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Abstract
Study Design: Systematic review (Level 4)
Objective: To summarize the demographics, clinical presentations, and conditions associated with butterfly vertebrae.

Methods: A systematic search was performed of multiple databases. A total of 279 articles were identified for screening. Case
series or case reports of butterfly vertebrae with adequate clinical detail were complied.

Results: Eighty-two total articles (109 patients) were selected for final inclusion. Sixty-one percent of patients presented with a
single butterfly vertebra, while 39% were multiple. The most common location for butterfly vertebrae was T 1. Fifty-six percent of
cases were associated with a syndrome, the most common being spondylocostal dysostosis. The presence of multiple butterfly
vertebra was strongly associated with a syndrome or additional anomalies (P < .001). Overall, the most common presenting
complaint was low back pain. Seventy percent of patients had associated spinal disease. Other organ systems affected included
musculoskeletal (43%), craniofacial (30%), neurologic (27%), cardiovascular (24%), genitourinary (23%), gastrointestinal (22%),
laboratory abnormality (16%), and endocrine (9%).

Conclusions: This study is the largest collection of butterfly vertebrae cases to date. Butterfly vertebrae are associated with
spinal deformity and multiple butterfly vertebrae may indicate a syndromic illness. Low back pain or disc herniation may occur
with lumbar butterfly vertebrae however the etiology of this phenomena has not been rigorously explained. Many diseases and
syndromes are associated with butterfly vertebrae.

Keywords
butterfly vertebrae, anterior rachischisis, sagittal cleft vertebrae, congenital spine, spinal malformation, Klippel-Feil syndrome,
Alagille syndrome, spondylocostal dysostosis

Introduction The largest previous series of butterfly vertebrae was pub-
lished by Cave® in 1957, in which he reviewed 33 cases in the
literature. However, detailed clinical data from these cases was
not reported.” Later, Kapetanakis et al'! reviewed the literature
and reported on 11 cases published between 1990 and 2015. To
our knowledge, a comprehensive analysis of all butterfly

A butterfly vertebra (sagittal cleft vertebra or anterior
rachischisis) is a sagittal defect in the vertebral body caused
by failure of fusion of the 2 lateral chondrification centers
during embryogenesis.'> The name is based on the appearance
of the 2 hemivertebrae emerging as butterfly wings from the
central cleft on x-ray.® This malformation has been reported to
be exceptionally rare in the literature.'*"
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with low back pain."”*'" Because of their rarity, they can
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Figure |. Study selection based on PRISMA (Preferred Reporting for Systematic Reviews and Meta-Analyses) guidelines.

vertebrae cases has not been performed. The goal of this study
was to assimilate all reports of butterfly vertebrae in the liter-
ature to formulate a review and glean new information about
this rare malformation. We were specifically interested in the
rate of associated abnormalities in other organ systems occur-
ring through concurrent syndromes. Furthermore, we wished to
determine the implications, if any, of discovering incidental
butterfly vertebrae with regard to clinical workup.

Materials and Methods

A systematic review was prepared according to the protocol
set forth by the Cochrane Collaboration and Wright et al and
reported according to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines
(Figure 1)."*'® In November 2017, an electronic search was
performed on the Scopus and PubMed databases, as well as
the Cochrane Library, to identify studies containing the fol-
lowing terms: “butterfly vertebrae,” or its common synonyms
“sagittal cleft vertebrae” and “anterior rachischisis.” Two
independent reviewers screened titles and abstracts from

which full-length texts were selected. References contained
in the selected texts were also reviewed for possible sources.
Furthermore, major journals were hand-searched for recent
publications that might not have been included in the initial
search.

Studies that contained individual or case series of patients
having single or multiple butterfly vertebrae, either in isola-
tion or part of a constellation of anomalies, were included if
they contained the following clinical details: age (at final
exam or follow up), sex, location, and number of butterfly
vertebrae. Several studies with relevant clinical data that were
missing a single part of the above information were included
in our analysis only for those data sets to which they were
applicable.

