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INTRODUCTION 

Technologies in T&O 

Trauma and orthopaedics (T&O) is especially influenced 

by impacts of technological advancements as operations 

often require precise preoperative planning and advanced 

intra-operative skills, which are significant surgeon-related 

factors in patient outcomes.1 Amongst different types of 

current and potential digital application in T&O,2 robotics 

have been recently used as a supplementary surgical tool or 

an alternative option for conventional surgeries to increase 

the accuracy and to support the preoperative planning.3 For 

instance, robotic assisted-total knee arthroplasty (RA-TKA) 

demonstrated improved accuracy in navigation and minimal 
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Background Mixed Reality (MR) is an immersive technology, which has been recently imple-

mented into medicine, recognising its advantageous interactive holograms. VSI HoloMedicine 

(VSI), MR software running on HoloLens2, Head-Mounted Display (HMD) is an example of this. 

It has been used in different medical specialities but not extensively in Trauma and Orthopaedics 

(T&O). 
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Purpose This review discusses the potential use of VSI in T&O. 

Study design Narrative literature review 

Methods Keywords were searched for on PubMed and Scoups databases. Reviews and non-

English journals were excluded. 

Results Full-text screening led to 9 papers being included. Six papers looked at 3D-rendered 

holograms, superimposing them on patients, displayed via HoloLens2 for surgeries. 3D-rendered 

holograms in surgeries aid in complex preoperative preparation, and intra-operative navigation. 

Two journals used HoloLens2 to present medical imaging rendered in 3D holograms to the 

patients for educating them on medical conditions and interventions they are undergoing. Patients 

educated with medical imaging presented by 3D-rendered holograms showed deeper understand-

ing. One paper assessed the effectiveness of VSI for medical training. 

Conclusions Use of MR software particularly VSI in T&O is not extensively studied. Based on 

the evidence showing advantages of using MR software, more studies targeted to T&O should be 

conducted. This innovative tool shows great potential for future development and benefit in the 

speciality. 

Key words ApoQlar; HoloLens2; Mixed reality; Musculoskeletal biopsy; Total knee arthroplasty; 

Trauma and orthopaedics; VSI HoloMedicine. 
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soft tissue injuries,4 such as collateral ligaments, posterior 

cruciate ligaments (PCL) or Extensor mechanisms, de-

creased tibial slope outliers,5 higher accuracy in femoral 

component rotational alignment and decreased loss of blood 

over traditional TKA.6 

Despite the benefits of robotic surgeries, the delivery of 

information is via 2-dimensional (2D) formats such as 

computer screens. This way of displaying can limit detailed 

observations in patient movements or evaluation of medical 

imaging in different angles.7 

 

Holo-Medicine 

“Holo-medicine”, a combined terminology of “hologram” 

and “medicine” primarily relies on extended reality (XR) 

technology, which encompasses virtual reality (VR), aug-

mented reality (AR) and mixed reality (MR).8 It is an 

innovative form of a practice and the delivery of medicine 

through XR technology transmitting the data to a display 

device such as head-mounted display (HMD) that projects 

holographic imageries. VR is a computer-generated depic-

tion of either real or artificial world, whereas AR is a real-

world view with computer generated graphics. MR visual-

ises a real-world view combined with an interactive com-

puter-generated graphics.9 

Virtual surgical intelligence (VSI) HoloMedicine (ApoQlar, 

Hamburg, Germany) is a MR software running on HMD, 

HoloLens2 (Microsoft, Redmond, United States). It can 

visualise medical imaging or documentations in 3-dimen-

sional (3D) holographic imageries surrounding the user. VSI 

HoloMedicine (VSI) broadly has 4 functions, which are 

surgical planning, patient education, teaching and clinical 

research. 

 

Major functions of VSI HoloMedicine 

Surgeons can upload 2D medical imaging files from their 

computer or picture archiving and communication systems 

(PACS), which is converted to 3D-rendered holographic 

model. These created 3D models can be visualised on 

HoloLens2 for surgical planning. Beyond simply viewing, 

3D models can be also superimposed on patients in the 

theatre. VSI surgical plans were used in liver surgery, cra-

niomaxillofacial surgery, neurosurgerie, ventricle drain 

placement, hepatobiliary pancreatic surgery, and parotid 

surgery in different studies.10–13 

Thorough understanding of the anatomical features and 

the relations are essential in medical education and surgical 

training. VSI offers different interactive tools that can be 

utilised with converted 3D models from 2D CT and MRI 

scans, providing in-depth understanding and visualisation to 

the students and the trainee doctors. Furthermore, natural 

and bone rendering functions of VSI offering photorealistic 

visualisation have potentials in increasing the understanding 

of the anatomy for medical students. Tools such as incision 

site marking, catheter placement assistance and streaming 

live surgeries could be beneficial in training trainee doctors. 

VSI patient education offers surgeons or clinicians the 

ability to present 3D models of CT or MRI scans to explain 

the condition or interventions that patients are undergoing. 

This could support in-depth understanding for patients 

about the interventions they are undergoing.  

While Holo-Medicine in general is being considered as a 

next generation medical technology, we aim to investigate 

the current use of VSI HoloMedicine (ApoQlar, Hamburg, 

Germany) in different medical specialities and discuss the 

potentials of its implementation in T&O. 

