the analysis, the immunologic method 
based on antibody against free pyridinoline   (PYD; Pyril-
inks, Metra Biosystems) and free deoxypyridinoline (DPD; 
Pyrilinks-D, Metra Biosystems) was employed. Other two 
bone formation biochemical markers have also been 
analyzed: bone alkaline phosphatase (B-ALP; Alkphase-
B, Metra Biosystems) and osteocalcin (OC; Osteocalcin, 
Metra Biosystems). Serum samples were stored until the 
moment of analysis at -70º C. All samples were collected 
between 8 AM and 10 AM, with patients submitted to a 12-
hour fasting. For bone metabolism markers, the minimal 
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significant variation was 21% for 
OC, 28% for B-ALP, 36% for PYD 
and 26% for DPD(7).  
The cardio-respiratory test was 
conducted in a direct and non-in-
vasive form, at a room temperature 
of 25º C, by gas analyzer Vmax, 
model 29c, SensorMedics brand. 
The equipment was calibrated 
prior to each test using reference 
gases. The following parameters 
were analyzed: aerobic power 
(VO2), minute ventilation (VE), car-
bon dioxide production (VCO2), 
heart rate (HR) and respiratory 
exchange ratio (R = VCO2/ VO2). 
Values were recorded at each 
30 seconds and averages were 
obtained form the last 5 values 
recorded in each phase.  
With VO2 and R values achieved, 
we could analyze energy (in Kcal) 
spent by minute during rest and 
exercise. From the R value, the 
caloric equivalent is obtained (kcal 
of energy by liter of consumed oxy-
gen). The energetic consumption 
was achieved by multiplying VO2 

l/min average value by Kcal aver-
age value by liter of consumed O2 
(Kcal/lO2) obtained from R, by the 
equation: R = Kcal/lO2 and Ener-
getic consumption (Kcal/min) = 
VO2 l/min x Kcal/lO2.
All the patients repeated cardio-
respiratory test protocol three 
times before the official test to be-
come familiar with the equipment 
and to enable the achievement of reliable data. Heart rate 
was measured during the test, at intervals of successive 
R waves of the SensorMedics electrocardiogram. 
In GG, the test was performed during gait induced by NMES 
on ergometric belt, aided by dynamic suspension, before 
and after treatment completeness. The test constituted of 8 
minutes of rest, 10 minutes of gait with NMES and 10 minutes 
for recovery. Blood pressure measurements were collected 
at rest phase (seated position), gait phase (after 10 minutes 
of gait) and recovery phase (soon after seated again). All 
patients performed the initial test at a speed of 0.5 km/h. The 
final test was performed at the maximum speed reached by 
each individual, ranging from 1.0 to 1.3 km/h.   

In CG, the test constituted of 8 min-
utes of rest, 10 minutes of bilateral 
knee extension exercise at seated 
position using a 2-channel stimula-
tor and 10 minutes for recovery.   
GG was submitted to gait training 
sessions for 6 months, while CG 
was only submitted to electric 
stimulation at the moment of 
cardio-respiratory test, with the 
objective of producing the acute 
effect of electric stimulation for 
both groups (10 minutes of NMES 
for both groups). Furthermore, it 
must be mentioned that CG did 
not follow the gait protocol dur-
ing cardio-respiratory test due 
to the fact that those patients 
were not submitted to previous 
NMES 5-month training, which 
was required to qualify them to 
perform gait.    
In order to evaluate changes on 
metabolic and cardio-respira-
tory parameters (VO2, VCO2, VE, 
FC and R) and values for blood 
pressure and energetic consump-
tion, the Variance Analysis with 2 
repeated factors was applied for 
conducting the statistical analy-
sis, with significance levels of 5% 
(p<0.05) being used.  

RESULTS

Bone Mass

Figure 1 shows the results of for-
mation and resorption bone markers for each individual 
in GG. After 6 months of gait training (GG), the results 
showed a significant increase on formation markers in 
81.8% (M=9) of patients, with 72.7% also presenting a 
significant reduction of resorption markers. In addition, 
one subject presented a reduction on bone remodeling 
rate (subject 10) and one presented a reduction of bone 
resorption ratio (subject 11).    
Figure 2 shows formation and resorption bone markers for 
each CG individual. After 6 months, 30% of patients did 
not present significant changes on bone markers and 20% 
presented with a significant increase of bone formation 
markers. Furthermore, 30% of patients presented with re-
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D

Figure 1 – Results of bone markers obtained at 
baseline and after 6 months of gait training.  

