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ABSTRACT

Background: This study aimed to evaluate the congenital anomalies of ribs in the Turkish
population using multi-detector computed tomography (CT) and to reveal the prevalence
and distribution of these anomalies according to genders and directions.

Materials and methods: This study included 1120 individuals (592 male, 528 female)
over 18 who applied to our hospital with a suspicion of Covid-19 and who had thoracic CT.
Anomalies such as a bifid rib, cervical rib, fused rib, SRB anomaly, foramen rib,
hypoplastic rib, absent rib, supernumerary rib, pectus carinatum, and pectus excavatum,
which were previously defined in the literature, were examined. Descriptive statistics were
performed with the distribution of anomalies. Comparisons were made between the

genders and the directions.



Results: A prevalence of 18.57% rib variation was observed. Women had 1.3 times more
variation than men. Although there was a significant difference in the distribution of
anomalies by gender (p=0.000), there was no difference in terms of anomaly direction
(p>0.05). The most common anomaly was the hypoplastic rib, followed by the absence rib.
While the incidence of the hypoplastic rib was close in women and men, 79.07% of the
absence rib was seen in women (p<0.05). The study also includes a rare case of bilateral
first rib foramen. At the same time, this study includes a rare case of rib spurs extending
from the left 11th rib to the 11th intercostal space.

Conclusions: This study demonstrates detailed information about congenital rib anomalies
in the Turkish population, which may vary between people. Knowing these anomalies is
essential for anatomy, radiology, anthropology, and forensic sciences.
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INTRODUCTION

There are 12 pairs of ribs, and they consist of bone and cartilage. The ribs articulate
with the sternum anteriorly and the thoracic vertebrae posteriorly to form the rib cage. The
head, neck, and tubercle form the proximal part of the rib, while the shaft comprises the
distal portion. The 11 pairs of intercostal spaces between the ribs have intercostal muscles,
nerves, and veins [1]. Ribs are mobile and flexible structures that allow for inspiration and
expiration to ensure gas exchange in the lungs, and they protect the heart, lungs, and great
vessels in the chest cavity [2].

Congenital rib anomalies are significantly associated with rib development during
embryogenesis [3]. The ribs consist of somites located on the dorsal side of the embryo and
related to the level of the spine where it is located. One rib follows a pattern that includes
the caudal and rostral halves of two adjacent somites. Each somite identity is determined
under the control of the Hox gene family, leading to the formation of specific structures
associated with its location [3, 4]. The segmentation process forms the somites, where the
embryo starts from the cranial end and separates from the presomitic mesoderm towards
the caudal end. The somites' segmental boundary is defined under mesoderm posterior

protein 2 (MESP2 gene) [5].



Congenital anomalies of the ribs can be classified as numerical or structural
anomalies. Numerical anomalies are classified as supernumerary if more than 12 pairs of
ribs are present and absent ribs if less than 12. Structural anomalies include bifid,
bifurcated, fused, bridging, and hypoplastic ribs [6]. Additional ribs, such as cervical ribs,
are of interest to surgeons because of their clinical implications, such as thoracic outlet
syndrome [7]. As a structural anomaly, the bifid rib is usually asymptomatic [8]. It may be
an isolated anomaly or associated with pathological malformations [9-11].

Chest radiographs are commonly used as the initial diagnostic method to evaluate
pathologies in this region, such as rib fractures. At the same time, they are known to have a
lower sensitivity than computed tomography (CT) [12-14]. Therefore, the need for more
sensitive imaging techniques has led to multi-detector computed tomography (MDCT) use
for thoracic imaging [15]. MDCT provides a unique perspective on thoracic anatomy and
the disease with shorter acquisition times, more extensive coverage, and superior image
resolution [1, 16]. To avoid misdiagnosis, radiologists and surgeons should be familiar with
normal rib anatomy, normal rib variants, and the radiological appearance of ribs. In
addition, this issue is essential for the correct analysis and identification of the bones found
in terms of anthropologists and forensic medicine. Based on this, the present study was

planned to evaluate congenital anomalies of ribs in the Turkish population using MDCT.

