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Background: Cleft lip, a major craniofacial abnormality, is highly prevalent among 
people with low socioeconomic status in Indonesia. Direct two-dimensional mea-
surement of the affected region is the gold standard for surgical preparation; 
however, its compliance and usability are limited in pediatric patients. Modern 
smartphones, including iPhones, are equipped with high-resolution cameras, 
which can record images and videos of a face. Here, we investigated whether a 
three-dimensional (3D) smartphone scanner can be used for the facial measure-
ments of patients with unilateral cleft lip.
Methods: Twelve facial measurements were acquired after cleft lip surgery in three 
female and seven male patients (aged 11–29 months) with unilateral cleft lip using 
direct anthropometry and a 3D smartphone scanner. The accuracy and precision 
of the 3D smartphone scanner were assessed through comparative analyses (t test 
and Bland–Altman plot).
Results: The anthropometric data obtained using the 3D smartphone scanner 
matched the direct measurement data. The linear measurements did not differ 
significantly between two-dimensional and 3D modalities (P > 0.05). The intrao-
bserver reliabilities of the two-dimensional smartphone scanner of the first and 
second observers were high (intraclass correlation coefficient 0.876–0.993 and 
Cronbach alpha 0.920–0.998) and moderate to high (intraclass correlation coef-
ficient 0.839–0.996 and Cronbach alpha 0.940–0.996), respectively. Inter-observer 
data showed an intraclass correlation coefficient of 0.876–0.981 and a Cronbach α 
of 0.960–0.997.
Conclusion: The 3D smartphone scanner is effective, efficient, economical, quick, 
and feasible for facial measurements of patients with unilateral cleft lip and is a 
viable alternative to direct two-dimensional measurements. (Plast Reconstr Surg 
Glob Open 2023; 11:e4895; doi: 10.1097/GOX.0000000000004895; Published online 
29 March 2023.)
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INTRODUCTION
Cleft lip and palate are major craniofacial anomalies 

and are mostly reported in populations with low socioeco-
nomic status in Indonesia.1 The incidence of cleft lip is 

two per 1000 live births in Indonesia.2 In Indonesia, we 
have developed our own surgical repair method known as 
the Djhonsjah method, which is a modification of the tra-
ditional Millard rotation-advancement lip repair in which 
the flap is coupled to a vermillion muscle lateral flap 
for the repair of cleft lip.3 Primary correction of cleft lip 
deformity aims to restore the balance between function 
and proper anatomy and to achieve long-term symmetry.1 
Anthropometric measurements showed symmetrical nose 
improvement after primary correction using a systematic 
strategy for unilateral cleft nose abnormalities.4
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Smartphones represent an affordable and ubiqui-
tous technology. Furthermore, a three-dimensional (3D) 
smartphone scanner operating system-based application 
can be obtained online for free. In low-income countries, 
such as Indonesia, there is a serious need for cost-effective 
modalities for accurate facial measurements of patients 
without increasing the overall treatment cost. This is par-
ticularly pertinent during the ongoing coronavirus disease 
(COVID-19) pandemic, wherein doctors are experienc-
ing difficulties in performing accurate measurements in 
patients after surgery due to isolation requirements and 
exposure risk, demonstrating a need for cost- and time-
effective facial measurement methods.

Herein, we introduce the use of a 3D smartphone scan-
ner in the quantitative analysis of unilateral cleft lip dur-
ing the COVID-19 pandemic to reduce physician–patient 
exposure, assess its utility in reducing cost and addressing 
the unique challenges posed by the COVID-19 pandemic, 
and evaluate the accuracy and precision of the scanner.

MATERIALS AND METHODS

Patients
We evaluated 10 patients (three female patients and 

seven male patients) who presented to the Cleft Lip and 
Palate Center in Surabaya between July and August 2021 
during the COVID-19 pandemic. These patients had a his-
tory of cleft lip repair using the Djohansjah method at our 
center. The Djohansjah method is a modified Millard tech-
nique wherein a lateral vermillion muscle flap is inserted 
to form the upper lip tubercle. All participants were chil-
dren aged between 11 and 29 months. Patients with uni-
lateral cleft lip who had undergone cleft lip repair at our 
center more than 6 months ago and had no evidence of 
any syndrome were included. Patients lost to follow-up 
and with secondary revisions were excluded.

