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Euxoplotieg

Me adopun TNV OAOKANPWON TNG LETATTUXLOKNAG LOU €pyaciag Kal TNV OAOKARPwWON TOU
KUKAOU OTIOUSWV OV YLa TNV ANOKTNON TOU PETAMTUXLAKOU TITAOU yLa TNV ELSLKOTNTA TNG
opBodovtiknig, Ba nBeAa va euxapPLOTHOW Ao KAPSLAG TO EMLOTNLOVIKO ETUTEAELOU TOU
TuNuartog tng OpBodovtikng Tng OdovTlatpLkng ZXoAng ABnvwv Kabwg Kal Toug e€aipeToug
ETUOTNOVIKOUG CUVEPYATEC TTIOU OAQ AUTA Ta Xpovia BoriBnoav tnv ekmatSeUTIKN oG
aveALEn kat urtnpéav xprouol cuvodoutdpol otn SLadpoun LOG yLa TNV OOKTNon ToU
mituylou autou.

ISLaitepeg euxaplotieg Ba NBela va ekppacw otnv K. EAévn Baotapdn kot Tov K. ANUATPLO
XaAalwvitn mou Atav eMPAENOVTEG TNG AUTAWHATIKNAC LOU Epyaoiag Kat urtipéav kab’ 6An
TN SLApKELO apwyol AUTHC LoV TG pooTtdBetlag. Xapn otnv MOAUTLUN TIVEUUATIKI oAAG Kall
nBwkn Toug kKaBodrynon Kat TG CUUBOUAEC TOUC KaTAPEPAE VO OAOKANPWOOUE HLa TTIOAU
evéladépouaa KALVIKN LEAETN KO VA EEAYOUUE XPOLUO CUUTIEPACHATAL.

Xprowun Atav wotoaco n BorBesla Toug Kal otnV KAWVLKA Hag opeia, mou pall Ue Toug
uTtOAoutoug KaBnynTéC pacg K. lwond Indakdkn, k. AmootoAo TooAdkn Kat K. HAla
Mrmutodvn, mavta pog kabodnyouoav TO00 OE EMLOTNUOVIKO 000 KoL O PUXOAOYLKO
eninedo wote va GEPOUE O€ TTEPAG TIG UTIOXPEWOTELG LA oTnV KAWVLKA. OL cUUPBOUAEG KoL oL
TapeUPACELS TOUG LT PEAV TTAVTA OUGCLOOTIKEG KOl UTIOOTNPLKTLIKEG KOL TOUG EUXAPLOTOUE
Bepua.

TéAog Ba RBeAa va euXapLOTAOW TNV OLKOYEVELD OV TIOU UTIHPEE TTAVTA TO ONUAVIIKOTEPO

oTAPLYHA Kal n Kvntiplog duvaun yla va meTuXw KABe oTOX0 HOoU UEXPL OAUEPOQL.
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NepiAnyn

Ta €fWOTOMOTIKA MUNXAVAUATO QUXEVIKAG €AENG XpnoLdomolouvtal gupuTaTa OTnV
opBodovtikn mpagn, Wiwg yla t Bepancio acbevwy pe lin Tagn katd Angle, ue okomo tov
TEPLOPLOUO TNEG avénong tng dvw yvabou, kabBw¢ Kal TNV MPOo¢ T AW METOKIVNON TwV
MPWIWV MOVILWV Youdlwv TnG avw yvabou. Mowkilol mapdyovieg avadepetal oOtL
ennpealouv 1o emninedo ocuvepyaoiag Tou acBevoug, 6w n oxEon Tou e To Bepamovta, n
Slacadnvion Twv otoxwv g Beparmneiag and tov opBodovTiko Kal n KATavonor) Toug amno Tov
aoBevry, n nAkia kat to ¢uAo Tou acBevolg. H ENAelPn HLAC QVTIKELUEVIKAG HEBOSOU
HETPNONG TWV TPOYHUATIKWY WPWV XPAONG TOU €{WOTOMATIKOU MNnxXaviuatog kablotd
advvatn ™V afloAdynon NG QAMOTEAECUATIKOTNTAC TOU OE OXEON HE T WPEC TOU
edapuoletal nuepnoiwg. Xto mapeABoOv, molkileg pEBoSoL Kal CUOKEVEG XpnoLiomnoLBnkay
O€ Pl IpooTtaBela mPooSLopLoUOU KAl AVTLKELEVIKNC EKTLLNONG TOU ETMLMTESOU CUVEPYATLAC
Twv aoBbevwy, map’ 6Aa autd, To auénuévo péEyeBoC TWV CUOKEUWY QUTWV KABwG Kot n
HEWUEVN akpifela Kal aflomotioa Twv HETPOEWV TIOU Tapeiyav, odryncav oto va
amoppldBoUV amod KAWVLIKN Tpaln kot Eépeuva. MNpdodateg Epeuveg 0dHyNCOV OTNV KATACKEUN)
NAEKTPOVIKWY HIKpOoaLoOnTApwy, oL omoiol Kataypddouv Bepuokpaocia mepBAAloviog
(otopartog, Swpatiov KAT.) Kol MapéXouv €Tol T SuvatoTNTA HETPNONG TWV TIPOYHOTIKWY
WPWV XPNong Tou pnxavnuatog anod tov acBevn. E8kaA, o pikpoatodBntipag Theramon®, €xel
amobelyOel OTL TAEOVEKTEL O€ OXEoN e AANOUG LIKPOALOONTAPEG TTOU UTIAPYXOUV OTNV ayopd
AOYW TOU WUIKPOTEPOU WEYEBOUG TOU KoL HEYOAUTEPNG OUXVOTNTOG TWV UETPNOEWV TIOU
KataypadeL. ETol He Tn xprion tou pikpoaloOntrpa Theramon® kaBiotatal mAéov duvatn n
OVTIKELUEVLIKN HETPNON Kal afloAoynon tng ouvepyaoiag Twv acbevwy, avadopika PE TIg
NUEPNAOLEC WPECG EPaPUOYNG TOU EEWOTOUATIKOU UNXAVAUATOC. MpwTapXLlkOg OKOTIOG AUTHG
NG KAWLKAG HEAETNG ATAV N METPNON TNG OIMOTEAECHOTIKOTNTAC TOU £EWOTOUATLKOU
HNXOVALOTOG QUXEVLKAG €AENG yloL TNV TPOC Ta ANMW METOKIVNON TWV MPWTWV UOVILWVY
youdiwv TG dvw yvabou avaloya UE TIG TIPOYHOTIKEG WPEC XPNONC TOU UNXOVHHOTOC oo
Tov a0Bevi).

