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Objective: To evaluate the height of normal intervertebral discs and describe their differences after analyzing
anterior and posterior height.
Methods: Retrospective study based on analysis of analysis of lumbar spine magnetic resonance imaging. We
included male and female patients who underwent lumbar spine resonance, most of them for investigation of low
back pain. Patients with previous surgeries, advanced degenerative disc disease, suspected infection, deformities
were excluded from the study.
Results: 300 patients had their images analyzed for the anterior and posterior height of the L3-L4, L4-L5 and L5-
S1 discs, totaling 900 intervertebral discs. The mean age of the patients was 46,2 ± 15,1 years. The mean
anterior disc height of L3-L4 was 9.30mm, L4-L5 10.94mm and L5-S1 12.41mm. About 7% of the patients have
a L3-L4 anterior height< 7mm, which is usually the smallest available cage height. The ratio obtained by
dividing the anterior height by the posterior height was 1,47 for L3-L4; 1,62 for L4-L5 and 2,00 for L5-S1. It
means that the posterior disc height is half the anterior disc height for the L5-S1, making this segment the most
important in the formation of lumbar lordosis. The anterior disc height showed progressive decrease with aging,
with Pearson correlation value of −0,36 for L3-L4, −0,96 (p < 0,05) for L4-L5. The L5-S1 anterior disc height
has not change with aging r= 0,005 (p > 0,05).
Conclusions: L3 to L5 discs present greater anterior height than posterior and this difference tends to decrease
with aging. The L5-S1 disc is that most contributes for lumbar lordosis, followed by L4-L5. Populations with
lower average height should have their disc dimensions carefully studied during surgical planning, especially in
L3-L4 segment.

1. Introduction

The prevalence of degenerative diseases of the lumbar spine in-
creases with age. Such aging process leads to changes in the height of
the intervertebral disc and its contents, and although degenerated discs
are not necessarily painful, pain (i.e. low back pain) affects a large
number of patients. As a matter of fact, low back pain in one of the most
frequent musculoskeletal pains in humans [1].

Faced with an exponential increase in surgeries related to the in-
tervertebral disc, one of the major difficulties in clinical practice is to
distinguish degenerative changes from segments adjacent to a lumbar
fusion surgery from the natural aging process of the intervertebral disc -
such differences may be impossible to discriminate based on radi-
ological parameters alone [2–4].

Post-surgical chronic pain and walking difficulties have been related
in association with changes in lumbar curvature and overall sagittal
alignment of the spine. Rectification of the lumbar spine has been ex-
tensively studied and there is a strong correlation between poor surgical
results with surgical planning leading to loss of lumbar lordosis [5,6].

The ideal lumbar lordosis consists in its main component location
between L4 and S1 (67% of total lordosis), and 97% of it between the
L2 and S1 segments [7].

Lumbar spine fusion surgeries are among the most widely per-
formed procedures in the spine and the intervertebral discs are cur-
rently the target of several surgical techniques. The knowledge of their
anatomy and dimensions may lead to better surgical results.
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2. Objectives

The present study aims to evaluate the lumbar intervertebral discs
that are most frequently associated with degenerative diseases (L3-L4,
L4-L5 and L5-S1), in their anterior (A) and posterior (P) heights and the
A/P ratio, obtained dividing the anterior height by the posterior.

3. Patients and methods

Patients who underwent magnetic resonance imaging of the lumbar
spine were considered eligible for the study. The images were obtained
in high definition devices in a closed magnetic field of 1.5 or 3.0 Tesla.

We selected 300 consecutive patients - 150 male and 150 female
patients between 18 and 75 years. Clinical data on ethnicity, age and
gender were obtained by means of an electronic patient record. 95% of
the MRI were done to investigate low back pain. Other reasons pre-
sented were demyelinating disease investigation, investigation of
chronic pelvic pain, complementary investigation of hip disease.

Patients with previous surgeries of the spine, deformities such as
congenital/spondylolisthesis/scoliosis/kyphosis/anomalies were ex-
cluded from the study. Suspicious images of neoplasia or infectious
process were also excluded. Patients with mild degenerative changes of
the lumbar spine compatible with aging were included.

An independent radiologist also evaluated the patients' MRI images
and the data were extracted only when there was concordance of the
criteria mentioned above.

The images were analyzed in a T2-weighted midsagittal (or near-
median) slice and their measurements were performed using the
SYNAPSE PACS program tools (Fujifilm USA). To be included, patients
would have MRI analyzed by the investigator and the radiologist. Both
would have to agree that the intervertebral discs were healthy or had
tenuous changes consistent with the age of patients (Fig. 1).

We calculate the mean height of the disks of each segment, by
simple arithmetic mean between A and P - obtained by the following
formula - mean disc height= (A+P)/2. We also calculated the ante-
rior/posterior ratio, dividing A/P. The data were analyzed using the
IBM-SPSS 22 program. The analysis of multiple comparisons was per-
formed among the different groups using the ANOVA test. Significant
values of p < 0.05 were considered for statistical purposes.

