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Prevalence of lumbar high-intensity zone: assessment using
a screening tool independent of spinal symptoms
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INTRODUCTION

Magnetic resonance imaging (MRI) is currently 
considered the gold standard to evaluate patients 
with spinal degeneration. MRI not only shows 
disc morphology but also displays disc hydration 
as well as several disc-related and bone-related 
findings associated with spinal degeneration (e.g., 
Modic changes). It is well-known that many of 
these degenerative changes can be observed in 
asymptomatic subjects (2,3,5,9), and their prevalence 
rises with increasing age (2,9). Among the different 
findings that can be observed through MRI in 
the lumbar spine, the high-intensity zone (HIZ) 
has been evaluated in several studies (3,4,11,13, 
19,20,27). This sign was originally described by 

High-intensity zone is an area of high-intensity signal 
within the posterior annulus fibrosus observed in 
magnetic resonance imaging; initially described in 
painful discs, recent studies have described similar 
prevalence in symptomatic and asymptomatic subjects. 
Since its’ prevalence in the general population has not 
been established, we used a screening tool independent 
of spinal symptoms to determine high-intensity zone 
prevalence. We studied 217 patients evaluated with 
abdominal-pelvic magnetic resonance imaging; we 
looked for high-intensity zone, disc degeneration, 
spondylolysis, spondylolisthesis, Modic changes and 
scoliosis. We determined if these variables, age and 
sex affected the presence of high-intensity zone; 
through a logistic regression analysis we evaluated 
their independent effect. Patients’ mean age was 
56.3±17.4 years; 66.8% were females. Prevalence 
of high-intensity zone (11.06%) was larger in males 
(18.06%) than females (7.59%), p = 0.02. Patients 
with and without high-intensity zone did not differ 
in age or presence of scoliosis. High-intensity zone 
was more frequent in degenerated discs, but not in 
levels with spondylolisis, spondylolisthesis or Modic 
changes. Male sex (OR = 2.3, 1.04-5.38) and disc 
degeneration (OR = 6.76, 1.77-25.81) independently 
influenced the presence of high-intensity zone. 
The prevalence of high-intensity zone in this sample 
of the general population, including 217 subjects, was 
11.06%. Similarly, a recent meta-analysis mentioned 
a 9.5% prevalence in asymptomatic subjects; on 
the other hand it stressed a 10.4% prevalence in 
symptomatic subjects. All these data do not plead for 
a strict correlation between high-intensity zone and 
low back pain complaints.
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Aprill et al. as a “high-intensity signal (bright 
white) located in the substance of the posterior 
annulus fibrosus, clearly dissociated from the signal 
of the nucleus pulposus in that it is surrounded 
superiorly, inferiorly, posteriorly and anteriorly 
by the low-intensity (black) signal of the annulus 
fibrosus and is appreciably brighter than that of the 
nucleus pulposus” (1). 

Aprill et al. considered the HIZ to be equivalent 
to internal disc disruption, a condition that initially 
could only be demonstrated through a discography 
(23). Moreover, because discography at that time 
was considered a very specific test (therefore, 
not painful in asymptomatic subjects) (24), HIZ 
was thought to represent a diagnostic sign of 
a painful lumbar disc (1,12,15). However, later 
studies showed that provocative discography can 
induce pain even in people without previous back 
pain (4), and psychosocial factors seem to be 
the most predictive factor to determine which 
patients undergoing a provocative discography will 
experience pain (4). Additionally, more recently it 
has been noted that HIZ can frequently be found 
in asymptomatic patients (3,4,7,13). Although some 
studies showing that the prevalence of HIZ is lower 
in asymptomatic patients, a recent meta-analysis 
failed to demonstrate such a divergent prevalence of 
HIZ in symptomatic and asymptomatic populations 
(3); thus, the controversy regarding its role as pain 
generator continues (8). Furthermore the prevalence 
of HIZ in the general population has not been 
clearly established.

Taking into consideration that many patients 
with HIZ can be asymptomatic, the research 
instruments to study its prevalence should include 
a screening tool independent of those used for 
spinal symptoms to minimize selection bias. Such 
a strategy would better reflect the true prevalence 
of HIZ in the general population, in contrast with 
previous studies, which have been conducted either 
in patients evaluated with MRI of the lumbar 
spine (thus focusing on symptomatic subjects) 
or in volunteers, which introduces potential 
selection bias and overestimates asymptomatic 
HIZ prevalence. Abdominal and pelvic MRI scans, 
especially the sagittal views, allow for an accurate 
visualization of the lumbar spine (Figure 1) (22), 

so creating an interesting opportunity to study the 
spine regardless of spinal complaints, as they are 
frequently indicated for the study of non-spinal 
abdominal or retroperitoneal pathology. 

