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ABSTRACT 

Objective: The current study aimed to accurately 

assess the digital wise superimposition of the lateral 

cephalometric images through the reloading of definite 

pre-treated images anatomical landmarks expressed 

points on the follow up ones. 

Methods: Sixty-one pre and follow up orthodontic 

cases cephalometric images were superimposed using 

fiji software multi point tools. Linear and angular 

measurements between anatomical landmarks 

expressed points were obtained on the pre and follow 

up images to assess the accuracy of the 

superimposition used method by a radiologist and 

orthodontist.   

Results: Intra and inter-observer reliability was more 

than 0.99. Pre and follow up linear and angular 

measurements showed no statistically significant 

difference (p > 0.05), except for C-D linear 

measurements that showed statistically significant 

difference (p < 0.05). Mann-Whitney test of the 

absolute measurement error (AME) difference 

between the linear and angular comparable 

measurements showed no significant difference (p > 

0.05). 

Conclusion: The current study concluded that 

reloading points that define specific landmarks from 

pre on follow up cephalometric radiographs can be 

considered as an accurate superimposition method for 

assessing the maxillofacial growth pattern and 

treatment changes follow up.   

KEYWORDS:  Digital superimposition; fiji 

software; landmarks; lateral cephalometric; reloading 

points. 

INTRODUCTION 

Using the lateral cephalometric images 

as a diagnostic tool as well as an orthodontic 

treatment planning component in assessing 

maxillofacial and dental relationships through 

performing angular and linear measurements is 

persistence orthodontic need.[1] Severe 

skeletal malocclusions, performing 

orthognathic surgery and deciding the suitable 

orthodontic appliances could be a sequence of 

accurate lateral cephalometric analysis.[1, 2]  

 Orthodontic cephalometric analysis 

could be manually accomplished through hand 

tracing or digitally using varieties of. 

commercial software. Hand tracing on analog 

images is time consuming, skills dependent 

regarding the accurate and reproducible 

identification of the landmarks.[2] Digital 

assessment of dental- skeletal structures and 

growth foretelling using cephalometric 

programs is an efficient part of the orthodontic 

tasks nowadays.[3]  
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Superimposition of standardized 2D 

lateral cephalometric radiographs taken at 

definite time point periods to assess the 

dentofacial complex treatment prognosis and 

judging the outcomes playing an important role 

in orthodontic field.[4, 5] Reference planes , 

variety of cephalometric landmarks and 

anatomical structures have been employed for 

cephalometric radiographs superimposition in 

different introduced superimposition methods 

.[6, 7] For being technique sensitive; 

cephalometric radiographs superimposition 

should be carefully executed in order to 

provide convincing evaluation of advance 

structural changes.[8]  

Degree of anatomical landmarks 

stability in the superimposition of lateral 

cephalograms is essential more dependable 

orthodontic treatment outcomes prediction and 

assessment. Using stable landmarks such as 

cranial base, cranial points, lines or regional 

contours has been stablished as 

superimposition registration references.[9] In 

order to be precise and reproducible; 

superimpositions must be performed under 

optimum magnification conditions, patient 

head orientation, exposure parameters, and 

tracing of the superimpositions could be 

reproducible and accurately locate the relevant 

structures outlines, without any confusion.[10] 

 

Since lateral cephalogram is routinely 

used for the assessment of maxillofacial 

skeletal pattern as well as for the assessment of 

pre-post treatment changes, In the current study 

we evaluate the value of reloading the 

cephalometric anatomical landmarks expressed 

as points of the pre-treatment images on the 

follow up ones as a superimposition method for 

assessing the orthodontic growth changes. 

Based on our knowledge no previous study has 

evaluated that. 

METHODOLOGY 

The current retrospective study was performed 

using 61 pre and follow up lateral 

cephalometric images of treated patients; (19 

males and 42 females) of mean ages at pre and 

follow up images were 16 and 18 years 

respectively, collected from radiology 

department achieve, MTI University. The study 

approved by the research ethics committee, 

Faculty of dentistry, Cairo University. The 

study performed by a maxillofacial radiologist 

and an orthodontist, with more than 10 years of 

experience.  

Eligibility criteria 

Inclusion criteria 

1. Serial digital cephalometric radiographs 

of the same patient. 

2. Standardized lateral cephalometric 

radiographs obtained by the same 

machine. 

Exclusion criteria 

1. Blurred lateral cephalometric 

radiographs. 

2. Patients undergone cranium surgery. 

3. Any systemic conditions that could 

affect the cranium bony structures. 

