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1. Introduction

Skeletal involvement in Joubert syndrome (JS) remains 
underrecognized, despite well-described neurological 
and multi-organ manifestations of this ciliopathy (1-
3). Importantly, bone mineralization abnormalities in JS 
may range from asymptomatic low bone mineral density 
(BMD) to severe secondary osteoporosis with fractures. 
Here, we present two pediatric patients illustrating 
this phenotypic spectrum and highlight the clinical 
implications for bone health monitoring.
	 JS (OMIM 213300) is a rare neurodevelopmental 
disorder characterized by cerebellar and brainstem 
malformations, including the molar tooth sign on 
neuroimaging (2,4). Hypotonia and delayed motor 
development are common and may contribute to reduced 
mechanical loading, a known risk factor for impaired 
bone mineralization (5). However, skeletal complications 
remain insufficiently described in clinical practice (3,4).
	 In pediatric populations, it is important to distinguish 
between low BMD and osteoporosis. According to 
International Society for Clinical Densitometry (ISCD) 
criteria, pediatric osteoporosis requires both a clinically 
significant fracture history and low BMD (Z-score ≤ 
−2.0), whereas reduced BMD alone does not establish 

the diagnosis (6,7).
	 We present two genetically confirmed patients with 
JS and contrasting skeletal phenotypes (Table 1).
	 The first patient (Figure 1A), a 2.5-year-old boy with 
a TMEM67 mutation, presented with severe hypotonia, 
inability to sit independently, and markedly reduced 
mobility. He developed multiple fractures during 
infancy, accompanied by progressive skeletal deformities 
(Figure 1B), including rib and humeral abnormalities. 
DXA revealed profoundly decreased BMD (Z-score 
−5.875). Based on the combination of fracture history 
and densitometric findings, secondary osteoporosis was 
diagnosed, and bisphosphonate therapy was initiated (7-
9).
	 In contrast, the second patient, a 5-year-old girl 
with an OFD1 mosaic mutation, demonstrated milder 
neurological involvement and achieved independent 
ambulation, albeit delayed. Despite the presence 
of dysmorphic skeletal features and mild spinal 
abnormalities, she had no history of fractures. DXA 
revealed reduced BMD (Z-score −2.2), but she did 
not meet criteria for osteoporosis and was managed 
conservatively with monitoring (10,11).
	 These cases illustrate the broad phenotypic spectrum 
of skeletal involvement in JS, ranging from severe 
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osteoporosis with fractures to subclinical reductions in 
BMD without overt complications.

2. Clinical implications

These observations highlight several important clinical 
considerations. Skeletal involvement in Joubert syndrome 
may be underestimated because fractures are not present 
in all patients with impaired bone mineralization. 
Chronic hypotonia and reduced mobility are likely major 
contributors to skeletal fragility, as mechanical loading 
plays an essential role in bone mass acquisition during 
childhood. In addition, nutritional deficiencies, delayed 

motor development, and limited physical activity may 
further compromise bone health. The marked difference 
between our two patients highlights the clinical 
heterogeneity of skeletal manifestations in JS.
	 First, skeletal complications in JS may remain 
clinically silent and therefore underdiagnosed, particularly 
in patients without a history of fractures (3). Second, 
severe hypotonia and limited mobility appear to contribute 
significantly to bone fragility and increase fracture risk 
(10,11). Third, reduced BMD may be present even in 
relatively mobile patients and may not necessarily fulfill 
the criteria for osteoporosis.
	 Given these  f indings ,  rout ine bone heal th 

(278)

Table 1. Comparative clinical characteristics of the two patients

Parameter

Age
Genotype
Neurological severity
Mobility
Fracture history
Skeletal deformities
DXA (Z-score)
Diagnosis
Treatment

Patient 1

2.5 years
TMEM67
Severe hypotonia
Non-ambulatory
Multiple fractures
Severe (thorax, humeri, spine)
−5.875
Secondary osteoporosis
Bisphosphonates

Patient 2

5 years
OFD1 (mosaic)
Moderate hypotonia
Independent walking (delayed)
None
Mild (genu valgum, spine curvature)
−2.2
Low BMD
Observation

Figure 1. Skeletal manifestations in Joubert syndrome. (A) Clinical appearance of patient 1 showing severe hypotonia and skeletal deformities; 
(B) Radiographic findings demonstrating reduced bone mineralization and skeletal abnormalities associated with severe secondary osteoporosis. 
Note: Written informed consent for publication of this report and any accompanying images was obtained from the patients' legal guardians.