The aim of this study was to determine the 
prevalence of HIZ in adults, using abdominal and 
pelvic MRI as a screening tool. As a secondary 
objective, we sought to determine the relationship 
between HIZ and age, sex, disc degeneration and 
the presence of olisthesis in the same level or of 
scoliosis in the lumbar spine.

MATERIALS AND METHODS

Institutional Review Board approval was obtained 
to conduct this study. We studied 217 adult patients 
who consecutively underwent abdominal and pelvic 
MRI at a tertiary care university hospital. 

Fig.1. — Sagittal view of MRI (T2 sequence) showing the 
entire lumbar spine
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HIZ according to the definition mentioned above: 
“high-intensity signal (bright white) located in the 
substance of the posterior annulus fibrosus, clearly 
dissociated from the signal of the nucleus pulposus in 
that it is surrounded superiorly, inferiorly, posteriorly 
and anteriorly by the low-intensity (black) signal of 
the annulus fibrosus and is appreciably brighter 
than that of the nucleus pulposus” (1), as shown in 
Figures 2 and 3. In addition to search for HIZ in 
the dorsal annulus fibrosus, we also looked for HIZ 
in ventral locations; we used the same diagnostic 
criteria, but for high-intensity signal located in 
the substance of the anterior annulus fibrosus. We 
also classified each lumbar disc according to the 
Pfirrmann grading for disc degeneration (16,21). 
Furthermore, we evaluated the presence of endplate 
changes (Modic changes), either type I (hypointense 
on T1-weighted sequences and hyperintense on 
T2-weighted sequences), type II (hyperintense 
on both sequences) or type III (hypointense on 
T1- weighted sequences and hypointense on 
T2-weighted sequences) (25). Finally, we evaluated 
the presence of spondylolysis and spondylolisthesis 
at every level, as well as the existence of scoliosis 
in the lumbar spine. 

The senior author reviewed all of the cases in 
which a HIZ was detected by either of the two 

Number of cases Percentage 
Malignancy 85 39.2
Abdominal or pelvic pain 75 34.6
Gynecological disease 14 6.5
Biliary or hepatic disease 14 6.5
Post operative control 6 2.8
Infectious disease 6 2.8
Others 15 6.9
Not available 2 0.9
Total 217 100

Table I. — Indications for the MRI scan

The images were requested for a variety of 
reasons unrelated to the spine, including fever, 
suspicion of abdominal or pelvic malignancy or 
infection, and examination of malignancies under 
treatment, among other causes. We examined the 
indications in every patient to verify that the studies 
were not requested for lumbar symptoms (Table I). 
The exclusion criteria were the presence of tumors 
or instrumentation in the lumbar spine or an 
insufficient visualization of the whole lumbar spine. 
Fourteen patients were excluded using these criteria 
(all were excluded because adequate visualization 
of the entire lumbar spine was not possible). If a 
single patient underwent two or more studies, only 
the most recent one was included.

MRI scans were obtained using a 1.5-T unit 
(Siemens Magnetom Avanto; Siemens Medical 
Solutions, Erlangen, Germany or Philips Achieva; 
Philips Healthcare Best, The Netherlands). MRI 
sequences included: T2 images in the axial, sagittal 
and coronal planes, T1 images in the axial and 
coronal planes, T2-weighted images with fat 
saturation in the sagittal plane, and diffusion-
weighted images in the axial plane; 4 mm slice 
thickness was used in all sequences. The MRIs 
and the official reports were reviewed using the 
Impax Web3000 program (Agfa-Gevaert, Mortsel, 
Belgium), which is available at our institution. 

In order to increase sensibility detecting HIZ, all 
of the MRIs scans were evaluated independently by 
two of the authors, in a blinded fashion regarding 
the clinical and personal data. The entire lumbar 
and sacral spine was evaluated in each patient 
using sagittal and axial views. We scanned for 

Fig. 2. — Sagittal view of MRI (T2 sequence) showing a HIZ 
at the L5-S1 disc (arrow)
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evaluators; they had discrepancies detecting a HIZ 
in three cases. The discrepancies between the two 
assessors were resolved by consensus of all the 
authors.

To determine the sample size, we used data from 
Carragee et al. (4); assuming 24% prevalence of HIZ, 
using an error margin of 5% and a confidence level 
of 90%, the minimal sample size was 195 cases.

