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ABSTRACT: Background: Achondroplasia, the most common form of chondrodysplasia (inherited skeletal
dysplasia), is characterized by a significant delay in the development of communication and motor skills,
particularly during the first 2 years. Although some information regarding timing of development for children
with achondroplasia is available, no study has evaluated simultaneously the pattern of skill development
across multiple key developmental areas. Method: This study used a retrospective questionnaire to quantify
developmental data on milestone achievement. Twenty families of children with achondroplasia throughout
Australia and New Zealand were asked to document age of acquisition for 41 gross motor, fine motor, and
communication and feeding milestones. More than one half of the items assessed were milestones identified
in the Australian State Government Personal Health Record Books. The results are compared with previously
available information regarding development of motor skills by a cohort of American children with achon-
droplasia. Results: Although the results support previously reported delays in gross motor and communication
skill development, fine motor development does not seem to be as delayed as previously suggested. Infor-
mation on development of self-feeding skills is presented for the first time and occurs later in this group than
the typically developing population. We describe 2 distinctive and previously unreported methods of transi-
tioning between static positions commonly used by children with achondroplasia. Conclusion: Delays were
reported across gross motor and communication and feeding skills but were not observed during develop-
ment of fine motor skills. Additional information is also offered regarding a variety of unusual movement
strategies demonstrated by young children with achondroplasia.

(J Dev Behav Pediatr 31:41–47, 2010) Index terms: achondroplasia, skill development, Australia, skeletal dysplasia, developmental milestones.

Achondroplasia is the most common form of short-
limbed short stature, occurring with an incidence of
between 0.36 and 0.6 per 10,000 live births.1 Children

with achondroplasia have a number of well-recognized
anatomical differences, including a disproportionate
short stature, with marked shortening of the limb seg-
ments, macrocephaly, generalized hypotonia, general-
ized joint hypermobility, increased lumbar lordosis, tho-
racolumbar kyphosis, and reduced elbow extension. The
head generally appears to be large with a prominent
forehead and chin and a flattened midface region.2–4

Although older children with achondroplasia are consid-
ered within the normal range of cognitive functioning, a
number of researchers have identified that children with
achondroplasia generally have significantly delayed de-
velopment of motor and communication skills, particu-
larly during the first 2 years.4–7 Overall, little information
on development is available, especially for communica-
tion and feeding skills and no information specific to the
Australian and New Zealand populations.

Developmental delays observed in children with
achondroplasia were first reported by Todorov et al,5

who assessed the performance on 15 gross motor and
communication skills of 166 adults and 31 American
children with achondroplasia, using a retrospective
questionnaire based on the Denver Developmental
Screening Test.8 The Denver Developmental Screening
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Test was designed to give a brief overview of a child’s
development, based on the performances of 1036 typi-
cally developing children in 1966. A major revision and
restandardization of the Denver Developmental Screen-
ing Test (Denver II) was published in 1992 and included
a review of individual items, inclusion of additional
items, and standardization of the tool on a total of 2096
children.9 In 1997, Fowler et al7 prospectively moni-
tored 93 children with achondroplasia, reaffirming the
motor delays previously reported by Todorov et al5 and
describing a number of specific and unusual preambula-
tion locomotion patterns utilized by children with
achondroplasia. These included “snow ploughing” and
“reverse snow ploughing” in which the head acts as a
pivot point, whereas the legs and feet propel the child
along. They also described “spider crawling”; a type of
locomotion in which the child supports the weight on
hands and feet as opposed to the hands and knees as
seen in a more traditional crawling pattern. Fowler et al7

concluded that the developmental delays seen for gross
and fine motor skills, and the unusual forms of pream-
bulant locomotion, are compensatory for the anatomical
differences in children with achondroplasia. No informa-
tion has previously been provided on specific sequences
of movement demonstrated by children with achondro-
plasia when transitioning between positions. Although
speech and language delay is well documented for chil-
dren with achondroplasia,4,10 and a review by a speech
and language pathologist is recommended within the
first 2 years,4 there is little quantitative information con-
cerning when communication milestones are reached.
No information concerning the development of feeding
skills has been previously reported.

