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Abstract

Study Design: Retrospective cohort study.

Objectives: This study aimed to address the prevalence, distribution, and clinical significance of cervical high-intensity zones
(HIZs) on magnetic resonance imaging (MRI) with respect to pain and other patient-reported outcomes in the setting of patients
that will undergo an anterior cervical discectomy and fusion (ACDF) procedure.

Methods: A retrospective cohort study of ACDF patients surgically treated at a single center from 2008 to 2015. Based on
preoperative MRI, HIZ subtypes were identified as either traditional T2-hyperintense, T1-hypointense (“single-HIZs”), or
combined T1- and T2-hyperintense (“dual-HIZs”), and their level-specific prevalence was assessed. Preoperative symptoms,
patient-reported outcomes, and disc degeneration pathology were assessed in relation to HIZs and HIZ subtypes.

Results: Of 861 patients, 58 demonstrated evidence of HIZs in the cervical spine (6.7%). Single-HIZs and dual-HIZs comprised
63.8% and 36.2% of the overall HIZs, respectively. HIZs found outside of the planned fusion segment reported better pre-
operative Neck Disability Index (NDI; P ¼ .049) and Visual Analogue Scale (VAS) Arm (P ¼ .014) scores relative to patients
without HIZs. Furthermore, patients with single-HIZs found inside the planned fusion segment had worse VAS Neck (P ¼ .045)
and VAS Arm (P ¼ .010) scores. In general, dual-HIZ patients showed no significant differences across all clinical outcomes.

Conclusions: This is the first study to evaluate the clinical significance of HIZs in the cervical spine, noting level-specific and
clinical outcome–specific variations. Single-HIZs were associated with significantly more pain when located inside the fusion
segment, while dual-HIZs showed no associations with patient-reported outcomes. The presence of single-HIZs may correlate
with concurrent spinal pathologies and should be more closely evaluated.
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Introduction

Various magnetic resonance imaging (MRI) phenotypes of the

spine have been associated with clinical symptoms and out-

comes.1-4 High-intensity zones (HIZs) are a specific spinal ima-

gingphenotype thatmayhave implications on the development of

discogenic pain.5-10 HIZs have been largely studied in the lumbar

spine and have been traditionally characterized as focal T2-

weighted hyperintensities in the posterior annulus of the interver-

tebral disc on MRI.11 Aprill and Bogduk12 originally described
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this phenomenon in 1992, where identification of an HIZ had an

86% positive predictive value for a painful annulus disruption.

Subsequent histological studies of HIZs in the lumbar spine

appear to support this hypothesis, having identified vascularized

granulation tissue in the outer region of the annulus fibrosus,

suggestive of a healing response to annular disruption.8,13-15

In a recent systematic review, Teraguchi et al4 assessed

associations between low back pain and lumbar HIZs, noting

no conclusive relationship could be inferred due to small sam-

ple sizes, heterogeneous populations, and unclear imaging

methodology. This suggests the relationship between HIZs and

patient symptomatology may not be as concrete as proposed by

Aprill and Bogduk,12 but rather, may represent an understudied

entity with unclear clinical value.16-18 Furthermore, outside of

the thoracolumbar spine, little is known about HIZs, with a

gross paucity of studies having specifically examined the cer-

vical intervertebral segments. In practice, HIZs are frequently

identified in the cervical spine, and it is unclear if these ima-

ging findings may lead to similar associations with axial neck

pain and/or patient-reported outcomes before and after surgery.

