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Objectives: To compare the measurement of cephalometric parameters using 3D images obtained from CBCT to 2D images
obtained from a conventional cephalogram.

Methods: An electronic literature search was conducted using PubMed, Embase, Web of Science, CNKI, CENTRAL, and the
grey literature database of SIGLE [up to May 2021). The selection of the eligible studies, dafa extraction, and an evaluation for
possible risk of bias (Quality Assessment of Measurement Accuracy Studies tool] were performed independently by two authors.
Inconsistencies were judged by a third author. Stafistical pooling, subgroup analysis, a sensitivity analysis and an evaluation of
publication bias were performed using Comprehensive Meta-Analysis (version 2.2.064, Biostat, Englewood, NJ).

Results: A total of eight articles were eligible for final meta-analysis. The differences in two of the skeletal measurement parameters
[Ar[Co)-Gn, Me-Go] and one of the dental measurement parameters (U1-L1) were found to be statistically significant when using
CBCT and conventional cephalograms (P = 0.000, P = 0.004, P = 0.000, respectively).

Conclusions: CBCT can be used as a supplementary option to support conventional cephalometric measurements. In clinical
situations in which three-dimensional information is required, patients can benefit from CBCT analysis to improve diagnosis and
freatment planning.
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Introduction accurate diagnosis compared with those based on
) ) . . ..
Radiographic cephalometry was first proposed by facial anatomy alone.! However, traditional X-ray
Broadbent and Hofrath in 1931. Soft and hard tissue images of the craniofacial complex have inherent
of craniofacial anatomy was evaluated by measuring deficiencies, including superposition, distortion, and
X-ray images of the skull, thereby achieving more magnification’ which can compromise diagnostic
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accuracy. Three-dimensional (3D) imaging can over-
come the inherent problems of two-dimensional (2D)
imaging and provide more detailed information to
ensure accurate diagnosis to enable satisfactory clinical
results. Computed tomography (CT) was originally
used to obtain 3D images but due to the expense,
high radiation dosage and the low resolution of CT, its
application has been limited in orthodontic practice.’

Cone-beam computed tomography (CBCT) is a 3D
imaging technology that has been developed in recent
years. CBCT can provide 3D images of the teeth and
facial bones and only requires a short scanning time.*-
In addition, compared with CT, CBCT has a smaller
volume, lower cost and lower radiation exposure and
can provide the 3D information needed in clinical
practice. While hospitals and private clinics tend to
use CBCT because of availability, a conventional
cephalogram is still often considered the gold standard
for diagnosis. However, it is expected that in the
future, CBCT will completely replace conventional
cephalograms due to the many advantages.

As 3D and 2D radiographs require different fixed
points as well as different methods of measurement,
there is doubt regarding whether CBCT can provide
comparable accuracy to conventional cephalometric
measurements. To date, many articles have compared
CBCT 3D cephalometry and conventional cephalo-
grams, but mainly focused on the accuracy and
repeatability of the 3D fixed points.®® Unfortunately,
the experimental results and conclusions of these
studies have been inconsistent. Therefore, in order
to draw a comprehensive comparison, a systematic
meta-analysis was conducted to evaluate the diffe-
rences in the cephalometric parameters between 3D
images derived from CBCT and 2D images from
a conventional cephalogram to determine whether
CBCT can replace conventional head films.

Materials and methods

This systematic review and meta-analysis followed
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement guidelines.’

Search strategy and study selection

An electronic literature search was conducted using
PubMed, Embase, Web of Science CNKI, CENTRAL,
and the grey literature database of SIGLE (up to May
2021). The search strategy is displayed in Table I.
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The related journals and the reference lists of retrieved
studies were manually searched to identify relevant
publications.

The full texts of all potential studies were obtained
to ensure that they were eligible for inclusion. The
included studies were independently screened by
two reviewers and inconsistencies were judged by a
third reviewer. The reasons for exclusion are shown
in Figure 1.

Selection criteria

The applied screening criteria were:

1. All samples assessed humans (patients).

2. All patients underwent a conventional cephalo-
gram or a CBCT.

3. 'The studies compared differences in cephalomet-
ric parameters between 2D and 3D images.

4. Raw data could be extracted from the CBCT
scans and conventional cephalograms.

5. Clinical trials were considered eligible.

Data extraction

Data were collected by two reviewers and categorised
according to country, sample type, sample size, sample
information, 2D type, 3D type, CBCT parameters,
the number of examiners and measurement times.

Methodologic quality appraisal

The risk of bias was evaluated by two independent re-
searchers using the Quality Assessment of Measure-

ment Accuracy Studies (QUAMAYS) tool.*"?

The QUAMAS tool which generates a maximum study
score of 15 consists of three domains: study design,
study measurement, and statistical analysis (shown in
Table II). The methodological quality was considered
high if the score was over 10, medium if the score ranged
between 7.5 and 9.5, and low when the scores were less
than 7.5. QUADAS is a tool for the quality assessment
of studies of diagnostic accuracy included in systematic
reviews. However, the present review assessed studies
that compared the measurement accuracy of CBCT
and conventional cephalograms, rather than diagnostic
accuracy. Therefore, the QUADAS tool was determined
to be unsuitable for the present study and instead, the
QUAMAS tool was customised by Li'* according to

previous literature.'*''3
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Table I. Search sirategies in the study.

Databases Steps

Strategies

PubMed #1

"Cephalometry”[Mesh] OR Craniomeiry OR cephalometric OR Cephalometry

#2

“XRay Film"[Mesh] OR X Ray Film OR Xray Film OR Film, Xray OR Films, Xray OR
Radiographic Film OR Xray Films OR Film, Radiographic OR Films, Radiographic OR
Radiographic Films OR Film, X-Ray OR Film, X Ray OR Films, X-Ray OR Films, X-Ray OR
radiograph OR roentgenogram OR scotograph OR Llateral cephalometric radiograph

#3

2d OR two-dimensional OR 2 dimension OR two dimension OR 2 dimensional OR
bidimensional OR 2 d

