
Background: Preoperative traditional software planning (TSP) is a method used to assist surgeons with implant selection and glenoid 
guide-pin insertion in shoulder arthroplasty. Mixed reality (MR) is a new technology that uses digital holograms of the preoperative plan 
and guide-pin trajectory projected into the operative field. The purpose of this study was to compare TSP to MR in a simulated surgical en-
vironment involving insertion of guide-pins into models of severely deformed glenoids. 
Methods: Eight surgeons inserted guide-pins into eight randomized three-dimensional-printed severely eroded glenoid models in a simu-
lated surgical environment using either TSP or MR. In total, 128 glenoid models were used and statistically compared. The outcomes com-
pared between techniques included procedural time, difference in guide-pin start point, difference in version and inclination, and surgeon 
confidence via a confidence rating scale. 
Results: When comparing traditional preoperative software planning to MR visualization as techniques to assist surgeons in glenoid guide 
pin insertion, there were no statistically significant differences in terms of mean procedure time (P=0.634), glenoid start-point 
(TSP=2.2±0.2 mm, MR=2.1±0.1 mm; P=0.760), guide-pin orientation (P=0.586), or confidence rating score (P=0.850). 
Conclusions: The results demonstrate that there were no significant differences between traditional preoperative software planning and 
MR visualization for guide-pin placement into models of eroded glenoids. A perceived benefit of MR is the real-time intraoperative visibili-
ty of the surgical plan and the patient’s anatomy; however, this did not translate into decreased procedural time or improved guide-pin posi-
tion. 
Level of evidence: Basic science study, biomechanics.
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INTRODUCTION 

Computer-assisted solutions for preoperative planning in ortho-
pedic surgery have increasingly shown measurable benefits to 
both surgeons and patients [1-3]. Current research is focused on 
advancing these concepts from the preoperative to a periopera-
tive, real time use for improved surgical execution. One way this 
can be accomplished is via Mixed reality (MR), a concept in 

which virtual objects or holograms are digitally superimposed 
into the real world [4]. These holograms are anchored in reality 
allowing the user to interact and manipulate them with voice rec-
ognition technology or via hand gestures; for example, a holo-
gram can be rotated, enlarged, zoomed in on, or moved to a dif-
ferent location in the real world (Fig. 1). 

Presently, there is little evidence exploring the use of MR in 
shoulder arthroplasty. One case report describes the first use of 
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such a system in a surgical environment [5], and a recent feasibility 
study explores the use of a head-mounted display in the surgical 
planning of a reverse shoulder arthroplasty glenoid baseplate [6]. 

Traditional three-dimensional (3D) preoperative computer 
planning has been gaining traction as an effective presurgical vi-
sualization and conceptualization method to aid surgeons during 
shoulder arthroplasty. This method of preoperative planning uti-
lizes 3D anatomical reconstructions of the patient’s native shoul-
der anatomy via a computer software system, reliably providing 
information about glenoid version/inclination, the glenoid wear 
pattern, and humeral head subluxation. This information allows 
the surgeon to appropriately plan glenoid component positioning 
and to subsequently translate this preoperative plan into the op-
erating room. Numerous implant manufacturers now offer surgi-
cal planning software. However, to successfully integrate the pre-
operative plan into the surgical theatre in real time requires the 
use of patient-specific instrumentation, which can be time-con-
suming and costly to manufacture, or optical navigation. An op-
tical navigation system requires additional steps of intraoperative 
calibration and registration, which can increase surgical time as 
well as cost due to the specialized tracking equipment required 
[7]. An alternative to overcoming these challenges is the use of 
intraoperative MR visualization. A portable head-mounted dis-
play (headset) provides a 3D holographic view of a patient’s pre-
operative plan in the surgical field and allows for real-time user 
interaction and manipulation while remaining sterile (Fig. 1). 
The headset is optically transparent with a self-contained holo-
graphic computer, which overlays the holographic image of the 
preoperative plan without blocking the real environment (Fig. 2). 

