align education

Rethinking clinical imaging in orthodontic
practices: workflow efficiency
observations from a multi-site pilot.

Real-world observations from a multi-site Smile Doctors pilot with
the Invisalign®Practice App and iTero Lumina” intraoral scanner.
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Introduction

At the core of orthodontic profitability
lies a straightforward principle: the
more efficiently a practice can move
patients through the clinical workflow
without compromising care quality,
the greater its capacity toimprove
operational efficiency within existing
clinical workflows. This is especially
true in the dominant parallel-chair
operating model, where asingle
orthodontist supervises multiple
treatment stations staffed by clinical
assistants, and scheduling efficiency
determines whether the practice is
operating at its revenue potential or
leaving capacity on the table'?. Even
small per-appointment inefficiencies,
measuredin minutes,adduptoa
meaningful reductionin clinical capacity
when multiplied across a fullday of
patients, across multiple locations, and
across months of operation.

The biennial JCO Orthodontic Practice
Study, conducted since 1981, has
tracked the financial dynamics of U.S.
orthodontic practices for over four
decades?®. In the most recent survey
cycle, the JCO 2023 study reported
amedian overhead rate of 56%, while

the Levin 2024 survey reported
55.5% overhead and 44.5% net profit*.
However, this margin has been under
sustained pressure: staffing costs
rose roughly 10% year-over-year, total
overhead increased 5-6% annually,
driven primarily by labor costs and
supply chaininflation, andin 2022,
nearly half (49%) of surveyed practices
reported declining profitability®. Levin
emphasized that while production is
the most commonly tracked metric,
profit- not production-is the true
indicator of financial health, since a
practice can grow production while
simultaneously losing income if
overheadrises faster*.

Against this backdrop, the adoption of
advanced technologies has become
adefining characteristic of high-
performing orthodontic practices.
Digital workflows, including intraoral
scanners, CAD/CAM appliance design,
remote monitoring platforms,and
cloud-based practice management
systems, have been describedinthe
literature as shortening chair time,
reducing dependence on manual
skill,improving consistency and

reproducibility, and enabling practices
to do more with fewer steps®”. Inthe
authors’ assessment, the mostimpactful
technologies are those that consolidate
what were previously separate,
sequential tasks into a single integrated
step. When technology replaces not
only aninstrument but also the workflow
around it: training, setup, capture,
transfer, storage- the cumulative
efficiency gain can be substantial.

This paper examines one such
workflow transformation: the
transition from conventional DSLR-
based clinical photography to a
digitalimaging workflow enabled by
theiTero Lumina” intraoral scanner
and the Invisalign® Practice App. It
quantifies the operational burden of
the traditional photographic workflow,
describes the enabling technologies,
and presents real-world data from a
multi-site pilot conducted by Smile
Doctors, one of the largest orthodontic
support organizations in the United
States. The pilot observed an
association between implementation
of the workflow and changes in new
patient examination capacity.




The hidden cost of
DSLR-based clinical
photography

Association observed between
workflow adoption and new patient
examination (NPE) capacity within

the parallel-chair model. Each NPE
represents a potential case start,and
the number of NPE slots available per
production day is a key performance
indicator for practice growth'2,

Any workflow step that consumes
unnecessary chair time, however
routine, compounds into measurable
revenue erosion across days,

months, and locations. Technology
that shortens chair time has been
recognized as a practical way to
increase practice capacity, as it enables
practices to increase throughput
without proportionally increasing fixed
costs'2¢,

Clinical photography is integral to
orthodontic documentation, supporting
diagnosis, treatment planning, progress
monitoring, patient communication, and
medico-legal protection®". A standard
initial record set typically requires eight
or more views (extraoral and intraoral),
captured at multiple milestones
throughout treatment'*, Inarecent
nationwide survey of 304 orthodontists
in Spain, 68% reported using DSLR
cameras with macro lenses and ring
flashes as their primary equipment,

and 76% expressed interest in
additional photography training,
underscoring the technical demands

of achieving consistent quality™. The
DSLR workflow imposes a cumulative
operational burden thatis rarely
quantified at the practice level:

Equipment cost and maintenance.

