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Hypothesis: Glenoid baseplate positioning for reverse total shoulder arthroplasty (rTSA) is important for
stability and longevity, with techniques such as image-derived instrumentation (IDI) developed for
improving implant placement accuracy. We performed a single-blinded randomized controlled trial
comparing glenoid baseplate insertion accuracy with 3D preoperative planning and IDI jigs vs. 3D pre-
operative planning and conventional instrumentation.
Methods: All patients had a preoperative 3D computed tomography to create an IDI; then underwent
rTSA according to their randomized method. Repeat computed tomography scans performed at six weeks
postoperatively were compared to the preoperative plan to assess for accuracy of implantation. Patient-
reported outcome measures and plain radiographs were collected with 2-year follow-up.
Results: Forty-seven rTSA patients were included (IDI n ¼ 24, conventional instrumentation n ¼ 23). The
IDI group was more likely to have a guidewire placement within 2mm of the preoperative plan in the
superior/inferior plane (P ¼ .01); and exhibited a smaller degree of error when the native glenoid
retroversion was >10� (P ¼ .047). There was no difference in patient-reported outcome measures or other
radiographic parameters between the two groups.
Conclusion: IDI is an accurate method for glenoid guidewire and component placement in rTSA,
particularly in the superior/inferior plane and in glenoids with native retroversion >10�, when compared
to conventional instrumentation.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
The reverse total shoulder arthroplasty (rTSA) was initially
developed as a treatment modality for chronic rotator cuff tear
arthropathy in the elderly.5,27,47 Over the past 10 years, rTSA has
demonstrated excellent clinical outcomes and prosthesis
longevity.1 As a result, the indications and use of the rTSA has
significantly expanded.29 Critical to the overall success of any
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shoulder arthroplasty procedure is the accurate location and
orientation of the glenoid implant,36,45 as malpositioning of the
glenoid component predisposes to prosthetic instability, loosening
or even failure, necessitating revision surgery.3,4,15,16,35

The development of 3D computed tomography (CT) images as
part of preoperative planning has been reported to improve the
accuracy of glenoid placement.21,34 Despite this, the surgeon’s
ability to accurately position the glenoid component can still be
limited, particularly when facing complex glenoid deformities or
when there are no reliable intraoperative landmarks for refer-
ence.44 As a result, computer-assisted technologies, including
image-derived instrumentation (IDI), have been developed in an
attempt to improve the surgeon’s intraoperative accuracy of
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Figure 1 CONSORT flow diagram of recruitment for our RCT. CONSORT diagram template accessed from https://www.consort-statement.org/consort-statement/flow-diagram0.
CONSORT, Consolidated Standards Of Reporting Trials; RCT, randomized controlled trial; IDI, image-derived instrument.
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glenoid placement when compared to conventional instrumenta-
tion (non-IDI) alone.34

IDI involves generating a custom surgical guide that can be
utilized intraoperatively. It is often referred to as “patient-specific
instrumentation;” however, this term is trademarked by a company
not used in this study, so we will be referring to this technology
using the alternative name. The surgical guide is derived from a
preoperative 3D CT, with a digital plan for guidewire, glenoid
baseplate, and screw placement which is planned by the surgeon
using the planning software. A 3D rendered model is fabricated,
with a separate jig for guidewire placement which uses bony
landmarks to assist in accurate placement. In the case of the IDI
guides used for this study, the guide is clipped onto the glenoid
using a u-shaped cuff which sits around the base of the coracoid
and superior glenoid. A paper hardcopy of this digital plan is also
printed, with static images in several planes available for additional
reference. This surgical guide enables the surgeon to preoperatively
visualize and plan prosthesis placement; and in patients with se-
vere deformity, to plan for bone grafting or a specialized prosthesis.
It also serves as an intraoperative tactile surgical tool that can guide
glenoid guidewire (and therefore baseplate) accuracy, ensuring
appropriate version and inclination.37 The implementation of IDI
has been validated across several cadaveric and clinical studies as
an accurate and reliable means of executing the preoperative 3D
plan in vitro and in vivo.10,17-19,31,40,46 However, there remains a
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paucity of in vivo clinical studies comparing whether IDI is more
accurate than non-IDI.44

This prospective randomized controlled trial (RCT) was
designed to compare the accuracy of glenoid baseplate placement
when using IDI with 3D planning vs. 3D planning alone in patients
undergoing rTSA. Our secondary aim was to assess if use of the IDI
guide leads to differences in patient-reported outcome measures
(PROMS), postoperative complications (eg. dislocation or fracture),
and radiographical outcomes (loosening, lysis or scapular
notching).