To Selypa TNG €peuvag authg anotéleoayv ol acBeveic mou poaépyovtav yla opBodovTikn
Bepameia otn petamtuylakn KAWLWKA Tou epyactnpiou OpBodovtikn¢ tou Mavemotnuiou
ABnvwv kat €xpnlav Beparmeiag pe eEWOTOUOTIKO UNXAVNMO QUXEVIKNG €AENG. Ta kpLTipla
emAoyng aoBevwv Atav va eival acBevei¢ Kauvkadaolag GuAlng oL omoiol dev €xouv AdPeL

opBodovtikn Beparmneia oto mapeABov, Sev mapoucoialouv cUVSpopo f/Kal oxLoTiES, eival
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nNAkiag 9-15 etwv, €xouv ouykAelolakn avwpaAia ling Taéng katd Angle (oxéon mpwtwv
HOVILWV Youdilwv avw Kot Katw yvabou = ¢pupa-pupa) kot To oxédlo Bepameiag Toug
neplteAdfave TNV epopuoyn €EWOTOUATIKOU HUNXAVAUOATOC QUXEVIKAG €AENG xwplg AAAa
okivnta 1 Kwntd opBodoviika pnxaviuata mou Ba Atav duvatd va petaBarlouv tn B€on
TWV MPWTWV UOVILWY YOUPLwV TNG Avw yvabou, TPy Kal Kotd tn SLapKELa TG MEPLOSOU
napakoAouBbnong. Itoug aobeveic §6Onke evioAn va ¢opave 1o €€WOTOUATIKO TOUG yLa
TouAdylotov 12wpeg NUeEPNCiwg Kal €vag pikpoaltodntripag TheraMon® tonoBetribnke otnv
QLUXEVLKN TAVIO TOU UNXOVAOTOG LE OKOTIO TNV AVTIKELWMEVLIKA KoTtaypadr] TwWV WpwV XProng
TOU UNXavAUatog. Mo va PHETPACOUUE TNV HETAKivNon Twv davw 1%V pévipwv youdiwv
Xpnollomnotoape kot cAANAemBécape ta tpLodlaoctata PndLlakd ekpayeia tTng avw yvadou
mou SnuoupynBnkav pe tov evdootopatikd capwth (3D scanner) iTero TPV KoL UETA TN
Xxpnon Ttou efwotopatikol pnxaviuatog. H oAAnAeniBecn kal O UTOAOYLOMOG TNG
HETATOMLONG KOL TNG 0TPOdNC TwV YOoUPLlwv KOTA PRKOG KoL yUpw amod toug afoveg X,Y,Z €ylve
ue tn BonBela tou Aoylopikou poypappatog Viewbox4 (dHal Software, Kifissia, Greece).

H alomiotia tou idlou tou e€etaotr aAld Kot HeTafl Twy e€eTaotwy (intra- & inter-
examiner reliability) aflohoynOnke pe tnv avaAuon Bland Altman. Eva ypop kO HOVTEAO
(General Linear Model) xpnotwuomnotOnke yla va afloAoynoeL tnv enidpacn tng Kabe
ave€aptntng petaBAntnic (dovAo, nAikia, otadio kata Nolla, katdotaon avatoAng 2°Y davw
youdiou, wpeg xpriong tng CUCKEUNC) 0TNV ATtw UETOKIVNON Tou youdiou oto omioBo-
nPOoBLo eminedo KABwWE Kal TNV AW AOKALON KAl TNV Anw oTpodr Tou yUpw Ao Tov
katakopudo afova tou dovtioL. To enimedo onuavtikdtntag opiotnke oe a=0.05 ko OAEG
ol SOKLUEG ekTEAETNKAV e TO IBM SPSS® Statistics €kdoon 26.

H péon dldapkela Beparmeiag ntav 130 nUEPEG KaL O LECOG GUVOALKOG XpOVOG XPong Tou
punxovnuatog 55 nuépeg, mou onuaivel 10.1wpeg ava nuépa. Katd tnv SLapkela autng Tng
TEPLOSOU, N Anw HeTAKivnon Tou youdiou ATav KOTA PECO 0po 1.75%A aAAd HE HEYAAN
HeTaBANTOTNTA, HE EAAXLOTO AlyoTEPO Ao 0.2 KoL LEYLOTO TIEPLOCOTEPO amo 4.5xA. H anw
OTTOKALON KAl ATw oTpodr) ATAV KAtd HEco O0po 5 poipes. H ouvoAikn Stapkela ebpappoyng
TOoU €€WOTOUATIKOU EiXE LOXUPN OUCXETLON HE TNV AW HETaKivnon tou youdiou (r-squared
0.32, P < 0.002), tnv anw amokAwon (r-squared 0.27, P < 0.01) kat tTnv anw otpodr tou (r-
squared 0.20, P < 0.05).

Ta amoteAéopata UTIOSELKVUOUV OTL N ANw UETOKIVNON Tou youdiou emnpealstal loxupa

QIO TLG CUVOALKEG WPEG XPONG TOU UNXOVLATOG KAl O TIopAyovTog TG CUVEPYQOLag lval
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KaBopLOTIKOG yla TNV mAoyn Tou KataAAnAou oxediou Beparmeiag kat TNV eniteuén KAWVIKOU
amoteAéopaTOC. H Xprion TOUu HNXQVAUOTOC ava nNUéEPA NTav acBevéoTEPOC MOPAYOVTOG

OUOXETLONG 000V adopa oTNV ETITEVEN TOU BEPATTEVUTIKOU OUMOTEAECUATOG.

AéEeic Khewdwd: EEmotopatiko, Anm petaxkivnon, Xovepyooio.



Abstract

Objectives: The purpose of this study was to measure the effectiveness of the cervical
headgear for distalizing first permanent maxillary molars in relation to hours of use.
Methods: This was a one-centre, prospective, clinical study, conducted at the Orthodontic
Department of the National and Kapodistrian University of Athens. Participants (N=26; 17
females, 9 males) were patients with no history of orthodontic treatment, no syndromes or
clefts, and Angle’s Class II malocclusion where the treatment plan included a cervical
headgear. They were instructed to wear the appliance for at least 12 hours per day. A
TheraMon® microsensor was embedded in the headgear's strap to objectively measure wear-
time. To measure tooth movement, pre- and post-treatment digital models were
superimposed, using the palate as a reference area; translation and rotation were measured
along three axes. Superimposition and movement measurements were made with the
Viewbox 4 software.

Results: Average treatment time and headgear wear was 130 days and 55 days respectively,
i.e., 10.1 hours/day. During this period, distal movement averaged 1.75 mm with high
variability (min 0.2 mm, max 4.5 mm). Distal tipping and rotation had an average of
approximately 5 degrees. Cumulative headgear wear was significantly correlated with distal
movement (r-squared 0.32, P < 0.002), distal tipping (r-squared 0.27, P < 0.01) and distal

rotation around the long axis of the tooth (r-squared 0.20, P < 0.05).

Conclusion: Compliance is critical for having a successful clinical outcome. Distalization of
the molar with a cervical headgear is correlated with the cumulative hours of appliance use,
with hours per day being a weaker predictor.

Keywords: Headgear, Distalization, Compliance.
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Introduction

Headgear appliances are well known in orthodontic practice, especially for treatment of
patients with Class II malocclusion, to limit the growth of the maxilla and distalize the
maxillary first molars. (1) A minimum wear of 12 hours per day is considered necessary for

the desired dentoalveolar and/or skeletal changes, (2,3) so patient cooperation is essential. (4)

However, several factors affect cooperation, such as the patient-doctor relationship, the
orthodontist’s clarification of treatment goals, patient’s understanding, age, and sex. (5-11)
Patients’ reports about appliance wear-time do not seem to be accurate, nor is the doctor’s
subjective evaluation, (9,12,13) making it hard to assess headgear effectiveness. In the
prospective clinical study of Ghislanzoni et al. (14), compliance was measured during an 8-
month observation period by a temperature-sensitive recording device. On the days that the
appliance was used, wear time was on average 8.7 hours, instead of the 12 hours prescribed.
However, the appliance was not used at all for 30 per cent of the total period, dropping the
average compliance to 6.4 hours per day. In another recent systematic review, Al-Moghrabi et
al. (15) reported that, for removable appliances in general, there was a substantial difference
of 5 hours per day between wear-time reported by the patient and that objectively measured
by the orthodontist. The average headgear use reported by this review was 5.8 hours per day.
Nahajowski et al. (16), in their systematic review, also mentioned that, irrespective of
whether the appliance was extra- or intra-oral, the average wear time was shorter than the

prescribed, although patients with intraoral appliances had better time scores.

