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INTRODUCTION

Duchenne muscular dystrophy (DMD) is the most com-

mon progressive muscular disorder. It is caused by X-linked 
recessive mutations in the dystrophin gene, resulting in pro-
gressive muscle weakness.1) In Japan, DMD patients progress 
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Objectives: This study investigated the outcomes of the early introduction of a standing program 
for patients with Duchenne muscular dystrophy (DMD). Methods: This was a retrospective 
observational study of 41 outpatients with DMD aged 15–20 years. We introduced the standing 
program using knee–ankle–foot orthoses (KAFO) to slow the progression of scoliosis when ankle 
dorsiflexion became less than 0° in the ambulatory period. Results: Thirty-two patients with 
DMD were offered the standing program with KAFO; 12 continued the program until the age of 
15 years (complete group) and 20 discontinued the program before the age of 15 years (incom-
plete group). The non-standing program group included 9 patients. The standing program with 
KAFO was significantly associated with the Cobb angle at the age of 15 years after adjustment 
for the duration of corticosteroid use and DMD mutation type (P=0.0004). At the age of 15 years, 
significant correlations were found between the ankle dorsiflexion range of motion (ROM) and 
non-ambulatory period (P=0.0010), non-ambulatory period and Cobb angle (P<0.0001), Cobb 
angle and percent predicted forced vital capacity (P=0.0004), and ankle dorsiflexion ROM and 
Cobb angle (P=0.0066). In the complete group, the age at ambulation loss (log-rank P=0.0015), 
scoliosis progression (log-rank P=0.0032), and pulmonary dysfunction (log-rank P=0.0006) were 
significantly higher than in the non-standing program group. Conclusions: The early introduction 
of a standing program for DMD patients may prolong the ambulation period and slow the progres-
sion of scoliosis and pulmonary dysfunction.
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to a non-ambulatory state at the age of about 10 years in the 
natural course, followed by the development of scoliosis.2) 
If left untreated, over 70% of patients will develop scoliosis 
with a Cobb angle greater than 20°.3,4) The progression of 
scoliosis leads to decreased sitting tolerance, progression of 
pulmonary dysfunction, including loss of vital capacity and 
difficulty with expectoration, and decreased quality of life 
(QOL).5–7) Several treatment modalities have been used to 
prevent the progression of scoliosis.8) As a medical modal-
ity, corticosteroids have been used to reduce the incidence 
of scoliosis. However, 10%–30% of DMD patients treated 
with corticosteroids develop scoliosis with a Cobb angle 
greater than 20°.3,9,10) As a surgical modality, spinal fusion 
in DMD patients results in improvements in scoliosis, sitting 
balance, and QOL and prevents pulmonary dysfunction.11–16) 
However, the risk of complications following surgical cor-
rection of neuromuscular scoliosis is still estimated to be 
33%–62%.17–19)

Attempts to prevent scoliosis development using spinal 
braces and seating systems as rehabilitation modalities have 
been ineffective.20) However, standing devices have improved 
contractures and have prevented scoliosis and pulmonary 
dysfunction.21–23) Standing devices are recommended by the 
standard care guidelines for DMD in the initial non-ambu-
latory phase.24,25) However, the efficacy of prolonging the 
ambulatory period, introduction time, and the recommended 
duration are unclear.26) Only a few studies have focused on 
this topic, and none have evaluated the effects of outpatient 
standing programs on DMD in the Japanese population.

In previous studies,22,23) standing programs were intro-
duced after patients had developed difficulty with indepen-
dent walking. However, leg contractures related to DMD 
start when patients can still walk independently. There is 
a direct relationship between the development of lower leg 
contractures and the loss of independent ambulation during 
the initial stage of DMD.27) In addition, it has been reported 
that ambulation loss at an older age is related to later onset 
of scoliosis.28) Therefore, we hypothesized that initiating 
a standing program before losing ambulation may prevent 
lower leg contractures, prolong the ambulation period, and 
slow the progression of scoliosis. We retrospectively inves-
tigated the effects of a standing program with knee–ankle–
foot orthoses (KAFO) on ambulatory period, scoliosis, and 
pulmonary dysfunction.

