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Abstract

Purpose A retrospective study involving 65 non-ambu-
latory patients with hypotonic neuromuscular scoliosis has
assessed the effectiveness of a sacral rod/bone onlay
technique for extending spinal fusion to the sacrum.
Methods To extend posterior spinal fusion to the sacrum,
we used either 1 Harrington rod and 1 Luque L rod with
sublaminar wires in 14 patients (Group 1) or two rods with
sublaminar wires in 51 patients (Group 2) along with
abundant autograft and allograft bone covering the ends of
the rods.

Results Diagnoses were Duchenne muscular dystrophy
53, spinal muscular atrophy 4, myopathy 3, limb girdle
muscular dystrophy 2, infantile FSH muscular dystrophy 1,
cerebral palsy 1, and Friedreich ataxia 1. Mean age at
surgery was 14.3 years (2.2, range 10.9-25.2). Radio-
graphic follow-up (2 years post-surgery or greater) was
6.4 years (4.4, range 2-25.3). Using the onlay technique,
all patients fused with no rod breakage or pseudarthrosis.
For the entire series, the mean pre-operative scoliosis was
54.7° (£31.1, range 0°-120°) with post-operative correc-
tion to 21.8° (£21.7, range 0°-91°) and long-term follow-
up 24° (4£22.9, range 0°-94°). For pelvic obliquity, pre-
operative deformity was 17.3° (£11.3, range 0°-51°) with
post-operative correction to 8.9° (£7.8, range 0°-35°) and
long-term follow-up 10.1° (£8.1, range 0°-27°). Five
required revision at a mean of 3.3 years post-original sur-
gery involving rod shortening at the distal end. One of
these had associated infection.

T. Bui - F. Shapiro (P<)

Department of Orthopaedic Surgery, Boston Children’s Hospital,
300 Longwood Avenue, Boston, MA 02115, USA

e-mail: frederic.shapiro@childrens.harvard.edu

Conclusion Lumbosacral stability and long-term sitting
comfort have been achieved in all patients. Problems can
be minimized by positioning the rods firmly against the
sacrum at the time of surgery with a relatively short
extension beyond the Ls—S; junction. The procedure is
valuable in hypotonic non-ambulatory neuromuscular
patients whose immobility enhances the success rate for
fusion due to diminished stress at the lumbosacral junction.
It is particularly warranted for those with osteoporosis and
a small, deformed pelvis. Considerable weight loss and
lengthy rods not closely apposed to the sacrum at the time
of surgery played a major role in patients needing revision.
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Introduction

The advantages of extending spinal fusion to the sacrum
and pelvis in scoliosis surgery are considerable, providing
greater stability and further limiting progression of defor-
mity. This approach has been attempted since the begin-
ning of spinal deformity surgery, even prior to the use of
metallic stabilization [1-4]. With the use of internal fixa-
tion, many methods for extending fusion to the sacrum
have been attempted, mainly by placing the metal rods
within the sacrum and/or ilium or attaching them to bone
by screw or hook fixation [1, 5—18]. As rigidity increased
from extensive thoracolumbar stabilization, increasing
stress was placed on the lumbosacral junction and on pelvic
fixation devices, especially if limited to the sacrum. Results
extending fusion to the pelvis improved, but the compli-
cation rate with infection, pain, less than full fusion,
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instrument failure, and metallic pullout was high, often
approaching 40-50 % rates of pseudarthrosis [1, 5, 17-22].
In scoliosis surgery, in situ fusion and prolonged immo-
bilization to achieve lumbosacral fusion is of historical
interest, but currently has no place in attaining fusion at the
lumbosacral junction which requires instrumentation to
increase the fusion rate [1]. Several studies have assessed
the complex anatomy of the pelvis [1, 5, 16] and the bio-
mechanical aspects of fusion to the sacrum [1, 5, 8, 16, 23,
24]. In some neuromuscular patients, particularly with
Duchenne muscular dystrophy (DMD), many surgeons
have extended the fusion only to Ls in those with relatively
mild deformity, bypassing pelvic concerns [25-36].

