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Where Are We Now?

o justify widespread adoption of
any classification scheme, a high
degree of inter- and intra-
observer reliability must be demon-
strated. The reliability of assessing
proximal humerus fracture patterns us-
ing widely-held classification systems
such as that of Neer and Hertel based on
plain radiographs has been fairly low,
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though the addition of advanced imag-
ing such as two-dimensional (2-D) and
three-dimensional (3-D) CT scans ap-
pears to improve both inter- and intra-
observer reliability [4]. More recently,
using 3D printed models alone in the
surgical planning process has been
found to improve interobserver re-
liability over plain radiographs and both
2D and 3D CT scans using the Neer
system, though the observed agreement
with the printed models was only
moderate [2]. In these studies, where the
kappa values using the guidelines of
Landis and Koch were reported as
“substantial” and “moderate,” re-
spectively, we must recognize that a
high proportion of cases will still be
misclassified. As a consequence, clini-
cal outcomes research based on these
classifications may result in misleading
results.

A recent meta-analysis [7] based on
randomized trials comparing fracture
fixation of various anatomic sites both
with and without the use of 3D-printed
models determined that blood loss, sur-
gical time, fluoroscopy use, clinical
outcomes, and achievement of anatomic
reduction all favored 3D modeling. A
limitation of this study was the inclusion
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of multiple fracture types and the small
number of patients in several included
studies. Furthermore, the effect size for
many of the surgical outcome measures
could be quite small based on the
reported 95% confidence intervals. The
only included study involving complex
three- and four-part proximal humerus
fractures [8] found a reduction in oper-
ative time, blood loss, and fluoroscopy
time, though the clinical outcomes at fi-
nal follow-up were similar. It is not clear,
however, whether the mean 15-minute
decreased operative time and approxi-
mately 55 cc decreased blood loss with
3D models is clinically significant. A
retrospective study [3] comparing con-
ventional preoperative planning using
plain radiographs and both 2D and 3D
CT scans with both computer-assisted
virtual planning and 3D-printed models
found shorter operative time, less blood
loss, and less fluoroscopy in the latter
groups compared to the conventional
group. Planning time was shorter in the
computer-assisted planning group com-
pared with the 3D model group. Once
again, the reported differences in the
surgical parameters were small. Whether
these differences justify the direct and
indirect costs of routine use of 3D
models, including the creation (person-
nel, software, hardware), storage, and
potential  sterilization,
clear [5].

In their current study, Spek and
colleagues [6] examined 20 adult

remain un-
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patients with complex three- and four-
part proximal humerus fractures that
were deemed difficult to classify
and determined that the addition of
3D-printed handheld models to a series
of plain radiographs and both 2D and 3D
CT scan images did not improve in-
terobserver reliability for the majority of
fracture characteristics being studied.
Additionally, the handheld models did
not improve fracture classification using
either the Neer or Hertel system. There
was also no difference in agreement be-
tween residents and attending orthopae-
dic surgeons as to whether the 3D models
aided in fracture pattern classification.

These findings suggest that the rou-
tine use of 3D-printed models may not be
beneficial for classifying proximal
humeral fracture patterns beyond the in-
formation gained from currently avail-
able imaging modalities. Specifically,
use of these models as the sole de-
terminant for recommending surgical
intervention based on fracture displace-
ment should probably be avoided at this
time based on the results of the current
study.

What is particularly concerning about
the findings of the current study is that the
addition of the 3D-printed models did not
improve the ability of attending surgeons
to identify particular fracture character-
istics and classify patterns above that of
the surgeons in-training. This would
seem to indicate that a level of sub-
jectivity exists within the classification
systems themselves. Based on the results
of the study, we should invest fewer re-
sources determining whether handheld
models improve preoperative fracture
classification. The answer, according to
Spek et al. [6], is a resounding “no.”

Where Do We Need To Go?

The current study raises some impor-
tant questions that warrant further
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study, namely: (1) In what capacity
does the use of the 3D-printed model
provide benefit to care for patients with
proximal humerus fractures who have
already been indicated for surgery? (2)
What is the potential role of pre-
operative computer-assisted virtual
surgical planning for proximal hu-
merus fractures both with and without
3D model printing?

