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a b s t r a c t 

Background: The utilization of three-dimensional (3D) surface 

imaging for facial anthropometry is a significant asset for patients 

undergoing maxillofacial surgery. Notably, there have been recent 

advancements in smartphone technology that enable 3D surface 

imaging. 

In this study, anthropometric assessments of the face were per- 

formed using a smartphone and a sophisticated 3D surface imaging 

system. 

Methods: 30 healthy volunteers (15 females and 15 males) were 

included in the study. An iPhone 14 Pro (Apple Inc., USA) using the 
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application 3D Scanner App (Laan Consulting Corp., USA) and the 

Vectra M5 (Canfield Scientific, USA) were employed to create 3D 

surface models. For each participant, 19 anthropometric measure- 

ments were conducted on the 3D surface models. Subsequently, the 

anthropometric measurements generated by the two approaches 

were compared. The statistical techniques employed included the 

paired t-test, paired Wilcoxon signed-rank test, Bland–Altman anal- 

ysis, and calculation of the intraclass correlation coefficient (ICC). 

Results: All measurements showed excellent agreement between 

smartphone-based and Vectra M5-based measurements (ICC be- 

tween 0.85 and 0.97). Statistical analysis revealed no statistically 

significant differences in the central tendencies for 17 of the 19 lin- 

ear measurements. Despite the excellent agreement found, Bland–

Altman analysis revealed that the 95% limits of agreement between 

the two methods exceeded ±3 mm for the majority of measure- 

ments. 

Conclusion: Digital facial anthropometry using smartphones can 

serve as a valuable supplementary tool for surgeons, enhancing 

their communication with patients. However, the proposed data 

suggest that digital facial anthropometry using smartphones may 

not yet be suitable for certain diagnostic purposes that require high 

accuracy. 

© 2024 Published by Elsevier Ltd on behalf of British Association 

of Plastic, Reconstructive and Aesthetic Surgeons. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Digital facial anthropometry (DFA) is a valuable measure for therapy and outcome assessment in

atients undergoing maxillofacial surgery. 1–3 In this method, measurements are performed on three-

imensional (3D) surface models (SMs) of the face, enabling the individual assessment of parameters

uch as symmetry or changes in facial morphology. 1–5 SMs are usually created by standard 3D sur-

ace imaging systems such as the 3dMD system ( 3dMD, USA ), Vectra systems ( Canfield Scientific, USA ),

r Artec systems ( Artec Group, Luxembourg, Luxembourg ). 6–8 Numerous studies have validated these

ystems for clinical use in DFA. 4 , 6 , 7 , 9–11 

A novelty in the field is smartphone use for DFA. In this approach, smartphones are used to gen-

rate precise SMs of facial soft tissue, which are subsequently employed for anthropometric assess-

ents. 12–14 

There is a paucity of protocols available for validating smartphone-based DFA. Rudy et al. used

he iPhone X ( Apple Inc., USA ) with the application ScandyPro ( Scandy Inc., USA ), along with the Vec-

ra H1 ( Canfield Scientific, USA ), to obtain surface information from 16 participants. 12 Besides other

valuations, they conducted anthropometric measurements between 10 anatomical landmarks. They

oncluded that the iPhone X offers accurate and precise 3D scanning. Chong et al. developed an inves-

igational application for the iPad/iPhone ( Apple Inc., USA ) and enrolled 20 subjects to acquire surface

nformation. 13 Among other assessments, they performed 21 digital anthropometric measurements,

hich showed excellent correlations with direct measurements. They concluded that their 3D facial

canning system allowed patients to capture 3D images on their own. Akan et al. enrolled 26 in-

ividuals and performed alongside other evaluations, seven linear and three angular measurements,

omparing the iPhone X and the 3dMD 3D imaging system. The researchers concluded that images

aptured with a smartphone can be used to record and evaluate 3D soft tissue changes. 14 

Notably, previous validation of smartphone-based DFA has primarily relied on unsophisticated pro-

ocols for anthropometry or investigational applications. Consequently, both the validity and the reli-
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bility of these studies may be compromised. The absence of a current gold standard for smartphone-

ased DFA limits the validity of previous investigations. 

