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Abstract  

Background: The objective of this study is to determine if facial soft tissue 

measurements using digital calipers can be reliably taken by the same 

examiner and by a large group of examiners.  

Materials and Methods: Ten examiners performed a set of 18 in-clinic 

measurements on ten female and ten male dental students using a digital 
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caliper twice over a three week period. The intra-class correlation coefficient 

and the Shrout-Fleiss method were used for the statistical analysis.  

Results: Anthropometric intra-examiner reliability was high for all 

measurements (none fell below R=0.934). However, inter-examiner reliability 

exhibited a wide range of values, some reliable [alR-alL (R=0.922) and sn-ul 

(R=0.926)], and others unreliable [base of nose (R=0.590), mouth height 

(R=0.585) and B’ – gn (R=0.623)].  

Conclusion: Soft tissue measurements of clearly identifiable points measured 

by the same examiner produced highly consistent, accurate and reliable 

measurements. Soft tissue points with poor definition resulted in average-to-

poor reliabilities measurements.  

 

Keywords: soft tissue, facial measurements, calipers, reliability. 

 

Introduction  
 

Plastic surgery, otolaryngology and dentistry share a common 

field of interest called facial esthetics. In order to establish this 

commonality and evaluate the modification of anatomical structures, 

anthropometric measurements can be used. In the early 1980s, 

Farkas,1 a plastic surgeon, established the proper dimensional norms 

for the head, face and ear by measuring a sample of 1312 subjects. 

Later on, Farkas and Posnick2 determined the proportions of the 

developing head by performing a series of anthropometric studies on 

140 soft tissue parameters from approximately 1600 patients.  

 

As technology evolved, more sophisticated methods were 

developed to analyze and quantify what precisely makes the human 

face attractive. Peck and Peck3 compared the lateral and frontal 

photographs of a number of individuals who were previously 

“acclaimed” to be “possessing the most pleasing facial esthetic 

qualities” to cephalometric measurements. Similarly, studies were 

conducted4,5 to compare certain cephalometric and anthropometric 

measurements taken directly off the face. Some authors6,7,8 looked 

solely at cephalograms, and attempted to develop soft tissue 

standards for orthognathic surgery treatment planning. Cephalograms 

also showed us that conventional orthodontics can alter certain soft 

tissue structures.9 Ferring and Pancherz10 examined the “divine 

proportions of the growing face” by means of photographic 

evaluation11,12 and used twenty-first century technology to recreate a 
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three-dimensional digital image of the study participants, or face 

modeling, and performed the desired measurements on that model. 

Newer technology has made possible to combine cone-beam computer 

tomography (CBCT), digital photography and increasingly more 

powerful computer systems in order to study facial soft tissues. 

Studies show that CBCT can accurately reproduce the identification of 

soft-tissue facial landmarks and facial tissue depth measurement.13,14 

However, an anthropometric measurement on a CBCT reproduced 

image is still hindered by the software’s rendering of the patient’s skin 

texture, color, facial line angles, light reflection, etc. Latest techniques 

such as image fusion allow us to superimpose a 3D photograph on a 

CBCT image.15 While there are some errors with these methods, it is a 

promising development of anthropometric measurements in the digital 

world adding more accuracy to the facial soft tissue measurements.  

 

The majority of the methods used to perform facial soft tissue 

measurements are extremely resource consuming and very impractical 

in terms of study set-up. Although a variety of measuring methods is 

available, direct clinical measurement is a simpler method for 

investigating soft tissue facial landmarks. The cost is lowered as is the 

simplicity of the study design. The limitations are related to the 

landmark identification and the measurement acquisition consistency 

of the different investigators. If changes to the facial soft tissue are to 

be measured before and after orthodontic using direct clinical 

measurements, the reliability of the operators needed to be reported.  

 

Shaner16 compared the reliability of thirteen caliper-taken facial 

measurements done by one examiner on two participants with the 

landmarks either being marked or not-marked on the subject’s face. 

To the best of our knowledge no studies have been conducted using a 

large number of evaluators to collect facial measurements from 

volunteer subjects in two different times.  

 

The aim of this study is to determine if consistent facial soft 

tissue measurements using digital calipers can be obtained by the 

same examiner and to determine the reliability of these same 

measurements among a large group of examiners.  
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Materials and Methods  
 

This study was approved by the Institutional Review Board. 

(Protocol # HR-2083)  

 

Twenty dental students were recruited and randomly selected to 

participate as subject of measurement in the project. The group was 

comprised of 10 male and 10 female students. Participants were to be 

excluded should they have exhibited congenital facial abnormalities, as 

well as those undergoing medical/pharmacological treatment that 

could produce distortion of normal facial landmarks.  