Articles were excluded if they did not involve butterfly
vertebrae, did not present discrete cases of butterfly vertebrae,
pertained primarily to archeological studies or veterinary stud-
ies, involved prenatal patients without postnatal follow up,
were in languages not translatable by the researchers, or the
article could not be located despite exhaustive archive review
(typically due to age of the article). Studies were also excluded



(panunuod)

H H 6 60 606 6 6 W Jeyuspjon pl ST 8 S00¢ uos.Jspuy
+H 66 60 6066 6 6 & Jeyuapjoy 9D ST L1°0 500 uos.Iapuy
pay1ads jou
+H 66 H 6060 H 06 auoN “Jequin s8uis 4 9 £00T uipJeleq
(6 6H 6 66 6 66 duoN 11 SIETIN| £l 00T Ayredaeg
Jeydeaol
+H 6 H 660 66 [1o4-j2ddiy 91-7l sdniny W Sl #00T -lwiyey
G 6 6066 60 6O s Ja19)d £ ST/ L £002 uos.Jspuy
G H 666 60660 60 6 W 9|13y 81 ‘91 sidnny 4 6€ £00T uedy
B HEH O 6 O [1o4-1oddiy Sl-1l sidny W Sl £002 ueyd
€1°11L°0IL
() +H 66 HEH 6 9||18ely ‘8L LL YL IL sdniny 4 4 7007 eloxzid
(660 60 6060 6 66 auoN 1561 sidniny 4 9€ 7007 Ijiseag
G660 60 6060 6 6 W auoN €1 suis W L€ 1007 [puos
(66 6 606 6 6 W auoN 8l suis W 1€ 1002 »uny
(sisopidijoonw
B HEH 6 H O 6 606 | 2dA1 [ereuoau) aseasip |j23-| Ll sjduls 4 900 966l uew.isH
(6066 600 660 6 & W auoN €1 s 3uis W I 9661 opedjpQ
+H 6 H 60 600 H 6 6 6 9)|18ely 0lL ‘8L sidniny W e S661 L3I
s1s03s0sAp [e3sodojApuods
H H 6 600 60 H B 6 W ‘uae-oyd.ef psyiodau 30N sidnn W [9L  $66l I1ED2W
G666 606 60 60 duoN 1L ST 19 £661 epJeD)
G606 6 606 60 606 SuoN 1L STE N 8¢ £661 ep.en)
66 6 606 60 B W sissuade uel3||n|y 1L STETINE| ¥T 661 ueleyeyy
H H 6 H 666 B B e (szb1Tb) Jo UOBRRQ 91 ‘¥L sidany W €10 1661 asoy
G eH H HEHH e [1od4-12ddiy ) STEIN| (4% 6861 BNY2S
+H 6 #H H e H 6 uonsRp 7'71doT 6171 sidniny W 9l S86| ZnuD-eIdJeD
+H 66 60 6060 6 6 6 Jeyuspjon 4l ST £l S861 Jniseq
(6 H 66 60 6 W duoN S ST 6€ 86| Jeedn aQ
H HH HEEH B 6 uonaep [ennsJalu| | by 8l sidniny 4 wo 1861 IPY2 MW
66 6 606 60 6 duoN| yal STEI TN Y4 6l emedewe |
(66 6 606 6 H W auoN 1L SIETINE | 9% 8961 unoynbjo)
G666 60 606 6 H O SUoN| 1L sduis 4 95 8961 unoynbjo)
(66 66 66 6 66 duoN yal ST 9% 8961 unoynbjo)
G606 6 606 60 606 SuoN 61 STE N 4| 8961 unoynbjo)
(66 6 606 6 @ 6 IIN2149AIP [B324]D 1L ST 8l 0961 Z3UeMYDS
G HH 666 H e IIN21I9AIp [B924]D yal ST 8T 0961 7RMYPIS
G660 6066 H 6O SUoN 4 sduis 4 9T 0961 opJede
(6 6 606 6 H W auoN #1617 sidninyy 4 0T 0961 opJede
G666 6066 60 6O auoN yan s8uis 4 43 1561 aAeD)
(66 6 66 6 66 duoN #1617 sidniny W 8T 1661 Isopue.y
G666 6066 60 6O SuoN yan ST £T Sp61 Y1epa.y
66 6 606 60 6 duoN| €1 ST 8¢ Sh6l oLIepa.y
4D DISW 9e] oJ4ndN opuj [ Ddeipae) N9 duidg SWOIPUAS uonesoT oidniny xas  (sded))  JeaL Joyiny
Jo 93uig a3y

