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Summary/Pe3iome

The proliferation of digital methods for aligner fabrication by orthodontists in clinical
settings, concurrent with traditional approaches, has necessitated the establishment of
standardized time norms and conditional labor intensity units (CULs). These metrics are
essential for the equitable accounting of professional labor, remuneration calculation, and
patient cost estimation.

In this context, the objective of this investigation was to enhance the efficacy of
orthodontic care provision in Ukraine through the quantification of temporal requirements
for digital protocols in aligner fabrication and placement, as performed directly by
orthodontists in clinical environments.

The primary subject of investigation comprised dental practitioners operating in
diverse healthcare institutions across various regions of Ukraine, with the research focus
on the nomenclature of contemporary orthodontic interventions available in the country.

The secondary subject of investigation was the duration of orthodontic care provision
in Ukraine. The research focus encompassed methodological approaches for quantifying
the duration of digital protocols in aligner fabrication and placement, as executed by
orthodontists in clinical settings, and the subsequent establishment of time standards and
conditional labor intensity units for these specialized dental procedures.

Methodological approach:

- Analytical: To delineate the structure and nature of orthodontist labor expenditure in
the fabrication and placement of aligners.

- Chronometric: To ascertain the total duration of aligner fabrication and placement
processes.

- Mathematical: To determine departmental time standards for orthodontic procedures
related to aligner fabrication and placement.

- Statistical: For the processing and analysis of research outcomes.

Chronometric measurements of aligner fabrication and placement protocols, as
performed by orthodontists in clinical settings, were conducted in medical institutions
across Odessa, Kyiv, Cherkasy, Mykolaiv, and Ivano-Frankivsk from 2022 to 2024.

The study observed aligner fabrication processes executed by 8 orthodontists,
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encompassing: production on gypsum dental models derived from traditional impressions,
on 3D-printed dental models based on traditional impressions, on 3D-printed dental models
from digital impressions, and the fabrication of flexible aligners via 3D printing utilizing
digital impressions and STL files.

A total of 32 technological protocols, performed by 8 orthodontists of varying
qualifications, were analyzed.

The chronometric data were recorded in a specially developed “Orthodontist Working
Time Card.” Prior to analysis, the labor expenditures were indexed according to the
established methodology into permanent labor costs (Tp), independent of the number of
structural elements, and variable-repeating labor costs (Tvr), entirely dependent on these
factors. The resultant indicators were aggregated using the officially sanctioned formula
TS = Tp + Tvr.

The investigation revealed four primary methods of elastic aligner fabrication
employed in Ukrainian orthodontic clinics:

1. Vacuum thermoforming of aligners on gypsum models cast from traditional dental

impressions;

2. Vacuum thermoforming of aligners on 3D-printed dental models derived from traditional
impressions;

3. Vacuum thermoforming of aligners on 3D-printed dental models generated from digital
impressions;

4. Direct 3D printing of aligners from STL files.

Results indicated that the most time-efficient method is the traditional protocol of
aligner fabrication via vacuum thermoforming on gypsum dental models, with a duration
of 69% relative to the shortest digital protocol.

Regarding digital protocols, their durations exhibited minimal variation (3%
difference). The most time-intensive was the hybrid digital protocol involving aligner
fabrication on 3D-printed models derived from traditional impressions, exceeding the
duration of aligner fabrication on 3D-printed models from digital impressions and direct
3D printing from STL files by 15-18%.

Keywords: orthodontic care efficiency, malocclusions, dentofacial deformities, clear
aligners, oral cavity status, digital protocols, intraoral scanning, additive manufacturing,
chronometric analysis.