Methods

This study was conducted as a single-center, single-blinded,
prospective randomized clinical trial that was registered with
anzctr.org.au (ACTRN12618001011279) and approved by the insti-
tutional review board (approval no. HREC/18QTHS/133). Study
consent was obtained with procedure consent by the senior
investigating surgeon, who performed all operations for the study
(L.M.).

All eligible consecutive patients between May 2019 and August
2020 who were booked for a primary rTSA and who agreed to
undergo a 6-week postoperative 3D CT were asked to participate in
the study (Fig. 1). Patients were deemed eligible if they were able to
provide informed consent and had primary osteoarthritis of the

https://www.consort-statement.org/consort-statement/flow-diagram0


Figure 2 Excerpts of the preoperative 3D surgical plan, which is printed and available for viewing during surgery, to assist visualization of guidewire and baseplate placement.

Figure 3 A CT derived 3D model of a patient’s glenoid, which is sterilized for use
intraoperatively (A), the “image-derived instrument” (B), which attaches to the base of
the coracoid (C) and is contoured to fit the glenoid anatomy (D) to ensure a secure fit.
This allows accurate passage of the glenoid guidewire (E). CT, computed tomography.
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shoulder or rotator cuff arthropathy that required a primary rTSA.
Exclusion criteria from the study included the following: revision
arthroplasty operations, operations requiring bone grafting or
other glenoid sided augmentations, rheumatoid arthritis, fracture,
or post-traumatic arthritis. These patients were excluded as their
presentations and baseline anatomy were either not amenable to a
standard Lima Systema Multiplana Randelli (SMR) rTSA or so het-
erogeneous that it would add an unacceptable bias into our results.
All patients received a preoperative 3D CT to permit preoperative
planning using Materialise (Materialise, Leuven, Belgium) software
before undergoing surgery, regardless of whether they were ran-
domized to IDI or non-IDI groups. The senior investigating surgeon
completed the preoperative plan for all patients to place the gle-
noid in an optimal position for baseplate contact with the glenoid.
All patients received a Lima SMR rTSA (Lima Corporate, Udine,
Italy). Both companies involved were blinded to patient randomi-
zation preoperatively, and Materialise were blinded when review-
ing the follow-up CT scans postoperatively.

Randomization

Randomization occurred at the time of enrollment in the study
and was performed offsite by the nonclinical research coordinator
(A.G.) to limit randomization bias. Randomization was performed
with a 1:1 allocation ratio with a block-of-X randomization method
using our institution’s research database program. Neither the
consenting physician nor the patients were aware of the block size,
order of randomization, or allocation. Patients remained blinded
throughout the entirety of the treatment. The treating surgeon was
informed of the group allocation immediately after randomization.
No patient was reassigned after randomization.

Sample size

A priori sample size calculation was conducted (G*power
3.1.9.2) for 2 independent groups (IDI vs. non-IDI). The effect size
(ES), statistical power, and alpha level were set as 0.25, 0.80 and
0.05, respectively, which generated a total sample size of 44 (22 per
616
group). To compensate for potential follow-up loss, 50 patients
were recruited in total (25 per group). This would yield a similar
sample size to that of Iannotti,24 a similar RCT investigated IDI with



Figure 4 Surgical steps for using the IDI guide: (A) Prepare the glenoid, exposing the base of the coracoid; (B) Use the 3D guide to help visualize guidewire placement; (C) See how
the IDI guide seats on the glenoid face and base of coracoid on the model; (D) Seat the IDI guide to the position of best fit; (E) Pass the guidewire for the glenoid reamer through the
IDI guide; (F) Secondary check of guidewire placement with 3D model. IDI, image-derived instrument.

Table I
Demographic information for IDI vs. non-IDI rTSA.

