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ORIGINAL RESEARCH
PEDIATRIC NEUROIMAGING

The Influence of Nonaerated Paranasal Sinuses on DTI
Parameters of the Brain in 6- to 9-Year-Old Children

Marjolein H.G. Dremmen, Dorottya Papp, Juan A. Hernandez-Tamames, Meike W. Vernooij, and Tonya White

ABSTRACT

BACKGROUND AND PURPOSE: DTI is prone to susceptibility artifacts. Air in the paranasal sinuses can cause field inhomogeneity,
thus affecting measurements. Children often have mucus in their sinuses or no pneumatization of them. This study investigated
the influence of lack of air in the paranasal sinuses on measurements of WM diffusion characteristics.

MATERIALS AND METHODS: The study was embedded in the Generation R Study, a prospective population-based birth cohort in
Rotterdam (the Netherlands). Brain MR imaging studies (1070 children, 6–9 years of age) were evaluated for mucosal thickening of
the paranasal sinuses. Nonaeration of the paranasal sinuses (modified Lund-Mackay score) was compared with that in a randomly
selected control group. The relationship between nonaerated paranasal sinuses and fractional anisotropy and mean diffusivity in
the DTI fiber tracts was evaluated using ANCOVA and independent t tests.

RESULTS: The prevalence of mucosal thickening was 10.2% (109/1070). The mean modified Lund-Mackay score was 6.87 (SD, 3.76). In
52.3% (57/109),$ 1 paranasal sinus was not pneumatized. The results are reported in effect sizes (Cohen’s d). Lower mean fractional
anisotropy values were found in the uncinate fasciculus (right uncinate fasciculus/right frontal sinus, d ¼ –0.60), superior longitudinal
fasciculus (right superior longitudinal fasciculus/right ethmoid sinus, d ¼ –0.56; right superior longitudinal fasciculus/right sphenoid
sinus, d ¼ –2.09), and cingulate bundle (right cingulum bundle/right sphenoid sinus, d ¼ –1.28; left cingulum bundle/left sphenoid
sinus, d ¼ –1.49). Higher mean diffusivity values were found in the forceps major/right and left sphenoid sinuses, d¼ 0.78.

CONCLUSIONS: Nonaeration of the paranasal sinuses is a common incidental finding on pediatric MR imaging brain scans. The
amount of air in the paranasal sinuses can influence fractional anisotropy and, to a lesser degree, mean diffusivity values of WM
tracts and should be considered in DTI studies in pediatric populations.

ABBREVIATIONS: CGB ¼ cingulum bundle; FA ¼ fractional anisotropy; FDR ¼ false discovery rate; FMa ¼ forceps major; ILF ¼ inferior longitudinal fascicu-
lus; IQ ¼ intelligence quotient; MD ¼ mean diffusivity; SLF ¼ superior longitudinal fasciculus; UF ¼ uncinate fasciculus; VBA ¼ voxel-based analysis

The use of DTI to study WM microstructural development
and degeneration has shown an exponential increase during

the past decade. In pediatric research, DTI serves as a promising

tool for monitoring brain maturation and development from fetal
life onward, and multiple studies have demonstrated age-related
differences or changes in WM microstructure.1-4 A disadvantage
of echo-planar DTI sequences, however, is susceptibility artifacts
resulting from field inhomogeneities of the static magnetic field,
for example, at air/tissue or air/bone interfaces.5 These inhomo-
geneities result in geometric distortion and signal loss, which can
distort DTI measurements in the vicinity of these areas. To a cer-
tain degree, field map imaging can compensate for these artifacts,
however; but it cannot completely remove the geometric distor-
tion, and areas of complete signal loss cannot be restored.6
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The paranasal sinuses are in close approximation to anterior-
inferior brain areas, and their air content may thus influence dif-
fusion measurements in these areas. The presence of mucus or
mucosal thickening is relatively high in children compared with
the adult population, peaking between 3 and 8 years of age,7,8

and it is a common incidental finding on MR imaging in pe-
diatric populations.9 Reported frequencies vary due to differ-
ences in the study design and the mean age of the populations
studied and range from 12% to 48%.7,10,11 Furthermore, the para-
nasal sinuses are still developing in children, resulting in different
degrees of pneumatization of the paranasal sinuses during the first 2
decades of life.12,13