Lindposi MeToam BUroTOBSIEHHS NTIKAPAMN-OPTOLOHTAMM enariHepiB B yMOBaX KNiHiKK
3HANLWNM OOCTaTHbO LUMPOKOro PO3MNOBCIOOXEHHS Mopsg 3 TpaguuinHuMn MeToaam, Lo
NpPU3Beso A0 HEOOXiAHOCTI BCTAHOBNEHHS HA HUX HOPMAaTUBIB | HOPM Yacy Yy BUTAAI YMOB-
HUX oaMHULUL TpyaomicTkocTi (YOT) ana noBHOLHHOMO i cnpaBenmBoro o6niky npadi
daxiBLjiB, po3paxyHKy 3apobiTHOI NnaTn, KanbkKynsauii BApTOCTi ANS NauiEHTIB.

Y 3Brasky 3 UMM, METOI0 AaHOro AOC/iAXEeHHsT cTano niaBuULEeHHS e(PeKTUBHOCTI
HaZlaHHS CTOMATONOrYHOI JOMNOMOIMM HACESNEHHIO YKPaiHU LLUASXOM BU3HAYEeHHS TPUBaNOCTI
uMPPOBMX MPOTOKOJIIB BUrOTOBJIEHHS | BCTAHOBJIEHHS enaiiHepiB 6e3nocepeaHbo ikapem-
OPTOLOHTOM B KNiHIYHMX YMOBaXx.

Mepwurm 06°ekTOM OOCHIOXEHHS € JiKapi-CTOMaToNory, Wo npauoTb B JlikyBasb-
HUX 3aknafax pisHoi GopMM BNACHOCTI B Pi3HUX perioHax kpaiHuv, a npeaMeToM gochnia-
)KEHHS1 CTana HOMEHKIaTypa cydyaCcHMX BMAOIB OPTOAOHTUYHOI AONOMOrK B YKpaiHi.

Apyrum o6’°’ekToM OOCNIOXEHHS cTana TPUBasiCTb HaAAHHA CTOMATOJIONYHOT OpPTO-
OOHTNYHOT ONOMOrn B YKpaiHi, a npegMeToM A0CAIOKEHHS — METOANYHI 3aX0o4m | Npuino-
MW BU3HAYEHHS TPUBANOCTI LMPPOBUX NMPOTOKONIB BUrOTOBNEHHS | BCTAHOBNEHHSA enamn-
HepiB 0COOUCTO NikapemM-OpPTOAOHTOM B KJTiHIHHMX YMOBax Ta BCTAHOBJIEHHS HOPMaTUBIB
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4yacy i YMOBHUX OOMHWUDb TPYAOMICTKOCTI Ha4aHHSA UUX BUAIB MeAUYHOI JONOMOrn.

Metoan agocnigxeHHs: aHaNiTUYHUIA — ONS BU3HAYEHHS CTPYKTYPU Ta XapakTepy
TPYAOBUX BUTPAT Jlikapsi-OPTOAOHTA NPU BUrOTOBJIEHI i BCTAHOBJIEHI enaiHepiB 0cobuncTo
NikapeM-0opTOLOHTOM; XPOHOMETPaX — A9 BU3HAYEHHS 3arajibHOi TPUBaNOCTi npouecy
BUrOTOBJIEHHS | BCTAHOBJIEHHS enaiiHepiB 0COBMCTO NiKapeM-0PTOAOHTOM; MaTEMATUYHWNIA
— 0N BU3HAYEHHS BEJIMYNHM BiOOMYMX HOPMATUBIB 4Yacy pobOoTU fnikapsa-opToaoHTa npuv
BUrOTOBJIEHI | BCTAHOBJIEHI €NnaHepiB 0COOUCTO NiKapeM-OPTOAOHTOM; CTaTUCTUYHUIA —
nnst o6podku pe3ynbTaTiB AOCHIAKEHHS.

XPOHOMETPaXKHI BUMIpWY NPOTOKOJIB BUrOTOBJIEHHS | BCTAHOBJIEHHS €NaiHepiB 0CO-
OUCTO NiKapsAMU-OPTOAOHTAMMU B KIHIYHUX YMOBax MPOBOAVINCSA HaMU B JliKyBaslbHUX
yctaHoBax Opecun, Kuesa, HYepkac, Mukonaesa ta IBaHo-®paHkiBCbka Ha nNpoTasi 2022-
2024 pocis.