The purpose of our study was to collect detailed
information regarding the age and sequence of develop-
ment across the areas of gross motor, fine motor, and
communication and feeding skills for a cohort of Austra-
lian and New Zealand children with achondroplasia and
to compare these data with that reported in the previous
American-based cohorts. A secondary aim was to de-
scribe the characteristic sequences of movements dem-
onstrated when children with achondroplasia transition
between static positions.

METHODS
The project was developed as an Australasian popu-

lation-based study. Participants were recruited through
the Bone Dysplasia and Clinical Genetics clinics at major
hospitals in all 6 Australian states, through the Short
Statured People Association branches in Australia and
through the Little People of New Zealand Association.
Ethical approval was obtained through the Ethics in
Human Research Committees in each state. Informed
consent was obtained from parents or guardians using
the protocols recommended by the Ethics in Human
Research Committees for each state.

Individuals were eligible if they had a medical diag-
nosis of achondroplasia. From June 2001, we began
enrolling all individuals with achondroplasia aged
younger than 5 years. On recruitment, participants were
asked to recall the age at which their child had achieved
listed milestones. The achievement of any milestones
not achieved at recruitment was then recorded prospec-
tively until the child turned 5 years. Children younger
than 15 months at the time of initial contact were re-
cruited to the prospective component of the study,
which is currently under way. Children with additional
neurological problems, not related to achondroplasia,
such as epilepsy or cerebral palsy, were excluded due to
the potential for these conditions to affect developmen-
tal progress.

A 41-item written questionnaire was developed using a
multidisciplinary reference group of expert clinicians and
researchers working with children with achondroplasia. It
covered 41 standard milestones across gross motor (14
items), fine motor (8 items), communication (12 items),
and feeding (7 items) domains commonly evaluated in
clinical practice through parental questioning. Twenty-four
of the 41 items were milestones identified in the Australian
State Government Personal Health Record Books (devel-
oped by the Australian College of General Practitioners, the
Australian Medical Association, the Australian College of
Paediatrics, the Australian College of Midwives, and the
Professional Association of Child Health Nurses). These
books are issued to all children born in Australia and New
Zealand at the time of their birth and are used by parents
and health professionals to monitor a child’s development
and medical history throughout the first 5 years of their
lives. The developed items were cross-referenced against
recognized standardized assessments to ensure relevance
from a developmental perspective. Thirty-two items cover-
ing gross motor, fine motor-adaptive, and language and
personal-social skills were reported in the Denver Develop-
mental Screening Test II (26 items) and the Rossetti Infant
Toddler Language Scale (6 items).11 An additional 3 feeding
items (looking at progression through puree and mashed
consistencies to finger feeding) were developed by an
expert multidisciplinary team panel with input from a
speech and language pathologist, occupational therapist,
physiotherapist, and medical practitioner.

Parents were asked to report on 5-specific forms of
preambulant locomotion common in this population in-
cluding snow ploughing, reverse snow ploughing, com-
mando crawling, “bear” or “spider” walking, and tradi-
tional crawling (5 items) based on the study by Fowler et
al.7 Parents were also asked to describe movement se-
quences utilized by their child when transitioning from
lying to sitting, standing to sitting, and sitting to standing
(3 items). The test items did not require specific skills to
administer and the questionnaire included pictorial rep-
resentation and a brief description where applicable.

After providing consent, families were sent the question-
naire and asked to record the age of achievement in
months and weeks, for each of the 41 items. If parents
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were uncertain of the age of achievement, they were asked
to record this as “unknown” (although only 5% of total
items were recorded in this way). Families were resent the
questionnaire at 3 monthly intervals and asked to record
their child’s development for the previous 3-month period,
until all 41 items were demonstrated and recorded.

Data Analysis
For each of the 41 milestone items, minimum, maxi-

mum, median, and 90th percentile ages for milestone
attainment were calculated. All items were achieved by
5 years (60 months). Data were presented in a similar
format by Todorov et al5 after their retrospective assess-
ment of 166 adults and 31 children (no age ranges
offered) and Fowler et al7 who reported on their pro-
spective assessment of 93 children during a 14-year pe-
riod, from 1 to 60 months (no mean age of recruitment
reported). The 90th percentile ages for each of the
common items recorded by Todorov et al,5 Fowler et al,7

and the Denver II9 are included for comparison. For the
preambulation locomotion strategies and transitional
movement sequences, the percentage of respondents
demonstrating each movement is presented.

