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Abstract

Objectives This study aimed to compare and evaluate different transverse width indices for diagnosing maxillary
transverse deficiency (MTD), a common malocclusion characterized by uncoordinated dental arches, crossbites, and
tooth crowding.

Materials and methods Sixty patients aged 7-12 years were included in the study, with 20 patients diagnosed
with MTD and 40 normal controls. Transverse width indices, including maxillary width at the buccal alveolar crest
and lingual midroot level, as well as at the jugal process width, were measured. Differences between these indices
and their corresponding mandibular indices were used as standardized transverse width indices. The reference range
of these indices was determined and evaluated. Receiver operating characteristic (ROC) analysis was performed to
evaluate their diagnostic abllity.

Results The transverse width indices and standardized transverse width indices of the MTD group were significantly
smaller than those of the control group, except for the jugal process width. The evaluation of the reference range
and ROC analysis revealed that the difference of the maxillomandibular width at buccal alveolar crest was the most
accurate diagnostic method.

Conclusions The jugal point analysis method may not be suitable for diagnosing MTD. Instead, measuring the
difference in maxillomandibular width at the buccal alveolar crest proves to be a more reliable and accurate
diagnostic method for MTD.
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Introduction

Craniofacial development normally begins with the
transverse dimension, followed by the vertical and sag-
ittal dimensions [1]. Maxillary transverse deficiency
(MTD) is a common malocclusion with skeletal defi-
ciency of the maxilla, often accompanied by posterior
crossbite, dental crowding, obstructive sleep apnea and
other clinical symptoms, which could impacts patient’s
craniofacial development and function, facial aesthetics,
and quality of life [2—4]. The prevalence of MTD in chil-
dren is reported to be between 13% and 23% [5], while
it can reach 30% in adults [6]. The etiology of MTD is
multifactorial, including congenital, developmental, trau-
matic, and iatrogenic factors [7]. A recent study suggests
that nasal septum deviation may also a factor associated
with maxillary transverse deficiency via affecting palatal
vault morphology [8]. The most commonly used treat-
ment for MTD is rapid palatal expansion (RPE) [9]. RPE
applies external mechanical force to expand the midpala-
tal suture, leading to new bone formation and maxillary
transverse width increase [10].

In the diagnosis of MTD, plaster casts are the most
commonly used tools. As early as the beginning of the
last century, Pont proposed measuring the sum of inci-
sor widths (SI) to predict the ideal width of the maxillary
dental arch [11]. Based on the Pont index, Schwarz et al.
[12] incorporated the patient’s facial type into the evalu-
ation (narrow, average, and wide facial types). McNa-
mara et al. [13] suggested that the normal range of the
transpalatal width is between 36 and 39 mm, and if the
width is less than 31 mm, palatal expansion is needed.
Since MTD often manifests as crowding of the maxil-
lary dental arch, directly measuring transverse width of
the maxilla seems natural. However, researchers gradu-
ally emphasized on the relationship between maxilla and
mandible. Batwa et al. [14] suggested an optimal trans-
verse maxillary-mandibular ratio of 1:1.1 and ratio below
1:0.9 would indicate the existence of MTD. Andrews [15]
et al. proposed that if the transverse width difference
between the upper and lower jaws is less than 5 mm, the
patient could be diagnosed with MTD.

In MTD diagnosis, radiographs are frequently utilized
as a valuable tool. Ricketts [16] introduced jugal point
analysis method using anteroposterior cephalogram. The
jugal point analysis measures the transverse difference
between the bilateral jugal processes and the antegonial
notches, which is regarded as a common assessment of
skeletal transverse discrepancy. Hesby et al. [17] sug-
gested that using jugal point analysis method is more
accurate as intermolar width could be influenced by the
inclination of molars.