As other studies have reported HIZs in asymptomatic cohorts,

some investigators have begun to question whether different sub-

types of HIZs exist.4,19-21 For example, a recent study examined

lumbar HIZs on both T1- and T2-weightedMRI, noting 2 distinct

HIZ phenotypes: a traditional T2-intense and T1-hypointense

“single-HIZ” and another T1- and T2-intense “dual-HIZ.”8,22

They further reported a significant difference in the patients’ pain

response associated with each subtype, noting that dual-HIZs

were generally less symptomatic, and may represent calcified

or ossified tissues in contrast to the annular disruption that is

observed in the conventional single-HIZ. In addition, a

population-based cohort study by Teraguchi et al23 evaluated the

lumbar spine MRIs of 1214 volunteer subjects. Of these individ-

uals, 59% hadHIZ and 41% did not. The study noted that specific

patterns of HIZ were more associated with the development and

severity of low back pain than others. However, whether similar

HIZ patterns exist in the cervical spine remains unknown.

According to recent Global Burden of Disease studies, neck

pain is considered one of the world’s most disabling condi-

tions.24,25 Patients seeking medical consultation for cervical

spine–related ailments is not uncommon and can have detri-

mental socioeconomic consequences to many stakeholders.

Therefore, understanding pain generators is critical. With

respect to HIZs located in the cervical spine, their manifesta-

tion and clinical relevance remains largely unknown. As such,

the main purpose of this study was to characterize the preva-

lence and distribution of HIZs on MRI in the cervical spine in

patients with degenerative cervical conditions indicated for an

anterior cervical discectomy and fusion (ACDF) and to assess

the nature of dual-HIZs and how they may clinically manifest

in comparison to the traditional single-HIZ.

Methods

This was a retrospective cohort study of all patients indicated

and surgically treated for an ACDF at a single academic

institution from 2008 to 2015. Patients were deemed eligible

for study if preoperative T1- and T2-weighted MRI studies of

the cervical spine were obtainable, and proper visualization of

HIZs could be made. Patients were excluded if they were

undergoing surgery for the treatment of a tumor, trauma, or

infection, and/or if the patient was under 18 years of age at the

time of operation.

Patients’ medical records were reviewed for demographics

including age, body mass index (BMI), sex, smoking history,

and ageless Charlson Comorbidity Index (CCI). The CCI is a

well-validated metric that estimates 10-year mortality risk

based upon a list of baseline medical comorbidities.26 Baseline

clinical and operative characteristics such as preoperative

symptomatology (radiculopathy, myelopathy, myeloradiculo-

pathy, neck pain, arm pain, sensory deficits, and weakness)

duration of preoperative symptoms (months) and number of

fused vertebral levels were collected.

Both T1- and T2-weighted MRI studies of the cervical spine

were assessed for presence of HIZs throughout C2-T1, with

documentation of the overall number, intervertebral disc level,

location (anterior or posterior) within the disc, and location of

HIZs in relation to the planned operative levels. Single-HIZs

were identified as conventional T2-weighted signal intensities

while dual-HIZ subtypes were identified as combined T1- and

T2-weighted hyperintensity findings (Figure 1). HIZ subtype

and location stratifications were subsequently assessed for

association with baseline symptomatology and preoperative

patient-reported outcomes (Neck Disability Index [NDI],

Visual Analog Scale [VAS] Neck, VAS Arm).

A secondary analysis was performed to determine associa-

tion of HIZs and their subtypes with concurrence of other disc

pathologies (disc degeneration, disc space narrowing, disc dis-

placement) overall and at the same cervical vertebral levels.

