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Supernumerary ribs are congenital anomalies
that can occur in all areas of the vertebral column.
Sacrococcygeal ribs, arising from the most caudal
part of the vertebral column, are the rarest type of
supernumerary ribs. They were described as early
as 1960, with new reports being published every few
years. Brief literature overviews were sometimes in-
cluded with case reports. However, until now, no com-
prehensive reviews with reported search strategies
have been published.

The purpose of the study was to present a com-
prehensive review on the subject. A proposal for a
clear definition of these entities is made. Where rele-
vant, comparisons with other types of supernumerary
ribs are made. An overview of supernumerary ribs in
other mammals is presented.

Materials and methods. A search of the Medline
and Web of Science Core Collection databases was
performed with several relevant keywords. The Goo-
gle search engine was utilized to identify relevant lit-
erature. The references of the publications identified
with the former methods were also searched. The
publications were sorted according to whether they fit
the definition of sacrococcygeal ribs put forward above
or were called sacrococcygeal ribs but did not fit the
definition. To avoid missing any relevant literature, all
literature mentioning sacrococcygeal ribs regardless
of the definition used were included. Additionally, lit-
erature about pelvic digits that would fit the definition
was also included. Papers were excluded if they could
not be sourced or did not mention sacrococcygeal ribs
(any definition) or pelvic digits fitting the definition.

Results and discussion. Sacrococcygeal ribs
seems to occur equally often in men and women,
since both accounted for half of the twelve cas-
es identified that fit the definition. On average, they
are diagnosed at 29.91 years of age, but this varied
widely (from 3 to 64). This variation is to be expected,
since the entities are usually discovered by accident
and are present since birth. Although they are very
rare, no further information about risk factors was
identified. Most of the patients in the case reports did
not suffer from symptoms relating to their sacrococ-
cygeal ribs. However, some authors mention that the
ribs might pose obstetrical problems during childbirth.
This can be expected to be dependent on the exact
size and anatomical location of the rib in question and
may vary between patients.

Due to the lack of symptoms that are associat-
ed with sacrococcygeal ribs, an underdetection could
however be present. Therefore, further research is
needed to more specifically assess the prevalence.
This limited body of evidence makes it difficult to
make sound conclusions about the epidemiology of
these entities.

Conclusion. Based on the current body of evi-
dence, it is difficult to make sound conclusions about
the condition. It is however very clear that the anom-
aly is very rare and that complications are relatively
rare.

Keywords: sacrococcygeal, sacral, coccygeal,
supernumerary, ribs.

Introduction. Supernumerary ribs are congenital
anomalies that can occur in all areas of the vertebral
column [1-3]. The most common type are cervical ribs
that have been estimated to occur in 0.05-3 % of the
population [4, 5]. These entities have been relative-
ly well studied. Their clinical implications, such as
thoracic outlet syndrome, associated symptoms and
possible treatment strategies have all been described
[5, 6]. Despite being rarer, there have also been nu-
merous case reports of supernumerary intrathoracic
ribs [7-9]. Their aspects were recently described in a
literature review by Muise and colleagues [9]. Like in-
trathoracic ribs, lumbar ribs are also very uncommon.
A review article published in 2015 summarized vari-
ous aspects [10]. They are often asymptomatic and
discovered by accident during investigations for other
reasons [8].

Sacrococcygeal ribs, arising from the most cau-
dal part of the vertebral column, are the rarest type
of supernumerary ribs. They were described as early
as 1960 [11], with new reports being published every
few years. Brief literature overviews were sometimes
included with case reports. However, until nhow, no
comprehensive reviews with reported search strate-
gies have been published.

Several terms are used for sacrococcygeal ribs
and related entities. These include, amongst other:
pelvic digits, pelvic ribs, pelvic finger, eleventh fin-
ger, sacral ribs, coccygeal ribs and iliac ribs. Some
of these terms are used interchangeably, while others
lack a clear definition. We propose to use the term
pelvic ribs only for entities directly connected to the
vertebrae of the sacrum and coccyx. Pelvic ribs con-
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necting to the vertebral column at these locations can
then be called sacral — and coccygeal ribs respective-
ly. Additionally, they should have a congenital origin.
This way, these entities can be morphologically linked
to cervical, intrathoracic and lumbar ribs. The term
pelvic digit can then be reserved for boney structures
that do not directly connect to the vertebral column
and may originate by other means than congenital
malformations. Examples of such structures would
be pelvic digits arising from myositis ossificans after
trauma.

