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Objectives:  To examine the precision of imaging measures commonly used to assess mandib-
ular morphology in children and adolescents with juvenile idiopathic arthritis (JIA). Secondly, 
to compare cone-beam computed tomography (CBCT) and magnetic resonance imaging 
(MRI) in the measurement of condylar height.
Methods:  Those included were children diagnosed with JIA during 2015–18 who had had 
an MRI, a CBCT of the temporomandibular joints (TMJs) and a lateral cephalogram (ceph) 
of the head within one month of each other. Agreement within and between observers and 
methods was examined using Bland-Altman mean-difference plots and 95% limits of agree-
ment (LOA). A 95% LOA within 15% of the sample mean was considered acceptable. Minimal 
detectable change (MDC) within and between observers was estimated.
Results:  90 patients (33 males) were included, with a mean age of 12.8 years. For MRI, intra- 
and interobserver 95% LOA were relatively narrow for total mandibular length: 9.6% of the 
sample mean. For CBCT, condylar height, both intra- and interobserver 95% LOA were wide: 
16.0 and 28.4% of the sample mean, respectively. For ceph, both intra- and interobserver 95% 
LOA were narrow for the SNA-angle and gonion angle: 5.9 and 8% of the sample mean, and 
6.2 and 6.8%, respectively.
Conclusions:  We have identified a set of precise measurements for facial morphology assess-
ments in JIA, including one MRI-based (total mandibular length), one CBCT-based (condylar 
height), and three ceph-based. Condylar height was higher for MRI than for CBCT; however, 
the measurement was too imprecise for clinical use. MDC was also determined for a series of 
measurements.
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Introduction

Juvenile idiopathic arthritis (JIA) is an autoimmune, 
heterogeneous condition that includes different forms of 
chronic arthritis of unknown origin and affects around 
1–2 in 1000 under the age of 16 years.1,2 The disease is 
characterised by synovial inflammation, with a poten-
tial risk of developing progressive joint destruction and 
severe functional disability.1 The temporo-mandibular 
joint (TMJ) is more frequently involved than previously 
believed (in up to 78% of cases), of which a high propor-
tion appears to be clinically silent.3–6 TMJ arthritis is 
associated with all JIA subtypes, and active inflamma-
tion is often difficult to detect clinically.7,8 Moreover, 
around one-third of JIA patients with TMJ arthritis 
with JIA onset during growth will develop mandibular 
growth disturbances before skeletal maturity.9

Monitoring mandibular growth during childhood 
and puberty in children with JIA and TMJ arthritis has 
traditionally been performed using cephalometric trac-
ings (cephs) and their superimpositions.10 However, eval-
uation of growth using two-dimensional radiographs is 
flawed by distortion and overlapping of 3D structures, 
varying magnification and issues with positioning. 
Thus, over the past 20 years, the method has been 
replaced by cone-beam CT (CBCT) in many centres, 
at the cost of higher radiation doses.11 A recent paper 
by Maspero and colleagues comparing measurements 
of mandibular body length and growth by CBCT and 
reconstructed lateral cephalograms, the authors found 
that although the direct measurements differed between 
the two methods, mandibular growth assessment was 
almost identical. They concluded that two-dimensional 
radiographs remain the preferred method in evaluating 
mandibular body growth.12 However, knowledge on the 
precision or accuracy of cephs or CBCT using Fryback 
and Thornbury’s widely cited principles for radiological 
research is lacking.13 They suggest a hierarchical model, 
where level one addresses technical image quality, level 
two addresses diagnostic accuracy, sensitivity, and 
specificity, and so on until level six, which addresses 
the examination’s impact on social costs and benefits. 
The demonstration of efficacy at each lower level in 
this hierarchy is logically necessary but not sufficient to 
assure efficacy at higher levels.13 Their statements have 
fuelled our efforts to examine the precision of imaging 
markers used in children.14 For CBCT, validation of the 
measurements has mainly been performed on specimens 
using small datasets.15,16 Systematic reviews on accuracy 
of measurements and reliability of landmark identi-
fication with CT techniques in the maxillofacial area 
concluded, that there is just a limited number of studies 
and that most studies had methodological limitations 
and were of moderate quality.17,18 According to recently 
published guidelines for imaging of TMJs in patients 
with JIA, magnetic resonance imaging (MRI) of the 
TMJs is advised for the assessment of inflammatory 
change.19,20 The potential of MRI for the evaluation 