A) Osteocalcin; B) Bone alkaline phosphatase;  
C) Pyridinoline; D) Deoxypyridinoline.
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duced bone resorption markers. 
One subject presented an incre-
ased bone resorption rate and 
another one presented reduced 
bone formation markers.   
Table 1 shows DMO results (g/
cm2) at baseline and after 6 
months for the gait group (GG) 
and control group (CG), with dif-
ferences in percentage between 
baseline and end results.  
Results achieved with bone ma-
rkers, within GG, showed that 
patients 1, 6, 7, 8, 10 and 11 were 
not correlated to the results achie-
ved by DEXA. From patients sho-
wing an increased bone formation 
rate (9 patients), 4 presented with 
increased DMO at femoral neck 
region and/ or total femur, 5 pre-
sented with lost DMO at femoral 
neck and/ or total femur.   
In control group, one subject 
could not perform femoral DEXA 
due to an intense flexor contrac-
ture of the hip. From 2 patients 
presenting increased bone forma-
tion markers, one presented with 
increased DMO and another one 
presented with DMO reduction. 
From those not presenting chan-
ges on bone markers (3 patients), 
two patients presented a DMO 
reduction and one presented ste-
ady DMO on regions analyzed.

Cardio-respiratory test

At baseline test, in GG, the patients 
presented the following average 
values during gait: VO2 = 0.430 
± 0.09 l/min, VO2 = 6.96 ± 1.79 
ml/kg/min, VCO2 = 0.356 ± 0.08 
l/min, HR = 106.23 ± 17.31 bpm, 
VE = 18.93 ± 2.95 l/min and  
R = 0.81 ± 0.06. After 6 months of 
training, the average values achieved were as follows: VO2 = 
0.586 ± 0.14 l/min, VO2 = 9.57 ± 2.54 ml/kg/min, VCO2 = 
0.509 ± 0.13 l/min, HR = 109.23 ± 15.79 bpm, VE= 24.70 ± 
4.62 l/min and R = 0.85 ± 0.04. Results showed significant 
increases for VO2 l/min (36%), VCO2 (42.97%), VE (30.48%) 

and R (4.93%). HR did not present 
significant changes. The values 
obtained during rest did not signifi-
cantly change after training.  
Before the beginning of gait trai-
ning, patients showed average 
systolic blood pressure (SBP) 
and diastolic blood pressure 
(DBP) values, at rest, of 94.16 
± 5.15 mmHg and 65.83 ± 5.15 
mmHg respectively. During gait, 
SBP significantly raised to 105 ± 
5.22 mmHg, with no changes in 
DBP (70 ± 7.38 mmHg). 
After the 6-month period of trai-
ning, patients presented SBP 
and DBP, during rest, of 101.67 
± 8.35 mmHg and 65.83 ± 
9.0 mmHg respectively, with 
a significant SBP rise. During 
gait, SBP significantly raised to 
110.83 ± 6.68 mmHg (p<0.05), 
with no changes in DBP (69.16 
± 7.92 mmHg). 
Figure 3 shows the values obtai-
ned before and after 6 months of 
training for VO2, VCO2, VE, HR and 
SBP during gait phase. Rest SBP 
is also shown.
In the CG, at the moment of study 
admission, during the knee ex-
tension exercise, the patients pre-
sented with the following average 
values: VO2 = 0.232 ± 0.05 l/min, 
VO2 = 3.45 ± 0.66 ml/kg/min, 
VCO2 = 0.190 ± 0.04 l/min, HR 
= 67.9 ± 11,72 bpm, VE = 10.96 
± 1.75 l/min and R = 0.82 ± 0.03. 
after 6 months, the values obtai-
ned were as follows: VO2 = 0.293 
±  0.09 l/min, VO2 = 4.62 ± 1.30 
ml/kg/min, VCO2 = 0.223 ± 0.07 
l/min, HR = 73.32 ± 12.49 bpm, 

VE = 11.65 ± 2.60 l/min and R = 0.76 ± 0.07. The results 
showed an increase of 26.29% for VO2 l/min, 17.37% for 
VCO2, 7.98% for HR, 6.29% for VE, only with VO2 showing a 
significant increase (p<0.05) during knee extension exerci-
se. Rest VO2 has also significantly risen after 6 months.  