MATERIALS AND METHODS

Study Design and Recruitment of Patients
We screened all patients with DMD visiting our rehabilita-

tion facility from April 2005 to August 2018. Subsequently, 
we selected subjects based on the inclusion and exclusion 
criteria. The following inclusion criteria were used: 1) date 
of birth between August 1998 and July 2003; and 2) the 
DMD diagnosis was confirmed by genetic and/or pathology 
testing. The following exclusion criteria were used: 1) a lack 
of essential data; 2) no restriction in ankle dorsiflexion at the 
age of 10 years; and 3) participation in any clinical trial for 
other DMD treatments.

Based on whether they had participated in a standing pro-
gram, participants were classified into the standing program 
group or the non-standing program group. Patients in the 
standing program group were divided into two subgroups: 
the “complete group” who continued the standing program at 
least once a week until the age of 15 years and the “incomplete 
group” who discontinued its use before the age of 15 years 
(Fig. 1). Although we recommended a daily 1-h session, 
the exact time and frequency were not strictly controlled. 
Transient interruptions caused by treatment complications 
were not considered discontinuation, including pneumonia 
and pressure ulcers. Before visiting our hospital, we asked 
patients in the non-standing program group about their treat-
ment history, age at ambulation loss, and Cobb angle.

This study was approved by the Medical Ethics Committee 
of the National Center of Neurology and Psychiatry (A2018-
099). Informed consent was obtained from patients or their 
parents in an opt-out manner.

Medical Management
Patient follow-up occurred at intervals of 1–6 months to 

evaluate lower leg range of motion (ROM). We offered a 
standing program with KAFO to patients that could walk 
independently when ankle dorsiflexion became 0° on at least 
one side. Patients were instructed to stand on a standing 
board with bilateral KAFOs, maintaining a symmetrical 
position of natural thoracic kyphosis and lumbar lordosis, 
leaning forward to maintain mild extension of the hips, and 
maintaining knee extension and ankle dorsiflexion as much 
as possible (Fig. 2). We recommend that patients continue 
the standing program until the age of at least 15 years, even 
after ambulation loss, because Japanese children have a 
pubertal height increase between 10 and 15 years of age.29) 
Independent of the standing program, we provided instruc-
tions to all patients during the observation period for lower 
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leg and trunk stretches, lumbar lordosis in the chair-sitting 
position, as well as respiratory rehabilitation. We indicated 
nocturnal ventilation in patients who had any of the follow-

ing: signs or symptoms of hypoventilation [patients with 
percent predicted forced vital capacity (%FVC<30%) are at 
especially high risk], a baseline oxygen saturation (SpO2) of 
less than 95% and/or blood or end-tidal pCO2 greater than 
45 mmHg while awake, an apnea-hypopnea index (AHI) 
greater than 10 h−1 on polysomnography, or four or more 
episodes of SpO2 less than 92% or falls in SpO2 of at least 
4% per hour of sleep.30)

Functional Measures
At each visit, functional measures, including age, body 

weight, and body mass index (BMI) at ambulation loss, 
standing program discontinuation, spinal fusion surgery, 
and initiation of non-invasive positive pressure ventilation 
(NPPV), were routinely recorded by attending physicians, 
physiatrists, physiotherapists, and occupational therapists. In 
addition, the daily duration of the standing program, train-
ing frequency per week, and the lower leg range of motion 
(ROM) were recorded. We adjusted and re-prescribed the 
KAFO several times as the patients grew. For patients older 
than 7 years, spirometry and radiography of the spine were 
performed once or twice per year. We also collected data 
regarding corticosteroid use.

The endpoints used to assess the efficacy of the standing 
program were age at the following times: at ambulation loss, 
when scoliosis became greater than 40°, when the %FVC 
became less than 40%, and when mechanical ventilation was 
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Fig. 1. Flowchart of patient selection.

