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Zusammenfassung (Deutsch): 
Ziel: Die dreidimensionale Oberflächenbildgebung (3DSI) hat sich als nützliches 

Werkzeug für plastische Chirurgen im präoperativen, intraoperativen und 

postoperativen Umfeld erwiesen. Nach Kenntnis der Autoren liegen keine Daten 

zur Reproduzierbarkeit und Genauigkeit der dreidimensionalen 

Oberflächenabbildung des Gesichts mit einem Ganzkörperscanner vor. Ziel 

dieser Untersuchung war es daher, die Reproduzierbarkeit von Gesichts-Scans 

zu bewerten, die mit Ganzkörper 3 – D Fotographie aufgenommen wurden, und 

die Präzision von Distanzmessungen im Gesicht zwischen einer portablen und 

einer stationären 3 – D  Kamera zu vergleichen. Zudem wurde die 

Reproduzierbarkeit eines Ganzkörperscanners untersucht.  

Material und Methoden: An dieser Untersuchung nahmen insgesamt 22 

Probanden mit einem Durchschnittsalter von 29,36 Jahren teil. Zwei 

aufeinanderfolgende 3D-Bilder der Probanden wurden unter Verwendung einer 

Ganzkörper 3 – D Kamera (WB360) und einer portablen 3 – D Kamera  (Vectra 

H2) erstellt. Es wurden bei jedem Scan Messungen vordefinierter Abstände im 

Gesicht durchgeführt und verglichen. Darüber hinaus wurde die 

Oberflächenabweichung zwischen zwei nacheinander erfassten Scans des 

Ganzköperscanners bewertet.  
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Ergebnisse: Für die Reproduzierbarkeit des Ganzkörper-Scans wurde der 

Abstand mit der geringsten statistischen Signifikanz mit p = 0.998 an der Nase 

gefunden, während die größte statistische Signifikanz mit p = 0.658 im 

Mittelgesicht gefunden wurde. Der Bereich mit der größten 

Oberflächenabweichung zwischen den überlagerten Scans war der Hals mit 

einem RMS von 1.62 ± 1.71 mm. Der Bereich mit der geringsten 

Oberflächenabweichung war die Stirn mit einem RMS von 0.17 ± 0.05. Für den 

Vergleich der beiden Scanner ergaben unsere Ergebnisse, dass sich der 

gemessene Unterschied zwischen der Länge und der Standardreferenz 

zwischen den beiden untersuchten Geräten in allen untersuchten Bereichen 

des Gesichts statistisch nicht signifikant unterschied (p > 0.266). Die 

gemessene Breite und die Breite der Standardreferenz unterschieden sich 

statistisch signifikant in allen Bereichen des Gesichts bei beiden untersuchten 

Geräten (p <0.032).  

Schlussfolgerung: Das in dieser Studie untersuchte Ganzkörper 3 – D Kamera 

kann zur Erfassung des Gesichts verwendet werden und bietet eine 

ausreichende Genauigkeit für den Vergleich von Scans. Obwohl nicht direkt 

untersucht, kann angenommen werden, dass der Fehler, der durch die 

Neupositionierung des Patienten zwischen einer Basislinie und einem Follow-

up-Scan verursacht wird, nicht zu groß ist, um Messungen, die mit dem 

Ganzkörper-Bildgebungsgerät durchgeführt wurden, als unpraktisch zu 
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betrachten. Sowohl die Messungen von Scans, die mit dem tragbaren 

Bildgebungsgerät als auch mit dem Ganzkörper-Bildgebungsgerät 

aufgenommen wurden, unterschieden sich signifikant von der Standardreferenz. 

Benutzer sollten sich der Abweichungen bewusst sein, wenn sie 3DSI mit den 

vorgestellten Bildgebungsgeräten erhalten, diese jedoch nicht unterlassen, da 

die absoluten Unterschiede möglicherweise zu gering sind, um sowohl in der 

klinischen als auch in der Forschung eine Rolle zu spielen. 
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Abstract (English): 
Objective: 3-Dimensional surface (3DSI) imaging has been shown to be a 

useful tool for plastic surgeons in the preoperative, intraoperative and 

postoperative setting. And to the knowledge of the authors no data about the 

reproducibility and accuracy of 3-Dimensional surface imaging of the face using 

a whole-body scanner is available. Thus, the objective of this investigation was 

to assess the reproducibility of facial scans acquired using a whole-body 

imaging device and to compare the precision of distance measurements in the 

face using a hand-held surface imaging device and a whole-body surface 

imaging device. Furthermore, the reproducibility of the whole body scanner was 

investigated.  

Material and Methods: This investigation enrolled a total of 22 healthy 

volunteers with a mean age of 29.36 years. Two consecutive 3-D images of the 

volunteers were obtained utilizing a whole-body imaging device(WB360) and a 

hand-hold imaging device(Vectra H2). For the whole-body imaging predefined 

distances in the face were performed in each scan and compared. Furthermore, 

surface deviation between two consecutively captured scans was assessed.  

Results: For the reliability of whole-body scan, the distance with the smallest 

statistical significance was found to be at the nose with p = 0.998, while the 

biggest statistical significance was found in the midface with p = 0.658. The 
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area with the biggest surface deviation between the superimposed scans was 

the neck with a RMS of 1.62 ± 1.71 mm and the area with the smallest surface 

deviation was the forehead with a RMS of 0.17 ± 0.05 mm. For the comparison 

of the both scanners our results revealed that the measured difference between 

the length and the standard reference did not differ statistically significant 

between the two investigated devices in all investigated areas of the face (p > 

0.266), however the measured difference of the width and the width of the 

standard reference differed statistically significant in all areas of the face across 

the investigated devices (p < 0.032).  

Conclusion: The whole – body-imaging device investigated in this study can be 

utilized to capture the face and provides enough accuracy to compare scans. 

