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Background: Congenital rib abnormalities are found in approximately 2% of the
general population. Usually, they occur in isolation and are rarely symptomatic,
but they can also be associated with other malformations.

Materials and methods: We reviewed imaging examinations performed over
a period of 2 years (2014-2015), enabling us to identify isolated rib abnormalities
in 6 adult patients.

Results: The case series consisted in 3 cases with bilateral cervical ribs and 1 case
each with bifid rib, costal fusion and rib pseudarthrosis. In all patients, the costal
anomalies were discovered incidentally. All rib malformations were detected at
thoracic radiography, except for the rib pseudarthrosis, which was identified at
computed tomography (CT) scan. Differential diagnosis was made between cer-
vical ribs and abnormalities of the C7 transverse process and of the first rib, while
the other costal malformations were distinguished from tumoural, traumatic or
inflammatory lesions of the chest wall, lung and pleura. Considering the existing
knowledge on rib development, we suggest a classification of the most common
types of rib malformations in three categories: (I) results of homeotic transforma-
tion, referring to numerical aberrations, (I) ssgmentation errors, including costal
fusion and bridging, (Ill) anomalies of resegmentation, resulting in bifid ribs.
Conclusions: It is important that radiologists are familiarised with the imaging
features of rib abnormalities, since these anomalies can be misinterpreted as
lesions with different implications. We are convinced that the developmental
classification proposed in this paper can contribute to a better understanding of
this pathology. (Folia Morphol 2018; 77, 2: 386-392)
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INTRODUCTION

Abnormalities in the number and structure of ribs are
found in approximately 2% of the general population [5,
29], even though their prevalence can be variable among
different ethnic categories [23, 24] or age groups [11, 19].

Congenital anomalies of the ribs can occur as
single malformations or in association with other ab-
normalities [29]. However, the majority of congenital
rib anomalies appear as isolated findings [5-7], mostly
asymptomatic [8, 10].

There is a wide spectrum of morphologic vari-
ants of rib abnormalities and unfortunately, in most
instances, the boundary between malformation and
anatomical variation remains unclear [26]. Isolated
rib malformations are considered by some authors
“normal variants” [10, 31] and mainly include su-
pernumerary ribs (cervical, lumbar), bifid ribs, rib
synostosis and aplasia of the ribs [5, 31]. Frequently,
these rib anomalies are reported in the publication
mainstream as single cases or case series that refer
to the same type of abnormality. There are few stud-
ies that analyse a larger number of cases and mor-
phologic variants, to determine their prevalence or
their association with other malformations or certain
pathological conditions [19, 29]. To the best of our
knowledge though, a classification of the main types
of congenital rib anomalies, based on the underlying
developmental defect, hasn’t yet been made.

The occurrence of congenital rib anomalies is
strongly linked to the alteration of rib development
during embryogenesis. Ribs, as part of the axial skele-
ton, originate in the somites, paired structures located
on the dorsal side of the embryo, along the rostro-
caudal axis [18]. Depending on its position, each
somite will give rise to specific structures, adapted to
their function. This is reflected in the distinct morphol-
ogy of vertebrae in each region and in the formation
of ribs alongside the thoracic vertebrae. The positional
identity of each somite is predetermined before it
emerges as a distinct structure. This information is
under the control of the Hox gene family [1, 16, 18].

Somites are formed through the process of seg-
mentation, in which clusters of mesenchymal cells are
detached from the presomitic mesoderm in gradual
manner, starting from the cranial end and extending
towards the caudal extremity of the embryo [1]. The
segmental border of a somite is defined under the
influence of Mesp2, a transcription factor that acts
by suppressing the Notch signalling pathway [20],
involved in the pace of somite formation [1].
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Somites will further go through the process of
resegmentation, in which each one will divide in one
rostral half and one caudal half. Mesp2 also plays
a crucial role in defining these regions, by establishing
the gene expression pattern within the two halves
[25]. The formation of a rib follows a complex pattern
that involves the caudal half and the rostral half of
two adjacent somites [2, 18].

