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Does locomotor training improve pulmonary function
in patients with spinal cord injury?

T Tiftik1, NKO Gökkaya1, FÜ Malas1, H Tunç1, S Yalçın1, T Ekiz1, E Erden1 and S Akkuş2

Objectives: The aim of this study was to compare the effects of a locomotor training (LT) combined rehabilitation program with a
rehabilitation-only program on pulmonary function in spinal cord injury (SCI) patients by investigating spirometric analyses of the
patients.
Setting: Rehabilitation center in Ankara, Turkey.
Methods: Fifty-two patients (40 male, 12 female) with SCI enrolled in the study. The subjects were divided into two groups: the first
group (group A) received both LT and a rehabilitation program and the second group (group B) received only the rehabilitation program
for 4 weeks. The LT program was prescribed as three 30-min sessions per week. Pulmonary function was evaluated spirometrically in
both groups before and after the rehabilitation program.
Results: The spirometric values of the SCI patients, including forced vital capacity, forced expiratory volume in 1 second, forced
expiratory flow rate and vital capacity (VC) and VC%, increased significantly with LT in the first group (all Po0.05). Maximum voluntary
ventilation values increased significantly in both groups (both Po0.05).
Conclusion: These findings suggest that LT is effective for improving pulmonary function in SCI patients. We also highlight the useful
effects of LT, which are likely the result of erect posture, gait and neuroplastic changes that prevent potential complications in SCI
patients.
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INTRODUCTION

Patients with spinal cord injury (SCI) experience a decrease in lung
volume because of alterations in inspiratory and expiratory muscle
function. Decreased chest wall and lung compliance, increased
abdominal wall compliance and rib cage stiffness with paradoxical
chest wall movements also contribute to breathing difficulties.1

Expiratory muscle function weakness can result in ineffective cough
and a tendency toward mucus retention. Patients with cervical SCI
also demonstrate heightened vagal activity, with increased secretions,
bronchospasms and pulmonary edema.2 As a result, pulmonary
complications have become the main cause of morbidity and mortality
in SCI patients.1,3 Locomotor training (LT) in the form of body weight
supported treadmill training (BWSTT) has become part of the
rehabilitation program of SCI patients. Although most studies have
focused on the effects of LT on the functional walking ability of
patients with SCI, it also has many positive effects as a whole-body
exercise procedure, such as on cardiopulmonary function, body
composition and quality of life.4,5

Until recently, however, the effects of LT on the respiratory system
have received little attention. Soyupek et al.5 investigated the heart rate,
blood pressure and resting pulmonary function parameters at baseline
and after BWSTT of eight subjects (two female, six male) with
incomplete SCI. Terson de Paleville et al.6 compared eight patients
with chronic SCI and 14 non-injured subjects. Sherman et al.7

presented a cervical SCI case in whom BWSTT resulted in reduced

ventilatory demand and promoted locomotor–respiratory coupling
during walking. However, none of those studies compared the effects
of LT and a conventional rehabilitation program on pulmonary
function. Therefore, our aim was to compare the effects of a combined
LT and rehabilitation program with the effects of a rehabilitation-only
program on pulmonary function in SCI patients by investigating the
spirometric analyses of the patients. We hypothesized that LT would
have a greater therapeutic effect on the pulmonary function of SCI
patients as observed with pulmonary function tests.

MATERIALS AND METHODS

Participants
Fifty-two patients (40 male, 12 female) with SCI who were admitted to an
inpatient rehabilitation program were enrolled in this study. Patients with
concomitant brain injury, joint limitations or severe spasticity (Modified
Ashworth Scale grades 3 and 4) and patients who were not cooperative were
excluded. None of the patients had a previous history of pulmonary disease.
The study protocol was approved by the local Medical Ethics Committee. Each
patient provided informed consent to participate in the study.

Study design
This study was carried out prospectively. The subjects were divided into two
groups: the LT group (group A; 19 males and seven females) and the control
group (group B; 21 males and five females). Although the patients in group A
received both LT and rehabilitation programs, the patients in group B received
only the rehabilitation program. The conventional rehabilitation program
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included a range of motion/stretching exercises; balance, endurance and
coordination exercises; gait training with orthoses; and occupational therapy.

Data collection—clinical assessment
The demographic and clinical features of the patients were recorded. Injury
severity was classified according to the American Spinal Injury Association
Impairment Scale (AIS).8 The Functional Independence Measure motor score
was used to assess functional ability. Spasticity was measured by using a
modified Ashworth Scale. Pulmonary function parameters were obtained with
spirometry.

