children

Article

Comparison Between Chronological and Bone Age at Menarche
in Girls with Laron Syndrome

Avivah Silbergeld ! and Zvi Laron 1-2*

W) Check for updates

Academic Editor: Nicola Improda

Received: 11 May 2026

Revised: 31 May 2026

Accepted: 9 June 2026

Published: 29 June 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

1 Endocrinology and Diabetes Research Unit, Schneider Children’s Medical Center, Petah Tikva 4920235, Israel;
avivya888@gmail.com

2 Gray Faculty of Medical and Health Sciences, Tel Aviv University, Tel Aviv 69978, Israel

*  Correspondence: laronz@clalit.org.il

Highlights

What are the main findings?

e  Bone age rather than chronological age is a useful index of pubertal maturation.
e In GH/IGF-I deficiency menarche occurs at a mean bone age of 14.

What is the implication of the main finding?

e  Bone age is a useful tool to indicate pubertal stage.

Abstract

Background: In the literature, the occurrence of menarche, the index of female sexual
maturation, is related to chronological age (CA), but in conditions of abnormal growth it
was proposed that determination of bone age (BA) was a better index of pubertal maturation
than CA. Aim: To compare CA with BA at menarche in girls with Laron Syndrome (LS),
a model of genetic IGF-I deficiency, which causes severe dwarfism and delayed puberty.
Subjects: Data were retrieved retrospectively from our medical records. Nine untreated
and four IGF-I-treated girls with LS were included in the study. Eleven GH-treated girls
with congenital isolated GH deficiency (cIGHD) served as comparison. Results: The mean
BA at menarche of untreated LS patients (13.4 y) was 0.7 y less than the CA (14.1 y), and
the mean BA of IGF-I-treated girls (13.7 y) was 1.2 y less than the CA (14.9 y). Body height
and weight did not influence the age at menarche. Conclusion: In girls with LS, the
determination of BA seems a more useful index of female pubertal maturation than CA.

Keywords: age at menarche; Laron Syndrome; IGF-I deficiency; congenital GH deficiency;
bone age; chronological age; puberty

1. Introduction

Menarche is defined as the first menstrual period [1], which marks the peak process of
biological maturation of puberty when girls become functionally capable of procreation [2].
Epidemiological studies conducted in several populations revealed a secular trend in ad-
vanced puberty, the chronological age at menarche decreasing in the last century [3,4]. This
could be explained by changes in environmental factors such as better nutrition, attainment
of optimal weight and height [5] and improved health by advances in medicine. On the
other hand, delayed menarche may be caused by genetic factors [6], undernutrition [7]
and intensive sporting activity [8]. Also, pituitary hormone deficiencies, such as growth
hormone (GH) or IGF-I deficiency best exemplified by Laron Syndrome (LS) [9,10], lead
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to delayed puberty. Changes in growth and development are usually expressed using
chronological age. Crampton first introduced the term “DEVELOPMENTAL AGE” [11].
It was subsequently demonstrated that this was better expressed by the estimation of the
BONE (skeletal) AGE [BA] rather than by the CHRONOLOGICAL AGE (CA) [12].

Having found in a previous study in boys with LS that BA is a more precise index of
pubertal maturation than CA at the time of spermarche, the male counterpart of menarche [13],
the aim of the present study was to compare CA with BA at the time of menarche in girls
with LS.

2. Subjects and Methods

This is a retrospective study. Data were retrieved from the medical records at the
Endocrinology and Diabetes Research Unit, Schneider Children’s Medical Center. The
criteria for the diagnosis of LS were: severe dwarfism, high serum growth hormone
(GH), low or undetectable levels of serum IGF-I, unresponsive to GH stimulation, GH
insensitivity and genetic analysis of the GH receptor gene [14]. Nine untreated and four
IGF-I-treated girls with LS filled the criteria. Eleven girls with cIGHD treated with GH
served as comparison. The diagnosis of cIGHD was made by clinical criteria, the failure
of serum GH to rise above 4 p/mL in response to insulin hypoglycemia and clonidine
stimulation tests [15] and genetic analysis [16]. Menarche age was obtained by direct
questioning of the patients and parents. Bone age was estimated by the same staff using the
Atlas of Greulich and Pyle [17]. The statistical significance of the within-subject CA versus
BA was calculated using Student’s paired analysis. The significance of the differences in
means of growth parameters at menarche between the three groups was calculated by
independent two-way Welch t-tests [18].