Even though not directly investigated, it can be hypothesized that the error 

caused by repositioning the patient between a baseline and a follow – up scan 

will not be too big to consider measurements performed with the whole – body-

imaging device as impractical. Both, measurements obtained from scans 

acquired using the hand held imaging device and the whole – body-imaging 

device differed significantly from the standard reference. Users should be aware 

of deviations when obtaining 3DSI using the presented imaging devices but 

should not refrain from using them, as the absolute differences might be too 

small to play a role in both, clinical and research, setting. 
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1. Introduction 

1.1  Preoperative evaluation 

1.1.1  Preoperative plan and design 
Preoperative evaluation is critical for surgical procedures. Preoperative 

assessment of a condition a patient presents with is critical do decide upon 

further treatment steps[1]–[4]. Preoperative assessment is also very important 

for plastic surgeons, as it can help them to have a profound influence on the 

choice of surgical methods[5], [6]. For example, in patients with breast 

reconstruction, we usually have two options, one is a breast reconstruction with 

implants, or use the rectus abdominal flap reconstruction[1], [6]–[9]. Accurate 

preoperative evaluation combined with the patient's wishes allows the plastic 

surgeon to make the best decision[4]–[6]. In addition, in ear reconstruction, 

accurate preoperative evaluation through 3D surface imaging can not only 

enable doctors to make a good surgical choice, but also provide a reliable basis 

for 3D printing of ear cartilage[10]–[12]. Preoperative planning can be 

considered as a roadmap leading to the desired result, in reconstructive, as well 

as in aesthetic plastic surgery[13]–[16]. The planning process needs to include 

the morphology of the patient’s body while at the same time characteristics of 

skin, soft tissue, sometimes even bone and allografts need to be considered[15], 
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[17]. A good clinical example for the necessity of doing a proper preoperative 

planning is the planning procedure of a mamma augmentation[15], [18]–[20]. 

The desired outcome of the patient needs to be discussed and the combination 

of the presenting morphology of the breast, tissue condition and implant choice 

need to be considered[1], [2], [6]–[8], [18]–[21]. 

Preoperative planning and design is a very important and challenging 

task for plastic surgeons. Due to the complex structure of human body surface, 

a good preoperative planning and design requires a high level of spatial thinking 

ability of plastic surgeons[4]–[6], [15]. Thalmaan attempted the first stereo 

photogrammetry of the face in 1944[13]. This was the first recorded attempt in 

the literature to use stereo photogrammetry in the clinical practice. This 

technique was based on photo measurements[22], [23]. The performed 

technique by Thalmaan was based on photo measurements. Thalmaan 

examined in his report an adult with facial asymmetry and an infant with Pierre - 

Robin syndrome[13]. An image of the object was taken from two different 

angles and then inserted into a plotter in order to draw a 3D contour map. This 

allowed for the first time to assess depth of a photograph in a quantitative way 

in medicine[22]–[24]. In 1967, Burke and Beard improved this technique by 

using simpler, cheaper cameras. They applied a multiplex plotting system to 

improve and shorten the time-consuming method of inserting a plotter on 

photographs. Their method was used to assess facial deformities in children 
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and to take facial measurements in the preoperative and postoperative 

setting[25]. In 1955, Ras et al. concluded that stereoscopic photogrammetry 

could quantify facial changes. These findings can be considered as the 

groundwork for the further development and clinical embedding of 3D 

imaging[23], [24], [26], [27]. In the following 20 years, with the continuous 

development of surface imaging technology, 3D surface imaging systems are 

now widely used in the medical field[1], [13], [21], [24], [28]–[33]. For example, 

before plastic surgery for breast reconstruction or breast implant surgery, 

accurate measurement of breast volume can be of valuable assistance to the 

surgeon[1], [6]–[9], [19]. The plastic surgeons can acquire information and be 

provided with further information to assess the symmetry of the breast and the 

necessary size of the used implant[1], [6], [7]. Prior to surgery of ear 

reconstruction in otolaryngology, 3D surface imaging of the contralateral ear 

can be used to facilitate the engraving of the rib cartilage graft during 

surgery[10]–[12], [34]. In dermatology, accurate 3D surface imaging of skin can 

assist dermatologists to judge the nature of nevi on the skin surface[4], [35]. 

With the introduction of 3D scanners in plastic surgery, preoperative planning 

and design of plastic surgery has become simpler and to some extent more 

accurate. Precise-enough preoperative imaging allows surgeons to get a good 

visual impression of the patient's complex statue. Using 3D imaging enables the 

plastic surgeon to appreciate potential deformities in a spatial manner. 
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Furthermore, 3D imaging can be used as a planning tool in plastic surgery. 

Proper planning using 3D imaging can aid the surgeon and might improve the 

success rate of patients[1], [13], [21], [24], [28]–[33], [35]–[38]. Another benefit 

of 3D imaging is the approximate visualization of anticipated changes to the 

patients. Simulation of changes utilizing 3D imaging, for example simulation of 

post - operative results after mamma – augmentation can facilitate the 

communication of a desired outcome between the surgeon and the patient[15], 

[18]–[20]. 

1.1.2  Comparison of 3D surface imaging and classical 
imaging modalities 

Computer tomography, introduced in the literature in 1967 and 

magnetic resonance imaging, introduced in the literature in 1971, are classical 

imaging tools used in the daily practice of physicians[17], [39]. Both modalities 

allow for the visualization of internal structures of the body that are not visible to 

the physician. This change in radiological depiction of the human body has 

transformed the practice of medicine fundamentally[17], [39], [40]. However, 

computer tomography and magnetic resonance imaging are not only used to 

depict the internal body, however they also have been used to depict the 

surface of patients[17], [39]–[46]. As for the application of CT and MRI in 

surface imaging, most of them need to be combined with professional computer 

software for data processing[17], [39], [43]. For example, Mimics is an image 
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processing software developed by Belgium Materialise Co., Ltd. It has a history 

of more than 20 years and has become a professional medical image 

processing software[47]. The software can reconstruct CT/MRI and in 3D. 

Based on the 3D model, it can be applied to professional medical operations 

such as rapid medical model manufacturing, biological data analysis, implant 

design, and surgical process simulation through different modules[47], [48]. 

