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Abstract
Objectives: This study evaluated the effects of light intensity and color on facial dimen-
sions measured along three axes (X, Y, and Z) using a structured-light 3D facial scanner.

Methods: Forty-seven adults (mean age 25.7±3.4 years) underwent facial scanning  
under two light intensities (500 and 700 lux) and two light colors (daylight and cool white)  
generated from a softbox photography lighting setup. The scans were performed in a 
room illuminated with ambient daylight-color LED at 300 lux without external light inter- 
ference. Facial measurements were analyzed using Dolphin Imaging Software. Two-way 
repeated measures ANOVA was used to assess the effects of light intensity, light color, 
and their interactions on facial measurements. Statistical significance was set at p<0.05.

Results: Light intensity had no significant effect on 3D facial measurements (p>0.05). 
However, light color significantly influenced upper lip anterior-true vertical line through 
the alar base (ULA-TVL) and lower lip anterior-true vertical line through the alar base 
(LLA-TVL) measurements along the Z axis (p<0.05), with greater values recorded under 
daylight compared to cool white. No significant interaction effect between light intensity 
and light color was observed (p>0.05).

Conclusions: Light color influences upper and lower lip protrusion measurements in 3D 
facial scanning with a structured-light 3D facial scanner, whereas light intensity does not. 
Standardizing light color is recommended for consistent measurements.
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Introduction
	 Facial 3D scanning is increasingly used in various 
fields of dentistry,(1-3) especially in complex cases where 
facial soft tissue correction is an essential part of treatment 
planning.(4) The advantage of a 3D facial scan lies in its 
capacity to capture the entire face in three dimensions 
without exposing the subject to radiation while also mini- 
mizing angular errors. This technology enables precise 
quantification of linear, angular, and volume changes in 
facial regions,(5) the evaluation of facial deformities, and 
superimposition for assessing treatment outcomes in fields 
such as orthodontics, maxillofacial surgery, and prost-
hodontics.(4) These capabilities surpass those of direct 
measurement with a vernier caliper, which offers crude 
measurements of a complex 3D morphology.(6) 
	 Studies have assessed the accuracy of various types 
of 3D facial scanner technologies including stereophoto-
grammetry,(1,7,8) monoscopic photogrammetry,(2,8,9) 3D 
laser scanners,(3,9,10) structured-light scanners,(1-3,11,12) 
and infrared scanners.(2,3,11,12) No significant difference 
has been found between structured-light scanners and 
stereophotogrammetry,(1) but structured-light scanners 
have been reported to be more accurate than 3D laser(3) 
and infrared scanners.(2,3,11,12) In contrast, monoscopic 
photogrammetry has been found to be less accurate than 
stereophotogrammetry(8) but more accurate than 3D laser 
scanning.(9) These findings suggest that structured-light 
scanners may offer the highest accuracy among the  
various types of scanners.
	 Factors that reduce scanner accuracy include the 
complexity of the patient's facial shape and surface condi-
tions, such as concavities and undercut areas,(1) as well as 
lighting conditions during scanning.(10) Ambient light can 
decrease the intensity of the light projected by scanners, 
leading to degraded reconstruction quality(13) and inaccu-
rate coordinate measurements.(14) Moreover, using only 
overhead ambient lighting in a room has been reported 
to cause images to have a greenish tint.(15) Additionally,  
a laboratory experiment found that the color of the light 
source (e.g., daylight, cool white, or dark night) can  
influence the range accuracy of certain colors on a 24-color  
patch chart.(16)

	 Medical imaging requires proper and sufficient  
illumination of the surface. Overhead ambient lighting 
alone may cause uneven shadows and reduce image detail 
capture around cervical areas, especially in subjects with 

dark skin tones. Using additional hard light sources, such 
as ring flashes, is not recommended, as they produce flat 
images with inaccurate details and colors of the actual 
face.(15,17-22) Studies have recommended positioning at 
least two light sources at a 45-degree angle to both the 
subject and the camera with the light passing through 
a diffusion layer to reduce light harshness and hard  
shadows. This can be achieved using a softbox or lighting 
umbrella.(17-21)

	 Two key light parameters commonly considered 
in imaging are light intensity and light color. Light  
intensity, measured in lumens per square meter (Lm/m2 )  
or lux(14) represents the amount of light emitted onto a 
surface, while light color ranges from warm yellow to 
cool blue. The effect of light intensity and color during 
facial scanning with a structured-light facial scanner on 
the accuracy of obtained measurements remains unclear. 
This study aimed to examine the effect of two different 
light intensities and two different colors, projected from 
a softbox light source setup, on distance measurements 
along the X, Y, and Z axes during a 3D facial scan. The 
null hypothesis was that distance measurements obtained 
from a structured-light facial scanner under different light 
intensities and colors would not differ significantly.