Recently, Cone-beam computed tomography (CBCT)
has been gradually applied in the analysis of dentofacial
transverse widths due to its high resolution, precision,
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low radiation dose, and the ability to visualize and mea-
sure craniofacial structures in three dimensions [18—21].
Koo et al. [22] described basal bone widths as the dis-
tances between the bilateral centers of the root furcation
points of the first permanent molars. They created the
Yonsei transverse index through the measurement and
analysis of CBCT data from subjects with normal occlu-
sion. Miner et al. [23, 24] in Boston University proposed
and evaluated the cone-beam transverse method, which
measures the difference of maxillomandibular width at
the lingual midroot level. Hwang et al. [25] measured
maxillary and mandibular transverse width at buccal
alveolar crest or lingual midroot level, and jugal pro-
cess and antegonial notch width using CBCT images.
Recently, there has also been increasing interest in com-
paring different transverse analysis methods. Kong et al.
[26] evaluated responsiveness of three transverse analy-
ses in CBCT during both tooth-supported and mini-
screw-assisted rapid maxillary expansion. Zhang et al.
[27] compared three MTD diagnosing method by assess-
ing the intraexaminer and interexaminer reliability.

Despite various proposed methods for assessing the
transverse dimension, there is no gold standard for diag-
nosing MTD, and there is a lack of comparative research
on the diagnostic efficacy of different indices. Given that
in children and young adolescents is typically considered
as the optimal timing for RPE [28, 29], we collected par-
ticipants from 7 to 12 years old to conduct this study. The
maxillary transverse width at buccal alveolar crest [25],
maxillary transverse width at lingual midroot level [23,
24], and jugal process width [16], were used as transverse
width indices. The differences between these indices and
their corresponding mandibular indices were used as
standardized width indices.

This study aims to address the gap in existing literature
by evaluating the most accurate and reliable measure-
ment methods for diagnosing MTD. By calculating and
determining the normal range of transverse dimensions
in children, we seek to provide new insights and practi-
cal guidance for the diagnosis and treatment of MTD.
Our research aims to enhance clinical outcomes by iden-
tifying the most effective diagnostic criteria, ultimately
improving patient care and management.

Materials and methods

Study population

This study retrospectively collected MTD patients from
the Stomatology Hospital, Zhejiang University School of
Medicine. The control group was matched by gender and
age. The period of recruitment was from 2016 to 2023.
The research was carried out in accordance with the
Declaration of Helsinki and received approval from the
Ethics Committee of Stomatology Hospital Affiliated to
Zhejiang University School of Medicine (No. 2022-082).
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Fig. 1 Transverse measurement in the coronal plane: A-B represents the
maxillary width at buccal alveolar crest. C-D represents the mandibular
width at buccal alveolar crest. E-F represents the maxillary width at lingual
midroot level, with its extension line passing through the midpoint of buc-
cal alveolar crest and the buccal root apex of the maxillary first molar. G-H
represents the mandibular width at lingual midroot level, with its exten-
sion line passing through the midpoint of buccal alveolar crest and the
apex of the mandibular first molar

Written informed consent was obtained from a parent
from all participating patients. This study complied with
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) checklist. This study included
participants who met the following criteria: [1] Age
between 7 and 12 years; [2] Erupted maxillary and man-
dibular first molars, with either mixed or permanent den-
tition; [3] Bilateral Angle Class I molar relationships, with
the mesiobuccal cusp of the upper first molar occluding
within 1 mm of the buccal groove of the mandibular first
molar; [4] Patients in the MTD group exhibited a lingual
crossbite between the maxillary and mandibular perma-
nent first molars in centric relation, while the control
group demonstrated normal occlusion. Participants were
excluded from the study if they met any of the following
criteria: [1] Presence of missing teeth or supernumer-
ary teeth; [2] Presence of cleft palate, median cyst in the
palate, or other significant abnormalities; [3] History of
orthodontic or craniofacial surgery; [4] Overbite or over-
jet exceeding 4 mm, to ensure that the skeletal transverse
relationship was not skewed by vertical or sagittal skeletal
discrepancies.

Measurement of transverse indices

The CBCT scans were obtained from NewTom VGi
(Italy). Skeletal and dental measurements were per-
formed on the coronal section or reconstructed image
of the CBCT scans with Dolphin Imaging software
(Chatsworth, Calif). The reference planes of this study
were as follows: the horizontal reference plane was
Frankfort plane, which was the plane passing through
the lowest point of bilateral orbit and the upper edge of
the right external auditory canal. The sagittal plane was
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Fig. 2 Jugal process width and the antegonial notch width in the coronal
view of reconstructed 3D image: J-J width represents jugal process width;
AG-AG width represents antegonial notch width

perpendicular to the horizontal plane and bisected the
bilateral orbit points. The coronal plane was perpendicu-
lar to both the horizontal plane and the sagittal plane.

