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New Argentine head circumference references for 
people with achondroplasia from 0 to 21 years of age

Mariana del Pino1 , Virginia Fano1 

ABSTRACT
Introduction. Macrocephaly is a phenotypic feature of achondroplasia (ACH), the most common form 
of disproportionate short stature. In 2011, we published head circumference (HC) references for this 
population, but due to the scarcity of data about older ages, the centiles were estimated only up to 6 
years of age.
Objective. To estimated centiles of the HC between birth and 21 years of age for ACH.
Population and methods. Data from children with ACH assisted between 1992 an 2024 at a third-
level hospital in Argentina were used for its estimation. The growth curves were adjusted using the LMS 
method. To evaluate the magnitude of the differences between the Argentine references of ACH and 
those of the general population, the 3, 50, and 97 centiles at different ages were plotted comparatively.
Results. The HC of ACH was more significant at all ages than the general population’s references. 
During the first year of life, males and females reach 84% and 86% of adult size, respectively, completing 
growth after 20 years of age.
Conclusions. Due to the difference in cephalic size between the general population and ACH, it is 
essential to have specific references for this population. This will allow us to detect growth trajectories 
not attributed to ACH and to suspect deviations that require a rapid interdisciplinary approach.
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INTRODUCTION
Achondroplasia (FGFR3- ACH, MIM #100800) 

(ACH) is the most common form of short stature 
with short limbs, with an incidence of 0.47/10 000 
in Argentina.1

It is an autosomal dominant condition, with 
complete penetrance and fixed expressivity, 
caused by a gain-of-function mutation of the 
fibroblast growth factor receptor type 3 (FGFR3) 
gene, located on chromosome 4p16.3.2

This mutation primarily causes inhibition 
of endochondral bone growth, manifesting a 
distinctive clinical, auxological, and radiological 
pheno type . 3,4  A f fec ted  ind iv idua ls  have 
severe growth retardation and consequently 
disproportionate short stature with short limbs, 
narrow thorax, trident configuration of the hands, 
ligament hyperlaxity, and macrocephaly with 
frontal bossing.3-6

The compromise of endochondral ossification 
produces an alteration in the base of the skull 
and, as a consequence, a decrease in the size 
and alteration of the shape of the foramen 
magnum, short vertebral pedicles, a narrow spinal 
canal, and a decrease in the diameter of other 
communication orifices of vascular and neural 
structures.7 This generates compression of the 
protruding cranial nerves that pass through these 
orifices at the base of the skull and an increase in 
venous pressure, generating persistence of the 
emissary’s veins and procidence of the jugular 
gulf in the middle ear.7,8

With time, this compromise of the cranial 
venous outflow determines communicating 
h y d r o c e p h a l u s  a t  t h e  e x p e n s e  o f  t h e 
slowed venous outflow. On the other hand, 
this leads to a slight increase in pressure in 
the cranial venous sinuses, presumably the 
cause of megalencephaly, i.e., an increase in 
the encephalic mass that may or may not be 
accompanied by slightly enlarged ventricles.8-10

The persistence of prominent emissary and 
meningeal veins supports the role of collateral 
vessel formation in offsetting intracranial venous 
hypertension and increased cerebrospinal fluid 
pressure.8,9

Although non-communicating hydrocephalus 
due to aqueduct stenosis has been described, 
this is rare.11,12

Because of these anatomical features and 
the functional consequences of children with 
ACH, it is necessary to follow up on the head 
circumference growth with specific references.

The rapid rate of cephalic growth, together with 
other clinical signs or symptoms of hydrocephalus 
or cervical-spinal compression, could indicate the 
urgent need for studies and consultation with a 
neurosurgeon with experience in the follow-up 
and treatment of this population.13

In 2011, we published references for weight, 
height, and HC for the clinical follow-up of children 
with ACH. However, due to the scarcity of HC 
data at older ages, we did not achieve a good 
fit of the data in that age range and published 
references from birth to 6 years of age.5

In this work, we report head circumference 
references of the Argentine population with 
ACH from birth to 21 years of age, and the 
selected percentiles are estimated using the LMS 
method.14,15