4. Results

We analyzed the lumbar disc height of 300 patients (M=150, 50%;
F=150; 50%) with a total of 900 discs. The general characteristics of
the population are described in Table 1.

The ethnicity analysis showed the following distribution: 155
(51.6%) brown, 100 (33%) whites, 26 (8.6%) blacks, 7 (2,3%) yellows
and 12 (4%) from other ethnicities. No differences were found of mean
disc height between the different races as shown in Table 2.

We found a greater difference between the anterior and posterior
heights in the L5-S1 and L4-L5 segments - being the main segments
responsible for lumbar lordosis formation. It should be noted that de-
spite the higher anterior height, the posterior height of the L5-S1 seg-
ment was smaller than the L4-L5 segment, confirming that this is the
main segment responsible for lumbar lordosis (Table 3).

Women are usually shorter than men. This difference is expected
also in disc height, then we seek to find the differences in disc height
according to the patient gender.

The mean height of the disks in the male gender was higher than in
the female gender, but statistical difference was demonstrated only in
the L4-L5 segment. Anterior disc height was different between female
and male patients, only when comparing the anterior disc height of L3-
L4 and L4-L5 segments.

The anterior minus posterior disc height difference and the A/P
ratio did not differ between men and women as seen in Table 4.

Fig. 1. Measurement of anterior and posterior height of the studied discs.

Table 1
Study population characteristics.

Study population characteristics

n 300
Total number of discs studied 900
Female, n (%) 150 (50%)
Male, n (%) 150 (50%)
Ethnicity
White, n (%) 100 (33,3%)
Black, n (%) 26 (8,6%)
Asian, n (%) 7 (2,3%)
Brown, n (%) 155 (51,6%)
Others, n (%) 12 (4%)

Mean age (range) 46,2 yo (18–75)
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The anterior disc height is progressively greater in the caudal di-
rection, and the anterior heights of the studied lumbar discs are sta-
tistically different between them. L3-L4 had the lowest (9,3 mm)
anterior measurement and L5-S1 had the highest (12,4 mm) anterior
measurement (Fig. 2).

The difference between anterior and posterior disc height (A-P) is
also increasing in caudal direction, with L5-S1 appearing more wedge
shaped (Fig. 3).

We observed a large difference in the height of the L3-L4, L4-L5 and
L5-S1 discs between the measurements of the anterior and posterior
heights, mainly noticed in the segment L5-S1, being the mean differ-
ence of 5.1 mm in the female gender and 5.42mm in the male gender.
This finding corroborates findings from other studies that the main
contributor to the maintenance of lumbar lordosis is the L5-S1 segment,
followed by the L4-L5 segment.

The role of aging in loss of lordosis was noted in our study.
Analyzing the parameters age and anterior disc height, we performed
the Pearson correlation index. The anterior disc height showed pro-
gressive decrease with aging, with Pearson correlation value of −0,36
for L3-L4, −0,96 (p < 0,05) for L4-L5. The L5-S1 anterior disc height
has not change with aging r= 0,005 (p > 0,05).

5. Discussion

Knowing the height of disk space is mandatory for proper selection
of intervertebral devices (cages), and it is known that the most affected
by degenerative diseases are the discs L5-S1, L4-L5, followed by the L3-
L4.

Some different models that describe the degenerative lumbar disc
disease have been studied and developed. The classification of
Pfirrmann [8] is currently one of the most used, performed from the
analysis of MRI and four parameters - disc structure, distinction be-
tween nucleus and annulus, disc intensity and height. According to
these criteria the discs are classified in five categories. Nevertheless the
Pfirrmann's classification does not consider losses of angulations or
anterior-posterior height differences, consequently without any re-
ference to the sagittal balance of the spine.

It is know that there is a tendency for the general population to
become taller, due to factors still under study. Anthropometric analysis
shows that Humans get taller as they reach adult years and conse-
quently the intervertebral discs height are also raised.

A recent study [9] that included 18.6 million people worldwide,
born between 1896 and 1996 in 200 countries showed a prevalence of
taller men and women in European countries, with the average height
of Dutch men being 1.82m in 1994. Men born in the United States of
America in the same year had an average height of 1,77m. When we
evaluated the Brazilians, we found mean height of 1.73m for men and
1.63m for women [9].

The analysis of absolute numbers has a probable bias of the influ-
ence of patient heights on the final result of the analysis of the mor-
phometric data. Therefore we propose analyzing a ratio determined by
the simple division of the anterior and posterior height of the analyzed
discs, which can then have their extrapolated data, possibly for dif-
ferent populations of the population studied here. This ratio was also
progressively increasing from segment L3-4 to segment L5-S1 with
values of 1.47 for segment L3-L4, 1.62 for segment L4-L5 and 2.00 for
segment L5-S1.

