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Abstract Severe spinal collapse and pulmonary function
deterioration are so common in patients with Duchenne
muscular dystrophy (DMD). The limit for scoliosis surgery
has been a minimum forced vital capacity (FVC) of about
30% of predicted value. DMD patients with low %FVC
who might beneWt from scoliosis surgery have not been
being oVered surgery. Between 2005 and 2007, a total of 17
DMD patients with FVC of <30% at admission underwent
scoliosis surgery. %FVC at admission was 22% (range
16–27%). After admission, they were trained with inspiratory
muscle training, using a pulmonary trainer (threshold IMT)
for 6 weeks prior to surgery and encouraged to continue the
training even after surgery and discharge. %FVC increased
in all patients and noted 26% (range 22–31%) the day
before surgery. The preoperative scoliosis was 97° (range
81°–130°). All patients had posterior spinal fusion and
were extubated on the operative day. No patients developed
any respiratory complications. No ventilatory support was
needed. The mean ICU stay was 0.5 days (range 0–1 day).
The postoperative scoliosis was 31° (range 18°–40°). DMD

patients with severe scoliosis and FVC considered too low
to permit reasonable surgical risk could undergo surgery
after inspiratory muscle training, with no major complica-
tions.

Keywords Duchenne muscular dystrophy · Scoliosis 
surgery · Pulmonary function · Inspiratory muscle training

Introduction

Posterior spinal fusion and instrumentation for scoliosis in
DMD has been aimed at maximizing function and improv-
ing patients’ QOL [2, 4–9, 16–18, 20, 26–30]. This surgery
has been widely accepted as an optimal procedure to pre-
vent progression of scoliosis and maintain up-right and
comfortable sitting balance [2, 4–9, 16–18, 20, 26–30].
Despite the magnitude of the surgery, most of the patients
and their families have believed scoliosis surgery improves
their function, cosmesis, sitting balance and QOL [6].

Scoliosis is almost universal in DMD patients. The natu-
ral history of DMD scoliosis has been well established and
progressive scoliosis generally develops relentlessly to lev-
els as great as 100° or more [21, 33, 36]. Scoliosis surgery
should be early enough in the course of the underlying dis-
ease, when cardiac and pulmonary function is suYcient, so
that patients can be anesthetized and operated relatively
safely and in order to reduce the likelihood of major com-
plications [2, 5, 9, 36]. Irreversible changes in cardiac and
pulmonary function pose serious risks to anesthesia and
have been relative contraindications to surgery. A positive
correlation between decreased pulmonary function and
increased pulmonary complications has been reported
[9, 21, 28, 30, 33, 36]. Some authors reported that the mean
forced vital capacity (FVC) dropped to <40% of predicted
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value when the mean scoliotic curve measured only 23°
[24]. Many authors have shown if a patient has a FVC of
<35% of predicted value, prolonged ventilatory support is
usually required, therefore, conclude scoliosis surgery is
recommended only for a patient who has a FVC of at least
35–40% [24, 27, 31, 35].

Thus, the limit for scoliosis surgery has been a minimum
FVC of about 30–35% of predicted value [9, 17, 21, 24, 25,
27, 31, 35, 36] and such patients with poor pulmonary func-
tion who might beneWt from scoliosis surgery have not been
being oVered scoliosis surgery.

Recently, several authors reported such patients with
severely compromised pulmonary function (FVC < 30%)
on noninvasive mechanical ventilation could be safely
operated for scoliosis surgery [3, 9]. However, extubations
are delayed and mechanical ventilatory support is often
prolonged [3, 9]. Prolonged ICU care is also usually
required.

Pulmonary function deterioration in DMD patients is
due primary to inspiratory muscle weakness. Some studies
have shown inspiratory muscles and diaphragm of DMD
patients are trainable in terms of strength and endurance
[1, 13, 15, 18, 32, 34].