'seseD papnpul Jo 317 *| dJqeL

668



(panunuod)
G H 606060 6 SuopN ¥l di3uis 4 9 10T oy
G660 6 6060 6 6 W BuoN IS STETINEN] 13 1107 19|nog
B HEH6H 0 60 6O auoN 4| CIELTINN [T 0102 [2aung
G HEH 66060 60 6 snApuods 3uisolljuy 1 s Buis W oF 0102 ueld
66 606 6 6 W si|Apuods Suisojjuy dl STEUTINEN] 9T 010t ueld
G 6 6060 60 60 W SuoN 4l STELTINEN] 43 0102 w3
) 6 H 60 6060 6 #H 6 3|(13e)y 6l¥1 sidnnyy v/N 14 800T Suepp
H 6 H 60 60H 6 66 3| |13ery 6141 vl sidnny W/N 4 800¢ Buep
) 6 H 6 6 H H 606 3|(18e)y 011-91%1 sidninyy w/N € 800¢ Suepp
) 6 H 60 6 EH H 66 3|(13e)y pl ‘€l sidnnyy v/N S 800T Suepp
+H 6 H 6060 H B B e 3| |13ely 91 sjduis /N 4 800T Suepp
66 6 6006 6 6 W BuoN 91 ST LTI 9% 800C [1Aeseyuiied
G666 6060 60 H O Jowny SWIAA 8L ‘€l sidnpy 4 L1'0  800T iednyy
c_.mn_rc:_ _uc.m
H HH H HH BB e 3||iSey  d1PrIOY3 dYRdSUON sidniny W S £00T 19qoy
H H H H 6 H 6 e sisojoJsIsoy3eT] 8L 38uis 4 L £00T Issoy
(6 H 66 60 6 W SuoN [40) d3us 4 T4 £00T n>jsed
G 60 6060 6 6 06 SuoN| ¥l CIEINEN ¥S 900T wedoz
G HEEH 66 ®H e BuoN 411 ST LTI 4 900T we(3o7
B HEH6H O e 6 siso1sosAp [e3sod0jApuods 6L ‘L1 sidnny 4 4 900T eMBD[e
B H 66 6006 60 6 W SIs0150sAp |e3s020|Apuods SL ‘Pl sdniny W <6 900¢ emeiDle]
G H 6 606 60 6 W s1s0150sAp |e3sododpuods 7|1 ‘0IL ‘61 ‘9L sidniny W 4 900¢ emiple]
G HEH 66 60 SI50350sAp [e35020]ApUOds £D ‘9D sidiny W € 900T eMB|DIE |
TS
G H 6 EH e O sI1s0350sAp [e3s0d0jApuods ‘IS /D TT ‘9D ‘D sdniny W g 900T emBIDE L
G H 6 60 600 6 6 W sIs03s0sAp [e3s020jApuods 7S ‘IS ‘77 ‘LD ‘9D sidnny W S0 900T eMB|DIE |
G HE 6 6EH 6 6 SIs0150sAp |e35020|Apuods 8191 sidninyy 4 €l 900¢ emiDle]
G HEH 66 6060 60 6 W sI50350sAPp [e35020]ApUods ¥l ‘1D ‘sD sidniny 4 Ll 900T emBIDEL
G HEH 66 ®H SIs0150sAp |e3s020|Apuods £D'SD sidninyy 4 8l 900¢ emeiDle]
H H 660 66 60 6O SIs0350sAp [e35020}]ApUods £D ‘9D sidnpy 4 8l 900¢ emBDR
G H 6 6 60060 H 6O SIs0150sAp |e35020|Apuods 129D sidnpy 4 S'9 900¢ eMB|DIE |
H H 660 66 60 6O sIso1sosAp [e3sod0jApuods ML 98uis 4 L1'0 900T eMBDe |
TS IS ‘ST 91
G H 6 6066 sIs0150sAp |e15020|Apuods ‘€111 ‘4D ‘9D sidniny W <g 900¢ emiple]
B HEH 660 60 6 sIs0350sAp [e35020]|ApUods €515 ‘1 sidany W € 900¢ emBIDIE
G H 6 6006 60 6 W SIs0150sAp |e3s020|Apuods IS ‘61 sidniny 4 4 900¢ emey|Ddie]
B HEH6H e e 6 sIso1sosAp [e3sod0jApuods 1D ‘9D sidnny 4 4 900T eMBD[e |
G H 6 60 60060 60 6 W sIs0350sAp [e35020]ApUods 1D ‘9D sidnny W ¥ 900¢ eMB|DIE |
) 66 H 66 6 6 W pinqey| 6L STEUTINEN] 4 900T Jery
paydads jou
H H G H 66 H 6 ) sn|d sa8uejeyd e3p@  2PRIOY) ‘DdIINY sidninyy 4 4! <002 uyy
B H 6 6 6 6 6 ) () sisoisosAp [esodo|hpuods ‘uaeT-oyd.e| €1°S1-€1 sidnpy 4 S9°0  S00r zedoq-zenbzep
H +H 660 60060 606 6O Jeyuap|on) %) STELTINEN] I 5002 uosJspuy
4D IS qe] odnaN opuj |9 delpJeD) N9 duidg SWO.PUAg uonedoT oidnjnpy x5  (s4eap)  JeS) Joyiny
Jo 3j3ulg a8y