To address these limitations, a study was conducted comparing smartphone-based DFA with a pre-

iously established protocol that utilizes a sophisticated 3D imaging system, considered the gold stan-

ard for digital anthropometry. The iPhone 14 Pro ( Apple Inc., USA ), using the application 3D Scanner

pp V2.1.2 ( Laan Consulting Corp., USA ), and the Vectra M5 ( Canfield Scientific, USA ) were used to gen-

rate SMs of the face. A set of standardized anthropometric measurements was conducted based on

hese models, which were then compared. 

This comparison allows the evaluation of the accuracy of digital anthropometric measurements

ith smartphones and determines their potential as an alternative method for digital anthropometry.

y filling this knowledge gap, valuable insights were gained to be provided for future research and

linical applications, contributing to the advancement of smartphone-based DFA. 

aterial and methods 

tudy protocol 

This trial was designed as a monocentric prospective study. It was conducted at the Department of

ral and Maxillofacial Surgery at the University Hospital Regensburg, Germany. Prior to participant re-

ruitment, the study received approval from the local ethics committee (23-3400-101). The proposed

ethod was then tested on a group of 30 healthy adult students who were enrolled at the Univer-

ity of Regensburg. Individuals with a recent history of craniofacial surgery, maxillofacial trauma, or

ubstantial skeletal deformities were not included in the study. 

The participants were invited to undergo an anthropometric examination. After receiving an ex-

lanation of the procedure, 15 specific landmarks were identified and marked using a white eyeliner.

he anthropometry protocol used had been previously described by Othman et al. 11 To maintain con-

istency, participants were positioned on a stool in a relaxed posture, with their heads in a natural

osition and under standardized lighting conditions. To eliminate any potential interference, partici-

ants were instructed to remove any glasses, jewelry, and makeup. Additionally, they were asked to

ear a hairband to minimize any disturbances caused by their hair. Subsequently, 3D SMs of the face

ere generated, which were used to conduct a set of anthropometric measurements. 

D surface imaging 

To capture the participants’ surface information, the iPhone 14 Pro using the application 3D Scan-

er App V2.1.2 and the Vectra M5 System using the software Vectra Analysis Module (VAM) ( Canfield

cientific, USA ) were utilized. 

The Vectra M5 is a stationary and highly reliable surface imaging system. 15 It uses stereopho-

ogrammetry for surface imaging. The technique involves arranging multiple pictures as a stereo pair

nd merging the intersections between different images into a 3D model. 16 Stereophotogrammetry is

 well-established method that has been widely used for 3D surface imaging. 17 , 18 It is considered the

old standard for DFA. 19 Previous studies have proved its effectiveness in capturing the face, making it

aluable for surgical planning and evaluation in maxillofacial surgery. 18 , 20 The Vectra M5 comes with

he software VAM for SM analysis. 21 The software allows anthropometric measurements. 

The 3D Scanner App is based on the Object Capture API by Apple ( Apple Inc., USA ). It provides

 LiDAR-Mode, a Pointcloud-Mode, a TrueDepth-Mode, and a Photo-Mode. In this study, the Photo-

ode was used to capture the patients’ surface information. According to the Laan Consulting Corp.,

he Photo-Mode combines photogrammetry and LiDAR (light detection and ranging) to estimate ob-

ect scale. LiDAR involves time-of-flight measurements, which determine the time taken for an object

o travel a distance. 22 Combining both technologies helps to create an accurate 3D SM that can be

sed for anthropometric measurements. Once the 3D SM is completed, users can edit it or share it

n various formats. The 3D Scanner App features a measurement tool for conducting linear measure-

ents. It is complemented by the 3D Scanner App software designed for MacOS (Apple Inc., USA),

hich facilitates point cloud processing and mesh generation. 
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Fig. 1. Landmarks : Appearance of a 28-year-old male participant; the iPhone 14 Pro ( Apple Inc., USA ) using the application 3D 