#4

#2 OR #3

#5

"Cone-Beam Computed Tomography'[Mesh] OR Cone-Beam CAT Scan OR Computed
Tomography, Cone-Beam OR Cone Beam Computed Tomography OR CT Scan, Cone-Beam
OR CT Scan, Cone Beam OR CT Scans, Cone Beam OR CT Scans, Cone-Beam OR
ConeBeam CT Scan OR Cone-Beam CT Scans OR Scan, Cone-Beam CT OR Scans,
Cone-Beam CT OR Tomography, ConeBeam Computed OR Tomogrophy, Cone Beam
Computed OR Tomography, Volume Computed OR Computed Tomography, Volume OR
Volume Computed Tomography OR Volumetric CT OR CT, Volumetric OR Volumetric Computed
Tomography OR Computed Tomography, Volumetric OR Tomography, Volumetric Computed
OR CAT Scan, Cone-Beam OR CAT Scan, Cone Beam OR CAT Scans, Cone-Beam OR CT,
Volume OR Cone-Beam CAT Scan OR Cone-Beam CAT Scans OR Scans, Cone-Beam CAT OR
Cone-Beam Computer-Assisted Tomography OR Scan, Cone-Beam CAT OR Computer-Assisted
Tomography, Cone-Beam OR Cone Beam Computer Assisted Tomography OR Tomography,
Cone-Beam Computer-Assisted OR Cone-Beam Computerized Tomography OR Computerized
Tomography, ConeBeam OR Cone Beam Computerized Tomography OR Tomography,
ConeBeam Computerized OR Cone-Beam CT OR CT, Cone-Beam OR Cone Beam CT OR
Volume CT OR CBCT OR Cone Beam Computed Tomography

#6

#1 AND #4 AND #5

Embase #1

'Cone-Beam Computed Tomography’/exp OR ‘Computed Tomography, Cone-Beam’ OR
'Cone Beam Computed Tomography” OR 'CT Scan, Cone-Beam’ OR 'CT Scan, Cone Beam’
OR "CT Scans, Cone-Beam’” OR 'Cone-Beam CT Scan’ OR ‘Cone-Beam CT Scans” OR ‘Scan,
Cone-Beam CT" OR ‘Scans, Cone-Beam CT" OR ‘Tomography, Cone-Beam Computed’ OR
‘Tomography, Cone Beam Computed” OR ‘Tomography, Volume Computed” OR ‘Computed
Tomography, Volume” OR "Volume Computed Tomography” OR ‘Volumetric CT' OR 'CT,
Volumetric' OR Volumetric Computed Tomography” OR ‘Computed Tomography, Volumetric’
OR "Tomography, Volumetric Computed” OR ‘CAT Scan, Cone-Beam’ OR 'CAT Scan, Cone
Beam’ OR ‘CAT Scans, Cone-Beam’ OR ‘Cone-Beam CAT Scan” OR '‘Cone-Beam CAT Scans’
OR 'Scan, ConeBeam CAT' OR 'Scans, Cone-Beam CAT' OR 'Cone-Beam Computer-Assisted
Tomography' OR ‘Computer-Assisted Tomography, Cone-Beam’ OR ‘Cone Beam Computer
Assisted Tomography' OR “Tomography, Cone-Beam Computer-Assisted” OR ‘Cone-Beam
Computerized Tomography’ OR ‘Computerized Tomography, Cone-Beam’ OR ‘Cone Beam
Computerized Tomography’ OR ‘Tomography, Cone-Beam Computerized’ OR ‘Cone-Beam
CT' OR 'CT, Cone-Beam’ OR ‘Cone Beam CT' OR 'Volume CT" OR 'CT, Volume” OR ‘CBCT!

#2

'Cephalometry’ /exp OR ‘Cephalometry’ OR ‘Craniometry” OR ‘cephalometry’

#3

Ray Film’/exp OR X Ray Film" OR Xray Film" OR ‘Film, Xray’ OR ‘Films, Xray” OR
‘Radiographic Film" OR ‘Xray Films'OR ‘Film, Radiographic” OR ‘Films, Radiographic’ OR
‘Radiographic Films" OR “Film, X-Ray” OR ‘Film, X Ray” OR ‘Films, X-Ray" OR ‘Films, X-Ray’ OR
‘radiograph’ OR ‘roentgenogram’ OR “scotograph’ OR “Lateral cephalometric radiograph’

132
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#4

'2-d" OR "two-dimensional” OR ‘2 dimension” OR ‘two dimension” OR ‘2-dimensional” OR
‘bidimensional’ OR '2 d'

#5

#3 OR #4

#6

#1 AND #2 AND #5

CNKI #1

Cephalometry OR Craniometry

#2

Lateral cephalometric radiograph OR 2 d

#3

Cone Beam Computed Tomography OR CBCT

#4

#1 AND #2 AND #3 AND #4

Web of Science #1

Cephalometry OR Craniometry OR cephalometric

#2

X Ray Film OR Xray Film OR Film, Xray OR Films, Xray OR Radiographic Film OR Xray Films
OR Film, Radiographic OR Films, Radiographic OR Radiographic Films OR Film, X-Ray
OR Film, X Ray OR Films, X-Ray OR Films, X-Ray OR radiograph OR roentgenogram OR

scotograph OR Lateral cephalometric radiograph

#3

2d OR two-dimensional OR 2 dimension OR two dimension OR 2 dimensional OR
bidimensional OR 2d

#4

#2 OR #3

#5

Cone-Beam CAT Scan OR Computed Tomography, Cone-Beam OR Cone Beam Computed
Tomography OR CT Scan, Cone-Beam OR CT Scan, Cone Beam OR CT Scans, Cone
Beam OR CT Scans, Cone-Beam OR Cone-Beam CT Scan OR Cone-Beam CT Scans

OR Scan, ConeBeam CT OR Scans, Cone-Beam CT OR Tomography, Cone-Beam
Computed OR Tomography, Cone Beam Computed OR Tomography, Volume Computed
OR Computed Tomography, Volume OR Volume Computed Tomography OR Volumetric

CT OR CT, Volumetric OR Volumetric Computed Tomography OR Computed Tomography,
Volumetric OR Tomography, Volumetric Computed OR CAT Scan, Cone-Beam OR CAT
Scan, Cone Beam OR CAT Scans, Cone-Beam OR CT, Volume OR Cone-Beam CAT Scan
OR Cone-Beam CAT Scans OR Scans, Cone-Beam CAT OR Cone-Beam Computer-Assisted
Tomography OR Scan, Cone-Beam CAT OR Computer-Assisted Tomography, Cone-Beam
OR Cone Beam Computer Assisted Tomography OR Tomography, Cone-Beam Computer-
Assisted OR Cone-Beam Computerized Tomography OR Computerized Tomography,
Cone-Beam OR Cone Beam Computerized Tomography OR Tomography, Cone-Beam
Computerized OR Cone-Beam CT OR CT, Cone-Beam OR Cone Beam CT OR Volume CT
OR CBCT OR Cone Beam Computed Tomography OR CBCT

#6

#1 AND #4 AND #5

SIGLE #1

[Craniometry OR cephalometric OR Cephalometry] AND (X Ray Film OR Lateral
cephalometric radiograph OR radiograph OR 2-d OR two-dimensional OR 2 dimension OR
two dimension OR 2-dimensional OR 2 d) AND (Cone-Beam Computed Tomography OR
CBCT OR CT Scan OR Cone-Beam CT)

Cochrane Centrall #1

Register of Confrolled
Trials (CENTRAL)

(Craniometry OR cephalometric OR Cephalometry) AND (X Ray Film OR Lateral
cephalometric radiograph OR radiograph OR 2-d OR two-dimensional OR 2 dimension OR
two dimension OR 2-dimensional OR 2 d) AND (Cone-Beam Computed Tomography OR
CBCT OR CT Scan OR Cone-Beam CT]

Statistical analysis

USA). The difference in mean (DM) was used in the

Data analyses were carried out using Comprehensive statistical pooling for continuous data. To further
Meta-Analysis (version 2.2.064, Biostat, Englewood, investigate heterogeneity, subgroup analyses were
NJ) and Stata 12.0 (Stata Corp, College Station, TX, performed using /* statistic, and when the /7 statistic
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Potential articles
from 6 databases
(n=832)

= l

Records after
duplicates removed
(n=653)

!

