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Abstract

Background: Lumbo-sacral transitional variations are common in the general population. Structural inadequacies of the terminal
lumbar vertebral pars interarticularis (PI) and lamina have often been implicated as important factors for lumbo-sacral instability.
Aims: Quantifying dimensions of PI and laminae in terminal lumbar vertebrae associated with lumbosacral transitions and compare
them with their normal counterparts. Materials and Methods: Fourth lumbar vertebrae in spines involved with complete sacralization
of the fifth lumbar (L5) vertebrae and L5 vertebrae associated with lumbosacral accessory articulation were measured for the height,
width and thickness of the PI and the laminae on both sides and compared to normal vertebrae. Results: Dimensions in sacralization
associated terminal vertebrae were smaller than the normal. The height of the PI and the widths of laminae were observed to be
significantly smaller in terminal lumbar segment in sacralized specimen. Lumbo-sacral accessory articulations demonstrated smaller overall
dimensions of several parameters. Lamiane in the last lumbar segment associated with lumbo-sacral transitions demonstrate smaller
dimensions compared to the normal ones. Sacralization results in maximum diminution of these parameters. Conclusions: Smaller PI
may predispose spondylolysis and spondylolisthesis at lumbo-sacral junctions associated with transitional variations, and warrant special
attention to avoid iatrogenic injuries.
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Introduction are also subjected to different load patterns in different

attitudes of the spine.['>4
Transitional variations at the lumbo-sacral junction are

common anorpalies associated With_ the lower spine.[” Spondylolisthesis or the pathological displacement of
These anomalies are often accompanied by alterationsof 116 fifth lumbar (L5) vertebra on the sacrum is usually
the facet joint structure and their orientation.”! Despite  iracted anteriorly ™ This displacement at the L5-first
the m_orpfdlolo'gilceil dlicrepancies obsgljvedlln th.e fgcets sacral segment (S1) junction has been classified according
as soc1ate' _Wlt um ojsacra transitiona Var[17ialaons, to anatomical features of the neural arch elements of the
the facetjoints remain hlg.hl.y loaded structures. The 1 5 Gertebra. The L5 vertebra is prevented from slipping
facet or zygapophyseal joints serve as an important g, o4 by the facet joint between the inferior articulating
component in a vertebral motion unit and regulates the facet of the last lumbar vertebra and the superior

range of movements at the motion segment®"*l and articulating facets of the sacrum. Poorly developed
(hypoplastic) or defectively oriented (more coronally

disposed) facet joints are compromised in preventing the
Website: forward displacement of the L5.1%) Elongation of the pars
Www.najms.org interarticularis (PI), the bridge of bone extending vertically
between the upper and lower articulating facets, may
DOL: also result in spondylolisthesis.[’! Actual disruption at the
10.4103/1947-2714.114167 PI(spondylolysis) leading toa L5-S1 slippage may besudden
or develop over a period of time."" Spondylolisthesis
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may be associated with generalized pathological disease
of the bone or may be iatrogenic.'**! Epidemiology of
spondylolysis, interestingly, also demonstrates sexual
and racial variations.®?! Despite the etiological and
demographic variations, spondylolysis and to a great
extent spondylolisthesis involve the basic structural
integrity at the P18 Immobilization of spinal motion
segments with the help of facet joint fixation have been
tried since long. King first reported trans-laminar screw
fixation through the facet articulating surfaces to achieve
high rates of lumbar fusion.” This technique was later
adapted, modified and popularized by workers who
improvised the insertion of the screw with penetration
of the screw-tip into the ipsilateral vertebral pedicle for
better anchorage.>*! The trans-laminar screw fixation of
vertebral motion segments has become an important tool
for eliminating vertebral movements in almost all planes,
and is used to augment anterior fusions to achieve solid
bony union.?**! The screw fixation can also be used to
obtain spinal stability after segmental decompression
or dysfunctional pain. The trans-laminar screw fixation
is applied to achieve stability at the lumbar spine, the
technique probably being as efficient as the pedicular
screw fixation. %!

