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ABSTRACT

AIM: To determine whether there is a correlation between a deeply seated L5 vertebra in relation to the intercrest line (ICL) and the
level of degeneration of lumbar discs.

MATERIAL and METHODS: The study included 152 patients who underwent surgery for lumbar disc herniation. After analyzing
the radiographs, the patients were separated into two groups. Group 1 patients had an ICL that passed through the L4 corpus, and
Group 2 patients had an ICL that passed through the L4-5 disc distance or the L5 vertebra. Group 1 patients were classified as
having a deeply seated L5 vertebra, while Group 2 patients were classified as not having a deeply seated L5 vertebra.

RESULTS: The study found that male patients had a significantly higher incidence of a deeply seated L5 vertebra compared to
female patients (p=0.003). Patients who underwent surgery at the L4-5 level exhibited disc heights that were notably higher than
those who underwent surgery at the L5-S1 level. In Group 1, 68% of the patients had surgery at the L4-5 level, compared to only
41.7% in Group 2 (p=0.009).

CONCLUSION: When investigating the effects of the position of the L5 vertebra in relation to the ICL at the L4-5 and L5-S1
disc levels, the study found that having a deeply seated L5 vertebra protected against L5-S1 disc herniation and that L4-5 disc
herniation was more common in these patients. This is believed to be due to the L5-S1 segment being less mobile when the L5
vertebra is deeply seated.
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ABBREVIATIONS: NP: Nucleus pulposus, AF: Annulus fibrosus, ICL: Intercrest line

B INTRODUCTION to the fact that these segments have more mobility and are
exposed to increased axial pressure (15). Upper lumbar disc

hernias located at L1-2, L2-3 and L3-4 are categorized as

pulposus (NP) overrunning following the rupture of the
annulus fibrosus (AF). This rupture can occur for different
reasons, such as lumbar degeneration and chronic strain (26).
It is noteworthy that 90%-95% of lumbar disc herniations
occur in the L4-L5 or L5-S1 regions (1). This higher prevalence
of disc herniation in the lower lumbar region can be attributed

I umbar intervertebral disc herniation entails the nucleus

a distinct entity and account for approximately 5%-10% of
lumbar disc herniations.

Previous studies have revealed that degenerative changes
in the intervertebral disc are associated with damage to
structures such as ligaments, joints, and spinal muscles
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(3,5,16). The iliolumbar ligament plays an essential role in
limiting excessive movement at the lumbosacral junction and
maintaining stability by preventing the sliding of L5 over the
sacrum (2). The iliolumbar ligament is a robust connective
tissue band that mostly runs from the L5 transverse process
to the posterior iliac crest of the ilium (2,6).

The intercristal line (ICL) is a horizontal line that is drawn across
the highest points of both iliac crests on an anteroposterior
lumbar radiograph (19). As we believe that the anatomical
relationship between the L5 vertebra and the ICL may hold
clinical significance in regard to lumbar disc herniation, we
analyzed the position of the L5 vertebra in relation to the ICL.
The purpose of this study is to investigate whether a deeply
seated L5 vertebra in relation to the ICL affects the degree of
lumbar disc degeneration.

B MATERIAL and METHODS

This study was approved by the Ondokuz Mayis University
Clinical Research Ethics Committee at our hospital
(Date:14.1.2022 No: 2021/410). The study adhered to
conventional structure and formatting guidelines and employed
objective, value-neutral language throughout. It included
patients who underwent lumbar disc herniation surgery in our
department between 2020 and 2022. Patients under the age
of 18 lacking clinical and radiological evidence or who had
an infection, a spinal tumor, trauma-related lesions, or prior
spinal surgery were excluded from the study. Also excluded
were patients requiring posterior segmental instrumentation
or who presented with more than two levels of disc herniation.

The study analyzed plain radiographs and categorized patients
into two groups. Group 1 patients had an ICL that passed
through the L4 corpus, whereas Group 2 patients had an ICL
that passed through the L4-5 disc or the L5 vertebra (Figures
1, 2). Group 1 patients had a deep-seated L5 vertebra, while
Group 2 patients did not (Figures 3, 4). The data were analyzed
in two stages to facilitate comprehension. In stage one, we
compared upper- and lower-level lumbar disc herniations,
while in stage two we focused solely on lower-level lumbar
disc herniations.

