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Correlation of Craniofacial Measurements between
Cephalometric Radiographs and Facial Photographs
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Abstract

Introduction

Objective: The aim of this study was to correlate the linear and angular measurements between lateral
cephalogram and lateral photographs.

Method: An observational cross-sectional study was carried out at the department of orthodontics, Karachi Medi-
cal and Dental College, Karachi, Pakistan. The study was conducted for six months from 30" October 2016 to
30™ April 2017. Inclusion criteria included no previous orthodontic or surgical treatment, having all six maxillary
anterior teeth present, no craniofacial trauma and no neurologic disturbances. Exclusion criteria includes those
patients in whom radiation exposure cannot be given. A sample of 179 patients was selected which included
49 males and 139 females and they were examined by the researcher. A lateral cephalogram and a digital
single lens reflex (DSLR) camera was used to obtain the linear and angular craniofacial measurements. A
standard lateral cephalogram and standardized lateral photograph of each patient was taken respectively and
then their measurements were taken with respect to different variables. Cephalogram measurements taken
were as follows: (1) SNA (sella-nasion to A point); (2) SNB (sella-nasion to B point); (3) SNMP (sella-nasion to
mandibular plane); (4) total facial height; (5) lower facial height; and (6) mandibular length. Whereas photo-
graphic measurements taken were as follows: (1) TN'A' (angle between tragion-soft tissue nasion line and soft
tissue nasion-soft tissue A-point line); (2) TN'B' (angle between tragion-soft tissue nasion line and soft tissue
nasion-soft tissue B-point line); (3) FH'MP' (angle between soft tissue Frankfort plane and soft tissue mandibu-
lar plane); (4) CP'MP' (angle between cranial plane and soft tissue mandibular plane); (5) lower facial height;
(6) total facial height; (7) mandibular length; and (8) chin projection. The lateral cephalogram and lateral photo-
graphs measurements of patients were compared respectively and the Pearson correlation between them was
calculated using SPSS 20.

Results: The results obtained showed that there was a moderate correlation between SNA and TN'A’, SNB and
SN'B', SNMP and FH'MP' whereas the correlation between facial heights and lower facial heights was very weak
and CP and CP'MP' holds no correlation between them. All the correlations found between were statistically sig-
nificant and had linear, positive co-relation between them.

Conclusion: Photographs can be used in place of lateral cephalogram X-rays for diagnostics and treatment planning.
Keywords: Cephalometry, dental photography, diagnosis, radiation, malocclusion.
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Cephalometry was introduced by Broadbent in
1931 after which drastic change arose in the diag-
nostic evaluation of facial forms and different cran-
iofacial features!. Lateral cephalogram holds great
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importance for diagnostics and treatment planning,
but it is not possible for every institute and research
laboratory in Pakistan to afford the expensive appa-
ratus of cephalogram for their students and re-
searchers.

The basic diagnostic records in orthodontics
fall into three categories: (1) study casts, (2) radio-
graphs including orthopantomogram (OPG) and
cephalogram and (3) clinical photographs?. Among
these, more emphasis is given to the first two. But
recently, the third part of diagnostic tool i.e. photo-
graphs are getting more importance in diagnosing
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malocclusion and deformities. Generally speaking,
aesthetically pleasing faces demonstrate fine skel-
etal patterns, but it is not always true. The three
most common ingredients in a negative facial out-
come are: (1) occlusion-directed treatment planning,
(2) no facial diagnosis and (3) no facial treatment
plan. Therefore, we need to replace our inside-out
thinking with an outside-in perspective to ensure a
more predictable overall treatment result. Models,
cephalometrics and photographic analysis together
should provide the cornerstone for successful diag-
nosiss.

Linear and angular measurements on lateral
cephalogram have a major role in diagnosing and
assessing growth and development abnormalities.
We can assess any deviation from normal skeletal
and dental relationship through these measure-
ments using variety of analysis*S. Although
cephalometrics is important and evaluates skeletal
and dental characteristics, but it has its own disad-
vantages, i.e. the radiation exposure to the patient,
it is technique-sensitive and requires a cephalostat
to hold the head in the same reproducible position.
Radiation protection is of major importance in orth-
odontics as majority of patients coming to orth-
odontic clinics constitute of children and
adolescents and in most cases a series of radio-
graphs is taken in the course of treatment. Be-
cause of the increased lifetime risk for stochastic
radiation effects, it would be desirable to perform
imaging in the complete absence of ionizing radia-
tion®8,

