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ORIGINAL RESEARCH
HEAD & NECK

Dynamic Contrast-Enhanced MRI Parameters and
Normalized ADC Values Could Aid Differentiation of

Skull Base Osteomyelitis from Nasopharyngeal Cancer
A. Baba, R. Kurokawa, M. Kurokawa, Y. Ota, and A. Srinivasan

ABSTRACT

BACKGROUND AND PURPOSE: The skull base osteomyelitis sometimes can be difficult to distinguish from nasopharyngeal cancer.
This study aimed to investigate the differences between skull base osteomyelitis and nasopharyngeal cancer using dynamic con-
trast-enhanced MR imaging and normalized ADC values.

MATERIALS AND METHODS: This study included 8 and 12 patients with skull base osteomyelitis and nasopharyngeal cancer, respec-
tively, who underwent dynamic contrast-enhanced MR imaging and DWI before primary treatment. Quantitative dynamic contrast-
enhanced MR imaging parameters and ADC values of the ROIs were analyzed. Normalized ADC parameters were calculated by
dividing the ROIs of the lesion by that of the spinal cord.

RESULTS: The rate transfer constant between extravascular extracellular space and blood plasma per minute (Kep) was significantly
lower in patients with skull base osteomyelitis than in those with nasopharyngeal cancer (median, 0.43 versus 0.57; P ¼ .04). The
optimal cutoff value of Kep was 0.48 (area under the curve, 0.78; 95% CI, 0.55–1). The normalized mean ADC was significantly higher
in patients with skull base osteomyelitis than in those with nasopharyngeal cancer (median, 1.90 versus 0.87; P, .001). The cutoff
value of normalized mean ADC was 1.55 (area under the curve, 0.96; 95% CI, 0.87–1). The area under the curve of the combination
of dynamic contrast-enhanced MR imaging parameters (Kep and extravascular extracellular space volume per unit tissue volume)
was 0.89 (95% CI, 0.73–1), and the area under the curve of the combination of dynamic contrast-enhanced MR imaging parameters
and normalized mean ADC value was 0.98 (95% CI, 0.93–1).

CONCLUSIONS: Quantitative dynamic contrast-enhanced MR imaging parameters and normalized ADC values may be useful in dif-
ferentiating skull base osteomyelitis and nasopharyngeal cancer. The combination of dynamic contrast-enhanced MR imaging
parameters and normalized ADC values outperformed each measure in isolation.

ABBREVIATIONS: AUC ¼ area under the curve; DCE ¼ dynamic contrast-enhanced; EES ¼ extravascular extracellular space; Ktrans ¼ volume transfer constant
between extravascular extracellular space and blood plasma per minute; Kep ¼ rate transfer constant between EES and blood plasma per minute; nADCmean ¼
normalized mean ADC; NPC ¼ nasopharyngeal cancer; Ve ¼ EES volume per unit tissue volume; Vp ¼ plasma volume; SBO ¼ skull base osteomyelitis

Skull base osteomyelitis (SBO) is a rare and potentially life-
threatening infection of the skull base.1 SBO is typically caused

by an inadequately treated ear or paranasal infection in patients
with diabetes, older age, or immune suppression.1-3 Mucosal pa-
thology and biopsy culture are important approaches for the diag-
nosis of SBO, and diagnostic imaging has a complementary value
when necessary to exclude the malignant potential.1,4,5 However,

SBO sometimes can be difficult to distinguish from malignancies
clinically and radiologically, especially nasopharyngeal cancer
(NPC). Radiologically, SBO may show masslike, asymmetric soft-
tissue involvement, and NPC may show skull base involvement,
making the diagnosis challenging. To date, there have been no
reliable studies to differentiate SBO and NPC on MR imaging
morphologic findings, and no imaging characteristics have been
established to clearly distinguish these 2 diseases.6 There is only a
report of the utility of ADC values in DWI in quantitatively differ-
entiating SBO from malignancy,7 and the clinical utility and sig-
nificance of this diagnostic method are noteworthy.

Dynamic contrast-enhanced MR imaging (DCE-MR imaging)
is a contrast-enhanced perfusion imaging technique, and several
quantitative parameters can be obtained on the basis of this tech-
nique. DCE-MR imaging has been used to differentiate neoplastic
and non-neoplastic lesions,8,9 though the evidence for DCE-MR
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imaging in differentiating SBO from NPC has not been reported.
This study aimed to evaluate the diagnostic performance for dif-
ferentiating SBO and NPC using ADC and DCE-MR imaging
parameters.