Records screened L Abstracts and titles

(n=653) Excluded (n=561)
Full-text articles
assessed for

eligibility (n=92)
!

Studies included in qualitative
synthesis(n=8)

Studies included in quantitative
synthesis(meta-analysis)(n=8)

Figure 1. Study flow diagram.

was greater than 50%, it was considered that there was
substantial heterogeneity. The random effects model
and the fixed effects model can be used when 7 is lower
than 50%, but the random effects model must be used
when the 7 is higher than 50%. Therefore, the random

effects model was used to summarise the original

Atticles excluded:
Case report(n=1)
Editor’s reply(n=1)
Not in
cephalometry(n=23)
Animal experiment(n=1)
Duplication(n=1)
Only soft tissue(n=2)
No full-text(n=6)
Insufficient sample
number (n=2)
Publications
correction(n=1)
Review (n=2)

Unable to extract
data(n=12)
Undesirable methods
and objectives without
extractable date
mostly(n=28)

Dry human skull (n=4)

outcome data and a sensitivity analysis was conducted
to assess the robustness of the pooled results.

Egger’s test and Begg’s test were applied to assess
publication bias. When the result of Egger’s test or
Begg’s test was less than 0.1, publication bias was
considered to exist.

Table II. The QUAMAS (Quality Assessment of Measurement Accuracy Studies) tool used in the study.

Parameter of evaluation Score
Study design (5v) A Objective clearly formulated (V) 1
B Randomized sample (V) ]
C Sample size: Considered adequate [number>50)(v/) ]
D Similar baseline characteristics (v/) 1
E Selection criteria: Clearly described and adequate (V) ]
Study measurement (5v) F Measurement method is appropriate (v) ]
G Gold standard is appropriate (v) 1
H Adequate examiners and independent measurement (/) 1
| Reliability: Described and adequate level of agreement (V) 1
J Appropriate examination time interval (v/) 1
Statistical analysis (5+/) K Statistical analysis is appropriate for data (/) 1
L Reliability: intra-examiner (/) and inter-examiner (v/)
M Statistical significance level: P value (v/) and confidence intervals (/)

Total
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Results

Study selection and characteristics

After removing duplicates, a total of 832 studies
were retrieved. The identified studies were evaluated
using the inclusion criteria by screening the titles and
abstracts. The full texts of 92 articles were further
assessed for eligibility. Finally, eight studies were
included in the present review. The details of the
study selection process are shown in Figure 1.

The basic characteristics of the included studies are
shown in Table III. The studies that were included were
published between 2011 to 2017 and consisted of a total
of 322 patients. The clinical trials that were considered
eligible were those that focused on measurement
accuracy. A previously published review that focused
on the accuracy of alveolar bone height and thickness
measurements measured by CBCT included similar
studies.” Of the eight eligible studies,**"*'® the
sample size of three studies was greater than or equal to
50 patients>'”'® and the sample size of the remaining
five studies®*'%1¢ was less than 50 patients.

In regards to the 2D techniques, conventional late-
ral cephalograms and conventional frontal cephalo-
grams were used in the identified studies. While six
studies®*">'7!1% used only conventional lateral cephalo-
grams, there was one study' that relied solely on

A SNA

conventional frontal cephalograms. The remaining
study' used both conventional frontal and lateral
cephalograms.

The voxel size of the CBCT images in the included

studies ranged from 0.25 mm to 0.4 mm.

The outcomes were divided into skeletal measure-
ments and dental measurements which included SNA,
SNB, ANB, Ar(Co)-Gn, FH-MP, SN-MP, N-S, Me-
Go, ANS-PNS, ANS-Me, N-ANS, N-Me, Po-NB,
L1-MP, OP-SN, U1-NA (%), Ul-NA(mm), LI-NB(°),
LI-NB(mm), Ul-L1. Soft tissue measurements were
not pooled due to the lack of results. Forest plots and
the results of the pooled measurements for the CBCT
group versus the conventional cephalogram group are
presented in Figures 2—5 and Table IV.

Quality of studies

According to the assessment using the QUAMAS tool,
of the eight eligible studies,**"" four studies®™'"'®
were found to be of high quality, three studies™*'¢
were of medium quality, and the remaining study® was

found to be of low quality (shown in Table V).
Results of meta-analysis

Of the 13 skeletal measurements, the differences
in two parameters were found to be statistically

B SNB

Study name Statistics for each study Difference in means and 95% CI. Study name Statistics for each study Difference in means and 95% CI

Difference  Standard Lower Upper Difference ~ Standard Lower Upper

in means error Variance  limit limit ~ Z-Value p-Value in means error  Variance  limit limit ~ Z-Value p-Value
Jung, Pil-Kyo.2015(a) 0050 0723 0528 -1368 1468 0069 0945 Jung, Pi-Kyo2015@) 0010 0700 0490 -1382 1362 0014 0989 E 3
Jung, PilKy0.2015(b) 0070 0723 0523 -1348 1488 0097 0923 Jung, Pi-kyo2015(b)  0.000 0700 0490 -1372 1372 0000 1000 -
Jung, PilKyo.2015(c) 0050 0723 0523 -1.368 1468 0069 0945 Jung, PiKyo2015(c) 0010 0699 0489 -1380 1360 -0014 0989 -
Wen, J.2017 1.060 0.684 0468 -0.280 2.400 1.550 0.121 Wen, J.2017 0.730 0.927 0860 -1.088 2548 0787 0431 ——
Zamora, N.2011 (a) 0280 2379 5658 -4.942 4382 0418 0906 Zamora, N.2011(a) 0300 3252 10574 -6763 5983 -0.120 0905 —_—
Zamora, N2011 (b) 260 12128 147083 25030 22510 0104 0917 Zamora, N.2011(6) 4190 3206 10276 7473 5003 -0371 0710 —
Li Miao.2016(a) 0240 1323 1740 2352 2832 0181 0856 Li Miao.2016(a) 0510 1300 1713 3075 2085 -0.3%0 0607 —a
Li Mia0.2016(d) 0000 1215 1475 2201 2471 0074 0941 LiMiao.2016(d) 0400 1312 1721 2671 2471 -0076 0939 —
Na, Li.2012 -2.440 0.395 0156 -3215 -1.665 -6.172  0.000 | | Na, Li.2012 -0.730 0.415 0172 -1.542 0082 -1761 0078
LU Zhiy20.2016 41380 0471 0221 -2302 -0458 2933 0003 LU Zhiyao.2016 0990 0494 0244 -1.959 0021 -2008 0045
WU Mingming.2016 1860 0970 0942 -0042 3762 1917 0055 WU Mingming.2016 200 0920 0846 0287 3803 2272 0023 ——
'YANG Fu.2012(a) 1.470 0.529 0280 0432 2508 2776 0.005 'YANG Fu.2012(a) 1.790 1.380 1903 -0914 4.494 1207 0.194