CnocTtepiranu npouecu BUroTOBNEHHS 8 NikapsiMU-OpTOOOHTaMK enanHepiB Ha rinco-
BUX MOAENSX Lener, BUroTOB/IEHMX Ha OCHOBI TpaguLUiHNX BiaOUTKIB, HA MoOensax Lie-
nen, Wo HagpykoBaHi Ha 3D-NpuHTEpi Ha OCHOBI TPAAMLINHUX BiAOWTKIB LLEenen, Ha Moae-
Nax wenen, Wwo HaapykoBaHi Ha 3D-NpuHTepi Ha OCHOBI LMGPOBMX BiAOUTKIB Llenen Ta
BUFOTOBJIEHHA THYYKMX €aiHEPIiB METOAOM APYKY Ha 3-D npuHTEpi HA OCHOBI LMMPOBUX
BinOuTKiB Wenen ta STL-dannis.

Bcboro 6yno gocnigxeHo 32 TeXHONOrMYHUX NPOTOKONAN, WO Oynn BMKOHaHI 8 nika-
PAMU-OPTOOOHTAMU PI3HOI KBastidikaLlii.

OTpumaHi pe3ynbraT XPOHOMETPaXHUX OO0CHIAXeHb Oynn BHECeHi B chneujalibHO
po3pobneHy «xXpoHoKapTy pobo4voro yacy nikapsa-optogoHTas». MNepen umm TpyaoBi BUTpa-
T daxiBuUiB NpoiHOeKCcyBanu, 3rifHO MEeTOAMKM, Ha MOCTiINHI BUTpaTtu pobo4oro yacy
¢axiBui (Tn), ki He 3anexarb Bif, KiSIbKOCTI KOHCTPYKLIMHUX €IEMEHTIB Ta 3MiIHHO-MNOBTO-
ptoBaHi BUTpaTK poboyoro yacy (T3n), Aki Uinkom 3anexaTb Bif, AaHUX YNHHUKIB. 3HaOeHi
MoKasHWKU nigcymysanu 3a odiuinHoO 3areepaxeHoto ¢opmynoo HY = Tn + Tan.

BuaBunocs, o B KAiHiLi OPTOAOHTIT B YKpaiHi 3aCTOCOBYIOTb OCHOBHI YOTUPW CMO-
cOoOKV BUIrOTOBJIEHHS €NacTUYHUX Kan i enanHepis:

1. BakyymHe dopMyBaHHA enarHepiB Ha FiNcoBUX MoAensx, Wwo Oynu BigauTi no
TpaauUIiHUM BioOuTKaMm Lienen;

2. BakyymHe dopmyBaHHA enanHepiB Ha 3D-apykoBaHMUX MOAENNX Lenen,
BUrOTOBJIEHNX HA OCHOBI TPAOMLiINHUX BiAOUTKIB Lenen.

3. BakyymHe ¢popmyBaHHA enanHepiB Ha 3D—-ApyKOBaHUX MOAENSX Lener,
BUrOTOBJIEHNX HA OCHOBI LIMPPOBUX BiAOUTKIB LUEnen.

4. 3D-gpyk enaiiHepiB 3 STL-daiinis.

OTpumaHi pesynbtaTi nokasanu, Lo Habinbll ePpekTUBHUM, 32 YaCOM BUKOHAHHS,
€ TpaauLUinHMA NPOTOKON BUFOTOBJIEHHS e€naiHepiB MeTOoA0M BakyyMHOro (pOpMyBaHHS
Ha rincoBux moaensx wenen. Moro Tpueanictb cknagae 69% Big, TPMBANOCTI HANKOPOT-
LIOro undpoBOro NPOTOKOY.