RESULTS
Twenty-eight children (17 boys) were identified on

databases of Bone Dysplasia services or support groups
across Australia and New Zealand. Parents of all children
were contacted by mail and invited to participate in the
study. Twenty (71%) families enrolled and completed all
questionnaires. Age at enrollment ranged from 1 child
enrolled at 20 months, 7 children enrolling between 26
and 36 months, 6 children between 37 and 48 months,
and 6 children between 49 and 60 months, with a mean
age of recruitment of 40.6 months. Thirteen participants
were boys and 7 were girls.

Gross Motor Skills
As expected, the average age of acquisition of gross

motor milestones for children with achondroplasia was
later in all situations when compared with results for
typically achieving children as reported by the Denver II
(Table 1).

Movement Strategies
Commando crawling was the most popular method of

preorthograde locomotion observed in the Australian
and New Zealand cohort, demonstrated by 85% of our
sample (Table 2).

Two distinctive and previously unreported methods
of transitioning between positions were identified in the
Australian and New Zealand cohort (Table 3). When
transitioning from lying to sitting, the most common
strategy was for the child to lie prone, abduct the legs
fully into a “split-like” position, push up through the
arms, and extend the head until they were able to lever
into a more upright position (demonstrated by 60% of
children). When pulling to stand from a lying or sitting

position, 55% of children adopted a “split-like” position
in prone or sitting, allowing close access to an object and
then used their arms to pull up into a standing position.

Fine Motor Skills
With regard to time taken to develop fine motor skills,

there was little difference between those milestone
achievements reported for typically developing children
by the Denver II,9 particularly for the earlier milestones
(Table 1).

Communication Skills
The current Australasian achondroplasia cohort took

longer to achieve most communication milestones than
the typically developing cohort described by the Denver
II9 (Table 1).

Feeding Skills
Evaluation of eating and drinking skills in the Australian

and New Zealand cohort showed that of the 20 children
who participated in the study, 10 (50%) were reported to
successfully breastfeed; 9 (45%) children were bottle-fed;
and 8 (40%) combined breast and bottle feeding. Infants in
Australia are generally introduced to solid food between 4
and 7 months.12–14 The timing of the introduction of pu-
reed solids for children with achondroplasia was similar to
that seen in the general populace. Independent feeding
skills attainment occurred at an older age in this population
than that reported in the normative population by the
Denver II (Table 4).

DISCUSSION
We have compiled data regarding the age and se-

quence of development across the areas of gross motor,
fine motor, and communication and feeding skills for a
cohort of Australian and New Zealand children with
achondroplasia, including, for the first time, feeding skill
acquisition. The pattern of milestone attainment re-
corded for this group supports previous reports of delay
in gross motor and language skills,5,7 although fine motor
skill development seems to be an area of relative
strength for children with achondroplasia, with less de-
lays reported than previously.7

Identifying a specific profile of development is nec-
essary for conditions such as achondroplasia, both for
guiding future development of specific treatment strate-
gies,5,15 and where unusual delays in skill attainment or
demonstration of varied movement strategies may be
seen as indicative of significant developmental delay by
inexperienced clinicians.7 More detailed documentation of
milestone attainment, across a variety of skill areas, offers
health practitioners a clearer reference point with which to
compare a child’s performance and identify those children
performing outside the level expected for their age and
medical condition-related profile.16 The provision of more
detailed information about the developmental journey in
the early years for groups, such as children with achondro-
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plasia, may assist in making the initial disclosure of diagno-
sis less distressing for families.17

Gross Motor Skills
Comparisons of gross motor skill development in our

study with the previous studies5,7 identified both similari-
ties and differences existing among the three groups. The

American Academy of Pediatrics and Committee of Genet-
ics developed Health Supervision Guidelines for children
with achondroplasia in 1995 (revised and updated in
2005), which guide the clinical management of children
with achondroplasia. After the development of these rec-
ognized guidelines, there is no reason to expect major
differences in overall clinical management, particularly be-

Table 1. Percentile Distribution for Timing of Acquisition of Gross Motor, Fine Motor, and Communication Skills (mo) for Children With
Achondroplasia