A variety of methods and devices have been used to determine and objectively assess the
level of patient cooperation. Electronic microsensors, such as the Smart Retainer® and
Theramon® system, when incorporated in removable appliances, record ambient temperature,
and thus enable accurate measurement of appliance usage. The Theramon® microsensor is

reported to have an advantage over the Smart Retainer®, due to its smaller size and higher
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rate of recorded measurements. (17,18) The use of the above devices makes it possible to
objectively evaluate patient cooperation, find factors that potentially affect patient

compliance to instructions, as well as measure the effectiveness of the appliance.

The primary purpose of this clinical study was to measure the effectiveness of the cervical
headgear for distalization of the first permanent maxillary molars during the correction of

Angle’s Class II malocclusion, in relation to hours of usage of the appliance.

Methods and Materials

This was a one-centre, prospective, clinical study, carried out at the Orthodontic

Department of the National and Kapodistrian University of Athens.

The sample included patients who attended the Postgraduate Orthodontic clinic and whose
treatment plan included the use of a cervical headgear appliance, without the need for other
fixed or removable orthodontic appliances that could affect the position of the first maxillary
molars during the study period. The patients also fulfilled the following inclusion criteria: no
prior orthodontic treatment, no syndromes, or clefts, aged 9-17 years, with Angle Class 11

malocclusion (first permanent maxillary and mandibular molar relation > flush terminal).

Patients fulfilling the inclusion criteria were consecutively recruited between January and
May 2019 and data were collected between January and September 2019. Patients and their
guardians were informed orally and in writing about the research and their written consent
was obtained. However, they were not informed about the incorporated microsensor in the
headgear strap until the end of the study. For blinding, one researcher (SG), was responsible
for collecting, anonymizing, and coding the data, which were statistically analysed by another

researcher (DH).

To estimate the required sample size, we conducted a power analysis using G*Power

software (version 3.1.9.6; Franz Faul, Kiel University, Germany). (19) Our primary objective
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was to determine the regression between time of use and molar distalization, so we selected
the “t test: Linear Regression (size of slope, one group)” test, setting alpha to 0.05 and power
to 0.80. The expected distal movement of the maxillary molar shows wide variation
(3,20,21), so we estimated an average value of 2 mm and standard deviation of 1 mm. The
standard deviation of patient compliance in hours/day was estimated at 2.5, based on previous
data, and the slope of the regression to be detected was set to 0.2, corresponding to 2.4 mm
distal movement per 12 hours per day of headgear wear. Total sample size was computed at

26 patients.

Patients were instructed to wear the cervical headgear appliance for at least 12 hours per
day, a time-period considered necessary for the desired dentoalveolar and/or skeletal changes.
(2,3) The headgear was adjusted to exert a force of 4.4-4.9N and the long outer bows were

not angulated. (2,3) Embedded in the headgear's strap, the Theramon®

microsensor (MC
Technology GmbH, Hargelsberg, Austria) was used to objectively measure wear-time. The
microsensor recorded the temperature every 15 minutes. (22) Data collected were
downloaded via the reading station to the TheraMon Viewer® for further analysis. The iTero
intraoral 3D scanner (Align Technologies Inc., Milpitas, CA, USA) was used for intraoral
scanning and for creating 3D digital records of the upper arch. For analysis and

superimposition of the pre- and post-treatment 3D digital models we used the Viewbox 4

software (dHal Software, Kifissia, Greece).

At the first visit, orthodontic bands were placed on the maxillary first molars and an
intraoral scan of the upper dental arch and palate was performed. Afterwards, the appliance
was adjusted, and the patient was instructed to use it for at least 12 hours per day, without
being aware of the existence of the embedded microsensor. The patient was also asked to
record in a calendar the days and hours of usage of the appliance. During re-examinations,

the relationship between the first permanent molars was examined, the calendar was reviewed
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and the measurements from the Theramon® microsensor were extracted. Duration of
participation in the study varied, depending on when a Class I molar relationship was
achieved or whether it was deemed necessary to proceed to the next stage of treatment by
adding mechanisms that might affect molar response. At the last evaluation, a final intraoral
scan of the upper arch was performed. The initial and final 3D models of the upper arch were
processed with the Viewbox4 software to evaluate the 3D movement of the first permanent

maxillary molars.

Measurements
The hours of use were defined as the hours during which the microsensor recorded

elevated temperatures, the range of which was individualized. (9,23,24) From the collected
temperature recordings we created a temperature curve for each patient. On placement of the
headgear, the temperature increased, to return to room temperature levels on removal. (Figure
1) Depending on the time of year (different environmental temperature), the temperature
diagram had a different shape and the lowest and highest peaks changed. (Figure 2) Based on
findings from the diagrams, the threshold temperature classifying whether the headgear was
worn was set to the average temperature of the minimum of the high peaks and the maximum

of the low peaks. (Figure 2)

Pre- and post-treatment 3D models were superimposed using the palate as a reference
area. (Figure 3) The reference area included the palatal rugae and palatal slope, except for a
2.5 mm border along the gingival margins of the teeth and did not extend distally beyond the
line joining the distal surfaces of the contralateral first premolars or the deciduous first

molars, depending on the phase of the dentition. (25)

Superimposition measurements were made with the software Viewbox 4. At first, we
superimposed the final 3D model to the initial using the abovementioned reference area of the

palate. As a second step, we isolated the first permanent molar of the initial digital cast as an
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independent object and set it at an axis system (x/sagittal axis, y/anteroposterior axis,
z/vertical axis) with the center of the molar being the origin (0,0,0). Afterwards, we set the
final position of the molar (1% permanent molar of the final 3D model) as a reference area and
superimposed the isolated molar to this area. The new coordinates of the isolated molar
represented the amount of movement from the initial to the final position. The movement was
calculated for translation and rotation along the three axes. (Figure 4, 5) Positive values were
considered the distal, buccal and extrusion movement of the molar and the distal rotation
along z axis, the distal rotation along the x axis and buccal rotation along the y axis. These
measurements were made on both sides, separately for each molar. Also, these measurements
were made independently by two examiners (SG and DH) who were blinded to the hours of

®

appliance use, as mentioned in the calendars or in the Theramon™ recordings. Each of the

researchers repeated the measurements twice.