It is logical to postulate that successful integration of this ac-

tively evolving technology has the potential to improve surgical 
accuracy during shoulder replacement surgery, decrease opera-
tive time, and increase surgeon confidence, all of which may con-
tribute to improved patient outcomes and prolonged implant 
longevity. As such, the purpose of this study was to compare tra-
ditional 3D preoperative computer software planning to MR vi-
sualization in an idealized simulated surgical environment using 
3D-printed glenoid models, where surgeon subjects inserted 
guide-pins into models of severely deformed glenoids. The two 
techniques, traditional software planning (TSP) and MR, were 
compared in their ability to assist surgeons with idealized guide-
pin insertion, assessing guide-pin entry point on the glenoid, and 
angular orientation. Our hypothesis was that MR visualization 
would have a lower overall procedural time, improved guide-pin 
positioning and result in greater user confidence than TSP. 

METHODS 

This study was approved by Institutional Review Board of West-
ern University Health Science Research Ethics Board (No. R-21-
074). Written informed consent was obtained from each partici-
pant after the nature of the study was explained. 

Glenoid Models 
After obtaining institutional ethics review board approval, a total 
of eight patient computed tomography (CT) scans of four left 
and four right shoulders that met the following glenoid erosion 

Fig. 1. A view of two surgeons conducting a shoulder replacement 
from the vantage point of an assistant wearing the mixed reality 
headset. As the surgeons operate, two digital holograms are visible. 
The left hologram is of the scapula with an anatomic glenoid compo-
nent positioned and the right is an axial view of the patient’s com-
puter-tomography scan. ANAT: anatomic, GLN: glenoid, HUM: hu-
merus, JNT: joint.

Fig. 2. Three-dimensional (3D) holographic view of the simulated 
surgical field from the surgeon’s point of view using a mixed reality 
(MR) headset. The scapular model, the entry point, and the trajecto-
ry of the guide-pin (seen as a straight line on the glenoid face pro-
truding outwards) are shown. The surgeon tester is holding a guide-
pin loaded drill onto the 3D-printed glenoid model attempting to 
recreate the planned guide-pin entry point and trajectory as seen in 
the holographic plan above the experimental set-up.
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criteria based on Lévigne et al. [8] and Walch et al. [9] classifica-
tions were selected: two E2s, one E3, two B2s, one B3, one C and 
one D glenoid case. Using this patient CT data, a total of sixteen 
duplicate 3D glenoid specimen models for each patient (Fig. 3A) 
were created using additive manufacturing (Prusa i3Mk3S, Prusa 
Research) for a total of 128 glenoid models. The thermoplastic 
material used was polylactic acid, with a setting of two shells, 
25% infill and a 3D gyroid infill pattern to represent differences 
in density between cortical and cancellous bone in a natural gle-
noid as closely as possible. 

The glenoid models were attached to a baseplate including 
coracoid and acromion anatomical features (left and right avail-
able for left and right glenoids), which was mounted to a work-
bench fixture for stability (Fig. 3A). Once the models were se-
cured to the fixture, they were encapsulated in a foam housing 
(Sawbones, Pacific Research Laboratories Inc.) mimicking the 
soft tissues of the shoulder (Fig. 3B) with an opening anteriorly 
for the deltopectoral approach. During testing, an assistant pro-
vided retraction to emulate a glenoid exposure during arthro-
plasty as closely as possible (Fig. 3C). 

Surgeon Testers 
Eight surgeon testers of different experience levels, including two 
senior surgeons, two surgical fellows, two senior residents and 
two junior residents, volunteered to participate in guide-pin in-
sertion into the deformed glenoid models. Due to time availabili-
ty and the four different levels of training (from junior to senior), 
eight was the minimum feasible number of surgeon testers that 
could be chosen for this study. For the junior residents, prior ex-
perience with shoulder arthroplasty procedures was not a re-
quirement to participate. Each participant of matched surgical 
experience was randomly assigned (obtained by the RAND func-

tion in Microsoft Excel) to first use either the TSP or the MR 
preoperative planning strategy during simulated surgery. A 
2-week interval between each testing method was provided to al-
low the testers to forget the experience before applying the sec-
ond method. 