CTOCOBHO UNGPOBUX MPOTOKONIB, TO MiXX COOOI0 iX TPMBANICTb NPAKTUYHO OQHAKOBA
(pisHMUsa 3%), a caMMM POITATHYTUM Y Yaci BUSIBUBCA 3MillaHUI UMPPOBUIA NPOTOKON
BUrOTOBJIEHHA enarHepiB Ha 3D-apykoBaHMX MOAENSX 3 TPaaVLiNHUX BigbuTkie wenen. B
NOPIBHSIHHI 3 BUFTOTOBJIEHHAIM enanHepiB Ha 3D-ApyKoBaHMX MOAENSAX 3 UMPPOBKX BioOUTKIB
wenen Ta 3D-gpykom enanHepiB 3 STL-¢pannis, noro Tpueanictb Ha 15-18% posuwia.

Kno4oBi cnoBa: epekTnBHICTb HafaHHs CTOMATOJI0MN4YHOI 40MoMoru, 3yooLuenenHi
aHowmaJii i gegopmadii, enaviHepu, ctaH NMnOPOXHUHY pPoTa, LUNGPOBI NMPOTOKO/IN, CKaHy-
BaHHs1, 3D-ApyK, XPOHOMETPAX.
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Introduction

Recent years have witnessed a signifi-
cant increase in the popularity of orthodontic
treatment modalities utilizing clear aligners
among both dental practitioners and patients.
The indications for such interventions encom-
pass a wide spectrum of malocclusions.

The fundamental principle of this treat-
ment modality lies in the strategic distribution
of tooth movement force vectors in both spa-
tial and temporal dimensions. The aligner
serves as both a fixation device and a force
source, while “activators” composed of photo-
polymerizable material, strategically positioned
on the teeth, function as force-transmitting el-
ements. The orthodontist can modulate the
pressure exerted by these elements through
the selective addition or reduction of material.

Moreover, the mobility of the appliance
and the potential for intra-treatment adjust-
ments significantly mitigate or eliminate ad-
verse effects on the patient’s periodontal tis-
sues, a common concern with fixed orthodon-
tic appliances. However, in comparison to sta-
tionary appliances, there exists a risk of treat-
ment discontinuation by patients lacking suffi-
cient motivation, who may independently cease
aligner usage.

Contemporary aligner fabrication proto-
cols in clinical settings invariably incorporate
preliminary diagnostic measures, including the
analysis of dentofacial anatomical elements
and primary occlusal relationships utilizing var-
ious computational software.

The process of aligner fabrication and
installation in clinical practice represents a con-
fluence of virtually all modern digital method-
ologies in orthodontic care.

In current orthodontic practice, four pri-
mary methods of aligner fabrication are em-
ployed: vacuum thermoforming on gypsum
dental models derived from traditional impres-
sions, on 3D-printed dental models based on
traditional or digital impressions, and the direct
fabrication of flexible aligners from STL files via
additive manufacturing, utilizing digital dental
impressions.

A comprehensive analysis of relevant reg-
ulatory documents pertaining to the account-

ing of orthodontic labor in Ukraine has revealed
a notable absence of objective labor standards
for orthodontists employing modern digital
methodologies. Such standards, upon approval
by the Ministry of Health of Ukraine, could serve
as official labor norms in the form of condi-
tional labor intensity units (CULs), analogous
to those existing in other domains of domestic
dentistry.

Materials and Methods

The objective of this investigation is to
enhance the efficacy of orthodontic care pro-
vision to the Ukrainian population through the
quantification of temporal requirements for dig-
ital protocols in aligner fabrication and place-
ment, as performed directly by orthodontists
in clinical environments.

The primary subject of investigation com-
prised dental practitioners operating in diverse
healthcare institutions across various regions
of Ukraine, with the research focus on the no-
menclature of contemporary orthodontic inter-
ventions available in the country.

The secondary subject of investigation
was the duration of orthodontic care provision
in Ukraine. The research focus encompassed
methodological approaches for quantifying the
duration of digital protocols in aligner fabrica-
tion and placement, as executed by orthodon-
tists in clinical settings, and the subsequent
establishment of time standards and condition-
al labor intensity units for these specialized
dental procedures.