Dental photography gives us a low-cost and
low technique sensitive procedure to evaluate the
craniofacial morphology. It consist of extra-oral and
intra-oral photographs. Dental photographs can help
us in examining all the macro-, mini-, and micro-
aesthetic features. American board of orthodontics
have given some criteria for photographs which in-
clude patient's head oriented accurately in all three
planes of space and on Frankfort horizontal, ears
exposed for the purpose of orientation, eyes open
and looking straight ahead, glasses removed,soft
tissue areas are of concern and of diagnostic value
(should be recorded in these photos), white or light
background, free of shadows and distractions, qual-
ity lighting revealing facial contours and photo-
graphs should be approximately one-quarter life

size. To determine if the photographs are one-quar-
ter life size, the vertical distance from the hairline
to the inferior border of the patient's chin is mea-
sured. If, for example, this is eight inches, the
same dimension on the photograph should be two
inches or one-fourth the actual measurement®.

Lateral facial photograph requires 90 degrees
from the side. Photograph method includes sitting
upright looking into one's own eyes in a mirror
placed oppositely, alignment of Frankfurt planes and
in habitual occlusion with lips in relaxed position'°.

Usually only one profile (right profile matching
up with lateral cephalogram) is taken. For a patient
with facial asymmetries, both right and left profile
should be taken. Frame extending to above the top
of the head in front of the nose and below the chin.
Back of head is not necessarily required; the re-
maining free space should be in front of profile. Pa-
tient assumes a natural head position and looks
straight ahead in a relaxed manner keeping jaws
closed, and lips also relaxed. Subjects with long
hair should always be asked to tuck them behind
the ear, so that Frankfort horizontal line can be as-
sessed accurately. Light should always fall on the
patient profile (light always from point of nose) so
that it clearly shows mandibular margin keeping
patient's shadow out of the picture. If portrait is lit
from back of the head, the angle of jaw is not
shown clearly, and the nasolabial line will be
unflatteringly lit (pouchy cheek). Importance of pro-
file photograph is that profile can change during
orthodontic treatment. Therefore, it is very important
to have profile views both before and after treat-
ment™t,

Profile image permits the visualisation of the
contours of chin, nose and neck area as well as
the profile of image like convex, concave or straight.
Profile-smile image allows one to see the angula-
tion of maxillary incisors*2.

Cephalometry is an expensive and technique-
sensitive procedure. In developing countries, not ev-
eryone can afford the expensive apparatus and the
radiation exposure is also hazardous for the pa-
tients. Facial photographs could be used an alter-
native in situations when there is a need for a
low-cost and non-invasive method.
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Cephalometric analysis constitutes the current
gold standard for diagnosing skeletal craniofacial
morphology in orthodontics clinical practice. How-
ever, the photographic assessment is a great diag-
nostic tool for epidemiologic studies as it is
cost-effective and does not expose the patient to
potentially harmful radiation?s.

Cephalometric measurements have been com-
pared with profile photographic measurements in
many studies for example Liliane et al. showed that
photographic method has proven to be an alterna-
tive to cephalogram?®.

A research was carried out in Karachi Medical
and Dental College in order to identify an alternative
way to obtain cephalogram measurements with the
help of profile photographs of patients whose
cephalogram was taken. It is difficult to use
cephalograms on large-scale epidemiological stud-
ies. Not everyone can afford to have expensive
cephalometric apparatus especially in developing
countries. Hence, the objective of this study was to
correlate the linear and angular measurements be-
tween lateral cephalogram and lateral photographs
in order to specify if both techniques give same re-
sults.

Patients and Methods

An observational cross-sectional study was car-
ried out at the department of orthodontics, Karachi
Medical and Dental College (KMDC), Karachi, Paki-
stan. The study was conducted for six months (30%
April 2016 to 30" October 2016) after the approval of
synopsis from the IRB of the KMDC. Non-probability
procedure of sampling was used. With consecutive
sampling technique a sample size of 179 was calcu-
lated by OpenEpi calculator with 95% confidence in-
terval and margin of error + 5%,

The patients with no previous orthodontic or
surgical treatment, having all six maxillary anterior
teeth present, no craniofacial trauma and no neuro-
logic disturbances were included in the sample. Ex-
clusion criteria includes patients who are
contraindicated to radiation exposure.

A sample of 179 patients was selected which
included 49 males and 139 females. They were ex-
amined by their researcher, after thorough history
and clinical examination, following which the pa-

tients were recruited for the study. Verbal informed
consent was taken from the patients. Standard lat-
eral cephalograms was obtained for all subjects. A
standardized lateral photograph of each subject
was taken with a digital single lens reflex (DSLR)
camera with the patient's head in natural head posi-
tion that corresponded to Broca's natural head posi-
tion'l7. Before taking the photo, two landmarks
were identified by palpation and then adhesive tape
was placed on those points. One was the lowest
point on the infraorbital rim of right eye and other
was the angle of mandible. Each subject held a
scale in front of the nose as a measurement scale
for the resulting image. All tracings and measure-
ments were done under ample light and in a com-
fortable position. All measurements were recorded
on a predesigned proforma.

