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ORIGINAL ARTICLE

Distribution and incidence
of degenerative spine changes in patients
with a lumbo-sacral transitional vertebra

Abstract The purpose of this pro-
spective study was to determine the
overall incidence and distribution of
lumbo-sacral degenerative changes
(i.e. disc protrusion or extrusion,
facet degeneration, disc degenera-
tion, nerve root canal stenosis and
spinal stenosis) in patients with and
without a lumbo-sacral transitional
vertebra (LSTV). The study popula-
tion consisted of 350 sequential pa-
tients with low back pain and/or sci-
atica, referred for medical imaging.
In all cases CT scans of the lumbo-
sacral region were obtained. In 53
subjects (15%) an LSTV was found.
There was no difference in overall
incidence of degenerative spine
changes between the two groups. We
did find, however, a different distrib-
ution pattern of degenerative changes
between patients with and those
without an LSTV. Disc protrusion

and/or extrusion occurred more often
at the level suprajacent to the LSTV
than at the same level in patients
without LSTV (45.3% vs 30.3%).
This was also the case for disc de-
generation (52.8% vs 28%), facet de-
generation (60.4% vs 42.6%) and
nerve root canal stenosis (52.8% vs
27.9%). For spinal canal stenosis
there was no statistically significant
difference between the two cate-
gories. In conclusion, our findings
indicate that an LSTV does not in it-
self constitute a risk factor for de-
generative spine changes, but when
degeneration occurs, it is more likely
to be found at the disc level above
the LSTV.
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Introduction

Lumbo-sacral transitional vertebraec (LSTV) are common
congenital anomalies, with a reported prevalence of 3%—
21% [5]. The causal role of LSTV in low back pain syn-
drome is controversial. Some authors [3, 10] have sug-
gested that there is an increase of degenerative disease
more cephalad in spines with transitional lumbo-sacral seg-
ments but this has been disputed by other investigators [12].

It was our impression that in patients with low back
pain, degenerative changes occurred more often at the
level above such an LSTV. The aim of this study was to

determine the distribution and incidence of degenerative
pathology in patients with an LSTV.

Materials and methods
Study type and subjects

We performed a prospective, sequential study of 350 adults with
low back pain and/or sciatica referred for a CT examination of the
lumbo-sacral spine. In selected cases, plain X-ray films and MRI
examinations were used for comparison. The CT scans were
analysed by three experienced radiologists. We did not assess the
intra- or interobserver reproducibility, as this was beyond the
scope of our study.
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Imaging

In all instances (i.e. patients and controls), high-resolution CT
scans of the lumbo-sacral spine were obtained on a GE 9800 Hi-
Light Advantage system or a GE 9800 Quick CT system. The stan-
dardized CT protocol involved examination of the three lowermost
disc levels. Axial sections were performed parallel to the disc in-
terspaces as determined from a lateral scout radiograph. Slice
thickness was 5 mm, with an increment of 4 mm (1-mm overlap
between slices). The axial CT scans were obtained with a 3-s scan
time, 140 kV and 140 mA. Both bone and soft tissue window set-
tings were obtained in all instances. When considered necessary by
the referring physician, MR examinations of the lumbo-sacral
spine were performed either on a superconductive 1.5-T system
(Magnetom 635P4000, Siemens, Erlangen) or on a 0.2-T resistive
system (Magnetom Open, Siemens).

Image analysis and definitions

LSTV were defined on the basis of two criteria. First, at least one
transverse process had to fuse or articulate with the first contigu-
ous sacral segment. Second, an intervertebral disc space, even a
vestigial one, had to be present caudal to the LSTV. A typical tran-
sitional vertebra meeting these criteria is shown in Fig. 1.

Fig.1 Anteroposterior radiograph showing a typical lumbo-sacral
transitional vertebra (LSTV) in a 47-year-old man. The transverse
processes articulate with the first sacral segment bilaterally (arrows)

The terms lumbarization and sacralization were deliberately
avoided, since the entire spine was not always visualized and con-
sequently positive identification of the fifth Jumbar vertebra was
not always possible.

Further image analysis was performed to evaluate the distribu-
tion and incidence of degenerative spine changes with regard to
five criteria: (1) disc protrusion/extrusion; (2) nerve root canal
stenosis; (3) spinal stenosis; (4) facet degeneration; (5) disc degen-
eration.