Milestone Sample
Size

Percentiles (mo)

Median
(Min–Max) 90th 90th (Todorov) 90th (Fowler) 90th (Denver II)

Gross motor

Lift head when lying on stomacha 17 5 (1.5–10) 6.7 9 3.5

Roll overa 18 7 (3–9.5) 9 8 20 5.2

Snow plough 11 14 (6–36) 24

Reverse snow plough 6 9 (6–11) 10.8

Commando crawl 17 11 (6–18) 16.2

Bear walking 10 16 (11–30) 27.3

Traditional crawlinga 5 16 (9.5–30) 25.2 13 14.5

Into sitting from lyinga 14 15.1 (8–24) 21 10

Into sitting from standing 16 16 (10–42) 26.5

Into standing from sittinga 19 16 (8.5–48) 24.4 18 20 10

Stand holding ona 17 13.5 (5–40) 25 21 19 12

Stand unsupported 19 17 (12–43) 35.2 23 29 14

Walk holding ona 19 18 (12–48) 36.4 22 27 12.7

Walk independentlya 20 21.2 (14–52) 38.2 30 22.5 15

Fine motor

Reach for objecta 13 5 (2–8) 7 15 5.5

Pass objectsa 13 7 (4–10) 8.8 14 7.5

Bang objects together 9 7.8 (5–12) 9.6 14 11

Scribble with crayona 14 17 (5–36) 24 30 17

Unscrew lid from jar 13 30 (24–48) 33.2

Draw circlea 13 30 (24–42.5) 36 48 45

Build tower 2 blocksa 13 15 (6–40) 30 29.5 20

Build tower 8 blocksa 14 24 (7–48) 34.4 35 42

Communication

Smilea 18 2.1 (0.8–6) 5 2

Babblea 18 7.3 (3–30) 15 10 9

Wavea 16 11 (8–36) 25 14

Say “mama”a 16 10.3 (6–24) 20 17 13

Shake head 9 13 (9–25) 19.5

Peek-a-boo 13 12 (3–36) 19.6 9.7

1-step requesta 14 18.8 (8.5–36) 29.4

Identify body parts 15 22 (7.5–40) 26.4 27

Imitate words 13 18 (11–30) 28.8

Use single wordsa 14 19.9 (10.5–36) 28.8 15

Combine 2 wordsa 16 24 (12–48) 34 24 25

Short sentencesa 16 27.5 (17–54) 37.6 36

aDenotes those items found in the Australian State Government Personal Health Record Books.

44 Developmental Milestones in Australian Children With Achondroplasia Journal of Developmental & Behavioral Pediatrics



tween the cohort in the study by Fowler et al7 and our
current cohorts, although variations may exist after taking
into account individual patient circumstances including
whether management of individuals within the earlier
American cohorts involved the specific restrictions to early
sitting that are now clearly recommended. This was not
discussed in either of the previous American studies. Vari-
ations in findings may be attributed to the retrospective
collection of data used in this study, the relatively small
numbers in the study group when compared with the
larger numbers in the American-based studies and possible
impact on skill development by possible differences in
clinical management between groups, such as restriction of
early sitting. However, the similarity in trends for later gross
motor milestone achievement supports previously docu-
mented reports of delay in gross motor skill development
for children with achondroplasia.

Our results reaffirm the findings of Fowler et al,7

based on a retrospective study of 35 children, that many
children with achondroplasia demonstrate unusual pre-
orthograde stages of ambulatory development. Fowler et
al7 concluded that these forms of locomotion should not
therefore be considered abnormal but as specific strate-
gies adopted by these children that are adaptive to the
biomechanical challenges associated with achondropla-
sia such as hypotonia, macrocephaly, rhizomelia, and

joint hypermobility. Our current results support the orig-
inal findings of Fowler et al7 that children with achon-
droplasia seek out movement strategies for both locomo-
tion and transitioning between positions where the
effects of the biomechanical changes are reduced.

This study presents a number of specific sequences of
movement utilized by children with achondroplasia when
initially learning to transition between positions. The un-
usual method of incorporating full hip abduction into some
transitional movements would seem to be an adaptive strat-
egy, allowing these children to use their joint hypermobil-
ity as a mechanism for reducing the biomechanical impact
of the rhizomelia and the macrocephaly.