Our study presents a case series of incidentally
discovered congenital rib malformations, aiming to
point out their imaging features and to raise aware-
ness on the existence of these common variations.
Furthermore, based on the existing data in develop-
mental biology, we propose a classification of isolated
congenital rib abnormalities, according to the causa-
tive embryologic defect.

MATERIALS AND METHODS

From a total number of 11,853 imaging examina-
tions (11,538 chest radiographs and 315 computed
tomography [CT] scans) performed at a county pneu-
mology hospital over a period of 2 years (2014-
—2015), a number of six cases of isolated congenital rib
anomalies (5 of them discovered on chest X-rays and
1 on helical CT scan) was identified. The images were
acquired with a Siemens Multix Select DR digital X-ray
equipment, respectively with a Siemens Somatom
Emotion 16 CT scanner and they were processed by
Radiant DICOM Viewer, respectively K-PACS software.
In all of these cases, the costal anomalies were found
incidentally. The study was approved by the Ethics
Committee of the Pneumology Clinic Hospital.

RESULTS

Radiologic aspects of the case series

We identified four morphologic variants of con-
genital rib anomalies, respectively cervical ribs (in
3 cases), bifid rib (in 1 case), costal fusion (in 1 case)
and rib pseudarthrosis (in 2 case).

Case 1

A healthy, 30-year-old male patient underwent
a thoracic radiography required for employment pro-
cedures. When examining the posteroanterior plain
film, we identified the presence two bilateral osseous,
rib-like structures that were jointed with the C7 trans-
verse processes and followed an anterior and inferior
course (Fig. 1). These features attested the presence
of bilateral cervical ribs. They were of medium size
(approximately 6 cm), didn’t reach to articulate with
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Figure 1. Bilateral cervical rib. Thoracic radiography, posteroante-
rior view — case 1.

the sternum and they were relatively symmetrical in
length and thickness. The patient never suffered from
any symptoms related to the costal anomaly. No pul-
monary or mediastinal abnormalities were identified.

Case 2

A 55-year-old man was investigated during a rou-
tine health check, when the chest radiography in
posteroanterior incidence revealed the presence of
bilateral cervical ribs (Fig. 2). The right cervical rib
was of medium size (approximately 6 cm) and didn’t
reach the sternum. The left cervical rib was obviously
shorter (approximately 3 cm), with the small length
of a rudimentary rib. The costal malformation was
never clinically manifest in the patient. No changes
were identified in the pulmonary or mediastinal
areas.

Case 3

A healthy, 20-year-old female patient was referred
to chest radiography on account of university admis-
sion procedures. The posteroanterior plain film re-
vealed the presence of bilateral cervical ribs of medium
size, neither of them reaching the sternum (Fig. 3).
The cervical ribs had similar lengths (approximately
5 cm), but the left one was slightly thinner that the
right one (0.4 cm vs. 0.7 cm). The patient had no
symptoms due to this anomaly. No pulmonary or
mediastinal abnormalities were identified.
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Figure 2. Bilateral cervical rib. Thoracic radiography, posteroante-
rior view — case 2.

Figure 3. Bilateral cervical rib. Thoracic radiography, posteroante-
rior view — case 3.

Case 4

A routine chest radiography was performed in
a 37-year-old male patient with no significant per-
sonal history. On careful examination of the rib cage,
on both posteroanterior and lateral incidences we
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Figure 4. Fourth bifid rib, thoracic radiography; A. Posteroanterior
view; B. Lateral view.

Figure 5. Costal fusion between the first and second ribs. Thoracic
radiography, posteroanterior view.

observed that the left fourth rib was bifurcated in
its anterior portion, with its two branches delimitat-
ing a slender, V-shaped space (Fig. 4). This finding
witnessed the presence of a bifid rib. The patient had
no signs or symptoms related to the costal abnormal-
ity. No pulmonary or mediastinal abnormalities were
identified.