0019 0508 0258 -0.978 1015 0037 0971 0104 0271 0073 -0635 0427 -0385 0700
3000 1500  0.00 1500 30.00 4500 750 0.00 750 1500
X-Ray cBcT X-Ray cBCT

Meta Analysis Meta Analysis

D ANB

C SN-MP

Study name Statistics for each study Difference in means and 95% CI Study name Statistics for each study Difference in means and 85% CI
Difference  Standard Lower Upper Difference  Standard Lower Upper

inmeans  error Variance limit limit ZValue p-Value inmeans eror Variance fmit imit 2-Value p-Value
Wen, J.2017 0310 0885 0784 -13% 2076 0384 0701 Wen,J.2017 070 133 1770 1844 3384  OS77 0564
j“""' ;':'Ew'ig::::; g'::g g‘:z gi:: ‘3':: :i:: g:z: g';: T Na,LI.2012 0050 0528 0279 -1.085 0985 0095 0925

Jung, Pil-Kyo : . . -0.: E E —t——
Lu Zhiyao 2016 2700 0730 0533 -4132 1268 3697 0000
Jung, PikKyo.2015(c) 0430 0462 0214 -0476 1335 0930 0352 S u Zhiyao.
i Hiao 2016(0) om0 1ot 1005 135 273 0660 0308 Wu Mingming 201 450 1203 1672 7034 1966 3480 0001
Li Mi0.2016(d) 0150 0782 0611 -1.382 1682 0192 0848 _ Zamora, N.2011 (a) 0590 3310 10956 5807 7.077 0478 0859 I
No, Li.2012 0030 0250 0063 0461 0521 0120 0905 i Zamora, N.2011 (b 173 3102 9625 4351 7811 0558 0577
LU Zhiyao.2016 -0.190 0171 0029 -052% 0146 -1.110  0.267 -1.199 0947 0897 -3055 0657 -1.266 0206 | - |
WU Mingming 2016 0220 0313 0098 0303 0833 0703 0482 £00 400 000 400 800
0.047 0.113 0.013 -0.175 0.269 0.416 0677
-4.00 2.00 0.00 2.00 4.00
X-Ray CBCT
X-Ray CcBCT

Meta Analysis Meta Analysis

Figure 2. Forest plots of pooled DM for the CBCT group versus the X-ray group (A) SNA, (B) SNB, (C] ANB, (D] SN-MP.
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B ANS-PNS

Study name Statistics for each study Difference in means and 95% CI

Difference ~ Standard Lower Upper

inmeans  error Variance limit limit 2Value p-Value
Jung, PikKyo.2015(a) 0280 1191 1419 2614 2054 -0235 0814
Jung, PiKyo.2015() 0280 1191 1419 2614 2054 -0235 0814
Jung, PiKyo.2015(c) 0280 1191 1419 2614 2054 -0235 0814
Wen, J.2017 0120 145 1342 2151 2391 0104 0918
Zamora, N2011(a) 0720 3373 11374 5890 7330 0213 0831
Zamora, N.2011(b) 0900 3428 11749 7618 5818 0263 0793
Li Miao.2016(a) 0130 2410 5806 -4.853 4593 0054 0957
Li Miao.2016(d) 0190 2642 6982 5369 4989 0072 0943
YANG Fu.2012(2) 2910 2079 4322 6984 1164 -1400 0.162

0346 0529 0279 -1382 0690 0655 0513 -
-8.00 -4.00 0.00 4.00 8.00
X-Ray cecT

Study name Statistics for each study Difference in means and 95% CI

Difference  Standard Lower  Upper
inmeans  error Variance limit limit 2-Value p-Value

Wen, J.2017 -11.050 0567 0322 -12.161 -0.939 -19.487  0.000
LU Zhiyao.2016 1520 0466 0217 0606 2434 3261 0001
YANG Fu.2012(a) 7.150 1560 2432 4.003 10207 4584 0000

0862 5132 26338 -10.921 9.196 -0.168  0.867

2000 -10.00 0.00 10.00 20.00

X-Ray cecT

Meta Analysis

C N-AN

Meta Analysis

D N-Me

Study name Statistics for each study Difference in means and 95% CI
Difference ~ Standard Lower  Upper
inmeans  error  Variance limit limit 2-Value p-Value

Wen, J.2017 0.050 0529 0280 -0988 1.088 0094 0925 -
Zamora, N.2011(a) -0.820 1711 2927 -4173 2533  -0479 0632 —
Zamora, N.2011(b) 0770 1.843 3398 -2.843 4.383 0418 0.676
Li Miao.2016(a) -0.330 0.822 0675 -1.941 1.281 -0.402 0.688 —
Li Miao.2016(d) -0.060 1.524 2324 -3048 2928 -0.039 0.969 —_—
YANG Fu2012(e) 2500 1283 1646 0014 5014 1949 0051
0168 038 0149 0588 0924 0436 0663 >
8.00 -4.00 0.00 4.00 8.00
X-Ray cBCT

Study name_ Statistics for each study Difference in means and 95% CI

Difference ~ Standard Lower Upper

inmeans  error Variance limit limit 2-Value p-Value
Jung, Pikkyo 2015(@)  -0.040 1479 2487 2939 2859 0027 0978 ——
Jung, Pil-Kyo.2015(b) -0.040 1.479 2187 -2.939 2850 -0027 0978 —
Jung, Pikkyo.2015(c)  -0.040 1479 2487 2939 2859 0027 0978 —
Zamora, N.2011(2) 0510 282 8362 -5158 6178 0176 0860
Zamora, N.2011(b) 1000 4951 24511 8704 10704 0202 0840
Li Miao.2016(a) 1000 2997 8981 -4844 6904 0344 0731
Li Mi0.2016(d) 0190 3151 9927 -5.985 6365 0060 0952
WU Mingming 2016 2200 1068 1141 -4203 -0.107 2060 0039 ——
YANG Fu.2012(e) 3430 3371 11366 -3.178 10.038 1017 0309