Material and Methods

Sample size
 	 This study was approved by the Faculty of Dentistry, 
Prince of Songkla University Ethics Committee (EC-
6704-022). All procedures were conducted in accordance 
with relevant laws and ethical guidelines. The sample 
size was determined based on a previous study investi-
gating the accuracy and precision of 3D images obtained 
from a structured-light facial 3D scanner.(23) The sample 
size calculation was performed using G*Power software  
(version  3.1.9.2), with parameters set at α=0.05, power=0.9,  
and effect size=0.4.(23) The minimum required sample 
size was 44. 
 	 The inclusion criteria were subjects aged 18-30 years 
with normal physical health, a visually normal facial  
morphology with balanced proportions and symmetry, and 
no visible abnormalities or deformities. Exclusion criteria 
included craniofacial anomalies, a history of craniofacial 
trauma or facial surgery, excessive facial hair that might 
obscure anatomical landmarks, facial scars or birthmarks, 
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ongoing orthodontic treatment, and an inability to comply 
with the experimental protocol. The study procedure was 
explained to each volunteer, privacy rights were observed, 
and written informed consent was obtained.

Subject preparation and scanning process
	 Subjects were asked to remove makeup, accesso-
ries, and excessive facial hair.  Hair was tied back, and a 
headband was used if necessary. A black apron was worn 
to cover their clothing. Following previous studies(8,12,24) 
fifteen anatomical landmarks (Table 1) were marked on 
each the subject’s facial skin using edible marker by a 
single operator (Figure 1). For each subject, landmarks 
were placed once to minimize potential marking errors.
 	 Subjects were seated 30 cm from the facial 3D scanner  
in a natural head position. They were instructed to slowly 
rotate their heads up and down, gradually reducing the 
range of motion until they achieved a balanced position. 
Once positioned, they looked into a mirror placed 200 cm 
away at eye level, followed by an assessment from the 
researcher to ensure a natural appearance. Subjects were 
then asked to say “Emma” to relax their lips before gently 
bringing their teeth into maximum intercuspation with 
light occlusal contact, the same position used for routine 
lateral cephalometric radiographs. Their eyes remained 
open and their ears were included in all scans.

	 3D facial scans were performed in a room illuminated 
by ambient overhead daylight-colored LED lighting at 300 
lux, with no external light interference. Additional lighting 
was provided by two softbox light sources placed 150 cm 
away from the subject at a 45-degree angle relative to both 
the facial 3D scanner and the subject. This setup produced 
combinations of either 500 lux or 700 lux intensity. These 
values were selected based on the recommendations of the 
European Standard EN-12464: 2011(25) which state that 
acceptable illumination levels for physicians' examination 
rooms should range between 500 and 1,000 lux. At each 
light intensity, two lighting color temperatures, daylight 
and cool white, were tested. 
	 Before each scan, light intensity was measured  
using a lux meter (DIGICON LX-50, Digicon Inc, Japan) 
to ensure accuracy. Subject were allowed to rest for at 
least 30 seconds with the lights turned off to reduce eye 
strain between scans, after which the natural head position 
setting method was repeated. A structured-light facial 3D 
scanner (Accu3DX Co., Ltd) was used, and the scanning 
sequence followed four conditions: 500 lux+daylight; 
500 lux+cool white; 700 lux+daylight; and 700 lux+cool 
white. Each lighting condition was scanned only once 
per subject.
	 The scanning process for each subject began with 
a front view, followed by the right, left, and neck views. 

Table 1: Facial landmarks, abbreviations, and definitions.

Anthropometry point Abbreviation Definition
Nasion N The midpoint on the soft tissue contour of the base of the nasal root at the level of the 

frontonasal suture
Alar contour AcL, AcR The lowest point of alar base (left and right sides) 
Pronasale Prn The most anterior midpoint of nasal tip
Subnasale Sn The midpoint on the nasolabial soft tissue contour between the columella crest and the 