Demographic IDI Non-IDI P Value ES or c2

Gender .10 c2 ¼ 2.56
Male 16 (61.5%) 10 (38.5%)
Female 8 (38.1%) 13 (61.9%)

Side .55 c2 ¼ 0.03
Left 10 (52.6%) 9 (47.4%)
Right 14 (50%) 14 (50%)

Age 69.3 ± 6.8 69.8 ± 7.3 .81 ES ¼ 0.07
BMI 31.8 ± 5.9 29.6 ± 6.7 .23 ES ¼ 0.35
Diagnosis .41 c2 ¼ 1.88
Osteoarthritis 15 (55.6%) 12 (44.4%)
Cuff arthropathy 8 (42.1%) 11 (57.9%)
Other 1 (100.0%) 0 (0.0%)

Glenoid classification .37 c2 ¼ 4.27
A1 8 (53.3%) 7 (46.7%)
A2 2 (40.0%) 3 (60.0%)
B1 11 (50.0%) 11 (50.0%)
B2 2 (100.0%) 0 (0.0%)
C 0 (0.0%) 2 (100.0%)

Surgical time 78.4 ± 16.3 74.8 ± 10.3 .42 ES ¼ 0.27

BMI, body mass index; IDI, image-derived instrument; ES, effect size; rTSA, reverse
total shoulder arthroplasty.
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3D planning compared to conventional instrumentation with 2D
planning.

Preoperative planning

All patients underwent a 3D CT to permit software modeling by
Materialise. A Digital Imaging and Communications inMedicine file
was sent for each patient to Materialise for the creation of a pre-
operative plan using their proprietary planning software. The se-
nior investigating surgeon planned the implant position using the
617
Materialise software for all patients prior to randomization.
Following approval, Materialise executed the surgeon’s preopera-
tive glenoid placement parameters (as seen in Fig. 2). The Materi-
alise engineers were blinded to group allocation for both pre- and
post-plan evaluation. The same engineer cohort used for Materi-
alise’s regular commercial activities were utilized to perform these
tasks using standard company operating parameters and protocols.
Once approved, the completed plan for the IDI group was manu-
factured by Materialise and shipped to the hospital site for sterili-
zation and used during the procedure if needed; those patients
randomized to standard instrumentation had their jigs discarded at
time of surgery. The IDI guides required a round time of three
weeks for manufacturing and delivery.

Surgical technique

All rTSA were performed according to standard protocols used
by the senior investigating surgeon. The deltopectoral approach
was used for all participants included in the analyses. The recom-
mended surgical technique for the implantation of prostheses was
in keeping with the Lima SMR surgical technique, which uses the
Grammont-style implant of a medialized glenoid and medialized
humerus. The key surgical difference between groups was the
preparation of the glenoid and insertion of the glenoid guidewire to
permit face reaming. In the non-IDI control group, this portion of
the procedure was performed as per standard Lima surgical tech-
niquewith sufficient clearance of glenoid labrum and soft tissues to
permit identification of bony landmarks and thereby permit
appropriate orientation and insertion of the glenoid reaming
guidewire. For this technique, the printed preoperative plan was
viewed (Fig. 2), but the 3D guide and jig were not used (Fig. 3). The
surgical steps for the IDI group are seen in Fig. 4; the base of the
coracoid was exposed to allow exact seating of the 3D printed guide



Figure 5 Bar graph depicting changes from planned to actual measures for inclination
and retroversion between the IDI and non-IDI groups. IDI, image-derived instrument.

Figure 6 Bar graphs depicting changes from planned to actual measures for patients
where their natural inclination was � 4.9⁰ or � 5.0⁰ between the IDI and non-IDI
groups. IDI, image-derived instrument.

Figure 7 Bar graphs depicting changes from planned to actual measures between the
IDI and non-IDI groups, for patients where their natural retroversion was � 9.9⁰ or
� 10.0⁰. (Significantly lower degree of error for IDI group when glenoid retroversion
� 10.0⁰ denoted with *). IDI, image-derived instrument.
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to facilitate guidewire insertion. The IDI jig was referenced against
the provided 3D model to visually confirm correct jig placement by
the treating surgeon. Following glenoid preparation, there was no
further difference in standard rTSA surgical technique. Data points
were recorded prospectively through the case by the research
coordinator (Table I).

Postoperative protocol

All rTSA study patients received standard postoperative care;
with an additional 3D CT scan performed six weeks postoperatively
to permit radiographic evaluation of the glenoid baseplate implant
position. An orthopedic metal artefact reduction algorithm was
applied to the scan data to improve image quality.