of growth disturbances secondary to TMJ involve-
ment has been addressed, using T1W 3D sequences to 
construct oblique sections through the mandible on 
which measurements are based.21,22 By adding a T1W 
3D sequence of the whole head to the TMJ protocol, we 
aimed to examine the precision of three MRI-derived 
measurements for mandibular morphology. Moreover, 
we examined the precision of one measurement derived 
from CBCT (small field of view) and commonly used 
ceph-measurements in a large cohort of children and 
adolescents with JIA. Finally, a comparison between 
CBCT and MRI for the measurement of condylar 
height was performed. The overall aim was to identify 
the most precise measurements for the assessment of 
mandibular morphology, for further use in the moni-
toring of mandibular growth.

Methods and materials

The present study is part of a longitudinal multicentre 
study addressing children and adolescents diagnosed 
with JIA, which was performed during 2015–2020 
(NCT03904459 in www.clinicaltrials.gov).1 The study 
was approved by the Regional Ethics Committee (REK 
number 2012/542), and written informed consent was 
obtained from each participant and/or a caregiver 
according to the national guidelines. This particular 
study includes a subset of 90 patients who had under-
gone an examination of MRI, a CBCT of the TMJs 
and a lateral cephalogram of the head, taken within 
one month of each other between March 2015 and May 
2018. The patients were identified on the basis of clin-
ical, demographic information to reflect the whole range 
of disease duration, JIA subgroup and severity, in order 
to robustly test the variables in question.

Magnetic Resonance Imaging (MRI)
All MRI examinations were performed on a 3 Tesla 
system (Skyra, Siemens Healthcare, Erlangen, 
Germany), using a 64-channel head coil (or a 32-channel 
in 30 patients). For the present study, a sagittal T1W 
magnetisation prepared rapid gradient echo (ultra-
fast gradient-echo 3D) sequence (TR/TE/FA/SL = 
2000/2.26/8/1) was used. Following several calibration-
meetings and discussions, the images were assessed 
independently by two consultant radiologists using a 
high-resolution PACS-screen, twice (at an interval of 4 
weeks) by KR and once by TAA (30 and 14 years of 
experience in paediatric imaging, respectively), without 
any other information available. The following three 
measurements were made: a) posterior mandibular 
length (Go-Co) and condylar height Co-In, b) total 
mandibular length Co-Gn (Figure 1).

To measure the total mandibular length, gnathion 
was used as origo when the multiplanar reconstruction 
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(MPR) volume was reoriented to include the top of the 
condyle. Co-Gn was measured, and the reorientation 
was repeated for the contralateral side. The method 
for measuring the posterior mandibular length and 
condyle height included reorienting the volume to a 
ramus-corrected oblique sagittal view, and determining 
the ramus tangent, gonion, top of the condyle and the 
lowest (caudal) point of the incisura mandibulae, to 
then measure the Co-Gn and Co-In (Figure 1).

Cone-beam computed tomography (CBCT)
The CBCT examinations were performed on one of 
three CBCT machines, with kVp / mAs / field of view 
(mm) / voxel dimension (isotropic, mm) settings: 3D 
Accuitomo 170 (Morita Mfg Corp, Kyoto, Japan) 
85/175/40*40*40/0.08; Promax 3D (Planmeca Oy, 
Helsinki, Finland) 90/13.6/200*200*60/0.40; or Scanora 
3D (Soredex, Tuusula, Finland) 90/45/60*60*60/0.13. 
The participants were positioned in the Frankfort hori-
zontal plane, with their teeth in maximal intercuspal 
position.