Case 5

A 25-year-old male patient suffering from severe
respiratory symptoms, due to a tracheo-bronchitis,
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underwent chest radiography to exclude the pulmo-
nary involvement. No changes were detected in the
pulmonary or mediastinal areas, but when inspecting
the rib cage, we noticed that the first and second ribs
of the right hemithorax were partially fused in their
middle portions (Fig. 5). The costal synostosis gave
no clinical symptoms to the patient.

Case 6

A 40-year-old female patient underwent an un-
enhanced thoracic CT scan, after the presence of
a pulmonary nodule in the left superior lobe was
suspected on a chest radiograph. The CT scan images
were processed in multiplanar and three-dimensional
reconstructions. No changes were identified in the
pulmonary window, but in the bone window, we
identified an osseous bridge between the first and
second ribs of the left hemithorax. The costal bridge
was situated between the anterior portions of the
two ribs and it was formed by two bone outgrows
that joined into a pseudarthrosis (Fig. 6). The patient
had no history of trauma, so we concluded it was
a congenital abnormality. She never had any symp-
toms caused by this costal anomaly. No other changes
within the thoracic area were identified.

DISCUSSION

Isolated rib anomalies can be easily missed on
standard chest radiographies. Better visualisation
of rib abnormalities is achieved with CT or mag-
netic resonance imaging (MRI) examinations [27,
28]. However, the radiologist’s experience is decisive.
Therefore, it is worth mentioning that in our series
the costal malformations were identified on standard
thoracic radiographies in posteroanterior or lateral
views, except for one, that was only obvious on CT
examination.

Bilateral cervical ribs were easily identified on plain
chest films in three of our patients. The differential
diagnosis was made with atypical first ribs and with
elongated transverse processes of the C7 vertebrae,
considering the position, size and the existent joint
between the rib and the vertebrae.

It is important for radiologists to identify cervical
ribs, since these relatively common anomalies can
cause a thoracic outlet syndrome in 10% of the cases
[15]. Moreover, it was shown that these anomalies
go undetected in 74.6% of the CT scans [27]. Based
on radiographic investigations, various incidences
(0.05-3%) of cervical ribs were reported [27]. How-
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Figure 6. Rib pseudarthrosis between the first and second ribs, computed tomography scan; A, B. Three-dimensional reconstructions;

C. Coronal section; D. Transverse section.

ever, more recent studies performed on large cohorts,
using imaging explorations of higher accuracy such
as spiral CT [27] or MRI [28] revealed rates of 2% and
respectively 1.2%. Cervical ribs were found bilaterally
in 40.3% of the cases identified by CT scan [27].

The bifid rib encountered in one of the patients
was also visible on standard chest radiography. In
this case, we had to make differential diagnosis with
a chest wall tumour or a costal fracture, which were
excluded through detailed examination of the poster-
oanterior and lateral views and through the patient’s
history and clinical exam.

The prevalence of bifid ribs in the general popula-
tion ranges between 0.15% and 3.4% [12]. As in our
case, the fourth rib is most frequently involved [8].
This malformation is usually asymptomatic and re-
quires no additional intervention, or it may present
as a painless mass located on the thoracic wall [12,
23]. Therefore, it is useful to identify this innocuous
costal malformation, in order to differentiate it from
other more harmful conditions, such as the ones we
mentioned above. In this regard, it was shown that
echography allows a better evaluation of the bifid
ribs compared to chest X-ray [14].

Rib synostosis can be seen in the form of fusion
or bridging, the latter possibly joined in a pseudar-
throsis. Our case series illustrates an example of each
category, both situated between the first and second
ribs. The first costal malformation was visible on chest
radiography, while the other one was only detected
through CT scan evaluation. In these cases, we had
to make differential diagnosis with lung or pleural le-
sions (pulmonary nodule, non-systemised pulmonary
opacity, pachypleuritis, encapsulated pleurisy, pleural
tumour) or with a chest wall neoplasia, by carefully
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examining the lateral view X-ray and CT scan images,
respectively.