The study was approved by the Rabin Medical Center Ethics Committee (RMC-0611-24).

3. Results

The pertinent data at menarche for nine untreated and 4 IGF-I-treated girls with LS
are shown in Tables 1 and 2, and that for girls with cIGHD treated with GH in Table 3. The
mean BA at menarche of untreated LS patients (13.4 y) was 0.7 y less than the CA (14.1y),
and the mean BA of IGF-I-treated LS girls (13.7 y) was 1.2 y less than the CA (14.9 y). Due to
the small samples the differences were short of significance. The values of the mean BA and
CA in girls with cIGHD were similar (13.4 y). Comparing the linear heights between the
groups, it is evident that untreated girls with LS were much shorter at the time of menarche
(mean =+ SD 116.7 & 9.6 cm) than the IGF-I-treated LS girls (130.6 = 3.4 cm; p < 0.01) and
the GH-treated girls with cIGHD (142.5 & 5.4 cm; p < 0.001). Thus height did not affect
the age at menarche. Also, the age of initiation of the hormone replacement or duration of
therapy did not seem to influence the BA or CA at menarche. The mean weight at menarche
of untreated LS girls was 26.9 £ 8.4 kg, denoting that a weight of over 48 kg is not needed
for menarche to occur as proposed by Frisch and Revelle [5]. One girl with LS (Patient 4;
Table 2) treated with IGF-I since the age of 3.7 years developed severe obesity of 66 kg. Her
menarche occurred with a BA of 14 y at the CA of 15 years.

Table 1. Age and growth parameters at menarche of untreated girls with Laron Syndrome.

Patient No. CAyr BA yr Ht cm Ht SDS WtKg
1 13.3 13.5 134.0 -3.6 40.5
2 14.7 13.0 107.0 —-8.7 19.5
3 15.0 13.5 117.5 -7.3
4 13.3 13.0 106.0 -7.9 17.5
5 14.5 13.4 127.0 —5.5 35.0
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Table 1. Cont.

Patient No. CAyr BA yr Ht cm Ht SDS WtKg

6 13.2 13.8 108.5 -7.1 18.5
7 13.2 14.6 118.5 -5.7 29.5
8 15.8 13.0 110.5 —8.6 23.5
9 14.0 12.5 121.2 —6.0 31.0
Mean 14.11 13.37 116.7 —-6.7 26.9
SD 0.94 0.60 9.6 1.7 8.4

Range 13.2,15.8 12.5,14.6 107,134 —8.7,-3.6 17.5,40.5

CA—chronological age, BA—bone age, Ht—height, Ht SDS—Height Standard Deviation Score, Wt—weight.

Table 2. Age and growth parameters at menarche of girls with Laron Syndrome treated with IGF-I.

Patient At Menarche IGF-I Treatment
No. CAyr BA yr Ht cm Ht SDS Wt Kg Start yr Duration
1 15.7 13.1 130.5 —52 40.6 3.2 15.0
2 14.3 13.6 127.3 —54 36.9 3.5 13.1
3 14.8 14.5 134.0 —4.6 45.0 1.5 15.0
Mean 14.9 13.7 130.6 =51 40.8 2.7 14.4
SD 0.71 0.71 3.35 0.42 4.06 1.08 1.10
4 15 14 135 —44 66 3.7 12.3
Range 14.3,15.7 13.1,14.5 127.3,134 —54, -4.6 36.9,45.0 1.1,3.5 13.1,15.0

CA—chronological age, BA—bone age, Ht—height, Ht SDS—Height Standard Deviation Score, Wt—weight.

Table 3. Age and growth parameters at menarche of girls with cIGHD treated with GH.

Patient At Menarche GH Treatment
No. CA yr BA yr Ht cm Ht SDS Wt Kg Start yr Duration yr
1 14.8 13.5 134.6 —4.3 30.0 11.0 5.7
2 12.9 12.0 146.0 —-1.4 40.0 75 6.5
3 14.0 13.6 144.0 —-2.5 41.5 7.8 6.2
4 14.4 12.0 138.8 —4.0 32.7 12.5 3.7
5 11.8 12.0 134.0 —2.0 31.0 0.8 11.8
6 16.3 14.6 138.2 —4.0 37.0 9.0 8.6
7 14.5 15.0 147.4 —2.2 56.0 3.2 12.1
8 13.5 14.0 141.7 —-2.5 50.5 5.5 9.3
9 12.4 12.6 147.0 —-0.8 39.0 5.0 9.3
10 12.7 13.6 148.0 —-0.8 49.5 1.1 12.0
11 14.5 14.0 148.0 2.1 52.0 3.8 12.7
Mean 13.8 134 142.5 —24 41.7 6.1 8.9
SD 1.3 1.1 5.4 1.2 9.0 3.8 3.1
Range 11.8,16.3 12.0, 15.0 134, 148 —-4.3,-0.8 30, 56 0.8,12.5 3.7, —12.7

