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ABSTRACT

Spondylometaphyseal dysplasia (SMD), Kozlowski type, is a rare skeletal disorder characterized by platyspondyly, metaphyseal flaring, and
occasional corner fractures, often mimicking nonaccidental trauma. Misdiagnosis can lead to unwarranted legal consequences. In a five-year-old
boy with short stature and delayed ambulation, radiographs revealed flattened vertebral bodies with anterior beaking, metaphyseal widening and
cupping at the distal femur, proximal tibia, and distal radius/ulna, and a distal femoral corner fracture. A structured radiologic approach, combined
with clinical insight, confirmed SMD, preventing misinterpretation as child abuse. This case emphasizes the importance of skeletal surveys,
differential diagnosis, and multidisciplinary consultation in pediatric radiology for accurate diagnosis and management, supported by recent
advances in imaging and genetics.
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INTRODUCTION

Skeletal dysplasias, encompassing over 450 genetic disorders, affect
bone and cartilage development with a prevalence of approximately 1
in 5,000 births [1]. Spondylometaphyseal dysplasias (SMDs) are a rare
subset involving the spine and metaphyseal regions of long bones, with
the Kozlowski type linked to pathogenic variants in TRPV4 or
COL2AL genes, critical for chondrocyte function and skeletal growth
[2]. SMD manifests in early childhood with disproportionate short
stature, delayed motor milestones, and radiologic findings like
platyspondyly and metaphyseal flaring [3]. Recent advances in
prenatal imaging have improved early detection of such disorders [4].

Diagnosing SMD is challenging due to its rarity (incidence ~1 in
100,000) and overlap with conditions like rickets, mucopoly-
saccharidoses, metaphyseal chondrodysplasias, and achondroplasia
[5]. Notably, metaphyseal corner fractures in SMD can resemble
nonaccidental trauma, posing significant medicolegal risks [6].
Misdiagnosis may trigger unnecessary child protection investigations,
causing family distress. This report illustrates the radiologic hallmarks
of SMD, Kozlowski type, strategies to differentiate it from
nonaccidental trauma, and the critical role of skeletal surveys,
supported by comprehensive genetic and imaging studies [7].

Case Presentation

Afive-year-old boy presented with short stature and difficulty walking.
He began ambulating at 2.5 years and struggled with running and
climbing stairs. There was no history of trauma, fever, joint pain, or
family history of skeletal disorders, and birth history was
unremarkable, with no prenatal indications of severe skeletal dysplasia
[8]. Physical examination revealed disproportionate short stature
(height <3rd percentile) with rhizomelic limb shortening (upper
segment:lower segment ratio 1.3, reference ~1.1). The trunk appeared
relatively long, with no joint swelling, scoliosis, cardiac involvement,
or neurologic deficits, distinguishing this case from more severe forms
like Sedaghatian SMD and some TRPV4-related cases with
neurological overlap [9]. Laboratory tests, including serum calcium,
phosphate, and alkaline phosphatase, were normal, ruling out
metabolic bone diseases like rickets [10]. Informed consent was
obtained from the guardians, and the case was exempt from
institutional review board review.

Imaging Findings

A skeletal survey was conducted to assess the growth pattern in a five-
year-old boy with suspected spondylometaphyseal dysplasia (SMD),
as recommended for evaluating skeletal dysplasias [11]. The survey
revealed key radiologic findings, detailed in Table 1 and illustrated in
Figures 1-6. Lateral thoracolumbar radiographs demonstrated
generalized platyspondyly, characterized by flattened vertebral bodies
with reduced height and anterior beaking at T12—L2, without scoliosis
or segmentation anomalies, distinguishing this presentation from

SMD corner fracture type (Figure 1). Anteroposterior radiographs of
the lower extremities showed pronounced metaphyseal widening,
flaring, and cupping, particularly at the distal femur and proximal tibia,
with irregular, trumpet-shaped metaphyseal margins consistent with
SMD Kozlowski type (Figures 2, 5, and 6). A subtle metaphyseal
corner fracture was identified at the distal femur, lacking soft tissue
swelling or trauma history, indicative of skeletal fragility rather than
nonaccidental injury (Figure 3) [12]. Wrist radiographs, both
anteroposterior and lateral, revealed mild metaphyseal widening and
irregularity at the distal radius and ulna, with trumpet-shaped margins
and normal carpal bones, showing no delayed ossification or abnormal
morphology (Figure 4). Additionally, hand radiographs indicated mild
metacarpal shortening, with normal epiphyses, pelvis, and ribs,
aligning with established descriptions of skeletal dysplasias (Figure 5)
[13].

Table 1: Radiologic Findings in SMD
Region |Findings

Spine |Generalized platyspondyly with flattened vertebral bodies;
anterior beaking at lower thoracic/upper lumbar levels;
preserved disc spaces.