The images were exported together with the accom-
panying image viewers included in the three respective 
CBCT systems – Planmeca Romexis Viewer (Planmeca 
Oy, Helsinki, Finland); OnDemand3DApp Project 
Viewer Limited (version 1.0.10.4304, CyberMed, 
Daejeon, Republic of Korea); and iDixel One Volume 
Viewer (J. Morita MFG. Corp., Kyoto, Japan) – and 
were assessed independently by two consultant radiol-
ogists, twice (at an interval>4 weeks) by TAA and 
once by OWA (both with 13 years of experience). Prior 

to scoring, meticulous calibration was performed. 
Condylar height was measured in the same manner 
as for MRI; however, due to the limited field of view, 
we approximated the ramus corrected sagittal view to 
include the coronoid process and the ramus tangent 
along the posterior border at the lowermost point of the 
condyle or ramus included in the field of view (Figure 2).

Cephalogram (ceph)
Lateral cephs were performed using one of three 
different pan/ceph systems: Orthophos xg 5 (Sirona 
Dental Systems, Bensheim, Germany), with the 
following settings: 73 kVp, 15 mA, exposure times 9.7 
and 9.4 sec for adolescents and children, respectively, 
and a magnification factor of 1.1 with a 16-bit pixel 
depth for all images; Promax Type Version 3.8.1.0 
(Planmeca, Helsinki, Finland), kV: 62–70, mAs: 7–10 
mA, 6.7 sec; and Soredex Cranex D (Helsinki, Finland) 
70 kV, 10 mA, exposure time 5.8 sec. The radiographs 
were taken under standardised conditions with a natural 
head position (Frankfort horizontal line parallel to the 
floor) and teeth in maximal intercuspation.

Calibration of ceph-measurements
Two observers (JH and JF) underwent four calibra-
tion exercises (two on five cases and two on 30 cases 
– not included in the study) under the guidance of an 
expert (KDK), where nine measurements based on 16 
anatomical landmarks were calculated (Supplementary 
Material S1) and (Figure 3). At the completion of the 

Figure 1  Constructions and both linear measurements of posterior mandibular length measured from the gonion to the top of condyle (Co-Go) 
and condylar height measured from the most caudal point of incisura mandibulae to the top of the condyle (Co-In). Figure 1B: Construction of 
total mandibular base length measured between the gnathion and the top of the condyle (Co-Gn). Co: Condyle; Go: Gonion; Gn: Gnathion; In: 
Incisura; Post: Posterior; Mandib: Mandibular.
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calibration phase, the bias level between observers was 
acceptable (Supplementary Material S2).

Statistical analysis
The normality of the data was confirmed using Q-Q 
plots and the Shapiro Wilks test. Agreement within and 
between observers and methods was analysed using 
Bland-Altman mean-difference plots.23,24 The mean 
difference was reported as a measure of constant bias, 
whilst the 95% limits of agreement (95% LOA = mean 
difference±1.96 x standard deviation) of the differences 
(SDdiff) was reported as a measure of intra- and interob-
server variation. 95% LOA was expressed in the actual 
units of the measurements and as a percentage relative 
to the mean measurement, since there was a clear depen-
dency of the measurement variation on the mean values. 
The limit for clinically acceptable agreement was infor-
mally set at a 95% LOA of 15%.25,26

Absolute reliability was also determined by stan-
dard error of measurement (SEM) and minimal detect-
able change at a 95% confidence interval (MDC95).

27,28 

A one-way between-groups analysis of variance was 
conducted to explore the impact of CBCT machine 
type on the intraobserver variation of measurements of 
condylar length, right side.

All statistical analysis was performed using IBM 
SPSS version 26 (IBM, Chicago, IL). The level of statis-
tical significance was set at 5% (p ≤ .05).

The NorJIA study was approved by the Regional 
Ethics Committee; REK nr 2012/542. Informed 
consents were given by the children if  ≥16 years, and 
by the parents if  the child were <16 years. Data were 
collected and stored according to the General Data 
Protection Regulation (GDPR).

Results

90 JIA patients (33 boys and 57 girls) were included, with 
a mean age of 12.8 years (range 4.9–16.3 years). Among 
the 90 cases, 39 (43.3%) were oligoarticular, 26 (28.9%) 
were polyarticular, 10 (11.1%) were enthesitis-related, 3 

Figure 2  CBCT measurement of condylar height (Co-In). Condyle; In: Incisura
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(3.3%) were systemic, 3 (3.3%) were psoriasis-related, 
and 9 (10%) were undifferentiated types of JIA. The 
median duration of the disease was 5.0 years (IQR 6.2, 
0.4–14.4). Two JIA patients had a poor head posture 
and/or a lack of maximal intercuspidation at the image 
acquisition.