MATERIALS AND METHOD

This study was approved by 09.02.2022 dated 502 protocol numbered permission
of (anonymized) University non-interventional ethics board. In this retrospective study,
1120 cases (592 male, 528 female) aged 18-94 who were referred to our hospital with a
suspicion of Covid-19 and had thoracic CT between October 2021 and February 2022 were
evaluated. Cases in which the images of all vertebrae between C6 and L1 and all existing
ribs could be taken were included. The study did not include images of individuals with a
history of surgery and trauma in the thorax and with artifacts on CT images. The presence

of comorbid clinical findings was not examined.

Multi-detector computed tomography protocol
All MDCT applications were performed with a routine thoracic CT protocol using a

128-detector spiral CT scanner (GE Optimal CT660, USA). With a tube voltage of 130 kV



and 20-300 mA smart dosing technology, images were obtained from axial slices of 5 mm

thickness with 1.25 mm axial and 3 mm coronal-sagittal reconstructions.

Image analysis

All CT images transferred to the workstation (Horos, Version 3.3, USA) were
evaluated by a specialist radiologist and two anatomists with consensus. All images were
scanned from start to finish across the entire image series of axial, coronal, and sagittal
planes at a standard bone dose (W/C; 500/2000). Previously defined bifid rib, cervical rib,
fused rib, the fusion of the two uppermost ribs (SRB anomaly), foramen rib, hypoplastic
rib, absent rib, supernumerary rib, pectus carinatum, and pectus excavatum anomalies were
examined. Information about the age, sex, type, and location of the anomaly was recorded
in patients with rib anomaly. The lengths (cm) of the 12th ribs, which were evaluated as

hypoplastic, were measured.

Statistical analysis

The data were analyzed by using SPSS 22.0 package program. In defining the data,
number and percentage were used for congenital rib anomalies, while mean+tstandard
deviation was used for hypoplastic twelfth rib length. Descriptive statistics were
performed, and distribution values were given as percentages. Differences between genders
and directions were analyzed with the Pearson chi-square test. A p-value less than 0.05 was

considered statistically significant.

RESULTS

Rib anomaly was detected in 208 (18.57%) cases in 1120 thorax CT images. The
mean age of subjects with variation was 53.68 (18-94). Thirteen cases were found to have
more than one rib variation. The total number of variations was 221, 96 (43.44%) in men
and 125 (56.56%) in women. The distribution of rib anomalies by sex is shown in Table 1
and Figure 1. The most frequent anomaly was hypoplastic rib with 52.04%, followed by
absent rib with 9.46%. There was statistical significance between genders according to the
distribution of anomalies (p=0.000). In males, 17 (17.7%) of all anomalies were seen on

the right, 12 (12.5%) on the left, and 67 (69.8%) bilateral. In women, these numbers were



15 (12%), 15 (12%), and 95 (76%), respectively. There was no statistically significant
difference between the genders regarding the direction of all anomalies (p>0.05) (Table 2).

Bifid rib prevalence was found as 1.34%. Fifteen (6.79%) cases were found to have
bifid rib variation, and the mean age of these patients was 60.2. Seven of these cases were
male, while eight were female. The bifid rib was found unilateral in all cases, on the right
side in 13 cases and on the left side in 2 cases. All bifid ribs were on ribs 3rd-5th (Fig. 2).
The results of bifid rib variation did not differ between the sexes (p>0.05) (Table 3).

The fused rib prevalence was 0.45%. Nine fused ribs were found in 5 (2.26%)
cases, and the mean age was 51. Five fusions were found in one of the cases (Fig. 3). Fused
rib was observed in 4 males and one female. While 4 of the nine fused ribs were on the
right side, five were on the left. There was no difference between the sexes regarding fused
rib variation (p>0.05). Fusions were found between the 5th and 6th, 6th and 7th, and 7th
and 8th ribs (Table 4).

SRB anomaly prevalence was found as 0.27%. Three (1.36%) cases had SRB
anomaly, and the mean age 50.33. All the cases were male. All SRB anomalies were
unilateral; one was on the right side, while two were on the left (Fig. 4).