This study was conducted following the tenets of the 
Declaration of Helsinki and approved by the local insti-
tutional review board with the serial number 127/EC/
KEPK/FKUA/2021. Parental informed consent was 
obtained for all patients in a written statement.

Data Acquisition
We evaluated the accuracy and precision of the iPhone 

XI camera scanner (Apple Inc., Cupertino, Calif.) and 
Scandy Pro medical application (Lousiana Entertainment, 
La.). Data acquired (Standard Tessellation Language and 
OBJ files) from the smartphone, which were encrypted and 
password protected, were compiled into 3D images using 
Meshlab software (ISTI–CNR, Pisa, Italy) to obtain the 
required measurements. All medical personnel who per-
formed the scans underwent COVID-19 polymerase chain 
reaction testing before and after the scans. The patients 
underwent 3D scanning three times each, performed 
by two observers with an expertise in plastic surgery and 
familiar with three-dimensional technology. The scanning 
was performed in natural light with distance according to 
the application settings and when the patients were awake. 
The children’s collaboration was obtained by the help of 

the parents, toys or snacks as a reward, and also a cartoon 
movie as a decoy for the children. The parents played 
an important role by pacifying their children before the 
photographs were taken by observers. Parental educa-
tion by observers was done before the data acquisition. 
The scanning process was simple and straightforward to 
be performed without any complicated protocols beside 
COVID-19 protocols, which limited the persons involved 
in this research. Figure 1 shows the 2D data acquisition 
process. The 3D scanning process was done using iPhone 
XI Pro Max with the help of parents, toys, and a cartoon 
movie as a decoy (See Video [online], which displays the 
3D scanning process by using iPhone XI Pro Max with the 
help of parents, toys, and a cartoon movie as a decoy). We 
determined 12 landmarks for cleft lip anthropometry. The 
landmarks are shown in Figure 2.

Accuracy and Precision Assessments
The direct (2D) measurements were repeated three 

times by the same surgeon at intervals of 60 min. The mean 
of all measurements was calculated using SPSS software 
(SPSS Inc. Released 2007. SPSS for Windows/Macintosh, 
version 16.0, Chicago, SPSS Inc.). We calculated the sam-
ple size using the hypothesis of single group5; the sample 
size was determined to be a minimum of nine samples. 
The formula for determining sample size is given below:

n =

Å
(Zα+ Zβ).SD
X1 − X2

ã2

n =

Å
(1.96+ 1.64).1.09
20.73− 19.34

ã2

n =

Å
3.92
1.39

ã2
= 7.95+ 10% = 9

Zα : Error type I 1.96 

Zβ : Power β 1.64
SD : Standard deviation 1.09*
X1 : Mean direct anthropometry 20.73*
X2 : Mean 3D 19.34*
*Value of SD, X1dan, X2 were acquired from Li 2013.5

The distribution of the data was tested using the 
Kolmogorov–Smirnov test. All data are presented as mean, 

Takeaways
Question: Cleft lip is highly prevalent among those with a 
low socioeconomic status in Indonesia. Direct two-dimen-
sional measurements of the affected region have limited 
compliance and usability in pediatric patients.

Findings: Twelve facial measurements were acquired after 
cleft lip surgery with a unilateral cleft lip. The accuracy 
and precision of the three-dimensional smartphone scan-
ner were assessed through comparative analysis. The 
anthropometric data obtained using the three-dimen-
sional smartphone scanner matched the direct measure-
ment data.

Meaning: The three-dimensional smartphone scanner is 
feasible for facial measurements in patients with a unilat-
eral cleft lip.
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standard deviation, and mean difference. Comparative 
analyses between the two methods (direct measurement 
and 3D) were performed using a Bland–Altman plot and 

paired t test. Differences were considered statistically sig-
nificant at a P value less than 0.05. The precision of the 
3D smartphone scanner was assessed, and measurements 
were performed by two different observers. We tested the 
intra- and inter-observer reliabilities. We used the interclass 
correlation coefficient (ICC) and Cronbach α to test the 
reproducibility of these landmark measurements using the 
3D smartphone scanner. An ICC of more than 0.5 and a 
Cronbach α of more than 0.7 were considered reliable.