Fig. 2. Use of the standing board with KAFO as imple-
mented in the standing program. To maintain the position of 
natural thoracic kyphosis and lumber lordosis, we instructed 
the patient to lean forward and maintain mild extension of 
the hips, knee, and ankle joints with the assistance of belt 
restraints and KAFO for more than 1 h every day. KAFO 
helps to maintain a symmetrical standing position.
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initiated. These endpoints (Cobb angle >40°; %FVC <40%) 
were used because patients with a Cobb angle of 40° or more 
experience sitting difficulties and respiratory interventions 
are recommended when %FVC drops below 40%.30) Loss 
of ambulation was defined as patient inability to ambulate 
alone or full-time use of a wheelchair. Spinal curvature 
was measured using the Cobb method on anteroposterior 
spine radiographs recorded while the patients were seated. 
If the patient was unable to sit, radiographs were taken in 
the supine position. Spirometry was performed in the sitting 
position.

Statistical Analysis
Continuous variables are expressed as mean ± standard de-

viation, and categorical variables are expressed as numbers 
and percentages. Fisher’s exact test was used for categorical 
variables, and analysis of variance or the Kruskal–Wallis test 
was used for continuous variables. Spearman correlation co-
efficients assessed the correlation between ankle dorsiflexion 
ROM, non-ambulatory period, Cobb angle, and %FVC at the 
age of 15 years.

Multiple regression analysis was used to assess the re-
lationship between the Cobb angle at the age of 15 years, 
status of standing program implementation, duration of 
corticosteroid use, and DMD mutation type. We set the 
Cobb angle at the age of 15 years as the dependent variable, 
and the independent variables were the status of standing 
program implementation, duration of corticosteroid use, 
and DMD mutation type. We classified the implementation 
status into three categories: complete, incomplete, and non-
standing program groups. In addition, DMD mutation was 
categorized into three groups: minor type (patients amenable 
to skip exon 8 or 44),31–33) severe type (patients amenable 
to skip exon 51 or 53),31) and others (patients not amenable 
to skip exons 8, 44, 51, 53). The dependent variables were 
logarithmically transformed to exhibit a normal distribution.

We used Kaplan–Meier analysis to compare the complete, 
incomplete, and non-standing program groups for ambula-
tion loss, Cobb angle greater than 40°, %FVC less than 40%, 
and initiation of mechanical ventilation. The median partici-
pant age at initiation of the standing program was compared 
using a log-rank test. Hazard ratios (HR) were expressed 
with 95% confidence intervals (95% CI). P values less than 
0.05 with Bonferroni correction were considered statistically 
significant. All analyses were performed using JMP version 
17.0 software (SAS Institute, Cary, NC, USA).

RESULTS

A total of 103 patients were screened; 40 were excluded 
because of insufficient data. Among the 63 patients ana-
lyzed, 13 were excluded because they had no restrictions in 
ankle dorsiflexion at the age of 10 years. Nine patients were 
excluded because they had participated in clinical trials. 
Finally, 32 patients accepted the standing program (standing 
program group). Among the complete group, 11 of the 12 pa-
tients engaged in the standing program for a minimum of 30 
min per session, four times weekly, while they were 15 years 
old. The remaining patient underwent a weekly standing 
program. Nine patients who could not stand or walk inde-
pendently because of severe dorsiflexed ankle contractures 
at the first visit were not introduced to the standing program 
(non-standing program group) (Fig. 1). However, these 
patients had undergone standard treatment before visiting 
our hospital, including corticosteroid therapy and standard 
rehabilitation management (lower leg and trunk stretches 
and lumbar lordosis guidance in the chair-sitting position).

