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Immediate effects of obstacle crossing training in
independent ambulatory patients with spinal cord injury

W Pramodhyakul1,2, P Wattanapan2,3, W Siritaratiwat1,2, W Eungpinichpong1 and S Amatachaya1,2

Study design: A 2�2 cross-over design.
Objectives: To compare immediate effects of obstacle crossing training and conventional overground walking training on functional
ability among independent ambulatory patients with spinal cord injury (SCI).
Setting: A tertiary rehabilitation center, Thailand.
Methods: Twenty independent ambulatory participants with SCI received a 1-day overground walking training and a 1-day obstacle
crossing training program in a randomized cross-over design with a 2-day washout period. Immediately prior and after each training
program, the functional ability of all participants was measured using the timed up and go test (TUGT), five times sit-to-stand test
(FTSST) and 10-m walk test (10MWT).
Results: The TUGT, FTSST and 10MWT data were significantly better after obstacle crossing training (Po0.001) but not after the
overground walking training (P40.05). The improvement following obstacle crossing training was also significantly different from that
of the overground walking training (Po0.05).
Conclusion: Obstacle crossing training immediately enhanced functional ability related to walking of ambulatory participants with
SCI. However, a further longitudinal study using a randomized controlled trial is needed to support benefits of incorporation of
obstacle crossing training into rehabilitation practice.
Spinal Cord (2013) 51, 379–383; doi:10.1038/sc.2012.178; published online 22 January 2013
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INTRODUCTION

Independent walking is an optimal goal that patients with spinal cord
injury (SCI) want to achieve.1,2 Although the patients can improve
walking ability after participation in a rehabilitation program, the
majority of them do not recover functional walking.3,4 The ability of
their walking is likely to be limited to within the house, over a short
distance or with the support of a walking device.4 This may
significantly relate to the impairments following SCI and
effectiveness of rehabilitative strategies.
Currently, the methods of gait rehabilitation are likely to take place

in an empty room in order to increase the confidence of patients

while they practice walking.5 Such training conditions are different

from those that the patients have to encounter at home and in the

community, and may significantly impact on the applicability of the

treatment outcomes. In an everyday environment, obstacle crossing

such as over uneven paths, electric cords and branches is one of many

complex tasks associated with ambulation.2,6 To successfully

accomplish obstacle crossing by both limbs and walking devices,

patients have to modify their movement kinetics, kinematics and

spatiotemporal parameters to conform with the sizes of obstacles on

the floor, that is, lengthen a step length (for a wide obstacle) or use a

flexor strategy to increase foot clearance (for a high obstacle) on a

smaller base of support during a single support phase. Therefore, the

task poses greater demands on the balance control, lower extremity
motor strength and walking ability than unobstructed walking.6–9

Currently, there is rare evidence on the incorporation of obstacle
crossing training into rehabilitation practice for patients with SCI.
Musselman et al.10 reported the benefit of an intensive and variable
skill walking training program (including obstacle crossing) to
improve walking ability in four participants with SCI. However, the
program comprised many walking tasks, not only obstacle crossing
training exclusively. Therefore, the findings may not truly indicate
effects of obstacle training on walking ability of the patients. Based on
the challenges occurring during obstacle crossing, the researchers
hypothesized that the incorporation of obstacles into the process of
walking training might enhance rehabilitation outcomes. Therefore,
this study compared immediate effects of obstacle crossing training
and conventional overground walking training on functional ability
related to walking among independent ambulatory patients with SCI.
The findings may provide important clues for modifying
rehabilitation strategies for these patients.

PARTICIPANTS AND METHODS

Participants, study design and setting
The study was a 2� 2 cross-over design in which participants were

given a sequence of interventions (cross-over from one intervention to
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another intervention during the course of study), which allows individual

participants to serve as their own control to reduce effects of participants’

variation and the number of sample size required for the investigation.11

Based on the data from a pilot study in 12 independent ambulatory

participants with SCI, the research required 20 participants and a 2-day

washout period showed no significant carryover effects because of sequences of

training (Table 1).

