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Abstract 

Objective: Despite the current use of radiography for quantifying sagittal skeletal 
measurements, it is an unsuitable way for screening or epidemiologic purposes. 
Although not fully approved, anthropometric measurements have been suggested 
as a substitute, and considering displacement of soft tissues, could possibly lead to 
more consistent results. The purpose of this study was to evaluate the reliability of 
anthropometric anteroposterior facial measurements under soft tissue compression 

using a special ruler. 
Material and Methods: Anthropometric measurements were done with a specifi-
cally designed sliding ruler twice on 36 adult patients with a 14 day lag between 
two measurements. The ruler measured the distance between the external acoustic 
meatus and the nasion (Na), subnasal (Sn) point and the soft tissue pogonion 
(Pog). The soft tissue was displaced during measurements only to the extent that 

the underlying hard tissue resistance was felt subjectively by each assessor. The 
intraclass correlation coefficient (ICC) was calculated for both inter- and intra- ra-
ter measurements using SPSS software. 
Results: All measurements had inter- and intrarater agreements above 0.9, with 
only a few parameters having lower bound confidence intervals below 0.9, but 
more than 0.8.   

Conclusion: Sagittal facial anthropometric measurements under soft tissue dis-
placement using the specific ruler are valid and reliable and could possibly aid or-
thodontists in chairside craniofacial assessments. 
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INTRODUCTION 

Although the current trend in orthodontics is 

to plan treatment generally based on extraoral 

soft tissue dimensions, it is certainly impossi-

ble to ignore the limitations caused by bony 

structures. Growth modification procedures 
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which aim at skeletal discrepancies at younger 

ages also require an appraisal of maxillary and 

mandibular dimensions. This could be the rea-

son why orthodontists still have to base diag-

nostic and treatment decisions on radiographic 

assessments such as cephalometric measure-

ments.  

On the other hand, it is also evident that radio-

graphic assessment methods cannot be consi-

dered practical for screening purposes in rou-

tine dental settings or wide-scale epidemiolog-

ic surveys. Two major limitations exist: con-

cerns about exposing individuals to even mi-

nimal amounts of radiation, and the relatively 

costly and time consuming hardware require-

ments. These drawbacks could be good 

excuses why currently used orthodontic index-

es rely mostly on dental findings and lack of 

skeletal components.  

Therefore, it would be desirable to develop a 

brief yet acceptable chairside alternative for 

such measurements in order to determine the 

underlying skeletal relationships in a reliable 

manner; and to eliminate the need for cepha-

lograms in such occasions. 

Reviewing the orthodontic literature shows 

that attempts have been made toward introduc-

ing alternatives for cephalometric analyses 

that are mainly based on soft tissue measure-

ments.  

The underlying assumption in this domain is 

that the overlying facial soft tissue appearance 

is more or less influenced by its underlying 

bone structure [1-3].  

This concept has been employed in the cra-

niofacial superimposition method by forensics 

[4] and is still in use [5].  

Based on this concept, studies have been con-

ducted that mainly deal with either photo-

grammetric or anthropometric methods. 

Although photographic measurements have 

been reported as highly reproducible [6,7], the 

correlation between cephalometric and photo-

graphic measurements has not been high 

enough to consider it a consistent substitute to 

cephalometric measurements.  

The reason is variation in soft tissue thickness. 

In other words, the variable thickness of the 

overlying soft tissue does not allow for an ac-

curate prediction of underlying bone dimen-

sions. Acknowledging this variation, displac-

ing the soft tissues, as observed in some anth-

ropometric studies could be a solution to the 

problem. Farkas suggests application of force 

during anthropometric measurements as aid to 

determine “bony landmarks” [8]. It appears 

that this concept has not been verified with the 

aid of radiographic assessments, but if proved, 

it can be proposed that this method could re-

sult in even better correlations with cephalo-

metric measurements. At the same time it may 

be questioned that the amount of soft tissue 

displacement could be significantly different 

between assessors, possibly making the me-

thod unreliable; especially when considering 

different soft tissue thicknesses at different 

facial regions. Therefore, the current study 

was conducted in order to measure the reliabil-

ity of some anteroposterior facial anthropome-

tric measurements using a specially designed 

ruler under soft tissue compression. 

 

MATERIALS AND METHODS  

Thirty-six consecutive adolescent patients 

enrolled for treatment in a single semester at 

the Department of Orthodontics of Tehran 

University of Medical Sciences were chosen 

for this study. None of the cases had received 

previous orthodontic treatment. Anthropome-

tric measurements were performed with the 

aid of a custom designed sliding ruler (Fig 1).  

The ruler was designed very similar to anthro-

pometric sliding rulers; the main modification 

was incorporation of an ear guide at one end 

(Fig 1, A), which was placed in the external 

acoustic meatus, very similar to ear rods of 

cephalometric machines. The other end con-

sisted of a metal rod also projecting perpendi-

cular to the ruler (Fig 1, B).  