MATERIALS AND METHODS
We obtained our institutional review board exemption for this
retrospective study from University of Michigan, and patient
consent was waived. Data were acquired in compliance with all
applicable Health Insurance Portability and Accountability Act
regulations. All procedures followed were in accordance with the
Helsinki Declaration of 1975, as revised in 2008. Data were de-
identified before any analysis.

Patients
Consecutive patients diagnosed with SBO and NPC who under-
went both pretreatment DCE-MR imaging and pretreatment
DWI between December 2015 and February 2022 were included.
All included patients were imaged using Ingenia and Achieva sys-
tems (Philips Healthcare). Patients were considered to have SBO
if they had a clinical history suggestive of osteomyelitis, with
pathologically proved inflammatory changes or culture-proved
causative bacteria and improvement with subsequent treatment.
As for SBO, we excluded 8 patients who had been previously
treated with surgery or radiation therapy for tumors proximal to
the skull base so that we could avoid encountering any overlap in
imaging features between SBO and posttreatment changes in the
same patient that would make the analysis difficult. All NPC cases
were pathologically confirmed.

MR Imaging Acquisition
MR imaging examinations were performed using 1.5T (n ¼ 10)
and 3T (n ¼ 10) MR imaging systems (Ingenia, Achieva; Philips
Healthcare). DWI was performed with b-values of 0 and 1000
s/mm2 and the following parameters: TR range, 3500–11,000ms;
TE range, 70–92ms; number of excitations, 1–2; section thick-
ness/gap, 4–6/0–1mm; FOV, 225–255� 235–255mm; matrix,
140–200� 130–200; and 3 diffusion directions. DCE-MR imaging
was performed via 3D T1-weighted fast-field echo. Parameters for
3D T1-weighted fast-field echo were as follows: TR, 4.4–4.8ms;
TE, 2ms; flip angles, 30°; section thickness/gap, 5/–2.5mm;
FOV, 240� 240mm; matrix, 240� 240; number of excitations,
1; number of slices per dynamic scan, 48; temporal resolution, 8.8
seconds; total acquisition time, 4minutes 24 seconds. An intrave-
nous bolus of 20mL of gadobenate dimeglumine contrast
(MultiHance; Bracco Diagnostics) was administered through a
peripheral arm vein using a power injector with a flow rate of
5.0mL/s, followed by a 20-mL saline flush.

Data Analysis
The demographic characteristics, including age, sex, the presence
of ear or paranasal sinus lesions, a history of diabetes mellitus, cra-
nial nerve symptoms, pathology, causative culture bacteria, treat-
ment method, and clinical course, of patients with SBO and the
characteristics, including age, sex, pathology, and T classification,
of patients with NPC were reviewed from the electronic medical
records.

ADC Analysis
ADC maps were constructed by a monoexponential fitting model
using OleaSphere (Version 3.0; Olea Medical). Two board-certifi-
cated radiologists with 9 and 13 years of experience outlined 3
separate ROIs on the ADC maps, predominantly including the
low-signal region while excluding cystic or necrotic regions from
ROIs with consensus. Another ROI for ADC was placed as a ref-
erence in the spinal cord,10 which was seen in the same section
imaging. ROI sizes ranged from 7 to 18mm.2 For each ROI, the
normalized mean ADC (nADCmean) was calculated by dividing
the mean ADC by the reference mean ADC of the spinal cord.
The nADCmean of 3 ROIs was averaged.

DCE Analysis
Quantitative DCE-MR imaging analysis was performed using
OleaSphere (Version 3.0) on the basis of the extended Tofts model,
by which pixel-based parameter maps are calculated from time-
intensity curves. An arterial input function was calculated auto-
matically using cluster analysis techniques, and deconvolution of
the arterial input function was performed with a time-insensitive
block-circulant singular-value decomposition.11 The 2 board-certi-
fied radiologists with 9 and 13 years of experience outlined 3 sepa-
rate ROIs in the lesions on permeability maps, predominantly
including the enhancing components while excluding cystic or
necrotic regions from the ROIs with consensus. The calculated
quantitative vascular permeability parameters were as follows;
extravascular extracellular space (EES), volume per unit tissue vol-
ume (Ve), fractional plasma volume (Vp), volume transfer constant
between EES and blood plasma per minute (Ktrans), and rate trans-
fer constant between EES and blood plasma per minute (Kep).

