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Abstract

Objective. The aim of this study wase assess the stability of Natural Head Position (NHP) over
time using the 3dMDface System.

Setting and sample population. This wasanexperimental study. Three-dimensional facial
images o#0 students were captured on two different occasions,amithterval ofat least two
weeks.

Materialsand Methods. The images were taken using a stereophotogrammetric device (3dMD,
Atlanta, Georgia). The mirror position&HP was obtainedh a standing position and then
replicatedn a sitting position for capturing. The selbalancedNHP was takenn a sitting

position. Rapidforn8D software was used for position angle calculations. The angle changes
between the positions were calculated for rotations around the x-, y- axes$ z-

Results. The differences betwedtHP in the self-balanced and mirror positions recorded on the
first and second occasions were 2.43 and 1.75 degrees, respectively, around the x-axis. The
average changés NHP around the x-axis between the self-balanced and mirror balanced

positions exceeded 3 degrextshe two-week interval. The differences were smaller for the
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rotations around the y- and z- axes. Some subjects consistently temdédi their heads a

more extended position when self-balanced, while others did this when mirror balanced. There
was no differencen the reproducibility oNHP between men and women.

Conclusion. The reproducibility oNHP for consecutive stereophotogrammetric captiges
generally acceptable. The reproducibilityNHiP using the mirror position was slightly better
compared witiNHP in the sitting self-balanced position.

Keywords: 3D imaging, Head, Natural Head Position

Introduction

For several decades, Natural Head Position (NHP) has been proposedriasrtisedontic
practice and research.has been widely investigated with two-dimensional images
orthodontic patients and studefitsUsually, lateral cephalograms have been used to describe
NHP in the sagittal plan&>while anteroposterior cephalograms have been tosasses$lHP

in the frontal plané.t has been shown that individuals are ableeproduceNHP in the range
between 1.50 2.5 degreem the true vertical linén the sagittal plan&® The average difference
between two repeated measurements of HRe true vertical linén the fronal plane has been

shownto be about one degrée.

As three-dimensional (3D) imaging techniques have become more commifierent fields of
orthodontics, interesh the 3D assessment of NHP has increased, espeni#ily field of
orthognathic surgery:°However, because of the radiation isstis impossibleto conduct a
study into the reproducibility dfIHP in 3D using computed tomography. Several methods for
re-establishment of NHP prido orthognathic treatment planning have been proposed and
significant differences among them have been fdufévidanestal.**have attemptetb
asses®IHP on cone-beam computed tomography images by simulldtitijand comparing that
with the intracranial reference planes. This method, kresWhatural Head Orientation, has
been validated but largely relies on the experience of the assessocansideredo be
subjective™® 3D photography could offer a possibilityassess reproducibility of NHP without
exposing subject® radiation. Additionally, some authors have suggested that 3D face-scanning
methods could replace the cranial reference landntaresiuce the field of view (FOV) of Cone
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Beam Computed tomography (CBCT) scAms to cut down the application of lateral
cephalogram$’

Although several methods have been proposedcordNHP in 3D,* only one studi has
reported on the stability of NHR all three dimensions. Additionally, one study has reported the

stability of NHP for rotations around the x - and z- axés.

Aim of the study: To assess the stability of Natural Head Positiorepeated measurements by
meansf stereophotogrammetry. The null hypothesis: tien® differencen NHP recorded by

different methods on the same day or over a time interval.

Materials and methods

This wasan experimental study using dental studexga cohort. The permissidn conduct the
study was obtained from the Committee of EtlaitRiga Stradin$ University, Latvialn the

study, all last year dental students who agtegzhrticipaten thestudy were included. Informed
consent was obtained from all the participaNisexclusion criteria were applied. The study
sample consisted of 21 male students and 20 female students (mean age 25.5 + 1.6). All the
subjects were recorded twice using the stereophotogrammetry-based 3dMDface System (3dMD,
Atlanta,GA, USA) in two sessions, withninterval ofat least two weeks between the sessions.
One of the students did not show up for the second capture and was excluded from the study.
A sample size for this study was calculated. The rotation around the x-axsetaathe primary
outcome value. A clinically relevant value of 2 degrees with a standard deviation of 3 degrees
was assumed. According the calculated sample sizleast 20 subjects were necesgary
retrievef = 0.80 witha setat 0.05 when using the One Sample T-Test and Paired T-Test.