Our patients with FVC conventionally considered too
low to permit reasonable surgical risk have been managed
successfully with no pulmonary complications after inspi-
ratory muscle training. We present the results of scoliosis
surgery in a group of patients with DMD and poor pulmo-
nary function (FVC < 30%) not on ventilatory support.
These patients with progressive scoliosis and poor pulmo-
nary function represent an anesthetic and surgical chal-
lenge. Over the last 5 years, we have not had any DMD
patient undergoing scoliosis surgery require reintubation or
tracheotomy using this method.

Materials and methods

This study was approved by the Institutional Review Board
of Kitasato University and informed consent was obtained
from all patients prior to participation in the study.

A total of 17 consecutive patients with DMD undergoing
scoliosis surgery between 2005 and 2007 were prospec-
tively collected and followed. All the patients had standard
posterior spinal fusion and instrumentation performed by
the same surgeon (M.T.). Minimum 2-year follow-up was
required for inclusion in this study. Inclusion criteria
required that each patient who had a FVC of <30% of pre-
dicted value was (1) able to ventilate his lung autono-
mously; (2) not on ventilatory support, and (3) with
considerable diYculties in sitting, back pain or breakdown
of the skin due to scoliosis. We are of the opinion that those
patients with diYculties in sitting, back pain or breakdown

of the skin due to scoliosis can beneWt from scoliosis sur-
gery despite the development of severe scoliosis and sig-
niWcant deterioration of pulmonary function if surgery is
performed successfully.

Pulmonary function tests

Pulmonary function tests were performed with a computer-
ized pulmonary function system (FUDAC-50, Fukuda
Denshi, Tokyo). The various measurements of pulmonary
function were assessed. The tests were performed on each
occasion with the patients seated in wheel-chair. Arm-span
measurements were selected for calculations for the pre-
dicted heights. Pulmonary function value reported in this
study is FVC expressed as percent of predicted value
(%FVC) on the published normative data. Pulmonary func-
tion tests was evaluated in all the patients included in this
study at 6 weeks and 3 weeks before surgery, the day
before surgery, at 6 weeks, at 1 and 2 years after surgery
and at the last follow-up. The 6-month follow-up period
after surgery was chosen to avoid possible negative inXu-
ences of this type of surgery (e.g. pain). %FVC was mea-
sured three times and evaluated by one independent
observer. The best trial for the test was used for further
analysis.

Inspiratory muscle training

After admission, patients had to perform both resistive
breathing maneuvers and maximal static inspiratory eVorts.
They were trained with preoperative inspiratory muscle
training by a pulmonary trainer (threshold IMT) (Figs. 1, 2)
for 6 weeks prior to surgery. Training was performed with
the patient in the sitting position and a nose was usually
used. They were also encouraged to continue after surgery
and even in the home after discharge. The pulmonary
trainer resistive exercise intervention, presented in Table 1,
was based on previously published protocols [14]. Inspira-
tory muscle training was performed daily for 6 weeks.
Three sets of 15 repetitions must have been performed.
Initial resistance (H2O cm) was set at 30% of the patient’s
preset maximal inspiratory pressure (MIP). Inspiratory
muscle training pressure resistance was progressed weekly
according to the patient’s baseline MIP and RPE as well as
the patient’s symptoms. Patients ranked perception of
fatigue during training using a Borg Rating of Perceived
Exertion (RPE) Scale [13]. Patients are completed a log
documentation exercise adherence, Borg RPE, and symp-
toms following the daily exercise sessions. All the patients
tolerated the exercise training program except for one
subject who complained of light-headedness during the
initial training session. When the light-headedness occurs,
pressure resistance was reduced by 2 cm H2O.
123



Eur J Orthop Surg Traumatol (2010) 20:113–121 115
Radiographic assessments

Radiographic assessments were performed on sitting anter-
oposterior and lateral spinal radiographs covering the
whole spinal column with the patient in sitting position.
These assessments were made the day before surgery, in the
postoperative week, at 1 and 2 years after surgery. The
Cobb angles of the curves on the coronal plane, thoracic
kyphosis between T3 and T12, and lumbar lordosis
between L1 and L5 on the sagittal plane were measured.