Statistical Analysis

The data was analyzed using the SPSS 21.0 software
package. To test for conformance to a normal distribution, a
Kolmogorov-Smirnov test, a Shapiro-Wilk test, and graphical
evaluations were employed. A Mann-Whitney U test was
used to compare non-normally distributed data between two
independent groups, and a Kruskal-Wallis H test was used to
compare more than two groups. A t-test for two independent
samples was used to compare normally distributed data,
and a one-way ANOVA was used to compare more than two
groups. Pearson and Yates’ chi-square tests with continuity
correction were used to determine if there was an association
between categorical variables. Significance was evaluated at
the p<0.05 level.
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Figure 1: On the anteroposterior plain radiograph, the ICL passes
through the L4 corpus (deeply seated L5 vertebra).

Figure 2: On the anteroposterior plain radiograph, the ICL passes
through the L5 corpus (non-deeply seated L5 vertebra).

Figure 3: Deeply seated L5 vertebra.
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B RESULTS

We conducted an analysis of 248 patients who underwent
surgery for lumbar disc herniation at our clinic. After applying
the exclusion criteria, we scrutinized the data of 152 patients.
These patients were aged 20-80, with a mean age of 50.46
years. Females constituted 40.8% of the patients and males
constituted 59.2%. Regarding the ICL, 86 patients had a
deep-seated L5 vertebra, and 66 did not. The disc heights of
the patients who underwent surgery ranged between 4 mm
and 14 mm, and the mean disc height was 8.78 mm (Table I).

1. First stage: comparison of upper- and lower-level
lumbar disc herniations

Of the patients, 17 underwent surgery for upper-level lumbar
disc herniation, and 135 underwent surgery for lower-level
lumbar disc herniation. The mean age of the patients who
underwent surgery for upper-level disc herniation was 59.59,
and that of the patients who underwent surgery for lower-

Figure 4: Non-deeply seated L5 vertebra.

Table I: Descriptive Statistics for the Lumbar Disc Hernia Surgeries

level disc herniation was 49.32. It was found that patients
who underwent surgery for upper-level disc herniation were
significantly older (Table Il). No significant difference was
observed (p=0.148) when comparing intervertebral disc
heights between upper-level and lower-level lumbar disc
hernias. Additionally, no statistically significant correlation
was found (p=0.767) between gender and the level of surgery.

Of the patients who had surgery for disc herniation at the
upper level, 64.7% were categorized in Group 1, and 55.6%
of patients who had surgery for lumbar disc herniation at
the lower level were also in Group 1. Our analysis found no
statistically significant correlation between the position of the
L5 vertebra in relation to the ICL and the location of the lumbar
disc herniation at the upper or lower level (p=0.647) (Table IlI).

The average age of patients in Group 1 with a deep-seated L5
vertebra was 52.48 and patients in Group 2 was 47.83, which
was statistically significant (p=0.027). Group 1 consisted
of 60 males and 26 females, while Group 2 consisted of 30
males and 36 females. It was found that male patients had a
significantly higher incidence of a deeply seated L5 vertebra
compared to female patients (p=0.003) (Table IlI).

2. Second stage: comparison of lower-level lumbar disc
herniations

Of the 135 patients who underwent surgery for lumbar
disc herniation at the lower level, 76 (56.3%) had an L4-5
herniation, 40 (29.63%) had an L5-S1 herniation, and 19
(14.07%) had herniation affecting both L4-5 and L5-S1. Of
the patients, 81 were male and 54 were female, resulting in a
male-to-female ratio of 3 to 2. Of the patients who underwent
surgery for lower-level lumbar disc herniation, 75 (55.56%)
belonged to Group 1 (with a deeply seated L5 vertebra) and
60 (44.44%) belonged to Group 2 (with an L5 vertebra that
was not deeply seated).