CA—chronological age, BA—bone age, Ht—height, Ht SDS—Height Standard Deviation Score, Wt—weight.

4. Discussion

Menarche is an important milestone in female sexual development [1] and a biological
index of female sexual maturation [2]. The age of its occurrence is influenced by genetic, [6]
nutritional [7,8] and hormonal factors. Among the latter is congenital IGF-I deficiency for
which Laron Syndrome (LS) serves as a model [10]. Following a large cohort of patients
with LS, our group had the opportunity to compare CA and BA as indexes of pubertal
maturation. In a previous study in boys with LS we found that BA is a more reliable index
of pubertal maturation, as expressed by age of spermarche, rather than CA [13]. The present
study was aimed to determine whether this also holds true for the age at menarche in girls
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with LS. Indeed, we also found that in girls with LS, BA is a more consistent, less age-
variable index of female maturation than CA. In an early study of pubertal development of
200 healthy girls, Simmons and Greulich [19] also found that chronological age is about
twice as variable as skeletal age (BA) at the time of menarche. Our study also revealed
that body height and duration or IGF-I or GH replacement treatment have no influence
on the age at menarche. The finding that menarche occurs below a body weight of 30 kg
contradicts the hypothesis of the need for a critical weight at menarche as proposed by
Frisch and Revelle [5].

5. Conclusions

In untreated or IGF-I-treated girls with Laron Syndrome, the determination of bone
age is a more useful index of pubertal maturation than chronological age.

Author Contributions: Conceptualization, Z.L.; Data curation, A.S. and Z.L. All authors have read
and agreed to the published version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Rabin Medical Center Ethics Committee (protocol code RMC-0611-24,
approved on 11 June 2024).

Informed Consent Statement: Patient consent was waived due to the retrospective study (followed
over 50 years); informed consent was given at admission. The present study does not include personal
identification, thus there is no need for informed consent.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to restrictions privacy.

Acknowledgments: The authors thank Rivka Kauli for her assistance in selecting the patients.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Golub, S. (Ed.) Menarche: The transition from girl to woman. In Women Health 1983; D.C. Heath and Co.: Toronto, ON, Canada;
Lexington Books: Lexington, MA, USA, 1983.

2. Conk, V. Oxford English Dictionary; Oxford University Press: Oxford, UK, 2025. [CrossRef]

3. Lee, PA,; Guo, S.S,; Kulin, H.E. Age of puberty: Data from the United States of America. APMIS 2001, 109, 81-88. [CrossRef]
[PubMed]

4.  Flash-Luzzatti, S.; Weil, C.; Shalev, V.; Oron, T.; Chodick, G. Long-term secular trends in the age at menarche in Israel: A
Systematic Literature Review and Pooled Analysis. Horm. Res. Paediatr. 2014, 8, 266-271. [CrossRef]

5. Frisch, R.E.; Revelle, R. The height and weight of girls and boys at the time of initiation of the adolescent growth spurt in height
and weight and the relationship to menarche. Hum. Biol. 1971, 43, 140-159. [PubMed]

6.  Perry, ].R.B,; Stolk, L.; Franceschini, N.; Lunetta, K.; Zhai, G.; McArdle, PF,; Smith, A.V.; Aspelund, T.; Bandinelli, S.; Boerwinkle,
E.; et al. Meta-analysis of genome-wide association data identifies two loci influencing age at menarche. Clin. Sports Med. 2005,
24, E51-E82.