The Nolla stage of development of the second maxillary molars was recorded from
available panoramic radiographs. (26) Eruption status was noted from the dental casts and
radiographs and recorded as a binary variable (erupted / not erupted). No eruption or,
clinically and radiographically, no contact point between the first and second molars was
recorded as ‘“Not erupted” in eruption status. Presence in the oral cavity, with an
interproximal contact point between the first and second molars, both clinically and

radiographically, was recorded as ““erupted” in the eruption status. (27)

Statistical Analysis
Movement of the molar was calculated for translation and rotation along the 3 axes (Y-

position, X-position, Z-position and Y-rotation, X-rotation, Z-rotation), and the measurements
were registered as Ypos, Xpos, Zpos, Yrot, Xrot and Zrot accordingly. Treatment time and
cumulative headgear wear were entered in hours (TotalTime, HGwear), and hours per day

(Hours/Day) were computed from these by simple reduction to a 24-hour basis. (Table 1)
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Descriptive statistics were computed for all variables. Inter- and intra-observer error was
evaluated using the Bland-Altman method. The molar movements were compared between
the right and left sides using the Bland-Altman method and paired t-tests. General Linear
Models were used to assess the effect of the independent variables (sex, age, Nolla stage,
eruption phase of second molars, and each of HGwear and Hours/Day) on molar distalization,
as measured by Ypos, Xrot and Zrot. We used these 3 measurements as the most
representative and clinically relevant for the molar’s distal movement. All tests were
performed using SPSS 28 (IBM ® SPSS® Statistics 28.0, Chicago, Illinois, USA) with level
of statistical significance set at 0.05. Plots were drawn using Microsoft Excel and PowerPoint

(Microsoft®, Redmond, Washington, USA).

Results

Initially, 28 patients who matched the inclusion criteria were recruited in the study. After
excluding two patients because of missing data and withdrawal from treatment, analysis was

based on 26 patients (17 females, 9 males).

Inter- and intra-observer agreement was evaluated by the Bland-Altman method. No
statistically significant bias was found, except for Ypos, right side, for observer 2. Random
error was small; the 95% Limits of Agreement (LoA) for Ypos were below 0.3 mm and the
LoA for angular measurements were below 0.6 degrees. The Bland-Altman plots showed that
the differences were uniform across the range of measurements. Since no significant
differences between observers, or between the 1% and 2" measurement of each observer were
found (Table 2), we averaged the 4 measurements and used the averages for all subsequent

analyses.

Differences between the left and right sides were tested using the Bland-Altman method of
agreement. The largest difference between the two sides in molar distalization was 2.1 mm and

the largest angular difference was almost 9 degrees. Although there was a trend for the right
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molar to distalize more than the left, no statistically significant bias was found (Table 3). The
Bland-Altman plots showed that the differences were uniform across the range of

measurements.

Since no statistically significant differences were found between the right and left sides,
these were averaged, and the averages were used for further analysis. Descriptive statistics
are shown in Table 4. Average treatment time was 130 days and average headgear wear was
55 days, i.e., 10.1 hours/day. During this period, distal movement averaged 1.75 mm but
showed high variability, with a minimum of less than 0.2 mm and a maximum of over 4.5
mm. Distal tipping and rotation had an average of approximately 5 degrees. Eruption status of
the second molar was almost equally split in the sample. Nolla development stage had an
average of 8.4, corresponding to completion of at least two thirds of the root. Thirteen second
molars had a status of “erupted” on the left side and thirteen on the right side. There were
four patients who had a different 2" molar status between the two sides and three patients

with a different Nolla stage between the two sides.

Bivariate correlations were computed for all variables (Table 5). Ypos, Xrot and Zrot were
correlated mainly with HGwear and less with TotalTime and Hours/Day. No significant
correlation was found with Age, Sex or second molar development (Nolla) and eruption status
(Mstatus). Ypos was significantly related to Xrot but not to Zrot. Simple bivariate linear
regression plots of Ypos, Xrot, Zrot against HGwear and Hours/Day are shown in Figures 6-11

and relevant results are reported in Table 6.

A General Linear Model was run for each of the dependent variables (Ypos, Xrot, Zrot) and
the variables Age, Sex, Nolla, Mstatus and HGwear (TotalDays and Hours/Day were not
included due to high collinearity). The only significant parameter was HGwear. Corresponding
models substituting Hours/Day in place of HGwear did not reach statistical significance (results

not shown).
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Discussion

The present study objectively evaluated patient compliance with the headgear appliance
and measured the movement of the first maxillary molars in relation to appliance wear-time.
Our results agree with other studies’ findings, that most patients do not follow the wear-time
instructions and wear-time is suboptimal. (11,12,14-16,28,29) In this study, the TheraMon®
microsensor was selected as the most appropriate temperature-sensitive recording device to
detect daily appliance wear because it has been acknowledged as a reliable and accurate time-

® microsensor is of a

measurement device. (9,17,22-24) In addition, the Theramon
manageable size and easy to incorporate in the headgear strap without the patient being
aware. A calendar log, where patients recorded their daily headgear use, was also used.
Unfortunately, the logs contained incomplete data so could not be used to detect differences
between the objectively measured wear time and the calendar recorded one. The literature
reports many benefits from using self-monitoring techniques. (30) Cureton et al. (31) mention
that patients who keep a headgear calendar meet the prescribed wear time more than those
who are not self-monitored (7.9 hours compared to 5.3 hours). All age groups in that study,
except for the >16-year-olds, wore their headgear more when they used a calendar for self-
monitoring. In the same study, although there was a high degree of correlation (r > = 0.60)
between the calendar recorded hours and the actual hours of headgear wear in the calendar

group, there was no significant correlation (r > = 0.02) between the hours reported to the

attending doctor, and the objectively measured ones, in the group without the calendar. (31)

As already mentioned, an important factor in reaching treatment goals with removable
appliances is patient cooperation. (9,11,15,32) Age and sex represent two important
parameters when it comes to treatment depending on patient compliance. Several studies
report that females are more compliant, (4,5,7,11,33) but others show no correlation between

sex and compliance (6,8,13,24,34-37) and one even shows that cooperation was better in
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boys than in girls, without, however a large difference. (28) As to age, some studies show no
substantial impact on patient cooperation, (6,24,34,35,37) but others conclude that pre-
adolescent patients are most of the times more compliant than when they go into puberty,
when compliance usually drops because of teenagers’ psychosocial and behaviour issues. (8-

10) Parental control may play a significant role in this age-related difference. (6)

To calculate tooth movement, pre- and post-treatment 3D models were superimposed
using the palate as a reference area. Studies that have examined the suitability of the palatal
rugae area as a reference for 3D superimposition have found it to be stable for measuring
changes in tooth position, especially mesiodistal ones. (38-42) However, during adolescence,
changes in rugal dimensions may occur because of differential growth of the alveolar and
basal bone. (43) In our study, the observation period was short, and it was safe to use the

palate as a reference area.

A limitation of studies which investigate cervical headgear effectiveness is the difficulty to
measure the exact force applied to the molars by the appliance throughout the day. Talvitie et
al. (44,45), by continuously measuring force magnitude, concluded that there is substantial
variability in force levels during wear. They also report that force fluctuations of about 1.5N
did not have a clinically significant effect on treatment results. (44) Variation of headgear
force is associated with changes in head posture during sleep. (46,47) For example, a
downward tilt of the head reduces headgear force magnitude (46) potentially leading patients

to intentionally alter their head position to avoid neck pressure. (48)

The rate of tooth movement shows high individual variation, depending on bone density,
bone metabolism, and turnover in the periodontal ligament, and not exclusively on force
magnitude. (49-51) This agrees with the concept of “slow and fast movers” (49,52) and with
the observation that age is also a determinant factor, with subjects under 16 years old

showing higher amount of experimentally stimulated tooth movement as compared to
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subjects over 16 years old. (52,53) High inter-individual variation was clearly evident in our
results, especially between patients who had many cumulative hours of wear. For example, at
2000 hours, the minimum and maximum distal translation was approximately 1 and 4.5 mm,
respectively (Figure 9). This difference could not be explained by the other factors that were
included in the statistical model. Among those, we didn’t find a correlation between the
presence of second molars and the rate of movement of the first molars. Existing literature on
this factor is conflicting, with some studies reporting that the presence of the second molars
results in distalization at a slower pace (27,54), while others showing no such correlation.