 

METHOD 

Journal articles were searched for on online databases, 

PubMed and Scopus using keywords such as “ApoQlar”, 

“Virtual Surgical Intelligence”, “VSI HoloMedicine”, 

“Mixed Reality”, “Augmented Reality”, “Holographic”, 

“3D model”, “Holograms”, “Head-mounted Displays” and 

“HoloLens” (Table 1). As ApoQlar (Hamburg, Germany), 

who developed VSI started running in 2017 and Microsoft 

released HoloLens2 in 2019, the filters for publication years 

were restricted from 2017 to current. Non-english articles 

were excluded, and duplicates were deleted. Reviews in-

cluding systematic, narrative reviews and meta-analysis 

Table 1. Search strings used on PubMed and Scopus to find relevant research articles 

Online database  PubMed Scopus 

Search string (“ApoQlar” AND (“Virtual Surgical Intelligence” OR 

“VSI HoloMedicine”)) OR (“Mixed Reality” OR 

“Augmented Reality” OR “Holographic” OR “3D 

model” OR “Holograms”) OR (“Head-mounted 

Displays” OR “HoloLens”) AND (“Surgery” OR 

“Experience” OR “Report” OR “Presentation”) 

ALL ( apoqlar ) OR ABS ( apoqlar ) OR ALL 

( holomedicine ) OR ALL ( vsi AND holomedicine ) 

OR ALL ( hololens ) OR ABS ( hololens ) AND ( ALL 

( augmented AND reality ) OR ALL ( mixed AND 

reality ) ) AND ( LIMIT-TO ( DOCTYPE , “ar” ) ) 

AND ( LIMIT-TO ( LANGUAGE , “English” ) ) 
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were also excluded. Following title and abstract screening, 

relevant studies were included. Following full text review, 

articles mentioning use of VSI and HoloLens2 in the 

method for their studies were included. As a result, 6 

articles including case report, single-centre experience, case 

series investigated its use in surgery, 2 articles investigated 

its use in patient education and 1 article investigated its use 

in medical education were included.  

 

RESULTS 

Surgical planning/procedure 

Jain et al. assessed the usability of VSI as a neuronavi-

gation system, recruiting three patients diagnosed with 

intracranial tumour requiring surgical resection.12 Standard 

MRI scans were uploaded on the software and converted to 

3D-rendered model. 3D model was superimposed on 

patient’s head via surface landmarks for the operations. The 

surgical incision and the craniotomy were guided based on 

an overlaying 3D model on the patients. Despite the visibil-

ity issues of rendered images due to the theatre light, all 

three surgeries were reported as uneventfully completed. 

Authors insisted that VSI showed advantages in such as 

accessibility, sterility and in-built slicer box tool. Operating 

surgeon expressed that the slicer box tool offering surgeons 

to observe inner part of the 3D model of the patient’s MRI 

scan was particularly effective for assessing tumours lo-

cated anatomically deep. 

Pérez et al. evaluated the intra-operative use of VSI and 

HoloLens2 for hepatobiliary-pancreatic surgeries and its use 

in surgical planning.13 Surgeries included 5 liver resections, 

4 liver surgeries requiring resection and replacement of 

vena cava and 2 pancreatic procedures. Medical imaging 

(CT; MRI) converted to 3D-rendered models displayed on 

HoloLens2 were precisely examined and evaluated before 

the operations. All six participating surgeons reported that 

surgical preparations using VSI and HoloLens2 were easier 

compared to the conventional way of using 2D display. 

Regarding to their intra-operative use, these case series 

discussed 3 advantages in using VSI replacing the con-

ventional method. First, the ability to visualise patient’s 

medical imaging in interactive 3D-rendered holographic 

models in the air during the surgery, maintaining the sterility. 

Second, the streaming function of VSI to share the proce-

dure in real-time with consultants at other locations who can 

share their opinions or instructions back to the operating 

surgeon without physically attending to the theatre. Third, 

saving space in the theatre by replacing the physical 

computer monitors with HMD, which was HoloLens2 in 

this case. 

Saadya et al. performed parotid surgeries in patients 

diagnosed with parotid gland neoplasm.11 Obtained medical 

imaging were segmented in relative anatomical structures 

using different 3D slicer software. VSI and HoloLens2 were 

used for better visualisation and to interact with created 

3D-rendered models. The 3D-rendered models of parotid 

glands and facial nerves were pre-assessed by the surgeons 

for the comparison with real-life samples and were shared 

with the patients preoperatively via HoloLens2. Following 

the comparison between 3D models viewed on HoloLens2 

and the video review from physical surgery, facial nerves 

for all patients were successfully identified and accurately 

presented on 3D models. Advantages of using VSI that the 

article discussed were visualisation and interaction. Ana-

tomical structures such as the buccal branch of facial nerve, 

which are difficult to identify and follow through were 

successfully depicted in 3D-rendered models that can be 

manipulated by the surgeon by rotating, re-sizing, and 

slicing. Furthermore, HoloLens2 conveying the 3D model 

to the surgeon not via 2D technology such as computer 

screen benefited in better understanding of patient’s ana-

tomical features and their variances. 

Fidan et al. used VSI for intra-operative navigation in 

Associating Liver Partition and Portal Vein Ligation for 

Staged Hepatectomy (ALPPS).10 3D-rendered model of the 

liver was reconstructed using a software called “Visible 

Patient” (IRCAD, Starsbourg, France). The 3D model of the 

liver showing metastases and vascular structures in different 

colours were scaled at the surgical site, superimposed on the 

patient using VSI and HoloLens2 for navigating ALPPS. 

The author proposed that VSI was beneficial in localisation 

of the metastases particularly centrally located. As a result 

of using superimposed 3D holographic imageries, it 

significantly facilitated the preparation of central vessels in 

the liver hilum for parenchymal transection during first step 

of ALPPS. 

