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Background: Although the effect of 3-dimensional (3D) planning for total shoulder arthroplasty (TSA) on component positioning and
patient outcomes has been increasingly studied, the effect of 3D planning on surgeon decision making has not been well studied.
Methods: A retrospective review was performed of a database containing TSA cases for which the glenoid component was planned with
a commercially available 3D computed tomography software program (Virtual Implant Positioning; Arthrex, Inc.) from 2016 to 2019. A
total of 6483 cases planned by 417 surgeons were included. The glenoid version (Vi) and inclination (Iiee,) of the Virtual Implant
Positioning technician plan as well as the surgeon’s final plan for version (V) and inclination (Iy,.,) were extracted. When the version
and/or inclination of the surgeon plan matched that of the technician, that variable was defined as “‘accepted.” The rates of acceptance of
Viech and I, were calculated and analyzed for association with implant type, native version and inclination, and running case count. A
subgroup analysis of high-volume users (n > 30 cases) was analyzed to determine if any of the variables independently was associated
with surgeon acceptance.

Results: There was a very high rate of matching of version (66%), inclination (72%), or both (55%) and a low rate (18%) where neither
parameter of the glenoid plan matched that of the technician. In univariate analysis, as the case count and retroversion increased the rate
of accepting of version dropped noticeably (70%-50% and 47%, respectively [ P< .0001]). The rate of accepting the plan for inclination
did not vary much as case count changed. In the multivariate analysis, 23 of 56 high-volume surgeons had at least 1 independent factor
associated with accepting the technician-planned glenoid version, and 5 surgeons had 2 independent factors. In the multivariate analysis
of matching glenoid inclination, 27 of 56 high-volume surgeons had at least 1 independent factor associated with accepting the tech-
nician-planned glenoid version, and 9 surgeons had 2 or more independent factors.

Conclusions: In a large database of TSAs with 3D-planned glenoids, there were high rates of cases with surgeon agreement with an
initial plan provided by an industry technician: 66% in version, 72% in inclination, 55% for both version and inclination. Surgeon accep-
tance of the initial plan decreased as pathoanatomy increased and case count increased. Shoulder surgeons should be aware that an initial
3D preoperative plan provided by industry represents a potential source of cognitive bias in shoulder arthroplasty planning.
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Preoperative planning in total shoulder arthroplasty
(TSA) continues to evolve, and 3-dimensional (3D) virtual
planning based on advanced imaging studies has been
demonstrated to provide certain benefits, most notable of
which is more accurate placement of the glenoid compo-
nent.” Numerous commercial systems for implant-specific
3D planning and patient-specific instrumentation (PSI)
exist currently, many having technical differences of which
surgeons should be aware.”*”

Significant variability in how surgeons use these tools in
TSA preoperative planning is expected, particularly for
more challenging cases such as glenoid bone loss or
deformity, because a variety of implants and operative
techniques can be used to address these pathologies.
However, little published information exists about how
surgeons use 3D planning in different clinical scenarios.”

Therefore, the purpose of this study was to investigate
the characteristics of the surgeon-planned version and
inclination of the glenoid component and their relationships
to the provided surgical plan generated by a nonsurgeon
technician and various other factors that might influence
surgeon planning in a large database of 3D-planned
shoulder arthroplasty cases. The hypothesis of the study
was that a high rate of matching (acceptance) of the initial
plan by surgeons would be seen and that surgeons would be
more likely to accept the plan with increasing experience
using the program and more normal glenoid anatomy.

Materials and methods

A retrospective review was performed of a database containing
TSA cases (including both anatomic and reverse shoulders) for
which the glenoid component was planned with a commercially
available 3D computed tomography (CT) software program
(Virtual Implant Positioning [VIP]; Arthrex, Inc., Naples, FL,
USA). The database was queried from March 28, 2016 (time of
US Food and Drug Administration [FDA] approval), through
January 22, 2019 (study initiation). Cases with incomplete infor-
mation or those submitted as “plan only” (no 3D guide ordered)
were excluded by the statistical software used in the analysis (SAS
Q5 9.2; SAS Institute Inc., Cary, NC, USA). Thus, all cases
included in the analysis had the ability to use a reusable, patient-
specific glenoid targeting device with 5 contact points, 2 on the
anterior glenoid and 3 posteriorly, calibrated by either a 3D-
printed bone model or a calibrating device to place a guide pin
used for instrumentation of the glenoid.”

