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ABSTRACT

Recent advancements in Augmented (AR) and Mixed Reality (MR) have significantly impacted
the orthopedic field, with hope of holographic tools to enhance surgical precision. This study
explores the reliability of a specifically designed software tool, integrated with HoloLens, for
measuring anatomical structures of the shoulder girdle in orthopedic surgery. Forty-two right
scapulas were analyzed using CT scans, further converted into 3D models, which were then
visualized as holograms and measured through augmented reality tools using the RSQ HOLO
system. Three researchers performed measurements on three key distances: Glenoid Height
(GH), Glenoid Width (GW), and Scapular Width (SW), across two sessions with a minimum
7-day interval. Statistical analysis using Intraclass Correlation Coefficient (ICC) revealed
excellent intra-rater reliability for SW (0.96) and GW (0.91), and good reliability for GH (0.85).
Inter-rater reliability also showed promising results, particularly for SW (0.91) and GW (0.78),
although GH (0.72) showed moderate agreement. Descriptive statistics indicated minimal
measurement differences across all groups, with the majority of differences being under 1
mm. These findings demonstrate holographic assessment of bone morphology is highly reli-
able, supporting its potential use in preoperative planning and intraoperative navigation.
Further studies are needed to evaluate the software’s performance in clinical settings and its
comparison with physical and CT measurements.
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STRESZCZENIE

Ostatnie osiggniecia w dziedzinie Rozszerzonej (AR) i Mieszanej Rzeczywistosci (MR) za-
czynajg wywiera¢ znaczacy wplyw na dziedzine ortopedii, a narzedzia holograficzne dajg
szanse zwiekszenia precyzji chirurgicznej. Celem ponizszego badania byla ocena rzetelnosci
uzycia specyficznego oprogramowania, zintegrowanego z HoloLens, do pomiaru struktur
anatomicznych obreczy barkowej w chirurgii ortopedycznej. Przeanalizowano 42 prawych
lopatek za pomoca tomografii komputerowej (CT), ktére nastepnie przeksztalcono w mo-
dele 3D, wizualizowane jako hologramy i mierzone przy uzyciu RSQ HOLO. Trzech badaczy
przeprowadzito pomiary trzech kluczowych odleglosci: Wysokoéci panewki (GH), Szerokoéci
panewki (GW) oraz Szeroko$ci topatki (SW), w dwéch sesjach z minimalnym 7-dniowym
odstepem. Analiza statystyczna za pomocg Wspétczynnika Korelacji Wewnatrzklasowej
(ICC) wykazata doskonatg niezawodno$¢ intra-rater dla SW (0,96) i GW (0,91), oraz dobrg
niezawodnos¢ dla GH (0,85). Niezawodno$¢ inter-rater réwniez wykazata obiecujgce wyniki,
szczegblnie dla SW (0,91) i GW (0,78), cho¢ dla GH (0,72) uzyskano umiarkowang zgodnos¢.
Statystyki opisowe wskazaty minimalne réznice pomiarowe wéréd wszystkich grup, przy
czym wiekszo$¢ réznic byta mniejsza niz 1 mm. Wyniki te pokazuja, Ze oprogramowanie
RSQ HOLO zapewnia doktadne i sp6éjne pomiary, wspierajac jego potencjalne zastosowanie
w planowaniu przedoperacyjnym oraz nawigacji Srédoperacyjnej. Konieczne sg dalsze badania,
ktére ocenig wydajno$¢ oprogramowania w warunkach klinicznych oraz jego poréwnanie
z pomiarami fizycznymiiCT.

Slowa kluczowe: mieszana rzeczywisto$¢, narzedzie pomiarowe, chirurgia ortopedyczna

Introduction

Advances in technology led to the integration

of Augmented Reality (AR) and further Mixed

Reality (MR) into the medical field, arousing

significant attention in recent years (Gregory
et al. 2018). Among the vast array of MR
headsets available on the market, standing

as one of the most promising is the Microsoft
HoloLens (Gsaxner et al. 2023). With this

device, one can visualize 3D models as holo-
graphic representations (created in advance

and based on the patient’s preoperative CT
images) and interact with them (e.g. rotate

in multiple planes, obtain measurements) in

real-time environments, such as the operat-
ing theater.

Although holographic technology can be
considered as relatively new;, its potential to
increase surgical precision, improve preop-
erative planning, and aid in intraoperative
decision-making has been widely explored
across various fields of medicine. Orthope-
dic surgery is one of these, where spatial
understanding of a patient’s anatomy and

pathology is crucial for successful outcomes
(Lubiatowski 2016, Chytas and Nikolaou
2021, Lubiatowski et al. 2021, Brzézka et al.
2022, Wawrzyniak et al. 2022). We know
very well that three dimensional imaging
is more resistant to experience in evalua-
tion of shoulder structures (Kubicka et al.
2016, Stefaniak & Lubiatowski et al. 2020,
Stefaniak & Kubicka et al. 2020, Nizinski
etal. 2024) . Up to date research results show
that dynamic, interactive visualizations of
complex musculoskeletal structures, provided
by AR and MR technologies, may facilitate
more accurate implant placement (Yanni et al.
2021, Tanji et al. 2022, Sanchez-Sotelo et al.
2024). Additionally, surgeons can remotely
contact their colleagues and ask for advice
or feedback about the procedure with visible
display of holograms (Gregory et al. 2018,
Verhey et al. 2020).