Methodological approach:

- Analytical: To delineate the structure and
nature of orthodontist labor expenditure in
the fabrication and placement of aligners.

- Chronometric: To ascertain the total dura-
tion of aligner fabrication and placement
processes.

- Mathematical: To determine departmen-
tal time standards for orthodontic proce-
dures related to aligner fabrication and
placement.

- Statistical: For the processing and analy-
sis of research outcomes.

To quantify the duration of orthodontic
procedures in aligner fabrication and place-
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ment, and to establish corresponding time
standards and CULs, we employed the officially
sanctioned methodology of the Ministry of
Health of Ukraine for determining labor expen-
ditures in dentistry, as modified by V. A Labu-
nets (1999).

In accordance with this methodology,
given that the nature of the orthodontist’s la-
bor process during the clinical stages of spe-
cialized care provision consists of a series of
discrete, sequential manipulations comprising
repetitive and constant elements of the prima-
ry operation, time expenditures are preliminar-
ily indexed into permanent time costs (Tp),
which are independent of the number of con-
structional elements or specialized actions
(e.g., patient consultation, impression acquisi-
tion, scanning), and variable-repeating time
costs (Tvr), which are entirely dependent on
these factors (e.qg., digital processing of a spe-
cific quantity of scans or files).

The methodology for indexing time ex-
penditures by nature and content proceeds as
follows: The expert-observer initially segments
the production process into discrete techno-
logical stages with logical completeness. Sub-
sequently, the content of work at each stage is
evaluated, and the correlation of these manip-
ulations in terms of labor expenditure charac-
teristics is determined.

Based on the acquired datg in accor-
dance with methodological requirements, the
summation of Tp and Tvr indicators is per-
formed. The resultant value is presented as the
desired time standard for specific categories
of orthodontic care:

TS = Tp + Tvr, where:

TS - time standard; Tp - permanent time
costs; Tvr - variable-repeating time costs.

Statistical processing of chronometric
results involves the determination of the weight-
ed arithmetic mean duration for each process
stage, without calculating the error of this indi-
cator.

In alignment with the provisions of the
official methodology for determining labor ex-
penditures in dentistry, where the calculation
of CULs (conditional labor intensity units) for a
dentist’s clinical work utilizes the volume of

medical care provided during 60 minutes of
working time, CUL indicators are computed
using the following formula:

CUL =TS x 1CUL,

where: CUL - conditional labor intensity units
(in absolute numbers); TS - time standard (in
minutes); 1CUL - conditional indicator of one
conditional labor intensity unit (in minutes).

Results

Chronometric measurements of aligner
fabrication and placement protocols, as per-
formed by orthodontists in clinical settings,
were conducted in medical institutions across
Odessa, Kyiv, Cherkasy, Mykolaiv, and Ivano-
Frankivsk from 2022 to 2024.

The study observed aligner fabrication
processes executed by 8 orthodontists, en-
compassing: production on gypsum dental
models derived from traditional impressions, on
3D-printed dental models based on traditional
impressions, on 3D-printed dental models from
digital impressions, and the fabrication of flex-
ible aligners via 3D printing utilizing digital im-
pressions and STL files.

A total of 32 technological protocols,
performed by 8 orthodontists of varying qual-
ifications, were analyzed.

The chronometric data were recorded in
a specially developed “Orthodontist Working
Time Card.” Prior to analysis, the labor expen-
ditures were indexed according to the estab-
lished methodology into permanent labor costs
(Tp), independent of the number of structural
elements, and variable-repeating labor costs
(Tvr), entirely dependent on these factors. The
resultant indicators were aggregated using the
officially sanctioned formula

TS =Tp + Tvr.
In orthodontic clinics across Ukraine, four

primary methods of elastic aligner and cap
fabrication are employed:

1. Vacuum thermoforming of align-
ers on gypsum models cast from tradi-
tional dental impressions

In this method, the orthodontist manual-
ly models activators using photopolymerizable
restorative material or dental acrylic, position-
ing them on gypsum models of dental arches
in accordance with their professional judgment
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regarding the optimal application of force vec-
tors on individual teeth in both spatial and tem-
poral dimensions.