(55,56)

A noteworthy strength of this clinical trial was that the actual movement of the upper first
molars with the cervical headgear was evaluated based on the actual wear-time, as objectively
recorded, and not on the overall treatment period, the prescribed wear-time, or the patient-
reported wear-time. We found an average distal molar movement of 1.8 mm over 4.3-months,

within the range of 1 to 2 mm previously reported. (3,20,57)

Conclusion

Compliance is critical for a successful clinical outcome. Distalization of the molars using the
headgear appliance is correlated with total hours of appliance use during treatment, with

hours per day being a weaker predictor.
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Figures

Figure 1: Theramon data of a patient for a 10days period.
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Figure 2: Theramon data of a patient for his 126-days observational period.
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Figure 3: Pre-and post-treatment 3D models superimposition using the palate as a
reference area.
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Figure 4,5: The movement of the molar to the final position was calculated for translation
and rotation along the 3 axes.
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Figures 6-11: Regression plots of Hours/day and HGwear (hours) against the dependent

variables.
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Tables

Table 1: Variables of the study

Variable name

Description

Y axis

X axis

Z axis

Ypos (mm)
Xpos (mm)
Zpos (mm)
Yrot (degrees)
Xrot (degrees)
Zrot (degrees)

TotalTime (hours)

HGwear (hours)
Hours/Day

Nolla Stage

Sagittal axis — mesiodistal direction.
Transverse axis — buccolingual direction.
Vertical axis — cervico-occlusal direction.

Translation of molar crown in the mesiodistal direction. Positive values signify
distal movement.

Translation of molar crown in the buccolingual direction. Positive values
signify buccal movement.

Translation of molar crown in the cervico-occlusal direction. Positive values
signify extrusion.

Rotation of molar crown around Y axis. Positive values signify buccal rotation
of the crown.

Rotation of molar crown around X axis. Positive values signify distal tipping of
the crown.

Rotation of molar crown around Z axis. Positive values signify distal rotation
of the crown.

The total observational period for each patient.

Cumulative hours of headgear wear.
Hours of appliance use per day.

Nolla stage of second molar development.
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Table 2: Results of Bland-Altman analysis for inter- and intra-observer agreement. Values

in mm and degrees.

Variable Mean of SD of tvalue P 95% LoA
Differences Differences

Intra-observer agreement, observer 1

Ypos Right 0.027 0.109 1.265 0.2175 -0.187t0 0.242
Xrot Right 0.070 0.252 1.404 0.1725 -0.425to 0.564
Zrot Right -0.025 0.268 -0.471 0.6416 -0.551to0.501
Ypos Left -0.032 0.131 -1.236 0.2278 -0.2901t0 0.226
Xrot Left -0.036 0.248 -0.736 0.4683 -0.521t00.450
Zrot Left -0.000 0.186 -0.008 0.9933 -0.365to0 0.364
Intra-observer agreement, observer 2

Ypos Right 0.041 0.080 2.601 *0.0154 -0.115t00.196
Xrot Right -0.014 0.164 -0.443 0.6619 -0.337to 0.308
Zrot Right 0.030 0.138 1.097 0.2832 -0.241t00.301
Ypos Left -0.005 0.084 -0.293 0.7719 -0.170to0 0.160
Xrot Left 0.032 0.147 1.115 0.2755 -0.257t00.321
Zrot Left 0.027 0.097 1.408 0.1714 -0.163t00.217
Inter-observer agreement

Ypos Right -0.002 0.046 -0.236 0.8154 -0.093 to 0.089
Xrot Right 0.044 0.161 1.394 0.1756 -0.271to00.359
Zrot Right -0.010 0.141 -0.367 0.7165 -0.286t0 0.266
Ypos Left -0.011 0.068 -0.840 0.4090 -0.144to00.122
Xrot Left -0.019 0.131 -0.724 0.4761 -0.275t00.238
Zrot Left 0.004 0.081 0.229 0.8208 -0.154to00.161

SD: Standard Deviation. LoA: Limits of Agreement. *P<0.05
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Table 3: Results of Bland-Altman analysis for agreement between left and right sides.
Values are in mm and degrees.

Variable Mean of SD of t value P 95% LoA
Differences Differences

Ypos (mm) 0.328 0.961 1.742 0.0937 -1.555t0 2.212

Xrot (mm) 0.804 3.236 1.267 0.2169 -5.539t0 7.147

Zrot (mm) 0.344 3.844 0.456 0.6523 -7.191 to0 7.879

SD: Standard Deviation. LoA: Limits of Agreement. *P<0.05

Table 4. Descriptive statistics for Ypos, Xrot, Zrot, HG-wear, total time, hours/day, age,

and Nolla stage.

Mean SD Median Minimum Maximum
Ypos (mm) 1.75 1.19 1.53 0.16 4.69
Xrot (mm) 5.79 4.36 4.10 1.20 18.18
Zrot (mm) 4.86 291 4.72 -0.79 13.68
HGwear (hours) 1325.6 442.6 1315.1 299.0 2067.0
TotalTime (hours) 31394 724.9 3022.6 1846.0 4056.0
Hours/Day 10.1 2.6 10.6 2.8 14.7
Age (years) 12.6 1.9 12.2 8.8 16.8
Nolla Stage (2nd molar) 8.4 1.0 8.8 6.5 10.0
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Table 5. Bivariate Pearson correlation coefficients between all variables.

Ypos Xrot Zrot Age Sex Nolla Mstatus HGwear TotalTime
Ypos
Xrot 0.970**
Zrot 0.255 0.282
Age -0.230 -0.305 -0.356
Sex 0.005 0.050 -0.112 -0.035
Nolla -0.198 -0.294 -0.312 0.391* -0.332
Mstatus -0.238 -0.330 -0.165 0.364 -0.352  0.837**
HGwear 0.568**  0.519** 0.454* -0.078 -0.224 -0.037 -0.077
TotalTime 0.402* 0.360 0.368 -0.031 -0.267 0.264 0.098 0.710**
Hours/Day 0.407* 0.379 0.328 -0.079 -0.142 -0.339 -0.184  0.725** 0.052

**_ Correlation is significant at the 0.01 level (2-tailed).

*, Correlation is significant at the 0.05 level (2-tailed).
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Table 6. Results of the General Linear Models for each of the 3 dependent variables.

Independent Variable: HGWear

Intercept Coefficient F P R

Ypos -0.2554 0.0015 11.058 0.0028** 0.562
Xrot -1.0014 0.0051 8.858 0.0066** 0.519
Zrot 0.8915 0.0030 6.225 0.0199* 0.454
Independent Variable: Hours/Day

Ypos -0.1337 0.1860 4.634 0.0416* 0.402
Xrot -0.7162 0.6435 4.035 0.0560 0.379
Zrot 1.0988 0.3719 2.894 0.1018 0.328

* P<0.05, ** P<0.01



Raw Data

Regression analysis
Using SPSS 26.

Results of the General Linear Models for each of the 3 dependent variables.