Depending on whether the measurement object was in
the maxilla or mandible, the coronal plane was adjusted
to pass through the buccal groove of the right first molar
in the maxilla or the buccal groove of the right first molar
in the mandible [25]. The following transverse width were
measured on the coronal plane (Fig. 1): [1] the maxillary
width at buccal alveolar crest; [2] the mandibular width
at buccal alveolar crest; [3] the maxillary width at lingual
midroot level; [4] the mandibular width at lingual mid-
root level.

The jugal process and the anterior notch point were
located on the frontal view of the reconstructed 3D
images of CBCT. Jugal process width and the antegonial
notch width were measured (Fig. 2).

Studies have shown that mandibular width is relatively
stable and can be used as a reference [15]. In this study,
the difference of transverse indices between the maxilla
and mandible were used as standardized indices. The
following standardized width indices were used in this
study: (1) the difference of the maxillomandibular width
at buccal alveolar crest; (2) the difference of the maxil-
lomandibular width at lingual midroot level; (3) the dif-
ference of the jugal process width and antegonial notch
width.

Statistical analysis

For this retrospective study, the sample size was deter-
mined using G*Power software v. 3.1 (University of Dus-
seldorf, Dusseldorf, Germany) using independent t-test
at an alpha level of 0.05 and a statistical power of 80%
[30]. Based on a preliminary study, a minimum sample
size of 10 subjects in MTD group and 20 subjects in
control group was determined at an effect size of 1.16
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to detect difference of the maxillomandibular width at
buccal alveolar crest between the MTD group and con-
trol group. The control group was designed to be twice
the size of the MTD group to enhance statistical power,
ensure a stable representation of the healthy population,
and achieve more precise estimates of normal range.

All data were analyzed using IBM SPSS Statistics soft-
ware (IBM, ARMONK, NY, USA). Continuous variables
were presented as meantstandard deviation, and cat-
egorical variables were presented as percentages (%).
The normality of data distribution was assessed using the
Kolmogorov-Smirnov test, and the equality of variances
between two samples was tested using the F-test. Sub-
sequently, differences between the MTD group and the
control group were analyzed using either independent
samples t-test (for normally distributed data with equal
variances) or Mann-Whitney U test (for data not follow-
ing a normal distribution or not meeting the assumption
of equal variances).

The reference range for each transverse width index
was determined by calculating 7 + 1.96 SD using data
from the control group. Then, both the MTD group and
the control group were included in the test set for evalua-
tion. If the transverse width index fell below the reference
range, it was diagnosed as MTD; otherwise, it was diag-
nosed as normal. The diagnosis results were compared
to the actual grouping, with the following outcomes
defined: a true positive if the actual grouping and the
diagnosis results were both MTD, a false positive if the
actual grouping was the control group but the diagnosis
result was MTD, a true negative if the actual grouping
was the control group and the diagnosis result was nor-
mal, and a false negative if the actual grouping was MTD
but the diagnosis result was normal.

Positive predictive value (PPV), negative predictive
value (NPV), sensitivity, specificity, and accuracy were
calculated. True positive (TP), true negative (TN), false
positive (FP), and false negative (FN) were used in these
calculations. PPV determines the proportion of correctly
diagnosed MTD cases out of all cases diagnosed as MTD,
calculated as PPV=TP / (TP+FP). NPV represents the
proportion of correctly diagnosed normal cases out of
all cases diagnosed as normal, calculated as NPV=TN /
(TN+EN). Sensitivity measures the proportion of cor-
rectly diagnosed MTD cases out of the total number of

Table 1 Demographic characteristics of participants included in
the study

MTD group Control group p value
(n=20) (n=40)
Gender >0.05
Male 9 (45%) 18 (45%)
Female 11 (55%) 22 (55%)
Age 9.85+1.73 years 9.90+1.72 years >0.05
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MTD cases, calculated as sensitivity = (TP) / (TP+EN)
x 100%. Specificity measures the proportion of correctly
diagnosed normal cases out of the total number of nor-
mal cases, calculated as specificity = (TN) / (TN+FEP) x
100%. Accuracy assesses the proportion of all correctly
diagnosed cases out of the total number of cases, cal-
culated as accuracy = (TP+TN) / (TP+FP+TN+FN) x
100%.