All pre and follow up standardized lateral 

cephalometric radiographs were superimposed 
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based on Björk structural superimposition 

method.[11]  

Three stable cranium anatomical landmarks 

will be used as reference structures for the 

superimposition; 

1. The intersection of the anterior clinoid 

process lower contour and the anterior 

slope of sella, Walkers´s point. (Point a) 

2. The intersection between the middle 

cranial fossa anterior contour and the 

orbital roof cranium interface. (Point b) 

3. The intersection between the middle 

cranial fossa anterior contour and the 

bilateral fronto-ethmoidal crest contour. 

(Point c) 

The follow up lateral cephalometric 

radiographs have been reoriented (rotated) 

based on the cerebral orbital roof contour 

inclination to match that of the pre-treated ones 

if needed. The pre- and follow up lateral 

cephalometric radiographs will be 

superimposed by reloading the points defined 

by the multi point tool of NIH Fiji software 

(National Institutes of Health, Bethesda, MD) 

that represents the aforementioned anatomical 

landmarks of the pre ones which was saved on 

the ROI manager upon the follow up ones. 

After reloading the points, it has been dragged 

as a group and repositioned on its counterpart 

cranium anatomical landmarks using point a as 

a reference point. 

All cephalometric images undergone 

calibrated, then for assessing the accuracy of 

the superimposition, additional landmark in the 

pre- and follow up radiographs was defined as 

point d (the intersection between the inner 

surface of the frontal bone and orbital roof 

cranium interface) without reloading it and 

four measurements has been taken; figure 1 

 Linear measurements between point b 

and point d, point c and point d. 

 Angular measurements between the 

true horizontal line and the lines 

connected point b with point d, point c 

with point d. 

25% of the images were revaluated by the 

radiologist at one week interval and the inter 

and intra-observer reliability has been 

calculated. 

Statistical analysis: The Statistical analysis 

done on excel 365 with real statistics resource 

pack v 7.1 as add in. data was tested for 

normality using Shapiro-Wilk test. Intra- and 

interclass correlation coefficients were 

calculated for each parameter to assess the 

reliability of measurements with the following 

scale; 0.50: poor, between 0.50 and 0.75: 

moderate, between 0.75 and 0.90: good, above 

0.90: excellent. Paired T test and Wilcoxon 

signed rank tests were applied to test the 

parametric and non-parametric measured 

values respectively. with Alpha value 0.05, 

confidence interval 95% thus P value less than 

0.05 is consider Significant. Absolute 

measurement error (AME) was calculated 

according to the following equation: Absolute 

measurement error (AME) = √(𝑝𝑟𝑒 − 𝑝𝑜𝑠𝑡)2
2

 

and was presented as mean and standard 

deviation where the significance of the 

difference was tested by using Mann-Whitney 

Test, p value less than 0.05 is considered 

significant.
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Fig. 1. Simple illustration of the study design; 

Fiji status bar illustrating straight line selection 

for linear measurements (A), pre cephalometric 

image illustrating the study used landmarks 

expressed as a, b, c and d points, and the b-d 

linear measurement (yellow line) (B), the 

follow up cephalometric image illustrating the 

study used landmarks expressed as a, b, c and 

d points, and the b-d linear measurement 

(yellow line) (C), ROI manager illustrating a, 

b, c and d points as x-y coordination (D), the 

results box showing the linear measurements 

and the angles formed with the horizontal 

line(E).
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RESULTS 

Sixty-one pre and follow up standardized 

lateral cephalometric radiographs were 

superimposed using reference digital point 

reloading of a stable anatomical landmark 

based on Björk structural superimposition 

method. 

The intra and interclass correlation coefficient 

was used to estimate the reliability of 

measurements made by the same observer and 

between the two observers, and it showed 

strong correlation with ICC value 0.99. 

Wilk test was used to check the data normal 

distribution. Paired T test was used for 

parametric data while Wilcoxon signed rank 

test was applied to test the non-parametric 

ones, with a significance level of 0.05 (α value) 

for all tested variables. 

Pre and follow up cephalometric images b-d 

linear measurements, angular measurements 

between bd-horizontal line and cd-horizontal 

line showed no statistically significant 

difference (p > 0.05), while c-d linear 

measurements showed statistically significant 

difference (p < 0.05) as shown in table 1.  

AME descriptive analysis of the linear and 

angular measured values was expressed as 

mean and standard deviation and shown in 

table 2           

Mann-Whitney Test was used to test the AME 

significant difference between the linear and 

angular measurements, each one with its 

comparable and showed no significant 

difference with p= 0.81 for linear 

measurements and 0.75 for angular 

measurements respectively.

