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A Prospective Observational Report

Lumbosacral Transitional Vertebrae: 
Incidence in a Consecutive Patient Series

A transitional lumbosacral vertebra 
is a common congenital anomaly first ob-
served by Bertolotti in 1917 (1). A transi-
tional vertebra may have varying forma-
tions, the common feature being an atyp-
ical lumbosacral articulation between the 
transverse process(es) of the most inferi-
or lumbar vertebrae and the sacrum. It is 
commonly classified based on the type of 
articulation between the transverse pro-
cesses and the sacrum. According to Cas-
tellvi’s system (2), Type I is defined as a 
large transverse process measuring at least 
19 mm in width, Type II is an actual diar-
throdial joint between the last transverse 
process and the sacrum, and Type III is 
a bony union between the last transverse 
process and the sacrum. This may occur 
unilaterally or bilaterally. 

The clinical significance of a tran-
sitional vertebra has been frequently de-
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bated. Estimates in the general popula-
tion vary greatly, ranging from 4%-24% 
(3-8) depending on the sample size and 
the population studied. Some authors 
(3,9,10), as well as one systematic review 
(11), have concluded that the incidence of 
transitional vertebra is equal in those with 
and without back pain, rendering it only 
an incidental finding on imaging. Other 
authors report higher incidences in back 
pain populations, ranging from 16% to 
30% (2,4,7,12), as well as higher incidenc-
es of disc degeneration above the transi-
tional segment (2,5) and herniations oc-
curring at younger ages (5).

In our practice epidural spinal injec-
tions are often performed to treat radic-
ular pain, and selective nerve root blocks 
are performed as the result of requests by 
spine surgeons to determine the anatomic 
level of the pain generator prior to plan-
ning for spine surgery. The presence of a 
transitional vertebra can create confusion 
as to what level corresponds to which ex-
iting nerve root either at the time of the 
injection, or the surgery. There are re-
ports in the literature of surgery being 
performed at the wrong lumbar level (13) 
and the presence of a transitional vertebra 
may contribute to this error. For these rea-
sons we feel that the presence of a transi-
tional vertebra has clinical significance. 

The purpose of this study was to as-

sess the percentage of patients with a tran-
sitional vertebra in our population of low 
back pain patients and to compare our 
findings to the existing information about 
the incidence in the general population. 
Prior to initiating the study, we had noted 
it as a quite frequent anomalous finding 
in our symptomatic lumbar spine popula-
tion.  As previous studies provided such a 
wide range of incidence, we desired to de-
termine the percentage in our own pop-
ulation. We thought drawing attention to 
the high frequency would be useful to in-
terventional spine physicians and would 
help prevent confusion over nomencla-
ture of levels, and would also lend sup-
port to our belief that the alternation in 
mechanics caused by a transitional verte-
bra may at times contribute to pain gen-
eration. 

METHODS

Three physicians at an outpatient spi-
nal injection practice reviewed the plain 
films of 300 consecutive lumbar spine pa-
tients presenting for evaluation for axial, 
referred, and/or radicular pain. The re-
search was approved by the Institutional 
Review Board at the local hospital. For each 
X-ray viewed, the physician documented 
the presence or absence of a lumbar tran-
sitional vertebra. We used a classification 
system similar to Castellvi’s, but utilized 
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fewer groups, calling them incomplete or 
complete (Table 1). All types could oc-
cur unilaterally or bilaterally. The incom-
plete group included those films in which 
the most inferior lumbar vertebra had a 
distinct transverse process (or transverse 
processes) large enough that no space was 
visible between the transverse process(es) 
and the sacrum. At times this was difficult 
to determine accurately due to the two-di-
mensional nature of plain films. In these 
cases, if T12 had no ribs or short ribs and 
L4 had the normal shape of L5, the most 
inferior lumbar vertebra was counted as 
transitional. 

Also included in the incomplete 
group were those transitional vertebra in 
which the transverse processes formed a 
diarthrodial joint with the sacrum. The 
complete transitional vertebra were con-
sidered those vertebrae with a clear bony 
union between the transverse process(es) 
and the sacrum

RESULTS

Of 300 consecutive lumbar spine 
patients, 30% had a transitional verte-
bra. The most frequent type was a com-
plete bilateral (29%). Seven percent of 
those that had a transitional vertebra 
had missing data with regard to the type 
(Fig. 1). 

injection will prevent any intra-procedure 
confusion over level identification. 

