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ABSTRACT
Introduction: the sacrum is formed by the fusion of five vertebrae. It usually has four pairs of foramina that represents the 
exit point of the sacral nerves. A sacrum with five pairs of foramina is an anatomical variant resulting from sacralisation of a 
lumbar vertebra at the base of sacrum or sacralisation of coccygeal vertebra at the apex of the sacrum. Thus, the occurrence 
of these anatomical variants can develop complications such as lumbar pain, early degeneration of the intervertebral disc 
and lumbar spine diseases. The objective of the present study was to know the incidence and types of sacralisation of the fifth 
lumbar vertebra and the first coccygeal vertebra, and its clinical significance. 
Material and Methods: in the present study, 48 adult human sacrum were examined in the Human Anatomy Laboratory of the 
Federal University of Ceará and the Medical School Nova Esperança, Brazil. The sacralisation of the fifth lumbar vertebra and 
of first sacral vertebra was described according to the Singh classification. 
Results: about the 48 sacrum examined, 33 (68.75%) were normal and 15 (31.25%) presented sacralisation. Those with 
sacralisation of fifth lumbar vertebra were 12 cases (25.0%), all cases of Type I, and 3 cases of sacralisation first coccygeal 
vertebra (6.25%), all of Type III. 
Conclusion: the high numbers of sacralization of the lumbar vertebra diverging from data found in the literature.
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Introduction
Normal sacrum is formed by fusion of five sacral 

vertebrae creating four pairs of sacral foramina 
which transmit anterior and posterior branches of 
the spinal nerves, respectively1. Most anatomical 
variations in the lumbosacral region are associated 
with differences in the sacral vertebrae or sacral 
foramina pairs number, caused either by the fusion of 
the fifth lumbar or the first coccygeal vertebra with 
the sacrum2.

Occurrence of five pairs of sacral foramina is 
an anatomical variant which is generated due to 
inclusion of an extra vertebra either at the base or at 
the apex of sacrum. At the base of the sacrum there 
may be fusion of fifth lumbar vertebra with the first 
sacral vertebra resulting in sacralisation of lumbar 
vertebra. When the L5 vertebra is completely fused 
to the sacrum, the lumbar spine is consisted of four 
vertebrae and six vertebrae constitute the sacrum2,3. 
Similarly at the apex of sacrum, there may be fusion of 
first coccygeal vertebra with the fifth sacral vertebra 
which is known as sacralisation of coccygeal vertebra. 
Therefore, addition of a vertebra to sacral region is 
always accompanied with the loss of vertebra from 
lumbar or coccygeal region1.

There are reports of numerous anatomical 
variations of the sacrum, which include the formation 
of six pairs of sacral foramina. This may be outcome of 
fusion of fifth lumbar vertebra at the base of sacrum 
and coccygeal vertebra at the apex of sacrum. These 
seven vertebrae create six pairs of sacral foramina1. 
On the other hand, the occurrence of three sacral 
foramina pairs develops due to failure of fusion of the 
first sacral vertebra, which is known as lumbarization2.

Due to sacralisation of lumbar vertebra there could 
be difficulty in numbering the vertebrae and herniation 
of disc above sacralisation, associated with back pain 
and fifth sacral nerve may be compressed leading to 
sciatica1,4. The fifth lumbar vertebra transmits the 
weight of upper trunk of human body. Therefore, may 
present various secondary pathological conditions 
of the spine due to the mechanical alterations of 
the area, such as spinal canal or foraminal stenosis, 
intervertebral disc herniation and facet joint 
degeneration and arthrosis5,6,7. Sacralisation of 
coccygeal vertebra may cause coccydynia, caudal 
block failure, difficult second stage of labour and 
perineal tear1.

The knowledge of anatomical divergences and 
mechanical changes of lumbosacral region is of 
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paramount importance to physicians, surgeons and 
obstetricians. In addition to this, there is paucity 
of studies on sacralisation of coccygeal vertebra. 
Thus, the present study was carried out to know the 
incidence/frequency and type of sacralisation of the 
fifth lumbar vertebra and the first coccygeal vertebra, 
and its clinical significance.

Materials and Methods
In the present study 48 adult human sacrum from 

individuals from Northeast Brazil, belonging to the 
Human Anatomy Laboratory of the Federal University 
of Ceará and Medical School Nova Esperança were 
analyzed. Damaged and pathological sacrum were 
excluded from this study. 

Data was collected by naked eye observation 
for different types of sacralisation of fifth lumbar 
vertebra and the first sacral vertebra, depending on 
fusion (complete and incomplete) and right or left side 
sacralisation.