We report our experience with fusion to the sacrum in a
specific group of adolescent non-ambulatory patients with
hypotonic neuromuscular scoliosis. Owing to our concern
about metallic fixation in the relatively thin, markedly os-
teopenic, and often deformed sacral and iliac bone, we
specifically place the distal end of one or two rods onto the
posterior surface of the sacrum with abundant bone graft
extending from the lumbar spine onto the sacrum and fully
covering the ends of the rods. Doubled sublaminar wires
extend to the Ls—S; interspace but not beyond. We report
here on the sacral rod/bone graft onlay stabilization
technique.

Materials and methods
Surgical technique and post-operative management

Two operative procedures were used. Group 1 (14
patients): Harrington rod-Luque L rod extending onto
sacrum with bone graft. A single Harrington rod with 2
hooks, the upper one in the thoracic region and the lower
under Ls, was supplemented with a second rod (Luque L
rod) with its distal transverse component positioned distal
to the lumbar hook resting on the sacrum, with both rods
stabilized by sublaminar wires. Abundant bone graft,
using both autograft bone from the spinous processes and
allograft cortico-cancellous bone, was continued beyond
L5 onto the sacrum completely covering the distal ends of
the H-rod and hook and L-rod. Group 2 (51 patients): two
Luque L rods or two straight rods extending onto the
sacrum with bone graft. Two 4.5- or 5.5-mm-diameter
rods were used with stabilization provided by 2 doubled
#16 gauge sublaminar wires at each level, one holding
each rod. Cross-links were used along with contouring of
the rods to the lordotic position and placement of abun-
dant autograft and allograft bone from the lumbar region
lateral to the two rods passing onto the sacrum and fully
covering the distal ends of the rods. All 65 surgical cases
were operated by the senior author. Each patient had an
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anterior—posterior (“clamshell”) orthosis made immedi-
ately post-surgery for use in the sitting position for
8—12 weeks to minimize post-operative discomfort and
enhance sitting balance. Continuous bed rest was not part
of the post-operative regimen and all patients resumed
wheelchair seating in brace within 2-3 days of surgery.
All patients were fully wheelchair-dependent at time of
surgery. All patients had intraoperative spinal cord
monitoring.

Assessment of scoliosis and pelvic obliquity

Scoliosis and pelvic obliquity were assessed by sitting
anteroposterior full spine radiographs immediately before
surgery, within a few weeks post-surgery, and at sub-
sequent clinic visits post-surgery. The Cobb method was
used to measure scoliosis. Pelvic obliquity was measured
by determining the angle between a line drawn from the
superior surfaces of the right and left iliac crests and the
horizontal line at the bottom of the sitting radiograph. For
the study of scoliosis and pelvic obliquity, measurements in
all patients pre-surgery and within a few weeks post-sur-
gery were used, and, in those having radiographic follow-
up for 2 years or longer, the final or most recent mea-
surements were used. Mean values in each group and for
the entire series were calculated. This enabled us to assess
the extent of correction of scoliosis and pelvic obliquity
immediately after surgery, maintenance or loss of correc-
tion at 2 years or longer after surgery, and the amount of
correction in relation to the extent of pre-operative
deformity.

Assessment of lumbosacral fusion

Bone fusion from the lower lumbar region to the sacrum
was assessed on the anteroposterior and lateral full spine
radiographs. In many patients, additional supine lumbosa-
cral/pelvic radiographs in anteroposterior, lateral, and
oblique projections further clarified the fusion mass.

Additional analysis of patients

Other assessments included: age at surgery, the underlying
diagnosis, male/female distribution, clinical outcome, and
complications.

Results

Diagnoses in the patients are listed in Table 1. None of the
DMD patients in this study were on oral steroid treatment.
The mean age at surgery was 13.0 years (£1.5, range 10.9—
16.7) in Group 1; 14.6 years (£2.2, range 11.1-25.2) in
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Table 1 Diagnoses of patients undergoing posterior spinal fusion to
sacrum using sacral rod/bone graft onlay method

Group 1 Group 2 Total

Duchenne muscular dystrophy 14 39 53
Other muscular dystrophies

Limb girdle 2 2

Infantile FSH MD 1 1
Myopathy 3 3
Spinal muscular atrophy 4 4
Hypotonic cerebral maldevelopment

Lissencephaly 1 1
Friedreich ataxia 1 1
Total 14 51 65

Group 2; and 14.3 years (2.2, range 10.9-25.2) for the
entire study. The male : female distribution was 59:6
owing to the preponderance of patients with DMD which
occurs only in males. Follow-up in patients assessed
2 years post-surgery or longer with radiographs was
7.6 years (£4.5, range 2-13.8) in Group 1; 6.1 years
(£4.4, range 2-25.3) in Group 2; and 6.4 years (4.4,
range 2-25.3) for both groups together.