Statistical Analyses
Shapiro-Wilk tests were performed to confirm the normality of
distribution in each numeric parameter. The Mann-Whitney U
test was used to compare DCE-MR imaging quantitative parame-
ters (Vp, Ve, Ktrans, Kep) and nADCmean between SBO and NPC.
Two-sided P values,.05 were considered statistically significant.
For parameters with 2-sided P values , .20, the optimal cutoff
values in the receiver operating characteristics analysis were
determined as values to maximize the Youden index (sensitivity
1 specificity�1).12 Diagnostic performances were calculated on
the basis of the cutoff values. The area under the receiver operating
characteristic curve of the combination parameters was calculated.
All statistical analyses were performed using R statistical and com-
puting software, Version 3.6.1 (http://www.r-project.org/).

RESULTS
Patients
In this study, 20 patients were included, 8 and 12 of whom had
SBO and NPC, respectively. Patients’ demographic and clinical
data are summarized in Online Supplemental Data and Table 1.

Half of the patients with SBO had ear lesions, followed by sinus
lesions. All patients with SBO had diabetes mellitus. Many patients
with SBO presented with cranial nerve symptoms, with cranial
nerve XII symptoms being the most common. Cultured causative
bacteria of SBO were Pseudomonas aeruginosa, Staphylococcus
aureus, and culture-negative.
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DCE-MR Imaging and ADC Parameters
The results of DCE-MR imaging and ADC analyses are summar-
ized in Table 2. A pulsed input pattern was observed in the arterial
input function curves in all patients. Kep was significantly lower in
patients with SBO than in those with NPC (P ¼ .04). The optimal

cutoff value of Kep was 0.48 (area under the curve [AUC], 0.78;
95% CI, 0.55–1), and that of Ve was 0.43 (AUC, 0.70; 95% CI,
0.45–0.95). The nADCmean was significantly higher in patients
with SBO than in those with NPC (P, .001). The optimal cutoff
value of the nADCmean was 1.55 (AUC, 0.96; 95% CI, 0.87–1).
Representative MR images of SBO and NPC are demonstrated in
Figs 1 and 2. The AUC of the combination of DCE-MR imaging
parameters (Kep and Ve) was 0.89 (95% CI, 0.73–1), and the AUC
of the combination of DCE-MR imaging parameters and the
nADCmean was 0.98 (95% CI, 0.93–1). The decision tree in differ-
entiating SBO and NPC is shown in Fig 3.

DISCUSSION
This study evaluated the characteristics and differences in the
quantitative parameters from DCE-MR imaging and normalized
ADC values in DWI between SBO and NPC. Kep and nADCmean

showed significant differences between SBO and NPC. The com-
bined Kep and Ve and the nADCmean had a remarkably high
AUC of 0.98 for differentiating SBO and NPC.

SBO is typically associated with an improperly treated ear or
paranasal sinus infections in older patients with diabetes or those
who are immunocompromised.1-3 Previous studies have reported
a high incidence of ear and paranasal sinus complications,2,13 and
in the present study, ear (50%) and paranasal sinus (25%) lesions
were identified. Approximately half of the patients had histories
of diabetes,1,2,13 and all patients in the current study had diabetes.
Cranial nerve symptoms were observed in 57%–83% of patients1,2

and were noted in many patients in the present study (75%).
P. aeruginosa and S aureus have been reported as the major caus-
ative pathogens,1,2,13 and the results were similar in the present
study.

Mucosal pathology and biopsy culture are important clinical
approaches in the diagnosis of SBO. However, when pathology
results are false-negative or inconclusive, when cultures are nega-
tive, or when disease persists despite appropriate antibiotic ther-
apy, it is clinically important to rule out malignant possibilities,
including nasopharyngeal cancer.1,4,5 Additionally, diagnostic
imaging with MR imaging has clinical value in providing comple-
mentary assistance for ruling these out.1,4,5

SBO is associated with cranial nerve symptoms such as dys-
phagia and facial paralysis, which can clinically mimic a malignant
tumor of the skull base.6 Therefore, the biopsy and culture
described above are essential to differentiate SBO from malignant
lesions,14 and more alarming, there are culture-negative SBO
cases.15-17 These clinical challenges often delay the diagnosis of
SBO.2,18 In addition, radiological imaging plays an important role
in establishing a diagnosis, estimating disease extent, and moni-
toring the treatment response of SBO,19 which can sometimes
clinically mimic malignancy by presenting masslike and asymmet-
ric soft-tissue infiltrates, making the diagnosis difficult.2,3,6,14,15,20

Therefore, identifying quantitative imaging indicators to diagnose
SBO radiologically is important.