POPULATION AND METHODS
This is an observational, descriptive, cross-

sectional study. The data from 519 individuals 
with a confirmed diagnosis of ACH, aged between 
birth and 21 years (262 males and 257 women) 
assisted by the multidisciplinary study of skeletal 
dysplasias between 1992 and May 2024, at a 
third-level public hospital constituted the eligible 
sample for estimating HC-for-age centiles. Some 
HC data were previously used to estimate the 
centiles of the Argentine references of HC from 
0 to 6 years of age and the head circumference/
height index.5,6

The diagnosis was made based on clinical 
and radiological signs.4 The G380R variant of 
fibroblast growth factor 3 (FGFR3) in peripheral 
blood lymphocytes was studied in 327/519 
patients.

HC data were excluded for patients born 
preterm up to 2 years of corrected age and for 
those patients with surgical requirements due to 
progressive hydrocephalus.

Methods
All measurements were taken at variable 

periods in each patient under follow-up, using 
standardized anthropometr ic techniques 
recommended by the Sociedad Argentina de 
Pediatría16 in the Anthropometry Laboratory of the 
Growth Service and Development. The PC was 
measured with non-stretchable plasticized tape. 
The technical error for intraobserver measurement 
was 0.10 cm.

The data on PC at birth were obtained from 
the information recorded in the families’ health 
booklets.
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Data analysis and processing
Scatter and box plots were constructed to 

remove outliers. PC data between the mean ± 4 
standard devistions (SD) scores were included for 
estimating centiles.

The HC centiles for age were estimated using 
the LMS method. This method allows adjustment 
for skewness using the Box-Cox transformation 
(L), which normalizes the distribution of the data 
at each age,14,15 considering the median (M) and 
the coefficient of variation of the distribution (S). 
The proposed LMS model has the property that 
when fitted with data, the estimated values of L, 
M, and S will change smoothly with the abscissa 
t (age) so that they can be representative of 
the population with smoothed curves plotted 
as a function of the ordinate y (HC). At each 
age, the HC distribution is summarized by 
three coefficients: L, M, and S. L indicates 
the skewness; M is the median; and S is the 
coefficient of variation for each age and sex. 
These parameters were calculated according to 
the penalized maximum likelihood procedure.15,17 
The centiles were calculated using the formula:14,17

C100α(t) = M(t) (1 + L(t) S(t) Zα)1/L(t), where:

C100α(t) is the HC centile corresponding to Zα.

Zα is the quantile (centile) 100α of the normal 
standard distribution.

t is the age in years

L(t): skewness, M(t): median, S(t): coefficient of 
variation, and C100α(t) indicate the corresponding 
values of each curve at age t.

The normality of the residuals was assessed 
using Q-Q plot tests, and the Q test was applied 
to evaluate the goodness-of-fit.17,18

F o r  s t a t i s t i c a l  p r o c e s s i n g ,  t h e 
LMSChartMakerPro program was used.19

To evaluate the magnitude of the differences 
between the Argentinean references of the 
general population20 and those of ACH at different 
ages, the 3, 50, and 97 centiles of both references 
were plotted.

The Ethics and Research Committee of the 
Hospital Garrahan approved research project 
N.° 492.

RESULTS
The final sample included 259 boys and 

259 girls. All data from 9 patients were excluded 
due to progressive hydrocephalus requiring 
surgery. Table 1 shows the number of HC 
measurements included according to sex and 
age group. Tables 2a and b show the L, M, and 
S values together with the centiles 3, 10, 25, 50, 
75, 90, and 97 for both sexes.

The reference curve’s adjustment degree is 
expressed as “equivalents of degrees of freedom” 
(edf). In males, the parameters of the fitted curve 
were L4, M9, S5 R edf; in females, they were L 
3.1, M 7.7, and S 4.8 R edf. The Q-test plots for 
males and females, where it is observed that L, 

Table 1. Number of head circumference measurements included according to sex and age group

Age group (years)  Men  Women

0 to <1  502 455
1 to <2 290 322
2 to <3 205 208
3 to <4 176 174
4 to <5 153 139
5 to <6 120 134
6 to <7 126 127
7 to <8 104 107
8 to <9 91 83
9 to <10 85 85
10 to <11 74 67
11 to <12 94 82
12 to <13 74 61
13 to <14 60 64
>14 to 15 38 53
>15 to 16 46 33
>16 to 17 33 27
>17  43 41
Total  2314 2316
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M, and S are within the range ±2, indicating a 
good fit of the selected model, are presented in 
the supplementary material.

