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ABSTRACT
Wearable technology is an emerging
manifestation of consumer electronics that has
the potential to revolutionise healthcare. The
novel hands-free design and clinically relevant
functionalities of various wearable devices hold
significant promise for surgery, but the breadth
and quality of evidence supporting clinical
implementation in the operating room remains
unclear. The objective of this article is to provide
an objective overview of the available literature
regarding the use of wearable technology in
surgery, both in clinical and simulated
experimental settings. A systematic review
examining the use of wearable technology in
surgery was conducted in accordance with the
Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guidelines using the
MEDLINE and Web of Science databases from
inception through 15 January 2016. Three
authors independently screened the titles and
abstracts of the retrieved articles and those that
satisfied the defined inclusion criteria were
selected for a full-text review. A total of 87
publications were included in this review. These
articles predominantly described the use of
Google Glass, GoPro or customised head-
mounted displays (HMDs) in a wide range of
intraoperative clinical settings. The included
articles were categorised based on the highlighted
areas of clinical impact, with the majority (56)
discussing various applications for enhancing
intraoperative safety and efficiency. Almost all
articles cited technological limitations and privacy
concerns as serious barriers to the implementation
of wearable technology in the operating room.
Evidence in the available literature regarding the
use of wearable technology in the operating room
shows promise, but high-quality clinical trials are
needed to fully understand their clinical impact.
Further, it will be essential to address existing
technological limitations, develop healthcare-
specific applications, and integrate privacy-
protecting safeguards before it may be feasible for
wearable devices to seamlessly integrate into the
operative environment.

INTRODUCTION
Over the past decade, the landscape of
consumer electronics has experienced a
dramatic evolution culminating in the
emergence of wearable technology.
Typically referring to electronic devices
with sensing and computational capabil-
ities that are worn by or attached to the
body,1 wearable technology has the
potential to be a disruptive force in
healthcare, particularly in surgery. With
the hands-free form factor of devices
enabling telecommunication and
point-of-view video recording in the
operative environment with minimal hin-
drance to user activity, the introduction
of wearable technology in surgery may
have a tremendous transformative impact
on surgical education, intraoperative
documentation and direct patient care.2–4

While interest among medical profes-
sionals surrounding consumer wearable
devices has precipitated widespread dis-
cussion of potential applications in
surgery, evidence to support their utility
in this context is often anecdotal.5 As
wearable technology becomes increas-
ingly pervasive, it is essential that deci-
sions regarding their integration into
clinical practice be based on critical ana-
lyses of empirical evidence rather than
novelty.
In this systematic review, our objective

was to present an overview of the avail-
able literature regarding the use of wear-
able devices in surgery, both in clinical
and simulated settings, as well as to
objectively discuss factors affecting their
integration into standard clinical practice.

METHODS
This systematic review was conducted in
accordance with the Preferred Reporting
Items for Systematic Review and
Meta-Analyses (PRISMA) guidelines.
Electronic searches were performed
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across the MEDLINE and Web of Science databases
from inception through 15 January 2016.
For the purpose of this review, wearable technology

was broadly defined as any device that is worn by or
attached to the body and is capable of providing the
user with usable data. The systematic search strategy
was developed by two authors (PDG and TPG)
according to this definition and was executed with the
assistance of a research librarian at the Health
Sciences Library of St. Michael’s Hospital. The fol-
lowing free-text search terms were used: ‘wearable
technology’, ‘surgery’,‘surgeon’, ‘telemedicine’, ‘aug-
mented reality’, ‘head-up display’, ‘head-mounted
display’, ‘Google Glass’, ‘GoPro’, ‘smartglasses’,
‘smartgoggles’, ‘wearable computing’, ‘surgical proce-
dures’ and ‘operative’, combined so as to capture
papers featuring both specific and generic termin-
ology. Appropriate variations of these search terms
were also used to account for alternate spellings and
plurals, and search results were restricted to the
English language. The full systematic search strategy is
provided in online supplementary appendix 1.
Inclusion in this systematic review was limited to

publications that evaluated or discussed the applica-
tion of a wearable technology in a surgical context,
irrespective of the intended user. Non-clinical studies
that evaluated a wearable technology with the inten-
tion of eventual implementation in a surgical setting
were considered to satisfy these criteria. Titles and
abstracts of studies retrieved through the database
search were screened independently by two authors
(LK and PDG), and one author (LK) performed a full-
text review of all relevant publications. References of
the selected full-text articles were further analysed for
additional relevant publications.
Data extracted from the included publications were

publication type, clinical setting, the wearable device
assessed, methods and key results. Synthesis of the
results was facilitated by subsequently grouping the
publications based on common themes within each
category of extracted data.

RESULTS
A total of 614 publications identified by the database
search were subjected to title and abstract screening,
and 108 were selected for a full-text review. Of these,
28 were excluded for failing to satisfy the eligibility
criteria. An additional seven publications identified
during the manual bibliographic search were included
following a full-text review. Thus, 87 publications
ultimately fulfilled the inclusion criteria for this
review (figure 1). These publications represented a
range of article types (table 1), presenting wearable
technology applications for various clinician roles in a
variety of relevant specialties (table 2). Of the articles
describing the use of wearables by surgical staff, 20
specifically concerned applications during minimally
invasive surgery (MIS).