WM microstructure continues to change with time in typically
developing children and adolescents, with greater change in the
frontal regions for all DTI parameters.14,15 In addition, nonlinear
trajectories have been reported with a deceleration of age-related
changes in specific WM tracts in children between 4 and 11 years
of age.14 Thus, there is a need to evaluate the possible effect of the
degree of aeration of the paranasal sinuses on DTI parameters.

In this study, we used data from a large population-based study
of child development to study the influence of the degree of aeration
of the paranasal sinuses on DTI parameters in the pediatric brain.

MATERIALS AND METHODS
Participants
The current study was embedded in the longitudinal population-
based Generation R Study. An overview of the Generation R
Study design is published elsewhere.16,17 Briefly, the Generation
R Study is a prospective birth cohort study initiated in Rotterdam
between 2002 and 2006. After we obtained informed consent, a
total of 9778 pregnant women or women who had recently deliv-
ered were included in the study. Demographic characteristics
included age, sex, ethnicity, and educational level of the mother
(Table).17 In addition, the intelligence quotient (IQ) of the child
was measured using the Snijders-Oomen Nonverbal Intelligence

Test 2.5–7-Revised;18 and handedness,
using the Edinburgh Handedness
Inventory.19 A neuroimaging substudy
of 6- to 9-year-old children was initi-
ated in 2009 and involved a total of
1070 children.20 Exclusion criteria
were general contraindications for MR
imaging examination (ie, pacemaker),
neurologic disorders, and claustropho-
bia. Informed consent was obtained
from the parents before participation,
and the study was approved by the
Medical Ethics Committee at the
Erasmus Medical Center.20

MR Imaging Acquisition
Children were familiarized with the
MR imaging scanners using a mock
scanning procedure.20 MR images were
acquired on a 3T scanner (Discovery
MR750; GE Healthcare) using an 8-
channel head coil. DTI data were

obtained with 3 b¼0 volumes and 35 diffusion directions using
an EPI sequence (TR¼ 11s, TE¼ 84ms, section thickness ¼
2mm, FOV ¼ 256� 256mm, b¼1000s/mm2). The EPI phase-
encoding direction was anterior-posterior. No EPI with reversed
phase-encoding directions or gradient-echo field maps was
acquired. In addition, an axial proton density sequence (TR¼
13,500ms, TE¼ 6.7ms, section thickness ¼ 1.0mm, FOV ¼
256� 256 mm) and a high-resolution 3D T1-weighted inversion
recovery fast-spoiled gradient recalled sequence (TR¼ 10.3ms,
TE¼ 4.2ms, section thickness ¼ 0.9mm, FOV ¼ 512� 512 mm)
were obtained.

Paranasal Sinus Assessment
The paranasal sinuses were assessed in a standardized approach
by a neuroradiologist blinded to subject information. The rater
evaluated whether the neuroimaging scans (n¼ 1070) showed
evidence of mucosal thickening in any sinus. Subsequently, the
degree of mucosal thickening of the paranasal sinuses (n¼ 109)
was scored by an experienced pediatric neuroradiologist accord-
ing to a modified Lund-Mackay score (Online Supplemental
Data). The Lund-Mackay score is used for radiologic staging of
rhinosinusitis.21-23 Each sinus was assigned a score of 0 (normal
aeration), 1 (partial nonaeration), or 2 (complete nonaeration). The
modification of the score consisted of not assessing the maxillary
sinus (due to its distance from the anterior-inferior brain regions
and no expectation of it causing relevant susceptibility artifacts) and
not assessing the ostiomeatal complex (which is not relevant to our
study). A nonpneumatized paranasal sinus received a separate score
of 3 in the modified Lund-Mackay score. The Lund-Mackay score
was originally designed for CT staging, but previous studies have
shown that Lund-Mackay staging of sinus disease by MR imaging is
closely correlated to corresponding staging based on CT.22,23