Figures 1a and b illustrate the HC reference 
curves from 0 to 21 years in males and females, 
respectively, in the seven-centile format (3, 10, 
25, 50, 75, 90, and 97). During the first year of 
life, males reach 84% of the adult size of the head 
circumference and, at 5 years of age, 93%. From 
this age until puberty, it grows by 2% more and 
it is completed after age 20. In females, the size 
reached, expressed as a percentage of adult size, 
is 86% at one year and 93% at five years of age. It 
increases by 4% between age 5 and puberty and 
reaches 100% after age 20.

The raw data on LMS-adjusted centiles 
for males and females are presented in the 
supplementary material.

Figures 2a  and b  show the Argent ine 
achondroplasia 3, 50, and 97 centile values 
and those corresponding to the Argentine 
references of the general population.20 In both 

sexes, the values of the 3 and 97 centiles of 
the Argentine ACH references were higher 
than those of the general population at all ages. 
However, regarding percentile 3, in adulthood, 
both references overlapped.

A comparison of the median curve between 
the populations of both males and females among 
those accurately diagnosed with the detection of 
the variant in the gene FGFR3 and those with 
only clinical radiological diagnosis showed no 
differences.

DISCUSSION
In this paper, we present the ACH HC 

references, constructed with updated data, for 
the Argentine population from birth to 21 years of 
age in the 7-centile format.

As in the general population, the most rapid 
growth of HC occurs during the first year of life, 
reaching more than 80% of adult size in both 
sexes. After 5 years of age, changes in cephalic 
size are of less magnitude and constant until 

Table 2a. 3, 10, 25, 75, 90, and 97 centiles, and L, M (50 centile), and S values corresponding to the head 
circumference of Argentine men with achondroplasia aged 0 to 21 years

Age (years) L S Centile 3 Centile 10 Centile 25 Centile 50 Centile 75 Centile 90 Centile 97

0.00 0.01 0.05 33.51 34.53 35.60 36.83 38.11 39.29 40.49
0.08 0.53 0.05 35.47 36.55 37.65 38.90 40.17 41.32 42.48
0.25 1.27 0.04 39.07 40.19 41.32 42.57 43.81 44.92 46.00
0.50 1.10 0.04 42.94 44.00 45.08 46.27 47.45 48.52 49.57
0.75 -0.23 0.04 45.34 46.30 47.29 48.42 49.59 50.67 51.77
1.00 -1.69 0.03 46.83 47.71 48.65 49.75 50.93 52.05 53.23
1.50 -3.30 0.03 48.77 49.61 50.53 51.64 52.86 54.08 55.41
2.00 -3.63 0.03 49.81 50.67 51.61 52.76 54.05 55.33 56.76
3.00 -3.62 0.04 51.03 51.93 52.93 54.15 55.51 56.88 58.41
4.00 -3.59 0.04 51.65 52.58 53.60 54.84 56.24 57.64 59.20
5.00 -3.57 0.04 52.00 52.93 53.96 55.22 56.63 58.05 59.62
6.00 -3.55 0.04 52.32 53.26 54.30 55.57 56.99 58.42 60.01
7.00 -3.54 0.04 52.66 53.61 54.65 55.94 57.37 58.81 60.41
8.00 -3.53 0.04 52.89 53.84 54.90 56.19 57.63 59.08 60.69
9.00 -3.52 0.04 53.01 53.97 55.02 56.32 57.76 59.22 60.84
10.00 -3.51 0.04 53.15 54.12 55.18 56.48 57.93 59.39 61.02
11.00 -3.51 0.04 53.43 54.40 55.48 56.79 58.26 59.73 61.38
12.00 -3.50 0.04 53.74 54.73 55.81 57.14 58.63 60.13 61.79
13.00 -3.50 0.04 54.04 55.04 56.14 57.49 58.99 60.52 62.21
14.00 -3.50 0.04 54.33 55.34 56.46 57.82 59.35 60.90 62.62
15.00 -3.51 0.04 54.61 55.63 56.76 58.15 59.70 61.28 63.03
16.00 -3.52 0.04 54.85 55.88 57.03 58.43 60.01 61.61 63.39
17.00 -3.53 0.04 54.99 56.03 57.19 58.60 60.19 61.81 63.61
18.00 -3.53 0.04 55.10 56.15 57.30 58.73 60.33 61.96 63.78
19.00 -3.54 0.04 55.22 56.28 57.44 58.88 60.49 62.13 63.97
20.00 -3.54 0.04 55.36 56.42 57.59 59.04 60.66 62.32 64.18
21.00 -3.55 0.04 55.48 56.54 57.72 59.18 60.81 62.48 64.36
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puberty, and the slight increase seen in the 
general population at those ages is not observed. 
Sex differences were observed in the “tempo” of 
growth, with females being more advanced than 
males.