As a way to digitally record and consecutively depict the body, 3D 

surface imaging is cheap, easy to use and radiation – free. Especially compared 

to computer tomography, depiction of a body does not harm the patient as no 

harmful radiation is used[29]. Moreover, the resolution of the generated image 

does not depend on the dosage a patient is exposed to[17], [39], [47]. For 

example, in the preoperative estimation of breast volume, compared with MRI 

and 3D surface imaging, the cost of using 3D surface imaging is much lower[17], 

[39]. Of course, in terms of accuracy, as early as 10 years ago, Eder and 

Kovacs et al. had demonstrated that there is no significant difference between 

magnetic resonance imaging and 3D surface imaging in the calculation of 

breast volume[1]. For CT, the radiation-free aspect of 3D surface imaging is 

also a huge advantage, which not only eliminates patients' concerns about 

ionizing radiation, but also is relatively easy to use[29], [39]. It brings great 

convenience to preoperative, intraoperative and postoperative evaluation as 3D 

surface imaging can be conducted in an easy and handy manner. A possible 
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drawback of 3D surface imaging is the fact that it is not widely available and 3D 

surface imaging files cannot be sent out between physicians compared to 

sending out CT or MRI files[1], [13], [39].  

1.1.3  Advantages of 3D imaging compared to traditional 
photography 

Traditional photography has been used for many years as a two-dimensional 

evaluation method in plastic surgery in the preoperative, intraoperative and 

postoperative stage[23], [24], [49]–[51]. It is easy to learn, use and share, and 

visually evaluates the body or body part of patients. However, with the 

emergence of 3D surface imaging, the disadvantages of 2D photography have 

gradually emerged[31], [36], [52]. Classical 2 – Dimensional photography fails to 

provide accurate distance, volume and spatial measurements as it does not 

respect the 3 – Dimensional nature of the depicted body or body structure. This 

is mainly due to the lack of depth, which cannot be captured in a 2 – 

Dimensional photography[31][51]. Moreover, a plethora of point of views can be 

chosen when assessing a 3 – Dimensional photograph after the photo was 

taken. This is not possible in classical 2 – Dimensional photography[31], [36]. A 

disadvantage old 3D surface imaging is the fact that acquiring and taking a 3D 

photo requires a high level of expertise and requires cameras, which are 

expensive. Furthermore, the storage of the acquired 3D photos takes up much 
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more digital space than archiving classical images in the .jpg or .tiff format[24], 

[50].   

1.1.4  Advantages of 3D imaging compared to traditional 
measurement methods 

For traditional measurement methods, tapes, ruler, Vernier calipers and 

protractor are used to measure distances[38], [53]. Due to the influence of facial 

expressions and postures, it is inevitable that some human errors will be made 

in traditional methods[15], [53], [54]. Especially in the measurement of the skin 

surface, the traditional measurement method is often lacking reproducibility. In 

addition, traditional measurement methods are difficult to accurately measure 

the volume of the body or body parts[55], [56]. Compared to traditional 

measurement methods, 3D surface imaging allows to use standardizes 

measuring techniques that almost eliminate human errors and show a higher 

precision and reproducibility[28], [37], [57]. In addition, 3D surface imaging can 

accurately provide volume of the measured target, and is obviously superior to 

traditional measurement methods in morphological analysis such as 

symmetry[28], [37]. 

1.2 Intraoperative evaluation 
In the intraoperative evaluation of plastic surgery, 3D surface imaging also plays 

a crucial role, especially in plastic and reconstructive surgery[6], [58]. One 



 19 

example is the challenging reconstruction of a female breast using free tissue 

from the abdomen, called Deep Inferior Epigastric Perforator (DIEP) 

flap, following a complete breast resection (ablation) or total mastectomy[6]. 

Besides requiring a lot of experience and skill to perform such an operation, it is 

necessary to plan a free tissue transfer in detail, taking many factors into 

consideration such as the volume deficiency at the receiving site, former breast 

volume and surface ("breast footprint''), as well as an estimated overcorrection 

of the reconstructed breast compared to the healthy breast[58], [59]. In 

reconstructive breast surgery, there are several key steps in the intraoperative 

decision-making how to shape the form, symmetry, and volume of the 

reconstructed breast compared to the opposite site[60]–[62]. These decisions 

are made based mainly on the objective tape measurement, weighting or water-

displacement measurement of specimens, and the subjective experience of the 

surgeon[62]–[64]. Therefore, if 3D surface imaging can bring some objective 

data analysis to doctors during intraoperative evaluation, it will be of great help 

to the successful completion of surgery[65]. With new hand-held scanners 

emerging since 2012, intraoperative measurement obstacles can be mastered 

systematically and current 3D mobile systems can meet precision requirements 

satisfactorily[66]. Another example of the intraoperative use of 3D imaging is a 

breast augmentation. By comparing the right and the left breast in terms of size, 
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height and shape can be assessed in an objective matter and yield a better 

postoperative results[6], [59]–[64], [67].  

If used in a relatively fixed area, such as the operating room, it is difficult to 

move the stationary 3D scanner to the operating room. Hence using mobile, 

handheld 3D imaging device is the first choice. The disadvantage of these 

hand-held scanners is that the accuracy and resolution of the scanned images 

is not as high as that of a stationary scanner, but they are sufficient for clinical 

use. 

1.3 Postoperative evaluation 
3D surface imaging provides a new and practical method for the postoperative 

evaluation of plastic surgery[51], [68], [69]. It is well known that a patient's body 

shape changes slowly over time after plastic surgery. These changes mainly 

include changes in the morphology, location and volume of the surgical 

areas[13], [36], [51], [57]. After mamma augmentation and mastopexie, for 

example, there is a slight descend in the position and morphology of the breast, 

as a result of changes in the internal tissue of the operative area over time[50], 

[60], [63], [70]. In addition, after lipofilling on the breast and face, as the 

transferred fat is absorbed, and as the inflammation and swelling in the surgical 

area is reduced and the bleeding in the surgical area is absorbed, the volume of 

the surgical area will continuously change[59], [60], [65]–[67], [71]. The 
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monitoring of these changes relies on 3D surface imaging system, and data is 

processed in large quantities[72], [73]. Generated data can be used 

consecutively to anticipate changes in a more precise manner, which 

consecutively can be used to make planning more precise[68], [74]–[76]. In 

addition, using 3-D imaging the recovery process can be objectively 

monitored[77], [78]. In addition, for a few patients with poor postoperative 

results, the 3D surface imaging system can play a protective role for doctors 

when they are faced with law suits[79], [80]. Finally, with the passage of time 

and the increase of the number of follow-up visits, patients can clearly observe 

the healing of their wounds and the reduction of scar in each scan, which is of 

great help to some patients with postoperative anxiety[69], [80]–[83]. 