Scanner App V2.1.2 ( Laan Consulting Corp., USA ) was used to create the surface model; (1) soft tissue nasion (N), (2) pronasale 

(PRN), (3) subnasale (SN), (4) labrale superius (LS), (5) stomion (STO), (6) labrale inferius (LI), (7) soft tissue gnathion (GN), 

(8) alare (AL) (L), (9) alare (AL) (R), (10) subalare (SBAL) (L), (11) subalare (SBAL) (R), (12) christa philtri (CPH) (L), (13) christa 

philtri (CPH) (R), (14) cheilion (CH) (L), and (15) cheilion (CH) (R). 
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Prior studies have emphasized the significance of accurately labeling landmarks for anthropometric

easurements. 23 Thus, following previous research, landmarks were manually marked using a remov-

ble white eyeliner. 11 , 24 

The following landmarks were marked unilaterally: (1) soft tissue nasion (N), (2) pronasale (PRN),

3) subnasale (SN), (4) labrale superius (LS), (5) stomion (STO), (6) labrale inferius (LI), and (7) soft

issue gnathion (GN). 

The following landmarks were marked bilaterally left (L) and right (R): (8) and (9) alare (AL), (10)

nd (11) subalare (SBAL), (12) and (13) christa philtri (CPH), (14), and (15) cheilion (CH). 

Figure 1 provides an overview of all landmarks. 

nthropometric measurements 

The following measurements were performed: (1) N – GN, (2) N – STO, (3) SN – GN, (4) N – SN,

5) AL – AL, (6) SN – PRN, (7) N – PRN, (8) CH – CH, (9) SN – STO, (10) SN – LS, (11) LS – STO, (12)

I – STO, (13) SBAL – SBAL, (14) AL – PRN (L), (15) AL – PRN (R), (16) SBAL – SN (L), (17) SBAL – SN

R), (18) SBAL – CPH (L), and (19) SBAL – CPH (R). 

A medical doctor digitally conducted all anthropometric measurements in the study using the 3D

canner App measurement tool and the VAM software. Measurements based on the Vectra M5 were

onducted on the computer using the VAM, while smartphone-based measurements were conducted

sing the smartphone application. Digital anthropometry, as used in the study, refers to the process

hat uses SMs to perform anthropometric assessments. 1 The physician digitally selected the midpoints

f the landmarks in concordance to direct measurements. The software then measured the metric

inear distance between the manually selected vertices. 

Figure 2 (a) and (b) provides an overview of all anthropometric measurements. Figure 3 juxtaposes

he smartphone-based and the Vectra-based approach for anthropometric measurements. 

tatistical analysis 

IBM SPSS 29 ( SPSS Inc., USA ) was used for statistical analysis. Normal distribution of each measure-

ent was assessed using the Kolmogorov–Smirnov Test. Normality was assumed for measurements
333
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Fig. 2. (a) and (b) Anthropometric measurements : Appearance of a 28-year-old male participant; the iPhone 14 Pro ( Apple Inc., 

USA ) using the application 3D Scanner App V2.1.2 ( Laan Consulting Corp., USA ) was used to create the surface model; (1) N –

GN, (2) N – STO, (3) SN – GN, (4) N – SN, (5) AL – AL, (6) SN – PRN, (7) N – PRN, (8) CH – CH, (9) SN – STO, (10) SN – LS, (11) 

LS – STO, (12) LI – STO, (13) SBAL – SBAL, (14) AL – PRN (L), (15) AL – PRN (R), (16) SBAL – SN (L), (17) SBAL – SN (R), (18) 