The aim of this study was to quantify the dimensions of
the PI and the laminae in the last lumbar vertebrae (L4
in case of complete sacralization of the L5 vertebra with
the sacrum; L5 in case of L5-S1 accessory articulations)
associated with L5-S1 transitional states and to compare
them with dimensions observed in corresponding
vertebrae in the normal spines.

L5-S1
Accessory

Facet
Joints

Figure 1: Fifth lumbar-first sacral segment (L5-S1) junction with
left sided unilateral accessory articulation (arrow). Note the smaller
facet joints on the affected side. The pars interarticulais parameters
are shown as height and width. Inset shows the inferior surface of one
L5 vertebra with left sided accessory articulation (asterisk), and the
thickness of the lamina and PI as observed in the study. Transverse
elements of individual sacral segments have been numerically
represented as S1 through S5

Materials and Methods

L5 vertebrae (n = 20) belonging to lumbar spines
with L5-S1 accessory articulations were measured
for the height, width and thickness at the PI of both
sides [Figure 1]. Similar dimensions were observed in
the L4 vertebrae (1 = 15) where the last lumbar vertebra
was completely fused to the sacrum (sacralization). The
dimensions recorded in these two varieties of transitional
variations were compared with those observed in normal
L5 samples (1 =50). In case of unilateral L5-S1 accessory
articulation, PI and laminar data was compared from
both sides. The lumbar vertebrae were also measured
for the dimensions of their laminae as height, width
and thickness [Figure 2]. Data on the sex of the samples
were available for about seventy percent of the samples
from catalogue records. Gender-wise comparison of
the pars and the laminar parameters failed to yield
significant differences. Therefore, male and female
data for parameters were pooled in the two variants
of lumbo-sacral transitional vertebrae included in the
study. Mean values and standard deviations of all
parameters in lumbosacral transitional vertebrae (LSTV)
related PI and the lamina were calculated and data
were compared with that observed from normal
vertebrae at the corresponding regions. Dimensions
obtained from unilateral L5-51 accessory articulated L5
vertebrae were categorized as ones on the sides with
the articulation, and ones on the sides without such
accessory articulation [Tables 1 and 2]. Bones with gross
deformities resulting from osteophytes were excluded
from the study. Ethical information/Informed Consent
were not required for this study as all samples used in
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Joints

Figure 2: Specimen showing complete sacralization of the fifth
lumbar vertebra that now represents the first sacral segment (S1) in
a six segmented sacrum. The vertebra on top is the fourth lumbar
vertebra. The parameters shown are the height and width of the
lamina as measured in the study. Transverse elements of individual
sacral segments have been numerically represented as S1 through S6
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Table 1: Mean values of parameters measured at the PI in normal LS vertebra, L4 vertebra in L5-S1 sacralized
situations, and in LS vertebrae with uni- or bi-lateral L5-S1 accessory articulation. All dimensions are given in
millimeters with the standard deviations in parenthesis (+2SD)

PI (left) PI (right)
Height Width Thickness Height Width Thickness
(mm) (mm) (mm) (mm) (mm) (mm)
L5 values in normal junction; n=50 17.24 (2.66) 1393 (271) 633 (1.02)  17.92(1.89) 1278 (167) 612 (1.32)
L4 values in sacralization; n=15 16.10 (2.66) 12.03 (2.46) 6.00 (1.34) 16.25 (2.93) 12.11 (1.77) 6.03 (1.98)
Test statistic 1.546* 0.969 0.921 0.557 0.381 0.063

On the normal side
(in unilateral L5-S1 accessory articulation)

On the sides with accessory articulation
(in unilateral and bi-lateral L5-S1

transition)
L5 values in accessory L5-51 16.96 (2.34) 13.21 (2.23) 5.98 (1.24) 17.80 (2.30) 12.56 (1.61) 6.08 (1.45)
articulation; n=20
Test statistic 0.872 0.235 0.914 0.001 0.044 0.152