Figure 2 – Results of bone markers obtained at 
baseline and after 6 months, control group.   

A) Osteocalcin; B) Bone alkaline phosphatase;  
C) Pyridinoline; D) Deoxypyridinoline.
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DMO 
nr. Group

Femoral neck Total femur

Baseline Final % Baseline Final %
1 GG 0.923 0.863 96.5% 0.935 0.851 98.98%
2 GG 0.756 0.795 85.15% 0.686 0.682 90.58%
3 GG 0.253 0.334 832.0% 0.389 0.385 91.03%
4 GG 0.674 0.673 90.15% 0.686 0.721 85.10%
5 GG 0.677 0.699 83.24% 0.638 0.654 82.5%
6 GG 1.114 0.886 90.46% 0.953 0.774 98.78%
7 GG 0.977 0.904 97.47% 0.863 0.831 93.7%
8 GG 0.856 0.796 97.0% 0.801 0.760 95.12%
9 GG 0.603 0.600 90.49% 0.608 0.592 92.63%
10 GG 1.079 1.022 95.28% NA 0.906 ---
11 GG 0.838 0.692 97.42% 0.840 0.647 923.0%
12 CG NA NA --- NA NA ---
13 CG 0.759 0.692 98.82% 0.628 0.570 92.68%
14 CG 0.795 0.679 914.59% 0.763 0.627 80.4%
15 CG 0.790 0.815 83.16% 0.670 0.670 90.5%
16 CG 0.647 0.669 83.4% 0.543 0.537 90.76%
17 CG 0.422 0.523 823.93% 0.557 0.513 82.17%
18 CG 0.573 0.568 90.87% 1.156 1.175 90.89%
19 CG 1.115 1.068 94.21% 0.973 0.961 90.98%
20 CG 0.641 0.644 90.46% 0.717 0.717 92.02%
21 CG 0.603 0.654 88.45% 0.603 0.586 91.09%

NA = not assessed

Figure 3 – Values obtained on cardio-respiratory test before and after 6 months of gait training. Values expressed in average ± SD. A) VO2 (ml/kg/
min),  B) VCO2 (l/min), C) VE (l/min), D) HR (bpm), E) SBP (mmHg) at rest, F) SBP (mmHg) during gait.

During physical ac-
tivity, GG presented 
significantly higher 
values (for all parame-
ters analyzed) when 
compared to values 
obtained in CG (du-
ring knee extension 
exercise). 
During gait, the ave-
rage energetic con-
sumption obtained be-
fore training was 2.07 
± 0.48 kcal/min and 
after training, it signi-
ficantly increased to 
2.85 ± 0.71 kcal/min 
(p = 0.003). At base-
line, during gait, the 
energetic consump-
tion was 2.4 times hi-
gher than the energetic 
consumption at rest. 
After 6 months, with 
gait being performed 
at the fastest speed as 
possible, the energetic 
consumption was 3.8 times higher than at rest.    

In CG, during exercise 
at baseline tests, the 
energetic consump-
tion was 1.12 ± 0.25 
and, after 6 months, 
it increased to 1.39 ± 
0.46 (non-significant: 
p = 0.06). At study 
baseline, during the 
knee extension exer-
cise, the energetic 
consumption was 1.4 
time higher than the 
energetic consump-
tion at rest (0.76 ± 
0.27). After 6 months, 
the energetic con-
sumption remained 
1.4 times higher than 
at rest (0.95 ± 0.32). 
Figure 4 shows the 
energetic consump-
tion (kcal/min) at the 
moment of admission 
in the study and after 
6 months obtained 
for GG (during gait) 

and CG (during knee extension exercise).  