A professional DSLR body, 100 mm
macro lens, ring flash, intraoral mirrors,
and cheek retractorsrepresent
adedicated set of equipment for

each operatory, alongside ongoing
maintenance and replacement
requirements’™©1,

Operator training and variability. Each
team member must master manual
exposure settings (small apertures to
achieve intraoral depth of field, wider

apertures for extraoral portraits),
macro focusing, flash configuration,
mirror insertion technique, and fog
prevention, skills that degrade without
regular practice and vary significantly
across experience levels™®. Sandler
etal. (2009) found that while all three
groups: orthodontists, professional
photographers, and auxiliaries,
produced clinically acceptable
photographs, orthodontists achieved
a significantly higher proportion

of optimal-quality intraoralimages

(P = 0.046), suggesting that operator
experience influences consistency at
the highest quality tier'.

Chair-time consumption. Each
intraoral view requires mirror insertion,
soft-tissue retraction, patient
positioning, fog management, focus
acquisition, capture, and quality
verification. A multi-step sequence
repeated for every view. Extraoral
photographs require background
setup, patient repositioning, and
precise Frankfort horizontal
alignment2®1 Across a full set of
eight or more views, these steps add
meaningful cumulative chairside time
per patient™.

Post-capture workflow. Images must
be transferred from the camera’s
memory card to a workstation,
renamed according to the practice’s
filing convention, uploaded into the
patient management system, and

quality checked. This administrative
sequence adds time per patient and
introduces opportunities for mislabeling,
misassignment, or data loss. Unlike
scanner-based data that flows directly
into the digital patient record, DSLR
photographs exist as disconnected files
that require manual integrationinto the
clinical workflow™®,

A streamlined
alternative:iTero
Lumina”intraoral
scanner and the
Invisalign®
Practice App

The workflow evaluated in the Smile
Doctors pilot uses two complementary
digital tools that address the extraoral
and intraoral components of clinical
imaging simultaneously.

The Invisalign® Practice App (IPA) is

a smartphone application, available
onbothiOS and Android platforms,
that enables standardized extraoral
photograph capture for use with
Al-based smile visualization™. During
image acquisition, the app displays
on-screen prompts- head orientation,

Figure 1: The Invisalign® Practice App (IPA) workflow for standardized photographic capture.
Left: Photo selection interface displaying the required set of views. Right: Guided image capture
screen showing on-screen facial-alignment markers and a “Ready” indicator confirming that
patient positioning meets acceptance criteria prior to image acquisition.




smile orientation, and face orientation
markers- that indicate to the clinician
or trained staff when the patient’s
posturing is appropriate for capture.
The underlying algorithm uses these
facial markers to standardize smile
posture across photographs for a
given patient, and the app additionally
provides built-in adjustments for
lighting'. The result is a standardized
image set acquired under guided
conditions, rather than one dependent
on the operator's manual camera
settings, positioning judgment, and
lighting control (figure 1).

TheiTero Lumina”intraoral scanner
utilizes theiTero Multi-Direct
Capture” (MDC) technology, an
architecture featuring six cameras
and five projectors at the wand tip that
generates a wider field of view while
maintaining a wand half the size of

the previous generation?°?', Beyond
capturing the three-dimensional
model used for treatment planning,
the scanner’s texture mapping
technology captures high-fidelity color
information during the scan, projecting
photorealistic surface color and texture
onto the digital model?° (figure 2). The
texture mapping processintheiTero
Lumina” scanner begins during the
intraoral 3D scan, in which hundreds
of individual color images are captured
simultaneously to the 3D surface
topographical data collection. These
images are acquired at very short

working distances, resulting in high
object-space resolution.

For each region of the scan, a subset
of the most suitable images is selected
for texture mapping. The algorithm for
image selection is based on optimal
distance, viewing angle, and image
quality from the available captures
covering that region.

Once theimages are selected, they
are accurately projected onto the
3D mesh. The camera pose relative
to the meshis estimated using the
positions of neighboring structured-
light frames, which are captured
within approximately 15 milliseconds
of the colorimages. Camera
position is derived by interpolating
between structured-light poses and
incorporating motion estimation,
enabling precise alignment between
image data and surface geometry.

After projection, overlapping images
are blended to form a seamless texture
map. This blending compensates for
radiometric differences caused by
variations inillumination, angle, and
distance, and reduces the impact of
specular reflections.

The resulting texture-mapped mesh
provides high-quality visual detail
across all viewing directions. The
finalimage presented to the user

is arendering of this textured 3D
surface from any desired viewpoint,

enabling visualization of the textured
3D model from angles that are limited
with conventional external DSLR
photography?2.