To be included as a disc protrusion in this study, focal or asym-
metric extension of the disc beyond the interspace, with the base
against the disc of origin broader than any other dimension of the
protrusion, had to be present. (For a schematic axial representation
of disc protrusion, see Jensen et al. [6].) Disc extrusion was de-
fined as a more extreme extension of the disc beyond the inter-
space, with the base against the disc of origin narrower than the di-
ameter of the extruding material itself or with no connection be-
tween the disc material and the disc of origin [6].

The term “nerve root canal stenosis” included narrowing from
the lateral recess to the intervertebral foramen with marked de-
crease or obliteration of the fat in the nerve root canal and of such
magnitude that the exiting nerve root or dorsal root ganglion was
likely to be compressed. The lateral recess was considered nar-
rowed when it was less than 3 mm in maximum anteroposterior di-
mension, measured between the superior articular process and the
posterior aspect of the vertebral body at the level of the nerve root
canal [4].

Central spinal stenosis was diagnosed when the anteroposterior
canal diameter was less than 12 mm or when the interpedicular dis-
tance was less than 20 mm or when the cross-sectional area of the
spinal canal was less than 1.5 cm? [1, 7, 13].

Facet degeneration was diagnosed when osteophyte and cyst
formation, joint space narrowing and subchondral sclerosis were
observed [11].

Disc degeneration was defined as decreased distance between
the vertebral end plates, spur formation and sclerosis of the end
plates [14].

Results

In the study population of 350 individuals an LSTV was
found in 53 subjects (15%). This group included 21 men
and 32 women ranging in age from 23 to 85 years, with a
mean age of 47.3 years. In the remainder of this paper,
subjects with an LSTV will be referred to as ‘patients’.
The remaining 297 individuals suffered low back pain
and/or sciatica, but did not have an LSTV. This group in-
cluded 152 men and 145 women. They ranged in age from
18 to 88 years with a mean age of 45.5 years. These sub-
jects will be referred to as the ‘control population’.

A comparison of abnormalities detected by CT in
spines with and without transitional vertebrae is presented
in Table 1.

Except for nerve root canal stenosis, we could identify
no higher incidence of structural problems in patients with
than in those without an LSTV. Intervertebral disc pro-
trusion and/or extrusion, disc degeneration, facet degen-
eration and spinal stenosis were diagnosed in a remark-
ably similar proportion of cases. Although the absolute
overall incidence of structural pathology between the two
groups was comparable, the location was notably dif-
ferent.
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Table 1 Incidence of degener-
ative spine pathology in pa-
tients with and without a

lumbo-sacral transitional verte-
bra (LSTV)

4 Based on two-tailed Fisher’s

With LSTV Without LSTV P-value?
(n=53) (n =297)
Disc protrusion and/or extrusion 27 (50.9%) 160 (53.9%) NS
Disc degeneration 27 (50.9%) 132 (44.4%) NS
Facet degeneration 30 (56.6%) 144 (48.5%) NS
Nerve root canal stenosis 32 (60.4%) 118 (39.7%) P =0.006
Spinal stenosis 9 (17.0%) 58 (19.5%) NS
No abnormality 9 (17.0%) 35 (11.8%) NS

exact test. Level of signifi-
cance set at P = 0.05

First we analysed the level of disc protrusion and/or
extrusion (Table 2). In patients without an LSTV, disc
protrusion and/or extrusion was noted at a variety of lev-
els between L3 and S1 and especially at the levels L4-L5
(30.3%) and L5-S1 (35%). In patients with an LSTV, two
trends were apparent. First, in no case was a protruded or
extruded disc observed at the interspace between the
LSTV and the sacrum. Second, the incidence of disc pro-
trusion and/or extrusion was higher at the interspace im-
mediately above the LSTV (45.3%) than at any other
level (18.9% at LA-LS and 0% at L.5-S1). An example is
shown in Fig. 2.

Disc and facet degeneration (Tables 3, 4) was also
noted to occur with much greater frequency immediately
above the transitional vertebra. Nerve root canal stenosis
(Table 5) was also noted to be much more common at the
interspace above the LSTV (52.8%). By contrast, in pa-
tients without LSTV, nerve root canal stenosis was ob-
served at a variety of levels in the lower lumbar spine.

We could not find a significant difference in the distri-
bution of spinal stenosis between the two groups (Table 6).

