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Abstract

Introduction: The failure of closure of the dorsal wall of the sacral canal (SC) has been known since the eve of modern osteology,
appearing in prehistoric times. Variants include partial or complete absence of the dorsal wall of the SC. SC presents a pathway for
minimally invasive therapeutic and diagnostic procedures for spinal diseases and for ensuring analgesia and anesthesia in operations,
including labor and genitourinary surgery.

Aim: Our objective is to verify the incidence of complete agenesis of the SC dorsal wall in Greek population.

Material and methods: We collected 155 adult dry sacra of known sex from the Third Cemetery of Athens for the study of the dorsal
wall of the sacrum. Damaged or variated sacra were excluded. We also performed an exhaustive review of the relevant literature and
compared our results with those of international studies.

Results: Complete dorsal wall agenesis of the sacral canal was found in three cases (1.93%), two men (1.29%) and one woman (0.64%).
Our review examines its incidence in other populations and explores the possibility of regional or racial correlation.

Conclusion: Knowing the complete dorsal wall agenesis of the sacral canal by medical professionals is crucial for avoiding complications
in spinal surgery, anesthetics and obstetrics, as well as in the differential diagnosis of neurological and urological diseases.
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INTRODUCTION

in children. At the end point, they fuse into one layer, while
the pia mater progresses to the coccyx as filum terminale.

The sacral canal (SC) is the peripheral part of the vertebral
canal, extending from the level of S1 vertebra to the sacral
hiatus. Since the spinal cord terminates at approximately
L2, SC encloses the cauda equina, including the filum
terminale and the spinal meninges. The dura and arachnoid
mater typically terminate at the level of S2, but variations
include the lower border of S1 foramen in adults and the S3

The sacral canal also contains epidural fat, which becomes
denser with age, as well as the valveless sacral epidural
vein plexus. This usually ends at S4, though it may extend
throughout the canal.l!

Numerous divergences occur in the SC dorsal wall includ-
ing complete agenesis (total sacral spina bifida).”?! Spina bifida
is a developmental defect of the neural tube, resulting from
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inadequate closure during the early embryonic period. Spina
bifida may be divided into two types, a) spina bifida occulta
(SBO) in which the meninges and/or neural tissue are hidden,
covered by intact skin and b) spina bifida cystica (SBC), which
involves the vertebral arches and the meninges, exposing the
neural tissue. SBO occurs most commonly in the sacral region.
It varies from partial defect of the posterior arch of some ver-
tebrae to pan-sacral S1-S5 defect and has been termed sacral
spina bifida occulta (SSBO).3! Singh in 2013 classified SSBO
according to the degree of the sacral canal closure impairment
in four categories. According to this classification, complete
agenesis of the dorsal wall of the sacral canal is classified as
type 1 SSBO.1

Most cases of spina bifida are of multifactorial origin,
influenced by both genetic and environmental factors.
Increased risk of spina bifida presents with high pregnancy
weight, antiepileptic drugs (valproic acid), folic acid antag-
onists, maternal diabetes, maternal smoking, hyperther-
mia, and fever during pregnancy.l”) Genetic factors remain
elusive even though Singh noted that factors responsible for
this condition are the mutant expression of Hox-11, Pax-1/
Pax-9, SHH, BMP, Wnt, and Fox2 genes.* Recent research
provides convincing support that the main Hox genes
responsible for determining sacral vertebrae are Hox-10
and Hox-11.1) However, Hox genes are not the only con-
tributing factor for normal sacral development. The reseg-
mentation process is regulated by the paired box genes,
Pax-1 and Pax-9.”) Finally, other genes such as the planar
cell polarity genes (PCP), VANGL 1 and CESLR1 have been
studied in spina bifida cohorts among Italians, Americans,
and the French.[®!

Complete Dorsal Wall Agenesis of Sacrum in Greeks

AIM

We conducted a descriptive osteological study aiming to
estimate the incidence of complete dorsal wall agenesis in
Hellenic population.

MATERIALS AND METHODS

We studied 155 dry adult sacra of Hellenic (Caucasian)
origin and known sex, retrieved by permission from the
authorities of the Third Cemetery of Athens, Greece. Only
intact bones were included in the study; sacra with any
sign of fracture or variation, e.g. features of sacralization
or lumbarization, were excluded. We took photographs of
the bones using a digital camera (Nikon DSLR D5300) and
saved them in JPEG format. We additionally performed a
review of the relevant literature, to compare our findings
with the recorded incidence of dorsal wall agenesis of the
sacral canal in diverse populations.