Participants were recruited from a tertiary rehabilitation center in Thailand.

The inclusion criteria were age of at least 18 years, ability of walking

independently with or without walking devices for at least 50m (functional

independent measurement locomotor (FIM-L) scores 6–7),12 and ability to rise

from a chair independently with or without the use of hands. Participants were

excluded if they had an SCI from a progressive disease, and presented any signs

and symptoms that might affect participation in the study such as pain in the

musculoskeletal system (at rest and with movement) with an intensity of pain

of 45 out of 10 on a visual analog scale,13 deformity of the spine and lower

extremities, and other neurological or medical disorders that could have

negative impacts on ambulatory ability. Participants needed to sign a written

informed consent document approved by the local ethics committee before

participation in the study.

Apparatus
The setting required a 10-m walkway and four wooden obstacles (each of them

had 60 cm long � 0.8 cm thick) of four sizes, including 4 cm high, 8 cm high,

4 cm wide and 8 cm wide (Figure 1a) in order to represent obstacles likely to be

found in homes and communities.8

Experimental procedure
Each participant was involved in the study for 5 days. On the first day,

participants were assessed for their baseline demographics and neurological

deficits, that is, motor and sensory scores, levels of injury and severity of SCI

using the criteria from the American Spinal Injury Association (ASIA)

Impairment Scale (AIS).14 Then, on the second day, participants were

randomly allocated to participate in an obstacle crossing training program

(A) or overground walking training program (B) using stages of SCI (subacute

(post-injury time or PIT o12 months) and chronic (PIT X12 months)

stages),15 level of injury (tetraplegia or paraplegia) and FIM-L scores (FIM-L 6

or 7) as criteria for the training arrangement. After 2 days washout period,

participants were trained using the other program. Therefore, 10 participants

were trained using AB sequence and the other 10 participants were trained

using the BA sequence. Each training program lasted 30min (excluding rest

periods). Details of the training programs are as follows:

Overground walking training. Participants were instructed to walk at a self-

determined walking speed along a 10-m walkway with or without a walking

device continuously as good and as long as they could.

Obstacle crossing training. The four obstacles were randomly placed on the

floor at 2-m intervals (Figure 1b). The wide obstacles were placed flat on the

floor and the high obstacles were attached vertically to the floor with a small

amount of adhesive gum. Thus, if any obstacle was contacted by a foot or

walking device, it fell flat on the floor to minimize the risk of tripping or injury

to the participants. During training, participants were instructed to walk

continuously over every obstacle at their self-determined walking speed with or

without a walking device (Figures 1c and d), and not to attempt any obstacle

that might pose a risk of injury for them.

The total training time lasted about 1 h. During training, participants did

not wear shoes but needed to wear a lightweight safety belt around the waist

Table 1 Carryover effect analysis

Variable SAB (mean±s.d.) SBA (mean±s.d.) P-value

Timed up and go test 52.12±28.15 40.99±36.51 0.57

Five times sit-to-stand test 32.53±13.12 22.67±9.04 0.16

10-m walk test 1.21±0.69 1.58±0.87 0.43

Null hypothesis: gA¼ gB; where gA denotes carryover effects of intervention A (obstacle crossing)
and gB denotes carryover effects of intervention B (overground walking). The hypothesis that
gA¼ gB was tested by comparing the mean sum of SAB (SAB ) and the mean sum of SBA (SBA)
using the independent samples t-test.
SAB¼ X1,ABþ X2,AB and SBA¼ X1,BAþX2,BA, where Xi,AB denotes the post-test outcomes of the
measurement made in period i (1 or 2) on the participants who received the interventions in
the order AB, and Xi,BA denotes the same for participants who received interventions in the
order BA.
P-value, analyzed using independent-samples T-test (a¼0.1).