MRI measurements
The intra- and interobserver 95% limits of agreement 
(LOA) were relatively narrow for total mandibular 
length (9.6% of the sample mean, right side) (Table  1 
and Supplementary Material S3). For the posterior 
mandibular height, both intra- and interobserver 95% 
LOA were wide: 17.2 and 17.3% of the sample mean, 
respectively. The variation within and between observers 
was even higher for the condylar height, with 95% 
LOA of 55.4 and 34.8%, respectively. The intra- and 

interobserver mean differences (bias) were low, ranging 
from 0.1 to 0.9 mm (2.0 and 18.4%) (Table 1). For indi-
vidual subjects, a change in overall distance of at least 
5.4 mm for mandibular length, 4.8 mm for posterior 
mandibular height and 5.4 mm for condylar height 
right side would have to be observed to confirm that a 
true change, beyond measurement error, has occurred 
(Table 1).

CBCT measurements
For the condylar height, both intra- and interobserver 
95% LOA were wide: 16.0% and 28.4% of the sample 
mean, right side, respectively (Table  2). The intraob-
server mean difference (bias) was zero (Supplementary 
Material S4), whilst the interobserver mean difference 
was 0.1 mm and 0.4 mm for right and left condyle, 
respectively (Table 3). MDC varied between 1.4 mm and 
3.1 mm (Table 2).

Ceph measurements
For the SNA angle, both intra- and interobserver 95% 
LOA were narrow: 5.9 and 8% of the sample mean, 
respectively (Supplementary Material S5). The variation 
within and between observers was even lower for the 
SNB angle, with 95% LOA of 4.5 and 6%, respectively. 
The variation within and between observers was narrow 
for the gonion angle (RL3/ML3) (Supplementary Mate-
rial S5), with 95% LOA of 6.2 and 6.8%, respectively. 
For the mandibular plane angle demonstrated by ML3/
NSL, only the intraobserver 95% LOA was narrow with 
13.4% (Supplementary Material S5). The remaining 
ceph-based measurements showed wide limits of agree-
ment. The MDC varied between 1.4 ° and 7.0 ° (Table 3).

Condylar height; comparison between CBCT and MRI
Mean condylar height as measured by CBCT was 
17.3 mm (SD 3.6), as compared to 19.3 mm (SD 3.6) by 
MRI (95% LOA = −1.3 to 5.3, right TMJ) in 52 patients 
who had both CBCT and MRI examinations at either 
baseline or at two years follow-up (Table 4).

A one-way between-groups analysis showed that the 
mean difference between observer one’s first and second 
measurement was 0.01 mm for the CBCT machine in 
Bergen, vs 0.001 mm for Trondheim and 0.09 for Tromsø 
(p = 0.875), implying that the 95% limits of agreement 
did not differ significantly across different CBCTs.

Discussion

In their hierarchal model of efficacy in diagnostic 
imaging, Fryback and Thornbury pointed out that each 
level of efficacy is necessary but not sufficient to assure 
efficacy at higher levels such as diagnostic thinking.13 
Our study addresses the lower end of this hierarchy, 
namely the precision of measurements for mandibular 
morphology. We found little or no constant bias, but 
varying agreement within and between observers for 

Figure 3  Geometrical redesigning of Go: Go was defined as the 
intersection of RL3 and ML3. RL3 was the average of two lines drawn 
from the point Ar to the posterior border of the left and right ramus 
(pGo1 and pGo2, respectively). Similarly, ML3 was the average of two 
lines drawn from the point Me to the lower border of the left and 
right mandible (aGo1 and aGo2, respectively). Point A; ANS: Ante-
rior Nasal Spine; Ar: Articulare; B: Point B; Me: Menton; N: Nasion; 
OLp: Occlusal line, posterior point; pGo1+2: Posterior gonion (poste-
rior point on ramus); PNS: Posterior Nasal Spine. S: Sella; aGo1+2: 
Anterior gonion (lower border of mandible). Ii: Tip of the crown of 
the left/right first inferior incisor. Iia: Apex of the left/ right first infe-
rior incisor. Is: Tip of the crown of the left /right first superior incisor. 
Isa: Apex of the left/right first superior incisor. ML3: Mandibular line; 
RL3: Ramus line; Go: Gonion angle.
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a set of MRI, CBCT and ceph-based measurements 
commonly used for the assessment of mandibular 
morphology in JIA. The measurements with the highest 
test/retest agreement, were the ceph-based SNA, SNB 
and RL3/ML3, and the MRI-based total mandibular 
length, with LOA within 15% of the sample means.