SBAL – CPH (L), and (19) SBAL – CPH (R). The figure exemplifies linear measurements on 3D SMs. For illustrational purposes, 

the measurements on 3D SMs were depicted in 2D pictures. 
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1) to (11) and (14) to (19). Consequently, for these 17 measurements, a paired t-test was conducted to

xamine any systematic bias between the two methods. However, measurements (12) and (13) did not

xhibit normal distribution. For these two variables, a Wilcoxon signed-rank test for paired samples

as used to evaluate any systematic bias between the methods. The consistency between measure-

ents was evaluated using the intraclass correlation coefficient (ICC). The correlation was evaluated

ccording to Cicchetti et al. using the following guidelines for interpretation: less than 0.40 – poor,

etween 0.40 and 0.59 – fair, between 0.60 and 0.74 – good, and between 0.75 and 1.00 – excellent. 25

o evaluate the agreement between the measurements, Bland–Altman analyses were conducted. An

cceptable total deviation of ±3.0 mm was deemed appropriate, considering any limit of agreement

eyond 3 mm at a 95% confidence level as clinically unacceptable. Table 1 provides an overview of

he means, maxima, and minima of the two approaches. 
334



R. Hartmann, F. Nieberle, C. Palm et al. JPRAS Open 39 (2024) 330–343

Fig. 3. Presentation of the two methods: Appearance of a 21-year-old female participant; the iPhone 14 Pro ( Apple Inc., USA ) 

using the application 3D Scanner App V2.1.2 ( Laan Consulting Corp., USA ) was used to perform measurement (7) (N – PRN) on 

the surface model on the left side; the Vectra M5 ( Canfield Scientific, USA ) using the software VAM ( Canfield Scientific, USA ) was 

used to perform measurement (7) (N – PRN) on the right side. 

Table 1 

Descriptive Statistics : Values in millimeters (mm) for Vectra M5-based and smartphone-based measurements (1) to (19); IBM 

SPSS 29 was used for data analysis. 

Descriptive Statistics 

Variables Vectra M5 Smartphone 

Minimum Maximum Mean Minimum Maximum Mean 

(1) N – GN 109.5 136.2 118.6 106.1 128.2 118.9 

(2) N – STO 69.2 87.3 79.2 67.3 85.3 78.7 

(3) SN – GN 52.4 73.3 61.7 51.3 76.7 62.3 

(4) N – SN 48.1 68.7 58.4 47.5 65.5 57.9 

(5) AL – AL 28.0 40.2 34.9 29.6 41.4 35.3 

(6) SN – PRN 15.6 25.0 20.3 15.7 24.9 20.5 

(7) N – PRN 42.1 60.0 51.2 40.7 60.3 50.9 

(8) CH – CH 46.9 60.9 55.3 46.4 63.0 54.5 

(9) SN – STO 14.9 28.1 21.6 17.1 26.6 21.4 

(10) SN – LS 7.0 13.7 9.9 5.4 13.4 10.0 

(11) LS – STO 9.1 18.6 12.1 9.8 17.2 11.9 

(12) LI – STO 8.2 17.2 12.8 8.2 18.3 13.4 

(13) SBAL – SBAL 14.2 31.8 20.6 14.9 37.5 20.7 

(14) AL – PRN (L) 20.6 39.2 33.6 29.5 39.3 34.0 

(15) AL – PRN (R) 28.4 40.0 33.8 29.6 39.4 34.2 

(16) SBAL – SN (L) 8.8 15.3 11.6 8.5 15.4 11.8 

(17) SBAL – SN (R) 7.0 15.5 11.5 6.8 16.6 11.6 

(18) SBAL – CPH (L) 9.0 16.8 13.1 9.3 16.7 13.1 

(19) SBAL – CPH (R) 8.0 16.6 13.0 7.7 17.6 13.2 
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Table 2 

Intraclass correlation coefficient (ICC) and Bland–Altman analysis : ICC and Bland–Altman 95% limits of agreement between the 

two methods; IBM SPSS 29 was used for data analysis. 