Macrocephaly is a common and easi ly 
recognizable phenotypic feature of ACH,21 which 
makes it imperative to make specific references 
for the clinical follow-up of this population to detect 
any deviation not attributed to their baseline 
condition and to suspect complications that 
require a rapid interdisciplinary approach.

Centile scores can also indirectly infer the 
growth velocity of HC. The accelerated growth 
velocity and other clinical signs and symptoms 
may indicate the need for urgent evaluation 
by a neurosurgeon experienced in the follow-
up and treatment of children with ACH and the 
performance of more complex studies. This 
situation is of particular concern in children under 
2 years of age with delayed motor development.9

Comparing these references with those 

published by Hoover-Fong et al. (2021) and 
Merker et al. (2108), we found they have similar 
trajectories with accelerated growth during 
the early years of age, showing that there is 
a common basis in the impact of the FGFR3 
mutation on cephalic growth.22,23

However, the cephalic size of the Argentine 
references is 1.3 cm smaller at 12 and 24 months, 
as is observed if we compare the cephalic size of 
the general population between these regions, 
which could reflect local environmental or genetic 
factors. Comparison graphs are presented in the 
Supplementary material.

On the other hand, this tool completes the data 
for the auxological evaluation of this population, 
which is essential for assessing the efficacy 
and possible changes with treatments under 
development.24

One of the strengths of these references is that 
they are constructed with data from a population 
of children with ACH, followed by a single center, 
where trained personnel perform standardized 

Table 2b. 3, 10, 25, 75, 90, and 97 centiles, and L, M (50 centile), and S values corresponding to the head 
circumference of Argentine women with achondroplasia aged 0 to 21 years

Age L S Centile 3 Centile 10 Centile 25 Centile 50 Centile 75 Centile 90 Centile 97