Table 1 shows the characteristics of the three groups. 
Regarding age at the first visit, patients in the standing 
program group were significantly younger than those in the 
non-standing program group. Most patients were on oral cor-
ticosteroids during the observation period. Among the three 
groups, there was no significant difference in corticosteroid 
use or the age of corticosteroid administration. Most patients 
in the standing program group had been on corticosteroids 
before starting the standing program (11/12 patients in the 
complete group; 17/20 patients in the incomplete group). Two 
patients in the incomplete group were not using corticoste-
roids during the observation period. Two remaining patients 
in the complete group and the incomplete group started 
corticosteroid therapy 1 year after the standing program 
started. Corticosteroids were continued without interrup-
tion throughout the observation period. When the standing 
program started, there was no significant difference between 
the complete and incomplete groups for age or Cobb angle. 
Although pulmonary function was only measured in 14 of 
the 32 patients within 1 year of the program starting, the 
mean %FVC in the complete group was significantly greater 
than that in the incomplete group.

Table 2 shows the results for the three groups. At the age 
of 15 years, the Cobb angle was significantly smaller and the 
%FVC was significantly greater in the complete program 
group than in the non-standing program group. However, 
there was no significant difference among the three groups 
for the ankle dorsiflexion ROM. More than 50% of patients 
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discontinued the program before 15 years of age (mean age 
of 11.9 years). The main reasons for discontinuation were 
increased care burden related to weight increase, change in 
lifestyle upon entering junior high school, or fear of standing 
after suffering fractures in previous falls. No pain was caused 
by the standing exercise. No patients fell during the standing 
program with the KAFO. The mean age at ambulation loss 
was significantly older in the complete group, followed by the 
incomplete group, and then the non-standing program group. 
No data were available for body weight and BMI in the non-
standing program group. The body weight at ambulation loss 
was significantly greater in the complete group than in the 
incomplete group, whereas the BMI at ambulation loss was 
not significantly different between the two groups.

Figure 3 shows the results of correlation analysis. At the 
age of 15 years, there were moderate correlations between 
ankle dorsiflexion ROM and the non-ambulatory period, non-
ambulatory period and Cobb angle, Cobb angle and %FVC, 
and ankle dorsiflexion ROM and the Cobb angle. Table 3 
displays the results of the multiple regression analysis. The 
status of standing program implementation with KAFO was 
significantly associated with the Cobb angle at the age of 15 
years after adjustment for duration of corticosteroid use and 

DMD mutation type.
Figures 4 and 5 show the detailed course of scoliosis and 

%FVC in the three groups. In the complete group, scoliosis 
was controlled to a Cobb angle mostly under 20°, even after 
loss of ambulation (Fig. 6A), excluding the patient who only 
performed the standing program once a week. The remain-
ing patients in the complete group participated in a standing 
program at least four times a week. In the complete group, 
pulmonary dysfunction was better controlled than in the in-
complete and non-standing program groups, even after loss 
of ambulation (Fig. 6B).

In the incomplete group, scoliosis was controlled during 
the period before discontinuation of the standing program, 
even after ambulation loss (Fig. 6A). However, after discon-
tinuing the program, scoliosis progressed to greater than 40°. 
In addition, %FVC was mostly maintained before the stand-
ing program was discontinued, even after ambulation loss 
(Fig. 6B). In the non-standing program group, the scoliosis 
of several patients progressed more severely than those in the 
incomplete group.

Figure 7 shows the results of the Kaplan–Meier survival 
analysis. The median ages at ambulation loss were 12.5, 10, 
and 9 years in the complete, incomplete, and non-standing 
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Table 2. Results of the three groups

Result Complete 
group 
(n=12)

Incomplete 
group (n=20)

Non-standing 
program 

group (n=9)

P Complete vs. 
non-standing 

program

Incomplete vs.  
non-standing 

program

Complete vs. 
incomplete

Cobb angle at age  
15 years (±1),  
degrees

10.33 
(13.68) 
(n=12)

23.20 (21.62) 
(n=20)

48.11 (32.59) 
(n=9)

0.0021* 0.0007* 0.0222* 0.097

%FVC at age 15 
years (±1), %

61.02 
(19.39) 
(n=12)