Intraclass correlation coefficient (ICC) and Bland-Altman analysis 

ICC Bland-Altman 

Variables ICC 95% Confidence Interval Mean bias 95% Confidence Intervall 

Upper Lower Upper Lower 

(1) N – GN .9 .95 .8 -.2 7.0 -7.4 

(2) N – STO .96 .98 .9 .5 4.4 -3.3 

(3) SN – GN .95 .98 .89 -.6 3.6 -4.7 

(4) N – SN .96 .98 .92 .5 4.0 -3.0 

(5) AL – AL .93 .97 .86 -.4 2.7 -3.5 

(6) SN – PRN .9 .95 .8 -.2 2.3 -2.7 

(7) N – PRN .97 .99 .94 .3 3.6 -3.0 

(8) CH – CH .95 .98 .9 .7 4.1 -2.7 

(9) SN – STO .92 .96 .82 .2 2.8 -2.4 

(10) SN – LS .91 .96 .81 -.2 1.8 -2.2 

(11) LS – STO .92 .96 .84 .2 2.1 -1.7 

(12) LI – STO .92 .96 .84 -.7 1.5 -2.8 

(13) SBAL – SBAL .95 .97 .88 -.1 3.6 -3.7 

(14) AL – PRN (L) .87 .94 .72 -.4 4.0 -4.7 

(15) AL – PRN (R) .92 .96 .82 -.4 2.5 -3.4 

(16) SBAL – SN (L) .85 .93 .68 -.3 2.2 -2.8 

(17) SBAL – SN (R) .93 .97 .84 -.2 2.0 -2.3 

(18) SBAL – CPH (L) .94 .97 .87 .1 1.9 -1.8 

(19) SBAL – CPH (R) .9 .95 .78 -.2 2.2 -2.7 
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atient demographics 

The cohort included 15 males and 15 females. Their mean age was M = 24 years ( SD = ±2.3), the

ean height M = 176 cm ( SD = ±8 cm), the mean weight M = 69.6 kg ( SD = ±14.0 kg), and the

ean BMI M = 22.5 ( SD = ±3.6). 

ccuracy of measurements in the mid-face region 

The values for measurements (1) to (3) showed excellent correlation with ICC values from 0.9 to

.96 ( Table 2 ). T-test for paired samples revealed that the mean values for measurements (1) to (3)

id not differ significantly between Vectra-based (1) (M = 118.6); (2) (M = 79.2); (3) (M = 61.7) and

martphone-based (1) (M = 118.9); (2) (M = 78.7); (3) (M = 62.3) measurements ( t-test for paired

amples; (1) p = 0.73, (2) p = 0.16, (3) p = 0.15, n = 30 ) ( Table 3 ). Nevertheless, the Bland–Altman

nalysis revealed clinically unacceptable disparities ( > 3 mm) between the two methods, as indicated

y the 95% limits of agreement exceeding ±3.00 mm ( Table 2 ). Measurement (1) showed the highest

ifference between the two methods with Bland–Altman 95% limits of agreement reaching from 7.0

m to -7.4 mm. Figure 4 shows the Bland–Altman plots for the mid-face region. 

ccuracy of measurements in the nose region 

All measurements of the nose region (4) to (7) demonstrated excellent correlation with ICC values

anging from 0.9 to 0.97 ( Table 2 ). The t-test for paired samples indicated that the mean values for

easurements (4) to (7) did not exhibit a significant difference between Vectra-based (4) (M = 58.4);

5) (M = 34.9); (6) (M = 20.3); (7) (M = 51.2) and smartphone-based (4) (M = 57.9); (5) (M = 35.3);

6) (M = 20.5); (7) (M = 50.9) measurements ( t-test for paired samples; (4) p = 0.14, (5) p = 0.19, (6)

 = 0.47, (7) p = 0.36, n = 30 ) ( Table 3 ). Measurements (4), (5), and (7) showed clinically unacceptable
336
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Table 3 

T-test for paired samples : Comparison of Vectra M5-based and smartphone-based measurements (1)–(11) and (14)–(19); IBM 

SPSS 29 was used for data analysis. 