A control group (n¼ 110) without any signs of mucosal thick-
ening of the paranasal sinuses and with pneumatization of all
sinuses (modified Lund-Mackay score of 0) was randomly

Demographic characteristics of the sample
Total Group
(n= 208)
(100%)

Controls
(n= 105)
(50.5%)

Nonaerated
Sinuses

(n= 103) (49.5%)
P

Value
Age (mean) (SD) (yr) 8.00 (1.00) 8.17 (1.01) 7.83 (0.97) .02
Sex (%) .78
Male 51.9 50.5 53.4
Female 48.1 49.5 46.6

Ethnicity (%)a .37
Dutch 65.9 65.7 66.0
Other Western 8.2 9.5 6.8
Non-Western 22.1 19.0 25.2

Nonverbal IQ (mean) (SD)b 102.81 (14.42) 103.87 (15.72) 101.78 (13.04) .33
Maternal education (%)c .19
Low 4.8 1.9 7.8
Medium 36.1 34.3 37.9
High 46.2 50.4 41.7

Handedness (%)d .45
Right 87.5 89.5 85.4
Left 9.6 7.6 11.7

aMissing data on ethnicity (3.8%).
bMissing data on nonverbal IQ (13.0%).
cLow indicates primary school/lower vocational education; Medium, intermediate vocational education; High,
higher vocational education/university. Missing data on maternal education (11.5%).
dMissing data on handedness (2.9%).
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selected from an age-matched group of 6- to 9-year-old children
from the same source population. After excluding DTI scans of
insufficient quality for image analysis, the subset of children with
nonaeration of$1 paranasal sinus consisted of 89 children, and
the control group was 85 children. To assure an adequate sample
size and because the maximum effect of nonaerated sinuses on
DTI measures of the adjacent brain was hypothesized to occur in
sinuses without any amount of air (so without susceptibility arti-
facts), we clustered the 4 groups into 2 contrasting groups: a nona-
erated group with complete filling by mucosal thickening and/or no
pneumatization of paranasal sinuses (score 2/3) and a control group
consisting of children with normal aeration and/or partial filling by
mucosal thickening (score 0/1) of the paranasal sinuses. For more
detail see the flow chart in the Online Supplemental Data.

DTI Analysis
Images were preprocessed the FMRIB Software Library, Version
6.0.2 (FSL; http://www.fmrib.ox.ac.uk/fsl).24 Nonbrain tissue was
removed, and correction for eddy current–induced artifacts and vol-
ume realignment was applied.25 A weighted least-squares method
was used to fit the diffusion tensor at each voxel. Probabilistic fiber
tractography was run by leveraging the FSL plugin AutoPtx (https://
fsl.fmrib.ox.ac.uk/fsl/fslwiki/AutoPtx), including the uncinate fasci-
culus (UF), superior and inferior longitudinal fasciculus (SLF/
ILF), forceps major (FMa) and minor, cingulum bundle (CGB),
and the corticospinal tract.26,27 Target and exclusion masks were
defined by using atlases and transferred to subject native space
using nonlinear registrations obtained with FNIRT (https://fsl.
fmrib.ox.ac.uk/fsl/fslwiki/FNIRT).28 Normalization of connectiv-
ity distributions was based on successful seed-to-target attempts.
Voxels unlikely to be part of the true distribution were removed
by thresholding.28 Average values for fractional anisotropy (FA)
and mean diffusivity (MD) of each WM tract were obtained after
weighting voxels on the basis of connectivity distributions. For
bilateral tracts, left and right hemisphere values were averaged.
To obtain global connectivity measures, we averaged all FA or
MD values across the commonly used tracts and weighted this
average on the basis of the volume of each tract.29