Currently, not enough cases are known to de-
velop a more specific classification. However, when
enough data is available, a specific classification
would be developed. This classification could take
into account factors like uni- or bilaterality of the ribs,
the vertebra where the ribs originates, grade of devel-
opment, course of the ribs and potential symptoms.
An example of such a classification could be the one
developed by Kamano and colleagues for intrathorac-
ic ribs [7].

The purpose of the study was to present a com-
prehensive review on the subject. Additionally, a pro-
posal for a clear definition of these entities is made.
Where relevant, comparisons with other types of su-
pernumerary ribs are made. Finally, an overview of
supernumerary ribs in other mammals is presented.

Search strategy and inclusion. A search of the
Medline and Web of Science Core Collection data-
bases was performed with several relevant keywords
such as ‘sacral ribs’, ‘coccygeal ribs’ and ‘sacrococ-
cygeal ribs’. Additionally, the Google search engine
was utilized to identify relevant literature. The refer-
ences of the publications identified with the former
methods were also searched. The publications were
sorted according to whether they fit the definition of
sacrococcygeal ribs put forward above or were called
sacrococcygeal ribs but did not fit the definition. To
avoid missing any relevant literature, all literature
mentioning sacrococcygeal ribs regardless of the
definition used were included. Additionally, literature
about pelvic digits that would fit the definition was also
included. Papers were excluded if they could not be
sourced or did not mention sacrococcygeal ribs (any
definition) or pelvic digits fitting the definition.

It was clear that the literature about these en-
tities is very scarce. A total of nine case reports fit-
ting the sacrococcygeal rib definition were identified
(Table 1), describing a total of twelve unique cases.
These cases accounted for fourteen sacrococcygeal
ribs, including one bilateral pair and both a unilateral
sacral and coccygeal rib in the same individual. Elev-
en sacral and three coccygeal ribs were described. An
additional three case reports mentioning sacral ribs
not fitting the definition were identified. No other type
of literature, such as larger case series or prospective

studies were reported. Several case reports did how-
ever mention and describe previously published cas-
es. The large majority of included papers exclusively
mentioned sacral ribs. A further two case reports were
identified [12, 13], but could not be sourced.

Results.

Demographics of patients and epidemiology

Sacrococcygeal ribs seems to occur equally often
in men and women, since both accounted for half of
the twelve cases identified that fit the definition. This
is in contrast with a study that found that cervical ribs
occur more often in females than males [4]. For both
types of entities, these results are, however, based on
a small number of cases identified. Their average age
at diagnosis was 29.91 years, but this varied widely
(from 3 to 64). This variation is to be expected, since
the entities are usually discovered by accident and
are present since birth.

Based on the very limited number of case re-
ports, it is clear that sacrococcygeal ribs are extreme-
ly rare. No prevalence can be calculated based on
the limited body of evidence. It does however seem
that these entities are rarer than cervical ribs, which
have an estimated prevalence of between 0.05-3 %
[4, 5] and lumbar ribs with a prevalence of around 1
% [10]. However, caution should be applied when cal-
culating a more precise prevalence of sacrococcygeal
ribs, since the lack of problems associated with their
presence may lead to an underdetection. This could
cause an underestimation of their prevalence.

The identified publications did not provide addi-
tional information to assess potential epidemiological
or risk factors that could be linked to the occurrence of
sacrococcygeal ribs. Supernumerary ribs in the cer-
vical and lumbar region are however often found in
developmental toxicology bioassays [14]. Therefore,
there may be toxicological risk factors for developing
sacrococcygeal ribs. This hypothesis does require a
lot more research, which may be unfeasible based
on the very rare nature of the entity. The presence of
almost all sacrococcygeal ribs was confirmed using
radiography, with a single case being confirmed with
MRI.