 

 

1.4 Imaging of the face 
In facial 3D surface imaging, we can measure and analyze different facial 

indicators so as to quantify the surgical effect more objectively[28], [58]. 

Usually, the variables measured included distance, volume changes, and 

positional changes[84], [85]. For example, in blepharoplasties, the distance from 

eyelids to eyebrows can be measured before and after surgery to provide an 

objective reference for the surgical outcome[86]–[88]. In nasal reconstruction 
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surgery, we objectively quantify the effect by measuring the distance from the 

base of the nose to nasal tip and the distance from nasal root to nasal tip to 

tailor the necessary surgical steps. In lip surgery, the distance between the 

corners of the mouth is a better indication of the effect of the procedure[88]–

[90]. After injection of HA – based fillers or autologous lipofilling, the amount of 

fillers or autologous fat can be planned through preoperative evaluation, and the 

changes in preoperative and postoperative volume can be evaluated through 

3D surface imaging to help plastic surgeons judge the effect of interventions 

with quantitative indicators[5], [22], [87]–[89], [91], [92] . In Facelift procedures, 

positional changes can be assessed by 3D surface imaging processing. Not 

only can it help the plastic surgeon to make a better preoperative evaluation 

and planning, but it can also judge the effect of the surgery by combining the 

preoperative and postoperative facial morphology[23], [28], [55], [88]–[90], [92]–

[96]. 

1.5 Common 3D imaging devices 
The first stereo photogrammetry of the face has been reported in 1944[56], [69]. 

This was the first recorded attempt in the literature to use stereo 

photogrammetry in the clinical practice[56]. In 1967, Burke and Beard improved 

this technique by using simpler, cheaper cameras[25]. Over the next 50 years, a 

variety of 3D scanners have emerged[23], [32], [97]. Generally speaking, there 
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are two categories of 3 – D imaging systems[49], [57]. The first category is 

portable handheld 3D scanners, such as the Vectra H2 (Figure 1) (Canfield 

Scientific Inc., Parsippany, NJ, USA) or the Eva Artec (Artec 3D Inc., 

Luxembourg)[28], [58], [75], [89], [98]. These scanners are convenient, 

lightweight and low cost. If used in a relatively fixed area, such as the operating 

room, it is difficult to move the stationary 3D scanner to the operating room. 

Hence using mobile, handheld 3D imaging devices is the first choice. The 

disadvantage of these hand-held scanners is that the accuracy and resolution of 

the scanned images is not as high as that of a stationary scanner, but they are 

sufficient for clinical use[89], [99]–[103]. In addition, another disadvantage of 

handheld scanners is that the data needs to be temporarily stores on a U disk 

or laptop computer, which will bring some difficulties to the protection of the 

data, and the data may be exposed to potential risks of leakage and loss[104]–

[107]. The second category is desktop scanners, such as Vectra XT (Canfield 

Scientific, Inc., Parsippany, NJ), Vectra360 (Canfield Scientific, Inc., Parsippany, 

NJ), etc. The Vectra XT is a stationary area scanner, which has a higher 

resolution and accuracy compared with handheld scanners. Furthermore it has 

its own independent database[103]–[107]. The drawback is that the Vectra XT 

is expensive compared to hand-held scans, and its lack of portability makes it 

difficult to use in specific environments, such as operating rooms or the ward. 

The main advantage of the Vectra WB360 is that it can scan the whole body 
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with extremely high resolution and accuracy. (Figure 2) This allows us to solve 

some of the problems in areas that are difficult to scan. The potential drawback 

for the Vectra 360 is that it is expensive and requires a large independent space 

to house it[32], [97], [99], [105]–[109]. 

 

Figure 1: Handheld 3D surface scanner H2 (Canfield Scientific Inc., Parsippany, 

NJ, USA). 
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Figure 2: Whole-body 3D surface scanner WB360 (Canfield Scientific, Inc., 
Parsippany, NJ). 

1.6 Aim of this doctoral thesis  
3–Dimensional surface (3DSI) imaging has been shown to be a useful tool for 

plastic surgeons in the preoperative, intraoperative and postoperative setting. 

To the knowledge of the authors no data about the reproducibility and accuracy 

of 3 – Dimensional surface imaging of the face using a whole-body scanner is 

available. Thus, the objective of this investigation was to compare the precision 
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of distance measurements in the face using a hand – held surface imaging 

device and a whole – body surface imaging device and to assess the 

reproducibility of facial scans acquired using a whole – body-imaging device. 
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2. Material and Methods 

2.1 Study Sample 
This investigation enrolled 22 healthy volunteer (12 Caucasian, 10 Asian) 

with a mean age of 29.36 ± 7.7 years and a mean BMI of 22.31 ± 1.5 kg/m2. 

Participants were not enrolled in this study if previous facial surgeries, trauma, 

or diseases disrupted the integrity of the facial anatomy or major surface 

irregularities as tattoos or permanent make – up were present. Volunteers were 

taught on the methods and scopes of this investigation prior to enrolment. 

Volunteers were asked to sign a provided written informed consent for the use 

of their data and captured images prior to enrolment into the investigation. This 

investigation was reviewed and approved by the Institutional Review Board of 

Ludwig-Maximilian University Munich (IRB protocol number: 266-13). The study 

was performed in accordance with regional laws (Germany) and good clinical 

practice. 

 

2.2 Imaging 
3 – Dimensional surface images of the faces of the participants using a Vectra 

H2 hand - held camera system (Canfield Scientific Inc., Fairfield, New Jersey, 
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USA) and whole – body images using the WB360 system (Canfield Scientific 

Inc., Fairfield, New Jersey, USA) were captured.  

Initially, participants were asked to step into the Vectra WB360 for the first 

image capture. After a period of 5 minutes, the second set of facial scans were 

captured for a second time using the WB360 to simulate a clinical setting. Upon 

completion, a standard reference in the form of a 6 mm x 38 mm Steri-Strip (3M 

Deutschland GmbH, Neuss, Germany) was placed on the forehead, on the 

midface (bilaterally) and on the lower face (in the midline) and 3 – Dimensional 

images of the participants were again captures using the Vectra H2 and WB360 

scanner. (Figure 3)  

Figure 3: 3 – Dimensional surface image of a 25 – year old female participant 
with the attached steri – strips. 
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Volunteers were asked to stand upright with a resting, relaxed face. Participants 

were asked to maintain their facial expression over the duration of the image 

acquisition. Volunteers removed jewellery to allow for optimal imaging of the 

face. Upon completion of the acquisition of the photographs, scans were 

processed using the Vectra Software Suite® (Canfield Scientific Inc., Fairfield, 

New Jersey, USA). 