For the analysis, we focused primarily on mean FA and MD val-
ues of the WM tracts, because FA and MD values are the most
widely used DTI parameters in pediatric brain imaging studies.1,4,30

In addition, we developed and applied a voxel-based analysis (VBA)
to study the effect of paranasal sinus content on DTI parameters in
greater detail. The VBA was performed following nonlinear registra-
tion of FAmaps to a study-specific EPI template in standard space.31

Subsequently, an FA mask was created in standard space defined by
FA. 0.1 of the mean FA image. A voxelwise linear regression was
performed in Python, Version 3.8.2, for each voxel within the FA
mask to visualize the global effect of paranasal sinus content on FA
values of adjacent WM tracts. To correct for multiple testing, we
applied the Benjamini-Hochberg false discovery rate (FDR) correc-
tion, using all individual voxels within the FAmask.32

The image quality of the DTI data set was assessed using both
manual and automated approaches. The manual approach
included visual inspection to assess the presence of major artifacts
and to assess the sum-of-squares error of tensor calculation and
tract reconstructions. We also applied automatic quality control to

assess the number of slices and volumes with signal drop-out, and
we excluded data with excessive motion based on translation and
rotation motion parameters.29 These procedures resulted in 5.0%
(n¼ 11) of the scans being rated as of insufficient quality, and those
scans were excluded from analysis (Online Supplemental Data).27

Statistical Analyses
Demographic differences between the nonaerated and control
groups were analyzed using a x 2 test for categoric variables (sex,
ethnicity, maternal education level, handedness); and independent
t tests, for continuous variables (age, nonverbal IQ). Differences in
DTI parameters between the nonaerated and control groups were
tested using ANCOVA. Covariates were added to the ANCOVA
models if they resulted in a. 5% change in the effect estimate.
Covariates included the child’s age at scanning and sex. Results
were reported in effect sizes (Cohen’s d) with P values. The thresh-
old for significance was set at P, .05.

Because the control group does include children with minor
degrees of mucosal thickening of their sinuses (score 1) and the
significance of this minor degree of mucosal thickening is not
clear, 2 additional sensitivity analyses were performed assessing
different WM tracts: an analysis comparing the 2 extreme catego-
ries (score 0 versus 2/3) and an analysis using a classification into
3 groups (score 0 versus 1 versus 2/3).

To account for possible age differences between the nonaer-
ated and control groups seen in our total study population, we
performed a subsequent subanalysis in children with nonaerated
paranasal sinuses showing a significant effect on mean FA values
of specific WM tracts in the ANCOVA. To perform this subanalysis,
for each subgroup of nonaerated paranasal sinuses (Online
Supplemental Data), we individually matched cases and controls
so that the paired age difference was less than 6months. The num-
ber of age-matched controls in each subgroup was identical to the
number of children in the accompanying nonaerated group, ie, 54
and 46 controls in, respectively, the right and left nonaerated fron-
tal sinus groups; 16 and 16 controls in, respectively, the right and
left nonaerated ethmoid sinus groups; and 13 and 17 controls in,
respectively, the right and left nonaerated sphenoid sinus groups
(Online Supplemental Data). Because of the small number of cases
in the subgroups of the nonaerated group, results were reported in
effect sizes (Cohen’s d) with 95% CIs instead of P values. Only
effect sizes found to exceed the Cohen’s convention (1988) for a
medium, large, or very large effect are given.33

A VBA of FA and MD values of WMmicrostructure was per-
formed to provide greater spatial detail of the effect of nonaer-
ated-versus-aerated paranasal sinuses. Because in this VBA a
large number of voxels were compared simultaneously, the
Benjamini-Hochberg FDR correction was applied to all voxels
within the FA and MDmasks to correct for multiple testing.32

All analyses were performed using R statistical and computing
software, Version 4.0.1 (http://www.r-project.org/) or the scikit-learn
module (https://scikit-learn.org/stable/) in Python, Version 3.8.2.