In the only published randomized
study that I am aware of assessing the
surgical utility of 3D modeling for three-
and four-part proximal humerus frac-
tures [8], patients underwent pre-
operative planning using either two
orthogonal radiographs and a thin-cut
2D CT scan versus plain radiographs, a
3D CT reconstruction with simulated
fracture reduction using specialized
software, and a handheld 3D-printed
model. The use of 2D CT images in the
control group represents a difference
from the current paper, though a prior
study [1] found that the use of 3D CT did
not offer improvement in classification
or treatment recommendations over 2D
CT, except among junior residents.
Regardless, to fully demonstrate the
positive influence of the handheld mod-
els independently, researchers should
ensure that both study groups are pro-
vided with all of the imaging modalities
generally available today, including 3D
CT images. Furthermore, future studies
should determine whether these im-
provements can be replicated among
surgeons of all levels of experience or if
those with less experience would dem-
onstrate greater benefit. Finally, we
need a better understanding of the costs
associated with the computer-assisted
software and the model creation in light
of the minimal—14-minute—surgical
time difference reported.

Computer-assisted planning can
involve virtual reduction of the fracture
and selection/placement of implants
even without the use of 3D handheld

models. One study [3] reported im-
proved operative parameters for the
virtual planning and 3D model group
compared to the conventional planning
group, though it is not entirely clear
whether the differences are clinically
significant. From a cost perspective,
more data are needed to determine
whether the 30 minutes of virtual
planning is cost-efficient with the 18
minutes of reduced operative time.
Computer planning time may be even
higher for surgeons performing a lower
volume of proximal humerus fracture

surgery.

How Do We Get There?

The primary potential advantage of
3D-printed models likely will be re-
alized in more complex proximal hu-
merus fracture patterns that have
already been indicated for surgical in-
tervention. Specifically, the 3D models
can provide the surgeon with a tactile
modality for planning fracture reduc-
tions and correct placement of hard-
ware. Future studies for determining
the utility of the 3D models in the
clinical realm should be designed
based on objective surgical parameters
such as operative time, duration of
fluoroscopy use, estimated blood loss,
adequacy of fracture reduction, and
perhaps most importantly, on patient
outcomes. Given the dearth of avail-
able evidence, the utility of 3D models
versus computer-assisted  fracture
planning alone needs to be validated.
The reported differences in these pa-
rameters have been fairly small in the
literature so far and, therefore, justifi-
cation for utilizing either technology
necessarily requires demonstrating
larger, more clinically relevant dif-
ferences. Furthermore, future studies
must assess whether surgeons with
extensive experience with proximal

{=), Wolters Kluwer

Copyright © 2021 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.



162 Gruson

Clinical Orthopaedics and Related Research®

CORR Insights

humerus fracture fixation will derive
any meaningful benefit from these
technologies.

A comparative study of this type
needs to be performed in a high-
volume Level | trauma center to
achieve sufficient patient numbers.
Only three-part and four-part frac-
tures should be included and should
be randomized either to planning
through the use of standard imaging
including 2D and 3D CT or to plan-
ning with additional use of the 3D-
printed model versus computer-
assisted planning. To determine
which surgeons would most benefit
from either the 3D model or
computer-assisted planning, surgical
data need to be stratified for surgeon
volume and/or clinical experience.
There will be a learning curve for use
of the planning software, which
should be taken into account re-
garding planning time. Innovation
can often be costly, and cost benefits
with both of these technologies must
be demonstrated, either by calculat-
ing operating time savings compared
with increased planning time and/or
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by reduced intraoperative implant
wastage. As there are no currently
defined minimal clinically important
differences for surgical parameters
such as intraoperative blood loss,
surgical time, and use of fluoroscopy,
any potential benefit must be con-
sidered in light of a rigorous cost-
benefit analysis. Finally, any com-
parison of patient-reported functional
outcomes should be viewed in light
of minimal clinically important
differences.
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