Locomotor training
The locomotor training program was prescribed as three 30-min sessions per
week for 4 weeks. Before the training session, the subjects were fitted with a
harness and body weight support system (Hocoma AG, Switzerland), support-
ing the trunk and pelvis over a treadmill and supporting the legs with cuffs.
Treadmill speed was initially set as low as 1.0 km h− 1 and increased by the
therapist up to 1.5 km h− 1 as tolerated by the subject.

Pulmonary function test
Resting pulmonary function parameters, including forced vital capacity (FVC),
forced expiratory volume in 1 second (FEV1), forced expiratory flow rate
25–75% (FEF 25–75%), peak expiratory flow rate (PEF), vital capacity (VC),
the ratio of FEV1 to FVC (FEV1/FVC) and maximum voluntary ventilation
(MVV), were assessed spirometrically (Spirolab II; MIR, Italy) by the same
person. Spirometry testing was performed with the patient in the seated
position. Instructions were given and maneuvers were demonstrated for the
participants before testing. Three acceptable spirograms were obtained, and the
best result was used. The measurements were taken according to American
Thoracic Society/European Respiratory Society, 2002 standards for acceptability
and reproducibility.9 The spirometry device calculates predictive values for
every patient, taking into account the patient’s age, gender, race, weight and
height. We considered spirometric values that reached at least 80% of the
predicted values to be normal. The respiratory functional parameters of both
groups were measured by spirometry before and after the rehabilitation
program.

Statistical analysis
SPSS software version 15.0 (SPSS, Chicago, IL, USA) was used in the evaluation
of the data; Po0.05 was considered statistically significant. Descriptive statistics
were performed for all variables measured. The demographic and clinical data
of the two groups were compared with the Mann–Whitney U-test or Student’s
t-test where appropriate. A χ2-test was used to analyze differences between the
groups for categorical variables. A paired t-test or McNemar’s test was used for
within-group comparisons and subgroup analyses.

RESULTS

Characteristics of the 52 study subjects are shown in Table 1. The
mean age of the patients was 31.2± 12.7 years in group A (LT group)
and 35.6± 15.0 years in group B (control group) (P= 0.259). Group A
included 19 male and 7 female SCI patients (7 cervical, 6 thoracic
and 13 lumbosacral injuries) and group B included 21 male and 5
female SCI patients (10 cervical, 9 thoracic and 7 lumbosacral
injuries). Time since injury was 10.6± 13.5 months in group A and
14.5± 12.5 months in group B (P= 0.291). There were no significant
differences in age, body mass index, gender, smoking or time since
injury between the groups. Distribution of the injury levels of the
groups is shown in Table 2.
The spirometric values of the SCI patients are provided in Table 3.

Although the initial spirometric values of group B were lower
compared with those of group A for all parameters, the differences
were not statistically significant. After treatment, FVC, FEV1, FEF 25–
75 and VC and VC% values increased significantly only in group A

(all Po0.05); MVV values increased significantly in both groups
(both Po0.05).
To evaluate subgroups, we grouped the patients according to the

injury level (cervicothoracic vs lumbosacral) and injury severity
(motor complete (AIS A–B) vs incomplete (AIS C–D) injury). We
found statistically significant results showing VC and FVC improve-
ment in group A for all injury levels and injury severities (Table 4).
When we assessed the predictive spirometric values, we found
improvement in some of the values after LT, although those did not
reach statistical significance.

Table 1 Characteristics of the study subjects

Variable Group A Group B P-value

Age (years) 31.2±12.7 35.6±15.0 0.259

BMI 34.3±24.4 30.11±23.5 0.401

Gender (M/F) 19/7 21/5 0.510

Smoking (yes/no) 8/18 7/19 0.621

Time since injury (months) 10.6±13.5 14.5±12.5 0.291

FIM 46.7±19.7 51.2±13.2 0.324

Level of injury, n (%)
C1–C8 7 (26.9) 10 (38.5)

T1–T12 6 (23.1) 9 (34.6)

L1–S4/5 13 (50.0) 7 (26.9)

Cause of SCI, n (%)
Traumatic 25 (96.2) 19 (73.1)

Non-traumatica 1 (3.8) 7 (29.9)

Completeness of injury, n (%)
Complete (AIS A) 8 (30.8) 10 (38.5)

Incomplete (AIS B, C, D) 18 (69.2) 16 (61.5)

Abbreviations: AIS, American Spinal Injury Association Impairment scale; BMI, body mass
index; FIM, functional independence measurement; SCI, spinal cord injury.
Values are given as mean± s.d., ratio, or n (%).
aneoplasia, infection, iatrogenic, vascular.