RESULTS
Sample Characteristics
Sample characteristics are presented in the Table. A total of 109
children were included in the group with nonaeration of$1
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paranasal sinus, and 110 children were included in the control
group. DTI data of 6 and 5 children, respectively, were of insuffi-
cient quality and were, therefore, excluded from analysis.
Children in the nonaerated sinus and control groups significantly
differed in age at the time of scanning (t(206) ¼ 2.45, P¼ .02).
There was no difference in sex (P¼ .78), ethnicity (P¼ .37), non-
verbal IQ (t(171) ¼ 0.97, P¼ .33), maternal education (P¼ .19),
and handedness (P¼ .45) between groups.

Paranasal Sinuses
The prevalence of neuroimaging signs of mucosal thickening in
our cohort was 10.2% (109/1070). The mean modified Lund-
Mackay score was 6.56 (SD, 3.60). The Online Supplemental Data
show, in more detail, the distribution and degree of nonaerated
paranasal sinuses.

DTI phase maps are shown to visualize the distortion (Figure),
to demonstrate the effect on magnetic susceptibility caused by
well-aerated paranasal sinuses versus nonaerated paranasal sinuses.

FA and MD Values of Major WM Tracts
The Online Supplemental Data show the differences in mean FA
values of major WM tracts between the nonaerated and control
groups. Children with nonaerated ethmoid sinuses demonstrated
lower mean FA values of the ipsilateral UF (right ethmoid sinus:
d ¼ –0.03, P¼ .02 and left ethmoid sinus: d ¼ –0.03, P¼ .02).
Lower mean FA values of the ipsilateral UF were shown in children
with nonaerated left sphenoid sinuses (d ¼ –0.02, P¼ .04) and
right frontal sinuses (d ¼ –0.02, P¼ .03). The mean FA value of
the ipsilateral SLF was lower in children with nonaerated right
ethmoid sinuses (d ¼ –0.03, P # .005), right frontal sinuses
(d ¼ –0.06, P # .005), and right sphenoid sinuses (d ¼ –0.04,
P # .005); there was significant influence of FA values of the ILF
in children with nonaerated left frontal sinuses (d ¼ –0.02,
P¼ .02). The ipsilateral CGB mean FA value was negatively influ-
enced by the nonaerated left frontal sinus (d ¼ –0.02, P¼ .03)

and the right and left sphenoid sinuses
(respectively, d ¼ –0.04, P # .005, and
d ¼ –0.02, P¼ .04). A lower mean FA
value was found in the FMa in children
with nonaerated right and left frontal
sinuses (respectively, d ¼ –0.04, P¼ .005,
and d ¼ –0.02, P¼ .03) and the right
sphenoid sinuses (d¼ –0.02, P¼ .04).

The sensitivity analysis of FA values
of the major WM tracts in the 3 groups
(score 0 versus 1 versus 2/3), and the 2
extreme groups (score 0 versus 2/3) had
predominantly similar results. Comparing
the 2 extreme groups did show additional
lower FA values of the ipsilateral CGB in
children with nonaerated right and left
ethmoid sinuses as well (respectively, d ¼
–0.02, P¼ .04, and d¼ –0.02, P¼ .03).

In addition, the Online Supplemental
Data show the differences in the mean
MD values of major WM tracts between
the nonaerated and control groups with

the meanMD values of certain majorWM tracts demonstrating sig-
nificant influence caused by nonaerated paranasal sinuses. The
mean MD values changed in the opposite direction compared with
FA values. Higher meanMD values of the ipsilateral UF were shown
in children with nonaerated right and left sphenoid sinuses (respec-
tively, d¼ 0.03, P¼ .007, and d¼ 0.02, P¼ .04) and nonaerated
right frontal sinuses (d¼ 0.02, P¼ .02). The mean MD value of the
ipsilateral SLF was higher in children with nonaerated right frontal
sinuses (d¼ 0.02, P¼ .02), whereas there was no significant influ-
ence of MD values of the ILF. A higher mean MD value was found
in the FMa in children with nonaerated right and left frontal sinuses
(respectively, d¼ 0.05, P # .005, and d¼ 0.07, P # .005) and right
and left sphenoid sinuses (respectively, d¼ 0.04, P # .005, and
d¼ 0.02, P¼ .02).

