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Table 1. Gloss motor development in type 111 01 related to the normal population 

Skill (milestone) 

Lifting the head in prone position 
Pulled by the arms from supine to a sitting 
position without presence of head lag 
Rolling from supine to side-lying 
Rolling from supine to prone 
Complete head control in sitting position 
Sitting unsupported 
Crawling with abdomen on the floor 
Standing with support 
Bottom shuffling 

- __ - - 

01 ill 
Median 

Typea Years 

D 3.6 

D 3.8 
D 1.8 
D 3.8 
S 1.7 
S 2.1 
D 4.8 
S 4.8 
D 4.1 

Normal 
van Wiechen 

90th percentile 
Years 

- 

0.3 

0.5 
0.6 
0.7 
0.7 
1 .o 
1 .o 
1 .o - 

a D dynamic, S static. 

b Bayiey Scales of Infant Development (1983). 
c No reference value exists. 

All skills according to Van Wiechen (1983). except b and c. 

In 01, the results refer to the age when 6 or more of the 10 patients achieved the 
motor milestones. 

motor development is defined as the age at which 90 
percent of the population has reached a certain motor 
milestone (Table I). Representative gross motor 
milestones were chosen that were achieved by at least 
6 patients. Two motor activities observed in 0 1  
patients are not included in the van Wiechen method. 
One of these skills, rolling from supine to side-lying 
position, was derived from the Bayley Scales of 
Infant Development (van der Meulen and Smrkovsky 
1983). Regarding the other, bottom shuffling, no ref- 
erence value exists. This item was scored positive 
when the child was able to transfer the body in a sit- 
ting position by propulsion of the legs without use of 
the upper extremities. To reveal skeletal dispropor- 
tions, measurements of head circumference and body 
length were performed. 

In all children, intramedullary stabilization of the 
lower extremities was performed with expanding 
rods, as described by Bailey and Dubow (1981). The 
mean age at surgery was 3.5 (2-6) years. 5 children 
underwent surgery before the age of 3.5 years, 5 chil- 
dren after 3.5 years. 

Results 

There was a relative macrocephaly in all patients; the 
head circumference was between the 10th and 97th 
percentiles and body length was far below the 3rd 
percentile. 

All patients had a severe delay in gross motor 
development. The sequence in achieving gross motor 
milestones was also different from normals. Static 
milestones, such as complete head control and sitting 

without support, developed earlier than dynamic 
milestones, such as lifting the head in prone position, 
rolling over from supine to prone and bottom shuf- 
fling. Rolling from supine to side-lying, developed 
much earlier than rolling from supine to prone (Table 
1 ). 

Gross motor milestones within 2 years of age (roll- 
ing from supine to side-lying, complete head control 
in sitting position, and sitting unsupported) were 
achieved in 9 patients before intramedullary rodding. 
Only 1 patient, operated after 3.5 years of age, was 
unable to sit unsupported until 15 months after surgi- 
cal intervention. 

1 patient was able to stand before intramedullary 
rodding. After rodding, 7 patients were able to stand 
with support. 

Children who underwent surgery before the age of 
3.5 years could stand with support sooner than chil- 
dren operated on later (Table 2). In other gross motor 

Table 2. Months between surgery (A) and standing with 
support (B) in 10 patients with type 111 01 

Patient A B A-B 

1 25 20 -5 
2 26 36 10 
3 30 41 11 
4 34 50 16 
5 38 47 9 
6 48 - > 15 
7 51 66 15 
8 59 84 25 
9 65 71 6 

10 66 - > 15 
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milestones, such as crawling with the abdomen on the 
floor and rolling from supine to prone, the same ten- 
dency was observed. Bottom shuffling was noted in 6 
patients following surgery. 2 patients had this finding 
before rodding. 

2 patients who were operated after 3.5 years of age 
were not able to shuffle in a sitting position. All 
patients who had been operated on at an earlier age 
successfully achieved all the motor milestones. 

Discussion 

Several authors have observed changes in patterns of 
gross motor development in children with other 
chronic handicaps (Adelson and Fraiberg 1974, Jaffe 
et al. 1988). 

We found that in children with 01 type I11 the 
course of gross motor development also was 
changed; there appears to exist a specific natural 
course in gross motor development in these children. 
There may be several reasons for this pattern. 

Earlier achievement of static than dynamic mile- 
stones may be caused by the risk of fractures due to 
moving. It seems that the infant prevents itself from 
fracturing. For example, rolling from supine to prone 
position (dynamic milestone) is presumably avoided 
because of the risk of fracturing the humerus. 

A delay in the craniocaudal development of mus- 
cular extension tone in a prone position, which devel- 
ops in normal children in the first year of life (van 
Wiechen 1983), may be due to the discrepancy 
between head circumference and body length, with 
insufficient muscle strength for lifting the head in a 
prone position. 

Shapiro (1 985) stated that intramedullary rodding 
improved the outlook for ambulation. Porat et al. 
(1991) compared the function after elongating and 
non-elongating rodding in patients with types I, 111 
and IV 01. They found an improved ambulation after 
operation. Cole (1993) observed that early surgery in 
type I11 01 reduced the incidence of fractures. 
Ryoppy et al. (1987) recommended early intramedul- 
lary stabilization, even in the early postnatal period. 
Although previous reports linked intramedullary sta- 
bilization to ambulation, we have found no detailed 
study on gross motor milestones in young patients 
with 01, or data concerning the appropriate age for 
surgery. In our study, the patients who were first oper- 
ated on were older than 3.5 years. In the hope that 
earlier surgical intervention might give better results, 
we started to perform surgery at a younger age. Our 
findings indicate that intramedullary rodding, before 

the age of 3.5 years, yields better neuromotor devel- 
opment than later surgery. Because of the small num- 
ber of patients and the absence of a control group, the 
question is whether this improvement is caused by 
early surgery or by selection bias. 

We think that unsupported sitting is a prerequisite 
for intramedullary rodding. In our patients, the 
median age for unsupported sitting was 2.1 years. 
Therefore, we recommend that intramedullary rod- 
ding should be performed between the ages of 2 and 
3.5 years. 

We wish to emphasize that rodding does not 
always improve neuromotor development; not all our 
patients were able to achieve all gross motor mile- 
stones. 
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