Using SEM data, we were able to calculate the MDC 
at an individual level, providing a more clinically useful 
means of interpreting agreement. The MDC indicates 
the lower boundary for detectable change, whilst the 
MDC around the mean difference provides the LOA.29 
Thus, based on MDC from this study, we are 95% confi-
dent that differences lower than 4.6to 7 mm for the MRI-
measurements of both total mandibular and posterior 

mandibular lengths are attributable to measurement 
error. In the evaluating of an intervention, one might 
argue that these MDC values, lying within 11% of the 
measured means but within 17% of the 95% LOA, 
are acceptable. This may well be the case, illustrating 
the difference between MDC and minimally clinically 
important differences. Thus, the a priori set limit for 
clinically acceptable agreement, e.g., an LOA of 15%, 
is adjustable and obviously depends on different clinical 
scenarios.

Measurement of the condylar height by CBCT had 
a suboptimal interobserver agreement, but acceptable 
intraobserver agreement and MDC, whilst the MRI-
based measurement was too imprecise for clinical use, 

Table 1  Intra- and interobserver agreement and MDC95 of MRI-based measurements (mm) of total mandibular length, posterior mandibular 
length and condylar height in 78* children and adolescents with JIA

OBS1 (Intraobserver) (first vs second measurements) OBS2 (Interobserver) (OBS one vs OBS 2)

 �  first mean second mean Mean diff. 95% 
LOA

first 
LOA %

MDC95 
individ.

Mean Mean diff. 95% LOALOA % MDC95 
individ.

(SD) (SD) (SD) (SD) (SD)

Total 
mandibular 
length Rt

112.6 (8.4) 111.7 (9.0) 0.9
(2.7)

−4.5–6.3 9.6 5.4 112.6 (7.6) −0.2
(2.7)

−4.9–5.4 9.6 5.4

Total 
mandibular 
length Lt

112.9 (7.9) 112.4 (8.8) 0.5
(3.5)

−6.5–7.5 12.4 7.0 112.3 (7.8) 0.6
(2.9)

−5.6–6.0 10.3 5.8

Posterior 
mandibular 
length Rt

55.3 (7.0) 55.8
(6.9)

0.5
(2.4)

−4.3–5.2 17.2 4.8 55.4 (6.3) −0.1
(2.4)

−4.3–5.3 17.3 4.8

Posterior 
mandibular 
length Lt

55.4 (6.4) 54.8
(6.5)

0.6
(2.3)

−4.0–5.2 16.6 4.6 55.4 (6.1) 0.0
(2.9)

−5.6–6.0 20.9 5.8

Condylar 
height Rt

19.5 (3.5) 19.0
(3.4)

0.5
(2.7)

−4.9–5.9 55.4 5.4 19.8 (3.4) −0.3
(1.7)

−2.8–4.0 34.3 3.4

Condylar 
height Lt

19.0 (3.4) 19.1
(3.2)

−0.1
(2.4)

−4.6–5.0 50.5 4.8 19.8 (3.4) −0.8
(2.2)

−3.5–5.3 44.4 4.4

Diff: Difference. LOA: Limit of agreement. Lt: Left side. MDC95individ: Individual minimal detectable change. MRI: Magnetic resonance 
imaging. OBS: Observer. Rt: Right side. SD: Standard deviation.
* 78* 78 of the 90 children and adolescents included had MRIs available for these analyses.

Table 2  Intra- and interobserver agreement and MDC95 of CBCT-based measurements (mm) of condylar height in 73* children and adolescents 
with JIA

OBS1 (Intraobserver) (first vs second measurements) OBS2 (Interobserver) (OBS one vs OBS 2)

 �  first mean second mean Mean diff. 95% LOA first LOA 
%

MDC95 
individ.