A B C

FED

   Baseline 	              Final    Baseline 	              Final    Baseline 	              Final

   Baseline 	              Final    Baseline 	              Final    Baseline 	              Final

Table 1 - DMO (g/cm2) values obtained from femoral neck and total femur regions, 
at baseline and after 6 months, in gait group (GG) and control group (CG). Here, 
differences in percentage between baseline and final values are also described. 

HR (bpm) Systolic blood pressure (mmHg) at rest Systolic blood pressure (mmHg) during gait
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DISCUSSION

The results with bone markers showed 
that gait training was effective in increas-
ing the bone formation rate in 81.8% of 
patients included in GG. The analysis of 
bone markers is useful to evaluate cur-
rent behavior of bone metabolism, en-
abling the evaluation of therapies effects 
on bone mass in a short period of time(7). 
Bone densitometry, when employed to 
monitor treatments, is recommended 
to be performed in a time interval of 1 
to 2 years between baseline and final 
test in order to enhance the reliability of 
the results(7). 
Bone monitoring in spinal cord injured 
individuals, by means of DEXA tech-
nique, should be made very carefully, 
because in addition to an accuracy 
error of the equipment, patients may 
present spacicity during tests (which 
displaces reference markers of bone 
regions of interest), as well as for be-
ing difficult to reproduce the same 
position of lower limbs(8). The changed 
position of markers may cause sig-
nificant percentage differences on 
results achieved, especially those of 
the femoral proximal region(8).
Mohr et al.(4) and Bloomfield et al.(9) 
observed raises in DMO after one training session using 
ergometric bicycle associated to NMES (between 10% 
- 30% in DMO after 6 or 12 months of training), which were 
highly superior to the results achieved in post-menopausal 
women as a result of drug therapies. Increases of 1 – 3% 
a year are expected with hormonal replacement therapies 
and alendronate(10). Although the absence of mechanical 
load seems to be much more harmful to skeleton (reduction 
of about 22% on the first three months after injury) than the 
absence of that ovarian hormone (DMO reduction of 4-5% a 
year), one must still question if exercises using NMES and, 
consequently, create a mechanical stimulus on bones below 
injury level, are efficient to promote such intense bone gains 
in a short period of time.    
Furthermore, another aspect suggesting DEXA technique 
inaccuracy is the fact that many patients from gait group 
have lost significant amounts of DMO, with all patients hav-
ing more than 24 months of injury and, based on literature, 
the major bone loss occurs during the first 3-4 months after 
injury (22-27% bone reduction), reaching a new permanent 
regimen after 16 months of injury (about 40% of bone loss). 

Garland et al.(3) did not find any dif-
ference on DMO between 16 months 
and 10 years of injury.  
The efficiency of aerobic training 
programs is usually determined by 
aerobic power measurements (11), 
with activities such as bicycle and 
arm ergo meter cycle showing to be 
efficient in increasing aerobic power. 
However, exercises with arm ergo 
meter cycle promote less aerobic 
power increase, due to an intense 
blood trapping on lower limbs, as a 
result of the absence or reduction of 
the venous sympathetic tonus (5).
Metabolic and cardio-respiratory 
results showed that, after 6 months 
of gait training, a significant increase 
occurred on oxygen consumption, 
with average VO2 rise of 36.28% 
(from 0.430 ± 0.09 l/min to 0.586 ± 
0.14 l/min), corroborating the studies 
by Mohr et al.(12) and Goss et al.(11)  
who also observed increases after 
a proposed training, although these 
were of lower proportions (increase 
of 18% and 28%, respectively).  
Oxygen consumption increase ob-
served in this study probably oc-
curred due to peripheral adjust-
ments, although it could have been 

influenced by cardiovascular system improvement (central 
adjustment). Peripheral adjustment has a faster effect and 
occurs due to an increased muscular force and resistance, 
which enables the muscle to extract a larger amount of 
oxygen (5). For central adjustment [related to heart rate (HR) 
and systolic volume (SV)] to occur, it is required that the 
physical activity performed stresses cardiovascular system. 
By recruiting large muscles groups, NMES on lower limbs 
activates those limbs’ venous pump, facilitates venous feed-
back, increases cardiac deficit, increasing the contractile 
ability of the heart through Frank-Starling mechanism(5,13). 
After 6 months of training, quadriplegic patients’ HR did 
not significantly increase during physical exercise due to 
a compromised sympathetic autonomous system. The 
moderate increase during gait probably occurred due to 
the parasympathetic inhibition, not due to sympathetic 
activation.    
Thus, the probable heart’s increased ability to pump 
blood to tissues in activity after training was due to an 
increased venous feedback (induced by NMES), with a 
resulting increase of systolic volume and of myocardial 