Statistical analyses were performed using the 
Statistical Program for the Social Sciences (SPSS) 
version 18 (SPSS, Chicago, IL). Prevalence was 
expressed as a proportion of patients, with a 
95% confidence interval (CI). Continuous data 
were described as means and standard deviations, 
and categorical variables were expressed as 
percentages. We performed the Student’s t-test to 
analyze continuous variables and Fisher’s exact 
test for categorical variables. Lumbar scoliosis 
was evaluated per patient, but the presence of 
olisthesis, spondylolysis, Modic changes and disc 
degeneration were evaluated per level as the same 
patient could have lumbar levels with and without 
them. All variables with p < 0.1 were identified and 
included in a logistic regression analysis performed 
to determine their independent influence on the 
prevalence of HIZ; the results were expressed as an 
odds ratio (OR) with 95% CI. A p value < 0.05 was 
considered statistically significant. 

RESULTS

We evaluated 217 patients for a total of 1,085 
lumbar discs. The mean age of our patients was 
56.3 ± 17.4 years; 72 patients (33.2%) were males 
and 145 (66.8%) were females. 

The prevalence of HIZ was 11.06% (24 patients); 
95% CI: 6.85 – 15.27. The disc levels that most 
frequently showed HIZ were L5-S1 (45.58% of 

Fig. 3. — Axial view of MRI (T2 sequence) showing at the 
L5-S1 disc (arrow)

Level Number of 
HIZ

Percentage

L1-L2 1 4.2
L2-L3 2 8.3
L3-L4 2 8.3
L4-L5 8 33.3
L5-S1 11 45.8
Total 24 100

Table II. — Distribution of HIZ by level

discs presenting HIZ), followed by L4-L5 (33.3%); 
none of the patients we studied had HIZ at more 
than one level. The prevalence of HIZ decreased in 
more cephalic levels, as shown in Table II. 

Considering the 1,085 discs evaluated, only 24 
(2.2%) exhibited HIZ; 83.3% of patients presented 
a dorsally located HIZ, while only 16.7% presented 
it in the ventral aspect of the disc, p < 0.01.

Men exhibited a 18.06% prevalence of HIZ (13/72 
patients), whereas women exhibited a prevalence of 
7.59% (11/145 patients), p = 0.02. Patients with HIZ 
were not older (mean age = 59.5 years) than patients 
without HIZ (mean age = 55.9 years), p = 0.34. 
HIZ was not more prevalent either in levels with 
spondylolysis, spondylolisthesis, Modic changes or 
in patients presenting lumbar scoliosis (Table III). 
However, HIZ was significantly more prevalent in 
discs with disc degeneration (Pfirrmann grades 3, 4 
or 5) than in discs without degeneration (Pfirrmann 
1 or 2), p= 0.03, as is also shown in Table III.

Logistic regression analysis revealed that only 
male sex (OR = 2.3, 95% CI 1.04-5.38; p = 0.041) 
and disc degeneration (OR = 6.76, 95% CI 1.77-
25.81, p < 0.01) were independent predictors of 
the presence of HIZ. Neither age (OR = 0.98; p = 
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(3). While other studies have intended to determine 
the prevalence of HIZ, what is new from our study 
is that we tried to determine the prevalence of 
HIZ in a population independent of the presence 
of spinal symptoms; therefore, our data should be 
considered closer to the actual prevalence of this 
sign in the general population (which has not yet 
been established). 

A recent study in young Finnish adults showed 
a lower prevalence of HIZ (3.2%) than our study; 
however, only patients who were 20-22 years 
old were studied (20); such a different age range 
compared to our cohort may also explain the larger 
prevalence of HIZ that we observed in males, 
conversely to the data from Takatalo et al. (20) 
However, we believe our sample of patients, with 
a wide age range, represents a much better sample 
of the patients usually undergoing evaluation of 
their lumbar spine. Moreover, we also looked for 
the presence of HIZ in the anterior aspect of the 
disc, a finding that has been overlooked in most 
studies; while anterior HIZ has been described 
(26), very scarce studies have evaluated this finding 
and, to the best of our knowledge, its clinical 
significance has not been elucidated. Another study 
reporting MRI lumbar degenerative findings in 
more than a thousand volunteers demonstrated a 
linear incremental prevalence of HIZ depending 
on age, from 8% in volunteers younger than 30 
years and up to 33% in subjects older than 50 (5). 
The difference in these results compared with our 
study could be related to the sampling method as 

0.2) nor the presence of Modic changes at the level 
of the HIZ (OR = 1.86; p = 0.28) influenced the 
presence of HIZ. 