Sun et al. described methods importing CT images of 

trauma patients to VSI for precise examinations of injury 

sites.14 3D images created by the free-open-source 3D slicer 

software were imported to VSI to create interactive 3D-

rendered models, viewed on HoloLens2. The performance 

of the VSI was quantitatively assessed by the questionnaire 

designed by the authors comparing with the traditional 2D 

images. Participants commented that VSI was beneficial in 

observing rib fracture, lung contusion, liver laceration, 

pelvic fracture, and cervical spine fracture with immersive 

3D-rendered models, compared to scrolling up and down 

with CT images on 2D computer screen, using 2D DICOM 

viewer. 

Theivendrampillai et al. conducted a single-centre study, 



 

144 Literature Review on Current Use of VSI HoloMedicine and Potential Implementation in T&O  

 

Journal of Musculoskeletal Science and Technology  www.jkema.org 

 

performing trans-perineal prostate biopsy using VSI for 

prostate cancer diagnostics.15 10 patients with a suspected 

prostate cancer were recruited and underwent 3T MRI with 

standardised sequences. Axial (T2-weighted) MRI scans 

were used for creating 3D-rendered models on VSI software. 

With HoloLens2, these models were projected on the users’ 

field of view. Pre-uploaded and highlighted regions of 

interest were examined by the surgeons before the biopsy. 

After confirmation, freehand PrecisionPoint trans-perineal 

biopsy was performed guided by the 3D-rendered models 

projected on HoloLens2 superimposed on the patients. After 

removing HoloLens2, standard biopsy was performed for 

comparison. The author concluded that the use of VSI and 

HoloLens2 for freehand PrecisionPoint trans-perineal bi-

opsy is a feasible option. 

 

Patient education 

House et al. conducted a prospective randomised clinical 

study investigating the superiority of using VSI over, using 

MRI on 2D computer screens or use of rubber-brain 3D 

model for explaining interventions and diseases to the 

patients.16 Participated patients were females and males of 

different age groups (21–61 years old) with different 

highest school-leaving qualification, who were scheduled to 

undergo 3 different surgeries (Epileptic surgery resections; 

stereotactic implantation of Anterior Nucleus of the 

Thalamus-Deep Brain Stimulation electrodes; stereotactic 

implantation of depth electrodes for stereo-electroenceph-

alography). Following the randomisation, both groups were 

informed by the doctors by conventional method of edu-

cating patient. The additional educations were delivered 

with either VSI software or rubber brain model to each 

group. Patients and relatives completed the questionnaires 

assessing the effectiveness of the education method in three 

aspects (1. Get informed more comprehensibly, 2. Feel safer 

and less anxious about their upcoming surgery and 3. Feel 

treated by the state-of-the-art information technology). 

Significantly more patients reported that using 3D-rendered 

models with VSI was more comprehensible and imaginable. 

The results also showed that significantly more patients felt 

less anxious and reported VSI as a preferred tools to receive 

education about the surgery they are undergoing. 

Skórka et al. conducted a pre-post intervention study 

investigating the effectiveness of using MR for educating 

patients who are having percutaneous balloon angioplasty 

(PTA) in the lower limb for treating peripheral artery disease 

(PAD).17 Included patients were in different age groups 

(≥18), diagnosed with chronic limb ischaemia IIb F by CT 

scanners. Personalised, 1:1 scaled 3D-rendered models were 

created based on the CT images taken from each patient. 

These models were then uploaded to the VSI software for 

presentation to the patients. Patients were then entitled to 

complete the questionnaire both pre- and postoperatively. 

The mean score of the knowledge test between pre- and 

postoperative questionnaires showed significant difference. 

 

Medical education 

Ganeshkumar et al. investigated the difference between 

objective performances of neurosurgical residents and prac-

ticing neurosurgeons with VSI running on HoloLens2 and 

conventional DICOM viewer.18 22 participants were ran-

domised in two groups and CT images in DICOM format 

were obtained from 2 patients diagnosed with bony crani-

overtebral joint (CVJ) anomaly. These CT scans were up-

loaded on VSI to create and visualise 3D-rendered models 

on HoloLens2 for the participants. 4 stations were prepared, 

2 with using HoloLens2 and 2 with using DICOM viewer to 

visualise CVJ anomalies of 2 patients. All participants from 

both groups rotated all 4 stations and recorded performance 

scores. The median performance score of both cases for 

both groups showed statistically significant improvement in 

stations using VSI and HoloLens2, compared to using 

DICOM viewer. 

Along with evaluation of using VSI in hepatobiliary-

pancreatic surgeries, Pérez et al. also conducted a satis-

faction survey given to the medical students after partici-

pating three pilot classes using MR technology.13 The 

classes were real-time streaming of surgeries (open pancre-

atoduodenectomy; robotic hepatic segmentectomy; laparo-

scopic cholecystectomy) from the theatre combined with 

theoretical introduction. The survey consisted of 12 ques-

tions, evaluated the technical quality and certain teaching 

elements. 83.3% expressed that content using MR technol-

ogy facilitated the understanding of the surgery and 64.3% 

responded that it was easier to visualise and understand the 

surgical process with MR technology, compared to physi-

cally being in the theatre room. 95.2% of the students 

expressed that they would like to have this new method of 

teaching in the official teaching course. 