2.3 Image Analyses 
The 3 – Dimensional images were stitched automatically using the Vectra 

Software Suite® (Canfield Scientific Inc.). After stitching the following distance 

measurements were performed on scans of the WB360 (Figure 4):  

P1 = Vertical distance between the upper margin of the eyebrow and the 

hairline as measured in the midpupillary line 

P2= horizontal distance between the medial margins of their eyebrows 

P3 = horizontal interpupillar distance 

P4= vertical distance between the pupil and the ipsilateral oral commissure 

P5 = vertical distance between P1 and the nasal tip in the midline 

P6 = horizontal distance between the left and the right oral commissure 

P7 = distance between the oral commissures and the mandibular symphysis 
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Figure 4: Figure showing the predefined measured distances. 

Furthermore, to calculate the differences in surface projection between the 

baseline and each subsequent 3D scan, the surface – to – surface root-mean-

square analysis and the iterative closest point (ICP) algorithm included in the 

Mirror Software Suite® (Canfield Scientific Inc.,) were performed. To perform 

this, an alignment of the initial and the consecutive scan captured with the 

WB360 was automatically performed to minimize investigator bias. The 

alignment is based on an software inherent algorithm. After automatic registry of 

the surface of the compared 3 – Dimensional photographs the given aesthetic 
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subunits were marked on the scans. Upon closure examination of the alignment 

of the scans a plethora of points are offset positively or negatively. As a mean of 

the distance of the offset of the points would probably cancel out each other 

(due to their positive and negative nature) and cause a mean divergence of 

about zero, surface – to – surface offsets are recorded by the squared mean. 

This root – mean – square analysis describes the squared mean to calculate 

the amount of surface offset. A perfect registry and alignment of the surfaces 

would thus create a value of 0 mm. Using the root – mean – square allows to 

weigh points with a greater offset in a greater proportion. 

Areas of interest (Figure 5) were  

• Forehead, defined as the area between a horizontal line at the level of 

the eyebrows and the beginning of the hair 

• Peri – ocular region, defined as the area within the visible bony orbit 

• Nose, defined as the area of the nose  

• Cheek, defined as the medial and lateral midface, bordered by a line 

from the tragus along the periocular region up to the nose and along the 

jawline  

• Perioral region, defined as the area of the oral commissure  

• Mental region, defined as the area of the chin within the labiomental folds  
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• Neck, defined as the area from the mandible up to the clavicle 

 

 

Figure 5: 3-dimensional surface imaging showing the respective aesthetic 

subunits used for the RMS analysis of a participant from right oblique (A), 

frontal (B), and left oblique (C)  

Upon measuring the distances and RMS in the consecutively captured scans 

taken with the WB360, distance measurements of the applied steri – strips were 

performed for the second scans taken with the Vectra WB360 and Vectra H2.  

Following distance measurements were performed in each scan (Figure 3): 

1) Length and width of the photographed steri – strip on the forehead  

2) Length and width of the photographed steri – strip on the midface 

(bilaterally)  

3) Length and width of the photographed steri – strip on the lower face   
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2.4 Statistical Analyse 

2.4.1  Statistical Analyse (WB360)  
Differences of the distance measurements between the two scans were 

calculated and compared using paired sample t-test for the respective same 

locations and compared using multi – variate analysis (ANOVA) for all 

investigated locations. All calculations were performed using SPSS Statistics 26 

(IBM, Armonk, NY, USA) and results were considered statistically significant at 

a probability level of ≤ 0.05 to guide conclusions. 

2.4.2  Statistical Analyse (WB360 vs. H2) 
The difference to the length of the standard reference was calculated for each 

of the images obtained with the two investigated surface imaging devices (H2 

vs. WB360) and compared via a paired student’s t-test. Differences between the 

length and width of the standard reference and the measured length and width 

were calculated as relative and absolute values and compared using Student’s 

T – test. Analyses were performed using SPSS Statistics 23 (IBM, Armonk, NY, 

USA) and differences were considered statistically significant at a probability 

level of ≤ 0.05 to guide conclusions. 
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3. Results 

3.1 Results (WB360) 
A total of 220 measurements were conducted in ten different regions of interest. 

The mean difference between the measurement in the first and the second scan 

was -0.13 ± 1.3 mm [Range: -4.06 – 5.34] independent of investigated location. 

The absolute average between the first and the second scan had a mean of 

0.90 ± 0.90 mm [Range: 0.01 – 5.34]. Both, mean difference and mean absolute 

difference between the first and the second scan was statistically significantly 

different with p < 0.001. The distance with the smallest difference between the 

first and the second scan was the horizontal distance between the most medial 

point of the left eyebrow and the most medial point of the right eyebrow at the 

most inferior point of the eyebrow with 0.44 ± 0.28 mm, while the distance with 

the biggest difference was the straight distance over the surface between the 

most superior point of the eyebrow to the hairline with 1.28 ± 0.94 mm [Range: 

0.03 – 4.06]. The RMS for the entire face was 0.44 ± 0.76 mm. The biggest 

RMS was observed at the neck with 1.62 ± 1.71 mm while the lowest RMS was 

observed at the forehead with 0.17 ± 0.05 mm. The RMS differed significantly 

across the investigated sub-units with p < 0.001.  
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3.1.1 Upper face measurements 
P1 (= vertical distance between the upper margin of the eyebrow and the 

hairline as measured in the midpupillary line) measured on average 58.52 ± 

13.1 mm in the first scan and of 59.41 ± 13.0 mm in the second scan (p = 

0.751). P2 (horizontal distance between the medial margins of the eyebrows) 

measured 21.80 ± 4.4 mm in the first scan and at 21.62 ± 4.2 mm in the second 

scan (p = 0.886) on average. P3 (= horizontal interpupillar distance) measured 

on average  73.00 ± 4.9 mm in the first scan and at 72.99 ± 4.8 mm in the 

second scan with p = 0.992. Mean differences between the measurements of 

the upper face in the first and in the second scan are given in Table 1 .  