Foramen rib prevalence was found as 0.09%. The only case (0.45%) with a foramen
rib variation was a 26-year-old woman. The foramen was located symmetrically on the
first ribs (Fig. 5).

Cervical rib prevalence was found as 1.43%. There was cervical rib variation in 16
(7.24%) cases, and their mean age was 47.71 years. Thirteen of these cases were female,
while 3 were male. Ten cases had bilateral cervical ribs. It was bilateral in all male cases.
One of the unilateral cervical ribs was on the right side, while five were on the left (Table
5, Fig. 6).

Supernumerary rib prevalence was found as 1.34%. Fifteen (6.79%) cases had
supernumerary ribs, and their mean age was 55.33. Three of the cases were female, while
12 were male. Bilateral 13 ribs were seen in ten cases and unilateral in 5 (3 on the right, 2
on the left) cases (Table 5).

Hypoplastic rib prevalence was found as 10.27%. There were hypoplastic ribs in
115 (52.04%) cases, and their mean age was 52.67. In 2 cases, the first rib was hypoplastic;
both were male and on the left side. In 113 cases (51 M, 62F), the 12th ribs were
hypoplastic. Ninety-eight cases had bilateral hypoplastic 12th rib, while 15 (7 on the right,



8 on the left) had unilateral (Table 5). The mean length of all hypoplastic 12th ribs was
found to be 3.98 + 1.58 cm on the left side and 4.00 + 1.35 cm on the right (p>0.05) (Fig.
7).

Absent rib prevalence was found as 3.84%. There were missing rib in 43 (19.46%)
cases (9M, 34F), and their mean age was 54.9. Eleven ribs were observed bilaterally in 36
cases and unilaterally in 7 (3 on the right, 4 on the left). The absent rib in all males was
bilateral (Table 5).

Pectus carinatum prevalence was found as 0.45%, while pectus excavatum was
found as 0.18%. There were 5 (2.26%) cases (4M, 1F) with pectus carinatum, and their
mean age was 56.6. There were 2 (0.90%) cases (0M, 2F) with pectus excavatum, and their
mean age was 48.

Rib spurs extending from the left 11th rib to the 11th intercostal space were
observed in 1 (0.45%) case. The case was a 61-year-old male (Fig. 7). The same subject
had a comorbidity of fusion anomaly between the 5th and 6th ribs and between the 7th and
8th ribs.

DISCUSSION

In this study, which was conducted to discover congenital rib anomalies in the
Turkish population using MDCT, 18.57% rib variation was observed in 1120 subjects.
Although there was a significant difference in the distribution of anomalies by gender,
there was no difference in terms of anomaly direction. Women were found to have more
variations (1.3x) than men. The most frequent anomaly was hypoplastic rib, followed by
absent rib anomaly. While the prevalence of hypoplastic rib was close in women and men,
absent rib anomaly was seen about four times more in women.

In a study conducted by Davran et al., congenital rib anomalies were investigated in
650 individuals (231 female, 419 male) with MDCT, and 54 bifid rib anomaly was found
in 44 (6.76%). 82% of bifid ribs were in men, and in unilateral ones, both sides were equal
[1]. In the present study we conducted with a higher number of cases in the same
population, a lower rate of bifid rib variation (1.34%) was found. Unlike the previous
study, more bifid rib was found in women and on the right side (6.5x). The most common

location of bifid rib variation was 3-5th ribs, similar to previous studies [1, 17-19].



The cervical rib is a congenital anomaly clinically associated with thoracic outlet
syndrome (TOS). A meta-analysis showed that 30% of patients with TOS consist of
individuals with cervical ribs [20]. In vascular TOS, compression of the cervical rib to the
subclavian artery and vein may cause stenosis or aneurism [21]. As a result of neurological
TOS, paraesthesia in the upper extremity or atrophy in intrinsic muscles of the hand may
occur. For this reason, resection of the cervical rib, which has been found to cause TOS, is
frequently used in treatment [20].