Radiographs at final or most recent follow-up showed
intact rods with maintenance of original position and most
showed abundant bone fusion passing from the lower
lumbar region onto the sacrum in antero-posterior, lateral,
and oblique projections. The lumbosacral bone was often
seen to completely cover the ends of the rods. In both
groups, X-rays show extensive bone continuity from the
lower lumbar region onto the sacrum on multiple

projections (Figs. 1, 2, 3). In one instance, where CT
scanning was done in an effort to determine the cause of
pain, abundant continuous cortical bone was noted from the
lumbar region to the sacrum on sagittal plane images. At
operative intervention, continuous bone fusion encasing the
rod was confirmed. Lumbosacral fusion was noted to occur
regardless of the degree of lumbar scoliosis or pelvic
deformity persisting after completion of the intraoperative
surgical stabilization. Radiolucent regions around the ends
of the rods in the sacral region (“windshield wiper” effect)
were very infrequent, and, on the lateral radiograph, were
covered and contained by cortical bone. There was no
radiographic evidence of fracturing of rods or pseudar-
throsis at the lumbosacral region in the entire series. Solid
lumbosacral union occurred even in the more extensive
scoliotic deformities with marked pelvic obliquity which
were relatively minimally corrected. All patients remained
comfortable in the sitting position several years post-sur-
gery, once the prominent longer rods were revised (see
below). There were no instances of motor or sensory nerve
problems associated with the sublaminar wires or defor-
mity correction.

The mean scoliosis deformity at the time of surgery was
54.7° (£31.1, range 0°-120°) with post-operative correc-
tion to a mean of 21.8° (£21.7, range 0°-91°) (correction
of 60.1 %) and long-term maintenance of correction at a
mean of 24.0° (£22.9, range 0°-94°) (correction of
56.1 %). The loss of scoliosis correction was only a mean
of 2.2°. The mean pre-operative pelvic obliquity was 17.3°
(£11.3, range 0°-51°) with post-operative correction to a
mean of 8.9° (£7.8, range 0°-35°) (correction of 48.6 %)
and long-term maintenance of correction at a mean of 10.1°

Fig. 1 Radiographs illustrating lumbosacral fusions in Group 1
patients having Harrington rod—Luque L rod stabilization with
sublaminar wires holding both rods. a Lateral radiograph in patient
with DMD shows abundant bone continuous from lumbar region to
sacrum completely encasing the distal ends of the two rods.

b Anteroposterior radiograph in same patient as a shows continuous
bone from lumbar vertebrae to sacrum. ¢ Anteroposterior radiograph
shows bone continuity from lumbar vertebrae to sacrum on both sides
of vertebrae
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Fig. 2 Radiographs illustrating lumbosacral fusions in Group 2
patients having double rod stabilization with sublaminar wire fixation.
a Anteroposterior radiograph in patient with DMD illustrating
lumbosacral bone continuity visible on outer sides of both rods.
b Lateral radiograph in the same patient shown in a shows abundant
bone from posterior lumbar region to the sacrum encasing the two
rods. ¢ Anteroposterior radiograph in a patient with DMD shows bony
continuity from lumbar region to sacrum best seen lateral to each of
the two rods. d Lateral radiograph from same patient shown in

(£8.1, range 0°-27°) (correction of 41.6 %). The loss of
pelvic obliquity correction was only a mean of 1.2°
(Table 2). Table 3 outlines the mean amount and percent-
age correction of deformity in relation to the extent of pre-
operative deformity. For scoliosis in the range of 0°—40°,
an 87.5 % correction was achieved; from 41° to 60°, a
67.0 % correction; and from 61° or greater, a 49.0 %
correction. Pelvic obliquity from 0° to 10° pre-operatively
had a 41 % correction; from 11° to 20°, a 55 % correction;
and from 21° or greater, a 44 % correction.