For this 3D planning software, a CT submitted for 3D planning
with the VIP system must meet certain FDA requirements

(Supplementary Appendix S1) and is screened and processed by a
VIP Operations team technician trained in the use of the software.
The team comprises 11 employees (Arthrex, Inc.) trained in the
segmentation, thresholding, and implant positioning of the
Arthrex anatomic (aTSA) and reverse total shoulder arthroplasty
(rTSA) components in the VIP system. Each member of the team
receives a product-specific training and onboarding process that
includes an introduction to case planning, independent case
planning with supervision, independent case planning with peer-
review, and continuing education. Technicians are trained by a
senior planner on anatomy, VIP software, FDA standards/re-
quirements, implant options, selection and positioning by a senior
planner. Once a technician shows proficiency, independent plan-
ning continues through with supervision until he or she achieves
consistency in case planning (satisfactory intra- and interobserver
reliability). All cases, regardless of the experience of the techni-
cian, are peer-reviewed before being sent to surgeons for final
approval. Continuing education for the VIP Operations team oc-
curs on a bimonthly basis and includes anatomy, implant, peer-
reviewed literature, and complex case reviews.

Technician processing includes separation of the humerus and
scapula, creation of the 3D virtual model of the scapula, mea-
surement of 3D native glenoid version and inclination angles in
whole number degrees (°) based on anatomic landmarks, and
creation of a preliminary surgical plan that must meet certain FDA
guidelines for implant version and inclination (Table I) while
attempting to achieve certain technical goals that are considered
reliable rules of thumb (Table I) for placement of either an all-
polyethylene glenoid in an aTSA or rTSA baseplate. The
version (Vien) and inclination (Iieep,) of the technician plan for
each case were extracted from the database.

The surgeon then must finalize the VIP plan before final cre-
ation of the glenoid targeting device. Thus, the surgeon can either
accept the technician’s plan or modify the plan. The surgeon has
the ability to modify the implant type and the initial plan for
glenoid version (V) and inclination (Ig,) to select parameters
that are outside of the FDA limits placed on the technician’s plan.
The surgeon also has the ability to rotate and translate the
component in 3D space (6 degrees of freedom); however, those
additional parameters were not included in the current study.

When the version and/or inclination of the surgeon plan
matched that of the technician, that variable was defined as
“matched” or “accepted” for that case (g, Vire = Viecn)-
Because of the workflow as outlined above, it is assumed that the
surgeon consciously or unconsciously is affected by the initial
technician plan. The rates of “acceptance’ of V., and Ieq, were
calculated and analyzed for association with implant type, native
version and inclination, and running case count. A subgroup
analysis of high-volume VIP users, chosen as those with greater
than or equal to 30 planned cases,'' was performed with a
multivariate analysis to determine if any of the variables
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Table I  TSA planning parameters used by VIP technician

FDA limitation

Expert “rules of thumb”

aTSA Version: 0° to —10° (retroverted)
Inclination: —5° to 5°

Complete backside seating
Center peg or keel in the vault center

Minimize reaming (preserve subchondral bone)
Minimize keel or peg vault perforation
Rotation to match the native glenoid

TSA Version: —10° to 10°
Inclination: —10° to 0°

Size of the baseplate matches the native glenoid (Univers rTSA baseplate)
Inferior part of the baseplate aligns with the inferior rim of the glenoid

Avoid medialization >5 mm, indicate bone graft needed if a deficient area
Minimize central peg vault perforation
Rotation to match the native glenoid

TSA, total shoulder arthroplasty; VIP, Virtual Implant Positioning; aTSA, anatomic total shoulder arthroplasty; rTSA reverse total shoulder arthroplasty;

FDA, US Food and Drug Administration.

independently was associated with (anonymized) surgeon accep-
tance of Ve and Iiecp.