Likely the most significant aspect of 
the transitional vertebra is the change in 
mechanics that its presence causes in the 
lumbar spine. No study has documented 
the actual change in biomechanics with a 
transitional vertebra, but it has been pos-
tulated that a bilateral articulation be-
tween the transverse processes of the most 
inferior lumbar vertebra and the sacrum 
limits the motion of this joint (5,16). This 
would result in greater forces being im-
parted to the segment above, and poten-
tially more translation and rotation oc-
curring with movement at this superior 
level. It has been hypothesized that bio-
mechanical loading conditions are simi-
lar between a L5-S1 transitional vertebra 
and a surgical fusion of this same level, 
with both placing more stress on the level 
above (4). The disc at the level above the 
fused segment has been found to be at in-
creased risk of degeneration (4) Elster’s 
(2) study of 2000 patients reported sim-
ilar findings in those with a transitional 
vertebra, with disc bulging or herniation 
9 times more likely above the transition-
al vertebra than at any other level. Castell-
vi (2) found that only those with Type II 
transitional vertebra had increased herni-
ations directly above the transition, and 
that those with a full bony union had a 
distribution of herniations similar to the 
normal population. A unilateral articula-
tion may create asymmetrical motion, re-
sulting in increased forces being placed on 
the articulation itself, or the contralater-
al facet (17).

Otani et al (5) studied a group of pa-
tients to determine if a transitional ver-
tebra contributes to an increased rate of 
nerve root symptoms from disc herni-
ation and spondylosis. They compared 
501 patients with radiculopathy from disc 
herniation or spondylosis to 508 symp-
tom free controls. There was no differ-
ence in incidence of transitional vertebra 
(13% for symptomatic group, 11% con-
trols). However, there was a significantly 
lower age of onset and an increased rate 
of herniation (17% vs. 11%) in those with 
a transitional vertebra. Otani et al’s study 
also supports the hypothesis that more 
mechanical stresses are placed on the level 
above the transitional vertebra, with 83% 
of herniations occurring at the level im-
mediately above. Rate of spondylosis was 
no different between the two groups, but 
as with herniations, more of the spondy-

Incomplete
Unilateral 
or bilateral

Castellvi Type I 
and II

Dysplastic transverse process that articulates with the 
sacrum or forms a diarthrodial joint with the sacrum

Complete
Unilateral 
or bilateral

Castellvi Type 
III and IV

Bony union between one or both of the transverse 
processes with the sacrum

Table 1. Classifi cation of transitional vertebrae

DISCUSSION

Thirty-percent of our lumbar spine 
patients had a transitional vertebra. Even 
when the highest estimates are used, this 
number is greater than that reported for 
the general population. This supports 
our belief that the alteration in mechan-
ics caused by a transitional vertebra may 
at times contribute to pain generation. 
Table 2 sums up the findings of other 
studies reporting the percentages of pa-
tients with low back pain who also have a 
transitional vertebra.

Our percentage of transitional ver-
tebra was exactly equal to the findings 
of Castellvi and Luoma (2,4). Many of 
the authors with lower estimations (7,14) 
used more stringent criteria to count a 
vertebra as transitional, and other authors 
did not clearly state all of the inclusion 
criteria (6,15). This leaves the current esti-
mates of those with a transitional vertebra 
in the range of 7%-30% in those seeking 
healthcare for low back pain, either slight-
ly or significantly higher than the 4%-
24% commonly reported as the number 
with a transitional vertebra in the general 
population. This large fluctuation in esti-
mates for the general population amplifies 
the difficulties in determining the signifi-
cance of the percentage that we found in 
our patients. Tini et al (3) found a famil-
ial tendency for transitional vertebra and 
concluded that there may be a genetic fac-
tor, which may explain some of the vari-
ability in different populations studied.

The high rate of transitional verte-
brae in those seeking healthcare for lum-
bosacral symptoms is noteworthy for in-
terventional spine physicians. For patients 
receiving epidurals or facet joint injec-
tions, it is useful to be aware of a transi-
tional segment prior to initiation of the 
injection. A transitional segment changes 
the appearance of the vertebrae, making it 
difficult to determine the correct lumbar 
level solely using fluoroscopy. As a transi-
tional segment may not always be visual-
ized on MRI, obtaining plain films when-
ever possible prior to a lumbar epidural 

Incomplete

Unilateral 20%

Incomplete 

Bilateral 25%

Complete

Bilateral 29%

Complete 

Unilateral 19%

Fig. 1. Type of  transitional vertebra
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losis was concentrated at the level above 
in those with a transitional vertebra. This 
information may be useful for injection 
purposes when imaging and symptom lo-
cation leave ambiguity about the level of 
pain generation.

Luoma et al (4) investigated the re-
lationship between the transitional verte-
bra, disc degeneration and low back pain 
in two groups. First they viewed MR im-
ages of 25 18- to 20-year-old men with no 
history of low back pain. This group of 
young men had a 24% rate of transition-
al vertebra, higher for the general popula-
tion than reported in other studies. Those 
men with a transitional vertebra had an 
increased prevalence of disc degenera-
tion including disc bulging, irregular bor-
der of the annulus fibrosus, and a dark 
nucleus at the level above the transition-
al vertebra. 