Fine Motor Skills
The time frames demonstrated by the Australian and

New Zealand cohort for fine motor skill development
were more similar to the typically developing popula-
tion, suggesting that fine motor development may not be
as delayed as previously thought. One possible explana-
tion is that the limitations on sitting recommended for
infants with achondroplasia to reduce risk of further
kyphotic development6 necessitates that these children
spend more time in very stable positions such as supine
and prone. A delayed ability to sit independently (mean
of 15.1 months) may allow children the opportunity to
practice more bilateral and bimanual hand tasks. Al-
though the characteristic brachydactyly and trident con-
figuration of the fingers alters the biomechanical prop-
erties of the hands, the increased proximal stability
afforded by working in supine and prone positions may
help to counteract the influences of the additional bio-
physical features such as the hypotonia, joint hypermo-
bility, and macrocephaly. Furthermore, because of the
limited positions and lack of sitting positions available to
these infants during the first 12 months, parents and
caregivers may be offering their child greater opportu-
nities to develop and practice in hand manipulation
skills, by introduction of a wide variety of fine motor toys
and activities. These children may have already devel-
oped a number of compensatory strategies to improve
their in-hand manipulation skills, before adopting posi-
tions such as sitting, where increased postural demands
are placed on them. Further research with a larger co-
hort of children is necessary to further evaluate the
development of these skills.

Table 3. Transitional Movement Strategies Used by Children With
Achondroplasia

Transition Movement
Strategy

Number/Percentage
of Children Using
Strategy (N � 20)

Into sitting
from lying

Roll onto one
side

5 (25)

Push up from
stomach

12 (60)

Others 1 (5)

From standing up
into sitting

Dropping
backwards

12 (60)

Squatting down 6 (30)

Spreading legs 4 (20)

Pull into standing
from sitting
down

Kneeling up on
both knees

6 (30)

Lying on stomach 11 (55)

Others 3 (15)

Table 2. Preorthograde Movement Strategies Use by Children With Achondroplasia

Movement Strategy Number/Percentage
(n � 20)

Average Age (mo)
(Ireland et al, in This Issue)

Number/Percentage7

(n � 35)
Average Age

(mo)7

Snow plough 15 (75) 16.6 21 (60) 12.2

Reverse snow plough 8 (40) 8.9 15 (43) 12.2

Commando crawl 17 (85) 11.4 27 (77) 16.6

Bear walking 10 (50) 18.1 8 (23) 17.6

Traditional crawling 5 (25) 17.7 7 (20) 9.6
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Communication Skills
Although the children in our group reached each of

the communication milestones later than the group stud-
ied by Todorov et al,5 the last reported language acqui-
sition skill (using short sentences) occurred at similar
ages in both groups (37.6 months compared with 36
months). This supports previous findings that delays in
the acquisition of speech are common in children with
achondroplasia. Possible explanations for the delay in
acquisition of speech may be related to the frequent
occurrence of acute and chronic otitis media within this
population group.10,18 Hunter et al10 reported that in a
multicentre patient review, 35% of 1- to 2-year-old chil-
dren and 37% of 2- to 3-year-old children received at least
one set of grommets or ventilation tubes. The transient
hearing loss associated with otitis media may then have
a significant influence on speech acquisition.10

Feeding Skills
This study is the first to include an assessment of the

timing of feeding skill acquisition for children with
achondroplasia. The extension of the age of attainment
for feeding skills beyond that reported in the normal
population (Denver II) is information that has not been
previously identified in children with achondroplasia.
One possible reason for the delay in feeding skills seen in
this sample may be linked to the biophysical features of
achondroplasia. Morris and Klein19 noted that the effi-
cient use of the mouth for eating relies largely on the
steadiness or stability of the trunk, neck, and head.
Children with postural difficulties may lack the founda-
tional support and stability necessary for the refined
motor skill actions required by an eating task. The delays
in developing skills in positions up against gravity expe-
rienced by children with achondroplasia, related to chal-
lenges such as hypotonia and delayed head control, may
also influence the child’s ability to use the mouth effi-
ciently. Feeding difficulties may also be linked to central
nervous system impairment, e.g., swallowing difficulties
can be caused by hydrocephalus or brainstem compres-
sion, both of which are can be associated with achondro-
plasia. Another factor to be considered in any delay of
feeding skills is the external influence relating to the de-
layed sitting for infants with achondroplasia. Placement in
a reclined position, necessary to minimize further kyphotic

development in children with achondroplasia,6 alters the
dynamics of chewing and swallowing and may contribute
to challenges experienced by infants when moving to more
lumpy textures. The delay in developing self-feeding skills
may also be associated with the rhizomelic limb shortening
and lack of full elbow extension in this population.