Receiver operating characteristic (ROC) curves were
plotted using MedCalc software, determining the cut
point that yielded the highest sensitivity and specificity
(Youden’s index), as well as calculating the area under
the ROC curve (AUC), which is often referred to as the
ROC score. A higher value of Youden’s Index (closer to 1)
indicates a better overall performance of the diagnostic
model since it reflects a more balanced trade-off between
sensitivity and specificity. Likewise, the AUC represents
the diagnostic performance of prediction models, where
a higher AUC score signifies superior diagnostic ability.

All statistical tests were two-tailed, and p<0.05 was
considered statistically significant.

Results

A total of 60 subjects were included in this study, includ-
ing 20 patients in the MTD group (9 males and 11
females, with a mean age of 9.85+1.73 years) and 40 indi-
viduals in the control group (18 males and 22 females,
with a mean age of 9.90+1.72 years) (Table 1).

Maxillary transverse width indices were compared
between the MTD group and the control group, and
the results showed that the maxillary width at buc-
cal alveolar crest was significantly smaller in the MTD
group compared to the control group (53.19+2.47 mm
vs. 56.96+2.36 mm, p<0.0001) (Fig. 3A); the maxil-
lary width at lingual midroot level was significantly
smaller in the MTD group compared to the control
group (24.97%3.41 mm vs. 28.91+2.34 mm, p<0.0001)
(Fig. 3B); the jugal process width was smaller in the MTD
group than in the control group, but there was no statis-
tical difference between the two groups (62.80+3.03 mm
vs. 63.64+3.58 mm, p>0.05) (Fig. 3C).

The difference of maxillomandibular width at buc-
cal alveolar crest were significantly smaller in the MTD
group compared to the control group (-2.45%+2.69 mm
vs. 2.43+1.64 mm, p<0.0001) (Fig. 4A); the difference
of maxillomandibular width at lingual midroot level of
MTD group exhibited significantly smaller measure-
ments compared to the control group (-8.45%+3.54 mm
vs. -2.59+£2.40 mm, p<0.0001) (Fig. 4B); Similarly, the
difference of jugal process width and antegonial notch
width in the MTD group were also smaller than the
control group (-18.90£3.78 mm vs. -16.69+3.70 mm,
p<0.05) (Fig. 4C).
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Table 2 Normal range of transverse width indices

Transverse width index Reference
range
(T £1.96 SD)
The maxillary width at buccal alveolar crest 56.96+4.63 mm
The maxillary width at lingual midroot level 2891+4.60 mm
The jugal process width 63.64+7.01 mm
The difference of the maxillomandibular width at 243+322 mm
buccal alveolar crest
The difference of the maxillomandibular width at -2.59+4.70 mm

lingual midroot level

The difference of the jugal process width and ante-
gonial notch width

16.69+7.25mm

We also compared mandibular transverse width
between the two groups. The mandibular width at
the buccal alveolar crest and the antegonial notch
width showed no significant difference between the
MTD group and the control group (55.64+2.75 mm
vs. 54.53+£2.35 mm, p>0.05 81.69+4.51 mm vs.
80.33+£5.11 mm, p>0.05), confirming that the crossbite
in the MTD group did not result from an enlarged man-
dibular arch but rather from maxillary hypoplasia.

Based on the data from the control group, the normal
range of each transverse width index were calculated and
shown in Table 2.

PPV, NPV, sensitivity, specificity, and accuracy of the
predicted normal range of each transverse width index
were summarized in Table 3. Accuracy, which is deter-
mined by the ratio of correctly diagnosed cases to the

Table 3 Evaluation of the reference range of transverse width indices

Transverse width index PPV NPV Sensitivity Specificity Accuracy
The maxillary width at buccal alveolar crest 100% 76.92% 40% 100% 80%

The maxillary width at lingual midroot level 87.5% 75% 35% 97.5% 76.67%
The jugal process width 66.67% 68.42% 10% 97.5% 68.33%
The difference of the maxillomandibular width at buccal alveolar crest 93.33% 86.67% 70% 97.5% 88.33%
The difference of the maxillomandibular width at lingual midroot level 86.67% 84.44% 65% 95% 85%