Study Design 
Prior to the study beginning, the eight patient cases were planned 
such that an idealized guide pin entry point and trajectory was 
pre-determined for each unique model by an experienced, fel-
lowship trained senior surgeon (GSA) using a commercially 
available presurgical software planning program (BluePrint, 
Wright Medical). This software program utilized the DICOM 
data obtained from the patient’s CT scan to create a 3D model. 
Total shoulder arthroplasty (TSA; n = 2) or a reverse total shoul-
der arthroplasty (RTSA; n = 6) glenoid implant was templated 
based on the surgical indication of the case. If a total shoulder ar-
throplasty was indicated, a TSA glenoid component was implant-
ed in 0°–10° retroversion, 0°–10° inclination superiorly with 
> 90% backside seating. The glenoid component utilized was a 
four-peg design with a larger central peg with fins, and three pe-
ripheral pegs. If an RTSA was indicated, a baseplate was posi-
tioned at 0° version, neutral inclination and at > 80% backside 
seating. These eight planned cases represented the idealized con-
trol and were the preoperative plans that the surgeon testers were 
asked to replicate in the simulated surgical environment. 

This study compared preoperative traditional 3D software 
planning (TSP) to MR visualization. The MR method was con-
ducted through the use of an MR headset developed and manu-
factured by Microsoft, the HoloLens 2 (Microsoft Corp.). To al-
low for equal opportunity and skill-level regarding the use of 
MR, no tester had any prior experience in the use of HoloLens 

Fig. 3. The experimental set-up. The set-up involved a three-dimensional-printed glenoid model (A) covered by a soft tissue replica of the 
shoulder (B) to simulate the approach (C).
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visualization prior to testing. Each tester underwent a 15-minute 
HoloLens training module of the HoloLens software on the use 
of the device to become familiar with manual manipulation of 
the hologram in space, such as its rotation and zoom-in and 
zoom-out features using simple manual gestures. Though the 
HoloLens permits verbal cues for manipulation of the hologram, 
this study assessed manual gestures only. 

The surgeon testers were asked to recreate the guide-pin loca-
tion and trajectory onto the glenoid models in the simulated sur-
gical scenario using the TSP and MR techniques for assistance. 
The TSP method involved viewing the preoperative plan on a 
computer screen utilizing the preoperative planning software and 
set-up approximately 2 meters away from the surgical field. Once 
the surgeon tester deemed themselves comfortable with the plan, 
they moved over to the simulated surgical field for true guide-pin 
insertion. During guide-pin insertion, the surgeon tester could 
view the preoperative plan on the computer screen, however, ma-
nipulation of the TSP with hand gestures was not possible. The 
MR method utilized the HoloLens to project a digital hologram 
of the preoperative plan adjacent to the simulated operating field 
set-up (Fig. 2). In both circumstances, the surgeon testers had 
unrestricted access to the plan and the 3D images to manipulate 
and alter the vantage point to assist with interpretation and land-
marking for eventual guide pin insertion. 

The surgeon testers were randomly assigned to either method 
(TSP or MR) and were allowed unrestricted access to view the 
3D scapular anatomy of each case from all vantage points to as-
sess and landmark the trajectory of the guide-pin. The testers 
were also permitted to manipulate the plan; however, they were 
informed that in addition to accuracy, time was a recorded out-
come measure. Timing started at the first reveal of the computer 
screen in the TSP method and after flipping down the visor of 
the headset in the MR method. Timing ended with a vocal cue 
by the tester after final insertion of the guide-pin into the gle-
noid model had taken place. The eight testers inserted guide-
pins into eight unique glenoid models for the TSP method and 
inserted eight guide-pins into eight duplicate models using the 
MR method, for a total of 16 glenoid models per tester. This re-
sulted in a total of 128 glenoid models containing a guide-pin 
for comparison. 

After completing guide-pin insertion into the specimens using 
either method, the tester was provided with a confidence rating 
scale in the form of a short questionnaire and was asked to rate 
their confidence in guide-pin positioning and insertion pertain-
ing to the method used. Due to a lack of literature on which to 
base our questions, expert opinion of three experienced shoulder 
surgeons was sought through an approach that has been used 

previously in related studies [10-12], and a set of four statements 
was created, which included the following: (1) The planning 
method helped me find the guide-pin insertion position with 
ease. (2) The planning method made me feel confident in my 
guide-pin insertion. (3) This planning method was easy to use. 
(4) I would use this planning method again. Participants were 
asked to rate their agreement with the above items on a scale of 1 
(strongly disagree) to 5 (strongly agree). 