Variable Mean + SD Median (Min-Max) n
Age (years) 50.46 + 12.86 50 (20-80) 152
Disc Height (mm) 8.78 + 2.63 9 (4-14) 152
Gender Frequency (%)
Female 62 (40.8)
152
Male 90 (59.2)
Operation Level
Upper level 17 (11.2)
152
Lower level 135 (88.8)
To the ICL according to L5 Status
Group 1 (L4) 86 (56.6)
152
Group 2 (Below L4) 66 (43.4)

ICL: Intercrest line.
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A statistically significant difference in disc heights was found
between the patients who had surgery at different levels
(p=0.021). Patients operated on at the L4-5 level had disc
heights that were statistically significantly higher than those
operated on at the L5-S1 level (Table IV). No statistically
significant difference was found in the ages and disc heights of
patients with and without deeply seated L5 vertebra (p>0.05).

Table II: Comparison of Upper-Level and Lower-Level Disc Status
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A Pearson "2 test indicated a statistically significant correla-
tion between the level of surgery and L5 location (p=0.009)
(Table V). The results of the column ratio comparisons per-
formed with Bonferroni correction revealed a significant dif-
ference between Group 1 and Group 2 in terms the of L4-5
surgery level. In Group 1, 68% of patients underwent surgery
at the L4-5 level, whereas in Group 2, only 41.7% had surgery

Operation Level

Variable Upper level (n=17) Lower level (n=135) |
p-value
Mean = SD Median (Min-Max) Mean = SD Median (Min-Max)
Age (years) 59.59 + 12.33 62 (23-79) 49.32 + 12.51 49 (20-80) 0.001°
Disc Height (mm) 8.06 + 1.82 8 (5-12) 8.87+23 9 (4-14) 0.1482
Gender Frequency (%) Frequency (%)
Female 8(47.1) 54 (40) 0.767°
Male 9 (52.9) 81 (60) -
To the ICL according to L5 status
Group 1 (L4) 11 (64.7) 75 (55.6) 0.647°
Group 2 (Below L4) 6 (35.3) 60 (44.4) -
a: Mann-Whitney U Test, b: Yates Continuity Correction Chi-Square Test.
Table lll: Comparison of the ICL according to L5 Status
L5 Status
Variables p-value*
Group 1 (n=86) Group 2 (n=66)
Mean + SD 52.48 + 13.61 47.83 + 11.39
Age (years) 0.027
Median (Min-Max) 54 (20-80) 46.5 (22-76)
Mean + SD 8.67 +1.99 8.92 + 2.58 0.606P
Disc Height (mm) )
Median (Min-Max) 8.4 (4-13) 9 (4-14) -
Male 60 30 o
Gender Female 26 36 0.003
. Upper 11 6 q
Operation Level Lower 75 60 0.647

*p<0.05, **p<0.01, 2Independent t test, ® Mann -Whitney U Test, ¢ Pearson Chi-Square test, ¢ Yates Continuity Correction Chi-Square Test.

Table IV: Level of Surgery Based on Examination

Operation Level

Variables p-value
L4-5 (n=76) L5-S1 (n=40) L4-5/L5-S1 (n=19)

Mean + SD 51.39 + 12.69 46.45 + 11.96 47.05 + 11.93

Age (years) 0.0892
Median (Min-Max) 51 (20-80) 46 (24-76) 49 (23-71)
Mean + SD 9.36 + 2.14 8.23 + 2.53 8.32 +2.08

Disc Height (mm) 0.0212
Median (Min-Max) 9 (5-14) 8 (4-13) 8 (5-12)

20nelWayANOVA.
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Table V: The Relationship Between Disc Herniation Level and L5
Status according to Intercrest Line

L5 Status
Operation Group 1 (Deep) Group 2 (Non-deep)
Level (n=75) (n=60)
L4-5 51 (68%) 25 (41.7%)
L5-81 16 (21.3%) 24 (40%)
L4-5/L5-S1 8 (10.7%) 11 (18.3%)

Pearson y?= 9.418, p-value: 0.009.

at this level. The difference in rates between the two groups
was found to be statistically significant. Additionally, there was
a significant difference between the two groups in terms of
the L5-S1 surgery level. In Group 1, 21.3% of patients had
surgery at this level compared to 40% in Group 2. Again, this
difference between the rates was found to be statistically
significant. There was no significant statistical difference ob-
served between the groups in relation to surgery at the L4-5/
L5-S1 levels.

