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High intensity zone in lumbar spine and its correlation with
disc degeneration
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Abstract : Purpose ; To investigate the prevalence, clinical significance of high intensity zone (HIZ), and associ-
ated disc degeneration. Materials and methods ; We undertook retrospective analysis of 228 patients, aged from
15 to 55 years, who had undergone magnetic resonance (MR) imaging of lumbar spine in outpatient clinic from
2013 to 2014. HIZ was defined as a presence of high intensity signal in the annulus on T2-weighted images. All
HIZ positive discs were classified according to Pfirrmann grading system for presence of disc degeneration.
Results ; Forty-three patients (18.8%) with 53 intervertebral discs demonstrated HIZ. There was no significant
predominance about age and gender for the presence of HIZ. HIZ occurred mainly at 1L.4-5 (43.3%) and L5-S1
(30.2%) levels, infrequently at 13-4 (17%) and rarely at upper levels. The prevalence of disc degenerations with
Pfirrmann grade 3, 4, and 5 were significantly higher in HIZ positive patients than in randomly selected 35 HIZ
negative patients (64% vs. 46%, respectively). Conclusion ; In this study we identified that the presence of HIZ
was directly proportional to increased incidence of disc degeneration in remaining lumbar discs. The preva-
lence of significant degeneration was significantly higher in HIZ positive patient at lower three lumbar levels.
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INTRODUCTION

High intensity zone (HIZ) is defined as a significantly high in-
tensity signal on T2-weighted magnetic resonance (MR) images
located in the substance of annulus fibrosus clearly dissociated
from signal of nucleus pulposus. It was first described by Aprill and
Bogduk in 1992 with prevalence of 28% in symptomatic patients (1).
They reported sensitivity, specificity, and positive predictive value
of 71%, 89%, and 86% respectively. Initially, it was only described
at posterior annulus but now posterolateral or even circumferential
lesions are also included in the definition (2-4). It is described as
a sign of painful internal disc disruption on MR images, thereby
limiting the role of provocative discography for diagnosis of dis-
cogenic low back pain (DLBP). Various study have been done re-
garding its significance in clinical practice, many of them have
demonstrated it as a significant MR finding, while few are against
its role in diagnosing DLBP.

Now many authors believe that true HIZ has to be differentiated
from low/medium intensity zone, depending on signal intensity,
thereby improving the diagnostic value of the sign (4-7). The
prevalence of HIZ varies from 28-59% in symptomatic individuals
(1, 4, 6). In this study we investigated HIZ in terms of prevalence,
clinical significance and associated disc degeneration in 228 pa-
tients aged between 15-55 years, who visited our out-patient clinic,
to whom lumbar MR study was done irrespective of their com-
plaint.
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SUBJECTS AND METHODS

An institutional review board exemption was obtained for the re-
view of imaging studies, the indications for the studies.

We undertook retrospective analysis of patients who had un-
dergone MR imaging of lumbar spine irrespective of their clinical
history, from January 2013 to December 2014. From 1039 consecu-
tive patients, 228 patients aged 15-55 years old were sort out and
reviewed for the presence of HIZ. All the MR images were con-
ducted on Signa Excite HD 1.5 tesla MR system (GE Yokogawa
Medical System, Tokyo, Japan) with patients in the supine position.
The examination was done by sagittal T2-weighted fast spin echo
(TR : 3000 to 4500 ms, TE : 100 to 130 ms, section thickness 4 mm,
intersection gap 1 mm), axial T2-weighted fast spin echo (TR:
3500 to 5000 ms, TE : 85 to 105 ms, section thickness 4 mm, inter-
section gap 1 mm). The HIZ was identified on sagittal and/or axial
slice of T2-weighted images (Figure 1). Presence of significantly
high intensity signal in annulus, which was as intense as cerebro-
spinal fluid signal located adjacent to the disc, was defined as HIZ.
‘We compared number of patients, average age, gender differences,
age distribution between HIZ positive groups and HIZ negative
groups. All HIZ positive discs were classified according to Pfirrmann
grading system for presence of disc degeneration. Prevalences of
disc degeneration more than equal to Pfirrmann grade 3, in each
lumbar intervertebral disc IVD) were compared between HIZ
positive patients and randomly selected 35 HIZ negative patients.
Statistical analysis was performed with SPSS Statistics version 22.0
(IBM Corp. Armonk, NY).

RESULTS

Forty three patients (18.9%) demonstrated at least one HIZ
positive disc. There was no significant difference in gender pre-
dominance. The prevalence was almost equal among the young
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Figure 1 : Sagittal (A) and axial (B) views of T2-weighted images showing high-intensity zone in the posterior annulus at 14-5 level with Pfirrmann

grade 3 disc degeneration (arrows).

age (15-40 years) and middle age (41-55 years) (Table 1).

Out of 43 HIZ positive patients, 34 (79.1%) had single level HIZ
positive disc and 9 (20.9%) had multilevel HIZ positive discs. Among
9 patients with multilevel HIZ, 8 had in 2 IVD levels and 1 had it
in 3 IVD levels. In total, 53 IVDs were HIZ positive. HIZs were found
mainly at [4-5 and L5-S1 levels, infrequently at L.3-4 and rare at
L.2-3 and L1-2. Majority of HIZ (87%) were identified at posterior
annulus, but a significant numbers were also present at postero-
lateral annulus (13%), which were identified on para-sagittal or
axial slice of MR images (Figure 2).