053 0608 0369 -1725 0657 0879 0379 <
200 -6.00 0.00 6.00 12,00
X-Ray cBeT

Meta Analysis

E N-S

Meta Analysis

F Po-NB

Study name Statistics for each study Difference in means and 95% C1

Difference ~ Standard Lower Upper

inmeans  error Variance limit limit 2-Value p-Value
Jung, PiKyo 2015(a) 0250 0627 0393 -1479 0979 -03%9 0690
Jung, PiKyo 2015(b)  -0240 0627 0393 -1.469 0989 -0383 0702
Jung, Pikyo.2015(c) 0250 0628 0394 -1.481 0981 -0398 0691
Wen, J.2017 21430 0901 0812 19.663 23.197 23776  0.000
Li Miao.2016(a) 0150 0917 0840 -1.947 1647 -0.164 0870
Li Mia0.2016(d) 0130 0998 0996 -208 1826 -0.130  0.896
LU Zhiyao.2016 1390 0482 0233 0445 2335 2882  0.004 -
WU Mingming.2016 4125 088 0785 -298 0486 -1411 0158
YANG Fu.2012(a) 41590 1556 2422 -4641 1461 -1022 0307

21415 2026 4106 -1.857 6086 1044 0297
-8.00 -4.00 0.00 4.00 .00
X-Ray cecT

Study name Statistics for each study Difforenca in means and 96% C).
Difference  Standard Lower  Upper
inmeans  eror Variance fmit fmit ZValue p-Value
Wen, J.2017 0080 0331 0110 -0570 0730 0241 0809
Li Miao.2016(a) 005 0310 0096 -0557 0657 0161 0872
Li Miao.2016(d) 0030 0950 0903 -1.893 1833 0032 0975
Na, Li.2012 0060 0107 0012 -0.150 0270 0559 0576
LU Zhiyao.2016 0.620 0239 0057 0152 1088 2598  0.009 -
WUMingming.2016 1240 0208 0043 0832 1648 5960 0000 -
0400 0246 0060 -0082 0882 1625 0.104
400 200 0.00 2,00 4.00
X-Ray cecT

Meta Analysis

Meta Analysis

Figure 3. Forest plots of pooled DM for the CBCT group versus the X-ray group (A) ANS-Me, (B] ANS-PNS, (C) N-ANS, (D) N-Me, (E] N-S, (F) Po-NB.

significant. The meta-analysis indicated that the
pooled DM was Ar(Co)-Gn (10.76 mm, 95% CI
4.93-16.60, P = 0.000), and Me-Go (9.15 mm, 95%
CI2.99-15.31, P = 0.004).

Of the seven dental measurements, the differences
in one parameter were determined to be statistically
significant. The meta-analysis indicated that the
pooled DM was Ul-L1 (1.55° 95% CI 1.09-2.00,
P =0.000).

No statistical difference was found in the other
cephalometric parameters. The results of the meta-
analysis are shown in Table I'V.

Sensitivity analysis
A sensitivity analysis was performed by excluding low

quality studies and one study which used the CBCT
system calibration method. The results are shown

in Table VI. There was no obvious change in the
results, indicating that the present meta-analysis had
acceptable stability and low sensitivity.

Publication bias

The results of Egger’s test and Begg’s test are shown
in Table VII. Publication bias was found in the
following measurement parameters: ANB, Ar(Co)-
Gn, N-Me, Me-Go and OP-SN. There was no
publication bias detected in the other measurement
parameters.

Discussion

CBCT is a 3D imaging technology applied in cra-
niofacial examination. It can generate high-quality
conventional lateral cephalograms, conventional
frontal cephalograms, panoramic radiographs and
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A L1-MP(mm)

B UI-L1(°)

Study name Statistics for each study Difference in means and 9% C1.

Difference ~ Standard Lower  Upper

inmeans  error  Variance limit limit 2-Value p-Value
Zamora,N.2011(2) 0590 4244 18008 -8907 7727 -0.139 0889
Zamora,N.2011(b) 0140 4445 19758 8852 8572 -0.031 0975
Jung PilKkyo.2015(a) 0430 1716 2945 3794 2934 -0251 0802 —
Jung,PilKkyo.2015()  -0.420 1716 2945 3784 2944 0245 0807 e
Jung,Pikyo.2015(c)  -0.420 1718 2952 3787 2947 -0244 0807 ——
Wen,J.2017 -0.490 1968 3874 -4348 3368 -0249 0803 —
Na,Li 2012 1290 0395 0156 0515 2065 3264 0001 -
Lu Zhiyao.2016 2150 1016 1032 -4141 0159 2116 0034 ——|

0211 0679 0461 -1541 1119 0311 0756 R 3
1200 -6.00 0.00 6.00 12.00
X-Ray cecT

Study name Statistics for each study Difference in means and 95% C1

Difference  Standard Lower  Upper

inmeans  error  Variance limit limit 2-Value p-Value
Jung PiKyo.2015(a) 0490 2893 8370 5180 6160 0169  0.866 B
Jung PikKyo.2015() 0470 2895 8381 5204 6144 0162 0871 [r—
Jung PiKyo.2015(c) 0470 2896 8387 5206 6.146 0.162 0871 [——E——
Wen,J.2017 0600 2740 7510 -4771 5971 0219 0827 —_
Zamora,N.2011(a) 1410 3301 10897 5060 7.880 0427 0669
Zamora,N.2011(b) 4300 4948 24480 -10.997 8397 0263 0793
Na,L1.2012 1500 0240 0058 1029 1971 6240  0.000 [ ]
Lu Zhiy20.2016 4050 1436 2063 1235 6865 2820 0005 —
Wu Mingming 2016 2280 1869 3494 -1384 5044 1220 0223 4

1545 0231 0053 1092 1999 6683 0000 ¢
4500 750 0.00 7.50 15.00
X-Ray cecT

Meta Analysis

C L1-NB(mm)

Meta Analysis

D L1-NB(°)

Study name Statistics for each study Difference in means and 95% CI
Difference ~ Standard Lower Upper
inmeans  error Variance limit limit ZValue p-Value