Postoperative CTs were assessed by Materialise engineers (who
were blinded to the method used) to determine the final glenoid
baseplate parameters. To do so, for each sample, the postoperative
scapula 3D model (with glenoid baseplate) was registered against
the preoperative scapula 3D model. The postoperative glenoid
baseplate position parameters were calculated as per the preop-
erative coordinate system. The deviation in parameters were
established by comparing the postoperative data to the planned
(preoperative) glenoid baseplate position, version, and inclination.
Accuracy of guidewire placement between the IDI and non-IDI
groups was compared using the preoperative guidewire place-
ment plan as the reference point. Translational guidewire accuracy
was assessed in the anterior/posterior and superior/inferior planes,
that measured in millimeters the difference in guidewire
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placement between the two groups when compared to the original
preoperative plan. A difference of >2 mm from the planned
guidewire placement was chosen as an acceptable margin of error.

Follow-up

Patients are undergoing the routine follow-up by the investi-
gating surgeon. This includes recording PROMS preoperatively,
then at six months postoperatively, and yearly intervals thereafter.
The PROMS used are the Oxford Shoulder Score (OSS), the American
Shoulder and Elbow Surgeons Shoulder score (ASES), and the
Constant-Murley Shoulder Outcome Score (CMS). Due to the
COVID-19 pandemic and limited face-to-face consultations, the
CMS was only collated to the one-year postoperative time point.
Plain radiographs of the shoulder were also collated at these same
time points; and assessed for complications such as dislocation,
loosening, and scapular notching (using the Sirveaux method38).
Complications were also noted as part of these postoperative
follow-up reviews.

Statistical analysis

All data were analyzed using the Statistical Package of Social
Sciences (SPSS version 25; IBM, Armonk, NY, USA). According to the
Shapiro-Wilk’s test, the majority of the parameters were normally
distributed. Thus, the continuous parameters were reported as
mean ± standard deviation, while categorical parameters were
reported as frequency and proportions. Independent samples t-test
was used to compare the continuous parameters between the IDI
and non-IDI groups. The categorical parameters were compared
between the IDI and non-IDI groups using the chi-square test. The
inferential statistics were conducted with the alpha level set at
0.05. The magnitude of differences between the IDI and non-IDI
groups for the continuous parameters were determined using ES
calculations (Cohen’s d), with values of 0.2, 0.5, and 0.8 considered
as small, moderate, and large ES calculations.9 With regards to
PROMS, intention to treat analysis was used, assigning the “worst
case scenario” score when data were not available or missing.

Results

Patient recruitment

Of 81 eligible patients, 57 participants were enrolled in the
study. Twenty-four declined to participate (n ¼ 5) or did not
meet all inclusion criteria (n ¼ 19). Eight patients were withdrawn



Table II
Comparison of mean preoperative PROMS in rTSA with IDI and non-IDI standard instrumentation.

Group CMS ASES OSS

IDI (n ¼ 24) 30.17 ± 17.56 (n ¼ 22) 33.66 ± 15.11 (n ¼ 24) 24.28 ± 7.54
Non-IDI (n ¼ 23) 26.61 ± 16.27 (n ¼ 23) 35.43 ± 10.45 (n ¼ 23) 23.13 ± 6.09
P value .48 .64 .57

Data are presented as (number of completed PROMS), mean ± standard deviation.
PROMS, patient-reported outcomemeasures; CMS, Constant-Murley Score; ASES, American Shoulder and Elbow Surgeons Shoulder Score; OSS, Oxford Shoulder Score;
IDI, image-derived instrumentation; n, number.

Table III
Comparison of mean 6-month postoperative PROMS in rTSA with IDI and non-IDI standard instrumentation.

Group CMS ASES OSS

IDI (n ¼ 24) 68.56 ± 13.79 (n ¼ 23) 78.07 ± 15.96 (n ¼ 24) 40.72 ± 5.73
Non-IDI (n ¼ 22) 60.27 ± 16.29 (n ¼ 23) 75.29 ± 18.84 (n ¼ 23) 38.39 ± 6.57
P value .06 .58 .20

Data are presented as (number of completed PROMS), mean ± standard deviation.
PROMS, Patient-reported outcomemeasures; CMS, Constant-Murley Score; ASES, American Shoulder and Elbow Surgeons Shoulder Score; OSS, Oxford Shoulder Score;
IDI, image-derived instrumentation; n, number.
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from the study due to various reasons including the following:
medically unfit for surgery (n ¼ 3), surgery changed to anatomic
TSR (n ¼ 1), correct IDI guide not available on the day of surgery
(n ¼ 1), and lastly due the requirement of glenoid bone grafting
(n ¼ 3). During the analysis phase, a further 2 patients were
withdrawndone had an intraoperative fracture of a bony osteo-
phyte with the edge of the superior glenoid, rendering the IDI jig
unusable as the underlying anatomy had changed, the other
required bone grafting which was identified at the time of surgery.
Therefore, a total of 47 patients completed the 6-week radiographic
investigations for the definitive postoperative glenoid implant
positioning (IDI group n ¼ 24, non-IDI group n ¼ 23; Fig. 1).