(penunuod) *| a|qe

669



'safi[ew.ouqe quil| pue ‘saljewoue [eua. ‘e|nisly [eaSeydosaosyde.l ‘s109Jop JBIPJED ‘BIS9UIE [BUE ‘S109J9P [BIGINISA “TYILDVA ‘O|qe|leA. 10U /N
{[eIDBJOIURID ‘{7 I9YIO/[BID|DHSONISNW “H S| ‘SaN[EA A1oJeIOqE| ‘qET $2180]0N3U ‘0IN3|N| ‘BULIDOPUS ‘OpuT {[eulIsaIUl0.IISES ‘|5) 1S3Yd/JB[NISBAOIPIED ‘DBIpJET) ‘AJRULINOIIUSS ‘M) D[BWS) ‘4 D[BW ‘|| :SUOIIEIARIG]Y

+H 6 H 60 60 H H e 3| |13ely 8L ‘9L ‘¥L sidnny W I £10T ysnouue
) 66 H 606 6 6 W BuoN| 130) STEITINEN] ¥l £10T >edsaq
G 60 60@H 6 6 06 auoN £€1°TIL6L sidniny 4 S 910T BWNO|S
(6 60 606600 6 6 W [EXRELLINY IL s duis 4 W 910t edRIRY|
B H 6060 60 6O auoN IS ?8uis 4 oF 910 speueladey)
G 6 6060 60 6 W auoN IL CIELTIN % 910T ono
(6 6 606 60 66 SuoN ¥ dBuls W 9 910T uasy
G 60 6060 6 H 6 SuopN Tl Ji3uis 4 S'g 910T uss3
66 6 6006 6 6 W BuoN 0ll ST ELTIS 9 S0t sajudNYIg
6 6 6060 60 6 W asessip s3a5yag €161 sidnny W 8¢ S10t sesezQ
6066 6 6006 60 6 W BuoN| 1 ST EL TS oF S10T slASueaey)
(66 6 606 6 6 W SuoN 1 CIETINEN 1T <10T supidoy
H H 6 H 66 H 6O 4YAL 01l ‘6L sidnpy 4 I S10¢C sMeH
G HE 66 6006 60 6 W 1T 11bge jo uonesydnp oudiy £1°SL sidninyy 4 € S0t [PElle]
6 60 6060 6 6 06 auoN ¥1T1°01L sidnny 4 0S S10tT 8usyd
G660 600 60660 6 6 06 BuoN| 4 s Buis W S0 ¥10T Jossno
G HE 6 6 EH e TYILOVA 1L ‘6L sidniny W 190  ¥10T [epues
G 60 6060 6 6 06 duoN 8l s duis W ¥S 10T 15044
(66 H 606 60 6 W BuoN| 1 STEITINEN] oF ¥102 LA E|
+H H 666006 6 B e sisouade 3un- L1 38uis 4 £€0  ¥10T zajue)
H H 66 600 H B B e sukug 8l JiBuIs W 900  ¥10T un3iy
e H 6060 60 6O auoN [40) ?8uis 4 ol €107 eaeg
(6 60 6060 60 6 W SuoN 1 s8uis 4 ¥T €107 onz
G HEEH HEH 6 SuoN 61 d3us 4 IS €102 Aisyodpua
H HH H HH BB e pinqey| V/N V/IN A S0 TIoT CRA Ly
66 6 6006 60 6 W BuoN| 8L STEITINEN] €€ 141114 24031y
H 66 B 66 6 H O uew|[ey| 4| ST 14 710 >jeqezie(
H H 6 H H 6660 6O uew| (e [11-61 sidny 4 ¥T 710t oqez.ef
#H H 666 6 H 606 6 3|(13e)y [1L-ZL sidniny W S 10T oLiqossel
G H 6060 60 6 W duoN 91 d3us 4 €l 110¢C n>
606 6 6006 6 6 W BuoN| ¥ STEITINEN] < 10T 104D
G 6 6 6 6 6 W SuoN| 1D CIELINEN 9% 10T elle}
4D IS ge] ©oJnaN opuj |9 delpded) N9 duidg SWOUPUAg uonedo s|dinpy (saea))  JeO) Joyny
Jo 3j3uig a8y

(penunuod) | s|qe

670



Katsuura and Kim

671

25

Number of Cases

€ Q

14
13
10
10
6
2
1 I I
. |
T5 T6 T7

Vertebral Level

13
12 12
] 9
7
6 ‘ 6 6
19

TIO T11 T2 11 L2 L3 W b s1

Figure 2. Prevalence of butterfly vertebrae at vertebral levels.

if they lacked sufficient clinical data to be included for analysis
(greater than 2 of the above inclusion points).