Time Interval for Each Session
The total time required for each measurement session 

was determined using a stopwatch. Data were processed 
using SPSS version 16 and compared using a paired t test. 
Results with P less than 0.05 were considered statistically 
significant.

RESULTS
The study population comprised male and female 

patients at a ratio of 2.3:1. All patients were aged between 
11 and 29 months. Left-sided cleft was dominant (4:1) in 

Fig. 1. The direct anthropometry by using caliper was performed 
in children, with the help of parents and toys.

Fig. 2. The 12 anthropometric anatomic landmarks for unilateral cleft anthropometry, determined by us.
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the patients. The results obtained with the smartphone 
scanner are shown in Figure 3. All observers tested nega-
tive in the COVID-19 polymerase chain reaction test.

Scanning Time
The mean time from scanning until measurement was 

7.33 ± 1.41 min.

3D Smartphone Scanner Accuracy
A reasonable agreement was evident between the 

2D and 3D measurements. The Bland–Altman plot val-
ues were between the measures of agreement (-4.830 
to 5.310). There were no significant differences in the 
linear measurements between the 2D and 3D measure-
ments (P > 0.05). The mean difference was in the range 
of 0.35–1.57 mm. The highest difference was observed in 

the horizontal lip length on the noncleft side (1.57 mm; 
Table 1).

Intra- and Interobserver Reliabilities of the 3D Smartphone 
Scanner for Precision

The intraobserver reliability and validity of the first 
observer were 0.876–0.993 with ICC and 0.920–0.998 
with Cronbach α, and those of the second observer were 
0.839–0.996 with ICC and 0.940–0.996 with Cronbach α 
(Table 2). The inter-observer reliability and validity were 
0.876–0.981 with ICC and 0.960–0.997 with Cronbach α 
(Table 3).

DISCUSSION
Anthropometric measurements can be obtained 

using direct or indirect methods. Direct anthropometry 

Fig. 3. Results obtained with the smartphone scanner. A, Three-dimensional smartphone scan show-
ing results of application scanning using free iPhone operating system software. B, Three-dimensional 
smartphone scan showing acquired data being processed in Meshlab software on a computer.

Table 1. Paired t Test Comparing Linear Measurements between the Direct (2D) Method and the Indirect (3D) Smartphone 
Scanner Method
Variable (Mean ± SD) 2D 3D Mean Difference P 

Lip vertical height cleft 10.40 ± 2.09 10.90 ± 2.04 0.5 0.590
Lip vertical height noncleft 11.20 ± 2.29 11.71 ± 2.40 0.51 0.634
Lip horizontal length cleft 16.81 ± 2.87 17.31 ± 2.97 0.5 0.709
Lip horizontal length noncleft 17.28 ± 2.89 18.85 ± 2.88 1.57 0.664
Peak cupid’s bow to midpoint cleft 5.05 ± 1.24 5.89 ± 1.46 0.84 0.182
Peak cupid’s bow to midpoint noncleft 3.90 ± 1.21 4.70 ± 1.37 0.8 0.185
Cupid’s bow width 7.66 ± 1.58 7.74 ± 1.70 0.08 0.920
Lip width 33.25 ± 1.43 33.78 ± 1.49 0.53 0.423
Cupid’s bow vermillion width cleft 7.46 ± 1.98 8.07 ± 2.05 0.61 0.508
Cupid’s bow vermillion width noncleft 7.03 ± 1.68 7.39 ± 1.71 0.36 0.639
Midline columellar crease to cupid’s bow cleft 10.06 ± 1.50 10.53 ± 1.66 0.47 0.522
Midline columellar crease to cupid’s bow noncleft 10.13 ± 1.85 10.48 ± 1.96 0.35 0.687
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is the gold standard, but it requires patient experience 
and cooperation.6 Digital imaging helps understand the 
mathematical symmetry and architecture of the lips. 
Linear measurements of the lip height and width are 
used to assess symmetry. Aesthetic improvements are 
objectively evaluated by comparing the proportions of 
unoperated and operated lips.7 Conventional photog-
raphy is prone to errors, and direct anthropometry is 
impractical for daily use.8 Djohansjah Cleft Lip surgi-
cal method was applied without measurement preop-
eratively. It trained plastic surgical residents to be more 
meticulous in creating symmetrical lips between cleft 
and noncleft.3