 

DISCUSSION 

Potential use in knee arthroplasty 

Knee arthroplasty is a surgical procedure replacing the 

damaged (arthritic) knee joint with prosthetic components.19 

Total knee arthroplasty (TKA) and uni-compartmental knee 

arthroplasty (UKA) are indicated in different patient 

groups,20 with osteoarthritis being commonest in the United 
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Kingdom.21 TKA benefits patients in pain relief, and 

improved functional mobility,22 and is considered as one of 

the most common, cost effective, and successful operations 

in the orthopaedics.23 Despite its effectiveness and benefits, 

revision surgery raises concern worldwide and postopera-

tive patient satisfaction varies. Infection, aseptic loosening 

and peri-prosthetic fracture are commonest three causes of 

revision TKA.24 One systematic review investigated that 

most of the studies demonstrated patient satisfaction greater 

than 80%, yet the range of unsatisfied patient outcomes still 

spanned between 10%–20%, suggesting 1 in 5 patients are 

not satisfied with their outcomes following the TKA.25 

Preoperative planning of TKA plays crucial role in pa-

tient outcomes, including range of motion (ROM) exami-

nation, Collateral and Cruciate Ligaments assessment, 

neuro-vascular examination, radiographic evaluation and 

laboratory tests.26 Different surgical techniques can be 

utilised when performing and balancing a TKA. One of the 

commonest methods used world-wide involves resecting 

specific amounts of the proximal tibia and distal femur in 

relation to their mechanical axis. The conventional way for 

these resections involves the use of an extramedullary tibial 

jig and a distal femoral intramedullary jig.27 The distal 

femur and the proximal tibia are resected at specific angles, 

based on preoperative imaging and planning. The adjusted 

angle can vary amongst patients depend on their condition, 

lifestyles, and BMIs. Poor adjustments of the mechanical 

axis of the femur and the tibia can affect the patients’ weight 

bearing, which could result in revision surgery or failure.1,27 

Improper placement of the femoral and tibial components or 

component oversizing are one of the surgical risk factors 

that can increase the rate of post TKA failure. Driesman et 

al. showed an inaccuracy of using intramedullary jig for 

femoral resection guide.28 To overcome these challenges, 

computer/robotic-assisted navigations were implemented. 

These navigating systems increased the precision, thus the 

success rate, yet it still poses some limitations. 

The major difference between the RA-TKA and the 

conventional TKA is the navigation system of the operation. 

Currently, RA-TKA benefits in the accuracy of resection, 

minimal soft tissue injuries and patient specific mechanical 

axis adjustment.29–31 However, one of the notable draw-

backs of RA-TKA is that the medical imaging is delivered 

to the surgeons in 2D technology, which is a computer 

screen placed in the theatre.29 Although RA-TKA provides 

surgeons a 3D image of patient’s tibia and femoral anatomi-

cal structures, these are displayed on 2D screen. 

Possible points of implementation of VSI and HoloLens2 

in TKA broadly include supporting preoperative planning 

and replacing intra-operative navigation system. Radio-

graphic evaluation of anterior-posterior and sagittal views 

of the femur and tibia are essential in preoperative tem-

plating for TKA.32 Radiographic evaluation of long-leg 

views and the adjustment of posterior tibial slope are not 

always in routine assessment at every institution.33 However, 

evidence shows that assessment of long-leg views is 

beneficial in preoperative templating34,35 and that posterior 

tibial slope adjustment benefits in postoperative patient 

outcomes of TKA36 and UKA.37 With MR technology of 

VSI and displaying 3D-rendered holographic bone model 

on visual field of HoloLens2, surgeons can benefit in 

preoperative preparation of TKA in two ways. First, sur-

geons could visualise the patient’s CT scans with an 

immersive 3D-rendered model with better spatial under-

standing of the anatomical features. Depends on the severity 

of bone deformities, it could be challenging to evaluate 

scans on 2D display. Although conventional DICOM viewer 

allow to view different plane views of 3D bone models, 

they are still delivered within the 2D computer screen by 

scrolling up and down. Sun et al. used a single interactive 

3D-rendered model which surgeons can rotate and re-size 

with hand gestures in the air, offering more convenient 

radiographic evaluation whilst maintaining sterility, com-

pared to the conventional radiographic evaluation using 2D 

DICOM viewer.14 Second, preoperative templating could be 

done directly on the 3D-rendered model using interactive 

drawing tools. With conventional methods, templating is 

usually done by placing templates over 2D images, drawing 

mechanical axis, anatomical axis, and lines perpendicular to 

the mechanical axis of each tibia and femur.38 This is 

essential for deciding how much resection should be done 

on patients to perform optimal mechanical axis alignment. 

Alignment errors are critical in postoperative outcomes of 

TKA.39,40 If the pre-operative alignment plans could be 

superimposed directly onto the 3D-rendered bone model in 

real time with immersive technology, it could potentially 

offer better patient-specific templating, intra-operative as-

sessment of implant positioning, and thus lead to improved 

postoperative outcomes. 

Intra-operative implementation of VSI and HoloLens2 in 

T&O is thought to be a potential replacement of Robotic-

Assisted Navigation System. Despite the benefits of RA-

TKA over traditional TKA, the computer monitor screen 

used for the navigation system displaying the patient’s 

models to the surgeons occupies a large space in the 

theatre.41,42 Furthermore, they are financially more expen-

sive compared to the conventional TKA. Utilising VSI and 

HoloLens2 intraoperatively in RA-TKA can benefit in 3 

main aspects. First, surgeons would be able to use the 3D-

rendered model for guidance throughout the operation 
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rather than looking at the 2D screen. With superimposing 

function, it could be possibly used for guiding incision site 

as shown in Jain et al.12 Second, replacement of the monitor 

screen used in RA-TKA system can save space. The mon-

itor screen currently used in the theatre occupy significant 

space, which restricts movements in theatre and space for 

instrumentation. If the HoloLens2 could replace the motion 

capture cameras identifying the sensors attached on the 

tibia and femur, as well as project the 3D-rendered model, 

this could save significant space within theatre. Thirdly, 

HoloLens2 currently costs around £3000, whilst the RA-

TKA systems can cost around £20,000. 