DWI is a noninvasive MR imaging sequence used to visualize
changes in the motion of water molecules and is a surrogate
marker of cell density. The ADC value, a parameter calculated
from DWI, has been useful in distinguishing benign from malig-
nant head and neck tumors and in distinguishing recurrence

Table 1: Demographic and clinical information of nasopharyn-
geal cancer
Clinical Information
Demographic
Sex Male ¼ 8, female ¼ 4
Median age (range) (yr) 52.5 (36–69)

Clinical
Pathology
Squamous cell carcinoma 12/12 (100.0%)

T classification
T1 2/12 (16.7%)
T2 5/12 (41.7%)
T3 2/12 (16.7%)
T4 3/12 (25.0%)

Table 2: DCE-MR imaging and ADC parametersa

DCE
Parameters SBO

Nasopharyngeal
Cancer P Value

Ve 0.48 (0.36–0.55) 0.38 (0.14–0.63) .15
Vp 0.14 (0.04–2.36) 0.12 (0.05–0.26) .99
Ktrans (min�1) 0.20 (0.15–0.39) 0.28 (0.06–1.42) .51
Kep (min�1) 0.43 (0.31–0.48) 0.57 (0.31–3.70) .04b

ADC value 1.48 (1.14–1.84) 0.69 (0.55–1.39) ,.001b

Reference ADC 0.79 (0.54–0.94) 0.81 (0.73–0.90) .39
nADCmean 1.90 (0.61–2.48) 0.87 (0.61–1.90) ,.001b

a Data are median and range.
b Statistically significant.

FIG 1. A case of SBO in a 68-year-old man. Postcontrast fat-sup-
pressed T1-weighted image (A) shows ill-defined enhancement in the
nasopharynx, prevertebral space, left parapharyngeal space, and left
masticator space (arrows). The ADC map (B) shows 3 ROIs (Nos. 1� 3,
small circles) within high-signal lesion and 1 ROI (No. 4, small circle)
for reference in the spinal cord, with an nADCmean of 1.86. DCE-MR
imaging (C, Kep map; D, Ve map) shows the lesion (thick arrows) with
a Kep of 0.42minute�1 and Ve of 0.54.
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from posttreatment changes of head and neck cancers.21,22 Ozgen
et al7 reported the utility of ADC values in differentiating SBO
from skull base malignancies. The study showed that SBO had sig-
nificantly higher ADC values compared with skull base malignan-
cies (mean ADC value, 1.26 versus 0.75 [NPC], 0.59 [malignant
lymphoma], and 0.99 [metastasis]� 10�3mm2) and a cutoff value
of 1.08� 10�3mm,2 with a sensitivity of 0.89, specificity of 0.86,
and accuracy of 0.86.7

Because absolute ADC values can vary from scanner to scan-
ner on the basis of the model and Tesla strength, we attempted to
reduce this variability by normalizing the lesion ADC value with
an internal standard, in this case the spinal cord ADC. In the
present study, SBO showed significantly higher normalized ADC
values than NPC, with a sensitivity of 0.92, specificity of 1.00, and
AUC of 0.96 when the cutoff value was set at 1.55, indicating
high diagnostic performance. As in the previous report, normal-
ized ADC is also useful for diagnosing both. Normalization of
ADC is considered valuable for correcting for age and intermodel
differences.12,23 In addition, there has been no study investigating
the use of normalized ADC values in DWI in differentiating SBO
from NPC.

DCE-MR imaging has been used to differentiate neoplastic
and non-neoplastic pathologies using its quantitative and semi-
quantitative parameters.8,9 However, the diagnostic role of DCE-
MR imaging in differentiating SBO and malignancies is unknown.
In the present study, the combined AUC of Kep and Ve was 0.89.

Furthermore, the combination of DCE-MR imaging parameters
and the nADCmean showed a remarkably high AUC value of 0.98.
DCE-MR imaging parameters and nADCmean are quantitative in-
formation that can be obtained during a single MR imaging pro-
cedure, and the combined evaluation of these parameters and
their clinical application might be beneficial to patients.

The present study has some limitations. This was a single-center,
retrospective study with a small number of patients. Future studies
with a larger number of patients are warranted.

CONCLUSIONS
The combination of quantitative DCE-MR imaging parameters
and normalized ADC values showed high diagnostic perform-
ance and may be useful in differentiating SBO and NPC. The
combination of DCE-MR imaging parameters and normalized
ADC values outperformed each measure in isolation.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.

REFERENCES
1. Johnson AK, Batra PS. Central skull base osteomyelitis: an emerg-

ing clinical entity. Laryngoscope 2014;124:1083–87 CrossRef Medline
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