Surgical procedure

The primary aim of this surgery was to obtain a solid
fusion, level pelvis and a balanced spine. All patients had
posterior spine fusion and all-screw construct from the
upper thoracic spine (T3 or T4) to the lower lumber spine
(L5) for scoliosis. No anterior surgery was performed in
any of this consecutive series. The rods were contoured to
create sagittal proWle and coronal balance was achieved by
sequential reduction of the segments toward the rods. Auto-
graft bone was obtained from spinous process, laminae and
transverse process. The posterior elements were decorti-
cated. Autograft bone was packed onto the prepared sur-
faces and placed carefully in each facet. Autotransfusion
via both preoperative storage and intraoperative collection
was used. During surgery, monitoring of spinal cord func-
tion was conducted by somato-sensory/motor-evoked
potentials. The wound was sutured in three layers with two
drainage tubes.

Peri/postoperative management

Patients were extubated in the operation room, when the
ability to ventilate their lungs autonomously was docu-
mented. Intensive care unit (ICU) care was not always
needed but sometimes needed only on the operative day.
All patients received supplemental oxygen on the operative
day weaned oV with monitoring of pulse oximetry as a
feedback to maintain adequate alveolar ventilation. Pulse
oximetry monitoring was used to evaluate pulmonary func-
tion for all patients in the immediate postoperative period.
Alveolar ventilation was considered adequate when base-
line oxyhemoglobine saturation (SpO2) remained normal
(SpO2 > 94%). Frequent expulsion of debris was performed
by nurses in the immediate postoperative period. Sudden
decreases in SpO2 should be assumed to be due to airway
mucous encumberment and should be reversed by using
mechanically assisted coughing (MAC). MAC has been
used to increase cough Xows to clear airway secretions dur-
ing intercurrent respiratory tract infections. The patients
were encouraged to sit up on bed on the operative day and
sit in the wheelchair on postoperative day 1, with discharge
occurring on postoperative day 14. The patients were
encouraged to continue inspiratory muscle training after
surgery and even in the home after discharge.

Results

A total of 17 consecutive patients were prospectively
enrolled into this study. No patient was lost to follow-up.
Demographic details and surgical parameters of all the
patients are shown in Table 2. Radiographic parameters for

Fig. 1 Pulmonary trainer (threshold IMT, Philips Respironics, Inc.,
Murrysville, PA, USA) provides consistent and speciWc pressure for
inspiratory muscle strength and endurance training, regardless of how
quickly or slowly patients breathe. This device incorporates a Xow-
independent one-way valve to ensure consistent resistance and features
an adjustable speciWc pressure setting (in cm H2O) to be set by a health-
care professional. When patients inhale through threshold IMT, a
spring-loaded valve provides a resistance that exercises respiratory
muscles through conditioning

Fig. 2 A 12-year-old boy was being trained with inspiratory muscle
training using a pulmonary trainer (threshold IMT)
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the coronal and sagittal planes are shown in Table 3.
Changes in %FVC is shown in Fig. 3. The mean %FVC at
the time of admission was 22% (range 16–27%). %FVC
increased in all patients at 3 weeks before surgery and it was
24% (range 19–28%). %FVC was 26% (range 22–31%) the

day before surgery. There was signiWcant diVerence in FVC
values before and after inspiratory muscle training. The
mean preoperative scoliotic curvature was 97° (range
81°–130°). The mean preoperative thoracic kyphosis was 9°
(range 0°–25°) and lumbar lordosis was 16° (range 0°–65°).