 

Potential use in musculoskeletal biopsy guiding 

There are numerous methods for obtaining tissue biop-

sies.43 Core biopsy utilises a needle to remove a small tissue 

sample. This can be image guided to increase accuracy up 

to 97% and minimise contamination.44 Prior to the biopsy, 

radiological evaluation of the region of interest is essential 

to decide entry point, type of biopsy and safest route to 

avoid contamination. The feasibility of using VSI and 

HoloLens2 in tumour resections and as an alternative 

biopsy technique are already shown.12,15 Using 3D-rendered 

models created by VSI for image-guided musculoskeletal 

biopsy can enhance evaluation, preparation, and navigation. 

First, the position of the biopsy site could be complex due 

to the regional morphologic variations of musculoskeletal 

tumours.43 Using superimposed 3D-rendered models high-

lighting the suspected tumours of interest on the patient 

could enhance the preparation by making decision on 

biopsy technique and approach easier as Theivendrampillai 

et al. showed.15 Second, 3D-rendered models projected on 

HMD showing lesions in different colours can benefit 

surgeons to understand the location and anatomical relations 

of musculoskeletal tumours more conveniently, thus bene-

fiting in evaluating the location of suspected tumours.10,12 

Moreover, considering that the cortex of the long bone is 

one of the commonest sites of musculoskeletal tumour,45 

slicer toolbox of VSI visualising deep structures could be 

effective in evaluating and observing the suspected lesions 

or tumours which are located deep. Lastly, superimposing 

3D-rendered model on patients can potentially replace or be 

utilised along with the imaging-guided navigation system 

intra-operatively. 

 

Medical education and surgical training 

A workforce shortage is a major worldwide rising issue in 

healthcare sector.46 NHS is also under a huge burden of staff 

shortages,47 financial issues and long waiting times for the 

patients. To address this, national regimes include increases 

in medical student admissions and establishment of new 

medical schools.48 Major issues with this are lack of spaces 

and opportunities for education and training. MR has poten-

tials in supplementary adjuvant to the medical education 

and surgical training. 

T&O particularly emphasises the thorough understanding 

of the anatomical features and relations of the bony struc-

tures and soft tissues. Cadaveric, plastinated or plastic 

models are suggested to have superiority in anatomy 

education over 2D images in the textbook.49–51 However, 

both cadavers and plastinated specimens from real human 

samples require laboratory space. These laboratories have 

limited numbers of students they can hold and are restricted 

with infection regulations. Immersive platforms created by 

VSI, presenting 3D-rendered anatomical models on HMD 

could possibly lower the burden of lack of laboratory space 

with increasing number of students. Apart from the spatial 

issues, it could potentially lower the financial burden by 

replacing laboratories with several HMD. However, HMD 

and VSI cannot be solely used for medical education by 

themselves. Sociocultural theory proposed by psychologist 

Vygotsky has proposed that people have the greatest learn-

ing curve by socio-culturally interacting with each other, 

when constructing knowledge.52 Considering the signifi-

cance of socio-cultural interaction in learning, educators 

using HoloLens2 together with the students, combined with 

explanation and teaching would be more suitable then 

completely replacing laboratories with HMD. Furthermore, 

real human samples as medical and anatomical education 

are still proven to have numerous advantages, thus VSI 

would be helpful as a supplementary teaching resource. 

Surgical training in T&O could benefit from VSI and 

HoloLens2 in 3 different aspects. First, streaming can offer 

trainee doctors the opportunity to observe procedures in 

first-surgeon view. As trainees could remotely view the feed 

projected from one HMD worn by an operating surgeon, 

this would lead to greater training opportunities for a larger 

cohort of trainees, as well as free up space in the theatre. 

These streaming functions could be implemented in medical 

school teaching as a supplementary resource for lectures. 

Second, MR platforms offering a 3D-rendered models 

which trainee doctors could interact with can be effective 

for learning complex surgeries. Due to its intrinsic nature, 

T&O requires using various surgical tools, robotics-navi-

gated systems. Creating a 3D-rendered models of the pa-

tients and virtual stations with VSI to practice and learn 

procedural steps of operations such as TKA, Osteotomy, 

Musculoskeletal biopsy could yield better training experi-

ence for doctors. Thirdly, surgeons could be remotely as-
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sisted from individuals in other institutions. As shown in 

Pérez et al., other surgeons or expert from corporates do not 

need to be physically at the theatre, which resolve spatial, 

transportation and infectious regulation-related issues.13 

Kolécki et al. assessed the utility of MR in medical 

education by conducting a survey using the Lickert scale.53 

211 medical students and 47 academic faculty at the medi-

cal school participated the survey. Result showed that 

66.9% and 63.9% of medical students and faculty respec-

tively agreed to the questionnaire stating, ‘Education using 

AR/VR technology has more advantages than classic educa-

tion’. Furthermore 84.8% and 72.3% of medical students 

and the faculty respectively believed that the use of AR/VR 

technology increases educational opportunities and improves 

participation in classes. This reinforces the potentials of 

using VSI in medical education and surgical training for 

T&O. 

