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The clavicle, or collar bone, is a long (6 inches in adults), tubular, S-shaped bone that is subcutaneous throughout and
can be considered “special” for several reasons. It is the first bone to ossify in the embryo, with its two first ossification
centers developing between the fifth and sixth weeks of gestation. Malignant clavicular tumors present with local pain, a
palpable firm mass or pathological bone fracture, or with the clinical symptoms of the primary tumor (in cases of
metastasis).
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| 1. Introduction

Primary clavicular tumors constitute less than 1% of all bone tumors. Due to this rarity, treating physicians have limited
experience with their diagnosis, classification, treatment options, and prognosis 1.

Malignant clavicle tumors may include primary and secondary malignancies and neighboring tumors with clavicular
invasion. The importance of this pathology derives from the particular anatomical location of the clavicle, relating to
structures of vital importance, as well as the limited reconstructive possibilities after surgical treatment. For primary or
single secondary tumors, the optimal treatment is complete or partial resection, with or without subsequent reconstruction.
A reported series of cases exhibit the presence of tumors in both the acromial end and diaphyseal region [EEI4: however,
there is not yet any standardized algorithm for their management. Notably, the clavicle can be considered a “special” type
of bone from the perspectives of its embryology, morphology, localization, and function =15,

| 2. The Clavicle: A “Special Bone”

The clavicle, or collar bone, is a long (6 inches in adults), tubular, S-shaped bone that is subcutaneous throughout and
can be considered “special” for several reasons. It is the first bone to ossify in the embryo, with its two first ossification
centers developing between the fifth and sixth weeks of gestation. It is also the last bone to fully ossify at the age of 25—-26
years. Unlike other long bones, the clavicle develops via intramembranous ossification [ZBIGI7ZBIEIL0][11][12]

The clavicle is the only long bone in the human body that is positioned horizontally. It acts as a link between the upper
limbs and the thorax, connecting the axial to the appendicular skeleton. Although still under debate, Inman and Saunders
propose that the clavicle serves three primary functions: protection of the underlying neurovascular structures, a bony
framework for the attachment of muscles, and strut support for the scapula 131,

The structure of the clavicle differs from other long bones in that it almost lacks a medullary cavity and comprises dense
trabecular bone with a reduced vascular supply. It offers attachment to several muscles, including the deltoid, trapezius,
and pectoralis muscles, and thereby contributes to the upper extremity movement. It also harbors paramount
cervicothoracic structures, including the brachial plexus, the subclavian artery, and the pulmonary apex [ZRILL,

| 3. Clavicular Tumors: Diagnosis

Malignant clavicular tumors present with local pain, a palpable firm mass or pathological bone fracture, or with the clinical
symptoms of the primary tumor (in cases of metastasis). Clavicular chondrosarcomas may present with skin ulceration,
swelling, or, in rare cases, Horner's syndrome or even thoracic outlet syndrome R4151 Syrgical treatment is performed
with the dual aims of removing tumoral tissue and alleviating symptoms.

While bone tumors can arise spontaneously, a substantial humber occur in the context of a hereditary disorder, thus
necessitating a detailed family history for every new case. Some of the most common primitive tumors in the clavicle
include eosinophilic granuloma and tumors secondary to hematological disease 8. Plasmacytoma, osteosarcoma,



Ewings sarcoma, and post-radiotherapy sarcomas may also occur in the collarbone 4. Although the literature describes

a multitude of malignant lesions that may exist in the clavicle, this is not a common occurrence (Figure 1) [181[19]120][21][22]
[23][24]

Figure

1. Plain radiograph (A) and tomography (B) revealing extensive locoregional clavicle metastasis in a 60-year-old female,
secondary to cervix adenocarcinoma. The patient presented with multiple metastases at diagnosis.