Smartphones have been applied to plastic surgery 
for improved communication, ease of data collection 
and storage, education, and postoperative monitor-
ing.9 Currently, the most popular smartphone operating 
systems are iOS, by Apple, and Android, which is open 
source. Modern smartphones, such as iPhones, are 
equipped with high-resolution cameras, which can record 
images and videos of the user’s face. In iPhone genera-
tion X, Apple was the first to introduce a 3D scanner. The 
scanner, which uses a patented scanning method involv-
ing structured light called, the True Depth System, is used 
for 3D face authentication and recognition by the Face ID 
system. This involves exact registration of facial data cap-
tured from 30,000 points, which are recorded via infrared 

camera with a refresh rate of 60 Hz and processed by the 
neural engine of the smartphone chip. Apple itself does 
not specify the accuracy of the relevant technologies or 
hardware.10

The 3D scanning technology has evolved to be inex-
pensive, accurate, and easy to use. 3D face scanning has 
wide applications in medicine and dentistry, and also in 
capturing facial emotions.11 Mobile applications provide 
better accuracy in scanning results. Numerous 3D scan-
ning applications are available online, for example, on 
the Apple store. Mobile applications improve the perfor-
mance and scanning results of smartphones.12,13 Scandy 
Pro provides images closest to the real face in terms of 
similarity. It is also better in process performance and 
smoothness. Scandy Pro requires 35 seconds to complete 
facial scanning and processing. It offers one free scan 
per day and paid memberships at 1.99 Euros weekly, 5.99 
Euros monthly, and 49.99 Euros annually.12,13 Dzelzkalēja 
et al assessed four mobile apps for 3D face scanning and 
showed, based on visual evaluation, that the most accurate 
3D models for human faces were developed by Scandy 
Pro. The other applications such as Heges 3D scanner, 
Bellus 3D Face Application, 3D Scan Anything, Trnio 3D 
Scanner, and 3D Scanner Pro had given inferior results 
when applied on human male and female models.12,13

In our current study, we observed a mean difference of 
0.35–1.57 mm when compared with direct anthropometry. 

Table 2. Intraobserver Statistical Analysis of the Three-dimensional Smartphone Scanner Measurements

Variable 

Observer 1 Observer 2

ICC Cronbach α ICC Cronbach α 

Lip vertical height cleft 0.936 0.978 0.979 0.993
Lip vertical height noncleft 0.928 0.975 0.900 0.990
Lip horizontal length cleft 0.992 0.997 0.996 0.996
Lip horizontal length noncleft 0.993 0.998 0.994 0.994
Peak cupid’s bow to midpoint cleft 0.876 0.920 0.967 0.989
Peak cupid’s bow to midpoint noncleft 0.916 0.970 0.839 0.940
Cupid’s bow width 0.987 0.939 0.996 0.979
Lip width 0.961 0.987 0.969 0.990
Cupid’s bow vermillion width cleft 0.986 0.995 0.976 0.992
Cupid’s bow vermillion width noncleft 0.978 0.992 0.964 0.988
Midline columellar crease to cupid’s bow cleft 0.985 0.995 0.987 0.995
Midline columellar crease to cupid’s bow noncleft 0.988 0.996 0.982 0.994

Table 3. Interobserver Statistical Analysis of the Three-dimensional Smartphone Scanner Measurements