Mean Mean diff. 95% LOA LOA % MDC95 
individ.

(SD)  � (SD) (SD) (SD) (SD)

Condylar 
height Rt

17.5
(3.6)

17.5
(3.4)

0.0
(0.7)

−1.4–1.4 16.0 1.4 17.6 (3.7) −0.1
(1.3)

−2.4–2.6 28.4 2.8

Condylar 
height Lt

18.1
(4.1)

17.9
(3.8)

0.2
(1.1)

−2.0–2.4 24.3 2.2 18.2 (3.7) −0.4
(1.6)

−2.7–3.5 34.1 3.0

CBCT: Cone-beam computed tomography.Diff: Difference.LOA: 95% Level of agreement. Lt, Left side ; MDC95individ, Individual minimal detectable change; 
OBS: Observer.Rt: Right side.SD: Standard deviation.
* 73 of the 90 children and adolescents with JIA had CBCT examinations available for these analyses because the field of view (FOV) did not cover the 
structure of incisura mandibulae in 17 participants.

.
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with wide variation, both for the same and between 
observers. Of note is that the MRI-measurement of 
condylar height was higher than that obtained by 
CBCT, which is the opposite of what was reported in a 
study of eight cadaver skulls, comparing MRI, CBCT 
and radiographs.21 This may in part be due to slightly 
different planes, measurement points and image quali-
ties, such as slice thickness. For example, Markic et al 
used a temporomandibular surface coil, which provided 
higher resolution images than the head coil used in 
our 3T MRI scanner.21 Further, Markic et al reported 

that measurements of condylar height with MRI were 
comparable to those of CBCT in terms of intra- and 
interobserver agreement.21 However, their 95% LOA 
were around 2 mm for CBCT and 4 mm for MRI for 
the same observer. Given a mean condylar height of 
around 18 mm similar to a recent study, the 95% LOA 
for the CBCT-based condylar height can be estimated at 
10% of the sample mean, as compared to 22% for MRI, 
suggesting that CBCT, but not MRI, has an acceptable 
precision for clinical use.21 This compares well with our 
results, although our 95% LOA for MRI was even higher, 

Table 3  Intra- and interobserver agreement and MDC95 of cephalometric measurements in 88* children and adolescents with JIA

OBS1 (Intraobserver) (first vs second measurements) OBS2 (Interobserver measures) (OBS one vs OBS 2)

Angle (°), 
distance 
(mm)

first mean second mean Mean diff. 95% LOA first LOA 
%

MDC95 
individ.

Mean Mean diff. 95% LOA LOA % MDC95 
individ.

(SD) (SD) (SD)   �  (SD) (SD)

SNA ° 81.1
(3.6)

81.5
(3.7)

−0.4
(1.2)

−2.8–2.0 5.9 2.2 81.3
(3.2)

−0.2
(1.7)

−3.5–3.0 8 3.3

SNB ° 78.2
(3.4)

78.6
(3.6)

−0.4
(0.9)

−2.2–1.3 4.5 1.4 78.2
(3.1)

0
(1.2)

−2.4–2.3 6 2.2

ANB ° 2.9
(2.6)

2.8
(2.7)

0.1
(1.0)

−1.8–1.9 127.6 1.9 3.1
(2.4)

−0.2
(1.0)

−2.3–1.7 125.8 1.9

ML3-NSL ° 32
(6.3)

31.4
(6.3)

0.6
(1.1)

−1.6–2.7 13.4 2.2 32.3
(6.3)

−0.3
(1.3)

−3.0–2.2 16.1 2.5

ML3-NL ° 24.3
(5.6)

24.5
(5.8)

−0.2
(1.3)

−2.8–2.5 21.8 2.5 24.5
(5.9)

−0.2
(1.9)

−3.9–3.7 31.0 3.6

Wits-
appraisal 
(mm)

−2.1
(3.1)

−2.3
(3.0)

0.2
(1.2)

−2.1–2.5 −219 2.2 −1.8
(3.2)

−0.3
(1.4)

−3.0–2.4 −300 2.8

ILsNA° 23.0
(6.8)

22.5
(7.3)

0.5
(2.1)

−3.6–4.6 35.7 4.2 21.5
(6.7)