Wen,J.2017 0730 0564 0318 -1.836 0376 -1.294  0.19

Na,Li.2012 0080 0410 002 -0135 0295 0730  0.465

Lu Zhiyao.2016 0870 0270  0.073 -1.400 -0340 3216  0.001 -

Wu Mingming.2016 0570 0377 0142 -0.169 1309 1512  0.131

0201 0317 0100 -0822 0420 -0634 052

Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error  Variance  limit limit ~ 2-Value p-Value
Wen,J.2017 7.550 2.097 4.395 3441 11659 3.601 0.000
Na,Li2012 0.780 0.132 0.017 0522 1.038 5.917 0.000
Lu Zhiyao.2016 2,630 0899 0808 -4392 -0.868 2925  0.003 -
WuMingming 2016~ -0730 135  1.838 3367 1927 -0539 0590
0692 1340 1819 -1952 3335 0513 0608
-15.00 -7.50 0.00 7.50 15.00

X-Ray cBeT

Meta Analysis

E U1-NA(mm)

Meta Analysis

F U1-NA(®)

Study name Statistics for each study Difference in means and 95% Cl
Difference  Standard Lower Upper
inmeans  error Variance limit limit Z-Value p-Value
Wen,J.2017 0890 0647 0418 2157 0377 1376  0.169
Na,Li2012 0470 0082 0007 0010 0330 2086 0037
Lu Zhiyao.2016 0000 0271 0073 -0621 0441 0332 0740
Wu Mingming.2016 1160 0413 0471 0350 1970 2807  0.005
0173 0258 0067 -0332 0679 0671 0502
-4.00 200 0.00 2.00 400
X-Ray ceeT

Study name_ Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
inmeans  error Variance limit limit 2-Value p-Value
Wen,J.2017 5180 2353 5539 0567 9793 2201 0028
Na,Li2012 1710 0257 0066 1206 2214 6649  0.000 [ ]
Lu Zhiya0.2016 41020 0895 0801 2775 0735 -1.139 0255
WuMingming.2016 ~ -6.410 2827  7.991 -11951 -0869 2267  0.023
0276 1413 1997 2494 3046 0195 0845

-15.00 7.50 0.00 7.50 15.00

X-Ray cBCT

Meta Analysis

Meta Analysis

Figure 4. Forest plots of pooled DM for the CBCT group versus the X-ray group [A) L1-MP, (B) UT-L1(°), (C) LI-NB(mm], (D) L1-NB (°), (E) UT-NA(mm),

(F) UT-NA(°).

anteroposterior radiographs. Therefore, it is able to
show the spatial position of the bones of the craniofacial
skeleton as well as the dental roots, which therefore
facilitates the examination of morphology, symme-
try, and the craniofacial relationships. However, as
CBCT and conventional cephalograms have different
measurement requirements and involve fixed points
in two dimensions and three dimensions, variation
between the techniques requires consideration. The
present study is the first to systematically evaluate
the differences between 3D images from CBCT and
2D images from a conventional cephalogram in the
measurement of cephalometric parameters.

The quality evaluation method applied in the pre-
sent study required specific characteristics which
necessitated the evaluation of the suitability, accuracy
and reliability of measurement methods adopted in
the included articles. The current review assessed
studies on the measurement accuracy of cephalometric

parameters using 3D images obtained from CBCT
to those of 2D images obtained from conventional
cephalograms rather than the diagnostic accuracy of
orthodontic-related disease. Therefore, the QUADAS
tool which is usually used as a quality assessment tool
to study diagnostic accuracy and to further analyse
parameters of specificity and sensitivity was finally
considered unsuitable because the present study mainly
compared the differences between the two groups of
measurement data. According to the characteristics
of the measurement studies, scholars had designed
the QUAMAS tool to focus on three domains: study
design, study measurement, and statistical analysis. The
QUAMAS tool was specially designed for the quality
evaluation of measurement accuracy but required some
accommodating changes, such as an added P value and
confidence interval in the domain of statistical analysis.

The results of the meta-analysis showed that there
were no significant statistical differences in most
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A Ar(Co)-Go B FH-MP
Study name Statistics for each study Difference in means and 95% CI Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper Difference  Standard . Lower  Upper
inmeans  error Variance limit limit 2-Value p-Value inmeans  error  Variance limit limit 2-Value p-Value
02,.2011(2) 2810 0484 0235 1861 3750 5801  0.000 - Jung PiKyo 2015@a) 0280 1075 1456 -2387 1.827 0260 0795
02.0.2011(6) 0120 0142 0020 -0158 0308 0.847  0.307 Jung PikKyo.2015(b) 0290 1076 1158 2399 1819 0260 0788
WuMingming2016 0130 1269 1610 -2617 2357 0102 0918 Jung Pikkyo.2015(c)  -0790 1075  1.156 2897 1317 0735 0462
Yang Fu.2012 4110 1411 1990 6875 -1.345 2913  0.004 Wan, 2017 0600 1267 1604 182 3142 0521 0602
LiMia0.2016(a) 0490 0754 0560 -1969 0989 -0650 0516
0009 1086 1.093 2041 205  0.008 0993 Li Miso.2016(0) 0650 0772 0505 2462 0862 -0.842 0400
.00 4.00 0.00 400 8.00 Na,Li.2012 0200 0215 0046 -0622 0222 -0928 0353
Lu Zhiya0.2016 770 0750 0562 -3239 0301 2361 0018 R
0339 0183 0033 -0697 0019 -1.850 0063
X-Ray ceer 200 0.00 200 4.00
X-Ray cBcT
Meta Analysis Meta Analysis
Study name Statistics for each study Difference in means and 95% C1 Study name Statistics for each study Difference in means and 95% CI
Difference ~ Standard Lower  Upper Difference  Standard Lower Upper
in means error  Variance limit  limit 2-Value p-Value in means error  Variance limit  limit 2-Value p-Value
Jung, Pikyo.2015(@)  0.510  0.894 0799 -1242 2262 0570 0568 Ne,Li2012 0700 0474 0030 0359 1041 4028 0000 ]
Jung, Pikkyo 2015()  0.510  0.894 0799 -1242 2262 0570 0508 L Znyeo2016 170 0680 0474 2520 0480 1699 0089
Jung, PiKyo.2015(c)  0.510  0.894 0799 -1242 2262 0570 0568
Wen, 42017 5000 0962 0926 8976 -5.004 5280 0000 = WuMingming2016 ~ -2700 1413 1995 5460 0069 -1.911 0056
Li Mia0.2016(a) 18.890 1.533 2349 15886 21.894 12325  0.000 - -0.712 0.952 0.907 -2578 1.154 -0.748  0.454
Li Mia0.2016(b) 16250  1.464 2144 13380 19.120 11.007  0.000 200 400 000 400 800
Li Miao.2016(c) 1778 1613 2602 14618 20942 11022 0.000
Li Miao.2016(d) 19.900 1.287 1656 17.378 22422 15464  0.000 =
WU Mingming 2016 13640 1.035 1071 11612 15668 13181  0.000 X et
9.151 3443 9881 2900 15312 2911 0004 Ry
-30.00 0.00 15.00
cBeT
Meta Analysis Meta Analysis

Figure 5. Forest plots of pooled DM for the CBCT group versus the X-ray group (A} Ar(Co)-Go, (B] FH-MP, [C) Me-Go, (D) OP-SN.