 

Table 1: Paired sampled p-value significance with confidence interval 95% of the tested 

values 

 

No. p-value* 
95% Confidence Interval 

Sig 

Lower         Upper 

D** (b&d) 61 0.078 -0.374 0.020 No 

D** (c&d) 61 0.047 -0.388 -0.002 Yes 

A*** (bd-horizontal line) 61 0.504 -0.592 0.294 No 

A*** (cd-horizontal line) 61 0.613 -0.531 0.316 No 

* ≤ 0.05 

D** for distance, A *** for angle 

N.B. Wilcoxon Signed-Rank Test showed statistically no significant difference between the pre and 

post cephalometric images BD-horizontal line angular measurements (non-parametric data), p value 

 0.05. 
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Table 2: Mean and standard deviation of Absolute Measurement Error (AME)  

 Mean SD 

D** (b&d) 0.578 0.535 

D** (c&d) 0.567 0.527 

A*** (bd-horizontal line) 1.317 1.119 

A*** (cd-horizontal line)) 1.266 1.058 

 D** for distance, A*** for angle 

 

DISCUSSION 

Cephalometric radiographic images have 

considered substantial tool regarding 

maxillofacial orthodontic problems diagnosis, 

treatment planning and growth pattern changes 

since it was first discovered by Hofrath and 

Broadbent in 1931.[12] Although being 

subjective, time-consuming and accuracy is 

experience dependent; hand tracing of the 

craniofacial anatomic structural contours 

recorded on cephalograms on acetate paper 

used to be the default cephalometric analysis 

method.[7, 13-18] To gain accuracy and time 

saving; computerized cephalometric analysis 

was defined as an adequate replacement for the 

traditional hand tracing method.[19-23] 

 Lateral Cephalometric radiographic 

images superimposition is a determining 

orthodontic-orthopaedic tool in the era of 

evaluating treatment response and orthognathic 

surgery outcomes.[24] Structural based 

superimposition method fastens on the tracing 

of structural specifics, which is independent of 

landmarks and is still not credible by all the 

current available software.[25] Digital 

structural superimposition on stable regions 

instead of reference planes has been 

established as the most accurate 

superimposition method.[12] 

 Björk structural superimposition-based 

method to evaluate the craniofacial growth in 

growing patient has been widely recognized as 

the gold standard superimposition method,[26] 

this method is entrenched on the stability of 

specific anatomical bone structures.[27, 28] 

As digital superimposition of serial 

cephalometric radiographs to track the 

maxillofacial orthodontic changes with free 

available software, easy applied method and as 

accurate as the commercial used 

superimposition software is a persistent need, 

the current study main target was to fulfill all 

the aforementioned requirements. 

As the reliability and accuracy levels of a 

superimposition are affected by the specific 

superimposition method used;[29] in the 

current study we employed Björk structural 

superimposition-based method to digitally 

superimpose different time point cephalometric 

radiographs through the reloading of definite 

anatomical landmarks expressed points of the 

base line radiograph on the follow up one. Our 
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results showed that our used method has high 

reliability and accuracy and comparable with 

the Björk’s based three used digital techniques 

conducted by Al-Taai N, et al., 2021 

especially the subtraction one,[30] however 

that study evaluate different linear and angular 

measurements. 

The accuracy of the superimposition method 

used also based on the degree of stability of the 

structure used, so in the current study we used 

T point (our Point a) as a reference point for 

registration of serial cephalometric radiographs 

beside the reorientation of the follow up 

images according to the inclination angle of 

cerebral orbital roof contour. Mirzen Z, et al., 

2010 mentioned that T point is the most stable 

cranial base landmark in both horizontal and 

vertical directions and through all stages.[8] 

In the current study the only variant that 

showed significant difference between the pre 

and follow up images was c-d linear 

measurements, that can be explained as that by 

slight magnification of one of the serial images 

the angular measurements remain unchanged 

because of the proportioned magnification of 

all structures, while linear measures could be 

affected.[31] furthermore as c-d linear 

measurements in our study are greater than b-d 

linear measurements so greater error could be 

assumed. 

Although the c-d linear measurements between 

the pre and the follow up images showed 

significant difference in the current study, it 

assumed to has no clinical significance 

according to the study conducted by Durão 

AR, et al., 2014[32] as the mean difference 

regarding all measured c-d linear 

measurements is 0.57± 0.53 mm which is 

generally within one standard deviation of 

“base images” values. Furthermore, mean 

difference between comparable variants (b-d 

and c-d linear measurements), (bd-horizontal 

line and cd-horizontal line angular 

measurements) showed no significance 

difference which mean the sustainability of 

accuracy within the different directions.  

CONCLUSION 

The current superimposition method can be 

considered accurate for assessing the 

maxillofacial growth and orthodontic treatment 

planning and follow up. This method offers an 

easy, reproducible and cost free available 

alternative superimposition method competing 

with the manual and licensed commercially 

available software. 
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