Intractable & Rare Diseases Research. 2026; 15(3):277-279.                           www.irdrjournal.comIntractable & Rare Diseases Research. 2026; 15(3):277-279.                           www.irdrjournal.com

(279)

phenotypic heterogeneity. Transl Sci Rare Dis. 2019; 4:25-
49.

5.	 Radha Rama Devi A, Naushad SM, Lingappa L. Clinical 
and molecular diagnosis of Joubert syndrome and related 
disorders. Pediatr Neurol. 2020; 106:43-49.

6.	 Crabtree NJ, Arabi A, Bachrach LK, Fewtrell M, El-Hajj 
Fuleihan G, Kecskemethy HH, Jaworski M, Gordon CM; 
International Society for Clinical Densitometry. Dual-
energy X-ray absorptiometry interpretation and reporting in 
children and adolescents: the revised 2013 ISCD Pediatric 
Official Positions. J Clin Densitom. 2014; 17:225-242.

7.	 International Society for Clinical Densitometry (ISCD). 
2019 ISCD Official Positions – Pediatric. https://iscd.org/
learn/official-positions/pediatric-positions (accessed June 
15, 2026).

8.	 Joubert M, Eisenring JJ, Robb JP, Andermann F. Familial 
agenesis of the cerebellar vermis. A syndrome of episodic 
hyperpnea, abnormal eye movements, ataxia, and 
retardation. Neurology. 1969; 19:813-825.

9.	 Galindo-Zavala R, Bou-Torrent R, Magallares-López 
B, Mir-Perelló C, Palmou-Fontana N, Sevilla-Pérez B, 
Medrano-San Ildefonso M, González-Fernández MI, 
Román-Pascual A, Alcañiz-Rodríguez P, Nieto-Gonzalez 
JC, López-Corbeto M, Graña-Gil J. Expert panel consensus 
recommendations for diagnosis and treatment of secondary 
osteoporosis in children. Pediatr Rheumatol Online J. 2020; 
18:20.

10.	 Grover M, Bachrach LK. Osteoporosis in children with 
chronic illnesses: Diagnosis, monitoring, and treatment. 
Curr Osteoporos Rep. 2017; 15:271-282.

11.	 Ward LM, Konji VN, Ma J. The management of 
osteoporosis in children. Osteoporos Int. 2016; 27:2147-
2179.

Received February 26, 2026; Revised June 18, 2026; Accepted 
June 23, 2026.

*Address correspondence to:
Tatsiana Babina, Department of Pediatrics, Neonatal Pathology 
and Metabolic Bone Diseases, Medical University of Lodz, 
Sporna 36/50, 91-738 Lodz, Poland.
E-mail: tatsiana.babina@office365.umed.pl

Released online in J-STAGE as advance publication July 31, 
2026.

assessment should be considered in selected patients 
with JS, particularly those with significant hypotonia, 
delayed motor development, or reduced mobility. Such 
evaluation may include fracture history, biochemical 
assessment, and DXA measurement when feasible 
(7-10). Increased awareness among pediatricians 
and neurologists may allow earlier diagnosis and 
timely intervention aimed at preventing fractures and 
improving quality of life.
	 The potential role of ciliopathy-related mechanisms 
in bone metabolism remains unclear but may contribute 
to the observed variability in skeletal involvement (4). 
This hypothesis warrants further investigation.

3. Conclusion

Skeletal manifestations in Joubert syndrome represent a 
clinically relevant but underrecognized spectrum, ranging 
from asymptomatic low BMD to severe secondary 
osteoporosis with fractures. Increased awareness and 
appropriate monitoring may improve early detection and 
management of bone complications in this population.
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