upper lip
Cheilion ChL, ChR The outermost point of vermillion border (left and right sides)
Labiale superioris Ls Midpoint of the upper vermilion line (upper vermillion border)
Stomion Sto The middle contact point of upper and lower lips (in competent lips)
Stomion superius Sts The most inferior midpoint of the vermilion border of the upper lip (in incompetent lips)
Stomion inferius Sti The most superior midpoint of the vermilion border of the lower lip (in incompetent lips)
Labiale inferioris Li Midpoint of the lower vermilion line (lower vermillion border)
Supramentale Sm The most posterior midpoint on the labiomental soft tissue contour that defines the border 

between the lower lip and the chin
Pogonion Pg The most anterior midpoint of the chin
Gnathion Gn The most inferior midpoint on the soft tissue contour of the chin
Upper lip anterior ULA The most anterior midpoint on upper lip
Lower lip anterior LLA The most anterior midpoint on lower lip
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A white mesh visible-spectrum projection pattern was 
projected onto the face and captured from four angles by 
an operator with experience in facial scanning, having 
worked on more than 20 cases. The scanner was calibrated 
before each scanning session.

Statistical analysis
	 Statistical analysis was performed using SPSS soft-
ware (Statistical Package for the Social Sciences, version 
29.0.1.0, IBM Corp). The Shapiro-Wilk test was used to 
assess the normality of data distribution. For non-normally 
distributed data, logarithmic transformation was applied to 
achieve normality. Two-way repeated measures ANOVA  
was conducted to analyze variance. Intra-examiner  
reliability was evaluated using the intraclass correlation 
coefficient (ICC). Significance was set at p<0.05.

Results
 	 Forty-seven healthy volunteers participated in the 
study. The mean age was 25.7±3.4 years with 33 females 
(70.2%) and 14 males (29.8%). Descriptive statistics, 
including the mean and standard deviation, are presented 
in Table 3. The ICC values for the X, Y, and Z axes ranged 
from 0.985–0.999, 0.929–0.999, and 0.986–0.999, respec-
tively, indicating excellent reliability for every lighting 
condition.  
	 Table 4 presents the results of the two-way analysis 
of variance. Light intensity (500 lux vs. 700 lux) did not 
significantly affect the measured distances in any of the 
three dimensions (p>0.05). However, light color signifi-
cantly influenced the distances of the upper lip anterior- 
true vertical line through the alar base (ULA-TVL) and 
lower lip anterior-true vertical line through the alar base 
(LLA-TVL) along the Z axis (p<0.05), while distances 
along the X and Y axes remained unaffected (p>0.05). 
ULA-TVL and LLA-TVL measurements were signifi-
cantly greater under daylight conditions than under cool 
white light, with mean differences of 0.45±0.19 mm and 
0.37±0.15 mm, respectively. No significant interaction 

Figure1: Facial landmarks and measurements used in the study. (A), 
X axis: (B), Y axis: (C), Z axis.

3D facial measurement
 	 The scanned facial images, saved as OBJ files, were 
analyzed using Dolphin Imaging 11.9 (Dolphin Imaging  
Systems LLC). Measurement variables in three axes  
(Figure 1), adapted from previous studies(24,26,27) are 
presented Table 2. The X-axis represented width, running 
parallel to the interpupillary line; the Y-axis represented 
length, running perpendicular to the X-axis and pass-
ing through the facial midline; and the Z-axis represents 
depth in the anteroposterior direction, running perpen- 
dicular to the true vertical line aligned with Earth's gravity 
and perpendicular to the ground.
	 To assess intra-examiner reliability, all measurements 
were repeated twice on ten randomly selected subjects, 
with each measurement taken two weeks apart.

Table 2: 3D distance measurements in X, Y, and Z axes in millimeters.

X axis Y axis Z axis
AcL-AcR N-Gn Sn-Prn
ChL-ChR N-Sto Sn-TVL through the alar base

Ls-Sto ULA-TVL through the alar base
Sto-Sm LLA-TVL through the alar base
Sto-Li Sm-TVL through the alar base
Li-Sm Pg-TVL through the alar base
Sto-Gn

True vertical line (TVL) through the alar base was measured on the right side. 
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Table 3: Descriptive statistics for measurements under different light conditions in millimeters.