*Significant at P<0.05, 2-tailed; a=0.05; PI: Pars interarticularis; L5: Fifth lumbar; L4: Fourth lumbar; S1: First sacral segment

Table 2: The mean values of parameters measured at the lamina in normal LS vertebra, L4 vertebra in L5-S1
sacralized situations, and in LS vertebrae with uni- or bi-lateral L5-S1 accessory articulation. All dimensions are
given in millimeters with the standard deviations in parenthesis (+2SD)

Vertebral lamina (left) Vertebral lamina (right)

Height Width Thickness Height Width Thickness
(mm) (mm) (mm) (mm) (mm) (mm)
L5 values in normal junction; n=50 9.02 (1.63) 14.00 (1.33) 9.54 (1.79) 9.16 (2.02) 14.48 (2.13) 9.14 (1.26)
L4 values in sacralization; n=15 8.98 (2.18) 11.80 (1.94) 8.16 (2.42) 8.83 (2.43) 12.60 (2.02) 8.94 (2.62)
Test statistic 0.691 1.086* 0.744 0.885 0.003 0.657

On the normal side
(in unilateral L5-S1 accessory

On the sides with accessory articulation
(in unilateral and bi-lateral L5-S1

transition) articulation)
L5 values in accessory L5-S1 8.64 (1.58) 13.87 (1.40) 9.20 (2.03) 9.14 (1.96) 13.88 (2.13) 8.88 (1.56)
articulation; n=20
Test statistic 0.922 0.064 0.538 0.004 0.365 0.751

*Significant at P<0.05; 2-tailed; a=0.05; L5: Fifth lumbar; L4: Fourth lumbar; S1: First sacral segment

this study were obtained from bone collections from
medical teaching institutes, and no patients or living
subjects were included as samples for data collection.
Samples used in this study belonged to adults from both
sexes and were obtained from repositories belonging
to medical institutes across the central, western and
southern provinces in India. Transitional variations
observed in this study were detected after screening
more than three hundred sacra and the corresponding
vertebrae from assorted specimen collections in these
institutes.

Statistical analysis

All dimensions were measured with a digital vernier
caliper (sensitivity = 0.01 mm) by two independent
observers twice. Average measures were entered for
each parameter in case of an inter-observer difference
of 0.5 mm. Student’s t-test was used to detect the
significance of difference of means between the values of
dimensions in the normal vertebrae and those obtained
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from transition associated vertebrae separately for the
two types of transitional variations.

Results

The results obtained from the study indicates that (a)
the overall dimensions of the PI as well as the laminae
in the vertebrae L4 associated with the sacralization of
the L5 are smaller than the normal (L5) counterparts that
constitute the normal (L5-51) lumbo-sacral junctions.
The heights of the L4 pars in sacralized specimens are
significantly smaller than the normal ones [Table 1]. The
widths of the laminae in these vertebrae (L4) have been
detected to be smaller than the other corresponding
vertebrae [Table 2]. Other dimensions measured in
these samples were comparable to the normal as well
as those observed in the L5-51 accessory articulated
L5 vertebrae. All parameters pertaining to the PI and
the laminae associated with the L5 related to accessory
L5-S1 articulation demonstrated smaller dimensions
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in comparison to the normal ones. These L5 vertebrae,
however, possessed larger dimensions for all parameters
used in this study when compared to the L4 vertebrae
involved with a sacralized transitional state. The
samples with unilateral L5-51 accessory articulation
demonstrated smaller dimensions of PI and laminar
parameters on the affected sides as compared to the
normal side in the same vertebra.