The specialized equipment required for
this procedure includes an automated impres-
sion material dispenser, vibration table, model
trimmer, vacuum forming unit, dental micromo-
tor, and electric wax spatula

The total working time for an orthodon-
tist in the fabrication and placement of align-
ers produced on gypsum dental models via
vacuum thermoforming is as follows:

1. Consultation phase - 36.06 min. (0.6 CUL);

2. Acquisition of traditional dental impressions
utilizing an automated impression materi-
al dispenser - 32.77 min. (0.5 CUL);

3. Aligner fabrication via vacuum thermo-
forming - Single arch - 59.71 min. (1.0
CUL); Both arches - 89.72 min. (1.5 CUL).

4. Placement of activators in the oral cavity
and aligner fixation - Single arch - 76.58
min. (1.3 CUL); Both arches - 130.02 min.
(2.2 CUL).

2. Vacuum thermoforming of aligners
on 3D-printed dental models derived from
traditional dental impressions

In this approach, 3D models are gener-
ated based on scans of gypsum dental mod-
els using a stationary scanner. The orthodon-
tist positions activators in virtual space utilizing
specialized computer-aided design software for
aligner modeling. The aligners are subsequent-
ly formed using a vacuum thermoformer, me-
chanically processed, and installed in the pa-
tient’s oral cavity.

Essential equipment for this method in-
cludes an automated impression material dis-
penser, vibration table, model trimmer, station-
ary scanner, additive manufacturing 3D print-
er, computer with appropriate software, pho-
topolymerization unit, ultrasonic cleaner, and
dental micromotor.

The total working time for an orthodon-
tist in the fabrication and placement of align-
ers produced on 3D-printed dental models
from traditional impressions acquired using an
automated impression material dispenser and
formed via vacuum thermoforming is as fol-

lows:
1. Consultation phase - 36.06 min. (0.6 CUL).

2. Acquisition of dental impressions utilizing
an automated impression material dis-
penser - 32.77 min. (0.5 CUL).

3. Aligner fabrication on 3D-printed dental
models via vacuum thermoforming - Sin-
gle arch - 194.92 min. (3.3 CUL); Both
arches - 310.46 min. (5.2 CUL).

4. Placement of activators in the oral cavity
and aligner fixation - Single arch - 76.58
min. (1.3 CUL); Both arches - 130.02 min.
(2.2 CUL).

3. Vacuum thermoforming of aligners
on 3D-printed dental models generated
from digital dental impressions.

This method involves the production of
3D-printed models using an additive manufac-
turing 3D printer based on digital dental im-
pressions, followed by the formation of caps
and aligners using a vacuum thermoformer.

Required equipment includes an intraoral
scanner, additive manufacturing 3D printer,
computer with appropriate software, photopo-
lymerization unit, ultrasonic cleaner, and den-
tal micromotor.

The total working time for an orthodon-
tist in the fabrication and placement of align-
ers produced on 3D-printed dental models
from digital impressions via vacuum thermo-
forming is as follows:

1. Consultation phase - 36.06 min. (0.6 CUL).

2. Acquisition of digital dental impressions
using an intraoral scanner - 39.4 min. (0.7
CUL).

3. Aligner fabrication on 3D-printed dental
models via vacuum thermoforming - Sin-
gle arch - 152.09 min. (2.5 CUL); Both
arches - 224.86 min. (3.7 CUL).

4. Placement of activators and aligner fixa-
tion - Single arch - 76.58 min. (1.3 CUL);
Both arches - 130.02 min. (2.2 CUL).

4. Direct 3D printing of aligners from STL
files.

In this approach, the entire fabrication

process occurs in a virtual environment using
STL files, followed by direct printing on an
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additive manufacturing 3D printer.