Table 1 Inspiratory muscle training (IMT) exercise training protocol

a If a patient achieved the maximum IMT Trainer pressure resistance of 41 cm H2O and resistance could no longer be increased, a fourth set of
exercises was added along with an increased number of repetitions up to a maximum of 15 repetitions

IMT inspiratory muscle training, MIP maximal inspiratory pressure, RPE rating of perceived exertion

Borg RPE <13 13–15 >15 >17

Patient’s baseline MIP pressure: <50 cm H2O

Pressure resistance (cm H2O) Increased by 2 Increased by 1 Maintained at same level Reduced by 2

Patient’s baseline MIP pressure: >50 cm H2O

Pressure resistance (cm H2O) Increased by 4 Increased by 2 Maintained at same level Reduced by 2

If patients developed symptoms (i.e., dizziness, lightheadedness, or shortness of breath) while performing IMT exercises, the resistance 
was adjusted as follows until no symptoms persisted

Symptoms Two or more symptomatic episodes in a row per week 1–2 isolated symptomatic episodes per week

Pressure resistance (cm H2O) Decreased by 2 patients were called back 3 days later to 
monitor patient’s response

Held constant, patients were called 
back 3 days later to monitor 
patient’s response

Frequency: IMT exercises should be performed daily

Overload: Repetitions and sets: three sets of 15 repetitionsa

Resistance: Initial resistance (H2O cm) of the IMT was set at 30% of the subjects pretest MIP

Progression: Patients were called at least once per week by one of the investigators to assist with IMT pressure resistance training progression. 
IMT pressure resistance was progressed weekly according to the patient’s baseline MIP pressure and RPE as well as the patient’s symptoms

Table 2 Demographic details and surgical parameters in the study group

Patient no. Age FVC (%) Operative 
time (min.)

Intraoperative
blood loss (ml)

Complications ICU stay 
(day)

6 weeks before 
operation (before 
respiratory training)

The day 
before 
operation

2 year 
after 
operation

1 11 23 28 19 249 889 Tachycardia 1

2 12 22 27 20 267 867 Tachycardia 1

3 12 27 31 25 271 921 Tachycardia –

4 14 18 23 19 264 964 (–) –

5 13 26 28 22 268 868 (–) 1

6 14 16 20 16 327 933 (–) 1

7 11 26 29 21 268 968 Paralytic ileus –

8 17 21 28 21 256 856 (–) 1

9 11 19 25 16 267 767 Paralytic ileus –

10 13 22 28 21 266 866 (–) –

11 13 19 22 16 277 820 (–) 1

12 13 19 24 19 301 744 Paralytic ileus –

13 12 25 29 20 266 806 (–) –

14 11 20 26 20 270 760 Paralytic ileus –

15 12 22 26 22 276 860 Tachycardia –

16 14 21 27 18 272 857 Tachycardia 1

17 13 20 27 20 280 862 Tachycardia 1

Mean 13 22 26 20 274 860 0.5
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All patients in our series recovered well following the
surgery with no major complications. There was a smooth
transition from no spontaneous breathing to spontaneous

breathing in all patients. They were successfully extubated
in the operation room. No patients showed abnormal pulse
oximetry monitoring values in the immediate postoperative

Table 3 Radiographic measurements in the study group

Patient 
no.

Scoliotic curvature* Thoracic kyphosis* Lumbar lordosis*

Before 
operation

Immediately 
after operation

2 year after 
operation

Before 
operation

Immediately 
after operation

2 year after 
operation

Before 
operation

Immediately 
after operation

2 year after 
operation

1 100 38 40 25 27 25 25 40 42

2 93 35 35 23 20 21 23 50 48

3 91 32 33 10 15 16 10 30 33

4 81 27 29 5 10 12 5 52 50

5 93 20 23 7 17 15 7 37 38

6 130 38 39 0 12 13 0 45 42

7 101 35 34 6 16 16 6 46 45

8 101 40 42 8 18 18 8 48 50

9 81 32 32 10 15 15 10 50 48

10 98 35 35 15 20 18 15 45 47

11 128 28 28 2 10 10 65 42 45

12 100 35 34 5 15 17 5 45 48

13 85 30 32 3 18 20 3 43 40

14 95 35 37 13 20 20 13 53 47

15 90 18 19 3 15 16 58 40 43

16 90 18 18 6 14 16 6 46 45

17 100 29 29 11 18 17 11 51 48

Mean 97 31 32 9 16 17 16 42 45

Fig. 3 Changes in %FVC are 
demonstrated. After preopera-
tive respiratory muscle training 
for 6 weeks, %FVC increased in 
all patients. Although %FVC in 
16 patients did not exceed 30% 
at the time of surgery, all the 17 
patients underwent surgical cor-
rection of scoliosis successfully 
without any complications. At 
6 weeks after operation, %FVC 
remained stable or increased 
slightly. %FVC decreased in all 
patients at 1 and 2 years after 
operation. The average rate of 
decline of %FVC was 3.2% per 
year after surgery
123



118 Eur J Orthop Surg Traumatol (2010) 20:113–121
period. No patients developed any respiratory complica-
tions including postoperative pneumonia or required reintu-
bation or tracheotomy.