Tumors originating in the lung, anterior chest wall (bones/soft tissue), breast, anterior mediastinum, or thyroid can invade
the clavicle. Notably, the skeleton is the third site for metastasis, after the lung and liver 23, |n all of these cases, the
management algorithm considers the tumor’s origin, the structures invaded, and the size of the chest wall defect after
tumor resection with respect to the oncological principle of free margins 28I,

Given the proximity of the clavicle to major vessels, nerves, and the thorax, there is a need for standard imaging—
including plain film, computed tomography, and magnetic resonance imaging—to evaluate bone destruction and invasion
of surrounding tissues (muscles, vessels, and nerves). Whole-body scintigraphy using technetium-99m methylene
diphosphonate (99 mTc MDP) and positron emission tomography scan (PET scan) studies are required to diagnose
metastases in the bones or other structures. Importantly, the high variability of the radiological appearance complicates
the diagnosis of these masses alone 14,

Chondrosarcoma is the second most common bone cancer, with 20% occurring in the shoulder girdle, up to 1% being
metastasis from other cancers, and only rare occurrences in the clavicular location (Figure 2) [24. On the other hand, one-
third of chest wall tumors are chondrosarcomas, making this the most common primary bone tumor of the chest wall 4.
Clavicle chondrosarcoma exhibits a lesion-like appearance, similar to that found in other skeletal regions, with specific
intratumoral calcifications present in bulky soft tissue masses [28. Clavicular osteosarcoma is not associated with the
classic periosteal reaction or with the mineralized matrix, making imaging-based diagnosis difficult.

Figure 2. (A) Preoperative tomography of a 66-year-old male diagnosed with clavicle condrosarcoma. (B) Preoperative
angiography and embolization of the tumor were performed prior to resection to limit intraoperative blood loss. (C)
Postoperative image of acrylic cement reinforced with Kirschner brooches reconstruction used after tumoral resection.

Laboratory examinations are relatively unimportant for diagnosing clavicular tumors, except in cases of metastasis, where
screening for specific tumor markers might indicate the primary tumor. Preoperative staging is followed by a biopsy (fine
needle/excisional or incisional) to confirm whether the tumor is primary or secondary, thus establishing the final diagnosis.



| 4. Surgical Management and Reconstruction of Clavicular Malignancies

In cases requiring reconstruction, several aspects must be considered: what structure is missing, what is left, what should
be replaced, and what are the available means of reconstruction. Reconstruction is influenced by the location, size, and
depth of the defect, the viability and quality of adjacent structures (previous radiotherapy, presence of scars), and previous
surgery in the area [28l, Post-resection reconstructive methods are limited in cases of unique primary or secondary
clavicular tumors. The external third resection of the clavicle does not require reconstruction as long as the
coracoclavicular ligaments remain attached but, of course, such cases are rare in discussions of malignancies.

Partial or complete claviculectomy involves substantial peri-operative risks, such as lesions of the subclavian plexus or the
brachial plexus, as well as infectious risks [22BABL post-resection reconstruction of the partial or total claviculectomy is
important for several reasons—including maintaining the biomechanics of the scapular girdle, protecting the vessels and
nerves, reducing pain, and maintaining the anatomical appearance of the shoulder. One reconstructive method following a
complete resection of the clavicle is with a vascularized autograft fibula or rib, and several case reports describe the
surgical technique but without comparing claviculectomy with reconstructive procedures (2831341  Ajternative
reconstruction options involve acrylic cement reinforced with plate and screws or with Kirschner brooches, which may
avoid possible complications secondary to complete resection of the collarbone (Figure 2). After reviewing five cases
treated with this procedure, the researchers concluded that bone cement prosthesis for bone defect reconstruction after
tumor resection can maintain the contour of the shoulder and reduce the complications ascribed to the claviculectomy,
and the procedure is effective and feasible B2, Moreover, the “Oklahoma prosthesis” reconstructive method, with a
cement allograft, has been successfully used to maintain the biomechanical integrity of the scapular girdle in cases of
clavicular middle third secondary tumors that invade the sternum and rib. The technique consists of an en bloc
clavilculectomy and chest wall resection with a method of reconstruction using a single methyl methacrylate and prolene
composite prosthesis in a configuration resembling the state of Oklahoma 281,

Due to the small number of studies analyzing clavicular malignancies treated by resection and reconstruction, and the fact
that the vast majority of these studies are case reports or include only a small number of cases, it cannot be firmly stated
that reconstruction is the best option in terms of preserving scapular girdle functionality and long-term survival rates. To
state that reconstruction is mandatory after claviculectomy, there is a need for studies focused on specific patient groups,
with analyses of functionality over time and long-term patient survival.
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