Anatomical characteristics of sacrococcygeal ribs

Of the sacral ribs, one originated at S1, one at
S2, two at S4 and one at S5. One rib originated at S3
or S4. For most of the sacral ribs, the length was not
mentioned. Where it was reported, the length ranged
from 10 to 15 cm. For only one rib a width was men-
tioned, which was 1 cm. Several ribs were mentioned
to project towards the ischial bone. Two ribs were
mentioned to extend towards the gluteal muscles.
One rib was described to run caudally in an anterior
direction, while another one ran laterally and caudally.
9 out of 10 cases described unilateral ribs, while one
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Table 1. — Overview of case reports and extracted data
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Reference | Age |Gender| Laterality D|agn9$t|c Symptoms | Locality Anatom-lcafl Treatment
technique characteristics
Ribs
according
to definition
Bohutova 40 Female | Unilateral - | Radiogra- Dysuria Sacral Origin: S1 Surgical
etal., 1980 right phy (Non- 15 cm long removal
causative) 1 cm broad
Bohutova 64 Male Bilateral Urogram None Sacral Origin: S5 No surgical
etal., 1980 Caudal projection| removal
to ischial bones
Carbo et al., 36 Male | Unilateral - | Radiogra- | Renal colic | Sacral Oirigin: S4 No
2015 left phy symptoma- 10 cm long information
CT tology Downward path-
(likely linked way - anterior
to kidney route
stones)
de Miguel 12 Female | Unilateral - | Radiogra- Hip pain Sacral Extended into Surgical
et al., 2007 left phy (walking, gluteal muscles | removal
sitting)
de Miguel 6 Female | Unilateral - | Radiogra- None Sacral No information | No surgical
etal., 2007 left phy removal
Van Derslice| 31 Male | Unilateral - | Radiogra- | Low-back Sacral Origin: S2 No
etal., 1992 left phy pain (due to 12 cm long information
fall) From S2 to great-
er trochanter
Dunaway 20 Male | Unilateral - | Radiogra- None Sacral Sacral rib No surgical
etal., 1983 right (sacral) phy Origin: S3/4 removal
Unilateral - Coccy- | Extends laterally | No surgical
right (coccy- | Radiogra- geal and caudally removal
geal) phy Coccygeal rib
Origin: Co2/3
Extends laterally
and caudally
Miyakoshi 17 |Female | Unilateral - | Radiogra- | Low back Sacral Origin: S4 Conserva-
etal., 2013 left phy pain 55 x 25 x15 mm | tive treat-
CT Discomfort in Extends obliquely ment
bilateral glu- toward the left | No surgical
teal region ischial spine removal
Muddassir 45 Male | Unilateral - | Radiogra- | Rightflank | Sacral | «finger-like bony | No surgical
et al., 2008 right phy pain protuberance» removal
Pais et al., 55 | Female | Unilateral - | Radiogra- None Coccy- | Origin: Terminal | No surgical
1975 right phy geal coccygeal removal
segment
Extends
laterally and cau-
dally, termination
in the gluteal
region.
Well
differentiated
Pais et al., |«Middle| Male | Unilateral - | Radiogra- None Coccy- Extends No surgical
1975 aged» right phy geal |laterally and cau-| removal
dally
Small
Normally differ-
entiated
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End of table 1

Reference | Age |Gender| Laterality ?e'ia:?::: Symptoms | Locality c:; r::::ct,emril:z::s Treatment
Shah et al., 3 Female | Unilateral - MRI Urinary Sacral Origin: S1 No surgical
2006 left incontinence Extends behind | removal
Bowel Sl joint into glu-
incontinence teal region
Difficulty Linear
walking Moderately large
Ribs by
name
Halloran, 49 Male Bilateral Radiogra- Hip pain Sacral |Extends bilateral-| Surgical
1960 phy (radiating to ly to greater removal
legs and an- trochanter
kles)
Heligman 14 Female | Unilateral - | Radiogra- None Sacral Rib 1 Partial
et al., 1987 right phy Origin: S1 surgical
Rib 2 removal
Origin: S4
Mares and 4.5 |Female | Unilateral - | Radiogra- None Sacral Origin: S4/5 | No surgical
Bar-Ziv, right phy Extends obliquely| removal
1981 towards
ischial spine

described bilateral ribs. Of the 9 unilateral ribs, 6 were
present on the left side and 3 on the right.

Regarding the coccygeal ribs, one rib was men-
tioned to originate from the second or third coccygeal
segment, while one was stated to originate from the
most caudal segments. All coccygeal ribs were stated
to extend laterally and caudally. Two of the ribs had a
normal differentiation. All coccygeal ribs were unilat-
eral and occurred on the right side.

A representative anterior view (Figure 1) and lat-
eral view (Figure 2) of a sacral rib was constructed
based on images of all studies included.

Figure 1. Anterior view of a sacral rib

14

Figure 2. Lateral view of a sacral rib

Symptoms and treatment

Most of the patients in the case reports did not
suffer from symptoms relating to their sacrococcygeal
ribs. However, some authors mention that the ribs
might pose obstetrical problems during childbirth [3,
15]. This can be expected to be dependent on the ex-
act size and anatomical location of the rib in question
and may vary between patients.
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Certain symptoms were mentioned in the publi-
cations regarding sacral ribs, such as dysuria, renal
colic symptoms, hip pain and low-back pain. These
symptoms were however often explicitly mentioned
to be caused by other problems or are unlikely to be
caused by the presence of sacrococcygeal ribs. No
symptoms were reported in patients with coccygeal
ribs.