Statistical methods

A professional statistician carried out the statistical analysis using
SAS 9.4 (SAS Institute Inc.). Surgeon version and inclination
(Vsurg and Ig,,) frequency and percent as well as the acceptance
rate (Vourg = Vieen and Igyg = Iieen) were calculated. Factors
analyzed for association with technician plan acceptance were the
following categorical variables: implant type (aTSA vs. rTSA),
native glenoid version (>0°, 0 to <—5°, —5° to <—10°, —10° to
<—15°, —15° to <-20°, —20° to <—25°, and —25° or less
[anteversion > 0°, retroversion < 0°]), native glenoid inclination
(<0°,0° to <5°, 5° to <15°, greater than 15° [superior inclination
= positive, inferior inclination = negative]), and running case
count (0-24, 25-49, 50-99, 100+). Running case count was a
surgeon-specific running total variable different from a surgeon’s
total volume in the data set. For example, running case count <25
means the 25 earliest VIP cases for a surgeon.

In a univariate analysis, a % test (Fisher’s exact for sparse
data) was used to investigate for differences in surgeon acceptance
for the above variables. Running case count and native glenoid
version/inclination were also analyzed as continuous variables
using a univariate logistic regression analysis to determine odds
radios for acceptance for the high-volume surgeon subgroup
analysis. Finally, a multivariate analysis was conducted for the
high-volume surgeon subgroup. Statistical significance was set at
P < .05.

Results

During the 34-month period studied, 9685 cases were
submitted to the planning system. Cases with incomplete
information for the variables of interest (N = 2411) or that
were submitted as “‘plan only” (no 3D guide ordered, N =
791) were excluded. Thus, 6483 cases planned by 417
surgeons were included in the overall analysis. Fifty-six

surgeons and their 4314 planned cases (67%) were included
in the high-volume group.

The frequencies of surgeon-chosen glenoid version and
inclination are shown in Fig. 1. There were a remarkably
large number of cases with surgeon version (V) at —10°
(30% of cases) and surgeon inclination (Ly,g) at 0° and 5°
(43% and 27% of cases, respectively). These values
represent the endpoints of version and inclination allowed
by the technician (Table I).

Table II shows the frequency of surgeon matching or
accepting (€g, Vsurg = Vieen) the individual parameters of
the technician plan. There was a very high rate of matching
of version and inclination and a low rate where neither
parameter of the glenoid plan matched that of the
technician.

Table III shows the univariate analyses for the entire data
set (N = 6483 cases and 417 surgeons) with some notable
factors associated with surgeons accepting the technician
plan. First, the rate of accepting of version dropped
noticeably from 70% to 50% ( P< .0001) as the case count
increased from the 0-24 to the 100+ range. Although sta-
tistically significant, the rate of accepting the plan for
inclination did not seem to vary much as case count
changed (74%-68%, P< .0001). Similarly, aTSA had only a
slightly higher but still statistically significant rate of plan
acceptance vs. 'TSA (68% vs. 65%, P= .018). The rate of
surgeon acceptance decreased significantly as native
retroversion ( P< .0001) and inclination (P< .0001)
increased.

In the high-volume group of 56 surgeons, 2.3 cases on
average per month were planned during the study period
(range, 0.9-12.4 cases/mo). The rate of aTSA plans vs.
rTSA plans varied widely amongst this group of surgeons:
one surgeon only planned aTSA cases (N = 53, 100%),
whereas another planned 92% of 39 cases as rTSA. In all,
51% of cases were planned as aTSA and 49% were planned
as rTSA in this group.
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Figure 1 In a large database of 3D-planned total shoulder arthroplasties, a high number of cases were planned by surgeons at certain

parameters of glenoid version (—10°) and inclination (0° and 5°).

Table II  Frequency of matching between surgeon and VIP
technician version and inclination for 6483 (all surgeons) and
4314 (high-volume surgeons) cases 3D planned with VIP
(Arthrex, Inc.)

N (%) N (%)
All surgeons  High-volume surgeons
Version matched 4286 (66) 2703 (63)
Inclination matched 4647 (72) 2957 (69)
Both matched 3585 (55) 2167 (50)
Neither matched 1135 (18) 821 (19)

VIP, Virtual Implant Positioning.