Discussion

Epidemiology of spondylolisthesis suggests that apart
from traumatic causes of the displacement, majority
of the cases present a prior susceptibility of the PI
that eventually culminates in this condition.””! Facet
dimensions at the upper end of the Slin lumbo-sacral
transitions may be quite small, rudimentary or
dysmorphic; often measuring less than 1 cm? at the
articular surface area or one of the facets in the pair
measuring less than 45% surface area in contrast to the
normal facet on the contra-lateral facet.”’!

This study reports that the dimensions of the L5 PI as
measured on the side of the accessory L5-51 articulations
and identical parameters observed in the L4 PI (in
sacralized samples) are smaller in comparison to the
normal controls selected from the same population
samples. The L5 PI on the sides without L5-51 accessory
articulations demonstrates near normal values for all the
three parameters such as the height, width and thickness
of the structure.

There are several discrete indications for surgical
interventions directed towards achieving repair for
spondylolysis and listhesis. Repair for PI fractures
have often been approached directly with repairing the
pars defect.®*¥ The results of direct repairs of the PI
are often encouraging, especially when performed in
cases without associated lumbar disc degeneration.?
Nevertheless, careful evaluation of the relevant anatomy
at the disc, pedicles and the facets is essential prior to
a direct instrumentation at the L5 PL.*%! The study
documents that the dimensions of the PI involved
with accessory L5-S1 articulations should be evaluated
carefully. The L4 Pl are naturally found to be smaller (in
sacralized L5-51 states) than their counterparts (L5 PI)
in the normal contexts.

The presence of smaller dimensions of the neural arch
elements at the L5 vertebrae with L5-S1 transitions
and reduced L4 PI and laminar elements in sacralized
spines should be investigated prior to exploring the
instrumentation modalities at transitional lumbo-sacral
regions. In situations where a reduction is decided over
fusion, it is best to be seen whether persistent short
pars gives way to spinal root compressions at the L5-S1

inter-vertebral foramen. Transitional vertebrae have been
documented to be definitive in determining the degree of
aggressiveness in treatment strategies in spondylolysis
and spondylolytic spondylolisthesis, in only a few
studies that are available in the primary literature.b
A trans-laminar screw fixation is initiated near the cranial
border of the lamina belonging to the upper vertebra of
the segment to be fused. The screw is inserted close to
the spinous process of the upper vertebra and extended
obliquely to pass through the contra-lateral facet joint of
the concerned motion segment. This technique can be
implemented bilaterally and at different spinal segments
to achieve desired fixation of the motion segment. The
success rate of trans-laminar fusion is reported to vary
according to application of the technique to achieve
single-level, bi-level or a multi-level vertebral fusion. 6% %]

Lumbar spine fixation through the PI or the laminae
should be carefully planned in L5-S1 transitional
situations according to the available bony dimensions at
the PI and laminae of any adjoining transition-affected
vertebra. In light of the trans-laminar screw fixation
technique and its application in context of fusion
or segmental immobilization requirements in
LSTV (accessory L5-S1 articulations/L5 sacralization),
the present study analyses the dimensional morphology
of laminae in the fourth (in sacralization of the L5)
and the L5 vertebrae (in accessory L5-Slarticulation)
associated with L5-51 transitional vertebrae. According
to the Pl and laminar dimensional alterations reported in
the context of transitional L5-S1 variations in this study,
trans-laminar screw placement in these circumstances
needs careful evaluation of the dimensions of the L4/L5
vertebral laminae in achieving spinal immobilization,
especially when applied to obtain reduction and fixation
in spondylolisthesis. Laminectomies done to achieve
a posterior decompression also need evaluation of
the laminar dimensions at appropriate levels in these
transitional L5-S1 states.*!

Conclusions

Since structural and biomechanical alterations occur
at lumbo-sacral junctions due to LSTV variations,
investigations trying to probe links between LSTV and
spondylolysis or spondylolisthesis may find dimensional
data useful in defining the role of pars and laminar
morphology in lumbo-sacral stability issues in LSTV or
their utility as surgical anchors in lumbo-sacral slippage
corrections.
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