However, despite these promising devel-
opments, there remains a need for further
investigation into the application of new MR
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technologies, as a reliable measurement tool
in orthopedic surgery. The main challenge
that may reject MR and AR technologies is
calibration between the virtual content shown
by the headset and the actual surround-
ings (Longo et al. 2024). This may discharge
new technologies from their future practical,
clinical use.

RSQ HOLO software integrated with Micro-
soft Hololens enables the creation of holo-
graphic orthopedic equipment components
and the measurement tools pre and intra-
operatively. This system is portable, sterile
and allows for 3D visualization integrated
with operation room reality. In this way, the
surgeon can safely and freely project a holo-
graphic image (created based on a CT scan)
onto the operation field during the procedure
without having to turn their head. This allows
for a comfortable, close-range visualization
of the patient’s anatomical structures over-
layed by needed holographic images (Calem
et al. 2024).

Aim

In this study, we aimed to determine whether
holographic shoulder girdle measurements
obtained from Microsoft HoloLens integrated
with RSQ HOLO software could be accurately
reproduced between different researchers
(inter-rater reliability) and consistent with
each one’s data collected over certain interval
of time (intra-rater reliability). Thus checking,
if this software has a reliable measurement
tool, that could be used efficiently in pre and
intraoperative orthopedic surgery settings.

Materials and methods

Forty-two right human scapulas were
obtained from the Department of Zoology;,
Poznan University of Life Sciences. At first,
CT scans of collected scapulas were done.
Based on these, 3D model reproductions (STL
files) were generated using 3D Slicer software
(Fedorov et al. 2012). Generated files were
imported to the cloud that could be accessed
using Microsoft HoloLens with RSQ HOLO
software. Consequently, measurements were

done using the Ruler tool on RSQ HOLO
software (RSQ Technologies, Poznan, Poland)
integrated with Microsoft HoloLens head-
set (Calem et al. 2024). Minimal interval
of measurement was 0.1 cm. The distances
assessed in this study were: Glenoid height
(GH): the distance between the highest and
lowest points of the glenoid cavity; Glenoid
width (GW): the distance between the most
anterior and posterior points of the glenoid
cavity; Transverse scapular length/ Scapular
width (SW): The distance between the medial
margin of scapula and the inferior margin of
the glenoid cavity.

3 researchers performed measurements
two times in an interval of minimum 7 days.
Researchers did not have access to each other’s
results throughout the whole measuring
process, so as not to be able to get influenced
by them.

Statistical analysis of intra and inter-rater
reliability was defined by Intraclass Correla-
tion Coefficient (ICC) in absolute agreement
mode. Additionally descriptive statistics as
Mean, 95%CI and SD were used to compare
groups of measurements. ICC was further
defined as poor (<0.5), moderate (0.5-0.75),
good (0.75-0.9) or excellent (>0.9) (Koo TK
and Li M 2016).

Results
GH measurement intra-rater ICC was overall
0.85 (Separately: Rater no.1: 0.89; Rater no.2:
0.84;Raterno.3:0.81). GW measurement intra-
rater ICC was overall 0.91 (Separately: Rater
no.l: 0.93; Rater no.2: 0.89 ; Rater no.3: 0.91).
SW measurement intra-rater ICC was overall
0.96 (Separately: Rater no.1: 0.98 ; Rater no.2:
0.94; Rater no.3: 0.96). Moving to inter-rater
reliability, GH measurement ICC was 0.72.
For GW, ICC was 0.78. And for SW 0.91.
Descriptive statistics defined by Mean,
95%CI and SD showed no significant differ-
ences among intra and inter-rater groups. For
intra-rater GH the mean of the first meas-
ure was: 3.6 cm (95%CI: 3.5-3.7; SD: 0.4). For
the second measure mean was also: 3.6 cm
(95%CI: 3.6-3.7;SD: 0.4). For intra-rater GW the
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mean of the first measure was: 2.7 cm (95%CI:
2.6-2.7; SD: 0.3). For the second measure the
mean was also 2.7 cm (95%CI: 2.6-2.8; SD:
0.3). For intra-rater SW the mean of the first
measure was: 10.6 cm (95%CI:10.5-10.7; SD:
0.7). For the second measure mean was also
10.6cm (95%CI:10.4-10.7; SD: 0.6). Moving to
inter-rater comparison, mean measurement
done by Rater no.1 for GH was 3.6 cm (95%CI:
3.5-3.7; SD: 0.4), by Rater no.2 mean was
3.7cm (95%CI: 3.5-3.8; SD: 0.4), and by Rater
no.3 mean was 3.6 cm (95%CI: 3.5-3.7; SD: 0.3).
GW mean measurement done by Rater no.l1
was 2.6 cm (95%CI: 2.6-2.7; SD: 0.3), by Rater
no.2 mean was 2.7 cm (95%CI: 2.6-2.8; SD: 0.3),
and by Rater no.3 mean was 2.7 cm (95%CI:
2.6-2.8;SD: 0.3). SW mean measurement done
by Rater no.l was 10.5cm (95%CI:10.3-10.8;
SD:0.7), by Rater no.2 mean also was 10.5cm
(95%CI:10.3-10.7; SD: 0.6), and by Rater no.3
mean was 10.7cm (95%CI: 10.5-11; SD: 0.7).