Essential equipment includes an intraoral
scanner, additive manufacturing 3D printer,
computer with appropriate software, photopo-
lymerization unit, ultrasonic cleaner, and den-
tal micromotor.

The total working time for an orthodon-
tist in the fabrication and placement of align-
ers produced via 3D printing based on STL files
is as follows:

1. Consultation phase - 36.06 min. (0.6
CUL).

2. Acquisition of digital dental impressions
using an intraoral scanner - 39.4 min. (0.7
CUL).

3. Aligner fabrication based on STL files -
Single arch - 141.92 min. (2.4 CUL); Both
arches - 214.69 min. (3.6 CUL).

4. Placement of activators and aligner fixa-
tion - Single arch - 76.58 min. (1.3 CUL);
Both arches - 130.02 min. (2.2 CUL).

Discussion

Analysis of the chronometric data ob-
tained for various aligner fabrication method-
ologies in orthodontic clinical settings revealed
that the most time-efficient approach is the
vacuum thermoforming of aligners on gypsum
dental models with manual placement of acti-
vators. This method relies on the orthodontist’s
subjective assessment of force vector applica-
tion on individual teeth. The total duration for
this procedure is 205.12 minutes (3.4 CULs)
for a single dental arch and 288.57 minutes
(4.8 CULs) for both arches.

The second most time-efficient method-
ology is the fully digital protocol utilizing STL
files generated from intraoral scanning of the
patient’s dentition, followed by direct 3D print-
ing of aligners. This process requires 293.96
minutes (5.0 CULs) for a single arch and
420.17 minutes (7.0 CULs) for both arches.

The third position in terms of temporal
efficiency is occupied by the process of vacu-
um thermoforming aligners on 3D-printed
models generated from digital dental impres-
sions. This method necessitates 304.13 min-
utes (5.1 CULs) for a single arch and 430.34
minutes (7.2 CULs) for both arches.

The most time-consuming approach is
the hybrid method of aligner fabrication, which
involves vacuum thermoforming aligners on
3D-printed models derived from traditional
dental impressions. This process requires
340.33 minutes (5.7 CULs) for a single arch
and 509.26 minutes (8.5 CULs) for both arch-
€s.

These findings present several points
worthy of discussion:

1. Efficiency of Traditional Methods: The su-
perior time efficiency of the conventional
process for planning, modeling, and fab-
ricating aligners without digital technolo-
gies is noteworthy. Its duration is approx-
imately 69% of the shortest digital proto-
col. This efficiency can be attributed to the
simplicity of the process and the orthodon-
tist’s direct involvement in every step, elim-
inating the need for digital data process-
ing and manipulation.

2. Advantages and Limitations of Convention-
al Approaches: The primary advantage of
the traditional method lies in its techno-
logical simplicity, negating the need for
specialized staff training or costly equip-
ment. However, this approach is not with-
out limitations. The efficacy of treatment
may be questionable due to the lack of
objective criteria for treatment planning,
particularly in terms of precise force vec-
tor distribution, which is a key feature of
specialized orthodontic software used in
digital methods.

3. Comparative Analysis of Digital Protocols:
Among the digital protocols for aligner fab-
rication, the direct 3D printing from STL
files emerged as the most time-efficient.
It demonstrated a 3% shorter duration
compared to the digital protocol involving
vacuum thermoforming on 3D-printed
models obtained from digital impressions.
This marginal difference suggests that
both methods are comparable in terms of
time efficiency, with the choice between
them potentially influenced by other fac-
tors such as material costs, equipment
availability, and specific case requirements.

4. Inefficiency of Hybrid Approaches: The
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hybrid digital protocol, involving vacuum
thermoforming of aligners on 3D-printed
models obtained from traditional dental
impressions, proved to be the most time-
consuming. Its duration exceeded other
digital protocols by 15-18%. This ineffi-
ciency can be attributed to the combina-
tion of time-consuming traditional impres-
sion-taking with the additional steps re-
quired for digitization and 3D printing, es-
sentially combining the drawbacks of both
traditional and digital methods without ful-
ly leveraging the benefits of either.