DISCUSSION

In the original description of HIZ, this lesion was 
considered a diagnostic sign of a painful lumbar 
disc (1); however, newer studies have demonstrated 
that HIZ is often found in asymptomatic subjects 
(3,4,13). Considering that this sign is routinely 
evaluated in patients who undergo lumbar MRI, it is 
important to determine the prevalence of HIZ in the 
general population to understand its significance in 
the assessment of patients with low back pain (6), 
and radicular pain (18).

The original study by Aprill and Bogduk  reviewed 
the lumbar MRI of 500 symptomatic patients (1); the 
authors reported a 28.6% prevalence of HIZ, and 
L4-L5 and L5-S1 were the most frequently affected 
discs (1). These results are similar to data from later 
studies in symptomatic patients (27). In our study, 
the prevalence of HIZ was only 11.02% in a large 
sample of patients evaluated independently of the 
presence of lumbar symptoms; this is important, 
given that some data have shown that the prevalence 
of HIZ in asymptomatic subjects is lower than 
in patients evaluated for low back pain (4,7,19). 
However, this finding could not be demonstrated 
in a recent meta-analysis comparing MRI findings 
of lumbar spine degeneration in adults 50 years of 
age and younger with and without low back pain 

Analysis Variable Number of cases Frequency in patients 
without HIZ (%)

Frequency in patients 
with HIZ

p value

Per patient 
analysis

Lumbar scoliosis 26 26/193 (13.47%) 0/24 (0%) 0.09

Frequency in levels with-
out HIZ (%)

Frequency in levels 
with HIZ (%)

Per level 
analysis

Spondylolisthesis 78 76/1061 (7.16%) 2/24 (8.33%) 0.69

Spondylolysis 9 8/1061 (0.75%) 1/24 (4.16%) 0.18
Modic changes 79 75/1061 (7.06%) 4/24 (16.66%) 0.09

Disc degeneration 623 602/1061 (56.73%) 21/24 (87.50%) 0.03

Table III. — Lumbar scoliosis, olisthesis, spondylolysis, Modic changes and disc degeneration in patients with and without HIZ. 
Lumbar scoliosis was evaluated per patient; olisthesis, spondylolysis, Modic changes and disc degeneration were evaluated per level.
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it is recognized that sampling by voluntary open 
call may introduce selection bias of candidates, 
thus overestimating the occurrence of the event 
of interest. Nevertheless, it may also correspond 
to a type II statistical error, given the overall low 
prevalence of the phenomena under scrutiny. 

Our results show that HIZ was more frequently 
found at L4-L5 and L5-S1, which is in agreement 
with previous reports (1,12,27). This is expected 
because these two levels are the most frequently 
affected by disc degeneration, but to the best of 
our knowledge, this is the first study demonstrating 
that disc degeneration is independently associated 
with the presence of HIZ. Notably, other variables 
associated with disc degeneration, such as 
spondylolisthesis, Modic changes, lumbar scoliosis 
and increasing age were not associated with the 
presence of HIZ. While it has been previously 
described that HIZ is not related to Modic changes 
in patients with low back pain (14), other studies 
have linked the presence of HIZ lesions only with 
isthmic spondylolisthesis and not with degenerative 
spondylolisthesis (10). 

This is the first study to use abdominal and 
pelvic MRI as the screening tool to determine 
the prevalence of HIZ in the lumbar spine. The 
advantage of this instrument is that these images 
are requested in patients who present with a variety 
of medical conditions that are not related to the 
spine, but it simultaneously allows for an adequate 
visualization of the lumbar spine in most cases 
(22). Nonetheless, patients being evaluated with 
abdominal and pelvic MRI cannot be considered a 
perfect sample of the normal population, which is a 
limitation of our study. However, even when some 
of these patients could have presented back pain as 
part of their symptoms, we verified that none of the 
conditions to request the studies was associated with 
disc degeneration. Consequently, our results should 
be representative of lumbar degenerative findings 
at this age. However, future studies using digital 
measurements of the signal intensity to diagnose 
HIZ, instead of the standard visual assessment 
that we used, may better determine the actual 
prevalence of HIZ; such a digital measurement may 
overcome limitations described in the assessment of 
HIZ (17).    

Using abdominal and pelvic MRI as a screening 
tool, we observed a prevalence of HIZ (11.06%) 
comparable to what was found in the largest 
meta-analysis published on this topic; in such 
study, Brinjikji et al. described a 9.5% prevalence 
of HIZ in asymptomatic subjects and 10.4% in 
symptomatic patients (3). All these data do not plead 
for a strict correlation between HIZ and low back 
pain complaints.
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