Demographics

Table I depicts the demographic information for the IDI and non-
IDI groups. The predominant diagnosis was primary osteoarthritis
in both groups (P ¼ .41). The predominant glenoid classification in
both groups was B1 (P ¼ .37). According to the continuous pa-
rameters, no significant differences were identified between the IDI
and non-IDI groups for age (P ¼ .81), body mass index (P ¼ .23) and
surgical time (P ¼ .42).

Accuracy

The magnitude of change from planned to actual measures for
inclination and retroversion are displayed in Fig. 5. Overall, no
significant differences were found between the IDI and non-IDI
groups for inclination (P ¼ .46) and retroversion (P ¼ .20), with
small ES calculations (d¼ 0.22 and 0.39, respectively). Furthermore,
there were no differences in inclination between IDI and non-IDI
groups for patients where their natural inclination was � 4.9⁰
(P ¼ .69) or � 5.0⁰ (P ¼ .55), with small ES calculations (d ¼ 0.17 and
0.27, respectively) (Fig. 6). Similarly, no differences were identified
in retroversion between the IDI (n¼ 13) and non-IDI group (n¼ 13)
for patients where their natural retroversion was � 9.9⁰ (P ¼ .84)
with a small ES calculation (d¼ 0.08). However, there was a greater
degree of error for the non-IDI group (n ¼ 11) when compared
to the IDI group (n ¼ 10) for patients where their natural
retroversion was � 10.0⁰ (P ¼ .047), with a large ES calculation
(d ¼ 0.93) (Fig. 7).

Regarding the guidewire placement accuracy, there was a sig-
nificant difference in accuracy of the guidewire placement in the
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superior/inferior plane in the IDI group. The IDI group was signif-
icantly more likely to have the guidewire placed within 2mm of the
planned guidewire position (n ¼ 22) compared to the non-IDI
group (n ¼ 14), (c2 ¼ 6.21; P ¼ .01). There was no significant dif-
ference between the two groups in terms of anteroposterior posi-
tion accuracy within 2mm of preoperative plan (IDI n ¼ 20, non-IDI
n ¼ 18), (c2 ¼ 0.19; P ¼ .66).

PROMS

Regarding the baseline preoperative PROMS, there was no sig-
nificant difference between the IDI and non-IDI groups in either the
CMS, ASES or OSS (Table II).

There was a significant improvement in CMS in from preoper-
ative to 1-year postoperative using a paired t-test for the IDI group,
from 30.50 ± 17.90 to 78.54 ± 9.43 (P < .001) and for the non-IDI
group, from 26.61 ± 16.27 to 71.17 ± 15.23 (P < .001). However,
there was no significant difference in CMS when comparing IDI
with non-IDI at 6-months (Table III) or 1-year (Table IV).

There were similar improvements seen in the ASES and OSS
from preoperative scores to 2-year postoperative scores using a
paired t-test for both the IDI group (ASES 35.72 ± 13.92 to
83.78 ± 14.44, P < .001; OSS 24.28 ± 7.54 to 43.88 ± 4.07, P < .001)
and the non-IDI group (ASES 35.43 ± 10.45 to 81.81 ± 17.42,
P < .001; OSS 23.13 ± 6.09 to 39.91 ± 8.88, P < .001).

However, when comparing the IDI to non-IDI groups, there was
no significant difference in ASES scores at 6-months (Table III) or 2-
years (Table IV).

With the OSS, there was a significant difference between the IDI
and non-IDI groups at the 2-year markdwith a significantly better
score in the IDI group (43.88 ± 4.07) compared to the non-IDI group
(39.91 ± 8.88), P ¼ .04. However, given this difference is smaller
than the recognized minimal clinically important difference for the
OSS of a 6-point or 13% difference,26 this is likely to be of little
clinical effect.

Follow-up radiographs

In the IDI group, 13 patients had plain radiographs at the 2-year
postoperativemark, with the remaining 11 patients having a 1-year
postoperative radiograph. There were no complications seen of
fracture, or loosening at this stage. Two patients had Sirveaux grade
1 scapular notching first seen on their 2-year X-ray.