Dependent Variable: YPos

95% Confidence Interval Partial Eta
Parameter B Std. Error t Sig. Lower Bound Upper Bound Squared
Intercept 1.065 2.959 .360 723 -5.107 7.237 .006
Age -.090 122 -.737 470 -.345 .165 .026
HGwear .002 .000 3.099 .006 .000 .003 324
Nolla .002 372 .005 .996 -.775 778 .000
[Sex=0] -.217 481 -451 .657 -1.220 .786 .010
[Sex=1] 0? .
Mstatus -.285 .831 -.343 .735 -2.017 1.448 .006
a. This parameter is set to zero because it is redundant.

Dependent Variable: XRot

95% Confidence Interval Partial Eta
Parameter B Std. Error t Sig. Lower Bound Upper Bound Squared
Intercept 7.094 10.803 .657 519 -15.442 29.629 .021
Age -.439 447 -.983 .338 -1.371 493 .046
HGwear .005 .002 2.803 .011 .001 .009 .282
Nolla -171 1.359 -.126 .901 -3.006 2.664 .001
[Sex=0] -.801 1.756 -.456 .653 -4.464 2.862 .010
[Sex=1] 0° .
Mstatus -1.461 3.033 -.482 .635 -7.787 4.865 .011
a. This parameter is set to zero because it is redundant.

Dependent Variable: ZRot

95% Confidence Interval Partial Eta
Parameter B Std. Error t Sig. Lower Bound Upper Bound Squared
Intercept 17.620 7.156 2.462 .023 2.693 32.547 233
Age -.394 .296 -1.332 .198 -1.012 223 .081
HGwear .003 .001 2.377 .028 .000 .005 220
Nolla -1.545 .900 -1.716 .102 -3.422 .333 .128
[Sex=0] 410 1.163 .353 .728 -2.016 2.836 .006
[Sex=1] 0?
Mstatus 2.484 2.009 1.236 231 -1.707 6.674 .071

a. This parameter is set to zero because it is redundant.
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Tables 1-4: Measurements of the two researchers (1st and 2nd time).

AVG
SD
MIN
MAX
MD

XPos
-0.20
-0.21
-0.18
1.65
-0.04
-0.32
0.44
1.32
-0.40
0.53
-0.74
-0.55
0.13
-0.73
-0.06
-0.17
-0.95
-1.26
-0.47
-0.85
1.11
-0.57
-0.83
1.08
0.21
-0.70
-0.11
0.74
-1.26
1.65
-0.20

YPos
1.61
0.65
1.09
2.69
0.92
2.51
0.41
1.61
0.88
1.51
0.79
1.43
0.23
1.82
2.37
0.26
1.54
2.19
0.90
4.88
3.94
3.48
5.87
1.63
3.68
1.18
1.93
1.43
0.23
5.87
1.57

ZPos
0.64
-0.06
0.07
-0.91
-0.02
-0.23
0.06
-0.20
0.16
0.32
0.62
-0.22
0.66
0.73
0.72
0.18
0.06
0.14
0.49
1.15
0.57
-0.14
0.32
-0.38
0.85
0.42
0.23
0.45
-0.91
1.15
0.17

XRot
4.63
2.25
5.24
8.89
1.89
7.15
2.63
6.33
2.84
7.51
1.61
2.26
1.49
5.30

10.85

-0.64
1.03
7.10
3.56

16.28

12.38

11.22

19.88
5.38
8.29
6.46
6.22
4.86

-0.64

19.88
5.34

YRot
-1.56
-0.91
-1.66

7.40
-1.64

0.75
-1.43

3.59
-1.88
-0.25
-4.21
-3.17
-0.09
-5.99
-0.70
-2.33
-7.66
-6.78
-3.36
-4.76
-0.39
-2.67

231

2.08
-0.71
-6.21
-1.62

3.34
-7.66

7.40
-1.60

ZRot
6.45
1.84
2.61
5.81
3.73
7.40
0.50
3.49
6.23
2.30
3.18
4.09

-1.48
7.95
2.43
6.84
4.57
9.59
3.34
2.86
4.89
6.18

15.69
5.74
6.72
7.67
5.02
3.33

-1.48

15.69
4.73

XPos
-0.30
-0.10
-0.04
1.24
-0.23
0.49
-0.37
0.94
-0.58
-0.30
0.02
-0.38
-0.05
-0.10
-1.00
-0.56
-0.72
-1.68
0.19
0.77
0.86
0.38
0.41
-0.32
1.15
-1.30
-0.06
0.72
-1.68
1.24
-0.10

YPos
0.02
0.66
1.11
241
0.67
1.64
1.81
3.16
0.92
2.42
0.71
1.58
0.54
2.19
1.26
0.07
1.57
0.86
0.96
4.59
2.96
1.64
3.60
1.81
1.65

-0.05
1.57
1.13

-0.05
4.59
1.57

ZPos
0.92
-0.23
-0.22
0.69
0.21
-0.43
-0.11
0.48
0.55
0.79
-0.13
0.54
0.36
0.30
0.70
0.38
0.46
0.48
-0.44
1.21
0.42
-0.56
0.15
0.26
-0.04
0.31
0.27
0.44
-0.56
1.21
0.34

XRot
1.58
1.64
431
6.62
1.43
8.62
3.33
9.17
3.12
8.71
2.21
4.52
1.62
7.37
3.62
3.02
4.62

-0.11
3.86

16.83

10.46
4.20

16.43
5.90
7.62

-0.93
5.37
4.42

-0.93

16.83
4.25

YRot
-3.89
0.27
0.68
4.00
-1.27
1.17
-0.68
2.76
-3.54
-2.54
-0.67
-3.92
0.42
-1.57
-4.31
-4.76
-8.33
-9.44
2.75
0.07
0.90
-1.31
-3.01
-1.56
0.85
-11.19
-1.85
3.68
-11.19
4.00
-1.29

ZRot
7.15
1.83
4.36
8.07
2.13
2.17
8.81
6.85
5.63
7.04
4.78
3.65

-0.12
3.46

-0.42
9.47
1.43

10.64
9.34
1.71
4.66

-2.42

11.66
5.28
2.62
2.23
4.69
3.62

-2.42

11.66
4.51
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AVG
SD
MIN
MAX
MD

XPos
-0.15
-0.22
-0.20
1.86
-0.08
-0.40
0.43
1.17
-0.42
0.41
-0.69
-0.59
0.12
-0.75
-0.08
-0.22
-0.90
-1.16
-0.47
-0.68
1.30
-0.56
-0.89
0.96
0.06
-0.75
-0.11
0.74
-1.16
1.86
-0.22

YPos
1.62
0.58
1.01
2.51
0.91
2.32
0.47
1.77
0.89
1.58
0.84
1.46
0.25
1.81
2.37
0.27
1.43
2.18
0.81
4.68
3.81
3.55
5.60
1.66
3.86
1.14
1.90
1.39
0.25
5.60
1.60

ZPos
0.64
-0.09
0.16
-1.10
-0.02
-0.41
0.02
-0.17
0.10
0.29
0.59
-0.18
0.65
0.72
0.77
0.19
0.07
0.21
0.59
1.48
0.48
-0.22
0.57
-0.25
0.76
0.62
0.25
0.51
-1.10
1.48
0.20