Following the selection of articles, clinical cases were aggre-
gated for analysis,'” and the following variables were considered
for extraction: age, sex, location of butterfly vertebrae in the
spine, number of butterfly vertebrae, presenting complaint, con-
comitant syndrome or systemic illness, other spinal abnormality
excluding butterfly vertebrae, abnormal laboratory findings, and
finally abnormalities of the genitourinary, cardiac, endocrine,
neurologic, craniofacial, or musculoskeletal systems. Systems
abnormalities were collected and sorted into these groups based
on the valid positive associated findings as reported by the authors
ofthe case. A patient was considered to have “a normal system” if
it was not specifically identified in the article. For simplicity, we
use the term “syndrome” to indicate any syndrome, sequence,
association, or other condition affecting multiple organ systems.

Article quality was appraised based on complete review of
the imaging and clinical information presented in the text. A
bias review was deemed unnecessary as these studies were case
reports and case series.

Statistics

Statistical analysis was performed using the Statistical Package
for the Social Sciences (SPSS) software (version 24.0, IBM
Corp, Armonk, NY, USA). The chi-square test was used to test
the association between multiple versus single butterfly

vertebrae and the presence or absence of a syndrome or other
systemic illness.

Results

The Scopus search yielded 229 citations while PubMed yielded
102, for a total of 331 articles. A search of the Cochrane library
yielded O results. After duplicates were removed there were
272 citations in total. From these 172 citations were excluded
based on analysis of the abstract or title for the following rea-
sons: was not a case of butterfly vertebrae (125 citations), the
article was not available (15 citations), was a prenatal article
(14 citations), was an archeological study (10 citations), was a
veterinary study (7 articles), or could not be translated (1 cita-
tion). 100 articles were included for full review from this group
with an additional 7 added based on review of references (107
articles). From this group, another 25 articles were excluded for
the following reasons: not enough clinical data (19 articles),
was not a case of butterfly vertebrae (3 articles), was an arche-
ological study (2 articles), was a prenatal case without postnatal
follow-up (1 article). After careful review of abstracts and full
articles, a total of 82 articles (109 cases of butterfly vertebrae)
were included for final review (Figure 1). Of the 109 cases
included, 11 were categorized as lacking a single data point,
and thus grouped separately (5 cases lacked specific vertebral
location of the butterfly vertebrae, 6 lacked the sex of the
patient) (Table 1). Therefore, these cases were not included
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Figure 3. Most common presenting complaints in nonsyndromic cases.

in the calculation of average sex and location of butterfly
vertebrae.

Clinical Characteristics

The average age of patients in this group was 20.5 years. Fifty-
one of 103 cases were female (50%). Sixty-three cases were
single vertebrae (61%), while 41 of 104 cases were multiple
(39%). The most common location was T1 (25 cases), followed
by T7 (14 cases) (Figure 2).

The most common presenting complaint was low back pain
(23%, 25/109 cases), followed by neck pain (0.05%, 5/109) and
jaundice (0.05%, 5/109). When examining only nonsyndromic
cases, low back pain was still the most common presenting
complaint (30%, 14/48 patients), followed by mid back pain
(10%, 5/48 patients). Of note 5/48 cases (10%) were reports of
butterfly vertebrae being mistaken for either fracture or tumor.
See Figure 3 for most common presenting complaints.

Of the 109 cases, 48 patients did not have an associated
syndrome (44%), while 61 patients did have an associated
syndrome (56%). The most common of these syndromes was
spondylocostal dysostosis with 17 cases (28%) followed by
Alagille syndrome with 11 cases (18%) (Figure 4). The pres-
ence of multiple butterfly vertebrae (>1) was associated with
the presence of a syndrome (40/45 cases, 90%), while single
butterfly vertebrae were more likely to occur alone (43/64
cases, 67%): y*(1, n = 108) = 34.7, P < .001, ¢ coefficient
—0.57 (Figure 5).