Complications
In the entire group of 65 patients, 5 developed pain at the
distal ends of the rods requiring surgical revision. Each of

the symptomatic patients was in Group 2. In those patients
requiring revision to shorten the rod at the sacral region,
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¢ shows lumbosacral bone continuity. Lordosis has been built into the
rod positions. e Anteroposterior radiograph in patient with spinal
muscular atrophy type 2 shows bony continuity from lumbar region to
sacrum even though pelvic obliquity remained extensive. Note the
denser bone continuity along the concavity of the lumbosacral curve.
f Lateral radiograph shows extensive lumbosacral fusion even though
the rod had not been contoured to lie against the posterior surface of
the sacrum. Note the abundant bone distally between the two rods and
the posterior surface of the sacrum

the excessive length of the rods at time of insertion and
their lack of close coaptation to the posterior sacral bone
explain the subsequent problems (Fig. 3). Four of the five
surgical revisions for pain were due to prominence of the
distal ends of the rods at the sacral level. Each of these four
(all with DMD) was successfully managed with local
exploration, shortening of the rods by a length of 2-3 cm,
and, if still necessary, bending of the rods to lie firmly
against the sacrum. One of these had associated skin
breakdown and sepsis at the distal site which healed after
rod shortening. The fifth patient (limb girdle muscular
dystrophy) benefited from surgical shortening of the distal
end of one rod on the painful side, even though it was not
prominent subcutaneously and relief was due to associated
release of foraminal nerve pressure at Ls. Prior to the
revision, the patient had three lumbo-sacral region injec-
tions by the Pain Service, each with only a few months
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Fig. 3 Lateral radiograph in patient with DMD shows rods that were
too long and not firmly positioned against the posterior surface of the
sacrum. Relief occurred after shortening of the rod ends. Note the
solid continuous posterior bone fusion from the lumbar vertebrae
across the lumbosacral joint onto the sacrum

relief. We noted that four of the five patients had a sig-
nificant weight loss between the time of original surgery
and the time of rod prominence and local discomfort. In
these patients, the mean weight loss was 13.8 kg (range
10-17 kg) and mean time following original surgery was
4.4 years (range 1.5-7.0 years). The weight loss and time
after initial surgery in the four patients were: 17 kg
(71-54 kg), 1.5 years; 13 kg (62-49 kg), 3.3 years; 10 kg
(54-44 kg), 4.1 years; and 15 kg (61-46 kg), 7.0 years.
One patient had gained 13 kg (85-98 kg) at time of revi-
sion at 0.8 years. In each of the five cases, the rods did not
migrate from the bone but were in retrospect relatively too
long and not positioned closely against the sacrum at time
of initial surgery.

Discussion

Many patients with DMD and other non-ambulatory
hypotonic neuromuscular disorders have had posterior
spinal fusion for scoliosis over the past few decades. In an
early subset of 26 procedures in our unit for DMD, 17 had a
Harrington rod—Luque rod construct with both rods stabi-
lized by 2 doubled #16 gauge sublaminar wires at each
level and 1 or 2 cross-links [26]. In most of these cases, the
rods were placed only to the lower lumbar region, but in 4,
the instrumentation and bone graft extended to the sacrum
and solid lumbosacral fusion was noted to occur. We
continued to use this latter approach with good results.
Patients were stabilized to the sacrum with the Luque rod

Table 2 Scoliosis and pelvic obliquity measurements at pre-opera-
tive, post-operative, and long-term follow-up time periods