35.95 (17.46) 
(n=20)

39.47 (20.18) 
(n=9)

0.0023* 0.0326* 0.886 0.0020*

Larger ROM of 
ankle dorsiflexion 
at 15 years, degrees

−21.55 
(6.08) 
(n=11)

−35.25 (4.51) 
       (n=20)

−31.43 (7.63) 
(n=7)

0.21

Age at program  
discontinuation, 
years (n=20)

11.9 (1.48)

Age at ambulation 
loss, years

13.25 (3.34) 10.45 (2.04) 8.89 (1.29) 0.0023* 0.0039* 0.0215* 0.0226*

Body weight at  
ambulation loss, kg

45.36 
(13.22) 
(n=12)

34.06 (7.46) 
(n=15)

Unknown - - - 0.0212*

BMI at ambulation 
loss, kg/m2

22.15 (4.52) 
(n=12)

19.73 (3.48) 
(n=15)

Unknown - - - 0.1436

Data given as mean (standard deviation).
Significant difference P<0.05.
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program groups, respectively. The log-rank test revealed 
that the index age in the complete group was significantly 
higher than that in the incomplete and non-standing program 
groups; additionally, the incomplete group index age was 
greater than that in the non-standing program group. The 
median age of scoliosis exceeding 40° was 14 years in the 
non-standing program group. However, this finding could 
not be determined in the complete and incomplete groups 
because over 50% of patients were still alive when the 
observation period ended. The log-rank test demonstrated 
that the index age was significantly higher in the completed 
program group than in the non-standing program group. The 
median age when %FVC dropped below 40% could not be 
determined in the complete program group; however, it was 
15 and 16 years in the incomplete and non-standing program 

groups, respectively. The log-rank test revealed that the in-
dex age was significantly higher in the completed program 
group than in the incomplete and non-standing program 
groups. The median age at ventilation initiation could not be 
determined in the complete program group; however, it was 
18 and 20 years in the incomplete and non-standing program 
groups, respectively. The log-rank test indicated that there 
was no significant difference in index age among the three 
groups.

For the complete vs. non-standing program groups, in-
complete vs. non-standing program groups, and complete vs. 
incomplete groups, the HRs (95% CI) for ambulation loss 
were 4.49 (1.48–13.66), P=0.0082; 1.05 (0.48–2.33), P=0.899; 
and 2.45 (1.04–5.74), P=0.0396, respectively. The HRs for 
scoliosis over 40° were 11.65 (1.38–98.14), P=0.0240; 2.22 
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Fig. 3. Correlations between ankle dorsiflexion ROM and non-ambulatory period (upper left), non-am-
bulatory period and Cobb angle (upper right), Cobb angle and %FVC (lower left), and ankle dorsiflexion 
ROM and Cobb angle (lower right). All correlations for age 15 years.

Table 3. Multiple regression analysis for the Cobb angle at age 15 years

Factor B Standard error β P value
Status of standing program implementation 21.94 5.64 0.61 0.0004*
Duration of corticosteroid use −1.23 1.11 −0.15 0.28
DMD mutation type −8.00 4.97 −0.25 0.12
*Significantly different between groups.
B, partial regression coefficient; β, standard partial regression coefficient.
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(0.74–6.66), P=0.1531; and 4.99 (0.61–40.68), P=0.1332 for the 
complete vs. non-standing program groups, incomplete vs. 
non-standing program groups, and complete vs. incomplete 
groups, respectively. The HRs for %FVC below 40% were 
8.23 (1.96–34.51), P=0.0039; 1.22 (0.48–3.11), P=0.6752; and 

5.68 (1.54–20.95), P=0.0091 for the complete vs. non-stand-
ing program groups, incomplete vs. non-standing program 
groups, and complete vs. incomplete groups, respectively. 
For ventilation initiation, the HRs were 4.69 (0.48–46.12), 
P=0.1856; 1.44 (0.41–5.13), P=0.5700; and 4.42 (0.51–38.05), 
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Fig. 4. Detailed course of scoliosis in each group. In the incomplete group, four patients underwent spi-
nal fusion: two patients at age 15 years, one patient at age 14 years, and one patient at age 13 years. In the 
non-standing program group, one patient underwent spinal fusion at age 16 years. Dotted lines represent 
patients undergoing spinal fusion. Cobb angle data after spinal fusion are not shown.

