Int. J. Morphol.,
42(6)1585-1590, 2024.

Intercostal Heterotopic Ossification: A Rare
Cadaveric Case Study with Multimodal Analysis
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SUMMARY: Heterotopic ossification (HO) is a pathological condition characterized by ectopic bone formation in soft tissues.
This study presents a rare case of anterior intercostal HO discovered in a 62-year-old Korean male cadaver during ah educationa
dissection. The HO structure, which connected multiple ribs, underwent radiological examination (X-ray and CT scanspgiwhhistol
analysis. Radiographic findings revealed that mature bone had formed adjacent to the ribs, surrounded by fibrous tiegigal Histol
analysis demonstrated a progression from fibrous tissue to mature bone, indicative of endochondral ossification, widrativerolif
activity detected in the Ki-67 immunostaining. This case provides valuable insights into intercostal HO's morphologioagiceddiol
and histological characteristics, providing significant information in anatomy and pathology for educational purposes.
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INTRODUCTION

Heterotopic ossification (HO) is a pathological procesenvironment that stimulates heterotopic bone formation
characterized by the formation of extraskeletal bone in sqim, 2018). This process typically progresses through
tissues (Meyergt al, 2019). The etiology of HO can beearly, intermediate, and mature phases (Waletail,
categorized into genetic factors, such as fibrodysplas015), following endochondral or intramembranous
ossificans progressiva (FOP) and progressive osseanssification pathways or a combination of both (Faey
heteroplasia (POH), and non-genetic factors, including., 2018).
neurogenic, post-traumatic, post-surgical, and reactive lesions
(Vanden & Vanderstraeten, 2005). HO can occur in various Terminology for HO often reflects the affected
connective tissues, with areas adjacent to joints particulatigsue, such as myaositis ossificans (MO), for skeletal muscle
susceptible (Ranganathanal, 2015; Meyeret al, 2019). involvement. However, this nomenclature can be

misleading as HO is not specific to muscle (Mewtral,

While HO commonly affects muscles, fascia2019). Differential diagnosis is crucial, as HO may mimic
tendons, and ligaments near major joints, thoracimher conditions like osteosarcoma (Greiffensttiral,
manifestations, especially in the intercostal area, are r&@19). Accurate diagnosis relies on patient history, clinical
(Greiffensteiret al, 2019; Al Khadeet al, 2023). Anterior symptoms, imaging, and histological confirmation,
intercostal HO with bridging formation is particularlyemphasizing invasive biopsy for definitive assessment
uncommon, contrasting with the more frequently observgéiarmon & Nielsen, 1994; Lacost al, 2012).
posterior intercostal HO (Nuowvet al, 1922; Harmon &

Nielsen, 1994; Kookt al, 2010; Van Wijcket al, 2023). This study presents a rare cadaveric case of anterior
intercostal HO, providing morphological, radiological, and

The pathogenesis of HO involves local injury andhistological analyses. The findings contribute valuable
systemic stress, which creates a pro-inflammatoiigsights to education in anatomy and pathology.
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CASE REPORT

During an educational dissection at Chonnam The extent of HO varied across the different bridged
National University Medical School, a 62-year-old Koreaformations:
male cadaver underwent a standard dissection procedure.
The authors state that every effort was made to follow alRtl showed a small amount of mature bone at the superior
local and international ethical guidelines and laws pertainingpart of the fifth rib, with mostly fibrous tissue throughout.
to using human cadaveric donors in anatomical researchtl displayed more advanced HO than Rt1, extending from
(lwanageet al, 2022). The present study was performed inthe superior part of the fourth rib to the middle of the
accordance with the requirements of the Declaration obridged structure.
Helsinki (64th WMA General Assembly, Fortaleza, Brazil; Lt2 exhibited the most extensive HO, with mature bone
October 2013). After removing the skin, superficial fascia,formation throughout, except for a small central region of
fat, and intercostal muscles, a firm bridged structure wagibro-osteoid tissue.
identified in the intercostal area. The structure remained
intact after excising the surrounding tissue. The bridged H&E histology revealed a central zone of fibrous
formations were observed between the right fourth and fiftissue, an intermediate zone with hypertrophic cells showing
ribs anteriorly (Rt1) (Fig. 1a), the left side, anterolaterallghondrocyte maturation and endochondral bone formation,
between the third and fourth ribs (Ltl1), as well asnd a peripheral zone of mature bone adjacent to the ribs
anterolaterally between the fourth and fifth ribs (Lt2) an¢Fig. 3a, b). Inmunohistochemical analysis using anti-Ki67
anteriorly between the fourth and fifth ribs (Lt3) (Fig. 1b)antibody showed no positive reactive cells, indicating an
The structure was extracted by cutting the respective ribbsence of proliferative activity and suggesting that the HO
for further analysis. Radiographic imaging (X-ray and CPprogression had ceased (Fig. 3c).
scans) revealed that the peripheral zone near the ribs
exhibited bone characteristics due to density variations. At This rare cadaveric case report of anterior and
the same time, the remaining part appeared as soft tissuderolateral intercostal HO demonstrates that the
(Fig. 2a, b, c). Histological analysis confirmed the soft tissugssification process occurred in the past and was arrested at
as fibrous tissue through H&E staining (Fig. 2d, e). varying stages of progression in different locations.