Distance Mean difference in mm ± 

SD 

P – Value  

P1 1.28 ± 0.94 0.751 

P2 0.44 ± 0.28 0.886 

P3 0.53 ± 0.68 0.992 

Table 1: Table showing the mean difference in mm ± SD for P1, P2 and P3.  

The RMS for the forehead was 0.17 ± 0.05 mm, while the RMS of the peri-

ocular region was 0.41 ± 0.25 mm. The RMS of the areas in the upper face 

differed significantly with p < 0.001. (Table 2) 
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Investigated Subunit RMS ± SD 

Forehead 0.17± 0.05 

Peri – ocular region 0.41± 0.25 

Table 2: Table showing the RMS ± SD ob the investigated subunits in the upper 

face.  

 

3.1.2  Midface measurements 
P4 (vertical distance between the pupil and the ipsilateral oral commissure) 

measured 75.62 ± 4.0 mm in the first scan and 76.00 ± 4.0 mm in the second 

scan with p = 0.658. P5 (vertical distance between P1 and the nasal tip in the 

midline) measured 53.35 ± 4.0 mm in the first scan and 53.35 ± 4.0 mm in the 

second scan with p = 0.998. P6 (horizontal distance between the left and the 

right oral commissure) measured on average 61.05 ± 5.0 mm in the first scan 

and a mean of 60.77 ± 5.3 mm in the second scan with p = 0.862. Mean 

differences between the measurements of the midface in the first and in the 

second scan are given in Table 3. 

Distance Mean difference in mm ± 

SD 

P – Value  
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P4 0.82 ± 0.77 0.658 

P5 0.58 ± 0.48 0.998 

P6 0.85 ± 0.89 0.862 

Table 3: Table showing the mean difference in mm ± SD for P4, P5 and P6. 

 

 

The RMS of the cheek region was 0.26 ± 0.09 mm, in the perioral region 0.36 ± 

0.19 mm and at the nose 0.20 ± 0.06 mm. The RMS of the areas in the midface 

differed significantly with p < 0.001. (Table 4) 

 

Investigated Subunit RMS ± SD in mm 

Nose 0.20 ± 0.06 

Cheek 0.26 ± 0.10 

Perioral  0.36 ± 0.19 

Table 4: Table showing the RMS ± SD ob the investigated subunits in the 

midface.  
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3.1.3  Lower face measurements 
P7 (distance between the oral commissures and the mandibular symphysis) 

measured on average 55.00 ± 3.9 mm in the first scan and 54.64 ± 3.97 mm in 

the second scan with p = 0.667. The RMS of the mental region was 0.24 ± 0.11 

mm while the RMS of the neck was 1.62 ± 1.71 mm. The RMS of the areas in 

the lower face differed significantly with p = 0.001. (Table 5) 

Investigated Subunit RMS ± SD in mm 

Mental Region 0.24 ± 0.11 

Neck 1.62 ± 1.71 

Table 5: Table showing the RMS ± SD ob the investigated subunits in the lower 
face. 

 

Figure 6: Bar graph showing the distance measurements in the first scan and 
the second scan for P1 and P7 with the respective p - values. 
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Figure 7: Bar graph showing the mean Root mean square for the respective 
aesthetic subunits. 

3.2 Results (WB360 vs H2) 
The average difference between the length and width of the standard reference 

and the measured length and width, independent of investigated facial area 

(forehead vs. midface vs. lower face vs. nose) or investigated surface imaging 

device was -0.56 ± 0.9 mm and 0.33 ± 0.2 mm respectively. Independent of 

facial region, the mean difference to the standard reference of the measured 

length was -0.65 ± 0.8 mm for the H2 imaging device and -0.46 ±  1.0 mm for 

the WB360 imaging device with p = 0.112. Independent of facial region, the 

mean difference to the standard reference of the measured width was 0.29 ± 

0.1 mm for the H2 imaging device and 0.37 ±  0.3 mm for the WB360 imaging 

device with p = 0.017. A significant difference between the differences across 
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the different investigated areas of the face was found for measured lengths and 

widths (p < 0.001). 

 

3.2.1 Forehead measurements 
The average difference between length of the standard reference and the 

measured length in the forehead was -0.29 ± 0.3 mm for the H2 and -0.40 + 0.5 

mm for the WB360 (p = 0.422). The average difference between width of the 

standard reference and the measured width was 0.32 ± 0.2 mm for the H2 and 

0.43 + 0.2 mm for the WB360 (p = 0.032). Paired samples T-test revealed a 

significant difference between the length of the standard reference and the 

measured length for both, the H2 and the WB360 with p = 0.001 and p = 0.002 

respectively, and between the width of the standard reference and the 

measured width p < 0.001 for both, H2 and WB360. (Figure 8, 9, 10, 11 and 

Table 6, 7, 8, 9) 

3.2.2  Midface measurement 
The average difference between length of the standard reference and the 

measured length in the midface was -0.35 ± 0.4 mm for the H2 and -0.21 + 0.7 

mm for the WB360 (p = 0.266). The average difference between width of the 

standard reference and the measured width was 0.28 ± 0.2 mm for the H2 and 

0.50 + 0.2 mm for the WB360 (p < 0.001). Paired samples T-test revealed a 
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significant difference between the length of the standard reference and the 

measured length for both, the H2 and the WB360 with p < 0.001 and p = 0.048 

respectively, and between the width of the standard reference and the 

measured width p < 0.001 for both, H2 and WB360. (Figure 8, 9, 10, 11 and 

Table 6, 7, 8, 9) 

 Lower face measurements 

The average difference between length of the standard reference and the 

measured length in the lower face was -1.80 ± 1.0 mm for the H2 and -1.68 + 

1.1 mm for the WB360 (p = 0.718). The average difference between width of 

the standard reference and the measured width was 0.28 ± 0.1 mm for the H2 

and 0.43 + 0.1 mm for the WB360 (p < 0.001). Paired samples T-test revealed a 

significant difference between the length of the standard reference and the 

measured length for both, the H2 and the WB360 with p < 0.001, and between 

the width of the standard reference and the measured width p < 0.001 for the 

H2 and WB360. (Figure 8, 9, 10, 11 and Table 6, 7, 8, 9) 
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Forehead Midface Lower Face 

H2 WB360 H2 WB360 H2 WB360 

0.29  ± 0.4 0.40 ± 0.5 0.35 ± 0.4 0.21 ± 0.7 1.80 ± 1.0 1.68 ± 1.1 

p = 0.422 p = 0.266 p = 0.718 

Table 6: Table depicting the mean difference between length of the standard 
reference and the measured length in mm for the respective location and the 
respective imaging device. P – values for the difference between the respective 
imaging devices are given. 