Table 2 Injury level distribution in the groups

AIS Cervical (n) Thoracic (n) Lumbosacral (n)

A
LT 2 4 2

CG 1 6 3

B
LT 2 1 4

CG 2 2 0

C
LT 0 1 6

CG 4 1 2

D
LT 3 0 1

CG 3 0 2

Total (n) 17 15 20

Abbreviations: CG, control group (group B); LT, locomotor training group (group A).
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DISCUSSION

In this study, we compared the effects of a combined LT rehabilitation
program and a conventional rehabilitation program only on the
pulmonary functions of SCI patients. Our results showed that LT had
positive effects on VC and FVC values in SCI patients compared with
the control group.
The effects of LT on pulmonary function have been mentioned

previously in the literature.5–7 Soyupek et al.5 investigated the heart
rate, blood pressure, resting pulmonary function parameters and
psychological status (using the Beck Depression Inventory) of eight
subjects (two females and six males) with incomplete SCI at baseline
and after BWSTT. They found that undergoing BWSTT for 6 weeks
had a positive effect on heart rate and limited effect on pulmonary

function. Terson de Paleville et al.6 compared the eight patients with
chronic SCI (25± 12 months post-injury) and 14 non-injured subjects
and found that LT significantly improved pulmonary function in the
individuals with chronic SCI. Sherman et al.7 presented a case with
cervical SCI in which BWSTT resulted in reduced ventilatory demand
and promoted locomotor–respiratory coupling during walking.
Our spirometric test results revealed that FVC, FEV1, FEF 25–75

and VC values increased significantly with LT in Group A (Po0.05);
there were no significant differences among these parameters in Group
B. In subgroup analysis according to the level of injury and severity of
injury, we found significant results showing improvement in the
spirometric parameters, particularly VC and FVC, in the LT group.
These findings suggest that LT had greater incremental effects on

Table 3 Spirometric values in SCI patients (mean± s.d.)

Group A (N=26) Group B (N=26)

Before LT After LT P-value Before CR After CR P-value

VC (L) 3.4±0.9 3.6±0.9 0.000 3.1±0.8 3.1±0.9 0.596

VC% 74.7±16.3 80.6±17.3 0.001 70.7±16.8 71.5±17.1 0.696

FVC (L) 3.5±0.8 3.6±0.9 0.013 3.2±0.9 3.3±0.9 0.132

FVC% (L) 79.6±16.6 81.2±17.8 0.220 73.6±19.3 75.5±16.6 0.255

FEV1 (L) 3.1±0.7 3.2±0.7 0.035 2.8±0.8 2.9±0.8 0.226

FEV1% (L) 84.4±15.3 85.9±16.3 0.412 78.6±20.4 80.2±18.9 0.372

FEV1/FVC (%) 108.8±8.2 108.0±7.9 0.400 107.2±7.9 105.2±7.6 0.151

PEF (L/s) 6.1±1.8 6.4±1.9 0.072 5.6±1.4 5.8±2.0 0.309

PEF% (L/s) 70.8±14.5 74.7±18.9 0.109 65.3±14.1 69.5±20.0 0.263

FEF 25–75(L/s) 3.8±1.0 4.0±1.1 0.042 3.5±1.1 3.7±1.4 0.161

FEF 25–75% (L/s) 89.9±20.6 92.8±22.1 0.285 88.3±26.2 89.7±31.6 0.697

MVV (L/min) 82.3±22.8 89.1±24.8 0.029 76.4±18.2 84.4±23.9 0.021

Abbreviations: CR, conventional rehabilitation program; FEV1, forced expiratory volume in one second; FEF25–75, forced expiratory flow rate; FVC, forced vital capacity; LT, locomotor training; MVV,
maximum voluntary ventilation; PEF, peak expiratory flow rate; VC, vital capacity. Bold P-values indicate significance.

Table 4 Spirometric values in SCI patient subgroups (mean± s.d.)