Fig. 5. Detailed course of %FVC in each group. Dotted lines represent patients undergoing spinal fusion. 
%FVC was not recorded after spinal fusion.



Copyright © 2023 The Japanese Association of Rehabilitation Medicine

P=0.1756 for the complete vs. non-standing program groups, 
incomplete vs. non-standing program groups, and complete 
vs. incomplete groups, respectively.

DISCUSSION

Main Findings
In this study, we observed the long-term rehabilitation 

outcomes of patients with DMD in Japan. We consider that 
early introduction of a standing program with KAFO is asso-
ciated with ambulation period and the prevention of scoliosis 
progression and pulmonary dysfunction.

Possible Mechanisms of the Standing Pro-
gram for Preventing Scoliosis and Pulmonary 
Disfunction

In our study, the Cobb angle and %FVC at the age of 15 
years were significantly better in the standing group than in 
the non-standing program group. Furthermore, the ambula-
tion period was significantly longer in the standing group 
than in the non-standing group. We considered that stretch-
ing the ankle, knee, and hip joints with a KAFO while stand-
ing on a standing board may prolong the ambulatory period 
and maintain postural symmetry, including natural thoracic 
kyphosis and lumbar lordosis, and prevent the progression of 
scoliosis, even after loss of ambulation.

Although there was no significant difference in ankle dor-

siflexion ROM at the age of 15 years among the complete, 
incomplete, and non-standing program groups, the ROM was 
significantly correlated with the non-ambulatory period and 
the Cobb angle. In addition, there was a significant correla-
tion between the non-ambulatory period and the Cobb angle. 
The lack of a significant difference in ankle ROM among the 
groups can be attributed to increased variability because of 
the presence of ambulatory and non-ambulatory patients in 
each group at this age. In a previous study, controlling lower 
extremity contractures using KAFO prolonged the ambula-
tion period.34,35) Furthermore, correcting foot alignment and 
pelvic obliquity with a foot orthosis improved scoliosis.36) 
In ambulatory patients with DMD, lumbar lordosis locks the 
facet joints and prevents scoliosis. However, reduced spine 
extensibility causes lumbar kyphosis after loss of ambula-
tion, collapsing the facet joint locking; therefore, scoliosis 
develops rapidly.37) These findings support the hypothesis 
that the standing program prevents scoliosis.

In our study, patients were instructed to continue the 
standing program even after loss of ambulation. In addition, 
scoliosis was controlled while the standing program was 
continued during the non-ambulatory period. In the standing 
position, the lumbar region and lower extremities bear the 
body weight, resulting in better stretching of the hip, knee, 
and ankle joints than in the sitting position. Therefore, a 
standing program may help prevent the progression of sco-
liosis during the non-ambulatory period.
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Fig. 6. Detailed course of scoliosis and %FVC in each group based on the age at ambulation loss. (A) 
Scoliosis data (Cobb angle) for patients relative to the age when ambulation was lost (0 years). (B) %FVC 
data for patients relative to the age when ambulation was lost (0 years).
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In our study, Cobb angle and %FVC at the age of 15 years 
were significantly correlated. A standing program with a 
KAFO may be associated with slowed progression of sco-
liosis as well as slower declines in vital capacity and peak 
expiratory flow rate.22) However, there was a significant age 
delay when %FVC was less than 40% in the complete group 

when compared with the other groups. However, initiation 
of ventilation was not affected by the standing program. 
We introduced NPPV in patients with DMD because it re-
portedly preserves pulmonary function and improves their 
prognosis.22) NPPV indications are dependent on pulmonary 
dysfunction and other factors, including quality of life and 
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Fig. 7. Kaplan–Meier analyses comparing the effects of the standing program on ambulation, scoliosis, and pulmonary 
function. The endpoints were age at ambulation loss, age at which scoliosis exceeded 40°, age at which %FVC dropped below 
40%, and age at ventilation initiation. All P <0.05.
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the beliefs of patients and their care providers. Therefore, 
no statistically significant relationship between initiation of 
NPPV and standing time was observed.