%FVC remained stable or increased slightly in all
patients at 6 weeks after surgery and it was 27% (range 21–
31%). There was no signiWcant diVerence between the
preoperative and postoperative values. However, %FVC
continues to decrease with progression of the underlying
disease and it was 23% (range 19–27%) at 1 year after sur-
gery, 20% (range 16–22%) at 2 years after surgery and 17%
(range 14–20%) at the last follow-up.

The mean immediately postoperative scoliotic curvature
was 31° (range 18°–40°). The diVerence in the preoperative
and postoperative scoliotic curvature was signiWcant. The
mean scoliotic curvature was 32° (range 18°–42°) at 1 year
after surgery, 32° (range 18°–42°) at 2 years after surgery
and 32° (range 18°–3°) at the last follow-up. No signiWcant
loss of correction was found between postoperative time
and the last follow-up. Figure 4 is a radiographic example.

The mean immediately postoperative thoracic kyphosis
was 16° (range 10°–27°) and lumbar lordosis was 42°
(range 30°–53°). The mean thoracic kyphosis at 1 year after
surgery was 17° (range 12°–26°) and lumbar lordosis was
44° (range 30°–52°). The mean thoracic kyphosis at 2 years
after surgery was 17° (range 10°–25°) and lumbar lordosis
was 43° (range 33°–50°).

Ten minor complications occurred immediately after
surgery. The most common complication was paralytic
ileus, occurring in 6 patients. This was treated with obser-
vation without oral intake and cleared in 48 h. Transient
tachycardia, which was due possibly to the presence of
profound cardiomyopathy, occurred in 4 patients. This
was treated successfully with medications and resolved
uneventfully in at least 5 days. No respiratory complications
such as postoperative pneumonia or prolonged respiratory
dependence were found. There were no neurologic compli-
cations, infection or instrumentation failure during the study
period. Up to the present, all patients are still alive at
3.5 years (range 1.0–5.5 years) after surgery.

Discussion

To the best of our knowledge, there have been little data
addressing clinical outcomes and peri/postoperative man-
agements in DMD patients with severe scoliosis and poor
pulmonary function undergoing spine surgery.

Scoliosis is almost universal in DMD patients. Natural
history studies on DMD demonstrated an almost invariable
progression in the scoliosis with progression of the underly-
ing disease [2, 5, 6, 11, 19, 27, 36]. Posterior spinal fusion
for scoliosis in DMD should be early enough in the course
of curve progression, when cardiac and pulmonary function

are suYcient, so that the patients can be anesthetized and
operated relatively safely and in order to reduce the likeli-
hood of major complications 4, 7, 8, 12, 17, 20, 26–30].
Despite the magnitude of the surgery, posterior spinal
fusion for scoliosis in DMD has been widely accepted as
the optimal procedure to prevent progression of scoliosis
and maintain seating balance and comfort [4, 7, 8, 12, 17,
20, 26–30].