Cephalometric and photographic measure-
ments were taken with subject to 14 variables. 3
angular and 3 linear measurements were taken in
cephlometric measurements and 4 angular and 4
linear measurements were taken in photographic
measurements which were as follows:

Cephalometric measurements were taken as:
(1) sella-nasion to A-point (SNA): angle between
sella-nasion plane and nasion-A point plane; (2)
sella-nasion to B-point (SNB): angle between sella-
nasion plane and nasion-B point plane; (3) sella-na-
sion to mandibular plane (SNMP): angle between
sella-nasion plane and mandibular plane; (4) total
facial height (TFH): linear distance from nasion to
menton; (5) lower facial height (LFH): linear dis-
tance from anterior nasal spine to menton; and (6)
mandibular length (ML): linear distance between go-
nion and gnathion'’.

Photographic measurements were taken as:
(1) TNA: angle between tragion-soft tissue nasion
line and soft tissue nasion-soft tissue A-point line;
(2) TNB: angle between tragion-soft tissue nasion
line and soft tissue nasion-soft tissue B-point line;
(3) FHMP: angle between soft tissue Frankfort
plane and soft tissue mandibular plane; (4) total fa-
cial height: linear distance soft tissue nasion and
soft tissue menton; (5) lower facial height: linear
distance between sub-nasal and soft tissue men-
ton; (6) mandibular length: linear distance between
M-point and soft tissue menton; (7) CPMP: angle
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between cranial plane (tragion to soft tissue nasion)
and soft tissue mandibular plane; (8) chin projec-
tion: linear distance between Z-point (found by
sketching a perpendicular line to the soft tissue
Frankfort horizontal line with its origin at T, the
crossway of this line and soft tissue mandibular
length is marked as Z point) and soft tissue pogo-
nion?’.

Data was analyzed using SPSS 20. Sexual di-
morphism was evaluated by independent sample t-
test. The intra-class correlation coefficients (ICC)
and corresponding 95% confidence interval was es-
timated to measure the reliability of repeated trac-
ings.

Result

The sample of patients was selected at KMDC
(n= 179) which consisted of 49 males and 130 fe-
males. The patients examined had a maximum age
of 35 and minimum age of 12, the mean age of pa-
tients was found to be 18.26 + 4.27 years.

The measurements of variables were compared
using statistical software SPSS 20 and then appro-
priate conclusions were made. Correlations between
the measurements of variables were found empiri-
cally and graphically.

Table 1 represents the descriptive statistics; it
lists the variables range and mean * standard de-
viation of all thephotographic (TNA= 64-91 degrees,
TNB= 54-81 degrees, FHMP= 10-58 degrees,
CPMP= 30-67 degrees, PLFH= 17-30 mm, PTFH=
17-51 mm, PML= 17-34 mm, CP= 28-51mm) and
cephalogram measurements (SNA= 74-93 degrees,
SNB= 68-91 degrees, SNMP= 19-60 degrees, TFH=
93-144 mm, LFH= 49-68 mm, ML= 56-85 mm).

Table 2 represents the empirical results of cor-
relations found between the measurements of
cephalometric and lateral photograph the correla-
tions between SN'A-TN'A’' (r= 0.367), SN'B-TN'B' (r=
0.390) and SNMP-FH'MP' (r= 0.330) were found to
be moderate and positively significant, whereas the
correlation between LFH-PLFH (r= 0.133) and TFH-
PTFH (r= 0.119) was found to be very weak. The re-
sults were found to be positively significant.

Fig. 1 represents the graphical representation
of correlations by means of scatter plots. The plots

are made with respect to the photographic and lat-
eral cephalogram measurements of variables. The
variables were plotted against each other on the x-
and y-axis, respectively. The cephalometric variable
measurements were taken on the x-axis, whereas
the lateral photographic measurements of variables
were taken on the y-axis. The plots were plotted as
follows: SNA was plotted against TNA, SNB was
plotted against TNB, SNMP against FHMP and CP
against CPMP. By the graphical representation of
variables, we can easily identify that there is a mod-
erate correlation between SNA and TN'A', SNB and
TN'B', SNMP and FH'MP', whereas the correlation
between facial heights and lower facial heights is
found to be very weak and there is no correlation
found between the measurements of CP and
CP'MP'. From the plots of variables SNA and TN'A’,
SNB and TN'B', SNMP and FH'MP' and facial
heights and lower facial heights, we can see that
there is a little variation around the line of best fit,
whereas from the plot of CP and CP'MP’, we can
see that there is a greater variation around the
lineof best fit. Linear, uphill and positive correlations
can be seen through the scatter plots and outliers
were found in measurements. We can conclude
that association is found between the photographic
and cephlometric measurements of variables.