Discussion

Sacralization or lumbarization of a transitional vertebra
can only be ascertained by counting all the vertebral bod-
ies, beginning at the cranio-cervical junction (CO0). Since
on a CT examination the entire spine is not visualized, it
is not always possible to accurately identify the fifth lum-
bar vertebra. Standard practice has been to count cepha-
lad, beginning with the presumed L5 vertebra at the
lumbo-sacral promontory. This practice may result in in-

Table 2 Location of disc protrusion and/or extrusion in patients
with and without an LSTV

Level® With LSTV Without LSTV P-value
(n=153) (n=297)

L3-L4 10 (18.9%) 13 (4.4%) P <0.001

L4-L5(TV) 24 (45.3%) 90 (30.3%) P =0.039

L5(TV)-S1 0 (0%) 104 (35.0%) P < 0.001

2 The LSTV was considered to be in the L5 position, regardless of
the absolute count in the vertebral column

accurate numbering of vertebrae, and hence erroneous lo-
calization of disc pathology [5].

Radiographic abnormalities such as transitional verte-
brae have been commonly cited as significant findings in
patients with low back pain. However it has been stated
that this condition is of no relevance to back pain [8].

Fig.2 Axial CT scans in a patient with an LSTV. A Axial CT scan
through the level of the LSTV. The right transverse process of the
LSTYV articulates with the sacrum. B Axial CT scan through the in-
tervertebral disc above the LSTV. A large central to left parame-
dian disc protrusion is apparent (open arrows). The protruding disc
material causes a focal impression on the anterior surface of the
dural sac. Note the degeneration of the intervertebral disc as evi-
denced by the presence of vacuum signs
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Table 3 Location of disc degeneration in patients with and with-
out an LSTV

Level With LSTV Without LSTV P-value
(n=53) (n=297)

L3-L4 16 (30.2%) 68 (22.9%) NS

L4-L5(TV) 28 (52.8%) 83 (28.0%) P < 0.001

L5(TV)-St 1 (1.9%) 118 (39.7%) P < 0.001

Table 4 Location of facet degeneration in patients with and with-
out an LSTV

Level With LSTV Without LSTV P-value
(n=153) (n =297)

L3-L4 22 (41.5%) 87 (29.3%) NS

L4-L5(TV) 32 (60.4%) 127 (42.8%) P =0.024

L5(TV)-S1 10 (18.9%) 136 (45.8%) P < 0.001

Table 5 Location of nerve root canal stenosis in patients with and
without an LSTV

Level With LSTV Without LSTV P-value
(n=353) (n=297)

L3-14 9 (17.0%) 18 (6.1%) P =0.011

L4-L5(TV) 28 (52.8%) 83 (27.9%) P < 0.001

L5(TV)-S1 7 (13.2%) 76 (25.6%) NS

Table 6 Location of spinal stenosis in patients with and without
an LSTV

Level With LSTV Without LSTV P-value
(n=353) (n = 297)

L3-L4 5 (9.4%) 24 (8.1%) NS

L4-L5(TV) 5 (9.4%) 43 (14.5%) NS

L3(TV)-S1 1 (1.9%) 7 (2.4%) NS

The results of our study indicate that there is no signif-
icant difference in the overall incidence of degenerative
changes of the lumbar spine between patients with and
those without transitional vertebrae.

However, when degenerative changes do occur, they
are found more often suprajacent to the LSTV. This im-
plies that on CT examinations of the lumbar spine, find-
ings such as intervertebral disc protrusion and/or extru-
sion, disc degeneration, facet degeneration and spinal
stenosis are seen more often at the suprajacent level
These findings are in agreement with a previous study by
Elster, who found that disc bulge or herniation, when it
occurs, is nearly nine times more comimon at the inter-
space immediately above the transitional vertebra than at
any other level [3].

From a mechanistic point of view, this greater inci-
dence of degeneration could be attributed to the relative
hypermobility of the disc above an LSTV. This is analo-
gous to the hypermobility seen in spinal segments adja-
cent to block vertebra [2]. The disc space below an LSTV
is often vestigial and devoid of nuclear material and is
rarely the site of pathological alteration or degeneration
[9]. Regarding nerve root canal stenosis, we could not
find a significant difference between the two groups. The
reason for this remains unclear.

Conclusions

LSTV are predisposed to a unique pattern of problems.
Despite their high prevalence little is known about their
biomechanics. In our study population (patients with low
back pain and/or sciatica) the overall incidence of degen-
erative changes did not differ very much between patients
with and those without LSTV. However, when an LSTV is
present, degenerative changes (including disc protrusion,
disc extrusion, disc degeneration, facet degeneration and
nerve root canal stenosis) are more common at the disc
space suprajacent to the LSTV. So an LSTV constitutes a
risk factor for degenerative changes at the suprajacent
level. One can postulate that hypermobility and altered
stresses become concentrated at the level immediately
above an LSTV. Long term follow-up studies in adoles-
cents and young adults would be necessary to estimate the
added risk for early degenerative changes in LSTYV,
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