T-test for paired samples 

Variables Paired Differences 

Mean Std. Deviation 95% Confidence Interval of the Difference p 

Lower Upper 

(1) N – GN -.2 3.7 -1.6 1.1 .73 

(2) N – STO .5 2.0 -.2 1.3 .16 

(3) SN – GN -.6 2.1 -1.4 .2 .15 

(4) N – SN .5 1.8 -.2 1.2 .14 

(5) AL – AL -.4 1.6 -1.0 .2 .19 

(6) SN – PRN -.2 1.3 -.6 .3 .47 

(7) N – PRN .3 1.7 -.3 .9 .36 

(8) CH – CH .7 1.7 .1 1.4 .03 

(9) SN – STO .2 1.3 -.3 .7 .45 

(10) SN – LS -.2 1.0 -.5 .2 .39 

(11) LS – STO .2 1.0 -.2 .5 .29 

(14) AL – PRN (L) -.4 2.2 -1.2 .4 .35 

(15) AL – PRN (R) -.4 1.5 -1.0 .1 .13 

(16) SBAL – SN (L) -.3 1.3 -.8 .2 .22 

(17) SBAL – SN (R) -.2 1.1 -.6 .2 .40 

(18) SBAL – CPH (L) .1 .9 -.3 .4 .73 

(19) SBAL – CPH (R) -.2 1.3 -.7 .2 .30 
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p  
imits of agreement between the two methods with Bland–Altman 95% limits of agreement exceeding

3.00 mm. The only acceptable value for the nose region was measurement (6) with Bland–Altman

5% limits of agreement from 2.3 mm to -2.7 mm ( Table 2 ). Figure 5 shows the Bland–Altman plots

or the nose region. 

ccuracy of measurements in the orolabial region 

The orolabial region (8) to (19) showed the highest agreement for both methods. Eight out of 12

easurements were found within the clinically acceptable Bland–Altman 95% limits of ±3.00 mm.

owever, measurements (8), (13), (14), and (15) exceeded the ±3.00 mm limits. For measurement

8), values reached from 4.1 mm to -2.7 mm; for measurement (13), from 3.6 mm to -3.7 mm; for

easurement (14), from 4.0 mm to -4.7 mm; and for measurement (15), from 2.5 mm to -3.4 mm

 Table 2 ). The t-test for paired samples was conducted for measurements (8)–(11) and (14)–(19). For

easurements (9)–(11) and (14)–(19) mean values did not exhibit a significant difference between

ectra-based measurements and smartphone-based measurements ( Table 3 ). A significant difference

as found in measurement (8) between Vectra-based (M = 55.3) and smartphone-based (M = 54.5)

easurements ( t-test for paired samples; p = .03, n = 30 ) ( Table 3 ). A Wilcoxon signed-rank test for

aired samples was used to compare values for measurements (12) and (13). The values for mea-

urement (12) did differ significantly between Vectra-based (Median = 12.7) and smartphone-based

Median = 13.5) measurements ( Wilcoxon signed-rank test for paired samples; p = < .001 , n = 30 )

 Table 4 ). However, values for measurement (13) did not differ significantly between Vectra-based

Median = 19.7) and smartphone-based (Median = 19.9) measurements ( Wilcoxon signed-rank test for

aired samples; p = . 46 , n = 30 ) ( Table 4 ). All measurements showed excellent correlation between

he two methods. ICC values ranged from 0.85 to 0.95 ( Table 2 ). Figure 6 (a) and (b) shows the Bland–

ltman plots for the orolabial region. 

verall accuracy 

Most of the measurements demonstrated excellent agreement between the two methods, as sup-

orted by high ICC values and comparable central tendencies. However, the majority of measurements
337



R. Hartmann, F. Nieberle, C. Palm et al. JPRAS Open 39 (2024) 330–343

Fig. 4. Bland–Altman plots of the mid-face region : Measurements (1) to (3) in millimeters (mm); MS Excel was used to create 

the illustration. 

