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Abstract. The additional ribs of the cervical spine, or cervical ribs, are a fairly rare developmental
anomaly that occurs as a result of a mutation of the HOX genes responsible for the formation of
the bone system. This developmental feature is most often localized in the C, region, however,
there are also possible formation variants in which it can be found in the C,~Cg projection. Cervical
ribs are classified according to their size and the presence of a fibrous junction with the first rib.
Different authors disagree on which variant of formation prevails, one-sided or two-sided. It is
also believed that the cervical ribs mainly develop on the left. This feature is more common in the
female population. For the most part, the anomaly is asymptomatic. However, sometimes, in the
presence of certain developmental features of the body, as well as a number of provoking factors, a
condition called thoracic outlet syndrome may occur. This syndrome may differ clinically depending
on the effect of the cervical ribs on nearby structures: the brachial plexus, subclavian artery and/
or subclavian vein. The diagnosis is made on the basis of a physical examination, instrumental
diagnostic data methods and certain provocative tests. Treatment can be both conservative and
surgical if medication and physiotherapy are ineffective. Surgical treatment may include resection
of the first rib and scalenotomy. This article presents a literary review of scientific papers using
PubMed and eLibrary resources and scientific journals over the past 5 years. The aim of the work
is to summarize the available data on the prevalence, causes of formation and clinical symptoms
caused by additional cervical ribs.
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AsTop Ans Pe3tome. [lobaBoyHble pebpa LWenHoro oTaena Nno3BOHOYHOro ctonba, unu wenHsle pebpa,
KoppecnoHaeHuuu: [OBOMbHO peakas aHoManus pasBuTis, Bo3HUKawowwas B pesynstate Mytauum HOX-reHos,
[axnnn Hukonaesuy OTBETCTBEHHbIX 32 (DOPMUPOBAHNE KOCTHOW CUCTEMBbI. [laHHas 0COBEHHOCTb Pa3BMTUS Yalle
Crpenkos. BCero nokanuayetcs B obnacty VIl weitHoro noasoHka (C,), 04HaKO BO3MOXHbI TakxXe BapuaHTbl
E-mail: (hopMUpOBaHUS, NpU KOTOPbIX OHA MOXeT 0BHapyxmBaTbes B npoekuun C,~C,. LeitHble pebpa

cataliz123@yandex.ru KNaccuUUMpYIoT B 3aBUCMMOCTM OT pasMepa 1 Hanuums puBpo3Horo coeanHeHus ¢ | pebpom.

PasnunyHble aBTOPbI PAaCXo4ATCS BO MHEHUM, kKakon BapuaHT hopMMpoBaHus npeobnagaert, ogHo-
CTOPOHHUI UNK ABYCTOPOHHMI. Takxe CYMTAETCs, YTO LeiHble pebpa NpemmyLLeCcTBEHHO pa3Bu-
BatoTCs cnesa. Yalle gaHHas 0cobeHHOCTb BCTPEYAETCs Y KEeHCKOro HaceneHus. B 6onblunHCTBe
CBOEM aHOManus KnnHU4Yeckn He nposiensetcs. OgHako MHOrAa, NpY HanU4nK onpeaeneHHbIX
0COOEHHOCTEN Pa3BUTMS OPraHn3ma, a Takke psiga NPOBOLMPYHOLLMX (haKTOPOB, MOXET BO3HUKHYTh
COCTOSIHME, Ha3blBaeMO€e CHAPOMOM FPYAHOTO BbiX0Aa. [laHHbIN CUHAPOM MOXET KIIMHUYECKM
pa3nnMyaTbCs B 3aBMCUMOCTY OT BINSHUS LLENHbIX pebep Ha pacnonoXeHHble PSAOM CTPYKTYPbI:
NnneYyeBoe CnneTeHne, NOLKMOUNYHYI0 apTePUI0 U/MMV NOAKMHYMYHYIO BeHY. [lnarHo3 cTaBsT Ha
0CHOBaHWK dm3nkanbHoro obcnegoBanus, a Takxe bnarogaps UHCTPYMEHTanNbHbIM MeTOAaM
CCrnefoBaHNs 1 onpeaeneHHbIM NPOBOKALMOHHbIM Npobam. JleueHne MOXeT BbITb Kak KOHCEp-
BATUBHBIM, TaK U XUPYPrUYECKUM Npu HEIPHEKTUBHOCTU MEAUKAMEHTO3HON M rU3noTepanum.
OnepaTuBHOE BMeLIaTENbCTBO MOXET BKtOYaTh pesekuuto | pebpa n ckaneHotomuto. B gaHHom
cTaTbe NPeACcTaBNeH NUTepaTypHbI 0630p HayYHbIX TPYAOB C UCMONb30BaHMEM TaKMX PECYPCOB,
kak nouckoBble cuctembl PubMed v eLibrary, a Takxe Hay4HbIX XypHanoB 3a nocrnegHue 5 ner.
Llenbto paboThl siBnsieTcs 0600LIEHNE AaHHBIX O PACMPOCTPAHEHHOCTH, MPUYUHAX (HOPMUPOBAHMS
1 KIIMHUYECKMX CUMNTOMAX, Bbl3blBaeMblX 400OaBOYHLIMM LWENHBIMM pebpami.