Long |Metaphyseal widening, irregularity, flaring, and cupping at

Bones |distal femur, proximal tibia, and distal radius/ulna;

trumpet-shaped metaphyseal margins.
Fracture| Subtle metaphyseal corner fracture at distal femur, without
soft tissue swelling.

Wrist | Mild metaphyseal widening and irregularity at distal
radius and ulna; normal carpal bones.
Other |Mild metacarpal shortening; normal epiphyses, pelvis, and

ribs.

Figure 1 Lateral thoracolumbar rzid.ibgraph showing generalized
platyspondyly with flattened vertebral bodies and anterior beaking at
T12-L2 (arrow indicates anterior beaking).
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Figure 2 Anteroposterior radiograph of the lower extremities
demonstrating metaphyseal widening, flaring, and cupping at the distal
femur and proximal tibia (arrows highlight trumpet-shaped
metaphyseal margins).

Figure 3 Anteroposterior radiograph of the distal femur revealing a
subtle metaphyseal corner fracture without soft tissue swelling (arrow
points to the corner fracture).

Figure 4 Anteroposterior radiograph of the left wrist, showing mild
metaphyseal widening and irregularity at the distal radius and ulna
(arrows indicate trumpet-shaped metaphyseal margins)

Figure 5 Anteroposterior radiograph of the pelvis and proximal
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femora demonstrating normal epiphyses and pelvis with subtle
metaphyseal flaring at the proximal femora (arrows highlight flaring).

Figure 6 Anteroposterior radiograph of the lower extremities showing
metaphyseal widening, irregularity, and cupping at the distal femora
and proximal tibiae (arrows indicate trumpet-shaped metaphyseal
margins).

Diagnosis

The combination of disproportionate short stature, delayed motor
milestones, normal biochemical parameters, and radiologic findings
(platyspondyly, metaphyseal flaring, and distal femoral corner
fracture) supported a diagnosis of SMD, Kozlowski type [ 14]. Genetic
testing for TRPV4 and COL2A1 variants was recommended to
confirm the diagnosis, as these mutations are well-documented in
SMD, but was not pursued due to financial constraints, unlike cases
where prenatal detection might prompt early genetic evaluation.
Differential diagnoses, such as achondroplasia, Sedaghatian SMD, or
other SMD variants, were ruled out based on normal epiphyses,
absence of cardiac involvement, and lack of other characteristic
features [15]. The patient was referred to pediatric orthopedics and
genetics for multidisciplinary management.

DISCUSSION

SMD, Kozlowski type, is an autosomal dominant disorder caused by
TRPV4 or COL2A 1 mutations, disrupting chondrocyte regulation and
skeletal development [16]. Clinically, it presents with disproportionate
short stature and gait difficulties, with normal cognitive development.
Radiographically, platyspondyly, metaphyseal flaring, and corner
fractures are hallmark features, as seen in this case (Figures 1-6). The
differential diagnosis includes metaphyseal chondrodysplasia
(Schmid type), Morquio syndrome, rickets, spondyloepiphyseal
dysplasia, achondroplasia, and Sedaghatian SMD, each distinguished
by specific clinical and radiologic features [17]. Management requires
amultidisciplinary approach, including orthopedics, physical therapy,
and genetic counseling [18]. Metaphyseal corner fractures, often
associated with nonaccidental trauma, must be carefully evaluated
with clinical history and skeletal surveys to avoid misdiagnosis, as
emphasized by the American Academy of Pediatrics [19]. Skeletal
surveys remain the primary imaging modality, with whole-body MRI
reserved for complex cases due to cost and availability.

CONCLUSION

This case highlights the importance of a structured radiologic approach
in diagnosing SMD, Kozlowski type. Key features—platyspondyly,
metaphyseal flaring, and corner fractures—must be interpreted in
clinical context to avoid misdiagnosis as nonaccidental trauma.
Radiologists should advocate for standardized skeletal survey
protocols and multidisciplinary collaboration, leveraging recent
imaging and genetic advances. Future research should address barriers
to genetic testing and the role of advanced imaging in skeletal
dysplasias.

Teaching Points

* Recognize platyspondyly, metaphyseal flaring (Figures 2, 5, and
6), and wrist metaphyseal irregularities (Figure 4) as hallmarks of
SMD to differentiate it from rickets or mucopolysaccharidoses.

« Evaluate metaphyseal corner fractures with clinical history and
skeletal survey findings to distinguish skeletal dysplasia from
nonaccidental trauma (Figure 3).

* Use skeletal surveys as the primary imaging modality for
suspected skeletal dysplasias, reserving MRI for complex cases.

* Collaborate with geneticists, orthopedists, and pediatricians for
holistic care.

| 50 |—| International Journal of Scientific Research I



Volume - 14 | Issue - 06 | June - 2025 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr
- ______________________________________________________________________________________________________________|
Conflict of Interest: None declared.

Funding: No external funding was received.

Institutional: NRI Institute of Medical Sciences, Visakhapatnam,

India.