Supernumerary ribs in other mammals

Like in humans, supernumerary ribs are very rare
in several other mammals. A pair of bilateral cervical
ribs was described in a 4-year old female dog in 2017
[16]. Another pair of bilateral cervical ribs was de-
scribed in a Dobermann Pinscher [17]. This animal
was female and 11 years old. Unilateral cervical ribs
were also described in 2 cats [18]. Additionally, this
retrospective study mentioned lumbar ribs in cats. Fi-
nally, cervical ribs were described in the extinct woolly
rhinoceros [19]. No literature describing supernumer-
ary intrathoracic, lumbar, sacral or coccygeal ribs in
other mammals was identified.

Discussion

Sacrococcygeal ribs seem to be very rare, with
only selected case reports being published in the lit-
erature. Due to the lack of symptoms that are associ-
ated with this entity, an underdetection could however
be present. Therefore, further research is needed to
more specifically assess the prevalence. This limit-
ed body of evidence makes it difficult to make sound
conclusions about the epidemiology of these entities.
However, based on these case reports, sacrococcy-
geal ribs seem to occur equally in males and females.
They are discovered at a wide range of ages, usual-
ly as an incidental finding. The large majority of cas-
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es present as unilateral ribs that can originate from
any sacral or coccygeal segment. This is in contrast
with cervical ribs, which occur most often on C7 [20].
These entities seem to rarely cause symptoms and
are usually discovered as an incidental finding. Some
case reports however mentioned potential risks for
childbirth.

The first step in better understanding these enti-
ties in the future is to establish a clear definition. The
need to distinguish between sacrococcygeal ribs and
pelvic digits has been raised before [3]. A prospective
study to identify these anatomical variations is neither
feasible nor ethical due to their rarity and the risks
associated with the radiological methods by which
these entities are usually discovered. However, a ret-
rospective study of images taken of the pelvic region
during routine practice may identify additional cases.
These additional cases could provide a better insight
in some of the aspects discussed above. Additionally,
raising awareness of these rare anatomical variations
amongst clinicians may lead to an additional increase
in identification of these entities.

Conclusion. It is clear that the condition is very
rare and that it rarely causes complications. Howev-
er, the limited amount of research makes it difficult
to make sound conclusions. Further research is re-
quired.
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KPNXOBO-KYMNMPUKOBI PEBPA AK PIAKICHA YPOOXEHA BAOA PO3BUTKY

Hxenne CmaHc, AHoewka lMac, EneH [Jegioc

Pe3tome. [JogaTtkoBi pebpa — ue ypomkeHi aHoManii, SKi MOXyTb BUSIBNSTUCA B YCiX Bigdinax xpebra.
Hanbinbw pigkicHum Tnom gogaTtkoBux pebep € KpMKOoBO-KymnpuKOBi pedpa, Lo po3BUBaloTbLCA 3 HanbinbLu
KaydanbHOI YacTuHu xpebTa. YnepLue KpuxoBO-KynpukoBi pebpa 6ynu onucaxi B 1960 poui i B nogansomy
KOXHi Kiflbka poKiB nyGnikyBanucsa HOBi oAvHWYHI AaHi. [Hodi 4o onmcy Npo BUNaAoK BUHUKHEHHS KPMXKOBO-KY-
npuKoBoro pedpa aogaBaBcs KOPOTKUIA ornsg nitepatypu. OgHak, gotenep He Byno ony6nikoBaHoO XOQHOro
BUYEPMNHOro orngaay firtepaTypu i3 aHanisaomM eTionatoreHesy KpuKoBO-KynpuKOBUX pebep.

Memoto docnidxeHHs1 Byno NpeacTaBuTy BUMEPNHUA OrNSA LWOAO godaTkoBux pebep i 3pobneHo cnpoby
YiTKO BM3HAYMTU TEPMIH KKPMXKOBO-KYNpUKOBi pebpax». [NpoBeaeHo NOPIBHAHHS 3 iHLWMMKW TUNaMn JoAaTKOBUX
pebep Ta npeacTaBneHo ornsa nireparypy CTOCOBHO [OOATKOBUX pebep y iHWnX ccaBLiB.