Pre-operative Post-operative ~ Long-term
follow-up
Scoliosis
Group 1
Mean 42 (£33.44) 13.5 (£17.79)  14.8 (£18.85)
Range 1-100 0-45 045
n 14 13 8
Group 2
Mean 58.2 (£29.79)  24.1 (£22.24)  26.1 (£23.37)
Range 0-120 0-91 0-94
n 51 50 39
Both
Mean 54.7 (£31.07)  21.8 (£21.68)  24.0 (£22.86)
Range 0-120 0-91 0-94
% correction 60.1 56.1
n 65 63 47
Pelvic obliquity
Group 1
Mean 15.4 (£10.7) 6.2 (£5.8) 6.8 (£8.4)
Range 0-32 0-15 0-25
n 12 11 7
Group 2
Mean 7.8 (£11.5) 9.2 (£8.2) 10.8 (£8.0)
Range 0-51 0-35 0-27
n 45 43 36
Both
Mean 17.3 (£11.3) 8.9 (£7.8) 10.1 (£8.1)
Range 0-51 0-35 0-27
% correction 48.6 41.6
n 57 54 43

transverse bar placed onto the sacrum distal to the Ls—S;
joint, with abundant autograft and allograft bone also
spanning the Ls—S; space onto the sacrum (Group 1).
Longer-term studies continued to show excellent lumbo-
sacral fusion and a good comfort level. The procedure
extending the fusion to the sacrum was then used in all
non-ambulatory hypotonic neuromuscular scoliosis proce-
dures when two straight rods with sublaminar wires and
cross-links replaced the Harrington-Luque construct
(Group 2). In a few instances where we attempted place-
ment of sacral and iliac screws, they did not lead to
meaningful stabilization owing to the softness of the os-
teopenic bones. On occasion, in patients we saw from other
centers, the longer pelvic screws were not fully contained
within bone. The osteopenia and often small and misshapen
pelvic structure in these severely involved neuromuscular
patients led us to continue with the sacral rod/bone graft-
onlay approach.
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Table 3 Correction of scoliosis

Average pre-operative Average post-operative % correction

and pelvic obliquity based on
extent of pre-operative
deformities

Scoliosis

Minimal deformity (0°—40°)
Moderate deformity (41°-60°)
Severe deformity (61°+)
Pelvic obliquity

Minimal deformity (0°-10°)
Moderate deformity (11°-20°)
Severe deformity (21°+)

23.21 (£10.31) 2.92 (£4.67) 87
52.84 (45.56) 18.37 (£11.15) 67
90.68 (£17.53) 45.45 (£17.25) 49
431 (£3.07) 2.54 (£2.22) 41
14.86 (£3.31) 6.71 (£4.22) 55
29.84 (£8.20) 16.63 (£9.67) 44

The stabilization procedure was used regardless of the
extent of scoliosis deformity or pelvic obliquity. However,
the scoliosis and pelvic obliquity were always improved in
the operated patients as a result of (1) the intra-operative
prone position, (2) specific attention to straightening the
spine and pelvis with positioning on the scoliosis frame
before starting surgery, (3) the primary thoracolumbar
scoliosis correction that occurred with rod, hook, and su-
blaminar wire instrumentation, and (4) the passive pelvic
correction that accompanied the lumbar straightening.

Radiographic continuity of bone across the lumbosacral
joint in anteroposterior, lateral, and oblique projections and
the absence of discomfort were considered to indicate a
good result following extension of the instrumentation and
fusion to the sacrum. There was no change in the position
of the rods. The discomfort that developed in a few was
due to the prominence of the distal ends of the rods
worsened by excessive weight loss (and thus less soft tissue
coverage). No rods fractured or pulled away from the bone
post-surgery in the entire series. The lumbo-sacral bone
fusion was clearly demonstrated by radiographs (Figs. 1, 2,
3). In the one patient who had unilateral exploration of the
distal rod at the site of persistent pain 3.3 years post-sur-
gery, with no radiographic or clinical evidence of subcu-
taneous prominence, there was full fusion of the operative
(bone) mass down to and including the sacrum, and the
distal ends of both rods were encased in mature thick
cortical bone. CT scans just prior to exploration supported
this observation. The “windshield wiper” effect was seen
radiographically very infrequently in our patients. It has
been noted more extensively in other methods where the
rods are placed for longer distances within sacral and iliac
bone. The marked immobility of our patient population
contributes to the absence of this finding.