First, a pivot-mounted fluid-level devitEwas attachetb thesubject’s temple with double-

sided tapeNHP for all participants was established and recorded using a ragdascribed by
Solow and Tallgrefi.Each subject performed a series of neck bending exercises and, while
looking into their eyes, wadldto a position one metre away from a 20 x @@ wall-mounted
mirror; the fluid-level device was adjusted horizontally. The standing mirror position (MP) was
then replicatedh the sitting position. The subjects were seatdie same marked position
accordingto the equipment calibration procedure. Beathad adjustable height, and the height
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of theseatwas adjusted accordinig the mesh provided by the machine settings prior satf

the imaging of the same subject. Small adjustments of the head ptsaian the fluid level

were madéf necessaryNo other adjustments of the head position were performed. After ten
minutes, the fluid-level device was removed, and the second capture was talssated

position when the subjects were askedelax and position the head accordiagheir own

feeling of NHP. Thisscanwould represent the self-balanced position (SBP) accotdiggllow

and Tallgreh (Figure 1). During the capture of 3D images, subjects were &skéte in

maximum intercuspation, swallow, relax their lips, and keep their eyes open. All images were
recorded by the same photographer. Two sets of two images, takemwntérval ofat least

two weels, were obtained using the same procedure.
The following comparisons were made:

- Difference between the facial 3D modeighe SBP and/P taken on the same day were

measured.

- The two models$n both the SBP aniIP, with atleast a two-week interval, were compared
separately. These comparisons would determine the reproducibility®hssessedith

the same method.

The facial surfaces were cut, leaving out distinct parts asttte hair and neck, with

3dMDpatient v2.0 (3DMDpatieff Software Platform, 3dMD Ltd, Atlanta, USA) by one of the
researchers (G.J.) and semthe other researcher (V.V.) who was not aware of the performance
of eachsubject involvedn the experiment. Comparable surfaces were superimposed
semiautomatic way using the iterative closest point (ICP) algostiimat the position of the

object did not rotate. Then, superimposition was performed again for the translated sarfaces
that the rotation was allowed. There might be some translation with the second superimposition
because the ICRas not optimized only for translation. Thus, the ICP ignoring the rotation was
iteratedso many times that the translationthe basic ICP registration would be below @uh

in eachof the axes. When this condition was met, the images were superimposed with both the
translation and the rotation allowed. The transformation matrix of the final superimposition
showed the rotational difference of surfagesotations around the-axis (pitch rotation), y-axis

(yaw rotation) and zxs (roll rotation). The superimpositions and the rotation angle calculations
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were done with Rapidform 2006 software (Geomagic, Rock Hill, SC, USA), and the processes
were automated with a setiofhouse Visual Basic for Applications (VBA) subroutines
developed for Rapidform.

No accuracy test for the ICP procedure was performed, because trseal@&terministic

algorithm that minimizes the differeeabetween two clouds of points. With the same input,

will always produce the same output.

Statistical analysis

Statistical software IBMBPSS23.0 (SPSS Inc., Chicago, lllinois, USA) was used for statistical
analysis. The data was tested for normality of distribution using the Shapiro-Wilk test. The One
Sample T-Estwas usedo assess whether the angle between the positions of the two facial
models was more than 2. A Paired &stwas usedo assess the differences between the two

images obtained either with two different methodatawo different time points.

Results

There were no gender differenaeNHP, except that the men tendedilt their heads mor&

the leftin the SBP compared the MP during the second capturing (- 1.30 degré€#s2.01to -

0.55, p = 0.001). Therefore, the data were pooled together for further analysis.

The angle means were significantly larger than two degrees fedtHgalanced NHP takein a
2-week interval for the x-axig = 0.001) and for the y-ax(p = 0.041)aswell asfor the mirror
positioned\NHP in a 2-week interval for the x-ax{p = 0.005).NHP taken with either of the
methods on the same day did not show any statistically significant results (Table 1). Some
individuals had clinically significant rotations, and they were most often observed in the x-axis,
followed by the y-axis (Table 2). Only 10% of individuals had differences between the scans of
morethanfour degrees around the x-axis for the images taken on the same day with different
methods, while about one-third had a differeatmore than four degrees when the images were
taken with the two-week interval.

The highest differencie NHP between the SBP amdP was recordeth the rotation around the
x-axis during the first capturing session (0.68 + 3.64 degrees), and there was significant variation

ranging from 12.410 13.68 degrees (Table 3). The SBP showed lower reproducibility compared
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with the MP, but the difference was not clinically significdtP around the x-axis was more
stablein theMP (0.88 £ 4.05) compared the SBP (1.73 + 3.69), but the difference was not
statisticaly significant (Table 4). The differences between the SBRViEEbr other rotations
were insignificant.