Discussion

RSQ HOLO software measurement tool

proved to be reliable for measurement in

orthopedic surgery. The best, excellent ICC

agreement was achieved in SW measurement
both in intra (ICC: 0.96) and inter-reliability
comparison (ICC: 0.91). This was the longest
measurement conducted in the study, defined

directly by distinct bony edges. Likely for
this reason, researchers observed the small-
est differences in assessing this distance. In

contrast, unlike the scapular edges, the edges

of the glenoid are not as sharply delineated.
The superior edge of the glenoid and the

supraglenoid tubercle show great variety of
morphology, hence this may be the explana-
tion why GH was the weakest of our measure-
ments (ICC intra-rater: 0.85;inter-rater 0.72).
Furthermore, many patients may present
glenoid margin diversity such as osteophytes

or hypertrophy due to pathological or aging

changes which may also lead to differences in

inter-rater measurements originating from

different interpretations of the glenoid rim

(Zhou et al. 2022). Nonetheless, the consist-
ency of GH and GW measurements was from

good to excellent defined by ICC, with the
sole exception of the aforementioned GH
inter-rater agreement, being moderate. The
mean measurement differences and the 95%
CI limits differences in the vast majority of
compared groups were below 1 mm. This
value is smaller than the measurement error
and the measurement interval of the RSQ
HOLO program. Only for SW in the inter-
rater group, the mean differences and 95% CI
limits differences were greater than this value,
yet still under 2 mm. This can be explained
by the simple fact that this measurement
represented the largest dimension in our
study (generally > 100 mm). Therefore the
2 mm difference is not clinically significant
in this case.

So far, there have only been a few papers
confirming the effectiveness of MR in shoul-
der girdle surgeries. These studies substanti-
ate that technologies, congruent with RSQ
HOLO could have clinical benefits. A study by
Gregory et al. was first to describe a patient
who underwent a reverse total shoulder
arthroplasty (rTSA) using AR guidance and
perioperative planning. Authors reported
that the aid of AR headset enabled better
visualization of a patient’s anatomy thus
making the procedure safer and more efficient
(Gregory et al. 2018). Other studies proved
better glenoid component placement with
MR support (Verborgt et al. 2011, Nashikkar
PSetal. 2019, Moreschini et al. 2020). This is
crucial because scapular notching associated
with glenoid component malposition has been
revealed to be one of the most relevant sources
of complications after rTSA (Zumstein et al.
2019). Sanchez-Sotelo et al. proved that MR
based navigation can be considered as a good
alternative to traditional navigation and
shows satisfying reliability and accuracy in
terms of total shoulder arthroplasty. Authors
of the paper mention some advantages of
the MR utilization, which include efficient
glenoid component placement, cost and time
efficiency, universal applications and space
effectiveness compared to alternative plan-
ning methods. They state, however, that the
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learning curve and initial cost of MR devices
may be their disadvantages (Sanchez-Sotelo
et al. 2024). Moving to scapula fractures Guo
et al. evidenced that through pre-operative
virtual simulation and intra-operative navi-
gation patients can benefit from shorter
operation time and less blood loss (Guo et al.
2022). Moving to elbow joint, another study, to
our knowledge first comparing conventional
methods of Total Elbow Arthroplasty with
AR-based techniques, have demonstrated
significant improvements in both transla-
tion and rotation accuracy especially for the
placement of humeral components (Tanji
et al. 2022). Despite aforementioned suffi-
cient support of MR and AR, there is a lack
of big number studies conducted in surgery
settings. Some current technologies can have
difficulty with the superimposition of the
scene to the physical world (reality). This may
be their main limitation (Berhouet et al. 2019,
Longo et al. 2024). These facts prompt us to
fully investigate the utility of RSQ HOLO,
as we plan to conduct further studies in
clinical settings, in procedures like TSA or
rTSA. Moreover we intend to compare RSQ
HOLO measurements with physical and CT
measurements.

This study had potential limitations. First of
them is the fact that we conducted measure-
ments in pre-operative conditions. Therefore
we were not negatively influenced by limited
visibility, as it could be in the operating field.
Another aspect is that some of the obtained
scapulas were eroded through a natural degra-
dation process of bone tissue, hindering the
measurement process.

Conclusion

This study shows that bone morphology can
be reliably assessed and measured using
mixed reality tools. Overall, MR technolo-
gies compared to traditional visualization
and measurement methods have plenty of
practical advantages and they continue to
improve.
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