KnioueBble cnoBa: 106aBOYHble WelHbIe pebpa, CUHAPOM rPYAHOMO BbIXOAA, MEXNECTHUYHOE
NPOCTPaHCTBO

WcTouHuk chmHaHcMpoBaHUA. ABTOPbI 3asBNSAKOT 00 OTCYTCTBUAWN BHELHEr0 (hUHAHCUPOBAHNSA
© KonnekTus aBtopos, 2026  NPW NpoBeAEeHUN UCCeA0oBaHUA.
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JleCTHNYHble MbILULbI
Scalene muscles

HISTORY

Accessory ribs of the cervical spine are supernu-
merary ribs that represent an elongation arising at the
level of the transverse process, most commonly of the
C, vertebra [1, 2]. This anomaly, known as the “rib of
Eve,” is referenced in the works of Galen from the 2"
century AD and later in the writings of Vesalius from
the 16" century AD [3, 4].

LLleiHoe pebpo
Cervical rib
Knioumnua
Clavicle

lneyeBoe cnneTeHne
Brachial plexus

MoakntounyHas BeHa
Subclavian vein

EMBRYOGENESIS

The skeleton develops from the mesoderm. Me-
sodermal cells give rise to somites on either side of
the neural tube, which further subdivide into a ventral
sclerotome and a dorsal dermatome. The cells of the Fig.1.  Relative |_)osition of the structures of the uppe.r che§t
sclerotome transform into mesenchymal cells that aﬁzﬂaﬁi o :?fhfgﬁzz?:i:: ii"Aa\che::;‘; cervical rib
will give rise to the future ribs during th‘? fourth week Puc.1. BsaumHoe pacnonoxenue CprKT.yp. BEPXHEN anepTypbl
gencs and srouth cifforeniaton factr 11 (QDFIT). L1 T ot s usion peoe oo

. unnioctpauum A.B. KoraH

Initially, 29 pairs of rudimentary ribs form from the o
mesenchyme, after which the 12 pairs of ribs pro-
jecting from the 1-12 thoracic vertebrae continue to
develop. The remaining 17 pairs normally undergo
regression; however, should this fail to occur for any
reason, they may ossify and present either as elon-
gated transverse processes or as fully formed acces-
sory ribs [5-8]. Given that the rudiments regress in a
craniocaudal direction, accessory ribs arising from C,
are encountered most frequently in clinical practice,
followed by those arising from C4 and C; [1]. The ra-
rest variant is the formation of this anomaly at the C,
level [9, 10]. Early in development, cervical ribs are
thought to arise from a mutation in HOX gene expres-
sion [11, 12].

MopkntounyHas
apTepus
Subclavian artery

Fig.2.  X-ray of patient F. A full-fledged accessory cervical rib
ANATOMY is detected on the right, and hypertrophy of the trans-

A cervical rib consists of a head, a neck, and a tu- v.erse process of C7 on the _Ieft. The arrow points to the
bercle. The rib ends may terminate freely within the soft right-hand fully formed cervical rib (from personal photo
. ) . . (o . . archive of L.M. Strelkova)
tissues or articulate with the 1 rib near the insertion of

. . . Puc.2. PeHtreHorpacus naumeHta ®. Onpefensorcs nonHoLeH-
the anterior scalene muscle [1, 13] (Fig. 1). The litera- Hoe fOBaBOuHOE lWeiiHoe pebpo Crpasa, runepTpotus

ture 9on_tain5 conflicting d?ta regarding th.e prevalence nonepeyHoro otpoctka C7 crnesa. CTpenka ykasblBaeT Ha
and incidence of the various morphological forms of NPaBOCTOPOHHEE MOIHOCTbIO CHOPMUPOBAHHOE  LUEIHOE
this anomaly. Some sources report that unilateral cer- pe6po (13 nnuHoro thotoapxmea .M. CTpenkosoii)

vical ribs are more common than bilateral ones (Fig.