Table II shows a similar rate of matching the technician
version and inclination for the high-volume group in
comparison with the whole data set. Fourteen surgeons
represented the highest rate (75th percentile) of neither
Veurg nor lg,, matching the technicians plan (“non-
accepters”). Even in this group, there was only an overall
40% rate (509 of 1272 cases) of neither surgeon version nor
inclination matching the tech plan (individual surgeon
range, 33%-70%).

In the multivariate analysis of matching glenoid version,
23 of 56 high-volume surgeons had at least 1 independent
factor associated with accepting the technician-planned
glenoid version, and 5 surgeons had 2 independent factors
(Table IV). Interestingly, for each variable, the odds ratio
(OR) was greater than 1 (positively associated with
matching) for some surgeons and less than 1 (negatively
associated with matching) for other surgeons. For example,

of the 6 surgeons where implant type (rTSA vs. aTSA) was
associated with accepting version, 3 were more likely to
accept for rTSA (range OR, 1.75-41.76) and 3 were less
likely to accept for rTSA (range OR, 0.13-0.2). For the 11
surgeons where running case count was associated with
accepting version, 6 had a positive effect (range OR, 1.01-
1.07), meaning that they were more likely to accept version
as case count increased. For the remaining 5 surgeons,
running case count had a negative effect (range OR, 0.93-
0.98), meaning that they were less likely to accept version
as case count increased. Most surgeons (10 of 11) were
more likely to accept the technician-planned glenoid
version as the native version grew positive (less
retroverted).

In the multivariate analysis of matching glenoid
inclination, 27 of 56 high-volume surgeons had at least 1
independent factor associated with accepting the techni-
cian-planned glenoid version, 7 surgeons had 2 independent
factors, and 2 had 3 independent factors (Table V). For 8
surgeons, as native inclination decreased (became more
normal), matching was more likely. Similar to the analysis
for version, running case count and implant type (rTSA)
had both positive and negative association with matching of
technician-planned glenoid inclination that depended on the
individual surgeon (Table V).

Discussion

The current knowledge of 3D planning in shoulder
arthroplasty has sought to answer questions pertaining to
the uses and effects of this set of tools on the patient. In this
study, the authors hoped to investigate the effects of the 3D
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Table III  Univariate analysis of factors associated with matching between surgeon and technician glenoid version and inclination in
VIP-planned cases
Total Matched version 2 Total Matched inclination ?
N n (%) P value N n (%) P value

Running case count Running case count

0-24 3481 2438 (70) <.0001 0-24 3481 2566 (74) <.0001

25-49 1228 810 (66) 25-49 1228 831 (68)

50-99 1006 656 (65) 50-99 1006 684 (68)

100+ 768 382 (50) 100+ 768 566 (74)
Implant type Implant type

Anatomic 3255 2197 (68) .018 Anatomic 3255 2361 (73) .125

Reverse 3228 2089 (65) Reverse 3228 2286 (71)
Native glenoid version (°) Native glenoid inclination (°)

>0 764 538 (70) <.0001

0to < —5 1349 969 (72) <0 544 403 (74) <.0001

—5to <—10 1465 1052 (72) 0to <5 1241 960 (77)

—10 to <—15 1122 729 (65) 5to <15 3672 2607 (71)

—15 to <—20 788 492 (62) >15 1026 677 (66)

—20 to <—25 463 254 (55)

<-25 532 252 (47)

VIP, Virtual Implant Positioning.

Table IV  Multivariate analysis of factors associated with matching of surgeon and technician glenoid version for high-volume