Mamepianu ma memodu. lpoBegeHo MOLWyK NiTepaTypHUx gaHux y 6asax Medline Ta Web of Science
Core Collection 3a kinbkoMa BiaNOBIAHMMW KMOYOBMMK crioBamu. [na Bu3HadeHHs BignNOBIOHOT niTepatypu
BMKOpPUCTOBYBanacsa nowuykoBa cuctema Google. Takox Oyrno 34iiCHEHO MOLLYK 3@ NMOCUIaHHAMKW Ha ny6ni-
Kauii, ineHTudikoBaHi nonepegHiMu HaykoBuamu. [My6nikauii 6ynu BigcopToBaHi BigNoOBIigHO A0 Toro, BigMno-
BijalOTb BOHM YN «Hi» BM3HAYEHHIO TEPMiIHA «KPWKOBO-KYMpPUKOBI pebpax. [Jo nitepaTypHoro nowuyky 6yno
BKIIOMEHO BCi [pKepena, B AKMX 3ragytoTbCa KPUXKOBO-KYMPUKOBI pebpa, He3anexHo Big BUKOPUCTOBYBAHOMO
BM3Ha4YeHHs. 3 ornsay Ta aHanidy nitepatypu Oynu BUKNtoYEHi Ti nybnikadii, y SkMx He BMKOPUCTOBYBABCS
TEPMIH «KPUXKOBO-KYNPUKOBI pebpax» Ta axepena, Ao sikux He Byno y Hac gocTyny.

Pesynbmamu i o62o8opeHHs. KpuKoBO-KynpukoBi pebpa 3ycTpivaloTbCa 3 OOHAKOBOK 4YaCTOTOK SK Y
YOMOBIKIB, TaK i y XIHOK. Y cepeqHbOMY BOHU AiarHOCTYOTbCA Y BiLi 29,91 pokiB, ane uen nokasHuK Konuea-
€TbCS B LUMPOKOMY AianasoHi (Big 3 oo 64 pokis). Taknih po3amax KonvBaHb KPUXKOBO-KYNpuUKOBUX pebep 3a
BIKOM MOXHa MOSICHUTW TUM, WO Taki pebpa, 3a3Bnyan, BUSBMNSAIOTLCA BUNAAKOBO i MPUCYTHI 3 HAPOMKEHHS.
KpwxoBo-KynpuKkoBi pebpa € piakicHOK ypomKeHo Bagol po3BUTKY i XKOAHOI iHopmaLii npo daktopu pu-
3KKY IXHbOrO BMHUKHEHHSI HAMU He BUsiBNeHOo. [pu ubomy, y GinblIOCTi NauieHTIB HE BUSIBIEHO CUMMNTOMIB,
CMPUYMHEHMX KPXKOBO-KYNpUKOBUMKU pebpamu. MNpoTte, aeski aBTopu pobnaTe NPUMNyLEHHsT NPo Te, LWO Kpu-
YKOBO-KYMNpMKOBi pedpa MOXyTb BMKIIMKATU NEeBHi Npobremu nig Yyac nomnoris, WO 3anexuTb Big po3mipis i To-
norpadii pebpa, i CMMANTOMN MOXYTb BiAPI3HATUCA Y Pi3HNX NaLEHTIB.
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HecBoeyacHy [AiarHOCTUKY KPWXKOBO-KYMPUKOBUX pebep MOXHa MOSICHATM BIACYTHICTIO CHMMMTOMIB,
NoB’A3aHunX i3 goaaTkoBuMu pedpamu. Tomy, Ans GinbLl KOHKPETHOT OLIIHKM YacTOTH KPVXKOBO-KYMPUKOBUX pe-
Bep, HeobxigHO NpoBeAeHHs nodanbLlunx gocnigkeHb. HasBHi doparMeHTapHi BiAOMOCTi MPO KPWMXKOBO-KYNpK-
KOBi pebpa ycKnagHITb YiTke opMyrtoBaHHSA 00I'PyHTOBaAHMX BUCHOBKIB LLLOAO0 €TiIONaTOr€HETUYHNX YMHHU-
KiB BUHMKHEHHS LIMX A0OATKOBMX YTBOPEHb.

BucHosok. Ha 0CcHOBI HasiBHUX NiTepaTypHUX OaHUX BaXKO 3pobuTh 0BrpyHTOBaHI BUCHOBKM LLOAO BUHWK-
HeHHs goaaTtkoBux pebep. NMpoTe, UinKoM o4eBMAHO, IO Taka ypomKeHa Baga po3BUTKY SK KPUXKOBO-KYyMNpu-
KOBIi pebpa TpannsaeTbca BKpaw pigKo i YCKagHEeHHs, CNpUYUHEHI A04AaTKOBUMY pebpamm, BUHUKAOTb TaKoX
[ocuTb pigko.
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