 

Ten examiners were selected from the postgraduate orthodontic 

program and the undergraduate dental students. One examiner was a 

full time faculty member. The examiner population was comprised of 5 

females and 5 males, however this distribution of males/females was 

purely coincidental as it was not considered prior to the examiners 

selection. Due to the number of examiners standard calibration was 

not feasible. Instead, the examiners were provided with a detailed 

write-up and a Power-Point presentation on how to identify the facial 

landmarks (Figure 1). The examiners practiced in clinic to identify the 

facial landmark points and took measurements on each other. (Figure 

2)  

 

Facial measurements were taken in the school orthodontic clinic 

using an 8 mm sliding digital Mitutoyo calipers (Aurora, IL). The 

measurement error for all Mitutoyo calipers was identical as per the 

company’s description (0.01mm). The examiners were paired in teams 

– one examiner took the measurements while the other recorded the 

data. The participant subjects were seated in the dental chair with 

their head relaxed and in an upright position. In order, to establish a 

repeatable position of the mandible, the study participants were 

guided into mandibular rest position and asked to remain with their 

lips relaxed. Measurements were recorded in the standard form for all 

participant subjects (Figure 2). The study participants were recalled 

approximately a month later and the whole procedure was repeated.  

 

The intra-class correlation coefficient was used to determine 

both the intra- and inter-investigator reliabilities. This correlation 
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coefficient is a general measure of agreement between two or more 

raters. The Shrout-Fleiss method was used to compute both, the inter- 

and the intra- investigator reliabilities.  

 

Results  
 

The reliability coefficients for the 18 facial soft tissue 

measurements and the intra-examiner and inter-examiner differences 

with a 95% confidence interval are shown in Table 1. The first five 

measurements were considered horizontal, whereas the last 13 were 

considered vertical.  

 

Intra-examiner differences  
 

All 10 examiners showed consistently high intra-examiner 

reliability between T1 and T2. None of the calculated reliabilities fell 

below R=0.934. The least reliable measurements were nasal width at 

base of the nose, soft tissue B point to gnathion and mouth height. 

Even for those 3 measurements, the average reliabilities varied 

between R=0.934 to R=0.943. The 18 measurements exhibited very 

high reliabilities with nasal width (al-al, R=0.992), middle third of the 

face (N’- Sn, R= 0.989), and upper lip length (Sn – UL, R=0.992) 

showing the highest reliabilities.  

 

Inter-examiner differences  
 

When comparing the measurements among the 10 examiners, a 

larger reliabilities distribution was found. The reliabilities for the 18 

measurements can be placed in three distinct groups. Group one is 

made up of a few measurements showing consistently high reliabilities. 

Those include alR-alL (R=0.922) and sn-ul (R=0.926). As noted 

before, those same two measurements also showed very high intra-

examiner reliability.  

 

Significant reliability measurements differences are seen in the 

second group with a larger number of measurements showing poor 

reliability. Most notable are nasal width at base of nose (R=0.590), 

mouth height (R=0.585) and B’ – gn (R=0.623). The first two 

measurements also showed the lowest intra-examiner reliability.  
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Most of the remaining measurements can be placed in group three 

which showed reliabilities that fell somewhere in between the 

extremes with mouth width (chR-chL, R=0.863), the third of the face 

(Ha – Na’, R=0.827; Na’ – sn, R=0.899; sn – gn’, R=0.867), 

measurements around the mouth (stL – LVB, R = 0.865; stU-

stL=0.882) being the most consistent. Measurements between the left 

and right commissures differed greatly (sn – ch L R = 0.758; sn – ch R 

= 0.837).  

 

No significant differences were found between horizontal and 

vertical measurements. Both categories feature some reliable and 

some unreliable measurements.  

 

Discussion  

 
In order to evaluate future changes in the soft tissue contour 

before and after orthodontic treatment within a large sample, a strong 

reliability test is necessary. This study was designed to evaluate the 

reliability of soft tissue measurements performed on a dental student 

volunteer sample.  

 

The time it took to acquire the measurements was not recorded. 

However, we made a general observation where most of the 18 

measurements were collected in less than 4 minutes. If we were to 

only acquire the reliable measurements in future studies, this time can 

be greatly reduced, and clinical measurements can be performed 

without disrupting office flow.  