However, this major surgery is accompanied by many
signiWcant complications [9, 21, 25, 26]. SigniWcant

Fig. 4 a, b A 12-year-old boy with DMD. Anteroposterior radiograph
show severe scoliosis of 90°. %FVC at the time of admission was 22%
and %FVC increased to 26% the day before surgery. c, d Surgical cor-
rection of scoliosis was performed successfully. Successful extubation
was performed on the operative day. Postoperative sitting views show
signiWcant coronal correction of 18°, with normalization of sagittal
plane. At 6 weeks after surgery, %FVC remained stable and it was
26%
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complication rates from 44 to 62% have been reported in
some studies [9, 21, 25, 26]. Due to poor pulmonary function
in these patients, they are more susceptible to postoperative
pneumonia, prolonged respirator dependence, respiratory
failure, cardiac failure and death [2–6, 9, 15, 25–27, 30, 32,
33]. A strong association between restrictive pulmonary
disease and increased pulmonary complications has been
reported [12]. Also, a positive correlation between decreased
FVC and increased pulmonary complications has been
reported [22]. Rawlins et al. [23] found 19% pulmonary
complications in pediatric patients undergoing spine sur-
gery who had a FVC of <40% of predicted value. Several
authors have shown if a patient has a FVC of <35%, pro-
longed ventilatory support is usually needed after surgery
and recommended scoliosis surgery only for patients who
have a FVC of at least 35–40% [27, 30]. Smith et al. [27]
showed when scoliosis exceeded 35°, FVC was usually
<40% and concluded that if the decision to perform scoliosis
surgery was delayed until scoliosis progressed to 35°, the
major surgery carried appreciable risks. These patients
were not on ventilatory support.

Thus, surgeons are often reluctant to perform elective
surgery on patients who are ventilator dependent or whose
FVC do not exceed 40% of predicted value [3]. Usually, the
limit for surgery is not the extent of the curvature but a min-
imum FVC of about 30% of predicted value [3, 9, 25, 27].
Several previous studies have attempted to quantify peri/
postoperative complications in patients with neuromuscular
disease and poor pulmonary function undergoing surgery
for scoliosis. Sakai et al. [25] recommended preoperative
tracheotomy if the FVC was <40% of predicted value in
patients with DMD undergoing scoliosis surgery. Bach
et al. [3] referred to the role of noninvasive ventilation and
noted that all patients with neuromuscular scoliosis were
extubated by the third postoperative day to noninvasive
intermittent positive-pressure ventilation (IPPV) despite
continuous ventilator dependence and no patient developed
any postoperative respiratory complications or required a
tracheotomy. Gill et al. [9] reported patients with poor pul-
monary function (FVC < 30%) and preexisting respiratory
failure on nocturnal noninvasive ventilatory support could
be safely operated for scoliosis with no increased risk of
complications. These patients were on either continuous
invasive or noninvasive ventilation before and after sur-
gery. Prolonged ICU care was also required. In our series,
preoperative inspiratory muscle training for 6 weeks after
admission was performed and %FVC increased in all
patients. Although 16 of 17 patients had a FVC of <30% at
the time of surgery, surgical correction of scoliosis was per-
formed and all patients were extubated on the operative
day. No prolonged ventilatory support was needed. ICU
care was required only on the operative day. There were no
respiratory complications. Since our patients have been

managed successfully long-term with this method, we con-
clude that if the patient can ventilate his lung autonomously
immediately after surgery, successful extubation in the
operation room can be expected.

Several studies reported that respiratory muscle and dia-
phragm were trainable in terms of strength and endurance
by inspiratory muscle training in patients with neuromuscu-
lar disease [17, 21]. Respiratory muscles seem to exhibit
similar adaptations to training to those of other skeletal
muscles provided the training follows the basic training
principals for any other striated muscles with regard to
intensity, duration of the stimulus and the speciWcs of the
trainings [17, 21]. Current consensus statements conWne
recommendation of inspiratory muscle training to patients
with inspiratory muscle weakness [1, 13, 15, 32, 34]. Fur-
thermore, there are a few randomised, controlled trials in
which respiratory muscle training has elicited a positive
eVect upon neuromuscular diseases [15, 32] as well as less
rigorously designed and executed studies in conditions such
as kyphoscoliosis [10]. Aldrich and Uhrlass [1] have shown
that even in severe respiratory failure, inspiratory muscles
can be trained successfully in patients with DMD.