Forehead Midface Lower Face 

H2 WB360 H2 WB360 H2 WB360 

-0.32 ± 0.2 -0.43 ± 0.2 -0.28 ± 0.2 -0.50 ± 0.2 -0.28 ± 0.1 -0.43 ± 0.1 

p = 0.032 p < 0.001 p < 0.001 

Table 7: Table depicting the mean difference between width of the standard 
reference and the measured length in mm for the respective location and the 
respective imaging device. P – values for the difference between the respective 
imaging devices are given. 

Forehead Midface Lower Face 

H2 WB360 H2 WB360 H2 WB360 

p = 0.001 p = 0.002 p < 0.001 p = 0.048 p < 0.001 p < 0.001 

Table 8: Table depicting the p – values for differences between the length of the 
standard reference and the measured length. 

Forehead Midface Lower Face 

H2 WB360 H2 WB360 H2 WB360 

p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 p < 0.001 

Table 9: Table depicting the p – values for differences between the width of the 
standard reference and the measured width. 
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Figure 8: Bar chart showing the mean measured length in mm for the forehead, 
midface, and lower face for the H2 and WB360. 

 

 

Figure 9: Bar chart showing the average difference between the length of the 

standard reference and the measured length for the H2 and WB360. P – values 

between the 2 camera systems are given.  
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Figure 10: Bar chart showing the mean measured width in mm for the forehead, 

midface, and lower face for the H2 and WB360, respectively. 

 

Figure 11: Bar chart showing the average difference between the width of the 
standard reference and the measured width for the H2 and WB360. 

 



 45 

4. Discussion 

4.1 Reliability of 3 – Dimensional Surface 
Imaging of the Face using a whole body 
surface scanner 

One aim of this study is to investigate the reliability of facial imaging using a 

whole – body surface imaging device (WB360) by comparing standardized 

distance measurements of two consecutively created face – scans and by 

assessing the surface deviation of the two consecutively captured images. A 

total of 220 distance measurements in 22 participants were conducted. The 

distance with the smallest statistical significance was between the distance 

measurements at the intersection between the horizontal distance between the 

most medial point of the left eyebrow and the most medial point of the right 

eyebrow at the most inferior point of the eyebrow and the nasal tip in the midline 

with p = 0.998. The biggest statistical significance was found for the straight 

distance over the surface between the midpupil to the corner of the mouth with 

p = 0.658. The area with the biggest surface deviation between the 

superimposed scans was the neck with a RMS of 1.62 ± 1.71 mm and the area 

with the smallest surface deviation was the forehead with a RMS of 0.17 ± 0.05 

mm.  
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 A strength of this study was the standardized testing environment. Subjects 

were photographed in the same room with identical lighting. Due to the nature 

of the WB360, the position of the cameras remains steady which minimizes 

deviations from the technical side of the imaging process. All participants were 

scanned by the same investigator (Y.X.) who furthermore possesses 

longstanding experience with 3-Dimensional surface imaging. Moreover, all 

measurements were performed by the same investigator (Y.X.) which provides 

further consistency, as investigator-based inconsistency and error is minimized. 

By asking patients to remove jewelry and hair from their face, remain in the 

same position during the capturing of the two images and by capturing the 

images immediately after each other distracting movements which might alter 

the image acquisition process were minimized. In total, 220 measurements and 

RMS – calculations of 22 pairs of scans were performed. To the knowledge of 

the authors this is the biggest sample size in the literature that was investigated 

to validate measurements of a whole body 3-Dimensional surface imaging 

device.  

A potential draw – back of the investigation is its limited clinical application. 3-

D surface imaging is an important follow-up tool for researchers and clinicians; 

however patients will most likely not be able to occupy the same position at a 

follow-up scan as at the initial base-line scan. Participants of this investigation 

were captured immediately in sequence. This will be, as pointed out, barely 
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possible in the “real – life” setting and possibly contribute to bigger deviations. 

Additional factors, such as day – dependent swelling for example, may further 

affect image deviance. However, it can be assumed that those regions where 

we observed a bigger deviation will be more likely to remain areas of higher 

inaccuracy. Another potential limitation of this investigation is the bare 

measurement of distance – measurements. Especially in minimally – invasive 

procedures in the face assessing small volumetric changes that might have a 

huge impact on the perception of the face are important to capture. However, 

volumetric changes require invasive procedures, i.e., the injection of soft-tissue 

fillers into the participants face. Due to ethical concerns and the participants 

being volunteers rather than patients that asked for minimally invasive 

treatments as soft – tissue filler augmentations this investigation did not look at 

volumetric changes.  

The findings of this investigation are in line with previous investigations that 

assessed the accuracy of 3 – D surface imaging devices to depict the face in 

the intraoperative setting. Koban et al. showed that the forehead is a region with 

small surface – deviation when comparing two scans, while eyes and the 

perioral region showed high surface – deviations[58]. A potential explanation for 

the high surface – deviation for the perioral region (0.36 ± 0.19) and the eyes 

(0.41 ± 0.25) might be the high mobility of those regions. The perioral and 

periocular region can be considered as the areas of the highest mobility in the 
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face, which is plausible as most of the verbal and non-verbal communication is 

conveyed by those regions. Even in our study setting, minimal – even 

unconscious – movements or involuntary contractions of the orbicularis oculi or 

orbicularis oris muscle might affect the surface state and consecutively 

measurements in this region. Physicians and researchers should keep in mind 

that those areas are thus susceptible for errors. Especially oculoplastic – 

surgeons should be reminded that comparisons of measurements that are 

performed within the ocular region need to be considered with caution and 

might lead to wrongfully interpreted results in the post-operative follow-up. 