Figure 1 Obstacle crossing training. (a) Four wooden obstacles (60cm long�0.8 cm thick) with the width of 4 and 8cm, and the height of 4 and 8cm. (b)

Training setting. (c) Obstacle crossing training (lead limb crossing). (d) Obstacle crossing training (trail limb crossing). A full color version of this figure is

available at the Spinal Cord journal online.
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with a therapist walking or being aside the participant to ensure safety. They

were able to take a period of rest as required or with the modified Borg Scale

more than 5 (range 0–10; 0: no dyspnea; 10: worst possible dyspnea).16 During

taking part in the study, participants still received routine treatments from

other rehabilitation professionals as needed.

Functional mobility tests. Immediately before and after each training pro-

gram, participants were assessed for their functional ability using the timed up

and go test (TUGT), five times sit-to-stand test (FTSST) and 10-m walk test

(10MWT) in a random order using the Latin square. Details of the tests are as

follows:

Timed up and go test: Participants sat on a standard armchair with their

back against the backrest of the chair and their arms on the armrests of the

chair or the walking device. They were instructed to stand up from the chair,

walk at a fast and safe speed for 3m, turn around a traffic cone, walk back and

sit down on the chair with or without a walking device. Then the average time

required for the three trials was recorded.17,18

Five times sit-to-stand test: Participants sat on an armless chair with their

back upright at 901 against the backrest of the chair, placing their feet flat on

the floor with the heels about 10 cm behind the knees, while their arms were at

their sides or on the walking devices. The test measured the time taken to

complete five repetitions of the sit-to-stand maneuver. The average time for the

three trials was used for data analysis.18,19

10-m walk test: Participants were instructed to walk at a self-selected speed

along a 10-m walkway with or without a walking device. To minimize

acceleration and deceleration effects, the time required over the middle 4m of

the walkway was recorded.18,20 The average time required for the three trials

was converted to walking speed.

Statistical analyses. The descriptive statistics were applied to explain baseline

demographics and findings of the study. The carryover (or residual) effects of

the first intervention that might persist and distort the second intervention

were assessed using the method proposed by Grizzle.21 The method proceeds

in two steps, the first involving the intra-participant sums (S) of the training

sequences in which SAB¼X1,ABþX2,AB and SBA¼X1,BAþX2,BA (where Xi,AB

denotes the post-test outcomes of the measurement made in period i (1 or 2)

on the participants who received the interventions in the order AB, and Xi,BA

denotes the same for participants who received interventions in the order BA).

Then the null hypothesis that gA¼ gB (where gA denotes carryover effects of

intervention A and gB denotes the same for intervention B) was tested by

comparing the mean sums �SAB ¼ �SBA using the independent samples t-test.

Grizzle21 recommended that the test should be performed at a significant level

greater than the traditional value of 0.05, such as 0.10 or 0.15, and the study

used a level of significance for carryover effects at Po0.10. If it is significant,

only data for period 1 are used for data analyses. However, if it is not

significant, the data of both periods are applied for analyses.11,22 Then the

differences between pre- and post-training in each intervention were compared

using the Wilcoxon signed-rank test. Subsequently, the changes of both

interventions were compared using the Mann–Whitney U-test. A

P-valueo0.05 was considered as a level of statistical significance for the

training outcomes.

RESULTS

Table 2 presents baseline demographics for 20 participants (15 men
and 5 women) who completed the study (average age¼ 40.9±16.5
years). All of them had mild severe SCI (AIS D) in which
5 participants were at a subacute stage of injury (average PIT¼ 5±2.7
months) and 15 participants were at a chronic stage of SCI (average
PIT¼ 53.4±42.2 months).
As there were no significant carryover effects because of sequences

of training (P40.10, Table 1), the study reported data of all
participants for each variable. Table 3 demonstrates the findings for
the functional tests using the TUGT, FTSST and 10MWT. The results
showed that, after obstacle crossing training, participants showed
significant improvement in all variables (Po0.001). However, the
post-training data for overground walking training showed significant
difference from the pre-training data only for the FTSST (Table 3).
Moreover, the changed data following obstacle crossing training were
significantly different from those for overground walking training
(Po0.01 for the TUGT and FTSST, and Po0.001 for the 10MWT,
Table 3). In addition, the data were analyzed according to stages of
injury in order to ensure effects of the training methods (Tables 4 and
5). The findings demonstrated that obstacle crossing training facili-
tated the significant improvement of functional ability of the