2, 3), with a predilection for the left side [1, 13, 14]. degree of osseous development and the presence of
Other sources, however, indicate that cervical ribs are  an articulation with the 1st rib, delineates four types of
bilateral in 50-80% of cases [5] (Fig. 4, 5). This dis- cervical ribs (Table 1) [5, 16, 17].

crepancy is most likely attributable to differences in

the patient cohorts studied. There is also evidence that CLINICAL MANIFESTATIONS

this developmental anomaly occurs twice as frequently Despite the spectrum of developmental variations,
in women as in men [5, 15]. The most authoritative cervical ribs serve no established physiological func-
work on cervical ribs is the monograph by the Russian tion in the body [18]. In most instances, cervical ribs
anatomist W.L. Gruber. His classification, based on the  are incidental findings on routine chest or cervical spine
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Fig. 3.

Puc. 3.

Fig. 4.

Puc. 4.

X-ray of patient M. A full-fledged accessory cervical rib is de-
tected on the right, as well as a fragment of a rib on the left.
The arrow points to the right-sided underdeveloped cervical
rib) (from personal photo archive of L.M. Strelkova)

PeHtreHorpacus naumentkn M. OnpeaenseTcst NonHoLeH-
Hoe fobaBoyHoe LeHoe pebpo cnpasa, a Takke parmeHT
pebpa cnesa. CTpenka yka3blBaeT Ha HeAOPa3BUTOE Liei-
Hoe pebpo ¢ npaBoWl CTOPOHbI (M3 NUYHOTO hoTOapxMBa
.M. Crpenkosoit)

X-ray of patient G. Bilateral underdeveloped cervical ribs are
detected. The arrows point to the underdeveloped bilateral
cervical ribs (from personal photo archive of L.M. Strelkova)

PeHTreHorpadonst naunenta I'. OnpegensitoTcs ABYCTOPOH-
Hue cnabopassuTble LWelHble pebpa. CTpenku ykasbiBaoT
Ha Heopa3BUTble [BYCTOPOHHWE LieiiHble pebpa (M3 nuy-
Horo chotoapxusa J1.M. CTpenkoBoii)

radiographs. The anomaly is predominantly clinically
asymptomatic [13, 14, 19, 20]. In a subset of cases,
however, thoracic outlet syndrome (also termed supe-

POCCUMCKUE BUOMEANLIMHCKUE UCCNEAOBAHMUA

Fig. 5.

.‘ ! ﬁ!

X-ray of patient T. Bilateral cervical ribs are detected

with a more pronounced left rib. The arrows point to the
underdeveloped bilateral cervical ribs (from personal
photo archive of L.M. Strelkova)

Puc. 5.

PeHTreHorpacus naumentkn T. Onpegensiotcs ABYCTO-

POHHWe LWeiiHble pebpa ¢ 6Gonee BbIpaXEHHLIM NEBbIM
pebpoM. CTpenku ykasblBalT Ha HEAOpPasBUTbIE [BY-
CTOPOHHWe LWeliHble pebpa (M3 NuyHoro oToapxmea
J1.M. CtpenkoBoit)

Table 1

Classification table of cervical ribs based on their length
according to W.L. Gruber [5, 16]

Tabnuua 1

Tabnuua knaccumKaLmum WeliHbIX pedep B 3aBUCMMOCTH
oT ux anuHbi no B.J1. Mpy6epy [5, 16]

Tunb! WeiHbIX

pebep CTeneHb pa3BUTMSA KOCTHBIX CTPYKTYP
Cervical ribs Degree of bone structures development
types
[ Tvn Pebpo yyTb bonbLue nonepeyHoro otpoctka C,
Type | [NVHON MeHee 2,5 cm
Rib less than 2.5 cm
[l Tvn Pebpo anuHoi 6onee 2,5 cm
Type ll Slightly over 2.5 cm
[l Tvn [MonHoe weiHoe pebpo, KOTOPOE COEAMHSETCS
Type lll c | pebpom ¢rbpo3Hoil CBA3KOM
A complete cervical rib connected to rib 1
by a fibrose ligament
IV cTeneHb lMonHoe weitHoe pebpo, KOTOPOE COEANHAETCS
4" degree c | pebpom nocpencTeom xpsia

A complete cervical rib connected to rib 1
by a cartilage

rior thoracic aperture syndrome in some publications)
may arise, particularly in the presence of specific ad-
ditional anatomical variants and secondary changes
in the adjacent structures [14]. A congenital cervical
rib constitutes one of the predisposing factors and is
implicated in up to 5% of cases of this condition [21].