Overall outcome measures of the study included (1) total indi-
vidual procedural time to insert the guide-pin into the glenoid 
model, (2) difference in guide-pin entry point location from con-
trol, and (3) difference in orientation from the control reported 
as version and inclination, and (4) subjective surgeon confidence 
via the above confidence rating scale. 

Measurement and Digitization of Guide-Pin Wire Entry 
Point and Trajectory 
To analyze the deviation of the executed guide-pin entry point 
and trajectory from the planned control, the guide pin trajectory 
was digitized. Each specimen was rigidly fixed to an optical 
tracker and digitization points were collected and recorded using 
a tracker mounted stylus (Optotrak Certus Position Sensor Full, 
Northern Digital Inc.) in combination with North Digital Inc. 
First Principles software (Northern Digital Inc., ver. 1.2.4). Digi-
tization of the inserted guide-pin was achieved by probing the 
start point, the opposite end of the guide-pin, the mounting 
points, and taking a trace of the guide-pin. 

Analysis of the orientation and insertion of the guide-pin was 
achieved by importing the 3D models into SolidWorks 2020 soft-
ware (Dassault Systèmes SolidWorks Corp., ver. 28.3.0.0086). 
Measurements were taken to determine the location of land-
marks to establish a glenoid coordinate system which was par-
tially based on previous protocols [13]. 

Data from both the control and the digitization of the guide-
pin insertions were imported to MATLAB software (The Math-
Works Inc., ver. 9.7.0.1190202) for comparison. Analyses were 
conducted to compare the orientation of the guide-pin with re-
spect to the glenoid coordinate system (X = anterior/posterior, 
Y = inferior/superior, Z = medial/lateral) as well as determining 
the entry point of the pin.  

Statistical Methods  
Statistics were calculated using IBM SPSS ver. 27.0 (IBM Corp.) 
and a multivariate analysis of variance (MANOVA) was em-
ployed to compare the sample means for version, inclination and 
point location for each specimen, tester and method, and order 
of method. The same statistical test (MANOVA) was applied to 
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compare the sample means for procedural time in the same cate-
gories. A P-value less than 0.05 was considered to be statistically 
significant. Descriptive statistics are provided as mean ± standard 
deviation (95% confidence interval [CI]). 

RESULTS 

Procedural Time 
All 128 glenoid models underwent testing without any material 
issues. The average procedural time from visualizing the presur-
gical plan to completion of guide-pin insertion for all specimens 
was 63 ± 3 seconds (95% CI, 56–70 seconds). The mean proce-
dure time for the TSP method was 62 ± 4 seconds (95% CI, 53–72 
seconds) and for the MR method was 64 ± 3 seconds (95% CI, 
58–70 seconds) and these were not statistically different 
(P = 0.634). Regarding surgeon experience level, the mean proce-
dure time for junior residents was not significantly different 
(P = 0.120) from senior residents, at 50 ± 3 seconds (95% CI, 44–
56 seconds) and 56 ± 2seconds (95% CI, 49–60 seconds), respec-
tively, and regardless of method. Both times were significantly 
longer (P = 0.020) than the time it took shoulder fellows to insert 
the guide-pin (39 ± 3 seconds; 95% CI, 33–46 seconds). Among 
all four experience levels, senior surgeons took the longest 
(P < 0.001) to complete the guide-pin insertion for both proce-
dures, with an average of 109 ± 9 seconds (95% CI, 88–131 sec-
onds). 

Procedural time also differed significantly (P = 0.001) from 
first to second trial, regardless of what method (TSP or MR) was 

used first or second, with the first trial taking a mean of 69 ±3 
seconds (95% CI, 61–76 seconds) and the second trial taking less 
time at 58 ±3seconds (95% CI, 50–66 seconds). Surgeon testers 
who started with the TSP method took an average of 87±6 sec-
onds (95% CI, 73–101 seconds) and subsequently took 77±5 sec-
onds (95% CI, 66–89 seconds) to complete the same procedure 
using the MR method. Surgeons who started with the MR meth-
od took an average of 50±2 seconds (95% CI, 46– 54 seconds) to 
complete the guide-pin insertion and subsequently required 38±2 
seconds (95% CI, 33–44 seconds) to complete the procedure with 
the TSP method. The procedural mean times based on method 
and surgeon experience level are listed in Table 1. 