Degenerative discs were identified as Pfirrmann Grade V

hypointense black discs on T2-weighted MRI.27 This designa-

tion was used to promote inter- and intraobserver reliability, so

as to prevent ambiguity when presented with partially degen-

erated disc imaging findings. Disc space narrowing was

defined as a 30% decrease in disc height relative to adjacent

healthy disc spaces. Last, disc displacement was measured if

protrusion of disc material was observed either anteriorly or

posteriorly at a given intervertebral level. Three readers inde-

pendently assessed all images, and after a short training period,

intra- and interobserver reliability was deemed to be good to

excellent (intraclass coefficient constant [ICC] > 0.80). ICC

cutoffs were established as �0.50 for poor reliability, 0.51 to

�0.74 for moderate, 0.75 to 0.89 for good, and �0.90 for

excellent.28

Statistical Analysis

The collected data was analyzed using the statistical software

STATA version 15.1 (StataCorp). Continuous baseline vari-

ables are reported as mean + standard deviation (SD). Base-

line patient demographics and operative characteristics were

compared using 2-way t tests and w2 analysis for continuous

2 Global Spine Journal

and categorical outcome variables, respectively. Multivariate

logistic regression was used to determine the association of

preoperative cervical HIZs with baseline patient symptomatol-

ogy and degenerative disc pathology. Multivariate linear

regression was used to assess the relationship with patient-

reported outcomes. Statistical models were built by incorporat-

ing all baseline demographic and operative characteristics in

addition to the HIZ variable to be examined. Beta coefficients,

odds ratios (ORs), and corresponding 95% confidence intervals

(CIs) were also assessed for each covariate within multivariate

linear and logistic regression. A P value of <.05 was used to

determine statistical significance.

Results

A total of 861 patients indicated for an ACDF for degenerative

pathology with a preoperative cervical MRI were identified

from 2008 to 2015. The incidence of patients with HIZs within

this surgical cohort was 6.7% (58/861). There were no demo-

graphic differences observed between either cohort (Table 1).

Within the 861 patients, 58 patients had HIZs. When

stratifying by HIZ subtype, the incidence of single-HIZs and

dual-HIZs was 63.8% and 36.2%, respectively. Patients with

dual-HIZs were significantly older, with a mean age of 57.1+
11.8 years when compared to single-HIZ patients, with a mean

age of 49.9 + 11.7 years (P ¼ .029). No other demographic

differences were observed between HIZ subtypes (Table 2).

In regard to specific location, most HIZs were seen in the

posterior annulus (45/58; 78.0%) and outside the operative

segment (34/58; 58.6%). The greatest number of overall HIZ

observations was seen at C4-C5 (16/58; 27.6%), and C6-C7

(16/58; 27.6%), followed by C5-C6 (13/58; 22.4%). The fewest

HIZs were observed at C2-C3 (2/58; 3.45%) and C7-T1 (1/58;

1.7%). Dual-HIZs were more frequently found in the anterior

annulus (9/21 ¼ 42.9%) when compared to single-HIZs (4/37

¼ 10.8%). Conversely, single-HIZs were more frequently

observed in the posterior annulus (33/37 ¼ 89.2%) than dual-

HIZs (12/21; 57.1%). A similar distribution was observed

between single- and dual-HIZ cohorts along the length of the

cervical spine, with the greatest number observed between C3-

Figure 1. T1- and T2-weighted images of single- and dual-HIZ subtypes. (a, a*) T1-weighted image (left) without evidence of a HIZ, and
corresponding T2-weighted image (right) with a single-HIZ in the posterior annulus of C5-C6 (arrow). (b, b*) T1-weighted image (left) showing
the distinct morphology and intensity of a dual-HIZ in the anterior annulus of C6-C7 (arrow), with corresponding T2-weighted image (right)
depicting a similar lesion (arrow).
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and categorical outcome variables, respectively. Multivariate

logistic regression was used to determine the association of

preoperative cervical HIZs with baseline patient symptomatol-

ogy and degenerative disc pathology. Multivariate linear

regression was used to assess the relationship with patient-

reported outcomes. Statistical models were built by incorporat-

ing all baseline demographic and operative characteristics in

addition to the HIZ variable to be examined. Beta coefficients,

odds ratios (ORs), and corresponding 95% confidence intervals

(CIs) were also assessed for each covariate within multivariate

linear and logistic regression. A P value of <.05 was used to

determine statistical significance.

Results

A total of 861 patients indicated for an ACDF for degenerative

pathology with a preoperative cervical MRI were identified

from 2008 to 2015. The incidence of patients with HIZs within

this surgical cohort was 6.7% (58/861). There were no demo-

graphic differences observed between either cohort (Table 1).