Table 2 Characteristics of the participants

Variables Findings (n¼20)

Agea (years) 53.5 (19–72)

Post-injury timea (months) 25.5 (2–161)

Gender: males/females (n) 15/5

Cause: non-traumatic/traumatic (n) 17/3

Severities of injury: AIS C/D (n) 0/20

Level of injury: tetraplegia/paraplegiab (n) 10/10

Abbreviations: AIS, American Spinal Injury Association (ASIA) Impairment Scale; n, number.
aData are presented using median (range).
bTetraplegia infers injury to the cervical spinal cord, and paraplegia refers to injury to the
thoracic, lumbar or sacral spinal cord.

Table 3 Data of functional tests

Variables

Obstacle crossing training (n¼20)

P-valuea

Overground walking training (n¼20)

P-valuea

Change scoresb

P-valuec

Pre-training Post-training Pre-training Post-training Obstacle crossing

training

Overground

walking training

Timed up and go test (s) 14.34 (10.42:30.87) 13.33 (9.54:27.91) o0.001d 14.24 (10.49:29.95) 14.02 (10.95:29.48) 0.391 1.85 (0.78:2.65) 0.25 (�0.40:1.05) 0.002d

Five times sit-to-stand

test (s)

11.44 (8.40:16.44) 8.28 (6.78:14.78) o0.001d 11.36 (8.53:15.38) 10.68 (8.07:13.91) 0.020d 1.83 (1.27:3.55) 0.50 (0.00:1.76) 0.004d

10-m walk test (ms�1) 0.76 (0.39:0.89) 0.82 (0.46:1.03) o0.001d 0.75 (0.43:0.89) 0.73 (0.46:0.90) 0.617 0.07 (0.04:0.16) 0.00 (�0.03:0.03) o0.001d

Data are presented using median (interquartile range, Q1:Q3).
aP-value from the Wilcoxon signed-rank test.
bChange scores between pre- and post-training.
cP-value from the Mann–Whitney U-test.
dIndicates significant difference.
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participants, particularly at a chronic stage of injury (Pp0.001,
Table 4).

DISCUSSION

The study investigated immediate effects of obstacle crossing training
as compared with the conventional overground walking training on
functional ability among independent ambulatory patients with SCI
using a cross-over design. The findings suggested that, after obstacle
crossing training, participants showed significant improvement of
functional ability as measured using the TUGT, FTSST and 10MWT.
The improvement was also significantly different from that for
overground walking training (Table 3). Moreover, the improvement
was clearly demonstrated in participants at a chronic stage of SCI
(Table 4).
The TUGT, FTSST and 10MWT have been verified for their validity

and reliability to assess functional ability of participants with SCI who
walked with and without a walking device.18,23 The TUGT is a timed
walking test that is designed to measure mobility and balance
control.24 The FTSST has been used to quantify balance control,
risk of fall, levels of disability and lower extremity motor strength.19,25

The 10MWT measures walking capacity that the results relate to
overall quality of walking in patients with SCI.18,26 Thus, the findings
suggested that obstacle crossing training significantly improved
functional ability relating to walking of the participants, and the

improvement was significantly greater than that of overground
walking training (Table 3).
The significant improvement following obstacle crossing training

may relate to the task demands. Walking over an obstacle required
participants to precisely swing the foot while maintaining body
balance through coordinated joint movements of the stance limb.27