0.00 2.84 0.04 33.16 34.17 35.15 36.18 37.16 38.00 38.80
0.08 2.38 0.04 34.98 35.97 36.93 37.96 38.95 39.82 40.64
0.25 1.48 0.04 38.34 39.27 40.21 41.23 42.24 43.14 44.02
0.50 0.25 0.03 42.03 42.91 43.81 44.83 45.87 46.82 47.77
0.75 -0.74 0.03 44.11 44.97 45.88 46.93 48.03 49.05 50.09
1.00 -1.46 0.04 45.33 46.22 47.16 48.27 49.45 50.56 51.73
1.50 -2.16 0.04 46.72 47.67 48.69 49.91 51.23 52.52 53.90
2.00 -2.18 0.04 47.67 48.65 49.72 51.00 52.39 53.74 55.20
3.00 -1.62 0.04 49.04 50.11 51.25 52.61 54.06 55.46 56.94
4.00 -1.21 0.04 49.74 50.86 52.05 53.44 54.92 56.33 57.80
5.00 -1.00 0.04 50.07 51.21 52.42 53.82 55.31 56.72 58.19
6.00 -0.84 0.04 50.30 51.46 52.68 54.10 55.59 57.00 58.46
7.00 -0.68 0.04 50.52 51.69 52.92 54.35 55.85 57.26 58.71
8.00 -0.50 0.04 50.75 51.94 53.19 54.63 56.13 57.53 58.97
9.00 -0.25 0.04 51.04 52.26 53.53 54.98 56.49 57.89 59.32
10.00 0.07 0.04 51.38 52.63 53.93 55.40 56.91 58.31 59.72
11.00 0.43 0.04 51.73 53.02 54.35 55.84 57.36 58.75 60.14
12.00 0.75 0.04 52.03 53.36 54.71 56.23 57.76 59.14 60.51
13.00 1.00 0.04 52.25 53.61 54.99 56.52 58.05 59.42 60.78
14.00 1.19 0.04 52.41 53.80 55.19 56.73 58.26 59.64 60.99
15.00 1.36 0.04 52.56 53.96 55.37 56.92 58.45 59.82 61.16
16.00 1.52 0.04 52.70 54.12 55.54 57.10 58.64 60.00 61.34
17.00 1.67 0.04 52.82 54.27 55.70 57.27 58.81 60.17 61.49
18.00 1.82 0.04 52.95 54.41 55.86 57.43 58.97 60.33 61.65
19.00 1.96 0.04 53.06 54.54 56.00 57.58 59.13 60.48 61.79
20.00 2.09 0.04 53.17 54.67 56.15 57.73 59.28 60.63 61.93
21.00 2.23 0.04 53.29 54.81 56.30 57.89 59.44 60.79 62.08
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Figure 1a. Centiles of head circumference in men with achondroplasia

Figure 1b. Centiles of head circumference in women with achondroplasia
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measurements. On the other hand, the LMS 
method was applied for their construction. It 
allows the estimation and summarization of the 
HC curves to convert measurements to Z scores, 
facilitating comparisons with other populations and 
their inclusion in Excel add-ins for data analysis in 
large populations.25

CONCLUSIONS
The availability of references from birth to 

21 years of age will allow us to follow up the 
cephalic growth of this population throughout 

childhood and into adulthood. It is a valuable 
tool for diagnosing deviations that require a rapid 
interdisciplinary approach. n

The supplementary material provided with this 
article is presented as submitted by the authors. 
It is available at: https://www.sap.org.ar/docs/
publicaciones/archivosarg/2025/10565_AO_Del-
Pino_Anexo.pdf 
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Figure 2a. Comparison between head circumference (centiles 3, 50, and 97) of the general population and 
achondroplasia in men

Figure 2b. Comparison between head circumference (centiles 3, 50, and 97) of the general population and 
achondroplasia in women

Age, years

H
ea

d 
ci

rc
um

fe
re

nc
e,

 c
m

Age, years

H
ea

d 
ci

rc
um

fe
re

nc
e,

 c
m

Achondroplasia

General population

Achondroplasia

General population



8

Original article / Arch Argent Pediatr. 2025;e202410565

Argentina. Eur J Med Genet. 2019;62(12):103603.
2.  Bellus GA, Hefferon TW, Ortiz de Luna RI, Hecht JT, 

Horton WA, Machado M, et al. Achondroplasia is defined 
by recurrent G380R mutations of FGFR3. Am J Hum Genet. 
1995;56(2):368-73.

3. Legare JM. Achondroplasia. In: Adam MP, Mirzaa GM, 
Pagon RA, et al., eds. GeneReviews®. Seattle (WA): 
University of Washington, Seattle; October 12, 1998.

4.  Spranger J, Brill P, Haal C, Nishimura G, Superti-Furga A, 
Unger S. Bone Dysplasias: an atlas of genetic disorders of 
skeletal development. 4th ed. Oxford: Oxford University; 
2018.

5.  del Pino M, Fano V, Lejarraga H. Growth references for 
height, weight, and head circumference for Argentine children 
with achondroplasia. Eur J Pediatr. 2011;170(4):453-9.

6.  del Pino M, Ramos Mejía R, Fano V. Leg length, sitting 
height, and body proportions references for achondroplasia: 
New tools for monitoring growth. Am J Med Genet A. 
2018;176(4);896-906.