The subanalysis of the nonaerated paranasal sinuses in which the
ANCOVA demonstrated significantly lower mean FA and/or higher
mean MD values, using age-matched controls, showed a persistent
negative effect on the mean FA values of the UF, SLF, and CGB.
The mean FA value of the ipsilateral UF remained lower in chil-
dren with nonaerated right frontal sinuses (n¼ 24, d ¼ �0.60;
95% CI,�0.31 to�1.52). In the ipsilateral SLF, the mean FA value
remained lower in children with nonaerated right ethmoid
sinuses (n¼ 14, d ¼ �0.56; 95% CI, �0.63 to �1.75) and right
sphenoid sinuses (n¼ 12, d ¼ �2.09; 95% CI, �0.24 to �3.64).
The negative effect of nonaerated right sphenoid sinuses (n¼ 12,
d ¼ �1.28; 95% CI, �0.32 to �2.75) and the left sphenoid sinuses
(n¼ 12, d ¼ �1.49; 95% CI, �0.19 to �2.94) persisted in the ipsi-
lateral CGB. The results of this subanalysis are shown in the
Online Supplemental Data. The mean MD values remained higher
only in the FMa in children with nonaerated right and left sphe-
noid sinuses (respectively, n¼ 12, d ¼ 0.78; 95% CI, 0.69�.24,
and n¼ 12, d¼ 0.78; 95% CI, 0.69�2.24).

The proximity of some of the above-mentioned WM tracts to
the specific paranasal sinuses is shown in the Online Supplemental
data.

FIGURE. DTI phase maps of the brain at the level of ethmoid and sphenoid sinuses. Prominent
susceptibility artifacts (arrows) are seen in a participant with well-aerated paranasal sinuses (A). In
a participant with nonaerated ethmoid and sphenoid sinuses (B), much fewer susceptibility arti-
facts are seen (arrowheads).
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Voxel-Based Analyses
To provide greater spatial detail, we analyzed the effect of nonaer-
ated ethmoid, frontal, and sphenoid sinuses on the FA and MD
values of the WM microstructure of the adjacent brain regions
using VBA. Overall, the VBA showed focal changes in mean FA
and MD values in the WM tracts, consistent with our tract-based
approach. The lower FA was localized very focally in the regions
of the UF, SLF, and CGB, near the region of the paranasal sinuses.
After we performed the FDR correction on all voxels within the
FA and MDmasks, the VBA showed similar results.

DISCUSSION
The potential impact of paranasal sinus aeration status and mu-
cosal disease on neuroimaging sequences susceptible to magnetic
field inhomogeneity has not been previously reported. DTI is
known to be vulnerable to susceptibility artifacts.5 Most impor-
tant, analyses of DTI parameters are used increasingly in research
projects evaluating typical and atypical brain development in
children and adolescents. Our study results show that the amount
of air in the paranasal sinuses in close proximity to brain tissue
influences the measurements of diffusion characteristics of adja-
cent WM. The highly regional effect of this impact is further sup-
ported by the results of the VBA. This outcome is likely caused
by changes in susceptibility directly resulting from different
amounts of air that are near the WM tracts of interest.