Within the 861 patients, 58 patients had HIZs. When

stratifying by HIZ subtype, the incidence of single-HIZs and

dual-HIZs was 63.8% and 36.2%, respectively. Patients with

dual-HIZs were significantly older, with a mean age of 57.1+
11.8 years when compared to single-HIZ patients, with a mean

age of 49.9 + 11.7 years (P ¼ .029). No other demographic

differences were observed between HIZ subtypes (Table 2).

In regard to specific location, most HIZs were seen in the

posterior annulus (45/58; 78.0%) and outside the operative

segment (34/58; 58.6%). The greatest number of overall HIZ

observations was seen at C4-C5 (16/58; 27.6%), and C6-C7

(16/58; 27.6%), followed by C5-C6 (13/58; 22.4%). The fewest

HIZs were observed at C2-C3 (2/58; 3.45%) and C7-T1 (1/58;

1.7%). Dual-HIZs were more frequently found in the anterior

annulus (9/21 ¼ 42.9%) when compared to single-HIZs (4/37

¼ 10.8%). Conversely, single-HIZs were more frequently

observed in the posterior annulus (33/37 ¼ 89.2%) than dual-

HIZs (12/21; 57.1%). A similar distribution was observed

between single- and dual-HIZ cohorts along the length of the

cervical spine, with the greatest number observed between C3-

Figure 1. T1- and T2-weighted images of single- and dual-HIZ subtypes. (a, a*) T1-weighted image (left) without evidence of a HIZ, and
corresponding T2-weighted image (right) with a single-HIZ in the posterior annulus of C5-C6 (arrow). (b, b*) T1-weighted image (left) showing
the distinct morphology and intensity of a dual-HIZ in the anterior annulus of C6-C7 (arrow), with corresponding T2-weighted image (right)
depicting a similar lesion (arrow).
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C7 (single-HIZ: 35/37, 94.6%; dual-HIZ: 20/21; 95.2%;

Table 3). The distribution of HIZs by cervical vertebral level

are illustrated graphically in Figure 2.

Evaluating preoperative symptomatology and patient-

reported outcomes, HIZs were generally associated with better

outcomes when found outside of the planned fusion segment.

Specifically, patients reported better preoperative NDI (P ¼
.049; Coeff. ¼ �11.63; 95% CI: �23.2 to 0.04) and VAS Arm

(P ¼ .014; Coeff ¼ �2.56; 95% CI: �4.60 to �0.53) scores

relative to patients without HIZs. However, when stratified by

HIZ subtype, patients with single-HIZs within the fusion seg-

ment were found to have significantly worse VAS Neck (P ¼
.045; Coeff. ¼ 3.34; 95% CI: 0.07 to 6.60) and VAS Arm (P ¼
.010; Coeff. ¼ 4.90; 95% CI: 1.20 to 8.60) scores compared to

patients without HIZs. Interestingly, dual-HIZ patients did not

demonstrate any significant differences relative to patients

without HIZs across all patient-reported outcomes. There was

no association with preoperative symptoms with HIZs or HIZ

subtypes (Table 4).

When assessing relationships between HIZs and other disc

pathologies, anterior HIZs and HIZs inside the area of fusion

were significantly associated with lower odds of disc

Table 1. Baseline Patient Demographic and Operative Characteristics.

HIZ No HIZ

#/Mean %/(SD) #/Mean %/(SD) P value

Overall total 58 6.86 803 93.14
Demographics
Age 52.47 (12.15) 52.50 (11.29) .980
BMI 28.70 (6.23) 29.13 (6.19) .624
Female sex 24 41.4 382 47.99 .330
Current smoker 5 9.62 104 15.25 .271
CCI 1.18 (1.81) 0.92 (1.48) .235

Operative
Duration of preoperative symptoms (months) 27.15 (40.35) 22.22 (36.55) .338
Number of vertebral levels fused 1.90 (0.88) 1.90 (0.75) .972

Abbreviations: HIZ, high-intensity zone; BMI, body mass index; CCI, Charlson Comorbidity Index.