When classified according to Pfirrmann grading, 38 (71.7%) discs
had grade 4 degeneration while 9 (17%) and 6 (11.3%) discs had
grade 3 and grade 5 degeneration, respectively. We compared the
prevalence of disc degeneration in HIZ positive patients with that
of randomly selected 35 HIZ negative patients. Total 215 IVDs in
43 HIZ positive patients and 175 IVDs in 35 HIZ negative patients
were examined for the disc degeneration and classified according
to Pfirrmann grading system. Pfirrmann grade 3, 4 and 5 were de-
fined as significant degeneration. In total, 142 (64%) IVDs in HIZ
positive patients had significant degeneration, while only 82 (46.4%)
IVD were identified with significant degeneration in HIZ negative

patients (Table 2). The number of degenerated disc was signifi-
cantly higher in lower three lumbar IVDs (13-4, 14-5, and L5-S1)
in HIZ positive group when compared with HIZ negative group.

DISCUSSION

HIZ was first identified as a pain indicator in 1992 (1). Various
studies demonstrated its clinical relevance in diagnosing DLBP
(3, 4, 8). But, the high prevalence of HIZ in asymptomatic popu-
lation brought its significance under controversy (6, 9, 10). Re-
cently, more precise diagnosis of HIZ considering significant high
intensity signal and location has made it an established indicator
of painful internal disc disruption.

HIZ is believed to be the detached nucleus pulposus trapped be-
tween the lamellae of torn annulus fibrosus, following secondary
inflammation, causing characteristic signal on MR imaging. Pres-
ence of granulation tissue or neovascularization induced by inflam-
mation was demonstrated by Ross (11). Most of the nerve supply
of the intervertebral disc is limited to periphery of the annulus fi-
brosus (12-14). Hence, the annular tear extending to the inner third

Table 1.  Prevalence and distribution of HIZ according to gender and age.
HIZ (+) HIZ (-)
n=43 n=185
Age (average*SD) 39.0£11 39.3+13 n.s.
male : female 24:19 85:100 n.s.
young age (15-40) 22 83 n.s.
middle age (41-55) 21 102 n.s.

HIZ : high intensity zone, n.s. : not significant
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Figure 2 : Axial view of T2-weighted MR image showing high-intensity
zone in left posterolateral annulus at L5-S level (arrow heads).

of the annulus fibrosus are asymptomatic while tear extending to
peripheral third produces pain (15). Biomechanical mediators and
pro-inflammatory cytokines are more important than mechanical
compression in the pathogenesis of pain production (16).

Originally, HIZ was described in T2-weighted sequence but with
growing controversies diagnosing true HIZ has become a chal-
lenge to the clinicians. Liu er al. (4) defined true HIZ as a lesion with
signal intensity at least as bright as 50% of the CSF signal intensity.
The quantitative measurement was performed by Picture Archiv-
ing and Communication System, with embedded region of interest
and grayscale histogram software. They recommended this method
to increase measurement precision and reduce error in identifica-
tion of true HIZ.

Posterior annulus fibrosus is structurally weak, and exposed to
high stress concentration (17). Hence, maximum number of HIZ
occurs posteriorly. But, significant number of HIZ are identified at
posterolateral annulus or even circumferentially. Rankine et al. (9)
in the study of 156 cases, reported 77% of HIZ at posterior annulus
while 22% at posterolateral annulus. Previous studies have already
demonstrated that most of the HIZ are identified at lower lumbar
level mainly at 14-5 and L5-S levels (2, 3, 18).

Similar to previous studies, we also experienced severe degree
of disc degeneration in all HIZ positive discs. Lam ez al. (8) has dem-
onstrated that there was significant correlation between abnormal
disc morphology and presence of HIZ. No IVD that exhibited HIZ

had a normal level of disc hydration as seen on T2-weighted MR
images. The sensitivity, specificity and positive predictive value of
HIZ positive discs showing disc dehydration were 68%, 100%, and
100% respectively. Similarly, in our study all the HIZ positive discs
were invariably dehydrated. In our study we also tried to evaluate
the relationship of HIZ positive patient with presence of disc degen-
eration, according to Pfirrmann grading on MR imaging at other
lumbar IVD. We compared the results with HIZ negative patients.
The prevalence of significant degeneration was significantly higher
in HIZ positive patient at lower three lumbar levels. It signifies that
HIZ positive patient are more susceptible or vulnerable for degen-
eration of adjacent level discs compared to HIZ negative patient.

The prevalence of HIZ in our study is less compared to other
reports, as we have included the entire patient irrespective of their
complaint or history. Posterior location of HIZ was the most com-
mon but there was significant number of HIZ identified at postero-
lateral annulus. In contrast to previous studies, we evaluated the
relation of disc degeneration in other lumbar IVD in HIZ positive
patients compared to HIZ negative patients. In this study we iden-
tified that the presence of HIZ even in one IVD is directly propor-
tional to increased incidence of disc degeneration in remaining
lumbar IVD, mainly on lower lumbar levels.
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