XRot
5.01
231
4.96
8.38
1.65
7.58
2.72
6.55
2.79
7.25
1.50
2.38
1.22
5.15

10.52

-0.82
1.04
6.76
3.18

16.52

12.61

11.27

19.74
5.07
8.49
6.18
6.15
4.90

-0.82

19.74
5.11

YRot
-1.28
-0.88
-1.84

7.93
-1.72

0.62
-1.44

331
-1.73
-0.40
-3.94
-3.19

0.04
-6.09
-0.80
-2.30
-7.59
-6.86
-3.60
-4.68
-0.17
-2.36

1.14

2.00
-0.85
-6.70
-1.67

3.35
-7.59

7.93
-1.58

ZRot
6.19
1.68
2.64
5.87
3.76
6.84
0.52
3.87
6.37
2.63
3.52
4.18
-1.40
8.06
2.57
6.93
4.46
9.62
3.21
2.28
4.44
6.56
16.15
5.90
6.75
7.68
5.05
3.38
-1.40
16.15
4.45

XPos
-0.35
-0.10
-0.02
1.12
-0.20
0.52
-0.40
1.03
-0.59
-0.22
0.00
-0.32
-0.03
-0.13
-0.97
-0.54
-0.80
-1.59
0.22
0.68
0.71
0.39
0.46
-0.23
1.27
-1.45
-0.06
0.72
-1.59
1.27
-0.11

YPos

0.02
-0.67
-1.16
-2.82
-0.68
-1.69
-1.88
-3.05
-0.93
-2.38
-0.78
-1.53
-0.58
-2.28
-1.28
-0.06
-1.58
-0.88
-1.00
-4.47
-3.41
-1.52
-3.62
-1.80
-1.54
-0.01
-1.60

1.15
-4.47

0.02
-1.52

ZPos
0.92
-0.23
-0.22
0.76
0.21
-0.45
-0.26
0.47
0.56
0.66
-0.19
0.55
0.36
0.21
0.63
0.38
0.50
0.49
-0.39
1.42
0.40
-0.66
0.08
0.36
-0.12
0.16
0.25
0.47
-0.66
1.42
0.36

XRot
1.46
1.55
4.19
6.69
1.37
8.60
3.41
9.64
3.15
8.46
2.46
4.67
1.67
7.09
391
3.30
4.62
0.14
3.40

16.93

10.66
431

16.77
5.31
7.55

-0.66
5.41
444

-0.66

16.93
4.25

YRot
-4.08
0.29
0.98
4.35
-1.19
1.20
-0.59
3.15
-3.56
-2.01
-0.57
-3.79
0.55
-1.60
-4.13
-4.36
-8.30
-9.68
2.94
-0.18
0.73
-1.29
-2.82
-1.26
0.99
-10.48
-1.72
3.67
-10.48
4.35
-1.22

ZRot
7.09
1.77
4.41
8.11
2.13
241
9.27
6.78
5.57
7.08
4.77
3.63
-0.18
3.27
-0.63
9.56
1.63
10.70
9.33
1.77
4.93
-2.81
11.20
5.33
2.68
2.23
4.69
3.65
-2.81
11.20
4.59

39



AVG
SD
MIN
MAX
MD

XPos
-0.16
-0.22
-0.19
1.71
-0.07
-0.39
0.45
1.18
-0.43
0.46
-0.68
-0.59
0.12
-0.74
-0.07
-0.20
-0.96
-1.19
-0.48
-0.71
1.24
-0.58
-0.86
1.09
0.51
-0.70
-0.09
0.75
-1.19
1.71
-0.21

YPos
1.61
0.62
1.17
2.69
0.92
2.51
0.41
1.60
0.90
1.59
0.82
1.49
0.25
1.82
2.38
0.27
1.49
217
0.89
4.73
3.89
3.52
5.87
1.64
3.72
1.15
1.93
1.42
0.25
5.87
1.60

ZPos
0.64
-0.08
0.17
-0.12
-0.02
-0.36
0.04
-0.18
0.13
0.31
0.60
-0.20
0.66
0.73
0.76
0.18
0.06
0.18
0.51
1.25
0.57
-0.19
0.44
-0.35
0.81
0.52
0.27
0.41
-0.36
1.25
0.18

XRot
4.83
2.28
5.04
8.58
1.89
7.45
2.70
6.33
2.81
7.33
l1.61
2.30
1.31
5.21

10.66

-0.75
1.03
6.91
3.26

16.48

12.56

11.25

19.78
5.18
8.40
6.26
6.18
4.88

-0.75

19.78

5.19

2nd researcher-1st time

YRot
-1.36
-0.86
-1.75
7.70
-1.69
0.75
-1.43
3.39
-1.80
-0.35
-4.10
-3.16
-0.06
-6.00
-0.75
-2.31
-7.63
-6.78
-3.46
-4.71
-0.28
-2.46
1.90
2.01
-0.76
-6.41
-1.63
3.34
-7.63
7.70
-1.56

ZRot
6.34
1.74
2.60
5.85
3.76
7.11
0.51
3.68
6.30
2.45
3.38
4.09
-1.42
7.99
2.49
6.89
451
9.60
3.31
2.56
4.63
6.30
16.00
5.80
6.72
7.68
5.03
3.36
-1.42
16.00
4.57

XPos
-0.32
-0.11
-0.03
1.21
-0.20
0.49
-0.38
0.97
-0.57
-0.30
0.01
-0.36
-0.04
-0.09
-0.98
-0.56
-0.77
-1.63
0.19
0.77
0.85
0.38
0.42
-0.30
1.19
-1.39
-0.06
0.72
-1.63
1.21
-0.10

YPos
0.00
0.65
1.13
2.62
0.66
1.66
1.85
3.10
0.93
2.32
0.76
1.55
0.55
2.22
1.27
0.07
1.57
0.86
0.98
4.50
3.16
1.60
3.61
1.81
1.60
-0.02
1.58
1.13
-0.02
4.50
1.56

ZPos
0.93
-0.23
-0.22
0.71
0.21
-0.44
-0.16
0.47
0.56
0.71
-0.15
0.54
0.36
0.26
0.70
0.38
0.48
0.48
-0.43
1.32
0.42
-0.59
0.10
0.30
-0.09
0.20
0.26
0.46
-0.59
1.32
0.33

XRot
1.51
1.60
4.20
6.61
1.40
8.60
3.35
9.46
3.12
8.64
2.31
4.58
1.64
7.27
3.82
3.21
4.62
-0.01
3.55
16.82
10.55
4.19
16.59
5.69
7.62
-0.73
5.39
443
-0.73
16.82
4.20

YRot
-4.00
0.28
0.78
4.15
-1.21
1.19
-0.63
2.96
-3.53
-2.32
-0.65
-3.90
0.49
-1.58
-4.30
-4.50
-8.30
-9.50
2.85
0.00
0.80
-1.32
-3.00
-1.49
0.89
-10.98
-1.80
3.68
-10.98
4.15
-1.27

ZRot
7.13
1.80
4.38
8.09
2.13
2.27
9.01
6.80
5.60
7.06
4.78
3.65
-0.14
3.36
-0.52
9.46
1.53
10.66
9.34
1.74
4.76
-2.58
11.46
5.26
2.64
2.24
4.69
3.63
-2.58
11.46
4.57
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AVG
SD
MIN
MAX
MD

XPos
-0.20
-0.22
-0.20
1.61
-0.06
-0.30
0.40
1.39
-0.36
0.59
-0.75
-0.51
0.17
-0.70
-0.09
-0.20
-0.81
-1.15
-0.35
-0.79
1.01
-0.50
-0.82
1.01
0.20
-0.69
-0.09
0.71
-1.15
1.61
-0.21