The rates of costal fusion and rib pseudarthrosis in
the general population were reported as 0.3% [9] and
0.1% [31], respectively. These anomalies frequently
occur in the first two ribs [5, 31], where they can be
visible on clinical inspection as a deformity at the
thoracic aperture, possibly causing a thoracic outlet
syndrome [13, 22]. It is important that radiologists are
aware of these rare costal malformations, so as to dif-
ferentiate them from various other lesions mentioned
before and to indicate the appropriate therapeutic
management, in case they become compressive at
the thoracic outlet.

Among all types of congenital rib malformations,
supernumerary ribs (cervical or lumbar), aplasia of the
ribs and segmentation defects (bifidity, fusion and
bridging) are the most common varieties, accounting
for 30%, 26% and 20% of all costal abnormalities,
respectively [5, 29]. According to the underlying de-
velopmental defect, we propose a classification of
these morphologic variants in three major classes,
as follows: (1) results of homeotic transforma-
tion, referring to numerical aberrations of the ribs;
(I1) segmentation errors that include costal fusion and
bridging; (lll) anomalies of resegmentation, resulting
in bifid ribs (Table 1).

Homeotic transformation of a vertebra refers to
changing its positional identity, as a result of abnormal
expression of the homeobox (Hox) genes [18]. These
transformations occur more frequently at the transi-
tion between the vertebral regions, respectively at
the cervico-thoracic and thoraco-lumbar boundaries,
affecting the number of ribs [18]. Experimental stud-
ies have shown that abnormal expression of Hoxa-4
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Table 1. A proposal for developmental classification of rib
anomalies

Type  Mechanism

I Results of homeotic transformation:
a. Supemumerary ribs (cervical, lumbar)

b. Aplastic rib

Il Segmentation errors:

a. Costal fusion

b. Costal bridges

Anomalies of resegmentation:
Bifid ribs

and Hoxa-5 genes results in transformation of the
seventh cervical vertebra into a thoracic vertebra and
subsequent formation of cervical ribs [16]. Similarly,
inactivation of the Hox group 10 led to the appear-
ance of ribs in the lumbar region, demonstrating the
involvement of these genes in establishing the lumbar
vertebral phenotype [30]. Homeobox genes also play
a role in tumour suppression and carcinogenesis,
since both development and neoplasia juggle with
cell proliferation and differentiation [4, 21]. This can
explain the association between an abnormal number
of ribs and cancer, proven by studies in which cervical
ribs and subnumerary ribs (less than 24) are correlated
with childhood neoplasia [7]. In our opinion, this
data justifies enclosing supernumerary (cervical and
lumbar) and aplastic ribs in a distinct developmental
category, as results of homeotic transformations.

It is thought that fused ribs and bifid ribs are both
results of segmentation defects during somitogenesis
[5, 29], but new experimental studies, performed
on animal embryos, suggest that these two types of
malformations occur through different mechanisms.

In a study that focused on the Mesp2 transcription
factor, it was shown that a decreased level of expres-
sion of Mesp2 determines the apparition of fused ribs,
with a higher frequency as the amount of Mesp2 is
lower [20]. Since Mesp2 plays an essential role in the
processes of segmentation, these outcomes further
support the fact that rib synostoses result from seg-
mentation anomalies, which determined us to place
them in this developmental category.

Regarding bifid ribs, researches on chick embryos
showed that this type of defect appears when in-
terfering with the process of resegmentation [2].
When one somite half was transplanted in the place
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of an entire somite, rendering one missing half, the
embryos resulted with rib duplications [2]. These
outcomes suggest that bifid ribs appear when the
union between the halves of two adjacent somites is
compromised. The involvement of this developmental
error in the appearance of bifid ribs is also mentioned
in other scientific papers [3, 17]. For this reason, we
decided to place bifid ribs in a distinct category of our
classification, as defects of resegmentation.

CONCLUSIONS

Congenital rib anomalies are not unusual findings
in radiological practice. It is useful that radiologists
are familiarised with the imaging appearance of these
malformations, since they can be misread as tumour-
al, traumatic or inflammatory lesions of the chest wall,
lungs or pleura. Nevertheless, these anomalies reflect
some disturbances during the embryo development,
leading us to propose a potential classification that
could contribute to a better understanding of this
pathology.
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