7. Dreizen, S.; Spirakis, C.N.; Stone, R.E. A comparison of skeletal growth and maturation in undernourished and well-nourished
girls before and after menarche. J. Pediatr. 1967, 70, 256-263. [CrossRef] [PubMed]

8.  Constantini, N.W.; Dubnov, G.; Lebrun, C.M. The menstrual cycle and sport performance. Clin. Sports Med. 2005, 24, e51-e82.
[CrossRef] [PubMed]

9. Laron, Z. Laron syndrome (primary growth hormone resistance or insensitivity): The personal experience 1958-2003. J. Clin.
Endocrinol. Metab. 2004, 89, 1031-1044. [CrossRef] [PubMed]

10. Laron, Z.; Sarel, R.; Pertzelan, A. Puberty in Laron Type Dwarfism. Eur. ]. Pediatr. 1980, 134, 79-83. [CrossRef] [PubMed]

11.  Crampton, C.W. Physiological age, a fundamental principle. Child Dev. 1944, 15, 3-52. Reprint in Crampton CW. 1908, 13, 3-6.
[CrossRef]

12.  Kanbur, N.O.; Kanli, A.; Derman, O.; Eifan, A.; Atac, A. The relationship between dental age, chronological age and bone age in

Turkish adolescents with constitutional delay of growth. J. Pediatr. Endocrinol. Metab. 2006, 19, 979-985. [CrossRef]

https:/ /doi.org/10.3390/ children13070861


https://doi.org/10.1093/OED/8724964099
https://doi.org/10.1034/j.1600-0463.2001.d01-107.x
https://www.ncbi.nlm.nih.gov/pubmed/11398998
https://doi.org/10.1159/000357444
https://www.ncbi.nlm.nih.gov/pubmed/5090312
https://doi.org/10.1016/s0022-3476(67)80420-7
https://www.ncbi.nlm.nih.gov/pubmed/4289450
https://doi.org/10.1016/j.csm.2005.01.003
https://www.ncbi.nlm.nih.gov/pubmed/15892917
https://doi.org/10.1210/jc.2003-031033
https://www.ncbi.nlm.nih.gov/pubmed/15001582
https://doi.org/10.1007/bf00442408
https://www.ncbi.nlm.nih.gov/pubmed/7408914
https://doi.org/10.1111/j.1467-8624.1944.tb05622.x
https://doi.org/10.1515/jpem.2006.19.8.979
https://doi.org/10.3390/children13070861

Children 2026, 13, 861 50f5

13.

14.

15.

16.

17.

18.

19.

Laron, Z.; Silbergeld, A. Age and sexual maturation at Spermarche in boys with Laron syndrome. J. Pediatr. Endocrinol. Metab.
2026, 39, 591-593. [CrossRef] [PubMed]

Rabin, T.; Shinar, Y.; Laron, Z. LARON SYNDROME. (Growth Hormone Insensitivity) Geographical distribution and relationship
to the genetic defects in the growth hormone receptor gene. J. Clin. Endocrinol. Metab. 2026, in press.

Sizonenko, P.C.; Clayton, P.E.; Cohen, P; Hintz, R.L.; Tanaka, T.; Laron, Z. Diagnosis and management of growth hormone
deficiency in childhood and adolescence. Part 1: Diagnosis of growth hormone deficiency. Growth Horm. IGF Res. 2001, 11,
137-165. [CrossRef] [PubMed]

Mullis, PE. Genetics of isolated growth hormone deficiency. J. Clin. Res. Pediatr. Endocrinol. 2010, 2, 52—-62. [CrossRef] [PubMed]
Greulich, WW.; Pyle, S.I. Radiographic Atlas of Skeletal Development; Stanford University Press: Stanford, CA, USA; Oxford
University Press: London, UK, 1964.

Welch, B.L. The generalization of ‘student’s’ problem when several different population variances are involved. Biometrica 1947,
34, 28-35. [CrossRef]

Simmons, K.; Greulich, W. Menarcheal age and the height, weight, and skeletal age of girls age 7 to 17 years. . Pediatr. 1943, 22,
518-548. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/ children13070861


https://doi.org/10.1515/jpem-2026-0043
https://www.ncbi.nlm.nih.gov/pubmed/42053457
https://doi.org/10.1054/ghir.2001.0203
https://www.ncbi.nlm.nih.gov/pubmed/11735230
https://doi.org/10.4274/jcrpe.v2i2.52
https://www.ncbi.nlm.nih.gov/pubmed/21274339
https://doi.org/10.2307/2332510
https://doi.org/10.1016/s0022-3476(43)80022-6
https://doi.org/10.3390/children13070861

	Introduction 
	Subjects and Methods 
	Results 
	Discussion 
	Conclusions 
	References