Associated Conditions

The most common associated organ system affected was
“Other spinal deformity or disease,” which included any struc-
tural abnormality of the spine outside the butterfly vertebrae.
There were 76 of 109 patients affected in this category (70%)
with scoliosis as the most common finding. Other findings
included failure of formation and segmentation, block verteb-
rae, kyphosis, spina bifida, disc herniation, spondylolisthesis,
vertebral body abnormality, syringomyelia, and myelomenin-
gocele. There was no significant association between “other
spinal deformity” and the presence of single or multiple butter-
fly vertebrae: (1, n = 108) = 0.11, P = .96, ¢ = —0.01.

The next most common associated organ system affected
was “Other skeletal deformity or disease” with 46 of 109
patients affected (43%). The most common finding was rib
fusion or abnormality. Other abnormalities included short sta-
ture, clinodactyly, syndactyly, polydactyly, brachydactyly,
thumb hypoplasia, short dysplastic femurs, and radioulnar
Synostosis.

Craniofacial dysmorphism was present in 32 of 109 cases
(30%) and all were associated with a syndrome of some type.
Issues varied by syndrome, but included things such as man-
dibular malformation, cleft palate, and hypertelorism.

A neurologic abnormality was present in 30 of 109 cases
(27%)—the most common findings being weakness, sensory
loss, and spasticity. Other rarer findings included cerebral atro-
phy, occipital meningocele, bowel and bladder difficulty, sei-
zures, and developmental delay.
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Figure 4. Summary of all syndromes that were associated with butterfly vertebrae.
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Figure 5. Breakdown of occurrences of single and multiple butterfly
vertebrae either in isolation or as part of a syndrome. Multiple but-
terfly vertebrae were associated with the presence of a syndrome: (P
<.001).

The cardiovascular system was affected in 25 of 109 cases
(24%), the most common finding being pulmonary vein steno-
sis. Other cardiac abnormalities included patent ductus arter-
iosis, patent foramen ovale, coarctation of the aorta, mitral
valve prolapse, dextrocardia, and cardiac hypertrophy.

The genitourinary system was affected in 25 of 109 cases (23%),
with undescended testes being the most common finding, followed
by a horseshoe kidney. Other common findings in this area were
renal calculi, renal failure, absent, dysplastic, or hypoplastic kidneys.

The gastrointestinal system was involved in 24 of 109 cases
(22%), the most common findings being biliary atresia/hypo-
plasia and jaundice; both of which are common findings in
Alagille syndrome. Other findings included diaphragm defects,
hepatomegaly, inguinal hernia, and anal atresia.

Laboratory values were abnormal in 17 of 109 of cases
(16%), the most common abnormality being increased bilirubin
and liver enzymes; again, related to Alagille syndrome.

Finally, the endocrine system was involved in 10 of 109
cases (9%), with thyroid abnormalities being the most common
finding. A complete overview of associated conditions can be
found in Figure 6.

Discussion

Butterfly vertebrae were first described in a 55-year-old man in
1850 by Rokitansky.’ The oldest case ever reported was in an
archeological specimen in Sharuna, Egypt in the L3 vertebrae
dated to 2150 Bc.'® Since this time there have been many arti-
cles on butterfly vertebrae, mostly as incidental reports. We
performed this study to synthesize all information available
regarding this rare malformation, and to summarize its
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Figure 6. Summary of associated organ systems affected and specific problems.

associations. This study represents the largest collection of
butterfly vertebrae to date.

Butterfly vertebrae occur as an aberration in the normal
embryological development of the vertebral body. Ordinarily,
the first stage of development of the spine is neurulation with
the formation of the notochord at day 7 during gastrulation.'®
This is followed by the migration of endodermal cells

and formation of the lateral mesoderm. Somatization of the
mesoderm proceeds with the formation of 44 pairs of
somites—blocks of tissue on either side of the neural tube.?’
The mesoderm is also responsible for the formation of cardiac,
pulmonary, and renal tissue—hence the high association of
vertebral anomalies with disturbances of other major organ
systems.'? In this study, the associated abnormalities in the
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Figure 7. Development and morphology of butterfly vertebrae. Axial: development of the embryonic spine. Following formation of the
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chondrification to form the vertebral body. Coronal: shows differentiation of the mesoderm into the dermatomyotome and the sclerotome.
The notochord forms the nucleus pulposus.

cardiac, neurological, genitourinary systems were 30%, 27%,
23% respectively. Somites then differentiate into sclerotomes,
which progress to form the spine and other aspects of the

skeleton, while dermomyotomes form muscle. The close asso-
ciation between the development of the spine and the appendi-
cular skeleton explains the high rate of butterfly vertebrae
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occurring with other skeletal defects. In this study, we noted
that 43% of patients with a butterfly vertebra had another asso-
ciated musculoskeletal abnormality. The sclerotomes then
flank the notochord in the fourth week.?’ Two anterior scler-
otomes undergo chondrification and fuse to become the carti-
lage vertebral body at week 6 while the third part becomes the
posterior arch.?! The notochord is obliterated at the level of the
vertebral body but persists at the disc level to become the
nucleus pulposus.®'® Ossification typically beings around
week 12.