Table 2. Baseline Patient Demographic and Operative Characteristics.

Single-HIZ Dual-HIZ

#/Mean %/(SD) #/Mean %/(SD) P value

Overall total 37 63.79 21 36.21
Demographics
Age 49.86 (11.71) 57.05 (11.82) .029
BMI 28.23 (6.64) 29.57 (5.45) .468
Female sex 16 43.24 8 38.1 .702
Current smoker 4 11.76 1 5.56 .47
CCI 1.09 (1.91) 1.33 (1.68) .659

Operative
Duration of preoperative symptoms (months) 23.01 (21.90) 34.60 (61.14) .308
Number of vertebral levels fused 1.90 (0.88) 1.89 (0.90) .967

Abbreviations: HIZ, high-intensity zone; BMI, body mass index; CCI, Charlson Comorbidity Index.
Bolded values indicate statistical significance with p < 0.05.

Table 3. Distribution and Location of High-Intensity Zones.

HIZ
Single-
HIZ Dual-HIZ

P
valuea# % # % # %

Disc location
Anterior 13 22.41 4 10.81 9 42.86 .005
Posterior 45 77.59 33 89.19 12 57.14 .005

Relation to operative
level(s)
Inside operative level(s) 24 41.37 15 40.54 9 42.86 .863
Outside operative
level(s)

34 58.62 22 59.46 12 57.14 .863

Cervical vertebral level
C2-C3 2 3.45 1 2.70 1 4.76 .680
C3-C4 10 17.24 5 13.51 5 23.80 .318
C4-C5 16 27.59 10 27.03 6 28.57 .899
C5-C6 13 22.41 9 24.32 4 19.05 .643
C6-C7 16 27.59 11 29.73 5 23.80 .628
C7-T1 1 1.72 1 2.70 0 0.00 .447

Abbreviation: HIZ, high-intensity zone.
aCalculation of P values was performed using w2 test. Bolded values indicate
statistical significance at P < .05.
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displacement (P ¼ .019; OR ¼ 0.03; 95% CI: <0.01 to 0.54)

and disc degeneration (P ¼ .049; OR: 0.31; 95% CI: 0.10 to

0.99). However, when stratified further by cervical vertebral

level, HIZs were found to be associated with increased odds of

disc displacement at C3-C4 (P ¼ .002; OR ¼ 2.93; 95% CI:

1.50 to 5.70). Comparably, anterior annulus HIZs at C6-C7 was

still significantly associated with lower odds of disc degenera-

tion (at C6-C7; P ¼ .036; OR: 0.27; 95% CI: 0.08 to 0.92).

When stratified by subtype, single-HIZs were similarly associ-

ated with lower odds of disc displacement when found in the

anterior annulus (P¼ .011; OR:<0.01; 95% CI:<0.01 to 0.30)

or within the planned fusion segment (P¼ .026; OR: 0.04; 95%
CI: <0.01 to 0.68). Again, the relationship between single-

HIZs and disc displacement reversed when considering cervi-

cal vertebral level at C3-C4 (P ¼ .019; OR ¼ 2.65; 95% CI:

1.18 to 6.00), while odds of disc degeneration remained

decreased at C7-T1 (P ¼ .017; OR ¼ 0.34; 95% CI: 0.14 to

0.82). Dual-HIZs were not significantly associated with any

other disc phenotype, unless stratified by vertebral level. Spe-

cifically, dual-HIZs had lower odds of disc degeneration at C4-

C5 within the fusion segment (P ¼ .011; OR ¼ 0.16; 95% CI:

0.037 to 0.65), greater odds of disc space narrowing at C3-C4

outside of the fusion segment (P ¼ .031; OR ¼ 7.28; 95% CI:

1.20 to 44.00), and greater odds of disc displacement at C3-C4

(P ¼ .024; OR ¼ 3.67; 95% CI: 1.20 to 11.00; Table 5).