7.  Rignol G, Garcia S, Authier F, Smith K, Tosello L, Marsault R, 
et al. Longitudinal Imaging of the Skull Base Synchondroses 
Demonstrate Prevention of a Premature Ossification After 
Recifercept Treatment in Mouse Model of Achondroplasia. 
JBMR Plus. 2021;6(2):e10568.

8.  Moritani T, Aihara T, Oguma E, Makiyama Y, Nishimoto 
H, Smoker WR, et al. Magnetic resonance venography 
of achondroplasia: correlation of venous narrowing at 
the jugular foramen with hydrocephalus. Clin Imaging. 
2006;30(3):195-200.

9.  Bodensteiner JB. Neurological Manifestations of 
Achondroplasia. Curr Neurol Neurosci Rep. 2019;19(12):105.

10.  Rekate HL. Pathogenesis of hydrocephalus in 
achondroplastic dwarfs: a review and presentation of a case 
followed for 22 years. Childs Nerv Syst. 2019;35(8):1295-
301.

11.  Cohen ME, Rosenthal AD, Matson DD. Neurological 
abnormalities in achondroplastic children. J Pediatr. 
1967;71(3):367-76.

12.  Mueller SM, Reinertson JE. Reversal of emissary vein 
blood flow in achondroplastic dwarfs. Neurology. 1980;30(7 
Pt1):769-72.

13.  Savarirayan R, Ireland P, Irving M, Thompson D, Alves I, 
Baratela WAR, et al. International Consensus Statement 
on the diagnosis, multidisciplinary management and lifelong 

care of individuals with achondroplasia. Nat Rev Endocrinol. 
2022;18(3):173-89.

14.  Cole T. Fitting smoothed centile curves to reference data. 
J R Statist Soc A. 1988;151(Pt 3):385-418.

15.  Cole T, Green P. Smoothing reference centile curves: 
The LMS method and penalized likelihood. Stat Med. 
1992;11(10):1305-19.

16.  Comité Nacional de Crecimiento y Desarrollo. Guías 
de evaluación del crecimiento. Buenos Aires: Sociedad 
Argentina de Pediatría, 2021.

17.  van Buuren S, Fredriks M. Worm plot: a simple diagnostic 
device for modeling growth reference curves. Stat Med. 
2001;20(8):1259-77.

18.  Pan H, Cole T. A comparison of goodness of fit tests for 
age related reference ranges. Stat Med. 2004;23(11):1749-
65.

19.  Health for all Children. LMSchartmaker Pro. [Accessed 
on: September 21, 2024].  Available from: https://www. 
healthforallchildren.com/shop-base/shop/software/ 
lmschartmaker-pro/

20.  del Pino M, Chiaramonte S, Orden AB. Referencias 
argentinas de perímetro cefálico desde el nacimiento hasta 
los 19 años. Arch Argent Pediatr. 2024;122(5):e202310296.

21.  Horton WA, Hall JG, Hecht JT. Achondroplasia. Lancet. 
2007;370(9582):162-72.

22.  Hoover-Fong JE, Schulze KJ, Alade AY, Boder MB, Gough 
E, Hashmi SS, et al. Growth in achondroplasia including 
stature, weight, weight-for-height and head circumference 
from CLARITY: achondroplasia natural history study-a 
multi-center retrospective cohort study of achondroplasia 
in the US. Orphanet J Rare Dis. 2021;16(1):522.

23.  Merker A, Neumeyer L, Hertel NT, Grigelioniene G, 
Mäkitie O, Mohnike K, et al. Growth in achondroplasia: 
Development of height, weight, head circumference, and 
body mass index in a European cohort. Am J Med Genet 
A. 2018;176(8):1723-34.

24.  Little People of America. LPA’s Position Statement 
Regarding Biomarin’s Voxzogo. [Accessed on: October 10, 
2024].  Available from: https://www.lpaonline.org/voxzogo- 
position-statement

25.  Health for all Children. LMS growth. [Accessed on: 
September 21, 2024]. Available from:  https://www. 
healthforallchildren.com/shop-base/shop/software/ 
lmsgrowth/