Spinal malformations occur generally under the headings of
failure of formation, failure of segmentation, and neural tube
defects.'” Butterfly vertebrae have been postulated to develop
secondary to failure of formation. One theory is that during
somatogenesis, the two lateral chondral centers simultaneously

Figure 8. Multiplpanar reformatted computed tomographic image of fail to fuse secondary to persistence of the notochor

2,8,22-24
d' 50,

a S| butterfly vertebrae with associated sacral dysmorphism and (Figure 7). Hemivertebrae form through a similar process

pseudoarticulation on the left.

where a single chondrification center fails to migrate medially,

Table 2. Syndromes Associated With Butterfly Vertebrae.

Syndrome

Description

Alagille syndrome

Ankylosing spondylitis
Behget’s disease
Crouzon syndrome

Fryns syndrome

Goldenhar syndrome

Lathosterolosis
Jarcho-Levin syndrome/
spondylocostal dysostosis

Kabuki syndrome

Kallman syndrome
Klippel-Feil syndrome

Lung agenesis or pulmonary agenesis
Myhre syndrome

MURCS
Pfeiffer syndrome

VACTERL

Other

An autosomal dominant disease characterized by a lack of the interlobular bile ducts, facial dysmorphism,
pulmonary stenosis, posterior embryotoxon, and butterfly vertebrae (also known as arteriohepatic
dysplasia).?® It may be asymptomatic and should be suspected in cases of butterfly vertebrae.”® In a case
series of 92 patients with Alagille syndrome, butterfly vertebrae were present in 51% of patients.?’

A chronic inflammatory arthritis typically affecting the sacroiliac joints.>

A systemic vasculitis associated with oral and genital ulcers as well as arthritis.

A craniosynostosis syndrome associated with ocular proptosis and shallow orbits, as well as butterfly
vertebrae. Anderson et al*® published the largest series reporting the spinal findings for this syndrome.
In this series, 5 of 44 had evidence of cervical butterfly vertebrae.>® These results were not included in
our current study as there was not enough patient data resolution to combine it with other cases.

An autosomal recessive condition consisting of congenital diaphragmatic defect, abnormal facies, small
thorax with widely spaced nipples, limb hypoplasia, hernia, and pulmonary hypoplasia.>*

A sporadic genetic disease that consists of a spectrum of auriculovertebral malformations including eye,
ear, and vertebral anomalies. It is hypothesized to result from embryological disturbance of the
ectoderm.®

A defect in cholesterol synthesis that presents with multiple malformations, mental retardation, and liver
pathology.>¢

A spectrum of congenital malformations of the ribs and vertebrae with associated short stature.

31,32

37-39

A condition of unknown etiology with facial malformations that mimic the makeup worn in the Japanese
Kabuki theater, mental retardation, and abnormal dentition.*°

A mutation in the FGFR-1 gene characterized by hypogonadotropic hypogonadism and anosmia.*'

Congenital cervical synostosis of 2 or more vertebrae resulting from a mutation of the SGMI gene
causing fusion of cervical vertebrae. Clinical signs include low hairline, short neck, and limited range of
motion of neck.*?

A rare anomaly which may be associated with a number of other visceral systems abnormalities.*

An autosomal dominant condition characterized by facial dysmorphism, short stature, muscle
pseudohypertrophy, joint stiffness, and thickened skin.**

Mullerian duct agenesis, renal agenesis, cervicothoracic somite dysplasia.*

A mutation of the type | and type 2 fibroblastic growth hormone causing craniosynostosis with broad
thumbs and toes.*®

Vertebral defects, anorectal malformations, cardiac defects, tracheoesophageal fistula with esophageal
atresia, renal malformations, and limb defects.*’

22q! | micro duplications similar to DiGeorge syndrome,*® 20p 12 insertional deletion, 4q2| deletion

3

5
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and thus butterfly vertebrae can be thought of as adjacent
hemivertebrae.>"”

The geometry of butterfly vertebra is variable but tends to be
deficient anteriorly, causing a wedge shape and focal kyphosis.*®
The 2 halves are typically equal but can be asymmetric, with an
intact posterior arch and pedicles.>?® In some cases, they may be
connected by an isthmus of bone.” They are typically cold on
bone scintigraphy.?’ This structural abnormality has been pro-
posed to alter the biomechanics of the spine and result in disc
herniation (Figure 7)."*'° In this study, structural abnormality of
the spine was the most common associated condition (70%),
with scoliosis being the most common finding. Other common
findings were other failure of formation and segmentation.