Fig. 1. The morphology of heterotopic ossification (HO). (a) Between the right fourth and fifth ribs anteriorly

(Rt1), (b) between the left anterolateral third and fourth ribs (Lt1), and fourth and fifth ribs (Lt2) and anteriorly
between the fourth and fifth ribs (Lt3).
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Fig. 2. (a—e) Radiographic and histological analysis
of Ltl and Lt2: (a) X-ray in the AP view, (b) CT in
the AP view, and (c) CT in the PA view showed that
Lt1 had mature bone extending from the superior part
of the fourth rib to the middle part of the bridged
structure, and Lt2 had mature bone almost in contact
from the inferior part of the fourth rib to the fifth rib.
(d) H&E staining of Lt1 showed that the remaining
soft tissue consisted of fibrous tissue. (e) Lt2 showed
that fibrous tissue was nearly absent, with the
remaining part consisting of fibro-osteoid tissue.

Fig. 3. (a—b) Histological appearance of Rt1 by H&E staining, (a) whole-mount of Rtl1, (b) enlarged
image of rectangular area shows fibrous tissue in the center area (arrow), endochondral ossification in the
intermediate area (empty arrowhead), and mature bone formation in the periphery area (black arrowhead).
(c) The IHC appearance of Rt 1 does not show Ki-67 immunoreactivity.
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DISCUSSION

HO has both genetic and non-genetic etiologieattention paid to the characteristic zonation pattern of HO
Rare genetic conditions like FOP and POH exhibit distin¢tacoutet al, 2012; Patret al, 2021).
characteristics (Vanden & Vanderstraeten, 2005). FOP
typically emerges in early childhood, following specific Our histological analysis demonstrated a clear
ossification patterns throughout the body, while POlgrogression from fibrous tissue to mature bone, indicative
involves unpredictable intramembranous ossificatioaf endochondral ossification. The central zone consisted
(Kaplanet al, 2004). Non-genetic HO can arise fromof fibrous stroma, transitioning to an intermediate zone
neurogenic factors (e.g., spinal cord injury, traumatic braimith hypertrophic cells showing chondrocyte maturation
injury), trauma, or surgical procedures (Ranganatitan and finally to a peripheral zone of mature bone. This pattern
al., 2015; Saackt al, 2021). Our case presents a rarstands in stark contrast to osteosarcoma, where tumor
bridged HO formation in the anterior intercostal area, likelgrowth is centrifugal, with more mature cells concentrated
stemming from a traumatic incident approximately @& the center (Harmon & Nielsen, 1994).
decade before the donor's death.

The absence of proliferative activity, as evidenced

The histopathological mechanism of non-genetiby negative Ki-67 immunostaining, suggests that the HO,
HO remains debated, with descriptions ranging fronm our case, had reached a stable, non-progressive state.
endochondral to intramembranous processes orTais finding holds important implications for
combination of both (Folegt al, 2018). Our research understanding the natural history of HO and potential
aligns with previous studies on periarticular non-geneticeatment strategies.
HO, revealing a progression from fibrous tissue to mature
bone through endochondral ossification. This process Interestingly, our case of anterior intercostal HO
typically involves six distinct stages: Perivasculawith bridged formation is extremely rare. While HO in the
lymphocytic infiltration, lymphocytic migration into soft chest has occasionally been reported, it typically forms a
tissue, reactive fibroproliferation, neovascularity, cartilagamass or occurs in the posterior area (Nuewal, 1922;
formation, and endochondral bone formation (Felesl, Harmon & Nielsen, 1994; Koot al, 2010; Van Wijclet
2018). In our case, the absence of Ki-67 expressiah, 2023). The bridging formation observed in our case
suggests that the HO process was complete, with nould potentially interfere with respiratory function by
ongoing proliferation. limiting chest wall mobility (Greiffensteiat al, 2019; Van

Wijck et al., 2023), similar to the effects of flail chest (Al-

MO, the most common form of HO, is oftenQadi, 2018). However, the lack of medical treatment sought
misapplied to describe HO, even when it lacks specifly the donor suggests that the condition may have been
muscle involvement or inflammation (Walczzstial, 2015; asymptomatic or caused minimal discomfort.
Meyerset al, 2019; Saaet al, 2021). In our case, we
opted for HO due to the absence of muscular inflammation. This study underscores the importance of a
Distinguishing HO from malignant soft tissue or osteogenmomprehensive understanding of HO to avoid unnecessary
sarcomas is crucial due to their vastly different prognosdggnostics and treatments. It also highlights the value of
and treatments (Harmon & Nielsen, 1994; Lacstual, thorough anatomical, radiological, and histological
2012). This differentiation relies heavily on theexaminations in accurately identifying and characterizing
characteristic “zonation pattern” or “zone phenomenoninusual presentations of HO. Future research could focus
observed in HO (Savvideet al, 2021). on the long-term progression and potential functional

impacts of such rare HO formations.

Diagnosis of HO typically relies on a combination
of patient history, clinical symptoms, and imaging studies. Moreover, this case provides valuable insights for
X-rays serve ade initial imaging modality, while CT scans educational purposes in anatomy and pathology. It
can detect calcifications at an earlier stage (Savwtlal, demonstrates the significance of considering HO in
2021). MR is effective for visualizing soft-tissue massedlifferential diagnoses, especially in cases with atypical
and ultrasound offers a low-cost method for early detectigmesentations or locations. The multidisciplinary approach
(Walczaket al, 2015). X-ray and CT scans were employedsed in this study—combining gross anatomical
in our case, revealing mature bone formation adjacent to theservation, radiological imaging, and histological
ribs with a central fibrous tissue component. Histologicalnalysis—is an excellent model for comprehensively
confirmation throughiopsy is oftemecessary, with careful evaluating anatomical anomalies.
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