Group A (N=26) Group B (N=26)

N Before LT After LT P-value N Before CR After CR P-value

VC%
Cervicothoracic 13 67.6±15.3 74.3±17.6 0.030 19 70.9±16.5 70.9±17.2 0.998

480 (%) 23.1 46.2 0.250 26.3 26.3 1.000

Lumbosacral 13 81.8±14.5 86.9±15.2 0.024 7 70.3±18.9 73.1±18.1 0.091

480 (%) 76.9 69.2 1.000 28.6 28.6 1.000

AIS A-B 15 72.2±15.0 75.9±14.4 0.032 14 71.6±17.3 72.9±15.8 0.615

480 (%) 40.0 40.0 1.000 21.4 28.6 1.000

AIS C-D 11 78.3±17.9 87.0±19.5 0.019 12 69.8±16.9 69.9±19.2 0.974

480 (%) 63.6 81.8 0.500 33.3 25.0 1.000

FVC%
Cervicothoracic 13 67.7±15.2 74.4±17.5 0.030 19 73.9±18.5 74.8±15.7 0.658

480 (%) 30.8 53.8 0.250 31.6 36.8 1.000

Lumbosacral 13 81.8±14.5 86.9±15.1 0.024 7 72.9±22.8 77.4±20.1 0.119

480 (%) 76.9 76.9 1.000 42.9 57.1 1.000

AIS A-B 15 72.1±15.0 75.9±14.4 0.032 14 77.2±19.1 77.6±15.4 0.870

480 (%) 33.3 53.3 0.250 35.7 42.9 1.000

AIS C-D 11 78.3±17.9 87.0±19.5 0.019 12 69.5±19.4 73.1±18.2 0.129

480 (%) 81.8 81.8 1.000 33.3 41.7 1.000

Abbreviations: AIS, American Spinal Injury Association Impairment Scale; FVC, forced vital capacity; LT, locomotor training; VC, vital capacity.
Significant values are in bold.
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forced respiratory function and lung capacity compared with the
conventional rehabilitation program.
Regulation of the respiratory system is known to be multifactorial.

Blood–gas concentration changes,10 brainstem nucleus control11 and
altered diaphragm and abdominal muscle activation by postural
changes12 are known to be effective. Volitional effort and effects of
LT on respiratory function likely take an active role in respiratory
regulation after SCI. In addition, a functional connection of the
corticospinal tract fibers, from motor cortex to the spinal motor
circuitry of the respiratory and accessory respiratory muscles, has also
been shown.13–18 Furthermore, LT has been shown to enhance
corticospinal connectivity to spinal motor circuitry in the leg muscles
of chronic incomplete SCI patients.19 In a study by Harkema et al.,20

specific motor tasks generated electromyographic activity in the trunk
muscles and extremities, showing that LT provides intensive proprio-
ceptive feedback to the spinal cord. Although different studies have
reported the positive effects of LT, the actual mechanism is not certain.
In the subgroup analysis of this study, we found that the VC and FVC
values of the SCI patients at all injury levels improved significantly. As
such, it is apparent that all of the mechanisms mentioned are active
during LT and LT might increase respiratory muscle activity, which
could lead to neuroplastic changes.
In our study, although we found significant improvements in FVC,

FEV1, FEF 25–75 and VC and VC%, no significant differences in FVC
%, FEV1%, PEF, PEF% or FEF 25–75% were observed between the
groups. The lack of significant changes in percentage values with the
LT program might be due to the short training time. Longer periods of
LT might result in increased values of all of the spirometric
measurements. Normal or elevated FEV1/FVC values are predictors
of restrictive pathologies, which is an expected pattern in SCI. In
contrast, MVV values increased significantly in both groups, possibly
due to the general exercise effect of the rehabilitation program.
The short duration of the LT program is one of the limitations of

this study. Another limitation is that we did not include maximum
expiratory and inspiratory pressure in our assessment. It would be a
powerful evaluation parameter to show improvement of the respira-
tory muscles directly. In addition, the level of injury is known to affect
pulmonary function tests in SCI patients, and the pulmonary function
parameters of patients with more severe neurologic deficits associated
with SCI are more severely impaired.21,22 In this study, the distribution
of injury levels might have affected the results in favor of the LT group,
as we had seven cervical level patients in the LT group and ten in the
control group and six thoracic level patients in the LT group and nine
in the control group. There were 13 lumbar-sacral level patients in the
LT group and 7 in the control group. Furthermore, although our
sample size was not very small, we believe that recruiting more
individuals might sharpen the differences between groups as well.

CONCLUSION

Our findings show that 4 weeks of LT as a whole-body exercise
procedure had positive effects on pulmonary function in SCI patients.
LT supplies the active component and contains a level of training
intensity that is crucial for respiratory improvement. In light of the
relevant literature, LT supports an erect posture, and cortical and
peripheral inputs for respiratory control can induce neuroplastic
changes that contribute to respiration.
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