RESULTS

Complete agenesis of the dorsal wall was identified in 3 cases
of the 155 sacra (1.93%). Two bones belonged to male (1.29%)
(Figs 1, 2) and one to female (0.64%) skeletons (Fig. 3). In the
female sacrum, coccyx sacralization was evident, with unilat-
eral fusion of the transverse process of the first coccygeal ver-
tebra to the inferolateral angle of the sacrum. SC frontal wall
presented no features of variability or abnormality.

Figure 1. Case 1 (male).
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Figure 2. Case 2 (male).

Figure 3. Case 3: complete dorsal wall agenesis of sacral canal with unilateral coccyx sacralization (female).

HISTORICAL PEARLS

SBO appeared in humans during the prehistoric period, ev-
ident in skeletal remains.”) Anatomy textbooks of the early

19th century mention the absence of the SC dorsal wall, testi-
fying that this sacrum variation was not only known but con-
sidered normal and benign.!'% Ernst Ziegler named the medi-
an cleft of the SC dorsal wall rhachischisis and considered it a
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malformation.!"!! Rudolph Virchow (1821-1902) was the first
to describe SBO in a few cases.'>!3] Camille Dareste in 1877
presented such cases in his work “La production artificielle
Des Mostruosités” 4 Heinrich Hermann Robert Koch (1843-
1910) suggested that shortening of the spinal column, the ab-
sence of some vertebrae and dwarfing should be considered
factors leading to SBO.!'?l SBO and SBC were in vogue at the
end of the second half of the 19th century, connected some-
times with other monstrous deformities. Both SBC and SBO
have been described and illustrated in James Mortons work
“The Treatment of spina bifida by a new method”!** SBO was
considered in the late 19th and early 20th centuries as a devel-
opmental defect in the closure of the vertebral lamina with or

without protrusion of the membranes.!°/

DISCUSSION

General notes

Dorsal agenesis of the sacrum (DAS) has been studied in
different countries such as the United States of America,

Complete Dorsal Wall Agenesis of Sacrum in Greeks

Turkey, Japan, Nigeria, Thailand, India, and others. This is
the first time the occurrence of complete agenesis of the SC
dorsal wall is investigated in the Hellenic population. Our
aim was to find the incidence of DAS, compare it with the
results from other regions and find possible correlations or
deviations (Table 1).

The incidence of DAS in the literature ranges from 0.43%
(Thailand) to 5% (Bangladesh). In our review, the mean in-
cidence out of 35 studies from 1944 to 2023 was approxi-
mately 1.97% (Table 1). Most of the studies were performed
in India (22/35), maybe because of cultural reasons, as the
term sacrum continues to have a near mystical status in
many cultures.

The incidence of DAS in our study was 1.93%, just below
average and closest to Senoglou (Turkey) and Patel, Kiran
and Shinde (India) findings (Fig. 4). In a recent study, Wu
et al. reported that the rate of Chinese people with SBO was
significantly higher than that among the English, indicat-
ing that SBO might be region- or race-dependent. More-
over, they reported the incidence of SBO being significantly
higher among men than women.*"!

Table 1. Incidence of complete dorsal wall agenesis of the sacral canal in different population groups

No  First author Ethnicity/ Race :3:31 Zzzgle of dry - Complete dorsa(l%v:all agenesis
1 Trotter M[!7] USA 553 10 1.8
2 Kumar et al.l8] India 202 3 1.49
3 Sekiguchi et al.[""] Japan 92 1 1

4 Nagar SK20! India 263 4 L5
5 Senoglou et al.2! Turkey 96 2 2.08
6 Patel et al.(?! India 150 4 2

7 Kiran et al.[?*] India 50 1 2

8 Patil et al.?4] India 103 3 2.91
9 Singh R1 India 140 2 1.4
10 Seema et al.[?%] India 159 5 3.14
11 Suwanlikhid et al.[2] Thailand 235 1 0.43
12 Shewale et al.[”] India 204 2 0.98
13 Kubavat et al.[?8] India 302 5 1.65
14 Ukoha et al.?’) Nigeria 83 1 1.2
15  Nasretal.?" Egypt 150 4 2.66
16 Kamal et al.3! Bangladesh 172 1 0.6
17 Nagendrappa RBI*?! India 100 3 3

