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ANATOMIC VARIATIONS

A confounding rib variation: bilateral symmetric aberrant
posterior rib articulations and bridgings
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Abstract

Introduction  Although mild bone angulation with osseous
enlargement often suggests fractures with callus formation,
in some cases the diagnosis is synchondrosis.

Case Report We present a rare variation of the chest wall
in a 15-year-old male with a history of lymphoma. Bilat-
eral multi-level posterior rib enlargements revealing mild
BE_fluorodeoxyglucose uptake were detected via positron-
emission tomography/computed tomography. The variations
were identified as healing fractures, although the more accu-
rate diagnosis was determined to be multi-level posterior rib
synchondroses with consecutive bridgings. Although variant
bone anatomies are commonly seen in radiological practice,
such multiple symmetrical posterior rib synchondroses asso-
ciated with consecutive bridgings and articulations have not
been clearly demonstrated before.

Conclusion Awareness of such a rare combination of a
well-known variation is crucial for radiologists to exclude
malignancies, possibility of fracture and suspicion of child
abuse.
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Introduction

Aberrant articulation of ribs was first identified in 1944 by
Etter, who found an incidence of aberrant articulation in
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1 of 1290 first ribs [3]. Bowie and Jacopson later clarified
that most cases reported as isolated first-rib fractures were
actually misdiagnoses of aberrant articulations [1]. Aberrant
articulations in any bone form focal enlargements that mimic
a callus formation, while accessory bones often mimic avul-
sion fractures. Aberrant articulations with or without acces-
sory bones are, therefore, sometimes referred to as jointed
bones, pseudoartrosis or synchondrosis. To the best of our
knowledge, the present report is the first to identify multi-
ple synchondroses and consecutive posterior rib bridgings
misdiagnosed as healing fractures.

Case report

A 15-year-old male with a history of lymphoma originat-
ing from intraparotid lymph nodes but no history of severe
trauma was under follow-up using positron-emission tomog-
raphy/computed tomography (CT). In the nuclear medicine
department, bilateral focal enlargements in the posterior
aspects of the fourth through ninth ribs exhibiting increased
BE_fluorodeoxyglucose (FDG) uptake (maximum stand-
ardised uptake value: 2.1) were misdiagnosed as healing
posterior rib fractures (Fig. 1a). Radiological evaluation
revealed consecutive synchondroses in the fourth through
ninth ribs with mild angulations and intercostal bridgings.
Axial-view CT depicted hypodense cartilaginous segments
at the articulation level of the posterior ribs as articular sur-
faces (Fig. 1b) and air bubbles due to vacuum phenomena
(Fig. 1b) within the articulations. The parasagittal view
revealed clear consecutive rib bridgings (Fig. 1c). A three-
dimensional (3D) coronal-view volume-rendered CT image
demonstrated multi-level posterior rib bridgings with articu-
lations (Fig. 2). Since no cortical or medullary lytic lesion or
periosteal reaction was found, skeletal lytic metastases were
excluded from consideration. Due to the vacuum phenomena
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Fig. 1 a Bilateral mild
13F_fluorodeoxyglucose uptake
in the posterior portion of the
fourth through ninth ribs (open
arrows) corresponding to the
cartilaginous segment of the
aberrant posterior rib articula-
tion. b Axial view of the chest
CT examination demonstrat-
ing angulation in the posterior
aspect of the ribs and enlarge-
ment around a linear hypodense
area (open arrow) due to the
cartilaginous segment of the
synchondrosis. A vacuum
phenomenon (closed arrow) is
shown within the contralateral
synchondrosis. ¢ Parasagittal
view of chest CT revealing
bridgings between consecutive
posterior ribs

Fig. 2 Coronal-plane 3D volume-rendered CT image demonstrating
multi-level posterior rib bridgings among the consecutive ribs and
articulations within the posterior part of the fourth through ninth ribs

and partial cartilaginous segment, the condition was diag-
nosed as aberrant posterior rib articulations.
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Discussion

Embryologically, ribs originate in costal processes from
thoracic somites, during whose segmentation rib anoma-
lies can occur [7]. Both the chondrification and growth of
the costae progress ventrally, and when the sternal plate
meets the primordial costae, ossification begins. There-
after, costovertebral joints develop and separate from
the vertebrae. Rib anomalies, such as bifidity, fusion and
bridging, all caused by aberrant segmentation, may be
associated with abnormal sternal and vertebral segmenta-
tions [5]. During development of a synchondrosis, seg-
mented unfused secondary ossification centres include a
cartilaginous gap between the ossifying ends of the bones.
Examples of physiological synchondroses are first-rib and
manubrium sterni articulations, ischiopubic synchondroses
and neonatal cranial sutures. In the case presented here,
we observed a variant synchondrosis in addition to well-
known variations, such as os acromiale, os odontoideum
and cartilaginous tarsal coalition.

Among adolescents, the differential diagnosis of malig-
nant processes presenting with sclerotic rib enlargements
includes Ewing’s sarcoma and osteosarcoma. Patient history
and the location and extension of lesions and accompanying
CT findings should be evaluated together. Diffusely low-
level FDG uptake in joints is more likely to be inflamma-
tory or involve infection [6], as in the case presented, cor-
responding to the developmental process within the aberrant
rib articulation before the fusion of the physis. A similar
pitfall is an asymmetrically fused ischiopubic synchondro-
sis due to mild enlargement on conventional roentgeno-
grams, increased signal on T2 weighted image and contrast
enhancement on magnetic resonance imaging.
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Benign tumoural entities can occur in the differential
diagnosis of posterior rib enlargements, including multiple
enchondromas, osteochondromas or chest wall hamartomas
[8]. Hamartomas are generally heterogeneous and asym-
metrical in size, shape and density. Osteochondromas are
generally located in the costochondral junction and have
continuance with the cortical and medullary portions of the
affected bone. Deformation of the ribs can be observed in
such benign entities, although the destruction of the cortex
and periosteal reaction should consider malignant transfor-
mation [4]. Although 3D CT images demonstrate bridg-
ing ribs clearly, partially ossified synchondroses are better
observed in thin-section images obtained perpendicularly
to the articulation.

Distinguishing rib articulation anomalies from fractures
is crucial in forensic medicine, especially amid suspicion
of child abuse. Anterior—posterior compression is the most
likely mechanism in most abused infants. When sufficient
compression occurs, stress upon the ventral cortex of the
posterior rib, where the rib tubercle articulates with the
transverse process, results in a fracture. Multiple posterior
rib fractures are believed to be quite specific to abuse [2].
The rare rib variation presented in our case can be described
after the age that secondary ossification centres fuse. Other-
wise, callus can form in all age groups, and history of high-
energy trauma in any age group can mislead investigations,
particularly in forensic medicine with patients showing such
a rare variation.

Conclusion

Aberrant posterior rib articulations are extremely confusing
not only for patients with malignancy but also in forensic
medicine and post-traumatic investigations. In such cases,
the presence of cartilaginous lines and vacuum phenom-
ena can preclude suspicion of malignant processes and

post-traumatic changes. Awareness of the variation can pre-
vent its misdiagnosis as a severe injury as well as misguided
medico-legal decisions.
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