Other Factors that may Affect Outcomes
Other factors affecting scoliosis include corticosteroid use 

and DMD mutation type. Treatment with corticosteroids re-
duces the risk of early ambulation loss, pulmonary dysfunc-
tion, scoliosis, and cardiomyopathy.2,38,39) McDonald et al.39) 
reported that the median age at ambulation loss in patients on 
corticosteroids was 13.4 years, whereas Takeuchi et al.2) re-
ported it as 11.0 years in Japanese patients. The age at ambu-
lation loss in Japan is less than those in other countries. This 
may be caused by differences in ethnic origin, corticosteroid 
regimens, clinical definitions of DMD, and definitions of am-
bulation.2) In our study, the median ages at ambulation loss 
were 12.5, 10, and 9 years in the complete, incomplete, and 
non-standing program groups, respectively. In the complete 
group, the median age at ambulation loss was older than that 
in the study by Takeuchi et al.2) with patients treated only 
with corticosteroids. Furthermore, DMD mutations may 
affect outcomes, including scoliosis.31–33) In this study, only 
patients with minor mutations were in the complete group, 
which may explain the slightly better %FVC during program 
initiation in the complete group when compared with the 
incomplete group. Although the proportion of patients with 
severe-type mutations was higher in the complete group (five 
of eight patients) than in the incomplete group (three of eight 
patients), the standing program appeared to control scoliosis, 
even in patients with severe-type mutations. In addition, 
multiple regression analysis demonstrated a significant as-
sociation between the standing program and scoliosis, even 
after adjustment for duration of corticosteroid use and DMD 
mutation type. Therefore, our results suggest that the stand-
ing program provides results that are comparable with those 
of corticosteroid treatment.

The age and body weight at ambulation loss were signifi-
cantly higher in the complete group than in the incomplete 
group. However, the BMI was not significantly different 
between the two groups. Previous reports showed that 
growth curves for DMD patients treated with corticosteroids 
show higher weight and greater BMI than males in the 
general population.40,41) The mean body weight and BMI 
for Japanese males in the general population were 33.9 kg 
and 17.78 kg/m2 at 10 years, and 44.7 kg and 18.25 kg/m2 at 
13 years.29) In our study, compared with Japanese males in 
the general population, patients with DMD in the standing 
program group had slightly greater body weight and BMI at 

ambulation loss. However, the BMI at ambulation loss was 
not significantly different between the complete group and 
the incomplete group. Although we could not compare body 
weight and BMI at the same age because of limited data, 
these results may indicate that differences in weight growth 
were not the primary determining factor for discontinuing 
the standing program.

During the standing program, scoliosis was controlled 
even after ambulation loss. In the complete group, only 
one patient developed severe scoliosis. He performed the 
standing program only once a week, whereas the remaining 
patients performed it at least four times a week. Therefore, 
weekly use of the standing program may not be sufficient to 
achieve meaningful results. During the standing program, 
pulmonary function was controlled in much the same man-
ner as scoliosis.