18 Shinde V(33! India 100 1 1

19  Mishra et al.? India 93 4 4.3
20 Chhabra N[B! India 32 1 3.12
21 Malarvani et al.’*¢! Nepal 100 3 3

22 Akhtar et al.’”] India 116 3 2.58
23 Saha D38 India 125 2 1.6
24 Shinde et al.?”! India 300 4 1.33
25 Dhuria et al.[4"] India 88 3 3.4
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No  First author Ethnicity/ Race Total sample of dry Complete dorsal wall agenesis
adult sacra No (%)
26 Aragao et al.[4! Brazil 45 2 4.44
27 Bagoji et al.[4?] India 138 4 2.89
28 Pandey M[+*] India 86 2 2.33
29 Poudel et al.[*4] India 70 3 4.28
30  Yonkucetal.[ Turkey 110 4 3.63
31 Punja et al.[0] India 50 1 2
32 Abera et al.[*7) Ethiopia 61 1 1.63
33 Naznin et al.*® Bangladesh 60 3 5
34 Chandan et al.[#! India 276 3 1.08
35 Present study Greece 155 3 1.93
TOTAL 5059 99
Complete dorsal wall agenesis
Present Study (EL) ne—
Chandan et al -2022 (IN) -——
Naznin et @l -2(022 (3 D))
Abera et al -2021 (ET) me——
Punja et al-2021 (IN) e—
Yonkuc et al -202:1 (TR ) /5 —
Poude! et al ~2020 (11N /5
Pandey M -2020 (IN)  ——
Bagoji et al 2020 (1N) /5 ——
Aragao et al ~2013 (1B )
Dhuria et al -2018 (11N /5
Shinde et al -2018 (IN) T
Saha D -2016 (IN) =—————
Akhtar et al -2015 (11N
Malarvani et al -2015 (INP) /5
Chhabra N -2014 (1N)
Mishra et al -2014 (11N )
Shinde V -2014 (IN)
Nagendrappa RB - 2014 (1IN) /5 —
Kamal et al -2014 (BD) m—
Nasr et al -2014 (EG) /s ——
Ukoha et al -2013 (NG) me—
Kubavat et al -2013 (IN) Se——————
Shewale et al -2013 (IN)  ——
Suwanlikhid et al -2013 (TH)  —
Seema et al ~2013 (11N)
Singh R-2013 (IN) se——
Patil et al ~2012 (1N) 1 ——
Kiran et al -2011 (IN) 1
Patel et al -2011 (IN)
Senoglou et al -2005 (TR)  /———
Nagar SK -2004 (IN) se———
Sekiguchi et al -2004 (JP) =e——
Kumar et al - 1992 (IN) =———
Trotter M - 1944 (US) me——
0.00% 1.00% 2.00% 3.00% 4.00% 5.00% 6.00%

Figure 4. Incidence of complete dorsal wall agenesis of the sacral canal in different population groups.
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Medical implications

In theory, since the spinal cord terminates at around L2,
spina bifida shouldn’t cause any serious medical problems.
However, there is evidence that it can affect various systems
with serious consequences on medical procedures. The de-
tailed knowledge of sacral anatomical divergences is of par-
amount significance for several medical specialists (ortho-
paedic surgeons, neurosurgeons, neurologists, urologists,
anesthesiologists, obstetricians, radiologists).