Glenoid Entry Point 
The overall mean deviation from the planned guide-pin entry 
point in all specimens and both methods (Fig. 4) was 2.1 ± 0.2 
mm (95% CI, 1.8–2.5 mm). Specifically, on an X-Y axis with the 
center going through the planned control guide-pin entry point, 
and with X describing the anteroposterior translation and Y de-
scribing the superoinferior translation, the average absolute dis-
tance away from the planned entry point was 2.1 ± 0.2 mm (95% 
CI, 1.6–2.7 mm) in the anteroposterior and 2.1 ± 0.1 mm (95% 
CI, 1.8–2.5 mm) in the superoinferior directions (P = 0.972). 
There was no significant difference (P = 0.760) in glenoid start 
point comparing TSP to MR at 2.2 ±0.2 mm (95% CI, 1.6–2.7 
mm) and 2.1±0.13 mm (95% CI, 1.8–2.4 mm), respectively. Ad-
ditionally, surgeon experience had no significant effect (P=0.270) 
on glenoid start point: junior residents (2.0 ± 0.2 mm), senior 

Table 1. Testing parameters based on presurgical method and surgical experience 

Parameter (method) Junior resident Senior residents Fellow Senior surgeon
Procedure time (sec)
 TSP 47± 3 52± 4 43± 4 107± 11
 MR 53± 3 56± 3 34± 3 110± 10
Insertion position (mm)
 TSP 1.8± 0.2 2.6± 0.3 2.0± 0.4 2.2± 0.3
 MR 2.1± 0.4 1.9± 0.3 2.2± 0.1 2.1± 0.3
Trajectory deviation (°)
 TSP
  Version 5.4± 1.0 8.0± 1.6 11.0± 1.6 9.9± 2.1
  Inclination 13.0± 1.6 6.0± 1.3 6.5± 0.9 9.0± 0.8
 MR
  Version 7.3± 1.3 10.2± 1.9 7.5± 1.2 6.6± 1.8
  Inclination 10.1± 1.6 4.8± 1.1 5.4± 1.3 7.8± 1.3
Confidence scores (out of 5)
 TSP 4.8± 0.5 3.4± 0.7 4.0± 0.4 3.9± 0.4
 MR 5.0± 0.0 3.3± 0.7 3.9± 0.7 4.8± 0.5
Values are presented as mean± standard deviation.
TSP: traditional software planning, MR: mixed reality.
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residents (2.2 ± 0.2 mm), fellows (2.1 ± 0.2 mm), senior surgeons 
(2.1 ± 0.3 mm). Similarly, the order of testing showed no statisti-
cally significant difference to glenoid start point location 
(P = 0.160). The mean guide-pin glenoid start point deviations 
from the control in millimeters are listed in Table 1.  

Guide-Pin Orientation  
The mean deviation angle in version for all specimens measured 
was 8° ± 1° (95% CI, 6.3°–10.3°) and in inclination it was 8° ± 1° 
(95% CI, 6.1°–9.6°) (P = 0.722). There was no statistical differ-
ence (P = 0.105) between the TSP and MR methods for either 
version or inclination, with 9° ± 1° (95% CI, 7.1°–10.2°) and 
8° ± 1° (95% CI, 6.4°–8.5°), respectively (P = 0.586). Additionally, 
surgical experience level showed no statistically significant differ-
ence (P = 0.085) in executed trajectory deviation as compared to 
the control: junior residents, 9° ± 1° (95% CI, 7.9°–10.0°); senior 
residents, 7° ± 1° (95% CI, 5.4°–9.1°); fellows, 8° ± 1° (95% CI, 
6.3°– 9.3°); and senior surgeons, 8° ± 1° (95% CI, 6.1°–10.6°). 
Furthermore, the order of testing had no significant effect on 
guide-pin trajectory deviation (P = 0.689). 