Implications for Clinical Practice: These
findings have significant implications for
orthodontic practice. While digital methods
offer advantages in terms of precision and
the ability to objectively plan force appli-
cation, they do not necessarily translate to
time savings in the clinical setting. Practi-
tioners must weigh the benefits of digital
accuracy against the efficiency of tradition-
al methods, particularly in practices with
high patient volumes.

Technological Investment Considerations:
The time efficiency of traditional methods
raises questions about the cost-effective-
ness of investing in digital technologies for
aligner fabrication. However, it’s crucial to
consider that time efficiency is just one
factor in the overall value proposition of
digital orthodontics. Other factors, such as
treatment predictability, patient comfort,
and the ability to easily modify treatment
plans, may justify the additional time in-
vestment.

Future Research Directions: This study
opens avenues for further research. Long-
term studies comparing treatment out-
comes between traditionally fabricated
aligners and those produced through var-
ious digital protocols would provide valu-
able insights into the clinical efficacy of
these methods. Additionally, research into
optimizing digital workflows to improve
time efficiency could potentially address
the current time disadvantage of digital
methods.

These findings underscore the complex

interplay between technological advancement
and clinical efficiency in orthodontic practice.
While digital methods offer numerous advan-
tages, their implementation must be carefully
considered in the context of overall practice
efficiency and patient care quality.

Conclusion
The results of this chronometric study

provide valuable insights into the time efficien-
cy of various aligner fabrication methods in
orthodontic practice. Several key conclusions
can be drawn:

1.

Time Efficiency of Traditional Methods: The
conventional process of planning, model-
ing, and fabricating aligners without digi-
tal technologies remains the most time-
efficient approach. Its duration is approxi-
mately 69% of the shortest digital proto-
col, highlighting the continued relevance
of traditional skills in modern orthodontic
practice.

Variability in Digital Protocols: Among the
digital protocols, direct 3D printing from
STL files emerged as the most time-effi-
cient. However, the marginal difference
(8%) between this method and vacuum
thermoforming on 3D-printed models from
digital impressions suggests that both
approaches are comparable in terms of
time efficiency.

Inefficiency of Hybrid Approaches: The
hybrid digital protocol, combining tradition-
al impressions with 3D printing, proved to
be the least time-efficient, with a duration
15-18% longer than other digital methods.
This finding cautions against partial digiti-
zation of workflows, which may compound
inefficiencies rather than streamline pro-
cesses.

Balancing Efficiency and Precision: While
traditional methods demonstrate superior
time efficiency, it is crucial to consider the
potential trade-offs in terms of treatment
planning precision and objective force dis-
tribution, which are key advantages of dig-
ital methodologies.

Implications for Clinical Decision-Making:
These findings provide orthodontists with
valuable data to inform their choice of
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aligner fabrication method. The decision
should balance time efficiency with other
factors such as treatment predictability,
ease of maodifications, and patient-specif-
iC requirements.

6. Need for Holistic Evaluation: While this
study focuses on time efficiency, a com-
prehensive evaluation of aligner fabrication
methods should also consider factors such
as material costs, equipment investments,
treatment outcomes, and patient satisfac-
tion.

In conclusion, this research demon-
strates that while digital technologies offer
numerous advantages in orthodontic practice,
they do not necessarily translate to time sav-
ings in aligner fabrication. The significant time
efficiency of traditional methods suggests that
a balanced approach, potentially combining
traditional skills with digital technologies, may
be optimal for many orthodontic practices.
Future research should focus on optimizing
digital workflows to improve time efficiency
while maintaining the precision and flexibility
that digital methods offer.

These findings contribute to the ongo-
ing dialogue about the integration of digital
technologies in orthodontic practice and pro-
vide a foundation for evidence-based decision-
making in clinical settings. As the field contin-
ues to evolve, it will be crucial to continuously
reassess and optimize protocols to ensure the
highest standards of patient care and practice
efficiency.
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