The difference of the jugal process width and antegonial notch width 0% 66.10% 0% 97.5% 65%

Note PPV (positive predictive value); NPV (negative predictive value)
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Table 4 ROC analysis of transverse width indices

Transverse width index Youden’s AUC (95%
index ql)

The maxillary width at buccal alveolar crest  0.625 0.874
(0.763-0.945)

The maxillary width at lingual midroot level  0.550 0.841
(0.724-0.923)

The jugal process width 0.325 0.594
(0.460-0.710)

The difference of the maxillomandibular 0.775 0951

width at buccal alveolar crest (0.863-0.990)

The difference of the maxillomandibular 0.725 0.929

width at lingual midroot level (0.833-0.979)

The difference of the jugal process width 0.325 0.658

and antegonial notch width
Note AUC (Area under receiver operating characteristic curve)

(0.524-0.776)

total number of cases, provides a comprehensive assess-
ment of the diagnostic indices. According to accuracy,
the transverse indices can be ranked as follows: the dif-
ference of the maxillomandibular width at buccal alveo-
lar crest>the difference of the maxillomandibular width
at lingual midroot level>the maxillary width at buccal
alveolar crest>the maxillary width at lingual midroot
level > the jugal process width>the difference of the jugal
process width and antegonial notch width (Table 3).
ROC curves were plotted to evaluate different trans-
verse width indices in predicting MTD. The results
showed that the Youden’s index of the maxillary width at
buccal alveolar crest, the maxillary width at lingual mid-
root level, and the jugal process width were 0.625, 0.550,
and 0.325. Additionally, the area under the ROC curve
(AUC) were 0.874 (0.763-0.945), 0.841 (0.724-0.923),
and 0.594 (0.460-0.710) respectively. The Youden’s
index of the difference of the maxillomandibular width
at buccal alveolar crest, the difference of the maxillo-
mandibular width at lingual midroot level, and the dif-
ference of the jugal process width and antegonial notch
width were 0.775, 0.725, and 0.325. The AUC were 0.951
(0.863-0.990), 0.929 (0.833-0.979), and 0.658 (0.524—
0.776), respectively (Fig. 5; Table 4). In our study, both

the Youden’s index and AUC indicated that the difference
in maxillomandibular width at the buccal alveolar crest
showed the best performance among all the transverse
indices.

Discussion

MTD is a common malocclusion that is often accompa-
nied by posterior crossbite and dental crowding. How-
ever, transverse discrepancies have received relatively less
attention compared to sagittal and vertical discrepancies
in orthodontic practice [31, 32]. Currently, the diagnosis
of MTD primarily relies on assessing occlusal relation-
ships, lacking specific diagnostic criteria based on trans-
verse width indices. Adopting transverse indices could
aid in diagnose patients with mild degrees of MTD who
exhibit dental compensations without posterior cross-
bite and are easily missed clinically [18]. The aim of this
study was to evaluate the effectiveness of various trans-
verse width indices, determine the normal range of trans-
verse widths in children, and contribute to a standardized
framework for diagnosing MTD. We found that the dif-
ference in maxillomandibular width at the buccal alveolar
crest is the most reliable indicator for diagnosing maxil-
lary transverse deficiency (MTD).

To assess the predictive value of different analysis, we
adopt the posterior crossbite as the gold standard, which
could be independently verified without any other mea-
surement or analysis. It is well recognized that if the
sagittal relationship of the jaws is not within a normal
range, such as a significant Class III malocclusion, the
transverse relationship will be altered and might give a
false impression of transverse deficiency. To address this
problem, we only include clinical crossbite participants
with Class I molar relationships. Patients with overbite or
overjet of more than 4 mm were also excluded.