The sacralisation of the fifth lumbar vertebra and of 
the first sacral vertebra was described according to the 
Singh1 classification. This classification was grouped 
in two types of lumbar sacralisation and three types 
coccygeal sacralization, totaling to five categories.

Lumbar sacralisation:
Type I - Sacrum with complete lumbar sacralisation. 

Complete fusion of fifth lumbar vertebra with first 
sacral vertebra.

Type II - Sacrum with incomplete lumbar 
sacralisation. Incomplete fusion between body of fifth 
lumbar vertebra and first sacral vertebra.

Coccygeal sacralisation:
Type III - Sacrum with complete coccygeal 

sacralisation (dorsal surface). Complete fusion of 
body, transverse process and cornua of first coccygeal 
vertebra with corresponding elements of fifth sacral 
vertebra.

Type IV - Sacrum with incomplete coccygeal 
sacralisation (dorsal surface). Fusion of body and 
transverse process of the first coccygeal vertebra 
with apex and the inferior lateral angle of sacrum, 
respectively, but without fusion between cornua of 
first coccygeal vertebra and sacral cornua.

Type V - Sacrum with incomplete coccygeal 
sacralisation (dorsal surface). Fusion of body and 
cornua of the first coccygeal vertebra with apex and 
the cornua of sacrum, respectively, but without fusion 
between transverse process of first coccygeal vertebra 
and the inferior lateral angle of sacrum, not forming 
the fifth pair of sacral foramina laterally. The results 
were showed with descriptive statistics. 

Results 
A total of 48 adult human sacrum were examined in 

this study, out of which 33 sacrum (68.75%) were found 

normal, having five vertebrae constituting four pairs of 
sacral foramina, and the remaining 15 (31.25%) having 
anatomical variations of sacralisation (Table 1).

Twelve cases (25.00%) of sacralisation of  fifth lumbar 
vertebra were found. All cases were classified as Type 
I (Table 2), with complete fusion between fifth lumbar 
vertebra and the first sacral vertebra, and bilateral 
fusion of transverse processes of fifth lumbar vertebra 
to ala of sacrum. Further, those with sacralisation of 
first coccygeal vertebra were detected in three cases 
(6.25%), all cases were classified as Type III (Table 3), 
with fusion of the body, transverse process and the 
cornua of first coccygeal vertebra with corresponding 
elements of the sacrum. The other types were not 
observed.

Further, 46 sacrum (95.8%) showed the complete 
sacral canal and seven sacrum (14.6%) showed 
osteophytes in one or more of their segments.

Discussion
Lumbosacral transitional vertebrae (LSTV) are 

congenital anomalies of the lumbosacral region 
which includes lumbarization and sacralisation8,9,10, 
observed for the first time by Bertolotti11. The inter-
population prevalence of this anomaly varies greatly 
in the international literature, ranging from 4.00% to 
over 35.00% 5,9,12. In the present study, we observed 
an incidence of sacralisation of fifth lumbar vertebra 
of 25.00%. All of them are type I sacralisations with 
complete fusion of fifth lumbar vertebra with first 
sacral vertebra. In Brazil, Rizzi et al.13 analyzed 79 

Sacralisation Frequency Percent (%)

Not (Normal) 33 68.75

Fifth lumbar vertebra 12 25.00

First coccygeal vertebra 3 6.25

Total 48 100.00

Table 1. Presence of sacralisation in fifth lumbar vertebra and first coccygeal 
vertebra.

Type of sacralisation Frequency Percent (%)

Type I (Complete) 12 25.0

Type II (Incomplete) 0 0

Total 12 25.0

Table 2. Type of sacralisation of fifth lumbar vertebra.

Type of sacralisation Frequency Percent (%)

Type III (Complete) 3 6.25

Type IV (Incomplete) 0 0.00

Type V (Incomplete) 0 0.00

Total 3 6.25

Table 3. Type of sacralisation of first coccygeal vertebra.
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sacrum and found no cases of sacralization of lumbar 
vertebra. In 2018, Macêdo14 found lumbar sacralisation 
in 5.21% at 115 sacrum studied. Both studies did not 
analyze the type of sacralization of the fifth lumbar 
vertebra.

The incidence in our study was comparable to the 
numbers of international studies by Laishram et al.15 
which analyzed 155 sacrum and found sacralisation 
of lumbar vertebra in 23.22%. However, the incidence 
was much higher than the studies of Goswami 
et al.16 2.50%, Chaijaroonkhanarar et al.17 4.40%, 
Krishnamurthy and Adibatti6 6.00%, Swargam and 
Chandrupatla18 10%.