Giilekon et al. found 200 (3%) cervical rib anomalies in the Turkish population on
6630 X-ray images [22]. In a study Brewin et al. conducted to find out the incidence of
cervical rib in the London population, the anomaly was found in 10 (0.74%) individuals in
1352 X-ray images and reported that variations were more common in women. In 5 of the
10 cases with cervical rib, variation was on the left side, on the right side in 3 cases, and it
was bilateral in 2 cases [23]. According to a study conducted by Bokhari et al. with 1000
chest X-rays, cervical rib rate was found as 3.4%, and two times higher variation rate was
reported in women [24]. In the same study, bilateral cervical rib was reported as 41%,
32.3% on the right, and 26.7% on the left [24]. Unlike these studies in literature, in the
present study, we conducted with MDCT images of 1120 individuals, the rate of cervical
rib variation was found as 1.4%. 63% of these variations were bilateral, 6% on the right,
and 31% on the left. In addition, in our study, the cervical rib was 4.3 times more common
in women and only bilaterally in men. Similar to other studies, more cervical ribs in
females can be used to predict sex in bones with unknown identities. Population-based
differences can be seen regarding the rate and side of the anomaly. The high number of
cases and sample selection can explain the difference in the results of studies conducted on
similar populations. However, this study stands out because some anomalies are difficult to
detect by radiography due to the superposition disadvantage.

Rib fusion is a rare condition with a rate of 0.3% in society. It refers to the partial
or complete fusion of ribs seen in the anterior or posterior ribs. It is most commonly seen
between the first and second ribs. It is thought to be associated with a developmental
segmentation defect since vertebral segmentation anomalies can also accompany it [25].
Similarly, fused rib prevalence was found as 0.45% in our study, and it was four times
higher in men. However, in our study, the fused rib was seen on ribs 5, 6, 7, and 8, unlike

the general appearance.



SRB anomaly is the formation of a solid bone layer with the incomplete fusion of
the first and second rib due to one or both of the first ribs being short. The intercostal space
between the first and second rib is not seen radiologically [26]. In our study, SRB anomaly
was observed with a rate of 0.27%, which was unilaterally similar to other studies.

Foramen rib development is a very rare condition and has been reported to be
clinically insignificant [26]. Our literature review found no incidence data or images about
this anomaly. The bilateral first rib foramen we found in a female case in our study will
contribute to the literature as a scarce variation. The foramen rib should be kept in mind in
the differential diagnosis of bone lesions. In addition, the rib spurs we found on the left
11th rib of a male case is a different variation not reported before. This appearance may be
related to incomplete rib fusion.

One of the anomalies with the higher prevalence in the society reported in the
literature is hypoplastic 12th rib anomalies [27]. A rudimentary 12th rib and asymmetry in
the size of this rib are often seen in the lower part of the rib cage. However, this is not
clinically significant. Davran et al. found a rudimentary 12th rib with a rate of 9.62% [1].
Our study found the hypoplastic rib rate as 10.27%, similar to the literature. Unlike other
studies, hypoplasia was found on the left side first rib in two of the cases.

The supernumerary rib is a rare condition that most commonly presents as a
cervical rib originating from C7 or a lumbar rib originating from L1. Supernumerary rib
can be a normal variation or seen in some syndromes (Turner syndrome, trisomy 8) [18]. In
line with the literature, supernumerary rib was seen in a small number, and its prevalence
was 1.34%. In addition, this variation was four times greater in men. The prevalence of
absent rib (11 pairs of ribs) in various populations has been reported as between 5 and 8%
[18, 26]. In our study, the prevalence of absence of rib was found as 3.84%, and it was 3.8
times higher in women.

Pectus carinatum is a convex forward protrusion of the sternum and costochondral
joints, resulting in a pigeon-like appearance. This anomaly is the most common second
deformity of the chest wall. This anomaly, seen at a rate of 0.1%, is more common in men
[28-30]. In our study, pectus carinatum prevalence was 0.45%. Pectus excavatum is
characterized by varying degrees of depression in the sternum and lower rib cartilage. It is
the most common chest wall deformity. According to the literature, it is an anomaly with a

rate of 0.4%, and it is more common in men [28, 30-32]. In our study, the prevalence of



pectus excavatum was 0.18%. This difference can be interpreted as environmental or
genetic reasons.