Table 4 

Wilcoxon Signed Rank Test for paired samples : Median values in Millimeters (mm) and 

Wilcoxon Signed Rank Test for paired samples for measurements (12) and (13); Com- 

parison of Vectra M5-based and smartphone-based measurements (12) and (13); IBM 

SPSS 29 was used for data analysis. 

Median values and Wilcoxon Signed Rank Test for paired samples 

Variables (12) LI – STO (13) SBAL – SBAL 

Vectra M5 Smartphone Vectra M5 Smartphone 

Median 12.7 13.5 19.7 19.9 

Z -2.81 -.74 

Asymp. Sig. (2-tailed) < .001 .46 
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Fig. 5. Bland–Altman plots of the nose region : Measurements (4) to (7) in millimeters (mm); MS Excel was used to create the 

illustration. 

Fig. 6. (a) Bland–Altman plots of the orolabial region : Measurements (8) to (16) in millimeters (mm); MS Excel was used to 

create the illustration. (b) Bland–Altman plots of the orolabial region : Measurements (17) to (19) in millimeters (mm); MS Excel 

was used to create the illustration. 
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isplayed Bland–Altman 95% limits of agreement that surpassed the limits of ±3.00 mm. This implies

hat smartphone-based DFA may be inappropriate for specific diagnostic purposes that demand a high

evel of accuracy. Nevertheless, it may be used as a supplementary tool for clinicians and patients.

ome values, particularly in the orolabial region, displayed Bland–Altman 95% limits of agreement

hat did not exceed ±3.00 mm. 

iscussion 

This study has certain limitations that necessitate further discussion. In this trial, a fully

martphone-based approach was compared to a fully Vectra-based technique under realistic circum-

tances, with the aim of providing physicians with valuable insights into future considerations for

mplementation. One limitation of this study is that anthropometric measurements were conducted

anually using two different systems: the 3D Scanner App and the Vectra VAM. Both approaches in-

olve performing measurements manually. Although this approach aimed to replicate realistic condi-

ions, such as those encountered in telemedicine, performing measurements manually may affect the

easurements’ accuracy. Prior studies have, therefore, introduced methods for automated anthropom-

try. 26 , 27 However, the field of smartphone-based DFA lacks automation, which may help to overcome

his limitation. 

Despite technological advancements, landmark detection remains a challenge in smartphone-based

FA. In the present study, a smartphone-based approach that involved selecting landmarks using a

martphone was employed. While this method allows untrained users to perform anthropometry, ac-

urately identifying landmarks can be difficult. According to Farkas et al., the reliability of anthro-

ometric evaluations relies on both the examiner’s expertise in measurements and their ability to

dentify anatomical landmarks accurately. 28 To enhance visibility and accuracy, a white eyeliner was

sed to mark the landmarks on the participants’ faces, and a clinician reduced the landmark diameter

o a minimum. However, in this study landmarks involving the orolabial region, such as the stomion

5) and the labrale inferius (6), as well as the left and right cheilion (14) and (15), were challenging

o identify as they are highly influenced by facial expressions. These observations are supported by a

tudy performed by Aynechi et al. on landmarking in anthropometry. 24 In their trial, the researchers

nvestigated the impact of landmark labeling on the accuracy and precision of an indirect facial an-

hropometric technique. They obtained 18 facial anthropometric measurements from a sample of 10

dults using the 3dMDface system. These measurements were taken with both labeled and unlabeled

andmarks and were compared to measurements obtained through direct anthropometry. The authors

bserved that modifications in facial expressions during image capturing can introduce potential er-

ors due to the inherent difficulty of maintaining a natural facial expression. 24 This could potentially

ccount for the observed differences in measurements (8) (cheilion to cheilion) and (12) (labrale in-

erius to stomion). 

These limitations emphasize the need for further research and improvements in smartphone-based

FA to address the challenges associated with landmark detection accuracy and to enhance its appli-

ability for untrained users. By implementing automation in DFA, it may be possible to overcome at

east some of these challenges. 