1.5
(3.5)

−5.3–8.3 63.3 7.0

ILiNB° 26.5
(7.1)

26.8
(7.3)

−0.3
(1.9)

−4.0–3.4 27.9 3.6 26.9
(7.4)

−0.4
(2.7)

−5.8–5.0 40.1 5.4

RL3ML3° 123.4
(6.8)

123.1
(6.9)

0.3
(2.0)

−3.5–4.1 6.2 3.9 124
(6.7)

−0.6
(2.2)

−4.9–3.7 6.8 4.4

ANB, Nasion-AB; Diff, Difference; ILiNB, Inclination inferior incisors to NB line ; ILsNA, Inclination superior incisors to NA line; LOA, Level of agreement; 
MDC95individ, Individual minimal detectable change; ML3-NL, Angle of mandibular line and palatal plane; ML3/NSL, Angle between mandibular line 
and cranial base; OBS, Observer; RL3ML3, Angle between posterior mandibular ramus line and the mandibular line; SD, Standard deviation; SNA, Sella-
Nasion-A angle; SNB, Sella-Nasion-B angle.
aof the 90 children had cephalometric examinations available for these analyses. two had poor head posture and/or a lack of maximal intercuspidation at the 
image acquisition.

Table 4  Comparison of mean condylar height (Co-In) between MRI and CBCT

Condylar 
height

OBS1 (Intraobserver)
(first vs second measurements)

OBS2 (Interobserver)
(OBS 2 MRI vs OBS 2 CBCT)

MRI
n = 52

CBCT
n = 52

Mean difference 
(95% LOA)

MRI
n = 49

CBCT
n = 49

Mean difference 
(95% LOA)

MRI
n = 45

CBCT
n = 45

Mean difference 
(95% LOA)first Mean (SD) second Mean (SD)

Mean
(SD)

Mean
(SD)

Co–In
Right (mm)

19.3
(3.6)

17.3
(3.6)

2.0 (-1.3–5.3) 18.9
(3.4)

17.3
(3.5)

1.6 (-7.4–10.6) 19.6
(3.6)

17.5
(3.8)

2.1 (-6.3–10.5)

 �  MRI
n = 47

CBCT
n = 47

MRI
n = 47

CBCT
n = 47

MRI
n = 44

CBCT
n = 44

Co–In
Left (mm)

19.2
(3.3)

17.8
(3.6)

1.4 (-6.0–8.8) 19.2
(3.0)

17.5
(3.7)

1.7 (-5.7–9.1) 19.9
(3.6)

18.3
(4.1)

1.6 (-7.8–11.0)

CBCT: Cone-beam computed tomography. LOA: Level of agreement. MDC95individ: Individual minimal detectable change. MRI: Magnetic 
resonance imaging. OBS: Observer. SD: Standard deviation.
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up to 55%. In another comparative study including 18 
adults, with a mean age of 37.8 years, CBCT performed 
better than MRI with regard to intra- and interobserver 
variation for a set of direct measurements and angles, 
using the Mimics Research program.22 The interob-
server intraclass correlation (ICC) for mandibular body 
length was excellent (ICC = 0.95) for CBCT and only 
moderate (ICC = 0.74) for MRI. However, there was 
no information on the absolute reliability, such as the 
limits of agreement or MDC, thus, preventing a direct 
comparison with our results.22

High interobserver variations were found for 
condylar height based on both CBCT and MRI, and for 
MRI-measurements of posterior mandibular length and 
condylar height. The wide variation might be explained 
by the fact that we oriented the CBCT and MR volumes 
to reconstruct the multiplanar views prior to all measure-
ments – i.e., we identified the landmarks during each of 
the reading sessions. Previous 2D and 3D analyses have 
shown that condylar height represents one of the most 
critical measurements in assessing dentofacial growth 
deviation.30 In their radiographic study, Kjellberg and 
colleagues found significantly shorter relative condylar 
height in 35 children and adolescents with JIA (aged 
7–16 years) compared to their healthy peers; however, 
their results were based on condylar ratio and not on 
linear measurements.31 In their reliability and validity 
study of 23 3D measurements, Stoustrup and colleagues 
identified, and highly recommended seven measures 
for the study of dentofacial growth in JIA.32 In addi-
tion, they recommended several additional measures, 
including condylar height.