Comparison with Other Treatments
In our study, the age at which the complete treatment 

group lost their brace-free ambulation ability was 3.5 years 
older than the non-standing program group. Prolonged am-
bulation for 2–4 years using KAFOs has been reported.34,35) 
The standing program may be effective in prolonging the 
ambulatory period, similar to the findings of previous stud-
ies.34,35) However, ambulation loss was prolonged by 1–2 
years among patients that received foot and ankle surgical 
interventions when compared with other patients.34,42–44) 
However, patients who underwent Achilles tendon and/or 
posterior tibialis lengthening had severe ankle/foot contrac-
tions a year postoperatively.45) Therefore, to prevent the 
recurrence of contractions, patients need a posterior tibial 
tendon transfer or a sustained passive stretching program 
conducted by physiotherapists combined with postoperative 
orthotic use.46) In Japan, the facilities performing contrac-
tion-release surgeries are limited. Foot or ankle surgical 
intervention was not performed in any patient in our study.

Spinal bracing is ineffective for preventing scoliosis. Fur-
thermore, it may reduce vital capacity,47) and the DMD clini-
cal care guidelines do not recommend them.24,25) Therefore, 
we do not recommend spinal bracing for our patients. In our 
study, only one patient in the non-standing program group 
was prescribed spinal bracing at the age of 12 years before 
visiting our hospital. His scoliosis developed from a Cobb 
angle of 66° at the age of 14 years to 86° a year later.

One of the limitations of our standing program was its 
high discontinuation rate. In this study, more than half of the 
patients discontinued the standing program at a mean age of 
11.9 years. Common reasons for discontinuation were that 
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weight growth made it difficult for parents to assist the chil-
dren and that study as well as other school activities made it 
difficult to find time for the standing program.

In this study, we found that scoliosis progressed if patients 
discontinued the standing program before the adolescent 
height increase. A study in Boston, Massachusetts, reported 
that the factors limiting adherence were device malfunction, 
family vacations, ankle pain, long school days limiting home 
time, and decreased motivation to participate in a standing 
program.21) The following ideas may improve adherence: 
powered standing wheelchairs to reduce the burden on as-
sisting parents, implementing standing programs in a school-
based setting, more frequent monitoring (>1 times/month), 
admission for rehabilitation during vacations, and identify-
ing incentives to motivate patients. In addition, it may be ef-
fective to show new functional activities as a short-term goal 
to motivate patients; for example, accessing the freezer for 
frozen snacks, accessing higher shelves in the refrigerator, or 
standing urination. Although no patients fell while using the 
KAFO in this study, some could not stand with the KAFO 
for several weeks after suffering fractures from earlier falls. 
Because leg contractures progressed during this period, 
these patients could not return to the standing program.

Study Limitations
This study has several limitations. First, many patients 

discontinued the standing exercise program. Therefore, we 
cannot rule out that only patients with minor impairments 
could continue the standing program. Second, the study is 
subject to limitations associated with its retrospective de-
sign. Yamashita et al.48) reported that the vital capacity and 
Cobb angle at the age of 10 years and age at ambulation loss 
predicted the progression of spinal deformity. However, we 
could not control these risk factors because the age at first 
visit in the non-standing program group was over 10 years. 
Radiographic data for determination of the Cobb angle were 
obtained from both sitting and supine positions. The Cobb 
angle in the sitting position is greater than that in the supine 
position.49) In this study, spinal curvature was measured in 
the sitting position when the patients could sit and in the 
supine position when they could not; therefore, most patients 
underwent radiography in the supine position when the Cobb 
angle exceeded 40°. In addition, the study includes a small 
number of cases because we excluded many patients because 
of missing data. Finally, in the non-standing program group 
or the incomplete group, the scoliosis of some patients pro-
gressed mildly. Wilkins and Gibson37) reported two natural 
scoliosis patterns: an unstable pathway (severe scoliosis) 

and a stable pathway (minor scoliosis). Oda et al.50) reported 
that the minor scoliosis type was present in 15.7% (7/45) 
of patients. Because of these limitations, caution should be 
exercised when interpreting our results.

CONCLUSIONS

Early introduction of a standing program with KAFO be-
fore loss of ambulation may be associated with a prolonged 
ambulation period and slower progression of scoliosis and 
pulmonary dysfunction. Further prospective studies with 
improved protocols are required to confirm the effectiveness 
of this program.
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