YPos
1.60
0.63
1.06
2.63
0.89
2.50
0.39
1.60
0.87
1.40
0.70
1.47
0.27
1.83
2.36
0.20
1.49
2.19
0.91
4.91
3.89
3.40
5.67
1.59
3.54
1.10
1.89
1.41
0.20
5.67
1.54

ZPos
0.69
-0.07
0.08
-0.98
-0.05
-0.29
0.08
-0.20
0.20
0.40
0.71
-0.20
0.48
0.81
0.83
0.20
0.07
0.14
0.49
1.14
0.56
-0.14
0.32
-0.34
0.82
0.47
0.24
0.47
-0.98
1.14
0.20

XRot
4.53
2.27
5.25
8.78
191
7.09
2.59
6.30
2.80
7.49
1.60
2.26
1.47
5.29

10.78

-0.60
1.03
7.10
3.45

16.28

12.27

11.26

19.80
5.38
8.30
6.38
6.19
4.85

-0.60

19.80

5.33

2nd researcher-2nd time

YRot
-1.58
-0.89
-1.63
7.30
-1.60
0.75
-1.48
3.60
-1.88
-0.24
-4.20
-3.17
-0.11
-6.10
-0.69
-2.37
-7.59
-6.79
-3.31
-4.75
-0.36
-2.69
2.01
2.10
-0.71
-6.23
-1.64
3.31
-7.59
7.30
-1.59

ZRot
6.45
1.80
2.61
5.80
3.70
7.35
0.50
3.40
6.35
2.40
3.13
4.08
-1.44
7.90
2.43
6.70
4.50
9.48
3.38
2.80
4.78
6.20
15.66
5.76
6.70
7.68
5.00
3.31
-1.44
15.66
4.64

XPos
-0.30
-0.12
-0.05
1.26
-0.28
0.50
-0.41
0.97
-0.59
-0.28
0.02
-0.31
-0.05
-0.07
-1.01
-0.59
-0.73
-1.63
0.21
0.80
0.90
0.43
0.41
-0.32
1.15
-1.32
-0.05
0.73
-1.63
1.26
-0.09

YPos
0.02
0.65
1.12
2.49
0.68
1.70
1.71
3.20
0.90
2.50
0.71
1.61
0.54
2.21
1.30
0.09
1.55
0.91
0.90
4.60
297
1.66
3.68
1.90
1.68
-0.10
1.58
1.15
-0.10
4.60
1.58

ZPos
0.92
-0.27
-0.30
0.58
0.25
-0.48
-0.12
0.50
0.60
0.73
-0.13
0.60
0.38
0.36
0.75
0.36
0.51
0.55
-0.46
1.25
0.47
-0.60
0.21
0.26
-0.09
0.40
0.28
0.46
-0.60
1.25
0.37

XRot
1.61
1.70
4.26
6.45
1.50
8.58
3.28
9.15
3.10
8.71
2.23
4.49
1.60
7.36
3.54
2.87
4.56

-0.10
3.83

16.85

10.50
4.19

16.45
5.88
7.70

-0.90
5.36
442

-0.90

16.85
4.22

YRot
-3.75
0.30
0.58
4.11
-1.25
1.14
-0.62
2.63
-3.48
-2.59
-0.60
-3.87
0.43
-1.52
-4.33
-4.80
-8.30
-9.35
2.64
0.07
0.90
-1.35
-3.01
-1.50
0.75
-11.01
-1.84
3.64
-11.01
411
-1.30

ZRot
7.22
1.70
431
8.00
2.19
2.10
8.79
6.83
5.66
7.00
4.72
3.52
-0.12
3.44
-0.48
9.47
1.39
10.58
9.34
1.80
4.58
-2.46
11.60
5.23
2.59
2.19
4.66
3.62
-2.46
11.60
4.44
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Table 5: Average of 2 observers, 2 measurements each, 2 sides.

AVG
SD
MIN
MAX
MD

YPos
0.807
0.638
1.106
2.607
0.790
2.067
1.116
2.387
0.900
1.962
0.763
1.514
0.400
2.022
1.823
0.161
1.527
1.529
0.918
4.669
3.504
2.545
4.688
1.729
2.658
0.552

1.75
1.19
0.16
4.69
1.53

XRot
3.145
1.953
4.680
7.624
1.629
7.960
3.000
7.864
2.965
8.011
1.941
3.433
1.501
6.253
7.211
1.199
2.817
3.475
3.511
16.625
11.499
7.737
18.178
5.472
7.995
2.757

5.79
4.36
1.20
18.18
4.10

ZRot
6.754
1.770
3.490
6.951
2.939
4.705
4.740
5.214
5.964
4.746
4.032
3.859
-0.787
5.678
0.983
8.165
3.005

10.108

6.323
2.191
4.708
1.872

13.677

5.537
4.676
4.949

4.86
291
-0.79
13.68
4.72
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Table 6: Theramon Data, Demographics, and second Molars’ stage of development.

1182.0 2351.8 98.0 12.1 M 12.8
735.5 2712.8 113.0 6.5 F 16.3

659.5 1846.0 76.9 8.6 F 11.4

1157.8 2545.5 106.1 10.9 F 11.5

737.8 2376.5 99.0 7.5 F 16.8

1308.3 2565.0 106.9 12.2 F 11.0

1284.3 2903.0 121.0 10.6 F 8.8

1467.0 2400.8 100.0 14.7 F 14.5

1545.0 3528.0 147.0 10.5 F 12.9

1322.0 2855.0 119.0 11.1 F 11.1

717.0 2185.8 91.1 7.9 F 13.0

1253.0 2523.8 105.2 11.9 M 12.2

299.0 2540.8 105.9 2.8 F 11.3

1701.3 31423 130.9 13.0 M 11.8

1272.0 2519.0 105.0 12.1 M 13.6

1021.3 4029.5 167.9 6.1 M 12.6

1828.8 3891.5 162.1 11.3 F 15.9

1557.5 3983.0 166.0 9.4 M 12.2

2067.0 3701.8 154.2 13.4 F 13.1

1750.3 4030.5 167.9 10.4 F 12.1

1651.0 4038.0 168.3 9.8 M 11.3

1580.3 4056.0 169.0 9.4 M 15.3

1939.5 4052.8 168.9 11.5 F 10.4

1916.3 3960.8 165.0 11.6 M 12.5

1382.3 3523.5 146.8 9.4 F 12.1

1131.3 3362.5 140.1 8.1 F 11.4

AVG 1325.6 3139.4 130.8 10.1 12.6
sb 442.6 724.9 30.2 2.6 1.9
MIN 299.0 1846.0 76.9 2.8 8.8
MAX 2067.0 4056.0 169.0 14.7 16.8
MD 1315.1 3022.6 125.9 10.6 12.2
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AVG

Status R

-
(%]
=]
=
©
-
(%]

NO
NO
NO
YES
YES
NO
NO
NO
YES

NO
YES
NO
YES
YES
YES
NO

6.5

NO
YES
NO
NO
YES
YES
YES
YES
YES
YES

10

10

10

NO
NO
YES

10

10

10

YES
YES
YES
YES
YES
YES
YES

YES
NO
NO
NO
YES
NO
NO
NO

8.5

NO
YES

8.5

10

10

10

YES
NO
NO
NO
NO

NO

8.4

8.4
11

8.3

AVG
SD

1.0

6.5
10.0

1.0
7.0
10.0

6.0
10.0

MIN

MAX
MD

8.8

9.0

8.5
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