Measurements
Mean ± SD

500 lux Daylight 500 lux Cool white 700 lux Daylight 700 lux Cool white
X axis
AcL-AcR
ChL-ChR

19.18±0.27
46.52±3.46

19.29±0.27
46.62±3.50

19.26±0.26
46.56±3.73

19.13±0.24
46.78±3.49

Y axis
N-Gn
N-Sto
Sto-Gn
Sto-Sm
Li-Sm
Ls-Sto
Sto-Li

112.90±5.42
74.58±3.75
38.08±4.20
16.70±2.21
5.73±1.96
7.59±1.32
10.86±1.78

112.90±5.51
74.71±3.76
38.00±4.25
16.64±2.20
5.75±2.02
7.56±1.33
10.78±1.82

113.01±5.41
74.99±3.77
38.10±4.29
16.75±2.22
5.81±1.79
7.47±1.30
10.87±1.64

113.19±5.48
74.72±3.90
38.15±4.33
16.67±2.27
5.76±1.98
7.48±1.22
10.82±1.76

Z axis
Sn-Prn
Sn-TVL
ULA-TVL
LLA-TVL
Sm-TVL
Pg-TVL

12.19±1.81
8.65±2.27
13.18±2.58
11.57±2.94
4.91±3.52
6.52±3.84

12.18±1.71
8.58±2.24
12.78±2.67
11.27±2.97
4.64±3.47
6.24±3.93

12.29±1.79
8.68±2.41
13.28±3.08
11.66±3.06
4.88±3.75
6.46±4.25

12.26±1.72
8.60±2.12
12.79±2.59
11.21±2.90
4.76±3.55
6.34±4.00

between light intensity and color was observed in any of 
the three dimensions (p>0.05).

Discussion
	 This study found that increasing light intensity from 
500 lux to 700 lux did not affect facial scan measurements 
along the X, Y, or Z axes. However, changing light color 
from daylight to cool white resulted in significant devi-
ations in lip protrusion measurements along the Z axis. 
No significant interaction was observed between light 
intensity and light color.
	 A previous study reported that increasing light inten-
sity enhanced the completion of 3D facial scans, leading 
to improved measurement accuracy, particularly along the 
Z axis, which is often less precise due to insufficient light 
reaching the deeper surfaces.(3) However, that study used 
a polyacrylic model, whereas the present study focused 
on scanning human skin. Building on their findings, it 
was demonstrated that light intensity of 500 lux and 700 
lux did not cause deviations in measurements along any 
axis, suggesting that both intensities are interchangeable 
in practical applications. 
	 A change in light color during the scanning affected 
the upper and lower lip measurements along the Z axis 
(depth dimension) but did not influence other distance 

measurements. Daylight color resulted in greater distances 
for these two parameters compared to cool white color, 
which could be attributed to several factors. 
	 First, daylight color provides higher contrast and 
clarity,(28) making the edges of the lips more distinct that 
leading to more precise measurements. In contrast, cool 
white light may not offer the same level of contrast, poten-
tially causing slight blurring at the lip edges, which could 
shorten the perceived lip protrusion. 
	 Second, lip color varies from light pink to brown, 
which distinguishes it from other facial skin areas. This 
suggests that light color may have a greater impact on 
regions with these hues compared to skin-toned areas. 
	 Our findings contrast with a previous laboratory 
study(16) which projected different light colors onto a 
Macbeth ColorChecker chart containing 24 colors and 
scanned it using a structured-light scanner. That study 
found that red tones on the chart exhibited less deviation 
in image capture compared to light and dark skin tones. 
However, it is important to note that light pink to brown 
hues – resembling natural lip color - were not represented 
on the chart. Additionally, the absorption and scattering 
properties of the color chart may differ from those of 
human skin. 
	 Lastly, the absence of a significant interaction effect 
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Table 4: Summary of the two-way repeated measures ANOVA results for the measurements.  

Light Measurements Sum of squares Degree of freedom Mean square F-value p-value
Intensity X axis