Furthermore, critically examining the findings of the study regarding the agreement of the oro-

abial region is crucial. Due to the lack of a gold standard for DFA, comparing this study’s findings is

hallenging. Nonetheless, previous studies have evaluated the disparities in the orolabial region using

imilar assessments. In their comparative study, Othman et al. evaluated the Vectra M5 System along-

ide direct anthropometric measurements, comparing 19 linear facial measurements obtained from 37

left patients. They found that for 8 out of 12 linear measurements in the orolabial region, the 95%

imits of agreement did not meet clinically acceptable standards. 11 However, the present study’s find-

ngs are consistent with previous trials on smartphone-based digital anthropometry in the orolabial

egion. Chong et al. conducted a comprehensive study comparing anthropometric measurements ob-

ained from an iPhone/iPad-based system with direct measurements, specifically examining 21 an-

hropometric measurements including the orolabial region. Their results revealed that the majority

f the measurements in the orolabial region exhibited disparities within 95% Bland–Altman limits of

 mm. 13 Akan et al. performed a study comparing anthropometric measurements conducted on SMs
340
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btained by the iPhone X and the 3dMD 3D imaging system. They found no statistically significant

ifferences in vermillion height and mouth width between the two systems. 14 Nevertheless, in the

resent trial, the absolute metric values for orolabial measurements were lower compared to other

egions, such as the mid-face region. Although a clinically acceptable agreement was observed using

he Bland–Altman method for 8 of 12 measurements, the result may be attributed to the generally

ow metric values in this region. 

A drawback of this investigation is that volunteers were evaluated by a single examiner only once.

urther studies should investigate the inter- and intra-rater reliability of smartphone-based DFA. Nev-

rtheless, the data provided in this study contribute to the progress in the clinical application of

martphone-based DFA by offering insights into the precision of the method. 

In addition, it is notable that the ±3 mm agreement used in the present study to assess the Bland–

ltman 95% limits of agreement may differ from that in previous investigations, which have used a ±2

m agreement for validation of stereophotogrammetry systems. 11 , 29 It is essential to recognize that

he quality of meshes generated by smartphones may not yet be on par with the sophisticated scan

ystems used in previous investigations. Previous studies have found that smartphone-based scans

how less accuracy for 3D surface imaging when compared with sophisticated scan systems. 30 , 31 The

mplications of this in terms of clinical applications are still unclear. 

Earlier investigations have defined differences in SMs greater than 3 mm as clinically relevant. 32

his approach acknowledges that slight differences within the range of volumetric fluctuations due to

ircadian rhythm changes in the face are unlikely to have a significant impact on clinical decision-

aking. 32 Therefore, in the present study, an agreement of ±3 mm was used to define the method as

linically acceptable. 

When considering the use of smartphone-based SMs for DFA, it is crucial to consider factors

hat may influence the method’s accuracy. Previous investigations have found that the accuracy of

Ms generated by smartphones may vary between different smartphone applications. 33 This varia-

ion could potentially account for the reported inaccuracy. Furthermore, various elements, such as the

uality of the smartphone’s lens system and the inherent measurement error of manually performing

easurements, must be considered as factors influencing the accuracy of smartphone-based DFA. 

Finally, it is necessary to consider the context in which the proposed method is used. As smart-

hones continue to evolve and improve their capabilities, future research may warrant reassessing the

cceptable limits of agreement for smartphone-based DFA. 

Further research is required to evaluate the extent of inaccuracy in the reproduction of anatom-

cally complex surfaces of smartphone-based surface imaging and the potential impact on clinical

pplications. It is important to consider these limitations when applying DFA using smartphones in

linical settings where accuracy is critical. 

onclusion 

The proposed data suggest that DFA using smartphones may not yet be suitable for certain di-

gnostic purposes requiring high accuracy. Today, it can serve as a complementary tool to facilitate

ommunication between patients and clinicians. To enhance the accuracy of the method, additional

utomation may be necessary. The technology of DFA using smartphones demonstrates the potential

o become a powerful tool in the future, and maxillofacial surgeons are at the forefront of implement-

ng this technology. 
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