surgeons
Surgeon Number of Native version Running case count ITSA

cases OR [95% CI] P value OR [95% C(I] P value OR [95% C(I] P value
22 42 0.94 [0.86-1.04] .220 1.07 [1.01-1.14] .030 1.24 [0.27-5.66] .790
32 37 1.05 [0.96-1.14] .310 1.00 [0.93-1.08] .960 0.14 [0.02-0.94] .040
34 49 0.93 [0.86-0.99] .030 1.02 [0.97-1.06] .530 1.38 [0.37-5.16] .630
38 85 1.04 [0.99-1.09] .100 0.98 [0.96-1.00] .040 0.82 [0.25-2.68] .750
97 89 1.14 [1.06-1.22] .001 1.01 [0.98-1.03] .640 2.36 [0.41-13.54] .330
120 101 1.04 [0.99-1.09] .110 1.04 [1.01-1.06] .001 1.00 [0.26-3.87] 1.000
134 46 1.05 [0.97-1.15] .220 1.07 [1.01-1.14] .030 0.40 [0.09-1.81] .230
140 42 1.13 [1.02-1.25] .020 1.04 [0.97-1.11] .260 0.23 [0.04-1.16] .070
146 35 0.97 [0.88-1.06] 510 1.07 [0.98-1.18] .140 6.19 [1.02-37.75] .050
157 93 1.05 [1.00-1.10] .080 0.97 [0.95-0.99] .010 0.53 [0.17-1.66] .270
199 70 1.10 [1.01-1.19] .030 1.00 [0.97-1.02] .850 0.85 [0.29-2.53] 770
200 167 1.02 [0.97-1.08] 400 1.02 [1.00-1.03] .010 0.34 [0.11-1.06] .060
208 65 1.09 [1.02-1.17] .020 1.02 [0.99-1.05] .180 0.20 [0.06-0.72] .010
221 167 1.05 [1.02-1.08] .003 1.00 [0.99-1.01] .850 0.55 [0.23-1.29] .170
249 60 1.03 [0.98-1.09] .200 1.00 [0.97-1.03] .970 0.13 [0.04-0.42] .001
293 42 1.06 [0.99-1.13] .090 0.93 [0.88-1.00] .040 3.62 [0.81-16.09] .090
306 96 1.07 [1.02-1.12] .008 0.98 [0.96-1.00] .020 0.85 [0.24-3.03] .800
337 73 1.12 [1.05-1.20] .001 0.97 [0.94-1.00] .050 1.33 [0.33-5.42] .690
367 224 0.97 [0.91-1.04] .380 1.01 [1.00-1.02] .001 0.42 [0.17-1.03] .060
371 422 1.08 [1.04-1.11] <.0001 1.00 [1.00-1.00] .980 1.75 [1.08-2.84] .020
375 58 0.97 [0.91-1.03] .350 1.05 [1.01-1.09] .020 0.83 [0.24-2.86] 770
385 60 1.07 [1.01-1.14] .020 1.02 [0.98-1.05] .320 2.98 [0.51-17.36] .220
387 59 1.19 [1.06-1.33] .003 1.03 [0.98-1.08] .210 41.76 [4.64-375.68] .001

Bold font indicates statistical significance (P < .05).

OR, odds ratio; CI, confidence interval; rTSA, reverse total shoulder arthroplasty.
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Table V  Multivariate analysis of factors associated with matching of surgeon and technician glenoid inclination for high-volume
surgeons
Surgeon Number of Native inclination Running case count rTSA