Studies have shown that identifying landmarks intro-
duces errors that contribute to measurement inaccu-
racy.33 Our results contrast with those of Ludlow et al in 
a study of 20 patients, which show that landmark iden-
tification with CBCT- MPR was accomplished with less 
variability than conventional ceph, implying that MPR-
based measurements are more precise than measure-
ments based on cephalograms.34

Similarly, some authors suggest that measuring 
directly on the 3D surface-rendered CBCT images intro-
duces higher variability of certain landmarks – e.g., in 
the mediolateral direction, probably related to the inad-
equate definition of the landmarks in the third dimen-
sion.35 Baumrind, Broch and colleagues argued that 
cephalometric landmarks-based measurements such as 
edges are easier to localise, whereas landmarks placed 
on curves showed a higher measurement error.36,37 Taken 
together, the body of studies published on the reliability 
of both ceph and CBCT is heterogeneous with respect 
to design and statistical analysis used; thus, the results 
are difficult to compare (Supplementary Material S6).

Several of the measurements obtained from conven-
tional cephalograms, i.e., the SNA, SNB, gonion angle 
(RL3/ML3), showed high precision and small MDC, 
which is a finding that has also been reported for these 
measurements obtained from MPRs derived from 

volumetric CBCT scans.22,38 Conversely, poor precision 
was found for the remainder of the measurements – for 
example, an intraobserver LOA as high as 127.6% of the 
measured mean for the ANB angle. The poor precision 
of ANB can, in part, be explained by its small value, but 
more crucial; point A is more challenging to locate than 
point B.39,40 Moreover, numerous studies have shown 
that dental landmarks tend to have poorer validity than 
skeletal landmarks.41,42 Kamoen et al addressed the high 
variability of landmark identification, and the cumula-
tive effect of errors in a study of 50 cephs.43 In our study, 
the clinical acceptance of the Wits appraisal is insuffi-
cient. This measurement is determined by perpendicu-
lars from points A and B to the occlusal plane, and any 
change in the occlusal plane enhances the measurement 
error.44 The clinical implication and the use of these 
variables to detect actual treatment effects can be ques-
tioned, but the literature reveals that the clinical signifi-
cance is usually regarded as a difference of less than one 
or two measuring units.45 Clinical relevance becomes 
more evident using the Bland-Altman approach when 
reporting on differences between observers and methods, 
rather than on relative reliability, such as the ICC or 
paired t-test.42,46 Hitherto, few cephalometric studies 
and TMJ-imaging studies have tested the precision of 
CBCT and MRI-measurements applying the Bland-
Altman mean-difference plots and 95% LOA (Supple-
mentary Material S6). Thus, further studies addressing 
the accuracy of commonly used measures for morpho-
logical assessment of the mandibular complex in chil-
dren and adolescents with JIA.

Our study has several limitations. Firstly, there is 
the subjective nature of identifying the landmarks with 
inherent biases in the reader’s past experiences and 
understanding of the images. We endeavoured to over-
come this by hosting several calibration sessions between 
all readers prior to scoring and analysis. Our study does 
not address the clinical validity of the measurements; 
however, this was not our intention, which was instead 
to primarily examine whether adding a 3D anatomical 
sequence to the routine MRI protocol for TMJ-imaging 
might provide precise measurements of dentofacial 
deformity, with the view to then assessing these for clin-
ical validity.13 Similarly, we intended to test the preci-
sion of one CBCT-based measurement derived from a 
routine examination with a small field of view, as well 
as commonly used cephalometric-based measurements. 
The strengths of this study include the reasonably high 
numbers, the thorough calibration process, and the 
multireader aspect of our data analysis.

Conclusion

We have identified a set of precise radiological measure-
ments for the assessment of dentofacial deformity in 
JIA. The measurements include one MRI-based, one 
CBCT-based and three ceph-based, in the hope that 
these can be helpful for studies that assess clinical 
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validity and long-term patient outcomes. MRI-based 
measurement of condylar height was higher than that 
obtained by CBCT; however, the measurement was too 
imprecise for clinical use. Moreover, we have determined 
the MDC for a set of measurements.
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