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PNEUMATIC TROUSER SPLINTS IN THE TREATMENT OF 
SEVERE OSTEOGENESIS IMPERFECTA 
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Twelve patients with severe osteogenesis imperfecta have been managed by closed 
osteotomy to correct lower limb long bone deformity, followed by support in 
pneumatic trouser splints. The apparatus was well tolerated, fractures were rare, 
and there was a significant improvement in patient mobility. This conservative 
method compares favourably with the published series of multiple osteotomies and 
intramedullary rodding. 
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Multiple fractures and bony deformity are the 
most important clinical manifestations of 
osteogenesis imperfecta (McKusick 1972). Long 
bone deformity is a characteristic of severe dis- 
ease (Bauze et al. 1975), and when present in the 
lower limbs standing and walking is impaired so 
that disuse muscle atrophy and osteoporosis be- 
come pronounced. Abnormal mechanical stresses 
are borne by the deformed porotic bone which is 
easily fractured, and may become further de- 
formed (Smars 1961, Falvo et al. 1974, Cam- 
panacci et al. 1975). 

One of the main objectives of treatment is the 
early correction of long bone deformity in order 
to allow the child to stand erect and walk, before 
secondary atrophic changes become established. 

In severe forms of osteogenesis imperfecta, the 
bones are too fragile to withstand the forces 
necessary for maintenance of the erect position 
without support. Support may be provided inter- 
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nally by surgical implants or externally using 
orthotic devices. 

Multiple osteotomy and rodding has gained 
wide popularity but the method has a high com- 
plication rate. In view of these complications a 
more conservative approach has been introduced 
(Morel 1971). The deformity is first corrected by 
multiple closed osteotomies and traction. After 
the osteotomies have healed, the limbs are sup- 
ported in light-weight air-filled trouser splints. 
The child is then stood up in the splints and 
mobilized. This report is a review of our experi- 
ence with this form of treatment. 

PATIENTS AND METHODS 
Twelve patients with osteogenesis imperfecta who have 
been treated with inflatable lower limb splints and fol- 
lowed up for at least 2 years are included in this series. 
All patients had severe disease with long bone defor- 
mity (Bauze et al. 1975). 

The correction of long bone deformity was achieved 
by closed osteotomy with skin traction to the affected 
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and femur (Tachdjian 1972). In older children lon- 
gitudinal skin traction is used. At approximately 6 
weeks after osteotomy, union is present clinically, and 
abundant callus is usually visible radiographically at the 
osteotomy site. The patient is fitted with the pneumatic 
splints at this stage, when the necessary measurements 
have been made after correction of deformities. 

Mobilization. After healing of the osteotomies the pa- 
tient is stood up whilst wearing the pneumatic splints. 
Initially the patient is supported by the physiotherapist, 
and then in a body frame or “pulpit” before he pro- 
gresses to parallel bars and crutches. With children who 
have been bedridden for many years, care must be 
taken not to stand the patients precipitously as there 
will be poor peripheral neurovascular tone and a ten- 
dency to faint, as well as poor control of balance. This is 
minimized by nursing the child on an inclined board 
during the final healing of the osteotomies, so that the 
erect position is gradually attained. 

Thepneumatic splints (Figure 1). The pneumatic trouser 
splints are worn over underclothes. They consist of a 
pair of trousers made of inextensible synthetic material 
(Polyamide 66). The trousers are fitted with zips and 
laces and incorporated into them are inflatable rubber 
flutes. When inflated the flutes add rigidity to the gar- 
ment, but do not constrict the limbs. The flutes can 
either be continuous across the knee joint to provide 

Figure 1. Pneumatic splint with the knee held in exten- 
sion. The outer flutes are in contact with rhe ground. 

limb until the osteotomies became “sticky” and callus 
was present radiographically. Establishment and 
maintenance of the erect posture was then achieved 
with the aid of pneumatic trouser splints. 