Aignatoaei et al. [33] classified the congenital anomalies of ribs according to
defects in the period of embryological development. There are three main classes in this
classification: results of homeotic transformation, segmentation errors, and anomalies of
resegmentation.

The result of homeotic transformation is a condition in which the abnormal state of
the homeobox (Hox) genes causes an increase or decrease in the number of ribs due to the
formation of false ribs, especially in the passages in the cervicothoracic and thoracolumbar
borders[3]. It has been noted that the abnormal state of the Hoxa-4 and Hoxa-5 genes
causes the formation of the cervical rib, while the abnormal state of the Hoxa-10 genes
causes the formation of the lumbar rib [4, 34]. In this study we conducted in the Turkish
population, cervical rib, supernumerary rib, absent rib, and hypoplastic 12th rib anomalies
are included in this group, and results of homeotic transformation anomalies constitute the
cause of 88.3% of all anomalies.

The segmentation errors are a class of rib anomalies thought to occur during
somitogenesis [33]. It is thought to result from an abnormal condition in the Mesp2
transcription factor [35]. This class has been referred to as costal fusion and costal bridges
[33]. Since the SRB anomaly is also a fusion in the first and second ribs, this anomaly
should also be specified in this developmental error class. In addition, we thought that the
rib spur anomaly in our study could be an incomplete costal bridge and included it in this
group. According to the current study, 4.2% of the rib variations are due to segmentation
erTors.

Anomalies of resegmentation are bifid ribs that result from abnormalities in the
union of two adjacent somites whose class will form the same condition [33]. We consider
the foramen rib in our study should also be in this class. According to this information,
7.5% of the anomalies in our study are caused by anomalies of resegmentation.

Although our study, which had a sufficient sample size, was conducted on a specific
population, the results may not be generalized since the data belong to a single hospital.
This can explain why studies conducted with similar populations have different results in
the literature. In addition, since the study was planned retrospectively, the presence of

comorbid clinical findings was not examined. The fact that the findings of the study are



based on CT images rather than roentgen can be considered as an advantage as it provides
more detailed data. More comprehensive and multi-center studies are needed to eliminate
these conditions, which constitute the limitations of our study.

In addition to our study's mentioned limitations, we think it will be interesting for
anatomy, radiology, anthropology, forensics, and some clinical sciences. According to the
study's results, some variations showing significant sex differences may be helpful for
identity analysis in bones found. Rib spurs observed in the left 11th rib in one patient and
foramen rib anomalies in the bilateral first rib observed in another patient will be the first
cases of these anomalies in the literature. The foramen rib, which can be found in
individuals as a congenital anomaly, should not be confused with other bone lesions or
injuries. Also, such anomalies can help identify unidentified individuals if previous

radiographs are available.

CONCLUSIONS

In conclusion, recognizing rib variations with a wide variational range, which may
be symptomatic in some cases, such as the cervical rib, will strengthen the clinician's hand.
Numerical anomalies of the ribs, the most common variations in our study, should be
considered because they may cause errors in determining vertebral levels in radiological

imaging.
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Table 1 Distribution of anomalies by gender

Type of anomaly Gender Total (%)
Male (%) Female (%)
Bifid rib 7 (3.17) 8 (3.62) 15 (6.79)
Cervical rib 3 (1.36) 13 (5.88) 16 (7.24)
Fused rib 4 (1.80) 1(0.45) 5 (2.26)
SRB anomaly 3 (1.36) - 3(1.36)
Foramen rib - 1(0.45) 1(0.45)
Hypoplastic rib 53 (23.98) 62 (28.05) 115 (52.04)
Absent rib 9 (4.07) 34 (15.38) 43 (19.46)
Supernumerary rib 12 (5.43) 3(1.36) 15 (6.79)
Pectus carinatum 4 (1.80) 1(0.45) 5 (2.26)
Pectus excavatum - 2 (0.90) 2 (0.90)



Rib spurs
Total

expected count less than 5. The minimum expected count is .43).