Together, these two tools consolidate
what was previously a multi-instrument,
multi-step photographic workflow

into anintegrated digital process. The
scan simultaneously captures the 3D
model and the intraoralimages; the app
captures the extraoral photographs
with guided quality assurance. All
images flow directly into the patient
record, rather than passing through the
manual transfer, renaming, upload, and
quality-check steps that characterize
the conventional DSLR workflow.

Measurable
gain: multi-site
observations

Smile Doctors, one of the largest
orthodontic support organizations

in the United States, deployediTero
Lumina” scanners and the Invisalign®
Practice App workflow across 11 clinic
locations spanning five regional teams
in Virginia, Texas, Minnesota, and
Georgia, beginning September 2024.

Practice productivity was assessed
as NPE slots per production day,

Figure 2: Representative illustration of intraoral photographs and their corresponding IOS images. The top row shows the standard five-view intraoral
photographic series captured with a DSLR camera. The bottom row presents the corresponding set of intraoral scan images of the same views,
rendered from the texture-mapped three-dimensional model.




comparing a DSLR baseline period
(trailing 12-month average ending July
2024) with the aggregated post-

iTero Lumina” period (September
2024 through March 2025). Across
the 11available locations, mean NPE
slots per production day increased
from12.98 at baseline to 15.00 after
implementation, an absolute gain of
2.02 NPE slots per production day

and arelative increase of 15.3%. Eight
of 11locations (72.7%) improved. At

the team level, descriptive gains were
observed in Northern Virginia (+33.4%),
Winchester-Front Royal (+29.7%),

and Harker Heights-Copperas Cove
(+7.9%), while Shoreview-Maplewood
(-1.3%) and Woodstock-Canton
(-2.2%) were essentially flat to slightly
lower. Neither of these two decreases
reached statistical significance in the
per-location analysis, so both locations
are best characterized as essentially
unchanged rather than as true declines.
According to Dr. Zachary Casagrande,
Clinical Director of Aligners for Smile
Doctors, the minor shortfalls at these
locations reflected local operational
factors, for example staff vacation or
scheduling circumstances outside the
scan process rather than any difficulty
adopting the scanner or application.
He further noted that the iTero Lumina™
scanner with IPA process is more
efficient than the DSLR workflow.

Because locations were nested within
doctor/team clusters, the primary
inferential analysis used a mixed-
effects model with location nested
within team. In this model, the post-
iTero Lumina” period was associated
withanincrease of 2.024 NPE slots
per production day (SE 0.881;p =
0.0222). The 95% confidence interval
for the treatment effect was 0.298 to
3.751NPE slots per production day,
and the standardized effect size was
large (Cohend = 0.98). The intraclass
correlation coefficient was 90.6%,
indicating substantial clustering by
team and location and supporting the
use of a hierarchical model. Exploratory
aggregated doctor-level analyses
showed heterogeneous effects across
clusters. Adcox demonstrated a
statistically significant improvement
(+0.85 NPE slots per production day; p
=0.0050), while Casagrande (+5.58;p
=0.0551) and DeArment/Lill (+2.27; p

=0.0620) showed positive directional
effects that approached significance.
Wang (-0.18; p = 0.7003) and Kar/
Sweeney (-0.18; p = 0.8292) did not
show improvement.

Taken together, these results
indicate that the transition from DSLR
photography to the iTero Lumina”™
scanner plus Invisalign® Practice App
workflow was associated with an
increase in NPE capacity across the
Smile Doctors pilot network.

Implications
and next steps

In an environment of rising overhead
and constrained margins*>23, the

Smile Doctors data suggest that
transitioning from the DSLR workflow
to aguided-app and scanner-based
imaging workflow was associated with
ameasurable increase in NPE capacity.
In the pilot, this workflow change was
implemented without additional staff

or extended operating hours, while
supporting amore integrated digital
documentation workflow. For practices
operating the parallel-chair model'?,
these observations point to a potential
workflow optimization opportunity;
operational outcomes may differ
among practices.

These findings should be interpreted
within the context of areal-world,
single-arm pre-post pilot evaluation.
As such, they provide practice-based
observations regarding the integrated

workflow that warrant further validation.

Future prospective studies should
expand the analysis across additional
sites, include comparator groups, and
incorporate formal time-and-motion
and economic assessments to confirm
the magnitude of the workflow impact
and better quantify its patient- and
practice-level value.
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