Techniques 

Osteotomy. Closed osteotomy of the tibia or femur is 
carried out under X-ray image intensification. The site 
of maximum curvature of the bone is marked on the 
skin, and the bone is fractured either between the fin- 
gers in small children, or over a wooden fulcrum in 
larger individuals. Multiple osteotomies are usually re- 
quired in severe deformities involving the entire dia- 
physis. 

Traction. Skin traction only is used. The patients are 
light weight and skeletal traction is likely to fail owing 
to cutting out of traction pins through fragile bones. In 
children under 2 years of age Bryant’s traction is suffi- 
cient for maintaining bony alignment of both the tibia 

Figure 2. Pneumatic splint with the knee free of support 
which permits flexion. The lower ends ofthe splints are 
strapped to the shoes. 
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Table 1 .  Results of treatment in pneumatic splints 

Before splint After splint Time in splint 
Patient Fractures Mobility Fractures Mobility (Years + months) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

45 
5 
8 
5 

20 
40 
25 

8 
20 

6 
25 
12 

Wlchair 
Wlchair 
Crutches 
Wlchair 
Bedridden 
Bedridden 
Crutches 
Wlchair 
Wfchair 
Crutches 
Bedridden 
Crutches 

Stick 
Crutches 
Stick 
Free 
Standing 
Standing 
Crutches 
Crutches 
Free 
Free 
Crutches 
Free 

6+5 
3+0 
8+6 
5+4 
2+2 
5+4 
4+6 
2+2 
8+0 
2+3 
6+Y 
3+5 

~ ~ ~- 

* ( ) fractures sustained during changing or toileting when apparatus not being worn. 

stability (Figure I), or may be interrupted at the knee 
joint to allow flexion and a comfortable sitting position 
(Figure 2). The latter type is more suitable for mature 
patients with quadriceps control of the knee joint. 

The splints themselves support the patient with the 
outer flutes of the trousers in contact with the ground 
when the patient is standing (Figure 1). In less severely 
affected children, the lower end of the splint is strapped 
to the footwear so that all weight-bearing is through the 
shoes (Figure 2). 

Spinal deformity is usually present in severe 
osteogenesis imperfecta, but this is not a containdica- 
tion to fitting of trouser splints which are applied to the 
lower trunk below the apex of the kyphosis or scoliosis. 

The patients are maintained in their orthoses until 
skeletal maturity, when the bones generally become 
stronger.At that time the children may be gradually 
weaned out of the splints by progressive deflation of the 
supporting flutes over a period of months. 

RESULTS 

A summary of the results of the conservative 
treatment regime in 12 patients is shown in Table 
1. Before treatment the patients had each sus- 
tained between 5 and 45 fractures (mean 20); an 
average of 2.6 fractures per year. Pneumatic 
splints were worn by the patients for an average 
of 4 years and 9 months (range 2 years 2 months 
to 8 years 6 months). A total of 22 fractures were 
sustained whilst the 12 patients were being 
treated in pneumatic splints, an average of 0.33 
fractures per year. Half of these fractures 

occurred as the child was being dressed or 
washed, when the splints were not being worn. 
With the exception of Case 7 who was mobile 
with crutches before and after treatment, the 
other 11 patients all improved their level of mo- 
bility. Four patients were walking freely without 
aids, whereas before treatment 2 of them were 
confined to wheelchairs, and 2 required crutches. 
Two patients walked with a stick, 4 with crutches 
and 2 who were previously confined to bed were 
able to stand with support. 