cases OR [95% CI] Pvalue  OR [95% CI] Pvalue  OR [95% CI] P value
22 42 0.92 [0.74-1.13] 430 1.00 [0.91-1.11]  .960 157.35 [9.45-2619.23] <.0001
30 79 1.02 [0.94-1.11] .640 1.03 [1.01-1.06]  .009 0.30 [0.11-0.86] .025
31 158 1.01 [0.95-1.06] .790 1.01 [1.01-1.02] .001 2.26 [0.95-5.37] .064
32 37 0.81 [0.65-1.01] .060 0.90 [0.78-1.04]  .150 0.03 [0.00-0.91] 044
34 49 0.98 [0.89-1.07] .630 0.90 [0.84-0.97]  .004 0.02 [0.00-0.24] .002
38 85 1.00 [0.93-1.08]  1.000 0.97 [0.95-0.99]  .007 0.42 [0.13-1.42] .160
74 b4 0.91 [0.79-1.04] .170 1.01 [0.96-1.07]  .590 0.16 [0.04-0.73] .020
92 92 0.86 [0.78-0.95] .002 0.98 [0.96-0.99]  .010 1.17 [0.43-3.18] .750
97 89 0.86 [0.76-0.98] .020 1.00 [0.97-1.02]  .950 0.05 [0.01-0.19] <.0001
119 57 0.80 [0.62-1.03] .080 1.15 [1.02-1.29]  .020 1.87 [0.14-25.13] .640
120 101 1.00 [0.92-1.10] .930 1.02 [1.00-1.04]  .030 0.18 [0.06-0.57] .003
123 55 0.79 [0.68-0.92] .002 1.03 [0.99-1.08]  .160 0.34 [0.07-1.55] .160
134 46 0.94 [0.83-1.06] .280 1.04 [0.99-1.10]  .130 0.22 [0.05-0.880] .030
140 42 0.50 [0.27-0.94] .030 1.09 [0.91-1.29]  .350 0.00 [0.00-0.21] .010
157 93 0.90 [0.82-0.99] .030 0.95 [0.92-0.97]  .0001 0.15 [0.05-0.48] .002
198 154 0.99 [0.95-1.05] .840 1.03 [1.02-1.04]  .0007 1.49 [0.66-3.38] .340
199 70 0.88 [0.77-1.01] .070 1.00 [0.98-1.03] .870 6.03 [1.42-25.68] .020
200 167 0.90 [0.82-0.97] .010 1.02 [1.01-1.04] .001 0.11 [0.03-0.34] .0002
249 60 1.00 [0.92-1.09] .980 0.99 [0.96-1.02]  .530 0.10 [0.03-0.36] .0004
293 42 0.86 [0.76-0.97] .020 1.02 [0.97-1.08] 440 1.24 [0.29-5.27] .780
321 115 0.98 [0.92-1.04] 450 1.01 [1.00-1.02] .040 0.62 [0.29-1.33] .220
329 80 0.92 [0.85-1.00] .040 1.04 [1.01-1.06]  .003 1.84 [0.66-5.17] .250
371 422 1.01 [0.97-1.05] .570 1.00 [1.00-1.00] .890 12.90 [7.82-21.29] <.0001
375 58 1.02 [0.92-1.12] 740 1.04 [1.00-1.08] .080 10.95 [2.69-44.57] .001
387 59 0.98 [0.89-1.08] .660 1.08 [1.03-1.12]  .001 1.57 [0.33-7.49] 570
389 58 0.98 [0.89-1.07] .620 0.98 [0.95-1.01] .180 3.81 [1.06-13.65] .040
397 73 0.94 [0.87-1.01] .070 0.99 [0.96-1.01] .220 3.58 [1.11-11.55] .030

Bold font indicates statistical significance (P < .05).

OR, odds ratio; CI, confidence interval; rTSA, reverse total shoulder arthroplasty.

planning process on the surgeon. It seems important that
the majority of surgical plans in the study, even by high-
volume surgeons, match the plan created by an industry
technician. In fact, very few plans did not match the pro-
vided plan in at least 1 parameter.

The most natural assumption, and it should be recog-
nized as an assumption, is that this high rate of concordance
is due to the fact that the surgeon accepts the presented plan
with very little change made in most cases. If true, this
phenomenon is likely due to 1 or more cognitive biases to
which the human mind is susceptible.” These possible
sources of cognitive error include authority bias, the ten-
dency to unquestioningly accept information provided by
authority figures (eg, an industry “expert”) and social
loafing, the tendency for poorer effort in group vs. indi-
vidual projects.

Likely, these potential effects of the planning process on
the surgeon are dependent somewhat on the personality of
the surgeon. For example, for the entire data set, the ten-
dency for Vg, = Vicn decreased as the case count
increased; in other words, surgeons tended to modify the

plan for version as their experience with the system grew.
However, approximately half of the high-volume surgeons
affected by case count had greater acceptance of the plan as
their experience grew.

An additional potential source of bias introduced by an
initial plan is called the anchoring effect and pertains to the
well-described phenomenon that the human mind creates
different estimates based on different starting points.'"
Thus, even if the surgeon does not simply “accept” the
presented initial plan, the final plan is likely affected by the
presence of the offered starting point. One example of this
could be failure of the surgeon to switch to a reverse
prosthesis for severe deformity if the initial surgical plan
was created for aTSA. Another example is that the surgeon
corrects too much version resulting in severe bone loss
because the initial plan called for a high degree of
correction. The effect of the anchoring phenomenon on
surgeon 3D planning should be a topic for future study.