Table 1 lists the executed trajectory deviations in degrees from 
the control trajectory according to TSP and MR method and sur-
geon experience levels and Fig. 5 provides a visual comparison 
between TSP and MR planning for both version and inclination 
error based on experience level. 

Surgeon Confidence 
The overall confidence rating score for the TSP method was 4.0 
out of a maximum score of 5.0 and it was not significantly differ-
ent (P = 0.850) from the MR score of 4.2. The overall confidence 
questionnaire ratings based on surgical method and surgical ex-
perience levels are listed in Table 1. 

DISCUSSION 

There is increasing interest in the integration of MR into the or-
thopedic operating room. Thus far, the majority of literature per-
tains to the use of augmented reality for educational purposes, 
which allows for the study of technical performance as well as 
telemonitoring. However, interest in incorporating this new im-
mersive form of visualization live into the operating room to 
achieve accuracy in a surgical procedure is novel and growing. In 
recent years, such technological uptake has become more feasible 
due to improvements in both cost-effectiveness of MR and virtu-
al reality devices [4]. 

In shoulder arthroplasty, MR visualization was introduced in 
the context of complicated cases in the hopes it would provide 
immediate value in implant positioning and save valuable surgi-
cal time [4]. This was hypothesized, in part, due to the preopera-
tive plan being intraoperatively available in a 3D hologram form, 
which could be visualized and manipulated by the operating sur-

Fig. 4. Guide-pin entry point accuracy from control, based on surgeon experience level. R1 (a) and R1 (b): first year residents, R4 (a) and R4 
(b): fourth year residents, F (a) and F (b): fellows, S (a) and S (b): senior surgeons. S (positive Y-axis)=superior, A (positive X-axis)=anterior, I 
(negative Y-axis)=inferior, P (negative X-axis)=posterior on the glenoid face, TSP: traditional software planning, MR: mixed reality. The coor-
dinate system center represents the control guide-pin entry point. 
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geon in real-time during surgery. Additionally, by having the 3D 
hologram of the guide-pin trajectory adjacent to the native gle-
noid, we theorized this readily visible resource would assist sur-
geons in improved guide-pin placement. 

Based on the results of this study, however, our hypotheses 
pertaining to the benefits of MR visualization were rejected. The 
overall results did not reveal any statistically significant differenc-
es between the use of TSP or MR visualization for guide-pin 
placement, procedural time or user confidence. The lack of sig-
nificant difference between results was unexpected and surpris-
ing. A potential explanation may be that all of the surgeons were 
first time users of the MR HoloLens headset, and as such, there 
may be a learning curve to realizing its benefit. For first time us-
ers, there is some level of adjustment required to acclimate to the 
holograms and the hand gestures required for manipulation and 
setup. Additionally, the simulated surgical setting did not com-
pletely simulate the challenges of glenoid exposure, and the 
stressors of real live surgery. 

Interestingly, we found some statistically significant differences 
in terms of the time it took to complete the procedures. Fellows 
took significantly less time overall for both methods (P = 0.020), 
while testers who were randomized to begin with the MR meth-
od appeared to have taken less time for the procedure than those 
who started with the TSP method; 50 ± 2 seconds (95% CI, 46–54 
seconds) for MR compared to 87 ± 6 seconds (95% CI, 73–101 
seconds) for TSP. But given that there was no statistically signifi-
cant difference between the overall procedure times for TSP 
(62± 4 seconds; 95% CI, 53–72 seconds) and MR methods (64± 3 
seconds; 95% CI, 58–70 seconds) (P = 0.634), it appears that there 

are several underlying factors to consider in combination, as will 
be discussed in the following paragraphs. 