B DISCUSSION

The L4-5 and L5-S1 levels exhibit the greatest mobility in
the lumbar region and are the most common site for lumbar
disc herniation. Compared to the upper lumbar level, the
lower levels are subjected to greater axial pressure, which is
the principal risk factor for intervertebral disc degeneration
(15). We hypothesize that the location of the L5 vertebra in
relation to the ICL influences the incidence of lumbar disc
herniation. If the L5 vertebra is deeply seated in relation to the
ICL, it decreases the mobility of the L5-S1 segment. This may
protect against low-level disc herniations, specifically L5-S1
disc herniation.

1. First stage: comparison of upper- and lower-level
lumbar disc herniations

Approximately 90%-95% of lumbar disc hernias occur at the
lower lumbar level, with the remaining 5%-10% occurring
at the upper lumbar level (3). This study found that low-level
disc herniations made up 88.8% of the cases of lumbar disc
herniation, while 11.2% of the cases were upper-level lumbar
disc hernias.

Although disc herniation can happen in individuals in any age
group, it is most prevalent between the third and fifth decades
of life (8). Our study found that the average age of the patients
was 50.47 years old, with the average age of those with upper-
level disc being 59.59 years and the average age of those with
lower-level lumbar disc hernias being 49.32 years. Furthermore,
the average age of those with upper-level disc hernias was
considerably higher compared to those with lower-level disc
hernias (p=0.001). Various studies have demonstrated that as
age increases, the extent of disc herniation advances from
tail to head (4,10,20). Dammers and Koehler found a strong
association between upper-level lumbar disc herniation and
increasing age (7), which corresponds with our research.
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In our study, 59.2% of the patients were male and 40.8% were
female. While lumbar disc herniation is twice as common in
men as in women, studies with a male-to-female ratio of 3 to
2 have also been reported in the literature (12,21,22). This is
consistent with our findings.

In a study by Wattanaruangkowit and Lakchayapakorn that
examined 270 patients from Thailand, the position of the
lumbar vertebra in relation to the ICL was investigated. The
authors found that the ICL was located higher in elderly patients
(24). Our findings are in line with those of Wattanaruangkowit
and Lakchayapakorn. Our study found that the mean age of
patients in Group 1 with a deeply seated L5 vertebra was
52.48 and that of the patients in Group 2 was 47.83. This may
be attributed to the decrease in intervertebral disc height with
ageing.

The position of the ICL is higher in males than in females
(19). Earlier research has demonstrated that the ICL primarily
traverses the L4 vertebral body in males and the L5 vertebral
body in females (19,23). In our investigation, Group 1
comprised 60 male patients who had undergone surgery,
and Group 2 consisted of 30 male patients who had also
undergone surgery. Regarding the female patient cohort,
Group 1 included 26 patients and Group 2 included 36. Our
findings suggest that a deeply seated L5 vertebra was more
prevalent among male patients; this may be attributed to the
fact that the male pelvis is narrower and longer than the female
pelvis, which is typically wider and shorter.

During this stage of the study, we evaluated the impact of
the deep location of the L5 vertebra in relation to the ICL on
the formation of upper- and lower-level disc herniation. As a
result, we determined that the location of the L5 vertebra did
not have an effect on the formation of either upper- or lower-
level disc herniation.

2. Second stage: comparison of lower-level lumbar disc
herniations

During the second stage of the study, lower-level lumbar
disc hernias were evaluated. Of the patients, 56.3% (n=76)
underwent surgery for L4-5 disc herniation, 29.63% (n=40)
for L5-S1 disc herniation, and 14.07% (n=19) for L4-5 and
L5—-S1 disc herniation.