The distance between these projections was 

easily determined by reading the measurement 

on the ruler.  
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Three measurements were done in this study 

which consisted of: 

i) Distance between external auditory mea-

tus to nasion (Ext – N)  

ii) Soft tissue maxillary length measured 

from the external auditory meatus to the 

subnasal point (Ext – Sn)  

iii) Soft tissue mandibular length that was 

considered as the distance between the ex-

ternal auditory meatus to the soft tissue 

pogonion (Ext – Pog’) 

 

It was decided that each assessor displaced or 

compressed the soft tissue in each area subjec-

tively. Examiners applied only enough pres-

sure to “feel” the underlying hard tissue resis-

tance and not too much to cause any discom-

fort for the patient. Each measurement was 

independently performed twice by two asses-

sors with a 14-day lag between the two mea-

surements.The intraclass correlation coeffi-

cients (ICC) using a two-way random model 

and absolute agreement type and correspond-

ing 95% confidence intervals (CI) were calcu-

lated with SPSS 16 for Windows (SPSS Inc., 

Chicago, Ill, USA) to measure the reliability 

of the repeated soft tissue measurements. 

 

RESULT  

The ICC for the reliability of soft tissue mea-

surements along with the 95% confidence in-

tervals are listed in Table 1. 

As observed, all measurements had a reliabili-

ty coefficient above 0.9, with only a few pa-

rameters having a lower bound confidence in-

terval below 0.9, but more than 0.8. 

 

DISCUSSION     

The extensive work of Farkas in anthropome-

try of the head and face is well known and it is 

clear that anthropometric measurement in the 

craniofacial region is not a new topic [8]). But 

previous anthropometric measuring techniques 

which perform measurements on the soft tis-

sue by merely “touching” soft tissues appear 

to be somehow inaccurate for “bony mea-

surements” and specifically for orthodontic 

screening purposes. Therefore, it would be 

desirable to develop a simple yet reliable me-

thod to assess the craniofacial relationships in 

clinical orthodontic situations.  

The results of the current study show that 

anthropometric anteroposterior measurements 

obtained with soft tissue displacement can 

achieve a reasonable level of reliability, even 

comparable to reproducible photographic 

measurements. In order to obtain such a level 

of agreement, there was no need for a calibrat-

ing session between examiners regarding the 

amount of soft tissue compression [6].  

But at the same time, the different levels of 

reliability among three anthropometric mea-

surements in our study supposedly could be 

explained by the difference in soft tissue 

thickness in each area: less variation is ex-

pected in the soft tissue thickness at nasion 

and more in other areas. Generally speaking, 

higher inter-and intra-rater reliability was ob-

served in the external auditory meatus-nasion 

measurement and lower in other areas.  

Profitt considers “poor man” cephalometric 

assessment a valuable tool for determining the 

underlying skeletal relationship, where others 

believe it to be an inappropriate method [1, 9]. 

If further-developed research designs confirm 

the findings of our study, using such mea-

surements at the chairside eventually become 

Fig 1. Schematic diagram of the ruler used in the study:  

A) ear rod  B) anterior rod  
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a more practical method in orthodontic screen-

ing procedures for skeletal assessment.  

As the current investigation basically intended 

to assess the effect of soft tissue displacement, 

the selection of cases as well as sample size 

was not based on specific sampling issues.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examiners agreed that proper alignment of the 

ruler both sagittally and horizontally was a 

slight time consuming factor for the measure-

ment process.  

This inconvenience could also be an explana-

tion for the small intra- and inter-rater disa-

greement between measurements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2a. Schematic measurements and landmarks of the study b) Measurement of Ext-N per-

formed on the patient 
 

 

 

 

Lower Bound Upper Bound ICC Parameter 

0.951 0.987 0.974 Ext – N (Ex1) 

0.937 0.983 0.967 Ext – N(Ex2) 

0.929 0.981 0.963 Ext – N (Int –Ex) 

0.917 0.986 0.957 Ext -Sn(Ex1) 

0.873 0.973 0.941 Ext –Sn(Ex2) 

0.805 0.957 0.907 Ext –Sn(Int –Ex) 

0.907 0.980 0.957 Ext –Pog’(Ex1) 

0.913 0.982 0.960 Ext –Pog’(Ex2) 

0.872 0.972 0.940 Ext –Pog’(Int –Ex) 

 

Table 1. Intra and Inter-Examiner Correlation Coefficients of the Study Measurements 

 

Ex 1= Examiner 1,  Ex 2= Examiner 2, Int – Ex = Inter Examiner 
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This called for a redevelopment of the ruler 

design which was considered in our subse-

quent studies. In comparison to studies dealing 

with photographic measurements, if such anth-

ropometric measurements show a better corre-

lation with cephalometric data, we may hope 

that such methods become a reliable screening 

tool for both clinical and epidemiologic pur-

poses. 

Investigating the correlation between anthro-

pometric and radiographic measurements 

could not be conducted since the reliability of 

soft tissue measurements under soft tissue dis-

placement using the new device was unknown. 

But with the results of the current study, this 

correlation has been taken into consideration 

for our future studies. 

 

CONCLUSION 

The results of this pilot study suggest that reli-

able anthropometric measurements could be 

obtained under soft tissue displacement. These 

measurements could eventually aid orthodont-

ists in chairside craniofacial assessments.  
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