Discussion

The 3dMDface system has a verified abitiyconsistently record geometric accuracy of <0.2

mm root mean square (RM3).is not, however, possible have identical facial expressioims

two consecutive capturing sessions. Vuellal. demonstrated good reproducibility for facial
expressions’ In the present article, the ICP algorithm was used for superimposition, and the
angles were calculated automatically. Superimposition wasstthat3D models did not

rotate. Therefore, the location of facial surface was insignificathie respect of origin while

doing angle calculations. Independent examiners were involesthstep of the study. The
photographer captured the images accortbrayprotocol, and no additional efforts were taken

to correct NHP of subjects. The images were taken while subjects were seated. It has previously
been shown that differencesNHP in the sitting and standing positiowsre negligibleif the
fluid-level devicewas ugd?® The sitting position would better represent the clinical positioning

of the 3D imaging equipmenin the present study, the fluid-level device was usdthnsfer the
rotation around the x-axis from the mirror position into the camera setting where the patients
were sitting without any referentethe mirror. The pivot device was used only for recoding

NHP in theMP around the x-axis becaugevas previously validated only for assessment of the
rotations around the axis.>*® The use of the mirror was foutabe misleading for recording

NHP in the frontal plané.Because the rotations around the y- and z- axes were not corrected by
any device, they could be consideesself-balancedh all recordings. However, the rotations
around the y-axis may be influenceddyoperator’s instructions while positioning the subject

in front of the camera.

There were no statistically significant differences between gendexiii®except the small
differenceof the rotation around the z-axis in the second capturing session. This corrésponds

0,21

all previous findings on cephalogramm and the study performed with

stereophotogrammetry; however, the rotation around the y-asnatassesseih that study’’
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Most of the previous studies reporting on the reproducilofityHP used statistical
calculations-**’In the present study, direct superimposition of the 3D images was used. The
angles between the images were measaréte three perpendicular plan#sa subject was able
to reproduceNHP in two recordings, the difference would have been 0. A clinically significant
differenceof 2 degrees wasetasa test value. There were small but statistically significant
differences between the superimposed images, indicating some inconsistéecy
reproducibility of NHP. The differenceéis NHP were higher over time (Tablg,Xegardless of

the method usetb record the head position (Table 4). This finding supports the previous
reports’*®

The previous experimental radiological studies were limitgde number of captures dtee
radiation issuedt is difficult to compare the present study with the cephalometric studies.
However, some approximatioosanbe madeSolow and Tallgrehreported a 2.48-degree difference
between repeated cephalogramghe SBP. Our findingf a 3.26-degree difference between the two
scans takein the SPBwasslightly higher. The findin@f the present study th&tHP in the MP has

higher repeatability compared with the SBFh line with other studie5?*’In general, the subjects
tendedo keep their heads more extendedhe MP, which corresponds with other studig¢®However,
the average difference was smaller (0.86 degindlE present studyt hasto be noted that some
subjects held their heads more uprighthe MP in our sample, while some subjects held their heads

more uprighin the SBP (Tabl®); for eachsubject, their specific tendenayas maintained throughout

both capturing sessions.

It is not possibleo isolate the rotations the lateral cephalograms. Therefore, several research
groups developed new methods for recorditkf in 3D. Xiaetal. used orientation sensors with
electronic devices that were auto-calibrated, aligned and embidaldxx for mounting on a

bite jig.” The orientation information was automatically recorded and transterted final 3D

model of the device frame. However, this approach had several drawbacks: surface registration
of the box chassi® the captured faces 3D models and adverse effadti$iP when holding the

box. Recently, Hsungtal. described a simple method for recording 3D reference lines for
assessment of NHP based on a specially designed referencé’biieed reported high

reliability for placement of this boafd.

Two other studisused markef§or laser lines and the DWRutéto record the reference planes

before taking the 3D photographs. Placing ink dots on the face or adjusting the ruler could have
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introduced additional sources of error. These studies reported good reproduciblliip bfy
comparing the angles of the refetetines. The best reproducibility was found for the rotations
around the z-axis, followed by the y-and x-a¥X&4The results of the present study are
consistent with those findings; however, the absolute values were righerpresent study.
Position of the head depends on stimulus from the vestibular system coordinated with the visual
input and strength of the supporting muséfé=or daily activities, humans are more prone
adopt their head positioms the sagittal plane. This would expldhe consistent finding of the
poorer reproducibility oNHP in the x-axis for healthy young individuals.