There are several limitations to this study that must be
considered. Although data were collected from all consent-
ing families from the Australasian cohort, which repre-
sented �70% of the identified population of children aged
between 15 months and 5 years in Australia and New
Zealand, it remains a relatively small sample at 20 children.
Because of the nature of our study design, it is possible that
we have not contacted all eligible children. Nevertheless,
using the identified population to calculate incidence of
achondroplasia results in an estimated incidence rate of 0.23
per 10,000 births, a rate similar to that reported by Waller et
al,1 suggesting the majority of children were identified.

The use of retrospective data collection and parental
questionnaire is likely to reduce reliability and accuracy
of reported information for all but the most easily re-
membered milestones such as “walking independently,”15

and may particularly influence recall of timing for com-
munication and fine motor skills. A child’s position
within the family may also influence the parent’s expe-
rience of development and reporting ability and should
be considered in future studies. To reduce the potential
bias associated with recall, more than one half of the
items on the questionnaire were also identified in the
child’s individual Personal Health Record Book, allowing
families to utilize information previously recorded
through attendance at child health and medical appoint-
ments. To examine our data for systematic age-at-report-
ing bias, we compared data from the 8 children enrolled
at 3 years or younger against the 12 children enrolled
when aged older than 3 years. We compared median
time to achievement: for 49% of items, median age at
achievement was less for the group enrolled at 3 years or
younger, for 44% of items, median age at achievement
was less for the older group, for 7% of items, median age
at achievement was the same for both groups. These
results suggest there is no consistent pattern of misre-
porting dependent on enrollment age. Many parents in
this retrospective group demonstrated a high level of
recall (recording both weeks and months) for each of

Table 4. Percentile Distribution for Timing of Acquisition of Feeding Skills (mo) in Children With Achondroplasia

Milestone Sample Size Percentiles (mo)

Median (Min–Max) 90th 90th Denver II

Cup drinkinga 15 20 (7–36) 31.2 18

Puree/smooth solids 18 5 (3–9) 7.3

Mashed solids 19 5 (5–34) 18.4

Finger feeding 15 15 (7–30) 24 7

Self-feed with spoona 16 20.5 (9.5–50) 33 20

aDenotes those items found in the Australian State Government Personal Health Record Books.
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the items, with families clearly monitoring common de-
velopmental milestones. For conditions where fre-
quency and prevalence are low in the general commu-
nity, a retrospective analysis remains one of the most
practical ways to clinically gather information regarding
development. The limitations associated with results of a
retrospective study can then only be countered by re-
sults from a prospective, longitudinal study.20 A prospec-
tive study looking at gross motor, fine motor feeding,
and communication skills is currently under way to more
thoroughly understand development in Australasian chil-
dren with achondroplasia. It is anticipated that data
collection for the prospective group will be completed
within the next 2 to 3 years.

CONCLUSION
These findings will prove useful to families and clini-

cians working with young children with achondroplasia,
particularly during the first 2 to 3 years. They support
previous reports of both developmental delays and unusual
movement strategies in children with achondroplasia. The
delays in gross motor and communication skills seem con-
sistent with previously reported results, although there
seems to be less influence on the development of fine
motor skills than previously thought. Information on feed-
ing milestones has been reported for the first time. The
results of this study will add to the currently available
knowledge regarding developmental information for chil-
dren with achondroplasia and assist both families and cli-
nicians to monitor a child’s progress. More detailed devel-
opmental profiles for this group across a variety of areas
will reassure families that their child’s development does
not differ in their developmental sequence from other
children with achondroplasia. Further research, including
prospective studies, is necessary to evaluate the timing of
development across multiple areas simultaneously and as-
certain the development of participation skills within func-
tional tasks such as eating and dressing.
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