Thus, the task poses high demands on balance control and
the ability to modify movement kinetics, kinematics and
spatiotemporal parameters to conform with the size of obstacles
on the floor.7–9,27 Then repetitive practice of the obstacle crossing
task facilitated the improvement of functional ability as measured
using the TUGT, FTSST and 10MWT. Importantly, the
improvement was clearly seen in participants with chronic SCI.
At a chronic stage, the movement systems become less plastic and
are limited in the patterns that are difficult to make any
changes.15,28 Therefore, the findings suggest beneficial effects of
the incorporation of obstacle crossing into rehabilitation strategies
in order to improve functional ability relating to walking of
patients with SCI.
Nonetheless, there are some noteworthy limitations of the findings.

The training effects were immediately measured; thus the findings
might not truly indicate the learning effects. Moreover, every
participant had mild severe SCI (AIS D) and there were only five
participants at a subacute stage of SCI. Therefore, a further study in
participants with different severity of SCI (AIS C and D) using a

Table 4 Data of functional tests of participants at a chronic stage of injury (median post-injury time¼36 (24:82) months)

Variables

Obstacle crossing training (n¼15)

P-valuea

Overground walking training (n¼15)

P-valuea

Change scoresb

P-valuec

Pre-training Post-training Pre-training Post-training Obstacle crossing

training

Overground walking

training

Timed up and go

test (s)

14.57 (11.38:31.32) 13.55 (10.06:28.52) 0.001d 17.36 (11.73:30.32) 17.16 (11.28:31.96) 0.609 1.65 (0.89:2.43) 0.29 (�0.73:0.96) 0.011d

Five times sit-to-

stand test (s)

11.65 (9.08:15.67) 8.42 (7.11:14.05) 0.001d 10.56 (8.51:15.22) 11.30 (8.04:13.22) 0.105 1.88 (1.26:3.40) 0.49 (�0.15:1.05) 0.002d

10-m walk test

(ms�1)

0.70 (0.37:0.91) 0.77 (0.46:0.98) 0.001d 0.74 (0.42:0.85) 0.69 (0.45:0.90) 0.944 0.06 (0.04:0.14) �0.02 (�0.04:0.04) 0.002d

Data are presented using median (interquartile range, Q1:Q3).
aP-value from the Wilcoxon signed-rank test.
bChange scores between pre- and post-training.
cP-value from the Mann–Whitney U-test.
dIndicates significant difference.

Table 5 Data of functional tests of participants at a subacute stage of injury (median post-injury time¼4 (3:7.5) months)

Variables

Obstacle crossing training (n¼5)

P-valuea

Overground walking training (n¼5)

P-valuea

Change scoresb

P-valuec

Pre-training Post-training Pre-training Post-training Obstacle crossing

training

Overground walking

training

Timed up and go

test (s)

11.30 (10.28:5.95) 10.54 (9.56:13.14) 0.043d 14.03 (10.49:14.42) 13.18 (11.33:13.89) 0.345 2.60 (0.76:2.78) 0.14 (�0.02:1.24) 0.095

Five times sit-to-

stand test (s)

8.59 (6.99:24.53) 6.81 (6.67:19.00) 0.043d 12.15 (8.68:17.74) 8.91 (8.21:16.04) 0.080 1.78 (1.31:5.14) 1.70 (0.47:3.24) 0.548

10-m walk test

(ms�1)

0.78 (0.75:0.80) 1.02 (0.80:1.06) 0.043d 0.75 (0.52:0.88) 0.77 (0.56:0.91) 0.066 0.22 (0.06:0.26) 0.02 (0.02:0.03) 0.056

Data are presented using median (interquartile range, Q1:Q3).
aP-value from the Wilcoxon signed-rank test.
bChange scores between pre- and post-training.
cP-value from the Mann–Whitney U-test.
dIndicates significant difference.
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longitudinal randomized controlled trial with the assessments in a
retention period is needed to strengthen the findings.
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