Table IV. Original resul.

Index X 95%Cl P value

SNA 0.02 (0.98, 1.02) P=0.971
SNB -0.10 (0.64, 0.43) P=0.700
ANB 0.05 (0.18, 0.27) P=0.677
Ar(Co)Gn 10.76 (4.93, 16.60) P=0.000
ANS-PNS -0.86 (10.92,9.20) P=0.867
ANSMe -0.35 (-1.38, 0.69) P=0.513
N-ANS 0.17 [0.59, 0.92) P=0.663
N-Me -0.53 [-1.73, 0.66] P=0.379
FH-MP -0.34 (0.70, 0.02) P=0.063
SN-MP -1.20 [3.06, 0.66)  P=0.206
Me-Go Q.15 (2.99,15.31)  P=0.004
N-S 2.12 (-1.86, 6.09) P=0.297
Po-NB 0.40 (-0.08, 0.89) P=0.104
L1-MP 0.21 (-1.54,1.12) P=0.756
OP-SN 0.71 (-2.58, 1.15) P=0.454
LT-NB(mm) -0.20 (0.82, 0.42) P=0.526
LT-NB(°) 0.69 (-1.95, 3.34) P=0.608
UT-L1 1.55 (1.09, 2.00) P =0.000
UT-NA[mm) 0.17 (0.33, 0.68) P=0.502
UT-NA[°) 0.28 (-2.49, 3.05) P=0.845

cephalometric parameters except Ar(Co)-Gn, Me-
Go and UI-L1 between the CBCT measurement
and the conventional cephalometric measurement.
By considering that images obtained from the two
measurement methods would have similar accuracy,
CBCT can be recommended as a supplementary
option to conventional cephalometric measurements
as it overcomes conventional cephalometric shor-
tcomings related to structure magnification, overlap
and distortion.>" A published study found that when
comparing the physical measurements of human dry
skulls, digital 2D images presented variations in the
measurements, while CBCT showed almost perfect
diagnostic results.”” In addition, the conventional
lateral head film uses exposure technology, which
is affected by the distance between the structure
projected to the recording medium, and so images
may have different magnifications. In CBCT, the
gantry rotates 360 degrees around the head, so the
generated image is 1:1 without magnification.”!

The advantage of CBCT is that it reflects the true
distance and angle between measurement points and
provides greater information for clinical diagnosis
and treatment compared with 2D images. Because
the fixed point of a conventional cephalogram is 2D,
while the human head is 3D, inherent variations
are produced between 2D and 3D measurements.
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Table V. Quality assessment of the included studies using the QUAMAS tool.

Study design Study measurement S/ic:}!slgzgl

Studies A B C D E F G | J K L M Tofd
Jung, 2015 1 1 1 1 1 ] 1 ] ] ] 1 1 12
Wen, 2017 1 0 1 0.5 1 1 1 0.5 1 0 1 2 1 11

Zamora, 2011 1 0 0 0 0 05 1 0 1 0 1 1 1 6.5
Miao, 2016 1 0 0 1 1 1 1 0 0 1 1 0 1 8

Na, 2012 1 0 0 ] 1 ] ] 0 | | ] 0 2 10
Zhiyao, 2016 1 0 1 0.5 1 1 1 0 1 1 1 1 1 10.5
Mingming, 2016 1 0 0 0.5 1 1 1 0 ] ] | 1 1 @.5
Yang, 2012 1 0 0 1 0 1 1 05 0 1 1 0 1 7.5

Specifically, the 2D angle is larger than the 3D
angle, and the 2D linear distance is smaller than the
3D linear distance. The capture and measurement
methods of CBCT can eliminate errors likely caused
by 2D images which better reflect the true distance
and angle between the craniofacial landmarks. In
addition, the accuracy of conventional lateral cephalo-
grams to determine the mandibular plane also varies
due to artifacts, while CBCT can effectively avoid
this issue.

In clinical situations that require 3D information to
assist in diagnosis and treatment planning, related
to TM]J disorders, tooth impactions, and respiratory
issues involving the sinuses and airways, root re-
sorption, implant surgery, and complex orthodontic
and dentofacial orthopaedic problems,** conven-
tional 2D imaging methods find difficulty in
providing the required information. The CBCT
advantage is the provision of more detailed 3D
information to enhance diagnosis and treatment
considerations.”** Compared to 2D radiographs,
CBCT better facilitates the accurate determination
of tooth and root length, the detailed assessment
of root resorption, the determination of available
bone width, the assessment of tooth inclination, the
calculation of torque and the appreciation of soft
tissue relationships. CBCT further provides detailed
information regarding craniofacial morphology and
maxillary and mandibular changes resulting from
rapid maxillary expansion.”

Data obtained from three-dimensions is greater
than that acquired in two dimensions. Only one
measured value can be obtained by comparing 2D

overlapping images, while two measurements can
be acquired from both sides of the 3D images. The
comparison of these two measurements in three
dimensions may be helpful in diagnosing patients
with mandibular asymmetry. Moreover, a systematic
review also showed that CBCT was more useful in
cases that were difficult to diagnose by conventional
radiography.”® Therefore, in specific clinical situ-
ations, the use of CBCT should be considered to
enhance the diagnosis and treatment plan.

The radiation dose of CBCT is routinely higher than
conventional 2D radiography, and so its application
is limited due to health concerns. When comparing
effective doses arising from CBCT scans to that
reported for 2D extra-oral radiography in dentistry, a
minimal value for a CBCT (11 uSv) is 0.2-2.0 times
greater than a dental panoramic film, or 1.0-5.5
times greater than a cephalometric image.”” Whereas,
low-dose protocols have been proposed and usually
achieved by milli-amperage reduction, scan time
reduction, the use of partial rotations, a reduced
number of projections and a larger voxel size.” A
prospective study compared the radiation dose of
CBCT with a low-dose regimen and cranial imaging.
The results indicated that the effective dose of CBCT
with a low-dose regimen was 35.4 USv, which was
comparable to the effective dose of 2D cephalometry
while the image quality was satisfactory.’® A recent
study used Frankfort Horizontal (FH) instead of the
traditional reference plane (SN) to reduce the FOV,
and thereby reduced the radiation dose of CBCT.
The research results showed that this method could
be used for paediatric orthodontic patients in specific
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Table VI. Result of sensitivity analysis.