The thoracolumbar spine has been implicated as the most
common location for the formation of butterfly vertebrae.*’
McMaster et al*® noted in their large series of 15 single butter-
fly vertebrae that the most common location was T11 at the
thoracolumbar region.?® This is in contrast to our findings,
which showed T1 as the most common location. However, this
finding was likely due to the high number of patients with
spondylocostal dysostosis included in this report, which pre-
sents with upper thoracic and cervical abnormalities.

It is important to understand the radiographic features of
butterfly vertebrae (see Figure 8 for a case example) to distin-
guish them from other pathological processes (fracture, metas-
tasis infection, syringomyelia, and Charcot’s disease).>*> In this
series, 10% of nonsyndromic patients were misdiagnosed as
having a compression fracture. Close examination of the adja-
cent vertebrae will show features of long-standing deformity
such as exaggerated elongation anterior margins to occupy the
defect, and a normal intervertebral disc.>> In addition, butterfly
vertebrae typically cause less kyphosis than would be expected
from the significant anterior wedging (Figure 7).

Multiple previous reports have linked butterfly vertebrae with
low back pain,'”"!" the treatment of which is generally conser-
vative. In this series, low back pain was the most common pre-
senting complaint occurring in 23% of all cases and 30% of
nonsyndromic cases. Nonetheless, it must be noted that the asso-
ciation between butterfly vertebrae and low back pain remains
unproven as low back pain is a common presenting complaint in
the spine patient population. The etiology of low back pain in a
patient with butterfly vertebrae may be unrelated to the structural
abnormality and thus requires further research. However, the
treatment of low back pain in most instances was generally con-
servative, with one case report of progressive kyphosis which
required instrumentation.?® Butterfly vertebrae may also be asso-
ciated with symptomatic disc herniation, which requires
decompression.**!"!

Based on our findings, evaluation of the other organ systems
should be performed in the presence of a butterfly vertebra,
especially if they are multiple. In this study, there was a high
association between the presence of multiple butterfly verteb-
rae and a syndromic presentation. 89% of cases which had >1
butterfly vertebrae were associated with the presence of a syn-
drome. However, a significant number of single butterfly ver-
tebrae cases also presented as part of a syndrome (32% of

cases). Specific evaluation of the cardiac and genitourinary
systems with ultrasound would be a practical and noninvasive
modality to evaluate for any other malformations. Although
there was a high incidence of neurologic abnormality in these
cases, the description of these findings were reported based on
symptoms as opposed to structural problems, and perhaps were
unrelated directly to the butterfly vertebrae. Thus, the neurolo-
gical system lacked a clear and cohesive group of associated
findings due to lack of detailed information provided in the
reports. Genetic testing should be considered in butterfly ver-
tebrae patients who also have other skeletal or organ malforma-
tions. In this series, butterfly vertebrae were found to be
associated with numerous syndromes surpassing those com-
monly cited in the literature (Table 2).

One of the weaknesses of this study is that the incidence of
pathological findings associated with butterfly vertebrac may
actually be higher than we report. In our review, system cate-
gories were marked as “not affected” if there was no specific
mention in the case report of an abnormality which may actu-
ally have been present in the patient but was not reported by the
authors. In addition, because of the review nature of this study,
our report cannot demonstrate any causality with regard to low
back pain, or neurological symptoms occurring with butterfly
vertebrae.

In conclusion, this study represents the largest summary and
synthesis of butterfly vertebrae cases to date. Isolated butterfly
vertebrae may be associated with back pain, disc herniation,
and spinal deformity. The presence of multiple butterfly ver-
tebrae should raise suspicion for a greater systemic illness of
syndrome and prompt diagnostic workup by the clinician.
Knowledge of butterfly vertebra are important not only to pre-
vent misdiagnosis but also to ensure proper treatment of
patients for suspected genetic abnormality.
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