 

Patient education 

Radiographic evaluation in T&O is one of the most 

significant preoperative assessments. It is essential to both 

the surgeon and patient to understand their condition and 

the proposed plan. Radiological assessment and expla-

nations can be challenging to patients, especially when 

assessing on a 2D image. House et al. showed, using 

photorealistic 3D-rendered models of the medical images, 

trauma cases could be presented to the patients more 

easily.16 This could eventually result in better understanding 

of the patient, and thus help in patient’s decision making 

and consent. House et al. and Skórka et al. demonstrated 

higher comprehension scores of patients after using VSI for 

patient education, supporting the use of these methods in 

patient education/consent.16,17 

Although reviewed studies presented the positive feasi-

bility of implementing VSI in different medical specialities, 

technological improvements are still necessary to achieve 

some of the points discussed in this review to be fully 

integrated into T&O practice. For example, steadily locking 

the superimposing holograms on the patients still require 

technical improvement. This reinforces the necessity of 

designing and conducting future studies that can evaluate 

the realistic challenges such as long-term effect of VSI, cost 

effectiveness, needs of special training and integration with 

existing medical techniques. 

 

CONCLUSIONS 

This review explored how VSI is currently being used in 

different medical specialities and discussed its potential 

implementation in T&O. Possible advancements in T&O 

include surgical planning, intra-operative navigation, patient 

education, and medical teaching/training. Immersive tech-

nology using holograms created by VSI and visualised by 

HoloLens2 provides surgeons with enhanced surgical pre-

cision and increased patient comprehension and supplemen-

tary medical learning opportunities. 

Reviewed articles underlined multiple benefits of new 

novel technology, VSI, including more convenient visuali-

sation of radiographies, enhancement of spatial understand-

ing of anatomical structures and better patient comprehen-

sion.  

Despite the promising advantages and potentials that VSI 

has, further evidence is necessary to evaluate its specific 

impact in T&O. This gap needs to be addressed with future 

observative, comparative and clinical studies that can reveal 

the efficacy and feasibility of using VSI in T&O. 

In conclusion, VSI is an innovative medical technology 

in T&O that has promising potentials in transforming 

surgical procedures and equipment, enhancing patient edu-

cation, and supporting medical training. Continued explora-

tion of the feasibility of such technology and extended 

research specific to T&O are required in revealing its 

potentials, thus improving the health care delivery and 

patient communication and surgery outcomes. By address-

ing challenges currently posed, VSI has promising prospec-

tive in evolution of T&O practice. 

 

Key Points  

Question How is VSI HoloMedicine currently being used in 

different medical specialties and what are the potentials and 

challenges of implementing it into Trauma and Orthopaedics 

(T&O)? 

Findings VSI HoloMedicine is currently being used in 

different medical specialities for supporting the radiographic 

evaluation, intra-operative navigation, patient education and 

delivering supplementary medical education. Studies investi-

gating feasibility of VSI HoloMedicine in T&O are not 

extensively conducted. 

Meaning This review revealed the necessity of future studies 

to address existing challenges, limitations, feasibility, poten-

tials and impacts of VSI HoloMedicine in T&O. 

 

Article information 

Conflict of Interest Disclosures: None. 

Funding/Support: None. 

Acknowledgment: With thanks to Mr Nahas, Mr Aweid, 

Mr Duncan and Mr Aboelmagd at the Royal Berkshire 



 

148 Literature Review on Current Use of VSI HoloMedicine and Potential Implementation in T&O  

 

Journal of Musculoskeletal Science and Technology  www.jkema.org 

 

Hospital. 

Ethic Approval: None. 

 

Author contributions 

Conceptualization: K Min, S Nahas. 

Data acquisition: K Min. 

Design of the work: K Min, S Nahas. 

Data analysis: K Min, S Nahas. 

Project administration: S Nahas. 

Interpretation of data: K Min, S Nahas. 

Writing – original draft: K Min. 

Writing–review&editing: S Nahas, T Aboelmagd. 

 

REFERENCES 

1. Wade RH, Kevu J, Doyle J. Pre-operative planning in 

orthopaedics: a study of surgeons’ opinions. 1998. 

2. Youssef Y, De Wet D, Back DA, Scherer J. Digitaliza-

tion in orthopaedics: a narrative review. Frontiers in 

Surgery. 2024;10:1325423. 

3. Karuppiah K, Sinha J. Robotics in trauma and ortho-

paedics. Annals of the Royal College of Surgeons of 

England. 2018;100:8-18. 

4. Smith AF, Eccles CJ, Bhimani SJ, et al. Improved 

patient satisfaction following robotic-assisted total knee 

arthroplasty. The Journal of Knee Surgery. 2021;34(7): 

730-738. 

5. Byrne C, Durst C, Rezzadeh K, Rockov Z, Moon C, 

Rajaee S. Robotic-assisted total knee arthroplasty re-

duces radiographic outliers for low-volume total knee 

arthroplasty surgeons. Arthroplasty Today. 2024;25: 

101303. 

6. Adamska O, Modzelewski K, Szymczak J, et al. 

Robotic-assisted total knee arthroplasty utilizing NAVIO, 

CORI imageless systems and manual tka accurately 

restore femoral rotational alignment and yield satisfac-

tory clinical outcomes: a randomized controlled trial. 

Medicina (Lithuania). 2023;59(2):236. 

7. Hollander JE, Carr BG. Virtually perfect? Telemedicine 

for Covid-19. New England Journal of Medicine. 2020; 

382(18):1679-1681. 