2026;11(1):118-127
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Superior thoracic aperture syndrome was characte- seous structures, which may lead to fibrosis of the
rized as a distinct clinical entity in 1958 [22]. The supe- arterial wall, as well as stenosis or aneurysm forma-
rior thoracic aperture is the space between the thorax tion, potentially complicated by intraluminal thrombus
and the axilla, transmitting the subclavian vein, sub- development [36-39]. This may be further compli-
clavian artery, and brachial plexus [23]. The space is cated by subclavian artery thrombosis and, in rare
bounded by the scalene muscles, the 1st rib, the clavi- instances, by stroke resulting from retrograde throm-
cle, and, in some individuals, a cervical rib [24]. Tho- boembolism [40].
racic outlet syndrome is an uncommon condition (1-3 The majority of patients present with neurological
cases per 100,000 population) caused by compression  symptoms: numbness and paresthesia in the little and
of the neurovascular bundle at the superior thoracic ring fingers within the ulnar nerve distribution (C,4 and
aperture. In some cases, the condition is exacerbated Th, nerve roots). Compression of the subclavian vein
by hypertrophy of the anterior scalene muscles, which  causes the affected limb to become swollen and cya-
may impinge upon the brachial plexus and/or the sub- notic due to impaired venous return to the heart [13].
clavian vessels [19, 25, 26]. Thoracic outlet syndrome  When an accessory rib lies in close proximity to the
is categorized as neurogenic, arterial, or venous, ac- arterial vessel (the subclavian artery), compression
cording to the compromised structure [27, 28]. Itis pos- may occur, up to and including critical impairment of
tulated that short, incomplete ribs tend to produce neu-  blood supply. This condition has been termed Sistine
rogenic compression, whereas long or complete ribs  Chapel syndrome, which develops secondary to an
predominantly contribute to vascular manifestations abrupt reduction in vertebral artery blood flow and
[29]. The neurogenic form is the most common in both  consequent brainstem ischemia [16]. In some cases,
sexes, representing up to 95% of all diagnosed cases secondary Raynaud’s phenomenon — a peripheral
[30]. In the pediatric population, the venous type is the circulatory disorder attributable to vasospasm —
most frequent presentation of thoracic outlet syndrome  is identified [6].
[1, 31]. While anatomical and mechanical factors, to-
gether with sex-based differences in pain perception, DIAGNOSIS
are thought to contribute, the definitive reasons for Superior thoracic aperture syndrome may be diag-
the disparity in incidence between men and women nosed on the basis of clinical symptoms and physical
remain incompletely elucidated [32]. Compression of examination findings; however, the diagnosis must be
the neurovascular bundle occurs most frequently at corroborated by instrumental investigations [27]. The
the following anatomical sites. These include: 1) the diagnostic workup includes radiography, magnetic
superior pleural sulcus; 2) the interscalene triangle resonance imaging, multislice computed tomography
(between the anterior and middle scalene muscles); angiography, electroneuromyography, and ultrasound
3) the costoclavicular space (between the clavicle and [5, 42, 43]. Ultrasound has a sensitivity of merely
the 1st rib); and 4) the subpectoral space (between 60-70% and is operator-dependent. The principal
the pectoralis minor and subscapularis muscles) [33]. limitations of this modality relate to the difficulty of
A cervical rib is regarded as the second most prevalent  visualizing structures and the inability to adequately
anatomical anomaly giving rise to neurovascular bun- assess osseous anomalies. Moreover, challenges
dle compression [34, 35]. are encountered during provocative maneuvers:
The pathogenesis of thoracic outlet syndrome is upon arm abduction, the acoustic window becomes
form-dependent. In the neurogenic form, pectoralis obscured by the clavicle [44]. A range of clinical tests
minor hyperactivity predominates, resulting in altered are also employed to elicit compression, including the
scapular position and narrowing of the retropectoral Adson test, the abduction test, the hyperabduction
space. As a result, arm elevation leads to compres- test, the military posture test, and the three-minute
sion of the brachial plexus. In the vascular form (both stress test [5, 45].
arterial and venous), contraction of the scalene mus- Thoracic outlet syndrome may result from vari-
cles elevates the 1st rib, thereby narrowing the costo- ous types of trauma, repetitive movements, anatomi-
clavicular space. The subclavian vein is the primary cal anomalies within the space bounded by the first
structure compressed, while the subclavian artery is thoracic vertebra, the 1st rib, and the manubrium of
affected to a lesser degree. Cervical ribs exacerbate the sternum, as well as postural abnormalities and an
these changes by reducing the interscalene space. excessively developed chest [33, 46] (Fig. 6). Sus-
Persistent pulsation of the subclavian artery generates tained occupational loads may provoke fibrosis of the
friction between the vessel wall and the adjacent os- scalene muscles or displacement of a cervical rib,
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3D volumetric reconstruction obtained by performing a