Variable Cronbach α Interclass Correlation Coefficient 

Lip vertical height cleft 0.989 0.940
Lip vertical height noncleft 0.995 0.973
Lip horizontal length cleft 0.997 0.981
Lip horizontal length noncleft 0.995 0.972
Peak cupid’s bow to midpoint cleft 0.977 0.878
Peak cupid’s bow to midpoint cleft noncleft 0.977 0.876
Cupid’s bow width 0.975 0.951
Lip width 0.960 0.922
Cupid’s bow vermillion width cleft 0.997 0.980
Cupid’s bow vermillion width noncleft 0.992 0.954
Midline columellar crease to cupid bow cleft 0.987 0.926
Midline columellar crease to cupid bow noncleft 0.994 0.963
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In another study, the accuracy using an iPhone as a three-
dimensional scanner has been published by Rudy et al.14 
The iPhone was found to be accurate and precise to within 
0.5 mm when compared with a commonly used, validated, 
and expensive three-dimensional Canfield Vectra H1 
camera.14 Knoops et al investigated the precision of the 
Structure Sensor (Occipital Inc, Boulder, Colo.) and M4D 
Scanner (Rodin 4D, Merignac, France) and reported root 
mean square errors of 0.5 ± 0.04 mm and 0.51 ± 0.03 mm.15

The learning process of 3D point tracing and experi-
ence in recognizing 3D landmarks are essential bench-
marks in ensuring the accuracy and precision of 3D 
measurements.16 The results of the 3D scanning mea-
surements are user-dependent, in line with those of pre-
viously reported studies that involved anthropometric 
measurements using stereophotogrammetric devices. 
Furthermore, expensive devices rely on manual marking 
protocols in measurement software, and their use requires 
extensive training.17 Tse et al used three raters to perform 
indirect anthropometry in 26 consecutive patients with 
unrepaired unilateral cleft lip ± palate. This study tested 
the reliability of nasolabial anthropometric measurements 
using three-dimensional stereophotogrammetry. The 
mean differences for nose and lip measurements were less 
than 1 mm and between 0.8 mm and 1.3 mm18; these values 
were similar to those obtained in our study.

The 3D scanning data obtained using smartphones are 
an alternative to routine documentation in patients with 
a preoperative cleft lip. The data are helpful for surgical 
planning and teaching reconstruction and animation for 
trainee plastic surgeons on the proviso that routine mea-
surements are undertaken before and after surgery for 
proper evaluation.

The 3D scanning anthropometry method used in this 
study reduces both patient–doctor contact during the pan-
demic and a child’s procedural fear, owing to noncontact 
with calipers. The application and software used in this 
study are accessible, user-friendly, and recommended for 
lower- and middle-income countries, such as Indonesia. 
No such study in patients with unilateral cleft lip has been 
reported during the COVID-19 pandemic. Our study indi-
cates that the 3D smartphone single-center scanner is a 
welcomed technology with potential in medical quantita-
tive analysis.

This study was limited by its small sample and design. 
Further multicenter studies with larger samples are war-
ranted in the future. The study results are limited to the 
data on postoperative results because of our surgical 
method, which does not use any preoperative measure-
ments. The number of observers was limited by rule of 
minimal contact between patient and physician, which was 
caused by the COVID-19 pandemic. The 3D smartphone 
scanner technology can be applied in other cases of cra-
niofacial surgery, such as hemifacial microsomia, Parry–
Romberg syndrome, and facial cleft. Measurements can 
be elaborated further to include linear and volumetric 
measurements.

The 3D smartphone scanner can perform anthro-
pometric measurements in patients with cleft lip accu-
rately. It is more effective, efficient, and economical; 

faster; and easier to apply than 2D measurement sys-
tems. Volumetric measurement is another approach that 
can be used besides linear measurement to perform a 
more accurate analysis of facial anatomy in the preoper-
ative or postoperative settings. 3D smartphone scanning 
can also be applied to other craniofacial abnormalities 
where measurements are required, such as hemifacial 
microsomia and facial cleft. Mobile applications such as 
Scandy Pro require practice and skill to obtain the best 
results.

CONCLUSIONS
The 3D smartphone scanner is accurate and precise. 

It can be applied in patients with unilateral cleft lip and 
other conditions that require quantitative analysis. Our 
study revealed that the 3D smartphone scanner is effi-
cient, cost-effective, and suitable for facial measurement 
during the COVID-19 pandemic. The 3D smartphone 
scanner shows potential for application in medical quan-
titative analysis.
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