Previous studies have demonstrated that susceptibility effects
can lead to misinterpretation of DTI parameters of the involved
brain tissue.34-36 At tissue-air interface, susceptibility values dem-
onstrate more variation, leading to diminished quality of the local
magnetic field and creating field inhomogeneities. The frequency
shift in k-space results in a spatial shift of voxel intensity and thus
images deviating from true brain anatomy.37-39 If the shifted
voxel is still within the volume of the calculated WM tract, there
will be less effect on the mean FA value. We focused on major
WM tracts, and some of the susceptibility effects from the DTI
acquisition seen on the voxel level may have had less influence on
the level of a WM tract. Tract-based DTI analyses are the work-
horse in the current published studies investigating the micro-
structure of the pediatric brain.1-4 We think that only focusing on
voxel-based FA and MD would ignore the common practice in
this research field. This study shows that the amount of air in the
paranasal sinuses affects FA and MD values of the WM in close
proximity to those sinuses and also translates into the effects on
mean FA and MD values of some of the major WM tracts.
Susceptibility distortions can potentially be diminished using
geometric corrections of the structural image, estimate maps of
B0 inhomogeneities acquired using gradient-echo scans, and esti-
mates of the underlying distortions derived from additional data
acquired using reversed phase-encoding.

Typically, FA and MD change in opposite directions; how-
ever, susceptibility effects can change them in a similar man-
ner.40,41 Because FA reflects directionality in diffusion, there is a
more direct relation to WM microarchitecture, in contrast to
MD.42,43 Our results illustrate less influence of aerated-versus-
nonaerated paranasal sinuses on mean MD values of major WM
tracts than on FA values. MD values by themselves are nonspecific,
however, and should be used in conjunction with other diffusion

tensor parameters.44 The lower FA values in the nonaerated group
likely better reflect the true underlying values because nonaerated
sinuses lead to fewer susceptibility-related distortions. This rea-
soning is in line with previous studies showing that susceptibility
distortion-correction methods cause reductions in whole-brain
WM FA values and corresponding higher MD values.37,45

This study demonstrates the relevance of considering the
extent of mucosal thickening or the degree of pneumatization of
the paranasal sinuses in the region of the skull base (ie, as a cova-
riate or using it in sensitivity analyses) before interpreting DTI
parameters of the brain, especially in pediatric populations. In
studies focusing on typical development of the pediatric brain,
changes in DTI parameters of specific WM tracts, such as the
ILF, UF, and CGB, are described.14 Knowledge of potential fac-
tors that can modify the signal, such as nonaerated paranasal
sinuses, is especially relevant when the study population includes
a relative large sample of children between 3 and 8 years of age
(peak age of inflammatory paranasal sinus disease7,8). In addition,
because some neurodevelopmental disorders may increase the
risk of sinusitis (eg, craniofacial syndromes, neuromuscular dis-
orders),46,47 it is important to incorporate knowledge of the
potential effect of the degree of aeration of paranasal sinuses on
DTI parameters in these study designs. Because we excluded the
maxillary sinus from our analyses (due to the relatively large sep-
aration between the maxillary sinus and the anterior-inferior
brain regions), we did not assess the potential effects of nonaer-
ated maxillary sinuses on measurements of WM diffusion charac-
teristics. This assessment could be an interesting focus for future
research.

There are a number of strengths of the population-based
study, including standardized DTI measurements obtained in a
large sample derived from the general pediatric population.
However, there are also limitations. We were unable to determine
a distortion-correction factor due to the small number of children
with completely nonaerated paranasal sinuses. In addition, the
younger children did show more mucosal thickening and less
pneumatization of the paranasal sinuses. Although we tried to take
age differences into account, we cannot completely exclude resid-
ual confounding. Additionally, DTI phase maps (instead of field
maps) were acquired in the study protocol. The lack of acquired
field maps is a limitation of the study because we were able to cre-
ate distortion maps to further illustrate the effect of air/nonaera-
tion. To minimize the effect of geometric distortion, we applied a
nonlinear registration of the FA maps to a study-specific EPI tem-
plate in standard space, a method favoring other distortion-correc-
tion methods as shown in the literature.31

CONCLUSIONS
Nonaeration of the paranasal sinuses is a common incidental
finding on MR imaging of the pediatric brain. We demonstrate
that the amount of mucosal thickening or the degree of pneuma-
tization of the paranasal sinuses influences FA and, to a lesser
degree, MD values of major WM tracts close to the skull base
region in 6- to 9-year-old children.

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