An appropriate statistical analysis was applied
on the measurements of variables obtained through
cephalograms and photographs. The analysis con-
sisted of Pearson correlation which was used to de-
termine correlations between the variables, the
scatter plots were made in order to interpret the re-
sults graphically and t-tests were applied on photo-
graphic measurements in order to find reliability of
estimates. The data set of variables of photographic
measurements (n= 179) was first explored in order
to check that the data meets the normality as-
sumptions of t-test the g-q plots were used to de-
termine the normality of data set graphically.

Fig. 2 lists the g-g plots from which we can
see that the data is normally distributed and follows
normal distribution. The g-q plot of CP shows that
the data points are close to the line and shows
that the data set of CP is normally distributed, the
g-q plot of PLFH, PML and PTFH shows that
there are few high outliers in the data set but all

40

Annals Abbasi Shaheed Hospital & Karachi Medical & Dental College



Correlation of Craniofacial Measurements between Cephalometric Radiographs and Facial Photographs

Table 1. Descriptive statistics of cephalometric (SNA, SNB, SNMP, LFH, TFH, CP, ML) and photographic measurements (TNA, TNB, FHMP,

PLFH, PTFH, CPMP, PML)

Cephalometric measurements Range Mean £ S.D Photographic measurements Range Mean = S.D
SNA 74-93 degree  81.82 + 4.506 TNA 64-91 degree 78.37 + 5.882
SNB 68-91 degree 77.74 + 4.369 TNB 54-81 degree 69.75 + 5.263
SNMP 19-60 degree  33.30 + 7.642 FHMP 10-58 degree 39.30 + 8.672
TFH 93-144 mm 112.44 + 9.839 CPMP 30-67 degree 49.73 + 8.236
LFH 49-68 mm 63.41 + 7.548 PLFH 17-30 mm 22.68 + 2,975
ML 56-85 mm 69.06 + 5.880 PTFH 17-51 mm 38.10 + 4.301

PML 17-34 mm 2432 + 3.771

C.P 28-51 mm 40.04 + 4.922

*SNA= Sella-nasion to A-point * SNB= Sella-nasion to B-point *SNMP= Sella-nasion to mandibular plane *TFH= Total facial height *LFH=
Lower facial height * ML= Mandibular length *TNA= angle between tragion-soft tissue nasion line and soft tissue nasion-soft tissue A-point
line *TNB= angle between tragion-soft tissue nasion line and soft tissue nasion-soft tissue B-point line *FHMP= angle between soft tissue
Frankfort plane and soft tissue mandibular plane *CPMP= angle between cranial plane (tragion to soft tissue nasion) and soft tissue man-
dibular plane *PLFH= Photographic Lower facial height *PTFH= Photographic Total facial height *PML= Photographic mandibular length

*CP= Chin projection

Table 2. Correlation between cephalometric (SNA, SNB, SNMP,
LFH, TFH, CP) and photographic (TNA, TNB, FHMP, PLFH,
PTFH, CPMP) measurements

Variables Correlation
SNA-TNA 0.367
SNB-TNB 0.390
SNMP-FHMP 0.330
LFH-PLFH 0.133
TFH-PTFH 0.119

points lie near the line which means data is nor-
mally distributed, the g-gq plot of CPMP, TNA, TNB
and FHMP shows that the data set is skewed to
the left as we can see the points are above and be-
low the line and are following a slight curve pattern
which means the data is normally distributed.

Correlations were found between the measure-
ments of different variables. Correlations ranging be-
tween 0.3-0.5 were concluded as moderate,
whereas correlations ranging between 0.1-0.3 were
concluded as weak correlations. From the study
positive and significant correlations were found. The
results obtained were reliable.

Table 3 lists the estimates of photographic
measurementsof all the variables. It list the esti-

Table 3. Estimates of reliability of photographic method

Test Value = 0
T df Sig. Mean 95% Confidence
(2-tailed) Difference  Interval of the Difference
TNA 178267 178 .000 78.369 77.50 - 79.24
TNB  177.322 178 .000 69.749 68.97 - 70.52
FHMP 60.628 178 .000 39.296 38.02 - 40.58
CPMP 80.784 178 .000 49.732 48.52 - 50.95
PLFH 101.984 178 .000 22.676 22.24-23.11
PTFH 118529 178 .000 38.101 37.47 - 38.73
PML 86286 178 .000 24.318 23.76 - 24.87
C.Pp 108829 178 .000 40.039 39.31 - 40.77

mates of reliability. Among the photographic mea-
surements of variables (n= 179), the t-tests were
applied (test value= 0) on photographic measure-
ments in order to test the null hypothesis that the
sample came from a population with a specific
mean.The t-test was applied and p-value 0.05 was
taken as significant. Statistically significant results
were obtained.