Next, Luoma et al (4) viewed MR im-
ages of 164 middle-aged men and found 
a 31% rate of transitional vertebra. They 
found equal amounts of degenerative 
changes in the discs above in those with 
and without a transitional vertebra. The 
transitional vertebra also appeared to 
protect the disc below from degenerating, 
which has also been confirmed by other 
authors (7,14). Rates of low back pain in 
the previous 4 years were equal in these 
men whether or not they had a transition-
al vertebra. They concluded that the tran-
sitional vertebra accelerated the early de-
velopment of degenerative changes in the 
disc above, but by middle age, age related 

cal results for 16 patients with transition-
al vertebra with mixed results. Some pa-
tients did achieve relief with transection 
of the anomalous joint.

Another documented source of pain 
associated with a transitional vertebra is 
the zygapophyseal joint. Brault et al (17) 
reported a case of a young athlete with 
an incomplete diarthrodial joint causing 
contralateral zygapophyseal joint pain. 
This was confirmed by three separate in-
jections to the joint providing 90%-100% 
relief for 2-3 months. Surgical resection 
of the transitional joint was performed. 
At 1-year follow-up, the patient had no 
pain and had resumed all activities of dai-
ly living.

CONCLUSION

Our study adds another estimate of 
frequency of transitional vertebra (30%) 
in the low back pain population that is 
higher than in the general population. Re-
viewing the literature makes it apparent 
that having a transitional vertebra does 
not necessitate symptoms, but those with 
a transitional vertebra who do get symp-
toms tend to have specific pathology. 
Early internal disc disruption of the lev-
el above, spondylosis concentrated at the 
level above, contralateral facet pain, and 
pain from the articulation with the trans-
verse process, have all been shown to be 
common entities associated with a tran-
sitional vertebra. As Luoma’s study (4) 
points out, the transitional vertebra may 
be more relevant in younger populations, 
as normal age-related changes equalize 
the disc degeneration of the groups by 
middle age, and there is no greater inci-
dence of spondylosis in those with a tran-
sitional vertebra. 

The most important clinical appli-
cation gained from the material present-
ed is that given the 30% rate of transition-
al segments in our population, we believe 
that obtaining plain films when consider-
ing interventional procedures is very use-
ful.  Correlation of the plain films with the 
patient’s MRI will help prevent any con-
fusion from occurring regarding the ap-
propriate level to be treated with diag-
nostic or therapeutic fluoroscopic spine 
procedures. 

Additionally, for those with a tran-
sitional segment, careful attention must 
be given to determining the accurate pain 
generator. 

Study
Percent with a 

transitional vertebra
Number studied

Castellvi et al 1984 30% 200

Elster 1989 7% 2000

Otani et al 2001 13% 501

Wigh et al 1981 21% 200

Tini et al 1977 10% 4000

Peh et al 1999 13% 141

Hahn et al 1992 12% 200

Luoma 2004 30% 163

O’Driscoll 1996 15% 100

Chang 2004 16% 62

Table 2. Studies with percentages of transitional vertebra in the low back pain 
population

changes equalized the degeneration in the 
two groups. 

Thus it appears in symptomatic per-
sons with a transitional vertebra that a 
frequent pain generator is the motion seg-
ment above the transitional segment. An-
other potential pain source resulting from 
abnormal mechanics may be the tran-
sitional joint itself, particularly in those 
with a unilateral transitional joint. Con-
nolly et al (18) performed skeletal scin-
tigraphy on 48 patients with low back 
pain and a transitional vertebra. Eighty-
one percent of the 48 patients showed in-
creased uptake, or stress-induced change 
in the bone, at the articulation between 
the transverse process and the sacrum 
(unilateral in all but one patient). Those 
with increased uptake all had a diarthro-
dial transitional joint, whereas those with 
a completely fused joint did not show in-
creased uptake. 

These findings suggest that a unilat-
eral incomplete articulation frequently re-
sults in increased local stress, potential-
ly resulting in pain at this joint. The au-
thors caution that an uptake abnormal-
ity alone does not establish the cause of 
the low back pain, and many young ath-
letes have asymptomatic lower-extremity 
stress changes. Results of surgical studies 
support the theory that at times exces-
sive stress at the abnormal joint may be a 
source of pain. Jonsson et al (19) resected 
the anomalous transverse joint in 11 pa-
tients, with alleviation of pain in 7 of the 
11. Santavirta et al (20) reported surgi-
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