Perhaps the ‘‘acceptance” phenomenon found in the
current study should not be worrisome to the orthopedic
community. It may be that for the majority of cases a 3D
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plan produced by a non-surgeon technician (or artificial
intelligence) with only the information provided by the CT
and the rules and limits placed imposed by the planning
system would not be significantly different from an
completely independent surgeon plan that included the
surgeon’s experience, clinical knowledge of the patient, and
other sources of patient imaging (plain x-rays, magnetic
resonance imaging, etc.). This would seem to be very likely
for cases in which the anatomy tends to be more normal, as
this had a clear effect in the study on plan acceptance.

Conversely, the total knee arthroplasty literature that
pertains to PSI contains several studies that raise caution
about the utility of an initial surgical plan provided by in-
dustry. Pietsch et al’ noted a high rate of changes—up to
68% modified for component size, position, or rotation,
made by the surgeon to the technician’s initial preoperative
plan. Okada et al® evaluated changes made to an initial
industry-provided surgical plan and noted a 91% rate of
cases needing correction and a mean of 3.3 corrections per
case. Cucchi et al' discouraged “blind acceptance” of a
manufacturer’s PSI preoperative total knee arthroplasty
plan, also noting a poor rates of agreement between this and
the surgeon’s preoperative plan. These studies were small,
single-center analyses, which might explain the lower rates
of plan acceptance than what was observed in the current
study.

Whether good or bad, the initial plan acceptance phe-
nomenon should be recognized both by orthopedic device
industry and surgeons and should be a topic for further
investigation. For industry, it is important to acknowledge
that in surgical planning an initial plan might bias the
surgeon. Therefore, it is important that the plan be a sound
one with certain safety checks, particularly as the potential
of surgical plans generated by artificial intelligence be-
comes a reality. Surgeons also might prefer a planning
package with no initial plan offered to try to reduce bias.
Although recognition of potential sources of cognitive bias
does not automatically eliminate their effect,’ surgeons
should try to recognize the tendency to accept what is
presented with an uncritical eye and cognitive laziness
particularly when exacerbated by fatigue.” Particularly for
difficult cases, surgeons should be aware of the potential
anchor bias effect of an initial surgical plan.

Limitations

The current study contains and, in fact, highlights the pri-
mary limitation of retrospective research studies: the pres-
ence of unidentified confounding variables. If not for the
very large numbers of cases being planned by the techni-
cians at the FDA lower limit of glenoid version and FDA
upper limits of inclination, the effect of the initial surgical
plan on the final surgical plan might not have been detec-
ted. Now that the effect has been detected, and likely exists
for all the available commercial 3D planning systems, an

attempt should certainly be made to account for it in sub-
sequent retrospective studies.

For example, the authors’ original intention was to study
the effect of surgeon tendency for correction of glenoid
version toward 0° vs. leaving this in a retroverted position
for B-type glenoids or high native retroversion. Similarly,
large database studies might attempt to retrospectively find
the effects of correcting inclination in TSA. However, if the
initial surgical plan creates bias (ie, an unidentified con-
founding variable), these types of studies might be inves-
tigating more the effect of the initial plan than the surgeon’s
plan. Therefore, prospective, well-controlled studies on
these questions are in order.

Although a formal power analysis was not performed,
the study would not seem to lack power given that thou-
sands of surgical cases were analyzed. In fact, it may be
that some statistically significant trends were discovered
that are not clinically meaningful (eg, higher rate of version
acceptance for aTSA). It is difficult to speculate on the
clinical significance of other positive statistical results. For
example, the odds of acceptance for an individual surgeon
being 2% decreased cumulatively for each additional case
might seem insignificant but could have a large effect with
a large number of cases. Finally, clinical outcomes were not
correlated with implant position in this study. Further study
is needed in this area.

Conclusions

In a large database of TSAs with 3D-planned glenoids,
there were very high rates of cases with surgeon agree-
ment with an initial plan provided by an industry tech-
nician: 66% in version, 72% in inclination, 55% for both
version and inclination. Surgeon acceptance of the initial
plan decreased as pathoanatomy increased (native
version and inclination further away from 0°) and case
count increased. Shoulder surgeons should be aware that
an initial 3D preoperative plan provided by industry
represents a potential source of cognitive bias in shoul-
der arthroplasty planning.
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