The measurements of scoliosis and pelvic obliquity pre-
surgery and post-surgery show good correction of both
parameters with this technique, and the correction is well
maintained with the longer-term follow-up (Table 2).
These measurements along with the radiographic appear-
ances and clinical findings (of comfortable seating) appear
to indicate that the sacral rod/bone graft-only technique
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induces stable lumbosacral fixation in this specific subset
of non-ambulatory very weak hypotonic neuromuscular
patients. The “windshield wiper” radiologic finding of
bone lysis around the distal ends of the rods was very
infrequent in this series, also indicating good stability and
fusion.

Virtually all studies of neuromuscular scoliosis surgery
in early adolescence show a favorable post-operative cor-
rection with a slight to moderate worsening with time
(although not to a clinically significant extent). Gaine et al.
[35] showed this clearly in a large series of cases with
differing techniques and also with fusion to Ls or to the
sacrum. Our findings are similar to other series with only a
minimal 2.2° loss of correction for scoliosis. A similar
pattern is seen regarding pelvic obliquity. The loss of
correction of only 1.2° in this series is also a very favorable
finding.

The tendency in spinal deformity surgery with stabil-
ization to Ls or to the pelvis in neuromuscular patients
(most of whom are non-ambulatory) is to get very good
initial correction of both scoliosis and pelvic obliquity with
a slight loss of correction over the next several years.
Examples reporting mean values pre-operatively, post-
operatively, and at latest follow-up include: (Cotrel-Du-
bousset to pelvis, 18 patients) scoliosis 70° to 38° to 41°;
pelvic obliquity 19° pre-operatively in 13, 9 improved 22°
to 11°, and 4 worsened 13° to 16° [10]; (Harrington-Lu-
que, most Luque to pelvis with modified Moe fusion, 101)
scoliosis 84° to 40° with mean loss of correction of 7°;
pelvic obliquity 21° to 11° with mean loss of correction of
3°129]; (Luque rod/Galveston, 31) scoliosis 48° to 16.7° to
22°; pelvic obliquity 19.8° to 7.2° to 11.6° [30]; [Luque
single unit rod, pedicle screws, 74 (25 to sacrum or pelvis)]
scoliosis 53.5° to 27.3° to 39°; pelvic obliquity 20° to 10.8°
to 16° [35]; (pedicle screws and iliac screws, 20) scoliosis
44° to 10°; pelvic obliquity 14° to 3° [14]; (Jackson in-
trasacral fixation, hybrid above, 56) scoliosis 58.5° to 22.3°
to 23.5°, pelvic obliquity-improved [15]; (sublaminar wires
group A, sublaminar wires and pedicle screws group B,
pedicle screws group C, 43) scoliosis changes group A: 50°
to 15.7° to 21.6°, group B: 17.8° to 3.6° to 6.7°, and group
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C: 25.8° to 5.5° to 8.9° [33]; (pedicle screw instrumenta-
tion, 27; iliac screws to pelvis, 18) scoliosis (entire 27)
79.8° to 30.2° to 31.9°; pelvic obliquity for cases extended
to pelvis 22.2° to 11.2° to 13.4° [21]; (Luque—Galveston,
93) scoliosis 72° to 33° to 36° [20]; (new pelvic rod sys-
tem, 18) scoliosis 82.3° to 30.9° to 33.4°; pelvic obliquity
19.3° to 5° to 5° [6].

Many recommend fusion to the pelvis in all non-
ambulatory patients having spinal fusion [6, 15, 17, 18, 29],
while those fusing only to Ls recommend doing so in those
with early or milder deformities such as scoliosis <40°,
pelvic obliquity <10° (or 15°) and the apex of the curve at
L, (or L,) and above [21, 25, 27, 30, 34]. Alman and Kim
[27] fused 38 DMD patients to Ls but noted subsequent
increase of pelvic obliquity in all of at least 10°, while none
of 10 fused to the pelvis showed any increase. Takaso et al.
[34] fused 28 patients with DMD to Ls only in those with
the scoliosis apex at L, or higher and preferably with a
minimal Ls tilt <15°. They decreased the pre-operative
mean 74° curves to 14° post-operatively and 17° at latest
follow-up, with pelvic obliquity at 17° pre-operatively and
6° post-operatively and at latest follow-up. Gaine et al. [35]
felt that fusion to S; (sacrum) did not provide any benefit
over fusion to Ls with regard to correction and mainte-
nance of both parameters.