A practice widely used in surgeries is the indirect decompression,
which involves the use of high cages in the previously reduced disc
space, making laminectomy or other major decompressive procedures
unnecessary [10].

On the other hand, excessive high cages, the surgical approaches to
reach the disc space and excessive distraction are factors reported as
causes of neurological complications and arthrodesis failure in some
series, mainly due to cage subsidence. Some of the complications were
permanent and require reoperations at the operated level and also in
adjacent segments [11–17].

To avoid those complications, the ideal cage should have the same
size (height) and respect the difference between anterior and posterior
height of the average disc, taking into account the population you are
treating, the level and gender of the patient.

As discussed before, the major developers and manufacturers of
spinal prostheses are located in Europe or United States of America, and
their population is taller than the majority of the other countries. We
have a wide range of implant sizes, but most developers manufacture
cages with an initial height of 7mm or 8mm.

We must pay attention during spinal surgeries, taking into account
that there may be a discrepancy in size between the developed device
and the population being treated, specifically in the L3-L4 segment,
where> 22% of our studied patients have mean disc height< 7mm.
21% of our studied group had mean L4-L5 disc space narrow than 7mm
and 11% of the patients had the L5-S1 mean disc space< 7mm.

The analysis of absolute numbers has a probable bias of the influ-
ence of patient heights on the final result of the analysis of the mor-
phometric data, so we proposed a new ratio parameter (A/P ratio) that
could be extrapolated to different population, regardless of patient's
height (Table 5).

Table 2
Analysis by ethnicity - mean height of the discs (A+P)/2 in mm.

L3-L4 L4-L5 L5-S1

Brown (n=155) 8,06 8,36 9,69
White (n= 100) 7,76 8,58 9,31
Black (n=26) 7,76 7,64 9,20
Others (n= 12) 8,37 8,66 8,35
Asian (n= 7) 7,84 6,99 8,70

(p > 0,05 one way ANOVA).

Table 3
Mean values of the morphological parameters of the studied segments.

A height P. height Mean height
(A+P)/2

Difference (A-
P)

Ratio (A/P)

L3-L4 *9,30 65,036 **79,470 ***28,045 ****14,781
L4-L5 *10,94 69,517 83,978 40,004 16,227
L5-S1 *12,41 64,398 **94,498 ***59,798 ****20,096

*,**,***,**** Statistical difference between the groups, p < 0,05 ANOVA
(Tukey).

Table 4
Analysis of the discs by gender (in mm).

L3-L4 L4-L5 L5-S1

Mean height of the discs (A+P)/2
Female (n= 150) 7,90 8,05* 9,38
Male (n= 150) 7,98 8,74* 9,51
Difference (M–F) 0,08 0,69 0,13

Anterior disc height of the discs
Female (n= 150) 9,07** 10,67*** 12,32
Male (n= 150) 9,53** 11,21*** 12,51
Difference (M–F) 0,46 0,54 0,19

Anterior and posterior heights difference (A-P)
Male (n= 150) 3,1 3,9 5,43
Female (n= 150) 2,71 3,61 5,14

Anterior and posterior heights ratio (A/P)
Male (n= 150) 1,48 1,63 2,02
Female (n= 150) 1,47 1,61 1,99

*, **, ***statistical significance (p < 0,05 t-test).
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6. Limitations of the study

The present study presents a limitation for analyzing the disc di-
mensions in a supine position determined by the acquisition of the MRI.
Probably, in standing position, the dimensions of the discs would be
different than the one we have found.

We cannot recover in our database the heights of all participants.
However, by the criterion of analysis of our statistician there is a great
chance of representation of our population, considering the n of 300
patients, with a statistical test attesting the normal distribution of the
data studied.

Fig. 2. Anterior disc height compared between the different segments.

Fig. 3. Difference of anterior and posterior heights (A-P) in different segments.

Table 5
Some implant manufacturers and minimal TLIF height.
(Data taken directly from manufacturers' websites).

Manufacturer (country of origin) Smallest TLIF cage heights available

Aesculap® (Germany) 7mm
Depuy Synthes® (USA) 7mm
SpineART® (Swiss) 8 mm
K2M® (USA) 7mm
Alphatec® (USA) 7mm
Zimmer® (USA) 7mm
LDR® (France) 8 mm
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7. Conclusions

The prostheses used in the lumbar interbody fusions must be in-
dividualized by segment, gender and population. We observed the need
for elaboration of materials with customized height for populations of
short stature, with attention to the L3-L4 segment especially in female
patients.

The largest difference between A and P heights were found in the
L5-S1 segment - what makes it the main segment for lumbar lordosis
maintenance. This difference seems to be similar between male and
female patients and was found in all the different races studied. We
should prefer cages with lordosis angulation when planning a surgery,
especially in segment L5-S1.

We propose the analysis of the A/P ratio in the surgical planning of
lumbar diseases, with results of 1.47 for segment L3-L4, 1.62 for seg-
ment L4-L5 and 2.00 for segment L5-S1.
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