For TNA, TNB, FHMP, CPMP, PLFH, PTFH,
PML and CP the p-values were obtained 0.00
which is statistically significant. The 95% confi-
dence interval estimates for each variable were
found which shows the interval within which the pa-
rameters of measurements lie.
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Fig 1. The figure represents different scatter plots between measurements of lateral cephalogram (SNA, SNB, SNMP, LFH, TFH, CP)
and lateral photographs (TNA, TNB, FHMP, PLFH, PTFH, CPMP) of patients (n= 179)
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Discussion

Cephalometric analysis constitutes the current
gold standard for diagnosing skeletal craniofacial
morphology in orthodontics clinical practice. How-
ever, the photographic assessment is a great diag-
nostic tool for epidemiological studies as it is
cost-effective and does not expose the patient to
potentially harmful radiation?.

The main purpose of our study was to deter-
mine whether we can use lateral photographic mea-
surements in place of lateral cephalogram
measurements for the treatment of patients, as it is
not easy for every institute and research laboratory
in Pakistan to provide an expensive apparatus for
students and researchers.

The last 20 years have seen a rise in con-
cerns over the possibility of unnecessary X-ray ex-
posure. The average expected dose from a lateral
cephalogram is 3 uSv, which is very minor com-
pared to the International Commission of Radiologi-
cal Protection's (ICRP) recommendation that the
dose limit should be 1 mSv annually for the pub-
lict8. Although this indicates that the risks are very
minimal, with the chances of malignancy being less
than 1 patient per million'®2°, any reduction in the
amount of possible exposure from lateral
cephalograms would be beneficial for patients?.

The results of this research are compared with
the research results of Zhang X et al.}” This re-
search was conducted on the sample of 179 pa-
tients, whereas the research carried by Zhang X et
al. was carried out on a sample of 326 patients.
The correlations obtained between cephalogram and
photographic measurements by this study were
found to be lower, ranging between 0.199 and
0.390, whereas the correlations found in previous
published article were also found to be lower and
moderate and varied between 0.356 and 0.690. The
highest correlation was found between the sella-na-
sion to B-point (SNB) and angle between tragion-
soft tissue nasion line and soft tissue nasion-soft
tissue B-point line (TNB) which was found to be
0.390, whereas the highest correlation found in pre-
viously published articles was between the man-
dibular length and lower facial height
measurements, which was found to be 0.690.
Though the results obtained by both the researches

varied but positive correlations were obtained by
both the researches.

Gomes et al. noticed highest coefficients be-
tween ANB vs A'N'B' (r= 0.82) as compared to our
study in which highest correlation are found be-
tween SNB and SNB' (r= 0.390) and FMA vs. FMA'
(r=0.81) and lowest coefficients for LPFH vs. PFH'
(r= 0.49) and PFH/AFH vs. PFH'/AFH'(r= 0.47),
whereas our study shows lowest coefficient for LFH
and PLFH (r= 0.13) and TFH and PTFH (r= 0.11)%4.

On comparing the cephalometric and photo-
graphic variables for the entire sample, we found
positive and significant correlations for all the vari-
ables studied (r>0, p<0.05). moderate and highly
significant correlations were found between the
measurements for SN'A-TN'A" (r= 0.367), SN'B'-
TN'B' (r= 0.390) and SNMP-FH'MP' (r= 0.330). Simi-
lar results were found by Zhang et al.’6, Gomes et
al.?! and Patel et al.??in their studies.

Our study may not be feasible on bearded indi-
viduals because of the difficulty in location of points
soft tissue Go', Me' and Gn'. The lateral
cephalogram and profile photographs used in this
study are 2-D representation of 3-D structures.
These individually should not be used to judge the
aesthetics of an individual.

Conclusion

This study concluded that photographic mea-
surements can be used in place of lateral
cephalogram measurements for post- and pre-treat-
ment of patients as they are reliable and can be
implemented through low cost which would be a
better alternative for developing countries as they
cannot afford expensive apparatus of lateral
cephalogram. Photographic technique is a better
method than lateral cephalogram as patients will
not be exposed to radiations which are hazardous
for them.
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