Discussion

Previous studies have examined the association of lumbar HIZs

and low back pain, but similar investigations have largely

evaded application in the cervical spine.4,6,9 Thus, we sought

to characterize HIZs in the cervical spine and determine their

association with preoperative symptoms and clinical outcomes.

In this study, we have demonstrated a unique and significant

association between cervical HIZ subtypes and subjective

reports of neck and arm pain. Specifically, the traditional ima-

ging definition of the HIZ (single-HIZs) when located inside

the area of planned fusion was associated with self-reported

pain symptoms, though dual-HIZs bore no relationship with

subjective outcomes before surgery. This finding provides evi-

dence that when located inside the area of fusion, HIZs may

somehow contribute to symptoms of pain. Furthermore, both

HIZ subtypes demonstrated patterns of association with other

disc imaging findings different than previously reported in the

lumbar literature. As such, this study provides new evidence on

the possible significance of HIZs and suggests that associated

clinical manifestations may largely relate to the subtype and

location within the cervical spine.

The findings of the present study discussing HIZ subtypes

and patient symptomatology may explain why the relationship

between HIZs and pain is inconclusive. In a systematic review

by Teraguchi et al,4 they noted the clinical relevance of HIZs in

the lumbar spine was inconclusive, largely due to small sample

size, heterogeneous study populations, and lack of standardized

imaging protocols. However, the studies they reviewed did not

discuss the presence or significance of HIZ subtypes. Shan

et al22 originally introduced this concept in their examination

of HIZs in the lumbar spine, and remains the only other study to

perform such an analysis. Similarly, in their study, they found a

difference in pain response between the 2 HIZ subtypes, noting

a greater pain response in those with single-HIZs. Given this,

the single-HIZ appears to resemble the clinical and imaging

features of the traditional HIZ and suggests the dual-HIZ is

likely a different phenomenon. To this point, histological

Figure 2. Distribution of high-intensity zones (HIZs) by cervical intervertebral level. X-axis ¼ Count data for number of HIZs observed per
level; Y-axis ¼ Cervical intervertebral level.
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analysis performed by Shan et al22 demonstrated significantly

higher calcium content within the dual-HIZ lesion, suggesting

the single-HIZ phenotype may be a different age-related

entity.29 As such, previous studies examining HIZs may be

confounded by the presence of 2 distinct HIZ phenotypes, and

a description of the true clinical presentation of those with HIZs

remains unknown. In a recently submitted population-based

cohort study evaluating 496 HIZs in the lumbar spine, it was

reported that certain patterns of HIZ phenotypes in the lumbar

spine are more associated with the development and severity of

low back pain than others. This provides further evidence for

the clinical use of HIZs in the lumbar spine and the importance

of interpreting phenotype patterns.23 Future investigations

should aim to understand varying HIZ patterns and the patho-

genesis of single- and dual-HIZs to evaluate how differing HIZ

phenotypes may manifest in the spine.

Given these phenotypic differences, further consideration

was given to reported associations of HIZs with other disc

pathologies. Previous studies suggest lumbar HIZs are highly

associated with disc degeneration.6,8,20,22,30 The current study

analyzed the relationship between cervical HIZs (as well as

HIZ subtypes) and other disc pathologies, stratified by concur-

rence at the same intervertebral level, and by incidence overall

from C2-C7. Unexpectedly, cervical HIZs were significantly

associated with lower odds of concurrent disc degeneration and

disc displacement. However, when stratified by subtype and

location within the intervertebral disc, single-HIZs showed

similarly lower odds of disc displacement, while dual-HIZs

were unrelated to all other disc phenotypes. While possibly

underpowered to detect findings related to the latter, both sub-

types trended toward lower odds of concurrent degenerative

disc pathology. Moreover, it may also be that the dual-HIZ has

a distinct pathogenesis, such that the calcific nature of the

lesion may lead to a different risk profile for other degenerative

phenotypes.