CASE REPORT 
Case 5. A girl aged 4 years and 3 months. Osteogenesis 
imperfecta was diagnosed at birth when she sustained 
multiple fractures. During the first 2 years of life she 
sustained approximately 20 further fractures. When 
first seen aged 2 years she was irritable, reluctant to 
move, and could not sit unaided. The skull was flat- 
tened from the front backwards, and there were marked 
long bone deformities (Figure 3a). A radiograph of the 
femora showed bilateral severe valgus deformity with 
old healed fractures (Figure 3b). She underwent closed 
osteotomies of the femora and tibiae and skin traction 
was applied to both lower limbs for 6 weeks. At this 
time she was installed in her pneumatic apparatus and 
stood for the first time aged 2 years and 1 month (Fig- 
ure 3c). The femora have been held in good alignment 
in the apparatus (Figure 3d). The patient now spends 
much of the day out of bed in the vertical position with 
the aid of the “pulpit” (Figure 3e). She has been in the 
apparatus for 2 years and 2 months and sustained only 
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Figures 3a-e Case 5.  a) Aged 2 years. Patient confined to 
her cot with severe long bone deformities and flaiiened 
skull and face. 

c) Standing for the first time aged 2 years I month. 

b) Radiograph 
showing gross varus 
deformity of the 
femora, with evidence 
of healed fractures. 



PNEUMATIC TROUSER SPLINTS 551 

one fracture during that time. There has been a general 
improvement in her demeanour, and her skull has taken 
up a more rounded appearance. 

DISCUSSION 

Multiple osteotomies and intramedullary rodding 
were first described in 192 1 by Springer for the 
correction of long bone deformity in rickets 
(Springer 1921). The method was later de- 
veloped by Sofield and Millar for patients with 
osteogenesis imperfecta (Sofield & Millar 1959). 
The method has a high complication rate. There 
is a high blood loss, with significant mortality 
(Sofield & Millar 1959, Weber 1977, Marafioti & 
Westin 1977). Infection is not uncommon 
(Sofield & Millar 1959, Rebouillat et al. 1969, 
King & Bobechko 1971, Tiley & Albright 1973, 
Marafioti & Westin 1977, Moorefield & Miller 
1980), and non-union or delayed union may 
occur (Williams 1965, King & Bobechko 1971, 
Tiley & Albright 1973, Moorefield & Miller 

d) Radiograph showing good bony alignment whilst un- 
dergoing treatment in pneumatic splints. 

- 

1980). Problems with rod migration and fractures 
adjacent to rod ends are very common, requiring 
revisions (Williams 1965, Rebouillat et al. 1969, 
King & Bobechko 1971, Rodriguez & Wickstrom 
1971, Tiley & Albright 1973, Weber 1977). The 
introduction of telescopic intramedullary rods has 
reduced the incidence of revision, but damage to 
the growth plate with growth arrest as well as 
damage to the articular cartilage and disassembly 
of the epiphyseal fixation piece may occur (Rod- 
riguez & Wickstrom 1971, Marafioti & Westin 
1977, Finidori et al. 1979, Moorefield & Miller 
1980). Although only mentioned specifically as a 
complication in one series (Moorefield & Miller 
1980) extreme porosis invariably occurs around 
the intramedullary rods. 

Pneumatic fluted trouser splints were de- 
veloped in an attempt to reduce the high inci- 
dence of surgical complications (Morel 197 1). 
Standard traditional splints and orthoses are too 
heavy and cumbersome and are poorly tolerated 
by children with brittle bones. 

There have been no complications directly at- 
tributable to the apparatus which is well tolerated 
by children with bony fragility. Closed OsteotomY 
is relatively atraumatic and blood transfusion is 

e) Aged 4 years. Patient is now able to stand erect with 
the aid of a “pulpit”. 
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not needed. Scars in osteogenesis imperfecta are 
wide and ugly and are avoided if closed 
osteotomy is performed. 

It is our impression that the extreme osteo- 
porosis associated with intramedullary nailing 
does not occur with external pneumatic support. 
This is probably because gravitational weight- 
bearing forces are not eliminated in the splints 
and osteogenesis is thus promoted in the affected 
bones. The apparatus enables these severely af- 
fected children to stand erect, sometimes for the 
first time, and this assists their general well being 
and psychological adjustment to this deforming 
condition. 
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