1 (0.45)
96 (43.44)

125 (56.56)
Pearson Chi-Square test results: Value: 34.342°, df:10, p=0.000 (a. 12 cells (54.5%) have

Table 2 Directional distribution of all anomalies by gender

1 (0.45)
221 (100)

Side
Gender Right Left Bilateral  Total
Male Count 17 12 67 96
Expected Count  13.9 11.7 70.4 96.0
% within Gender 17.7% 12.5% 69.8% 100.0%
% within Side 53.1% 44.4% 41.4% 43.4%
% of Total 7.7% 5.4% 30.3% 43.4%
Female Count 15 15 95 125
Expected Count  18.1 15.3 91.6 125.0
% within Gender 12.0% 12.0% 76.0% 100.0%
% within Side 46.9% 55.6% 58.6% 56.6%
% of Total 6.8% 6.8% 43.0% 56.6%
Total Count 32 27 162 221
Expected Count  32.0 27.0 162.0 221.0
% within Gender 14.5% 12.2% 73.3% 100.0%
% within Side 100.0% 100.0% 100.0% 100.0%
% of Total 14.5% 12.2% 73.3% 100.0%

Pearson Chi-Square test results: Value: 1.519% df:2, p=0.468 (a. 0 cells (0.0%) have

expected count less than 5. The minimum expected count is 11.73).

Table 3 Results regarding the bifid rib variation

Anomaly location

Gender Right side

3rd rib 4th rib
Male 3 (20%) 4 (26.7%)
Female 2 (13.3%) 3 20%)
Total 5(33.3%) 7 (46.7%)

expected count less than 5. The minimum expected count is .47).

5th rib

1 (6.7%)
1(6.7%)
Pearson Chi-Square test results: Value: 3.291% df:3, p=0.349 (a. 8 cells (100.0%) have

Left side
3rd rib

2 (13.3%)
2 (13.3%)

Total

7 (46.7%)
8 (53.3%)
15 (100.0%)



Table 4. Results regarding fused rib variation

5th and 6thrib 6th and 7thrib 7th and 8th rib

Male 2 - 2 4
Female - - - -
Male 1 2 1 4
Female 1 - - 1

Pearson Chi-Square test results: Value: 3.938° df:4, p=0.415 (a. 10 cells (100.0%) have

expected count less than 5. The minimum expected count is .11).

Table 5. Results regarding cases with cervical rib, supernumerary rib, hypoplastic 12" rib,

and absent rib

Anomaly type | Anomaly location
Gender Bilateral Right side Left side
Cervical rib Male (19%) 3 (19%) - -
Female (81%) | 7 (44%) 1 (6%) 5 (31%)
Total (100%) 10 (63%) 1 (6%) 5(31%)
Supernumerary | Male (80%) 8 (53%) 2 (13%) 2 (13%)
tib Female (20%) | 2 (13%) 1(7%) -
Total (100%) 10 (67%) 3 (20%) 2 (13%)
Hypoplastic 12" | Male (45%) 43 (38%) 3 (3%) 5 (4%)
tib Female (55%) | 55 (49%) 4 (3%) 3 (3%)
Total (100%) 98 (87%) 7 (6%) 8 (7%)
Absent rib Male (21%) 9 (21%) - -
Female (79%) | 27 (63%) 3 (7%) 4 (9%)
Total (100%) 36 (84%) 3 (7%) 4 (9%)

Pearson Chi-Square test results: Value: 25.316%, df:11, p=0.008 (a. 18 cells (75.0%) have

expected count less than 5. The minimum expected count is .40).

Figure 1. Distribution graph of all costal anomalies by gender

Figure 2. Bifid appearance on the right fifth rib on the coronal computer tomography
image (A) and 3D image (B)

Figure 3. Right side (A) and left side (B) thoracic computer tomography images of 5
fusion centers in the same case

Figure 4. Cases with the right (A) and left (B) SRB anomaly




Figure 5. Presence of a single foramen on the first rib on both sides on the coronal

computed tomography image (A) and 3D image (B)
Figure 6. Left cervical rib on the coronal computed tomography image

Figure 7. Bilateral hypoplastic 12th rib
Figure 8. Spurs on the left 11th rib on the coronal computed tomography image (A) and
3D image (B)
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