Fig. 6.
CT scan of the cervical spine. Bilateral accessory ribs
are visualized at the C7 level (https://radiopaedia.org/
cases/cervical-rib-12?lang=us)

Puc.6. O6bemHas 3D-pekoHCTPYKLMSI, MOSTyYeHHast npu npoBeae-

HWAW KOMMbIOTEPHON TOMOrpachuy LWenHoro oTAena no3so-
HouHoro ctonba. Busyanuaupyiotcs ABYCTOPOHHME Aoba-
BOuHble pebpa Ha ypoBHe C7 (https://radiopaedia.org/cases/
cervical-rib-12?lang=us)

which, in turn, may lead to compression of the bra-
chial plexus [27, 47, 48].

TREATMENT

Most authors agree that treatment of thoracic outlet
syndrome should be initiated with conservative mea-
sures: pharmacotherapy, physiotherapy, therapeutic
exercise, and massage [5]. Surgical treatment is also
recommended following unsuccessful conservative
therapy of a total duration ranging from 6 months to
2 years, as well as in cases where arterial complications
arise [49, 50]. The primary surgical procedure is com-
plete rib resection. The operative approach may vary;
the most commonly performed procedures are brachial
plexus decompression and scalenotomy (division of the
scalene muscles with or without resection of the 1% rib)
[13, 27, 51]. The history of thoracic outlet syndrome
surgery dates back to 1927, when scalene muscle divi-
sion was first performed. In 1962, the first resection of
the 1st rib via a posterior approach was undertaken,
and in 1966, a less invasive transaxillary approach was
introduced. At present, no consensus exists regarding
the choice of surgical technique; however, the majority
of surgeons favor the supraclavicular approach, which
permits scalenotomy, exploration of the brachial plexus
branches, resection of the 1%t rib, and decompression of
the subclavian artery [5, 52].

CONCLUSION

Thus, accessory cervical ribs are a relatively un-
common developmental anomaly of osseous struc-
tures in the general population (>1% of the popu-
lation) and are frequently asymptomatic. In most
instances, they represent an incidental finding on
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routine radiographic examinations. Accessory ribs
per se do not require treatment or ongoing surveil-
lance; therapy is prescribed only when complica-
tions develop, such as thoracic outlet syndrome.
Thoracic outlet syndrome, depending on the struc-
ture affected, may be neurogenic, arterial, or venous
and may be attended by a range of neurological
and/or vascular disturbances. The choice between
conservative management and surgical intervention
is determined by the severity and intensity of the
presenting symptoms.
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uenuuu, yTBEPXAEHWe WTOroBOW Bepcun paboTbl;
E.B. LlepbakoBa — noarotoBka WM pedakTMpoBaHue
pabotbl; A.M. ®egiok — cbop maTepuana, pegaktu-
poBaHue pabotbl; A.A. CeBpyk — paspaboTka KoH-
uenuuu; A.M. KpamapeHko — pegakTupoBaHue pabo-
Tbl; K.W. Nazapeea — cbop matepuana; A.B. KoraH,
N.M. CtpenkoBa — 0dhopMNeHME U NpeaocTaBnexHne
MaTepuarnos U3 NUYHOro apxuea.

Bce aBTOpbI BHECNU CYLIECTBEHHbIN BKNag B pas-
paboTKy KOHUenuuu, npoBeAeHWe WUCCRefoBaHWs W
NOArOTOBKY CTaTbM, NPOYAM U 0J0BpUNKN (hUHaMNbHYHO
Bepcuio nepeq nybnukawmen.

Kondnukr nutepecoB. ABTOpbI AeknapupyioT OT-
CYTCTBUE SIBHbIX U NOTEHLMANbHbLIX KOHPIUKTOB UHTE-
PECOB, CBA3aHHbIX C NybnukaLuein HacTosLer CTaTbi.
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