 

Some particular measurements were different from those 

performed in previous studies.2,17,18,19 However, the majority of facial 

landmarks used in the study (Figure 2) were developed, similarly to 

the points used by Farkas 2. The one exception was stomion upper 

(stU) and stomion lower (stL). In Farkas’ description1, stomion was a 

point described by the intersection of the facial midline with the 

“horizontal labial fissure of the gently closed lips.” In our study, the 

participants were requested to relax their mandible and, consequently, 

their lips were also relaxed, which often resulted in an interlabial gap. 

Thus, the lower-most point of the upper lip and the upper-most point 
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of the lower lip (both crossing the imaginary facial midline) were 

defined as stomion upper and stomion lower.  

 

Burstone20 used cephalometric headplates in lieu of 

measurements taken directly from the living. He believed that those 

measurements would diminish accuracy associated with soft-tissue 

flexibility. He also stated that the time factors was relevant, since the 

operator could not be as leisurely with that method and the patient 

could not be expected to hold a given pose for a long period of time. 

However, transverse measurements, as it was acquired in this study, 

were not noted on those cephalometric headplates, and tracing errors 

would also have to be investigated.  

 

Farkas1 identified three particular sources of error – improper 

measuring technique, problems with the measuring instruments and 

improper identification of the facial landmarks. The authors attempted 

to eliminate the first two by training all ten examiners prior to the 

study and by having the ten examiners use the exact same caliper 

model, as well as measuring the sample on the same day and in the 

same clinical setting. Thus, the only variable that could produce error 

among the different examiners was the facial landmark identification.  

 

Intra-examiner Reliability  
 

The examiners in this study exhibited very high intra-

investigator reliability for essentially all measurements. Shaner used 

two examiners to measure similar anthropometric facial measurements 

and found the majority of the measurements were in good agreement, 

similar to the findings of this study.16 Farkas1 also found minimal 

differences in measurements when looking at one examiner over 

different time points.  

 

The present findings showed that the examiners consistently 

pick the same points. However, without a gold standard to identify 

some of these points, i.e. those that are not easily identifiable due to 

them overlying a bony structure (zygion, gnathion) or those that 

require several different angles for precise identification (pronasale), 

the precise determination of the points becomes difficult. Thus, while 

we can say that the examiners consistently picked the same point we 
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cannot state with certainty if those points were the correct ones or if 

they were what the examiner believed was the correct point.  

 

Inter-examiner Reliability  
 

Inter-examiner reliability showed a much larger variation. This 

was confirmed by previous studies. Mommaerts et al.21 investigated 

several distances similar to those measured in this project and found 

the majority of those to be unreliable. The measurements that showed 

the highest reliability involved points that were very easy to identify - 

in their study, the pupils in the interpupillary distance measurement, 

supraorbitale, gnathion. The distance between the two zygomatic 

points (right and left) was found to not be reliable similar to the results 

of this study.  

 

Geerts et al.22 attempted to evaluate the reliability of measuring 

the vertical dimension of rest by essentially measuring the distance 

between pronasale and gnathion with a caliper. They used an 

examiner sample of N=20 (1 patient, 1 measurement, 10 times) and 

found good inter-examiner reliability for those two points. This was 

confirmed in another study23 that attempted to evaluate the 

measurement of the vertical dimension of rest using pronasale and an 

additional point on the chin. In our particular study, the measurements 

involving pronasale fell in the second group – while the reliability was 

acceptable it was not ideal. This again is dependent on the points that 

comprise the particular measurement – those that involve clearly 

identifiable points produce, as expected, a much more reliable 

measurement. The least reliable measurement was the mouth height 

(ls-li). This result was possibly generated due to subject difficulties to 

maintain their lips relaxed during measurement acquiring.  

 

Unlike Shaner’s16, this study did not attempt to mark the 

landmarks on the participant subject faces for two reasons. First, we 

wanted to allow the examiners to identify the points themselves, and 

second, we did not want to spend an excessive amount of time 

marking the points and acquiring the measurements. Landmark 

identification relationship between different examiners needed to be 

proven strong, as well as how successfully could these examiners 
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reproduce that landmark identification from T1 to T2. Marking the 

points on the face would have defied the purpose of the study.  

 

Lastly, while observing the reliability between the set of 

horizontal versus the set of vertical measurements no differences were 

found. Both groups had some reliable measurements and some poor 

ones. This is probably due to the reliabilities being dependent on how 

easy it is to define the facial landmarks as opposed to how the 

measuring device is being held.  

 

Conclusion  
 

Clearly identifiable points measured with digital calipers by the 

same examiner produced highly consistent, accurate and reliable 

results. Soft tissue points with poor definition yielded average-to-poor 

reliabilities. Significant differences were found when different 

examiners identified the same point. No differences were noted 

between vertical and horizontal measurements.  
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