In the current study, %FVC increased in all patients.
Although %FVC is usually used as a parameter for the pro-
gression of the neuromuscular disease involving the entire
respiratory system, it is aVected by respiratory muscle func-
tion [6, 17]. Fry et al. [9] found inspiratory muscle training
signiWcantly increased inspiratory muscle strength in
patients with neuromuscular disease and there was also a
clinically important positive eVect on expiratory pulmonary
function measures (%FVC, FEV1, FEF25–75%) substantiat-
ing the indirect positive eVects of the training on expiratory
pulmonary function. Koessler et al. [17] have shown that
inspiratory muscle training improves inspiratory muscle
strength and endurance and that the training leads to a sta-
bilization of %FVC even in the long-term of 2 years. In our
series, %FVC increased after inspiratory muscle training
for 6 weeks prior to surgery. There was signiWcant diVerence
between the values before and after training (22 vs. 26%).
Although the number of our patients is relatively small, the
eYcacy of preoperative inspiratory muscle training has
been shown clinically in DMD patients with severely
compromised pulmonary function in this study.

In the current study, there was no postoperative pulmo-
nary complication although our patients had a mean FVC of
22% of predicted value. It has been well recognized that
DMD patients are at high-risk for pulmonary complications
following surgery [2, 8, 10, 11, 22]. A positive correlation
between decreased %FVC and increased postoperative pul-
monary complications in children with neuromuscular sco-
liosis undergoing spinal fusion has been reported [27]. The
reported postoperative complications included temporary or
permanent tracheotomy, respiratory infection and ventilator
123
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dependency [22]. These complications are associated with
decreased expiratory pulmonary function in this group of
patients. Fry et al. [9] showed inspiratory muscle training
increased inspiratory muscle strength and resulted in
generalized improvements in expiratory pulmonary func-
tion in patients with neuromuscular disease. Although expi-
ratory pulmonary function was not measured in our series,
we suggest it should have been improved after inspiratory
muscle training and thereby there was no postoperative pul-
monary complication. The other reason for the excellent
results is the multi-disciplinary team involved with the
patients’ care. All the operations were performed by one
well experienced spine surgeon. The nursing and physio-
therapy staV were also well experienced. All the patients
were extubated after conWrmation of spontaneous breathing
in the operating room and thereby they did not become ven-
tilator dependent. They were encouraged to sit up in bed on
the operative day and frequent expulsion of debris was per-
formed by nursing staVs in the immediately postoperative
period. However, if respiratory complications occur, nonin-
vasive ventilatory support (e.g. IPPV or MAC), or invasive
ventilatory support (e.g. reintubation or tracheotomy)
should be considered.

For such patients with respiratory muscle weakness
associated with DMD, sudden decreases in SpO2, resulting
in respiratory failure, may occur in the immediate postop-
erative period. This condition should be assumed to be
due to air way mucous encumberment. Bach et al. [3] rec-
ommended the use of mechanically assisted coughing
(MAC) to reverse this condition. MAC is a device that
provides a deep lung insuZation immediately followed by
a forced exsuZation via oranasal mask, to rapidly empty
the airways of debris. This device has been used for
patients with neuromuscular disease to increase cough
Xows to clear airway secretions during intercurrent respi-
ratory tract infections, thereby they can avoid pneumonias
and respiratory failure.

Although longer-term follow-up must be performed to
determine the Wnal fate of our series, this study shows that
our patients with high-risk pulmonary dysfunction and
severe scoliosis in DMD could undergo surgical correction
of scoliosis with general anesthesia after inspiratory muscle
training. %FVC increased in all patients after training. All
patients were extubated on the operative day. There was a
smooth transition to spontaneous breathing, reducing the
ICU stay. Curve correction and maintenance of correction
was excellent. There were no major complications. No con-
tinuous or prolonged ventilatory support was needed in the
immediately postoperative period. Severe scoliosis with
poor pulmonary function in DMD patients has been consid-
ered a reason to avoid surgery mainly because of the fear of
peri/postoperative respiratory complications. However, we
feel such patients with FVC considered too low to permit

reasonable surgical risk can undergo surgery with general
anesthesia using the described method and can beneWt from
posterior spinal fusion for scoliosis.
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