It is important to consider the constraints of both methods. A 
disadvantage of the TSP method is its limited portability into the 
sterile operating field. The TSP method can, however, be project-
ed onto a wall or ceiling mounted computer monitor. In using 
the TSP method intraoperatively, the surgeon must physically 
look away from the surgical site and turn the head or body to-
wards where the monitor is located. For the HoloLens MR sys-
tem, advantages include the alignment of the holographic presur-
gical plan to the surgical site within the surgeon’s field of view 
and the immediate ability to compare and correct position and 
alignment of guide-pin placement to the preoperative plan with a 
simple visual comparison without the need to turn ones’ head or 
body. It was therefore expected that the MR method would out-
perform the TSP in both procedural time and accuracy in guide-
pin placement. However, the use of this novel method inevitably 
comes with its own set of drawbacks, which likely had an effect 
on the outcome measures. There were several difficulties in oper-
ating the HoloLens, which either affected tester’s ability to com-
plete the task as required or else resulted in dissatisfaction with 
the system. There is a learning curve to the appropriate hand 
gestures needed to manipulate the holograms. The headset only 
responds to precise hand gestures and, as such, subtle imperfec-
tions in hand positioning or motion result in a non-response, 
which is time consuming and potentially frustrating for users. 
This is also likely the explanation for the increased time it took 
senior surgeons to complete the guide-pin insertion for both 
procedures compared to the other surgeon experience levels. 

Fig. 5. Comparison between traditional and mixed reality (MR) planning in terms of inclination (A) and version (B) error based on tester ex-
perience level. R1 (a) and R1 (b): first year residents, R4 (a) and R4 (b): fourth year residents, F (a) and F (b): fellows, S (a) and S (b): senior 
surgeons, TSP: traditional software planning.
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While they possess more surgical experience, the increase in 
length of time is likely best explained by the slower adaptation to 
new technology. 

An interesting finding of the present study was that the use of 
preoperative planning software resulted in junior and senior resi-
dents being able to free-hand insert a guide-pin into a deformed 
glenoid with a mean start point deviation of only 2.2 mm and a 
mean trajectory deviation of only 8°. These values were not sub-
stantially different than the consultant surgeons (2.1 mm and 8°). 
Overall, it appears as though some form of preoperative software 
planning may be beneficial to improve surgical execution. These 
results are in line with research by Iannotti et al. [14], which con-
cluded that advanced patient specific instrumentation did not re-
sult in any consistent improvements over 3D preoperative plan-
ning alone. Although the final values for guide pin insertion were 
quite good, it must be stated that these insertions occurred in a 
simulated surgical set-up, without the challenges of glenoid ex-
posure, blood in the operative field, and the inherent stress of the 
surgical theater. 

Limitations of this study overall include that the testing was 
conducted in a controlled environment simulating the single step 
of accurate guide-pin insertion, which is one step among many 
in shoulder arthroplasty surgery. The challenges of soft tissue ex-
posure of the glenoid, a known issue, were not completely as-
sessed. It is theorized that less experienced surgeons would have 
greater challenge exposing the glenoid for accurate guide-pin in-
sertion. Secondly, we developed our confidence rating scale items 
using expert opinion due to the paucity of available data and a 
lack of similar tools in the literature. To our knowledge, there are 
no published articles regarding the characterization of ‘confi-
dence’ in using one presurgical planning method over another. 
Therefore, our question items may not represent a complete cata-
logue of confidence measures. Additionally, it is important to 
note that there were some 3D printing variations. The quality or 
resolution of patient CT scans as well as natural 3D printing pa-
rameters caused slight imperfections between the computer soft-
ware created 3D images of the scapular specimens compared to 
the 3D-printed models. Finally, most implant manufacturers are 
providing preoperative surgical planning software at no addition-
al cost. The HoloLens 2, however, costs from $3,500 to $5,000 at 
the time of publication of this article. 

Overall, we still see potential benefit in integrating MR into the 
operating room. Further development of MR devices for surgical 
purposes, including navigation, needs to be investigated. Addi-
tionally, as MR applications and utilization increase, users will 
become familiar with the platform and will plateau in their learn-
ing curves.  

CONCLUSIONS

The results of this study did not reveal any statistically significant 
differences between TSP and MR visualization for guide-pin 
placement, procedural time or user confidence. Nevertheless, we 
see benefits that can be derived from using MR in the operating 
room, especially for ease of preoperative plan visualization and 
manipulation. This benefit, however, does not translate to de-
creased procedural time or improved guide-pin position in our 
experimental model. 
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