AcL-AcR
ChL-ChR

0.07
0.44

1
1

0.07
0.44

0.24
0.25

0.63
0.62

Y axis
N-Gn
N-Sto
Sto-Gn
Sto-Sm
Li-Sm
Ls-Sto
Sto-Li

0.00
2.13
0.31
0.00
0.10
0.42
0.03

1
1
1
1
1
1
1

0.00
2.13
0.31
0.00
0.10
0.42
0.03

2.96
3.48
0.57
1.01
0.65
1.34
0.06

0.09
0.07
0.46
0.31
0.44
0.25
0.81

Z axis
Sn-Prn
Sn-TVL
ULA-TVL
LLA-TVL
Sm-TVL
Pg-TVL

0.37
0.02
0.12
0.01
0.02
0.02

1
1
1
1
1
1

0.37
0.02
0.12
0.01
0.02
0.02

1.48
0.02
0.06
0.01
0.69
1.14

0.23
0.88
0.82
0.93
0.41
0.29

Color X axis
AcL-AcR
ChL-ChR

0.00
1.31

1
1

0.00
1.31

0.00
0.70

0.96
0.41

Y axis
N-Gn
N-Sto
Sto-Gn
Sto-Sm
Li-Sm
Ls-Sto
Sto-Li

0.00
0.23
0.01
0.00
0.01
0.00
0.18

1
1
1
1
1
1
1

0.00
0.23
0.01
0.00
0.01
0.00
0.18

0.24
0.33
0.01
0.02
0.05
1.00
0.41

0.63
0.57
0.91
0.88
0.83
0.91
0.53

Z axis
Sn-Prn
Sn-TVL
ULA-TVL
LLA-TVL
Sm-TVL
Pg-TVL

0.02
0.28
9.43
6.44
0.03
0.03

1
1
1
1
1
1

0.02
0.28
9.43
6.44
0.03
0.03

0.08
0.39
5.58
6.12
2.82
1.15

0.78
0.54
0.02*
0.02*
0.10
0.29

Intensity and color 
interaction

X axis
AcL-AcR
ChL-ChR

0.68
0.16

1
1

0.68
0.16

2.76
0.10

0.10
0.76

Y axis
N-Gn
N-Sto
Sto-Gn
Sto-Sm
Li-Sm
Ls-Sto
Sto-Li

0.00
1.88
0.20
0.00
0.05
0.02
0.01

1
1
1
1
1
1
1

0.00
1.88
0.20
0.00
0.05
0.02
0.01

2.11
2.72
0.48
1.64
0.17
1.00
0.03

0.15
0.11
0.49
0.21
0.69
0.75
0.87

Z axis 
Sn-Prn
Sn-TVL
ULA-TVL
LLA-TVL
Sm-TVL
Pg-TVL

0.00
0.00
0.11
0.22
0.00
0.00

1
1
1
1
1
1

0.00
0.00
0.11
0.22
0.00
0.00

0.02
0.00
0.06
0.21
0.04
0.14

0.88
0.97
0.81
0.65
0.85
0.72

* Statistical significance at p<0.05.
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between light color and light intensity suggests that the 
influence of light color on the facial measurements was 
independent of light intensity. 
	 This study was conducted in a sealed room, elimi-
nating external light interference. Natural light can affect 
image color, as its characteristics vary throughout the day, 
with midday light tends to have a bluer tint, while morning  
and evening light appear warmer.(9,29) Additionally,  
the light intensities and colors tested in this study are 
commonly found in commercially available light bulbs. 
This enhances the practical applicability of the findings, 
making them relevant for real-world settings. 
 	 This study has some limitations. The findings are 
specific to individuals with morphologically normal faces 
and skin tones ranging from light-medium to tan, typical 
of Asian skin tones. As a result, these findings cannot be 
generalized to individuals with other skin tones. No com-
parisons were made with other types of 3D facial scanners 
or different brands of the same scanner type. While the 
same light bulbs were used and the light intensity was 
calibrated with a lux meter throughout the study, light 
color calibration was not performed. Using a light color 
meter to measure color temperature could have ensured 
greater consistency in light color conditions. This study 
lacked an ambient light-only control group, which could 
have shown how the measurements differed from those 
taken under additional lighting conditions.  Additionally, 
the scanning sequence was not randomized. This may 
have introduced potential order effects related to subject  
adaptation, fatigue, or varying responses to lighting  
exposure during repeated scans.
	 Furthermore, this study focused on precision (repro- 
ducibility across conditions) in measurements under  
different light intensities and colors rather than on  
measurement accuracy (closeness to truth). Evaluating  
accuracy would typically require a reference model as a 
gold standard, as human skin exhibits natural variations 
due to melanin, blood vessels, and oiliness. However, 
examining the effect of light intensity and color on an 
artificial model may not fully translate to human skin, 
given the differences in light absorption and scattering 
properties.
	 The clinical implications of this study suggest that 
when using a structured-light scanner for 3D facial scan-
ning of the same subject, an additional light intensity of 
either 500 lux or 700 lux can be interchangeable. To ensure 

consistency, it is recommended to use the same light color 
throughout the scanning process. Although it was not 
conclusive from this study, daylight color may be more 
appropriate, as previous studies(15,20) have indicated that 
it provides neutral lighting, minimizing unwanted yellow 
or green tints in the images.

Conclusions
	 • A light intensity of 500 lux or 700 lux did not affect 
any of the three-dimensional measurements obtained from 
a structured-light 3D facial scanner.
	 • Light color variations during 3D facial scanning 
influenced upper and lower lip protrusions along the Z 
axis. 
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