Table IV
Comparison of mean 1-year or 2-year postoperative PROMS in rTSA with IDI and non-IDI standard instrumentation.

Group CMS (1-year) ASES (2-year) OSS (2-year)

IDI (n ¼ 23) 78.42 ± 9.01 (n ¼ 23) 80.27 ± 18.39 (n ¼ 24) 43.88 ± 4.07
Non-IDI (n ¼ 23) 71.17 ± 15.23 (n ¼ 23) 81.81 ± 17.42 (n ¼ 23) 39.91 ± 8.88
P value .053 .77 .04*

PROMS, patient-reported outcomemeasures; CMS, Constant-Murley Score; ASES, American Shoulder and Elbow Surgeons Shoulder Score; OSS, Oxford Shoulder Score;
IDI, image-derived instrumentation; n, number.
Data are presented as (number of completed PROMS), mean ± standard deviation.

*Denotes statistical significance.
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In the non-IDI group, 2 patients did not have retrievable plain
radiographs. Of the remaining 21 patients, 10 had plain radiographs
at the 2-year postoperative mark, with the remaining 11 patients
having a 1-year postoperative radiograph. There were no compli-
cations seen of fracture, dislocation or loosening. Two patients had
Sirveaux Grade 1 scapular notching (one seen on a 1-year X-ray, the
other first seen on a 2-year X-ray), and 1 patient had Sirveaux Grade
2 scapular notching seen on their 1-year X-ray.

Despite the difference in numbers of notching between the two
groups (IDI n ¼ 2, non-IDI n ¼ 3); a Mann-Whitney test indicated
that this difference was not statistically significant, U(NIDI ¼ 24,
Nnon-IDI ¼ 21) ¼ 246, z ¼ �0.35, P ¼ .73, with small ES calculation
(d ¼ 0.11). Given the small ES (small magnitude of difference be-
tween two groups) and the large U value, this sample size popu-
lation is likely not large enough to detect a difference between the
two groups.

Complications

One patient in the IDI group unfortunately developed recurrent
dislocations of his rTSA. He was a 65-year-old man with cuff tear
arthropathy, his subscapularis tendon was not repairable at the
time of index surgery; and he had an anterior dislocation following
a fall in the third postoperative week, and did not seek medical
attention for this until his routine follow-up at the 6-week post-
operative mark. He underwent a closed reduction in the operating
theater; however, he unfortunately redislocated again requiring
revision surgery. At the time of revision surgery, it was noted that
there was a large amount of dense scar tissue posteroinferior to the
glenohumeral joint, which levered the proximal humerus anteri-
orly during range of movement. This scar tissue was released, the
humeral stemwas upsized and inserted in a 10� anteverted position
with a long þ lateralized liner. He had no further dislocations
following this. Furthermore, he reports at 2 years to be “satisfied”
with his rTSA, with an ASES of 61.67, an OSS of 36; and his CMS was
89 at 1 year; which was above his age/sex matched standard [8].

One further complication was an 82-year-old man from the
non-IDI group, who developed subacromial bursitis following an
influenza vaccination in his ipsilateral shoulder at the 6 months’
postoperative mark. This resolved with oral anti-inflammatory
medications and with an ultrasound-guided corticosteroid injec-
tion into the subacromial space.

Discussion

Accurate glenoid component placement is critical in the pre-
vention of early loosening and improving long-term functional
outcomes for rTSAs.14,17,20 Intraoperatively, this can be chal-
lenging,17 and has been aided with the development of preopera-
tive 3D CT modelling.23,24 In addition, the use of IDI guides has
demonstrated to be an accurate and reliable means of executing the
preoperative 3D plan intraoperatively in vivo and
in vitro.2,6,10,12,13,18,19,21,23,24,30-32,34,39-41,43,44 All studies have
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reported significantly reduced errors or a significantly increased
likelihood of achieving the planned presurgical positions with IDI
compared to non-IDI.6,12,13,18,19,21,24,32,34,40 Our study also confirms
that IDI provides accurate and reproducible guidewire placement
and glenoid baseplate positioning and orientation in rTSA relative
to the preoperative 3D CT plan.

Our study demonstrated a significant improvement in accuracy
in with IDI in 2 parameters: in translation in the superior/inferior
plane; and when the patients’ natural retroversion was �10�. In all
other instances, glenoid guidewire placement was consistent with
the plan across the various translational planes, version and incli-
nation between the IDI and non-IDI groups.