Dammers and Koehler analyzed the data of 1431 patients with
lumbar disc herniation and found that L5-S1 disc herniation
occurs at a younger age than does L4-5 disc herniation
(mean age of 44.1 and 49.5 years, respectively) (7). These
results align with our research. The average age for patients
who underwent surgery for L5-S1 disc herniation was 46.45
years, whereas for those who underwent surgery at the L4-5
level the mean age was 51.39 years. Numerous studies
have demonstrated that the level of disc herniation typically
advances from the lumbosacral level to the cranial level with
increasing age. However, the underlying reasons for this
pattern still remain unclear (4,10,20).

Of the patients who underwent surgery for lower-level lumbar
disc herniation, 55.56% (n=75) were in Group 1 (with deeply
seated L5 vertebrae) and 44.44% (n=60) were in Group 2



(with L5 vertebrae that were not deeply seated). According
to a study of patients who received posterior segmental
instrumentation at the L5 and S1 levels conducted by Guo et
al., the L5 vertebra was found to be deeply seated in 63% of
patients and not to be deeply seated in the remaining 37% (9).
The authors reported that posterior segmental instrumentation
proved more challenging when encountering deeply seated L5
vertebra compared to those that were not deeply seated and
that the presence of iliac prominences could potentially hinder
screw orbit (9). While the probability of L5-S1 disc herniation is
lower in the presence of a deeply seated L5 vertebra, a deeply
seated L5 vertebra does not provide complete protection
against such an occurrence. It is important to note that the
medial angle of the pedicle screw may be restricted by the
iliac wings in cases where stabilization is needed alongside
disc herniation in these patients.

Seo et al. investigated the risk of degenerative lumbar scoliosis
progression in 27 patients. They found that 29% of patients
had an ICL that passed through L4, and the final scoliosis
angle was significantly lower in these patients compared to
the other studied group (18). Sapkas et al. (17) conducted a
study of 162 patients with degenerative scoliosis and found
that the ICL passing through the L5 vertebra is a risk factor
linked to the development of scoliosis. Likewise, Pritchett
and Bortel (14) demonstrated that an ICL at the level of the
L5 vertebra is a risk factor for scoliosis angle progression.
Ohashi et al. analyzed data from 56 patients who had been
followed up for 25 years. These patients were among a larger
group of 147 individuals with adolescent idiopathic scoliosis
who had received non-surgical treatment. The results showed
that the L5 vertebra, which was less deeply seated in relation
to the ICL, could be considered a risk factor for curve
progression (13). Of the 56 patients, 38 had a deeply seated
L5 vertebra (13). When examining patients with L4-5 and L5-
S1 disc herniations in our study, we found a statistically higher
prevalence of L4-5 disc herniation in cases where L5 vertebrae
were deeply seated in relation to the ICL. Conversely, L5-S1
disc herniation was less frequent in these cases, indicating
that deeply seated L5 vertebrae protect against L5-S1 disc
herniation. Our study also demonstrated a higher incidence of
L4-5 disc herniation in these patients. We believe that this is
attributable to the limited mobility of the L5-S1 segment when
the L5 vertebra is deeply seated, with the L4-5 level serving a
more pivotal role as a motion segment.

The disc heights of the patients at the level of surgery
ranged between 4 mm and 14 mm, with an average of 8.87
mm. As per our findings, L4-5 disc height exceeded L5-S1
disc height, in line with the literature (25). Inoue et al. found
a negative correlation between ICL height and L5-S1 disc
height in their study (11). They found that L5-S1 disc height
was significantly lower in patients with deeply seated L5
vertebrae. No significant correlation was discovered between
the height of the disc and the position of the L5 vertebra in
relation to the ICL (p=0.624) in our study.
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B CONCLUSION

The effect of the relationship between the ICL and the L5
vertebra on the frequency of lumbar disc herniation was
investigated in patients who were operated on for lower-
level disc herniation. It was found that a deeply seated L5
vertebra provides protection against L5-S1 disc herniation,
whilst increasing the likelihood of L4-5 disc herniation. This is
attributed to the reduced mobility of the L5-S1 segment when
the L5 vertebra is deeply seated.
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