Figure 4 – Energetic consumption (kcal) obtained 
for CG (knee extension exercise) and GG (gait). 
Values expressed as average ± SD. A) Energetic 
consumption at the moment of study admission, 
during knee extension exercise (CG) and during 

gait (GG), B) Energetic consumption after 6 
months, during knee extension exercise (CG) and 

during gait (GG).

B

A

   Exercise 	                      Gait

   Exercise 	                      Gait

Baseline energetic consumption (kcal/min) 

Final energetic consumption (kcal/min) 
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contraction force, with no bias from HR increase, once a 
significant increase of SBP at rest occurred (from 94.16 ± 
5.14 to 101.67 ± 8.35 mmHg) and during gait (from 105 
± 5.22 to 110.83 ± 6.68 mmHg), with no changes in DBP 
and HR. Dela et. al.(13)  also observed during exercises in 
bicycle associated to NMES, in quadriplegic patients, an 
increased cardiac deficit (CD) due to an increased VS, 
while, in paraplegic patients, the CD increase occurred 
mostly due to a HR rise. Faghri et al.(6) have also observed 
a significant SBP increase  at rest, after a training program 
in ergometric bicycle combined to NMES (36 sessions, 
during 12 weeks), in chronic spinal cord injured patients. 
They theorized that the SBP increase after training may have 
occurred due to renal renin-angiotensin hormonal system 
adjustment, which stimulates arterioles vasoconstriction, 
increasing blood volume.   
The SBP rise during physical activity reflects an increase of 
cardiovascular activity (HR and/ or CD increase), which may 
occur with the use of NMES on lower limbs. However, the 
rise occurred in a moderate level, because quadriplegic pa-
tients with full injuries present with an extensive muscle palsy 
combined to a compromised sympathetic nervous system, 
jeopardizing cardiovascular response during gait.   
Patients belonging to control group also presented im-
provements on aerobic power (although at lower levels), 
with a significant VO2 increase at rest and during the knee 
extension exercise. 
According to Janssen et al.(14) the improvement of physical 
capacity occurs after injury’s acute phase lasting up to 
about 48 months after rachimedullary trauma due to the 
adjustment phase of the individual to his/ her new condi-
tion, which involves mobility enhancement by the use of 
preserved muscles.   
All patients included in control group were submitted to 
traditional physical therapy during the 6-month period of the 
study, with 6 out of 10 patients having an injury time below 

48 months, 2 having an injury time of 50 months and only 2 
patients with injury time above 96 months. Thus, metabolic 
and cardiovascular improvements seen may have occurred 
both due to spontaneous healing and due to traditional 
physical therapy, which involved exercises for preserved 
muscles and transfers training.     
Although patients from control group have also presented a 
significant VO2 increase during physical exercises, their values 
were significantly lower than those achieved during gait, even 
at a speed of 0.5 km/h.
After 6 months of training, GG patients presented a significant 
energetic consumption increase during gait. According to 
Blair et al.(15), low to moderate exercises levels, by enhancing 
energetic consumption, are already enough to reduce the risk 
of cardiovascular diseases, even in healthy patients. The low 
energetic consumption may be one explanation for the low 
oxygen consumption achieved during physical activity. 
Thus, rehabilitation program in patients with spinal cord inju-
ries are important to improve or maintain the health of skeletal 
and cardio-respiratory systems, and, as a result, to reduce 
risks of fractures on osteoporotic bones and to reduce risks 
of cardiovascular diseases, in addition to make them able to 
walk again as soon as possible.   

CONCLUSIONS

The results showed that gait training was efficient in increas-
ing bone formation rate (observed through bone metabo-
lism markers), and also that even quadriplegic patients, 
with full injuries, may benefit from regular physical activity, 
improving metabolic and cardio-respiratory responses.
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