COMPARISON OF THE ACCURACY OF 2D AND 3D CEPHALOMETRY

Exclusion of Zamora, N 2011

Exclusion of Zamora,

Exclusion of and Jung,

Indlex Original resul and Jung, PilKyo 2015 N 2011 Pilkyo 2015

SNA 0.02 [0.98, 1.02] 0.05[1.40, 1.51] 0.04 [1.00, 1.07) 0.03 [1.35, 1.40)
P=0971 P=0.942 P=0.948 P=0.970

SNB 0.10 [0.64, 0.43) 0.09 [0.83, 1.00) 0.050.63,0.54  0.01[0.82, 0.83)
P=0.700 P=0.855 P=0.88] P=0.987

ANB 0.05 [0.18,0.27) - - 0.04 (0.28,0.21)
P=0.677 P=0.760

AlColGn  10.76 (4.93, 16.60) - - 10.76 (12.94, 20.39)
P = 0.000 P = 0.000

ANSPNS  -0.86 [10.92, 9.20) - - -
P=0.867

ANSMe 0.35 [1.38, 0.69) 0.49 (2.22, 1.23) 0.36 (142,070  0.44(2.06 1.18)
P=0.513 P=0.577 P=0.507 P=0.593

NANS 0.17 [0.59, 0.92) - 0.07 [0.19, 0.33] -
P=0.663 P=0.599

N-Me 0.53 [1.73, 0.66) 0.85(3.13, 1.44) 0.61(1.84,062)  -1.04(2.74 0.65]
P=0.379 P=0.468 P=0.332 P=0.229

FH-MP 0.34 0.70, 0.02) - - 0.44 (0.99, 0.11)
P=0.063 P=0.119

SN-MP .20 (:3.06, 0.66) - 1.57(3.67, 0.53) -
P=0.206 P=0.142

Me-Go 9.15(2.99, 15.31) - - 13.53 (4.60, 22.47)
P =0.004 P=0.003

NS 2.12 (-1.86, 6.09) - - 3.30 (-3.43, 10.03)
P=0.297 P=0.337

Po-NB 0.40 [0.08, 0.89) - - -
P=0.104

L1-MP 0.21 154, 1.12) 0.32 (291, 2.28) 027 (179 1.24)  0.28(2.43, 1.87)
P=0.756 P=0.812 P=0726 P=0799

OP-SN 0.712.58, 1.15) - - -
P=0.454

LINB(mm]  -0.20 [0.82, 0.42) - - -
P=0.526

L1-NB[°] 0.69 [1.95, 3.34] - - -
P=0.608

UTLT 1.55(1.09, 2.00) 1.75 (0.86, 2.64) 1.55(1.10, 2.01) 1.5(1.11, 2.02)
P = 0.000 P=0.000 P = 0.000 P =0.000

UI-NA[mm]  0.20 (0.34, 0.73) - - -
P=0.465

UT-NAE) 0.28 [2.49, 3.05) - - -
P=0.845
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Table VII. Results of publication bias.

Index Begg's test Egger's test
SNA 0.49289 0.20611
SNB 0.68075 0.14336
ANB 0.29715 0.00829
Ar(Co)-Gn 0.11785 0.00061
ANS-PNS 1.00000 0.89425
ANS-Me 0.40425 0.54673
N-ANS 0.70711 0.61827
N-Me 0.29715 0.02517
FH-MP 0.62069 0.38980
SN-MP 0.70711 0.94893
Me-Go 0.14440 0.00522
N-S 0.83483 0.67174
Po-NB 1.00000 0.66028
LT-MP 0.13765 0.10617
OP-SN 1.00000 0.09144
LT-NB(mm) 0.73410 0.59868
LT-NB(°) 0.73410 0.85952
Ul 0.34808 0.95074
UT-NA[mm) 0.73410 0.95712
UT-NA(°) 0.73410 0.48943
circumstances.”’ Continuous research efforts and

attempts to improve low-dose CBCT are expected to
make CBCT more widely used.

The results of the meta-analysis showed that Ar(Co)-
Gn, Me-Go and Ul-L1 differed greatly between
orthodontic CBCT measurements and measurements
from conventional cephalograms (P < 0.05). Ar(Co)-
Gn and Me-Go were the two measurements that
had significant statistical differences between the
13 skeletal measurements, the former represents the
length of mandibular ramus and the latter represents
the length of mandibular body. In the actual 3D
structure, both of these structures have an angle with
a horizontal or sagittal plane, which can affect the
accuracy of 2D measurement. Clinically, patients
with mandibular retrusion might see a change in
the shape of the mandibular body and ramus, as
well as a change in mandibular length. Because
CBCT can eliminate the anglular deviation in 2D
measurements, the accuracy of diagnosis may be
improved by measuring from three dimensions
using the two parameters. Of 7 dental measurements

used the present study, Ul-L1 was one parameter
determined to be statistically significant. The reason
for the difference may be due to the 2D images con-
fusing the mesial-distal inclination of adjacent teeth
or the 2D images were too unclear because of the
radiographic magnification. However, in general, this
parameter has no great clinical application.

There was publication bias in Ar(Co)-Gn and Me-
Go measurements identified in the present study,
and it was considered that a possible reason might be
that previous research was more inclined to publish
cephalograms with poor left-right overlap in order
to highlight the advantages of CBCT. It is common
that an upper measurement overlap occurs, and so it
is considered that publication bias cannot overcome
the significance of the conclusion. Although the
publication bias of Ar(Co)-Gn and Me-Go may
affect the accuracy of the results, combined with
the rigorous retrieval and selection process of the
present study, and the practical clinical significance
of the two parameters, it is suggested that statistical
significance can provide reference for the differences
between parameters in 2D and 3D cephalometry.

Itis acknowledged that the present study has limitations.
The heterogeneity of some parameters was found to be
high. Additionally, as some of the studies had small
sample sizes, the power of the analysis may have been
affected. It is considered that further clinical research
with larger sample sizes is indicated. Moreover, with
the continuous development of current computer-aided
design and computer-aided production (CAD/CAM)
technology, dental treatment is becoming simplified,
personalised and scholarly. Compared with 2D images,
CBCT has obvious advantages in oral digital treatment
planning. By combining related software, CBCT can
quickly obtain 3D scan data of oral and maxillofacial
hard tissues and establish virtual patients to achieve
effective digital design and treatment®®* which is
considered more refined and certainly more advanced
than traditional methods. As the current trend of
dental treatment is continually shifting to digitalisation,
CBCT will become a greater and valuable tool.

Conclusions

The images obtained from CBCT scans have similar
accuracy to conventional cephalometric measure-
ments. CBCT is recommended as a supplementary
option when current circumstances require improved
diagnosis and treatment planning,
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