8. Buwaider A, El-Hajj VG, Mahdi OA, et al. Extended 

reality in cranial and spinal neurosurgery –a biblio-

metric analysis. Acta Neurochirurgica. 2024;166(1):194. 

9. Yuan J, Hassan SS, Wu J, et al. Extended reality for 

biomedicine. Nature Reviews Methods Primers. 2023; 

3(1):14. 

10. Fidan D, Mero G, Mazilescu LI, Heuer T, Kaiser GM. 

Mixed reality combined with ALPPS for colorectal liver 

metastases, a case report. International Journal of Sur-

gery Case Reports. 2023;109:108624. 

11. Saadya A, Chegini S, Morley S, McGurk M. Augment-

ed reality presentation of the extracranial facial nerve: 

an innovation in parotid surgery. British Journal of Oral 

and Maxillofacial Surgery. 2023;61(6):428-436. 

12. Jain S, Gao Y, Yeo TT, Ngiam KY. Use of mixed reality 

in neuro-oncology: a single centre experience. Life. 

2023;13(2):398. 

13. Cremades Pérez M, Espin Álvarez F, Pardo Aranda F, et 

al. Augmented reality in hepatobiliary-pancreatic sur-

gery: a technology at your fingertips. Cirugía Española 

(English Edition). 2023;101(5):312-318. 

14. Sun W-S, Sun C-C, Porta L, et al. Creating augmented 

reality holograms for polytrauma patients using 3D 

slicer and holomedicine medical image platform. AMIA  

Annual Symposium Proceedings AMIA Symposium. 

2023;2023:663-668. 

15. Theivendrampillai S, Yang B, Little M, Blick C. Tar-

geted augmented reality-guided transperineal prostate 

biopsies study: initial experience. Therapeutic Advances 

in Urology. 2024;16:17562872241232582. 

16. House PM, Pelzl S, Furrer S, et al. Use of the mixed 

reality tool “VSI Patient Education” for more com-

prehensible and imaginable patient educations before 

epilepsy surgery and stereotactic implantation of DBS 

or stereo-EEG electrodes. Epilepsy Research. 2020;159: 

106247. 

17. Skórka P, Kargul M, Seemannová D, et al. The 

influence of individualized three-dimensional holo-

graphic models on patients’ knowledge qualified for 

intervention in the treatment of peripheral arterial 

disease (PAD). Journal of Cardiovascular Development 

and Disease. 2023;10(11):464. 

18. Ganeshkumar A, Katiyar V, Singh P, et al. Innovations 

in craniovertebral junction training: harnessing the 

power of mixed reality and head-mounted displays. 

Neurosurgical Focus. 2024;56(1):E13. 

19. Ellen MI, Forbush DR, Groomes TE. Total knee arthro-

plasty. essentials of physical medicine and rehabilita-

tion: musculoskeletal disorders, pain, and rehabilitation. 

Elsevier; 2020. 

20. National Institute for H, Care E. Joint replacement 

(primary): hip, knee and shoulder Quality standard. 

2022. 

21. National Joint R. National Joint Registry primary TKA 

indication data. 2023. 

22. Skou ST, Roos EM, Laursen MB, et al. a randomized, 

controlled trial of total knee replacement. New England 

Journal of Medicine. 2015;373(17):1597-1606. 

23. Gao J, Xing D, Dong S, Lin J. The primary total knee 



  

 Literature Review on Current Use of VSI HoloMedicine and Potential Implementation in T&O  149 

 

Vol. 8, No. 2, Dec. 2024   Journal of Musculoskeletal Science and Technology 

arthroplasty: a global analysis. Journal of Orthopaedic 

Surgery and Research. 2020;15:1-12. 

24. Postler A, Lützner C, Beyer F, Tille E, Lützner J. 

Analysis of total knee arthroplasty revision causes. 

BMC Musculoskeletal Disorders. 2018;19:1-16. 

25. Kahlenberg CA, Nwachukwu BU, McLawhorn AS, 

Cross MB, Cornell CN, Padgett DE. Patient satisfaction 

after total knee replacement: a systematic review. HSS 

Journal. 2018;14(2):192-201. 

26. Tanzer M, Makhdom AM. Preoperative planning in 

primary total knee arthroplasty. Journal of the American 

Academy of Orthopaedic Surgeons. 2016;24(4):220-230. 

27. Minoda Y. Alignment techniques in total knee arthro-

plasty. Journal of Joint Surgery and Research. 2023; 

1(1):108-116. 

28. Driesman A, Connors-Ehlert R, Abbruzzese K, 

Schwarzkopf R, Long WJ. Inaccuracy of the intra-

medullary femoral guide: traditional instrumentation 

lacks precision and accuracy. Knee Surgery, Sports 

Traumatology, Arthroscopy. 2022;30(9):3092-3099. 

29. Shatrov J, Parker D. Computer and robotic – assisted 

total knee arthroplasty: a review of outcomes. Journal 

of Experimental Orthopaedics. 2020;7:1-15. 

30. Siddiqi A, Horan T, Molloy RM, Bloomfield MR, Patel 

PD, Piuzzi NS. A clinical review of robotic navigation 

in total knee arthroplasty: historical systems to modern 

design. EFORT Open Reviews. 2021;64(4):252-259. 

31. Li C, Li T, Zhang Z, et al. Robotic-arm assisted versus 

conventional technique for total knee arthroplasty: early 

results of a prospective single centre study. Interna-

tional Orthopaedics. 2022;46(6):1331-1338. 