We noted lesser corrections of scoliosis as the pre-
operative deformity increased, as the greater curves had
usually developed over longer periods of time and were
more rigid. The smallest curves (0°—40°) had a correction
of 87.5 % while the largest curves (61°+) had only a 49 %
rate of correction. This was not true for pelvic obliquity
even though it might have been expected, but perhaps the
small angles involved were less easily documented.
Decreased percent correction in larger curves >70° was
also noted by Bentley et al. [29].

We stress that the sacral rod/bone graft onlay procedure
is indicated and effective only in non-ambulatory neuro-
muscular patients where the stresses placed on the lum-
bosacral junction are minimal. We do not recommend this
approach for ambulatory patients or for patients who self-
transfer from bed to chair where rotational stresses can be
considerable. It is particularly warranted for those with
some or all of moderate to severe osteoporosis, relatively
small stature, and considerable pelvic bone deformation.

Several technical features lead to a more effective out-
come: (1) it is necessary to bend both rods at the lumbo-
sacral region into a lordotic conformation; (2) the distal
rods must be placed tightly against the sacral bone surface,
however, with the most distal stabilization by the subla-
minar wires at the Ls—S; level; (3) thoracic and lumbar
cross-links are helpful to further limit movement of the two
rods; cross-links should not be attached over the sacrum if
possible; (4) the rods should extend onto the sacrum for a

relatively short distance of 2-3 c¢cm beyond the Ls—S; joint
to minimize the likelihood of becoming prominent with
time; (5) the sacrum must be extensively cleared in the
subperiosteal plane including for a few centimeters distal
and lateral to the ends of the rods and abundant autograft
(spinous processes) and allograft (cortico-cancellous) bone
graft should be used completely covering the two rods in
the lower lumbar and sacral position; (6) since weight loss
and further muscle atrophy are common in many progres-
sive neuromuscular disorders in late adolescence and early
adulthood, soft tissue coverage of the instrumentation at
time of surgery is extremely important since it may
diminish significantly with time; (7) attention is paid to
straightening the pelvis by pre-operative positioning on the
scoliosis frame and application of the posterior instru-
mentation for optimal scoliosis and particularly lumbar
scoliosis correction; and (8) use of an anterior—posterior
brace post-surgery in the sitting position for several weeks
is part of our management program. One clear limitation of
the procedure is its inability to primarily actively tilt or
reposition any persisting pelvic obliquity after the above-
mentioned approaches. Fusion occurred in all cases, how-
ever, regardless of persisting lumbar scoliosis or pelvic
obliquity and these parameters did not subsequently
worsen.

The spinal rod/bone graft onlay technique has proven to
be valuable in this small subset of non-ambulatory patients
with hypotonic neuromuscular diseases having posterior
spinal fusion for scoliosis in adolescence. The use of ste-
roids as a treatment for DMD has dramatically diminished
the need for spinal fusion from 90 % pre-steroids to as low
as 20 % with long-term steroid use [36]. However, when
surgery is needed in patients on long-term steroids, osteo-
porosis is an even greater problem. A considerable number
of patients with DMD are not treated with steroids long
term owing to parental or medical provider decision or
medical contra-indications such as excess weight gain,
development of severe osteoporosis with fractures and
bone pain, glaucoma, and worsening behavioral activity.
Increasing numbers of patients with DMD and types 1 and
2 spinal muscular atrophy are surviving with earlier use of
longevity enhancing measures such as g-tubes for nutrition,
part-time respiratory support with BiPAP, and full-time
support with tracheostomy and mechanical ventilators.
Large neuromuscular clinics also see increasing numbers
of wheelchair-dependent children and adolescents most of
whom develop a progressive scoliosis with other disorders,
such as the myopathies, non-dystrophin-related muscular
dystrophies, and Friedreich ataxia. While all our cases had
sublaminar wires, this technique can also be used for hook-
or pedicle screw-based systems; hooks or screws would
extend only to the Ls level while the rods and abundant
bone graft extend distally onto the sacrum.
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