Ethical Committee: Not applicable. This anonymized case report,

based on de-identified clinical findings, does not require Institutional

Ethics Committee approval.

REFERENCES

1. HandaA, Grigelioniene G, Nishimura G, et al. Skeletal Dysplasia Families: A Stepwise
Approach to Diagnosis. RadioGraphics. 2023;43(5):¢220067. DOI: 10.1148/rg.
220067.

2. Krakow D, Vriens J, Camacho N, et al. Mutations in TRPV4 produce
spondylometaphyseal dysplasia, Kozlowski type. Am J Hum Genet. 2009;84(3):307-
31.DOI: 10.1016/j.ajhg.2009.01.021.

3. Tabban H, Salem TA, Salem KY. Skeletal Dysplasia: Approach to Simplify Diagnosis.
Asian JMed Health. 2022;20(12):65-76. DOI: 10.9734/ajmah/2022/v20i12775.

4. Kline-Fath BM. Fetal Skeletal Dysplasia. Magn Reson Imaging Clin N Am.
2024;32(3):497-511. DOI: 10.1016/j.mric.2024.02.009.

5. Xue'Y, Sheng W, Leong NL, et al. FGFR3 mutation frequency in 324 cases from the
International Skeletal Dysplasia Registry. Mol Genet Genomic Med. 2014;2(6):497-
503.DOI: 10.1002/mgg3.96.

6. Kleinman PK, Perez-Rossello JM, Newton AW. Prevalence of the classic metaphyseal
lesion in infants at low versus high risk for abuse. AJR Am J Roentgenol.
2011;197(4):1005-1008. DOI: 10.2214/AJR.10.5577.

7. Gabra P, Jana M, Naranje P, et al. Spine radiograph in dysplasias: A pictorial essay.
Indian J Radiol Imaging. 2020;30(4):436-447. DOI: 10.4103/ijri.IJRI_258_20.

8. FayeE,RanzaE, Roulet-Perez E, et al. Combined Phenotypes of Spondylometaphyseal
Dysplasia-Kozlowski Type and Charcot-Marie-Tooth Disease Type 2C Secondary to a
TRPV4 Pathogenic Variant. Am J Med Genet A. 2019;179(7):1142-1146. DOIL:
10.1002/ajmg.a.61152.

9. Peshimam N, Morova N, Yoo R. Sedaghatian spondylometaphyseal dysplasia in two
siblings. Clin Genet. 2022;101(1):123-127. DOI: 10.1111/cge.14055.

10.  Lachman RS. Taybi and Lachman's Radiology of Syndromes, Metabolic Disorders, and
Skeletal Dysplasias. 5th ed. Mosby; 2006.

11.  England J, Campeau PM, MclIntyre S, et al. Spondylometaphyseal Dysplasia, Corner
Fracture Type. J Med Genet. 2020;57(2):100-105. DOI: 10.1136/jmedgenet-2019-
106355.

12.  SDD,Jana M, Gupta AK. Hand Radiographs in Skeletal Dysplasia: A Pictorial Review.
Indian J Radiol Imaging. 2023;34(2):291-308. DOI: 10.1055/5-0043-1764295.

13.  Cammarata-Scalisi F, Callea M, Willoughby CE, et al. A Severe Case of
Spondylometaphyseal Dysplasia Algeria Type with Two Mutations in COL2A1. Front
Genet. 2021;12:756696. DOI: 10.3389/fgene.2021.756696.

14.  Stembalska A, Dudarewicz L, Smigiel R, et al. Lethal and life-limiting skeletal
dysplasias: Selected prenatal issues. Adv Clin Exp Med. 2021;30(6):641-647. DOI:
10.17219/acem/134166.

15. Duarte ML, Roriz ML, Eyer LR. Spondylometaphyseal dysplasia: an uncommon
disease. Radiol Bras. 2017;50(3):175-176.DOI: 10.1590/0100-3984.2015.0222.

16.  Uzman CY, Cankaya T, Giileryiiz H, et al. Spondylometaphyseal dysplasia-Maroteaux
type due to dominant TRPV4 mutation. Skeletal Radiol. 2023;52:115-118. DOI:
10.1007/500256-022-04123-8.

17.  Geister KA, Camper SA. Advances in Skeletal Dysplasia Genetics. Annu Rev Genomics
Hum Genet. 2015;16:199-227. DOI: 10.1146/annurev-genom-090314-045904.

18.  Pauli RM. Achondroplasia: a comprehensive clinical review. Orphanet J Rare Dis.
2019;14(1):1. DOI: 10.1186/s13023-018-0972-6.

19.  Gica N, Botezatu R, Peltecu G, et al. Skeletal Dysplasia: A Case Report. Diagnostics
(Basel). 2023;13(18):2905. DOI: 10.3390/diagnostics13182905.

I International Journal of Scientific Research |—| 51 |