Moreover, with the emergence of minimally – invasive treatments in the perioral 

region to enhance lips and the consecutive demand for scientifically based 

clinical studies that rely on 3 – D surface imaging to assess volumetric and 

spatial changes, again, measurements in this region should be considered with 

caution. A noteworthy result of our investigation was the exceptionally high 

RMS for the neck. Even though the investigated whole – body surface imaging 

device aims to depict the entire body, capturing surfaces that are horizontally 

aligned might be difficult for the WB360 as the cameras are pointing at the 

neck, especially the upper neck, from an oblique angle. Furthermore, the neck 

was the biggest aesthetic subunit that was investigated, which might 

furthermore add to the higher RMS.  
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 Even though sources of error were minimized by capturing the images in 

series and evaluation by the same investigator inaccuracies between the two 

scans could be revealed. However, the measured distance did not differ in any 

instance significantly between the first and the second scan. We thus consider 

the investigated whole – body imaging device capable of capturing the face with 

enough accuracy for the clinical and research setting. 

 

4.2 Comparison of 3 – Dimensional Surface 
Imaging of the Face using a Hand - held and 
Whole Body Surface Scanner 

Another aim of this study is to investigate the accuracy of 3DSI scans obtained 

with a hand – held imaging device (Vectra H2) and a whole – body imaging 

device (WB360) by comparing the measurements obtained from the scans to a 

standard reference, which was a 38 x 6 mm sized steri – strip attached to 

various regions in the face of 22 individuals. Our results revealed that the 

measured difference between the length and the standard reference did not 

differ statistically significant between the two investigated devices in all 

investigated areas of the face (p > 0.266), however the measured difference of 

the width and the width of the standard reference differed statistically significant 

in all areas of the face (p < 0.032). When testing for statistical significance, the 

obtained measurements (both length and width) from the 3DSI scans differed 
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significantly from the standard reference in all areas of the face for both imaging 

devices (H2 and WB360) with p ≤ 0.048.  

 A strength of this study is the constant testing environment. Images of the 

subjects were photographed under the same lighting conditions. Furthermore, 

due to capturing the images with both devices immediately after each other 

influences as altered mimic, local swelling or movement artefacts could be 

excluded. As all data was obtained by the same investigator (Y.X.) consistency 

could be provided and observer – dependent bias could be reduced. 

Furthermore, using standard references allowed to assess objectively whether 

the obtained measurements from the 3DSI over- or underestimated the 

respective lengths and widths. Furthermore, a sample size of 22 participants 

with five applied standard references yielded 98 observations, which is to the 

knowledge of the authors the biggest sample size that was investigated to 

validate and compare measurements of a hand-held and whole body 3DSI 

device. A potential drawback of this study is the standard reference itself. Even 

though steri – strips were not manipulated and checked with a calliper, this 

study relied on the manufacturers details about length and width of the 

produced steri – strips. The calliper measurements used did not show any 

difference between the stated size, however even if proper attachment was 

performed in all instances, minimal crimpling of the steri-strip, which might affect 

the measurement results, could not be excluded. Furthermore, adhesion of the 
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steri-strips might differ in-between the image capturing with the H2 and the 

WB360 due to transpiration of the individual. Another potential draw – back of 

this investigation is the lack of capturing volumetric changes. Especially in the 

follow – up of treatments with soft – tissue, fillers or autologous lipofilling 

volumetric changes are important. Our study did not include any volumetric 

changes, which might limit the clinical application of its findings, however the 

authors have the strong view that also spatial distance measurements are of 

inevitable importance in the clinical and research field.   

 Interestingly, the measurements of the length of the standard reference were 

most accurate in the midface when captured with the WB360 and least accurate 

in the lower face when captured with the H2. A possible explanation for this 

might be the diminished cohesivity of the steri – strips on the hairy lower face of 

males, which might consecutively caused the steri – strip to be off standing and 

minimally overlapping. Physicians should thus keep in mind that facial hair 

might disrupt the integrity and precision of a 3DSI scan and furthermore limit its 

evaluability. This finding is in line with recent findings by Koban et al. that found 

the greatest variation within scans to be at the mouth and the eye region[58].  

 Another finding of this investigation is that the measured length of the steri-

strips was in general greater, while the measured width of the steri-strips was in 

average smaller. Practitioners should thus keep in mind that vertical 
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measurements might be underestimated when using both 3DSI devices, while 

horizontal measurements might likely be overstated.  

The measured difference between length of the standard reference and 

the measured length was greater for the H2 than for the WB360 except at the 

forehead. This can be attributed to the creation of the image. The WB360 

captures the face with 92 fixed installed cameras and the only source of error, 

i.e. changes in the face of the scanned individual, are caused by movement of 

the individual itself. Capturing a 3DSI with the H2 requires the investigator to 

take a face capture at a 45° angle from the front toward the right side of the face 

at the patient’s chest level, directly in front of the face at the level of the patient’s 

face not angled and at a 45° angle from the front toward the left side of the face 

at the patient’s chest level. Simultaneously, two red dots need to be converged 

to allow for the optimal focus of the images taken. Even when painstakingly 

aiming to reproduce the same distances and angles this process is a source for 

human error in the capturing process. Additional to the aforementioned human 

error in the capturing process on the investigator’s side, the same movement 

artefacts caused by the captured participant add to possible deviations. 

Practitioners should be aware, that using hand-held 3DSI devices adds a further 

source or error to the capturing process, compared to stationary 3DSI devices.  
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 Even though p – values for differences between the length and width of the 

standard reference and the measured length and width were statistically highly 

significant in all investigated areas it needs to be pointed out that the absolute 

difference ranged from -1.14 to 4.3 mm. While statistically significant different, 

the divergence from the standard reference should still be considered 

acceptable. Clinical follow – up and follow – up imaging sessions in the 

research field require precise acquisition, however the – though statistically 

significant – deviations should be considered as acceptable. 
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5. Conclusion 
The whole – body imaging device investigated in this study can be utilized to 

capture the face and provides enough accuracy to compare scans. Even though 

not directly investigated, it can be hypothesized that the error caused by 

repositioning the patient between a baseline and a follow – up scan will not be 

too big to consider measurements performed with the whole – body-imaging 

device as impractical. 

Both, measurements obtained from scans acquired using the hand held imaging 

device and the whole – body imaging device differed significantly from the 

standard reference. However, the absolute differences were small. We thus 

conclude that physicians and researchers should be aware of deviations when 

obtaining 3DSI using the presented imaging devices but should not refrain from 

using them, as the absolute differences might be too small to play a role in both, 

clinical and research, setting. 
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