In orthopedics and neurosurgery

The association between SSBO and low back pain is ob-
scure, but obviously the compression of the spinal nerves’
roots that pass through the exposed sacral canal can be
related to atypical low back pain (LBP).[* A single study
by Taskaynatan et al. suggested that 4.3% of the patients
with low back pain were diagnosed with SSBO.°U A pos-
sible mechanism of LBP in cases of complete DAS, is that
the modification of the back muscles’ attachment on the
sacrum (e.g. erector spinae, multifidus) changes the biome-
chanical dynamics of the vertebral column.!*! In addition,
due to the anatomical alterations of the area, SSBO patients
often present with secondary pathological conditions of the
spine, such as posterior disc herniation. Supposedly, the
congenital defect could cause instability and lead to degen-
erative deformities and LBP.[*?! Paraskevas et al. described
a case of a dried sacrum presenting a partially sacralized
fifth lumbar vertebra and total spina bifida, extended from
first to fifth sacral vertebra.l>>l Moreover, even minor exter-
nal trauma is likely to cause fracture of an impaired sacrum
with total SSBO. That probably explains the cases of sacral
fatigue fractures in children with SSBO reported in the
literature.[>*! Presence of spina bifida occulta with a com-
pletely open SC increases the chances of iatrogenic injury
of the sacral nerves during internal ilio-sacral screw fixa-
tion, which involves the fixation of the screws on the ped-
icle of S1 and S2 vertebrae. The correct surgical planning
certainly poses a challenge for the orthopedic surgeon and
neurosurgeon, since complications include neurological
deficits, implant failure, and the need for second surgery.>*!

In anesthesiology (CEB)

Caudal epidural block has been extensively used for the
diagnosis and treatment of lumbar spinal disorders, for
the management of chronic back pain and for the analge-
sia and anesthesia in labor and genitourinary surgery. For
optimal access into the sacral epidural space, the apex of
sacral hiatus and the sacral cornua are used as anatomical
landmarks.*®! The absence of these landmarks, such as in
DAS, may complicate the spinal anesthesia. Ultrasound is
a safe, simple, and non-invasive method of preoperative
examination of the sacral anatomy and increases the suc-
cess rate of caudal epidural block by 100%.”)

Complete Dorsal Wall Agenesis of Sacrum in Greeks

In urology

SSBO, especially total SSBO, is suggested to be linked to a
variety of functional disorders of the lower urinary tract.
In 1985, Galloway and Tainsh found an increased number
of spina bifida occulta cases in a small group of adults with
lower urinary tract problems.*®! Some years later, Fidas
et al. concluded that neurophysiological abnormalities in
patients with dysfunction of the lower urinary tract may be
associated with congenital dysraphic lesions in the lower lum-
bar spine and the sacrum. There appears to be no direct causal
relation between the radiological and neurophysiological ab-
normalities, but the findings suggest a common etiology.™”’
Reported bladder and urethral abnormalities in SSBO include
detrusor hyperreflexia during filling, low bladder compliance,
impaired bladder sensation, detrusor/sphincter dyssynergia,
absent anal reflex. Wu et al. suggested that SSBO could grad-
ually lead to dysfunction of spinal nerves and lower urinary
tract symptoms, such as an overactive bladder.>"’

Limitations of our study

Our sample size was rather small for safe and reliable doc-
umentation of the incidence of DAS in the Hellenic popu-
lation and its relation to male sex. We suggest that further
research should include greater numbers of Hellenic bone
specimens. Sex as a possible etiologic or causative factor
should be equally investigated.

CONCLUSION

The dorsal wall of the sacrum presents with an abundance
of anatomical divergences. The inter-population incidence
of complete agenesis of the sacral canal’s posterior wall
ranges from 0.43% to 5% in the international literature. We
found its incidence in the Hellenic population to be 1.93%.

The authors suggest that the future studies in different pop-
ulations must mention the sex of the specimen, to determine
it as a factor. More clinical studies on complete dorsal wall
agenesis of the sacral canal are needed to establish pathophys-
iologic and genetic mechanisms. Awareness of anatomical
variations is the key to successful results in the clinical setting;
the complete agenesis of the SC dorsal wall (total spina bifida
occulta) is not an exception to this rule.
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NMonHasa areHe3nAa JOpPCa/IbHON CTEHKU
KpecTLO0BOro KaHasia cpen rpe4yeckoro HacesneHus:
OCTeos/Iornyecknii aHanms

Esanrenoc Hacrymuc!, [peropu Lykanac!, Banepus Kapaxacu?, [Tasnoc [amunuc?, Anuxn ®ucka'

I Kagpedpa anamomuu, Opaxuiickuti ynusepcumem umenu Jemoxpuma, Qaxynomem meduyuvl, Anexcandpynonuc, Ipeyus