As the results of our study indicate tiNHIP in the sagittal planes the least reproducibld,is
recommended th&tHP in the sagittal plane be obtained accordimthe standard proceddre
and that data should be receddbefore scanning patients wi@BCT for orthognathic treatment

planning purposesiswas first proposed by Damstgal> and later adopted by Bobekal °

Lately, the handheld scanners are gaining popularityatreir price and undemanding use.

The facial scansanbe obtained with these scannrsiny position with or without the subjects
lookingin the mirror. Scanning seated subjects without any reference would produce a greater
variability of NHP.

Conclusions

The average consistency of NiHPthe self-balanced position and mirror position was good,

with clinically insignificant rotations of less than three degrees for most subjects. However, one-
third of individuals may have rotations of the head around the x-axis of more than four degrees.
NHP in the standing position using the mirasa reference was more consisténtgeneral,

NHP was more consisteifttakenon the same day by two different methods rather théaken

on two consecutive occasions using the same method.

Figure 1. The facial images taken the mirror balanced NHP with the pivot-mounted fluid-

level device on the left side amdthe self-balanced positiadHP on the right side.
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Table 1. The differences in degrees between the two images captured in the mirror position (MP) and

self-balanced position (SBP) on the same occasion or in the same position on the 2 different occasions

Rotations SBP vs. MP T1 SBP vs. MP T2 MP T1T2 SBP T1T2
Mean SD P Mean SD P Mean SD P Mean SD P
diff. value | diff. value | diff. value | diff. value
Pitch 243 | 277 |0.168 |1.75 |1.38 |0.867 |3.14 |266 |0.005 |3.26 |2.41 |0.001
(X — axis)
Yaw 142 120 |0998 |1.22 |1.12 |(1.000 |2.00 |1.72 |0.486 |2.53 | 1.89 |0.041
(Y — axis)
Roll 122 | 104 |1000 |[093 |092 |(1.000 |1.48 |098 |0.999 |147 |1.14 |0.997
(Z-axis)

One sample T-test to test the difference of the mean value from 0.
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Table 2. Number of individuals with the differences between the two images more than 2 degrees and

more than 4 degrees

Rotations SBP vs. MP T1 SBP vs. MP T2 MP T1T2 SBP T1T2
Dif.< | 2<Dif.<4 | Dif.> | Dif.< | 2<Dif.<4 | Dif.> | Dif.< | 2<Dif<4 | Dif.> | Dif.< | 2<Dif.<4 | Dif.>
2 4 2 4 2 4 2 4
Pitch 22 14 4 26 10 4 19 9 12 16 10 14
(X —axis)
Yaw 28 11 1 29 10 1 23 14 3 18 15 7
(Y= axis)
Roll 34 5 1 35 5 0 28 12 0 32 6 2
(z-axis)

MP — mirror position, SBP — self — balanced position.
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Table 3. Mean differences (degrees) in the rotations around x, y, and z-axis between the mirror positions

and self-balanced positions for the 2 timepoints

Rotations SBP vs. MP SBP vs. MP SBP vs. MP
T1 T2 T1T2
Mean SD Range Mean SD Range Diff. 95% Cl P value
lower upper

Pitch 0.68 3.64 -12.41 | -0.18 2.24 -5.13-] 0.86 -0.58 2.30 0.233
(X — axis) —13.68 4.07

Yaw -0.10 1.87 -4.47-10.03 1.66 -4.13-]-0.13 -0.83 0.58 0.715
(Y —axis) 3.13 3.28

Roll -0.33 1.58 -4.06- | -0.18 1.30 -397-1-0.16 -0.72 0.41 0.579
(Z-axis) 2.89 2.44

MP — mirror position, SBP — self — balanced position, positive values mean that the head is in flexion,

rotated to the left and tilted to the right in the SBP compared to the MP.
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Table 4. The differences (degrees) in the consistency of the mirror positions and self - balanced positions

for the rotations around x, y, and z-axis

Rotations MP T1T2 SBP T1T2 Comparison MP vs SBP
Mean SD Range Mean SD Range Diff. 95 %Cl P value
lower upper

Pitch 0.88 4.05 -6.67—-|1.73 3.69 -5.75-]-0.85 -2.29 0.58 0.237
(X — axis) 14.47 9.95

Yaw -0.10 2.66 -8.34-1-0.24 3.18 -8.55-0.14 -0.57 0.85 0.693
(Y- axis) 7.02 8.44

Roll 0.25 1.77 -2.88—- 041 1.88 -3.99-]0.21 -0.35 0.77 0.456
(Z-axis) 3.76 5.16

MP — mirror position, SBP — self — balanced position, positive values mean that the head was more

flexed, rotated to the left and tilted to the left during the first capturing.
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