In the lumbar spine, Wang and Hu9 performed an analysis

on the risk factors for HIZs, suggesting that these phenomena

are part of the natural history of intervertebral disc degenera-

tion. However, they concluded that the association of HIZs

with disc degeneration was confounded by associations with

older age. Other studies have found the incidence of HIZs in the

lumbar spine was greater with higher rates of disc degenera-

tion.8,10,31 Similar considerations for confounding may also be

present in our study, as the population under study was com-

prised entirely of a surgical cohort awaiting treatment with

ACDF. These patients, by default, had a significant level of

baseline degenerative findings at other cervical vertebral lev-

els, such that the observed associations may be attributable to

other underlying pathologies. Irrespective, these results suggest

the potential of cervical HIZs as possible biomarkers for pain

and disability, emphasizing the need for further exploration.

Despite providing new evidence surrounding HIZs in the

cervical spine, this study has notable limitations. As with all

retrospective studies, selection bias may be prevalent, and

could have affected the outcomes observed. Similarly, as this

study was performed on a degenerative spine cohort at a single

academic institution, there may be concerns regarding external

validity. Furthermore, patients obtained MRIs from various

outside facilities; thus, we could not control for specific differ-

ences in MRI techniques/protocols/parameters. In examination

of our surgical cohort of ACDF patients, this study is limited as

it does not cover all cervical spine pathologies but focuses on a

group of patients with a diagnosis that ACDF was indicated to

treat. Future studies will aim to address HIZ phenotypes in

asymptomatic populations. Additionally, this study was limited

by its small sample size and the relatively low incidence of

HIZs, which both may contribute to an underpowered analysis.

Last, given the number of independent tests utilized in this

study, concerns for false positive findings may be prevalent.

However, given the lack of previous studies on cervical spine

HIZs, and consequently, an unclear historical effect size, cor-

rections for multiple comparisons were omitted to prevent

masking of potential associative relationships. Overall, this

study aimed to address these shortcomings by performing its

analysis on prospectively acquired data, and exploring varia-

tions of HIZs in great detail, performing a rigorous assessment

of different phenotypes, HIZ location, and association with

other degenerative cervical spine pathologies. In addition, this

is, to our knowledge, the first study to systematically address

HIZs of the cervical spine in a relatively large cohort of cervi-

cal spine patients. Findings from this study are meant to raise

awareness of the HIZ phenotype that may be further addressed

in multicenter projects whose larger sample size may allow

further exploration of these imaging findings and their clinical

relevance.

Conclusions

This is the first study to evaluate the epidemiology and clinical

significance of HIZs in the cervical spine in patients, noting

level-specific and clinical outcome–specific variations. In

accordance with previous reports on the association of lumbar

HIZs with clinical outcomes, HIZs in the cervical spine were

also found to be associated with symptoms of pain. However,

these results were largely attributable to the single-HIZ, a sub-

type consistent with the traditional imaging definition. Inter-

estingly, the single-HIZ was associated with increased

preoperative pain symptoms when observed inside the planned

area of fusion suggesting the presence of single HIZs may

correlate with concurrent spinal pathologies and therefore

should be more closely evaluated. Furthermore, these findings

highlight the need to perform a comprehensive T1- and T2-

weighted MRI analysis of HIZs in the cervical spine. In con-

trast to lumbar spine literature showing at times significant

association of HIZs with disc degeneration pathology, the

results of the current study showed lower odds of disc degen-

eration (ie, black disc) in association with cervical HIZs. This

provides credence to explore the pathophysiological spatial

development of HIZs in the context of disc changes which may

vary between cervical and lumbar regions. Given these find-

ings, it is important to consider the different ways that imaging

pathology may manifest in different regions of the spine and

Nguyen et al 9
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further assessments of HIZs should utilize a holistic MRI

approach. This may provide a better assessment of the clinical

significance of HIZs within the cervical and lumbar spine.

However, prospective and longitudinal studies are needed to

further validate our findings and to further explore the HIZ

phenotype in conservatively managed as well as nonpatient

groups.
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