It is known that excessive implant retroversion of the glenoid
baseplate is the cause of early loosening and failure,14,20,42,48 and
that accurate correction of moderate to severe glenoid retroversion
is difficult.22 Furthermore, malpositioning of the baseplate in the
superior/inferior plane increases the risk of scapular notching, as
this impacts on peg glenoid rim distance and sphere bone overhang
distance.11 Regarding the acceptable margin for error in the supe-
rior/inferior translational plane, we used 2mm as our cutoff value,
as a 2mm change in sphere bone overhang distance8 and peg gle-
noid rim distance28 has been shown to increase rates of scapular
notching. Our results suggest that the use of IDI improves the ac-
curacy towithin 2mmof the superior/inferior plane plan, and offers
additional accuracy in more complicated glenoid morphologies
with retroversion of �10�.

Furthermore, we see a benefit in generating the preoperative
plan and viewing this printed preoperative plan during surgery add
to the accuracy of guidewire placement (and therefore glenoid
baseplate placement) in the non-IDI group. A similar finding has
been previously reported by Iannotti et al,24 who observed no
significant differences between 3D planning and IDI, although both
techniques improved accuracy significantly. However, they used 2D
CT imaging for their conventional instrumentation group. The use
of 3D preoperative planning has improved glenoid baseplate
positioning and guidewire placement as surgeons do not rely on
their ability to replicate one's intended glenoid position through
manual examination intraoperatively, which is often limited due to
inconsistent anatomical landmarks.10,44 To our knowledge to date,
this is the first RCT using 3D preoperative planning in both exper-
iment groups. In Australia, the National Joint Replacement Registry
records whether IDI was used intraoperatively for shoulder
arthroplasty.1 However, there is no delineation as to whether 3D
preoperative planning was used in isolation or in conjunction with
IDI guides. This will make long-term survivorship data from the
registry difficult to interpretdare we viewing the effect of 3D
preoperative planning, or the effect of IDI on survivorship?

A limitation in our study is thatwe did not include a separate third
armwith conventional instrumentation andwithout 3D preoperative
plan. We did not include this arm because 3D preoperative planning
was the standard of care for the operative surgeon and is known to
improve accuracy of baseplate placement.23 Additionally, we had
difficulties obtaining full data sets for face-to-face outcomemeasures
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(eg. CMS and follow-up X-rays) during the COVID-19 pandemic.
Further limitations of this study are that we did not control for
rotation of the baseplate or reaming depth, which are both important
factors in determining correct glenoid placement.44 Furthermore, this
study does not assess the impact of baseplate positioning on long-
term survivorship, with only 2-year follow-up. Finally, we did not
include patients who required glenoid bone grafting; we felt that this
would introduce heterogeneity into our cohort and subsequently
introduce the potential for bias into our results.

Our results have yet to demonstrate a clinically or radiograph-
ically significant difference. This could be due to the relatively short
follow-up period of 2 years, as it is known that issues with the
glenoid baseplate (such as scapular notching and loosening) tend to
become apparent with longer follow-up.33 The rate of scapular
notching on the postoperative radiographs (8% in the IDI group and
14% in the non-IDI group) are consistent with rates in the literature,
ranging from 10% to 96%.25

Dislocation is a known complication of rTSA,3,4 and is often due
to an imbalance in soft tissue tensioning and component posi-
tioning.4 For the patient who had anterior instability in our study,
his issue resolved once his humeral component was repositioned, a
longer and lateralized liner was used, and the interposed soft tissue
scarring was removed. One could therefore postulate that therefore
the glenoid positioning was not the problem in this scenario.

The other complication seen in our study, of subacromial bursitis
following an influenza vaccination close to the rTSA is a known
phenomenon,7 and unrelated to glenoid baseplate placement.

Conclusion

IDI is significantly more accurate in glenoid component place-
ment in the superior/inferior plane compared to conventional in-
strumentations even when using 3D preoperative planning.
Additionally, IDI glenoid insertion accuracy is superior to conven-
tional in more complex morphologies where the native retrover-
sion is > 10�. There were no significant clinical or radiographic
differences seen between the two groups with 2-year follow-up;
however, the benefits of glenoid placement accuracy may become
apparent with longer follow-up. IDI is an accurate method for
glenoid guidewire and component placement in rTSA.
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