32. Khalifa AA, Mullaji AB, Mostafa AM, Farouk OA. A 

protocol to systematic radiographic assessment of pri-

mary total knee arthroplasty. Orthopedic Research and 

Reviews. 2021:95-106. 

33. Gieroba TJ, Marasco S, Babazadeh S, Di Bella C, van 

Bavel D. Arithmetic hip knee angle measurement on 

long leg radiograph versus computed tomography—

inter-observer and intra-observer reliability. Arthroplasty. 

2023;5(1):35. 

34. Singh D, Patel KC, Singh RD. Achieving coronal plane 

alignment in total knee arthroplasty through modified 

preoperative planning based on long-leg radiographs: a 

prospective study. Journal of Experimental Orthopae-

dics. 2021;8:1-9. 

35. Kobayashi T, Goto K, Otsu M, Michishita K. Closed-

leg standing long leg radiographs can be a useful tool to 

assess whether the joint line is parallel to the ground in 

restricted kinematic alignment total knee arthroplasty. 

Journal of Experimental Orthopaedics. 2023;10(1):42. 

36. Sinno E, Panegrossi G, Rovere G, Cavallo AU, Falez F. 

Influence of posterior tibial slope on postoperative 

outcomes after postero-stabilized and condylar-stabi-

lized total knee arthroplasty. Musculoskeletal Surgery. 

2023;107(4):385-390. 

37. Chen Z, Chen K, Yan Y, et al. Effects of posterior tibial 

slope on the mid-term results of medial unicompart-

mental knee arthroplasty. Arthroplasty. 2021;3:1-7. 

38. Arora J, Sharma S, Blyth M. The role of pre-operative 

templating in primary total knee replacement. Knee 

Surgery, Sports Traumatology, Arthroscopy. 2005;13(3): 

187-189. 

39. Matassi F, Pettinari F, Frasconà F, Innocenti M, Civinini 

R. Coronal alignment in total knee arthroplasty: a 

review. Journal of Orthopaedics and Traumatology. 

2023;24(1):24. 

40. Liu B, Feng C, Tu C. Kinematic alignment versus 

mechanical alignment in primary total knee arthroplasty: 

an updated meta-analysis of randomized controlled 

trials. Journal of Orthopaedic Surgery and Research. 

2022;17(1):201. 

41. Elliott J, Shatrov J, Fritsch B, Parker D. Robotic-

assisted knee arthroplasty: an evolution in progress. A 

concise review of the available systems and the data 

supporting them. Archives of Orthopaedic and Trauma 

Surgery. 2021:1-19 

42. Masilamani ABS, Mulpur P, Jayakumar T, et al. 

Operating room efficiency for a high-volume surgeon in 

simultaneous bilateral robotic-assisted total knee arthro-

plasty: a prospective cohort study. Journal of Robotic 

Surgery. 2024;18(1):188. 

43. Mavrogenis AF, Altsitzioglou P, Tsukamoto S, Errani C. 

Biopsy techniques for musculoskeletal tumors: basic 

principles and specialized techniques. Current Oncology. 

2024;31(2):900-917. 

44. Diniz Ferreira FBM, Bertin SK, Nico M, et al. Mus-

culoskeletal imaging-guided biopsies: assessment of 

techniques and applicability. Current Radiology Reports. 

2017;5:1-11. 

45. Lai C, Long JR, Larsen BT, Iturregui JM, Wilke BK, 

Goulding KA. Percutaneous biopsy of musculoskeletal 

tumors and the potential for needle tract seeding: tech-

nical considerations, current controversies, and outcomes. 

Skeletal Radiology. 2023;52(3):505-516. 

46. Boniol M, Kunjumen T, Nair TS, Siyam A, Campbell J, 

Diallo K. The global health workforce stock and 

distribution in 2020 and 2030: a threat to equity and â € 

universal’ health coverage? BMJ Global Health. 2022; 

7(6):e009316. 

47. Morgan B. NHS staffing shortages: why do politicians 



 

150 Literature Review on Current Use of VSI HoloMedicine and Potential Implementation in T&O  

 

Journal of Musculoskeletal Science and Technology  www.jkema.org 

 

struggle to give the NHS the staff it needs? London: 

Engage Britain and The King’s Fund; 2022. 

48. National Health Service England. NHS long term work-

force plan. Leeds: National Health Service England; 

2023. 

49. Brumpt E, Bertin E, Tatu L, Louvrier A. 3D printing as 

a pedagogical tool for teaching normal human anatomy: 

a systematic review. BMC Medical Education. 2023; 

23(1):783. 

50. Radzi S, Chandrasekaran R, Peh ZK, Rajalingam P, 

Yeong WY, Mogali SR. Students’ learning experiences 

of three-dimensional printed models and plastinated 

specimens: a qualitative analysis. BMC Medical Educa-

tion. 2022;22(1):695. 

51. Atwa H, Dafalla S, Kamal D. Wet Specimens, Plasti-

nated specimens, or plastic models in learning anatomy: 

perception of undergraduate medical students. Medical 

Science Educator. 2021;31(4):1479-1486. 

52. Vasileva O, Balyasnikova N. (Re)introducing vygotsky’s 

thought: from historical overview to contemporary psy-

chology. Frontiers in Psychology. 2019;10:1515. 

53. Kolecki R, Pręgowska A, Dąbrowa J, et al. Assessment 

of the utility of mixed reality in medical education. 

Translational Research in Anatomy. 2022;28:100214.

 