Our study determined the reference ranges of trans-
verse indices based on the control group data and
evaluated them using parameters including PPV, NPV,
sensitivity, specificity, and accuracy. Among the indices,
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the difference of maxillomandibular width at the buccal
alveolar crest demonstrated the highest NPV (86.67%),
sensitivity (70%), and accuracy (88.33%), making it the
most reliable method for diagnosing MTD. This index
also exhibited excellent PPV (93.33%) and specificity
(97.5%). The maxillary width at the buccal alveolar crest
showed a high PPV (100%) and specificity (100%) but
had limited sensitivity (40%), indicating that while a posi-
tive result is highly indicative of MTD, a negative result
does not rule it out entirely. The maxillary width at the
lingual midroot level demonstrated relatively lower sen-
sitivity (35%) and NPV (75%), suggesting that it may not
be as effective in diagnosing MTD compared to other
indices. The comparison between maxillary transverse
width indices and standardized width indices calibrated
by mandibular width clearly highlights the importance of
incorporating the mandibular width into consideration
for diagnosing MTD.

The difference of jugal process width and antego-
nial notch width exhibited the lowest PPV (0%), NPV
(66.10%), sensitivity (0%), and accuracy (65%). Jugal point
analysis is a common skeletal indicator, calculating the
difference between jugal point distances and antegonial
notch distances. It has been suggested that this method
provides a more accurate measurement of maxillary
skeletal width as it is believed to be unaffected by molar
inclination [17]. However, multiple studies have indicated
challenges in locating jugal points and antegonial notch
points on posteroanterior cephalogram, leading to sig-
nificant measurement variability and making it an unreli-
able indicator for assessing transverse width [23, 33-36].
In a study by Legrell et al. [35], measurement deviations
of antegonial notch of up to 8 mm were observed among
six different observers. Precise localization of jugal points
and antegonial notch points is affected by factors such
as reduced clarity due to superimposition of anatomi-
cal structures in posteroanterior cephalogram and the
potential impact of rotational angles during image acqui-
sition [33, 37, 38]. Given these limitations, our study
employed three-dimensional reconstructions of patients’
CBCT scans. CBCT enables precise measurements of
skeletal and dental widths and positions. We established
standardized reference plane for calibration and conduct
the jugal point analysis on the frontal view of the recon-
structed 3D images, which could minimize errors caused
by inconsistent patient positioning and overlapping ana-
tomical structures. Despite these improvements, the
jugal point analysis method failed to reveal the difference
between the MTD group and controls, suggesting limited
sensitivity in reflecting insufficient transverse develop-
ment of the maxilla and may not be suitable as diagnostic
method for MTD.

This study also employed ROC curves to compare
the diagnostic performance of transverse width indices.
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ROC curves plot sensitivity on the vertical axis and
(1-specificity) on the horizontal axis based on various
cutoff values. AUC of 100% indicates perfect discrimi-
nation, while 50% signifies zero discrimination, similar
to flipping a coin. AUC values above 90% are considered
excellent, 80-89% are good, 70-79% are fair, 60—69% are
poor, and 50-59% are extremely poor [39]. The difference
of the maxillomandibular width at buccal alveolar crest
yielded the highest AUC (0.951) among the six evaluated
indices, indicating excellent diagnostic performance.

This study’s strengths include a well-matched control
group, the use of standardized transverse width indices,
and the application of CBCT imaging for precise mea-
surements. The investigation not only highlights the
diagnostic efficacy of various methods but also intro-
duces a novel approach to evaluating these indices. The
study’s innovative comparative methodologies enhance
the understanding of transverse deficiency diagnosis and
establish a benchmark for assessing transverse indices.
However, the study is limited by its small sample size and
retrospective design, primarily due to the rarity of chil-
dren with posterior crossbites. Future research should
include larger sample sizes and milder MTD patients
with buccally tipped maxillary molars, rather than just
those with crossbites. This will allow for the assessment
of the accuracy of indices across varying severities of
MTD. Additionally, stratifying children into age groups
will help establish normal range values for each age
group, thus enhancing the precision of MTD diagnosis
and treatment guidance.

Conclusion

The study’s findings emphasize the clinical relevance of
transverse width indices in the diagnosis of MTD and the
following conclusions were drawn:

1. The jugal point analysis method, commonly used as
a skeletal index, may not be suitable for diagnosing
MTD.

2. Accurate diagnosis of MTD need incorporate the
mandible in the measurements and calibrate the
maxillary transverse width.

3. The difference of the maxillomandibular width at
the buccal alveolar crest, offers a more reliable and
accurate approach for diagnosing MTD. Future
projects will involve larger sample sizes and test the
analysis with the severity of MTD varies.
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