2 Jlabopamopus kpumunanucmuxu, Opaxutickuil ynusepcumem umenu Jlemoxpuma, Paxynvmem meduyunol, Anexcandpynonuc, Ipeyus

Appec ans KoppecnoHaeHuun: Esaunrenoc Hacrymnc, Kadenpa anatomun, ®paxniickuit yHuBepcuteT nuMenn Jlemokpura, akymbTeT MeAVUIIHbI,

Anexcanapynonuc, [penns; Email: nastevang@yahoo.gr; ten.: +30 6972524316

[ara nonyyeHus: 14 susapst 2024 ¢ [lata npuemku: 12 anpens 2024 ¢ [lata ny6nukauum: 30 urous 2024

O6pasel, yutmpoBaHus: Nastoulis E, Tsoucalas G, Karakasi V, Pavlidis P, Fiska A. Complete dorsal wall agenesis of the sacral canal in
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Pe3tome

BBepieHmne: HecocToATeIbHOCTD 3aKPBITUA JOPCATBHOI CTeHKN KpecTiosoro kaHana (KK) nssecTHa ¢ caMoro Hadasia COBpeMEHHOI
OCTEOJIOTYH, TIOABUBILNCH elé B JOMCTOPMYECK)e BpeMeHa. BapiaHThbl BK/IIOYAIOT YaCTUYHOE WM IIOJTHOE OTCYTCTBYE JOPCaIbHOM
crenkn KK. KK npezcrapsaer co6oit yTh /Il MMHMMATbHO NHBA3VMBHbIX TePANeBTUYECKUX U JUATHOCTUYECKMX MIPOLeKYp TIpH 3a-
60/eBaHNAX TO3BOHOYHNUKA 1 /A1 06eCIIeueH s aHa/IbIe3UN 11 aHeCTe3MH IIPY OIIePAIIMAX, BKII0Yas POJIBI ¥ MOYEIIONOBYIO XUPYPIHIO.

Llenb: Hama /b — IpoBepuUTh 4aCTOTY IIOTHON areHe3nu fopcanbroit crenkn KK cpeny rpedeckoro HaceneHus.

Matepuan n metofpbl: Mbl cobpamy 155 B3pOC/IbIX CYXIX KPeCTL[OB OIIpefeIéHHOro moya ¢ Tperbero kragbuia AbuH A/t N3ydeHNs
IOpCaIbHOM CTEHKM KpecTIa. IIoBpexxaéHHbIe MM M3MEeHEHHbIe KPECTIbI ObIIN MCKTIOYeHBI. Mbl Takke IPOBEIIN JCUePIIbIBAIOLINIL
0630p COOTBETCTBYIOLIEI TUTEPATYPBI ¥ CPAaBHI/IM HALIY Pe3Y/IbTATHI C Pe3y/IbTaTaMy MEKyHAPOLHbIX UCCTeTOBaHMIL.

Pe3ynbratbl: [TomHas areHe3ns JOPCalIbHON CTEHKN KPECTIIOBOIO KaHasla 6blla 0OHapysKeHa B TPEX caydasx (1.93%), y AByX My>K4nH
(1.29%) n omHoit xeHMHBI (0.64%). B Hamem 0630pe paccMaTpUBAETCA €r0 YacTOTa B APYTUX HMOIY/IALMAX I U3YYaeTCsA BO3MOXK-
HOCTb PEerMoHaIbHOM VI PACOBOI KOPPETIALIMIA.

3aknoueHne: 3Hanue OMTHON areHe3ny HOPCaIbHOM CTEHKY KPeCTI0OBOTO KaHa/Ia MEAMIIMHCKUMM CIIELaTNCTaMy MIMeeT pelaio-
IIjee 3HAYEHNe /LS IIPEFOTBPALLeHIST OCTIOXKHEHNIT IIPU XVMPYPIUM TO3BOHOYHNUKA, AHECTE3MI I aKYLIEPCTBe, a TakxKe mpu Anddeper-
IL[M/IbHOJ [UATHOCTIKE HEBPOIOTMIECKIX U YPOTOTMIECKUX 3a60/IeBaHIIIL.

KnwoueBble cnoBa

TOJIHAs areHe3Ns, IPedecKuil, KpecTell, Bapualum KpecTIia, KpecTIOBbII KaHaJl, spina bifida

394 Folia Medica | 2024 | Vol. 66 | No. 3