Most people with sacralisation are born with it1. 
Breathnach19, Sadler20 and Sharma et al.21 showed 
that vertebrae are developmentally derived from 
the sclerotomes of the somites. Embryologically, 
the vertebra during developmental process receives 
contribution from the caudal half of one sclerotome 
and from the cranial half of succeeding sclerotome. 
Sacralisation and lumbarisation are caused by the 
border shifts. Sacralisation of fifth lumbar vertebra 
is due to cranial shift and the lumbarisation of first 
sacral segment is due to caudal shift.

The sacralisation can also be attributed to the 
dependency of the sacral morphology to the load 
related fusion of the bone structure as it helps in the 
transmission of weight to lower extremity22. Wellik 
and Capecchi23 reported genetic factors implicated 
in the development of transitional vertebra when 
mutations in the Hox10 and Hox11 genes can alter the 
normal pattern of lumbar and sacral vertebra leading 
to lumbosacral transition vertebrae. They showed 
that in the absence of Hox11 function, sacral vertebrae 
are not formed and instead these vertebrae assume a 
lumbar identity. In addition, they showed that in the 
absence of Hox-10 function, no lumbar vertebrae are 
formed.

Other less common reasons of sacralisation include 
trauma with vertebral column injury, extreme arthritic 
changes and purposeful spinal fusion surgery1.

The sacralisation of fifth lumbar vertebra is 
clinically very well debated. Due to fusion of fifth 
lumbar vertebra to sacrum, fifth sacral nerve may be 
compressed resulting in sciatica and back pain1. Eyo 
et al.24 reported that 50.00% of patients with LSTV 
may have low back pain.

In the lumbar sacralisation, the weight transmission 
of trunk of human body starts from sacralised first 
sacral vertebra (L5) whereas transmission is executed 
by last lumbar vertebra which in this case is fourth. 
This creates a change of the gravity center, putting 
many anatomical structures under stress which 
may create multi-fold pathological problems such 
as irritation of surrounding structures which may 
be caused during rotation, forward/backward and 
lateral movement of trunk1.

Presence of sacralisation L5 may create difficulty 

in identifying the lumbar level corresponding to 
a nerve root at the time of spinal block1. Thus, a 
radiologic examination must be performed when 
sacralised L5 vertebra is suspected before a lumbar 
epidural injection or nerve root block to prevent any 
intra-operative confusion over level identification 
of vertebra25. There are reports of surgeries being 
performed at the wrong lumbar level26 and the 
presence of a transitional vertebra may contribute to 
this error.

There was also observed that the lumbosacral 
intervertebral disc is significantly narrowed27,28, 
patients with LSTV are reported to have increased 
risk for advanced disc degeneration or disc 
herniation4,9,29,30 and can occur even at young4.

Sacralisation of first coccygeal vertebra was 
present in 6.25% of cases. This anatomical variation 
occurred through the complete fusion of body, 
transverse process and cornua of first coccygeal 
vertebra with the corresponding structures of the last 
sacral vertebra (Type III). The fifth sacral foramina 
pair is formed from the sacralisation of coccygeal 
vertebra), that transmits the fifth sacral nerve and 
coccygeal nerve1. According to Singh1, the cause for 
this process to occur is generally congenital and, on 
a smaller number, due to traumatic injuries, surgeries 
or changes resulting from age. 

Regarding sacralisation of coccygeal vertebra, 
there is little available data in the literature. In Brazil, 
Rizzi et al.13 and Macêdo14 did not analyze the presence 
of sacralisation of coccygeal vertebra in their studies. 
In Indian, Singh1 has reported an incidence of 13.60%. 

Clinically, caudal anaesthesia is employed for 
providing post-operative analgesia after 
genitourinary, lower abdomen and lower limb 
operations. In absence of knowledge of coccygeal 
sacralisation, there may be nerve block failure or 
inadequate analgesia after surgical procedures15,31,32. 
In addition, the coccyx is mobile and during 
childbirth it is pushed posteriorly, increasing the 
anteroposterior diameter of the exit of the pelvis, 
thus facilitating childbirth. When coccyx is fused 
with sacrum, it becomes fixed. The anteroposterior 
diameter of exit does not increase, and this may 
lead to prolonged childbirth and perineal tear1.

Conclusion
We found a high number of sacralization of the 

lumbar vertebra, diverging from data found in the 
literature. The importance of the knowledge of such 
variations should be emphasized on the part of health 
professionals, especially when performing anesthetic 
and surgical procedures, promoting a higher rate 
of success cases. In addition, despite being a benign 
condition, the variants are related to chronic lumbar 
pain and disc herniation and should be taken into 
consideration in the evaluation of the differential 
diagnosis of radiologists, orthopedists, and other 
specialists.
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