The included publications were also categorised
into four groups based on the wearable device fea-
tured: (1) GoPro, (2) Google Glass, (3) head-mounted
display (HMD) and (4) other; and four groups based
on the discussed areas of clinical impact: (1) informa-
tion management, (2) communication, (3) education,
and (4) safety and efficiency.

Wearable devices
Google glass
Thirty-four articles concerned the use of Google Glass
(Google, Mountain View, California, USA).1–3 5–35

Worn in the same manner as a conventional pair of
glasses, Google Glass consists of a wire frame inte-
grated with a computerised central processing unit, a
5MP camera for point-of-view picture and video
capture, and a small head-mounted prism display that
sits above the right eye.2 7 The device is capable of
wireless connectivity and is equipped with various
sensors to enable control via voice command, touch,
blinking and head movement.2 3 16 Two publica-
tions30 31 featured customised versions of Google
Glass, modified through the integration of third-party
software.
Fifteen of the 34 articles (44%) featuring the use of

Google Glass were primary research
articles;2 5 8 10 11 15 16 19 21 26 28 31 32 35 36 of these,
12 described either exploratory studies or
‘proof-of-concept’ case studies in clinical settings. In
general, all of these studies concluded that Google
Glass has the potential to enhance various aspects of
surgery, but the majority highlighted functional limita-
tions (eg, limited battery life, insufficient resolution
and rudimentary voice control), usability issues (eg,
incompatibility with surgical loupes, mismatch
between the user’s natural line of sight and the pos-
ition of the display) and privacy concerns as signifi-
cant barriers to practical clinical implementation.

GoPro
Nine publications featured various iterations of the
GoPro camera system (GoPro, San Mateo, California,
USA), including the GoPro HERO3, HERO3 Silver,
HERO3 Black, HERO4 Black and the stereoscopic
3D HERO system.34 35 37–43 The GoPro series of
cameras are commercially available ‘action’ cameras
typically used for extreme sport photography.39 43

They consist of a high-definition (HD) camera
encased in a compact frame that can be strapped to
the head or body of the user.42

Five of the nine articles (56%) were primary clinical
research articles that evaluated various GoPro
devices.35 38 39 42 43 All of these studies found that
the technical specifications of the models tested could
be adjusted to optimise the quality of picture and
video capture such that fine details within the surgical
field could be visualised. However, the lack of an
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integrated screen and the weight of the device were
noted as clinically significant usability issues.

Head-mounted display
A total of 45 publications described the use of see-
through HMDs produced by a variety of manufac-
turers, including Sony Corporation, eMagin, Vista
Medical Technologies, Microvision and others.32 44–87

The term ‘HMD’ refers to a class of head-worn

displays capable of superimposing computer-generated
imagery over the user’s field of view.61 Generally, there
are two classes of see-through HMDs: optical and
video.4 Optical see-through HMDs allow the user to
view the real world through a semitransparent mirror,
thereby enabling the superimposition of electronic text
or images over the user’s natural view, while video see-
through HMDs feature non-transparent screens that
instead display a video feed of a real-world scene, cap-
tured with an external camera, in front of the user’s
eyes.88 The use of video HMDs was described in all 20
articles pertaining to MIS where HMDs provided users
with an individualised endoscopic display.44 49 51–

54 56–58 64 65 69 72 80 81 83–87

Thirty-three of the 45 articles (73%) describing the
use of HMDs were primary research articles, 19 of
which were exploratory studies carried out in clinical
settings.47 49 51 52 55–58 65 66 69 71 80 81 83–87 Device
design and methodology varied significantly across
these studies, but the results overall demonstrated the
feasibility of HMDs in the various specified clinical
environments. Notably, device ergonomics (eg, weight)
and usability issues (eg, wire connectivity, inattentional
blindness) were generally cited as hindering factors to
practical clinical implementation, and one clinical
study85 reported negative physical side effects among

Figure 1 Flow diagram depicting a systematic review strategy.

Table 1 Distribution of the included publications across article
types

Publication type Number of studies

Primary research article

Clinical study 26

Clinical case study 10

Clinical simulation study 9

Animal model study 6

Technical study 9

Secondary research article (review) 5

Analysis 5

Editorial/commentary 6

Letter to the editor 11

Total 87
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HMD users, including eye fatigue, dizziness and
headache.

Other
An additional three wearable devices were discussed
in three separate articles; these were the FitBit (Fitbit,
San Francisco, California, USA), a wrist-worn personal
activity monitor that collects user movement data
using an imbedded accelerometer,33 a customised
HMD with an integrated iGen Night Vision Viewer
(First Texas Products, El Paso, Texas, USA) for fluores-
cence visualisation in tumour resection surgery,89 and
a hands-free headset for interpersonal communication
in a dermasurgery clinic.90

Clinical applications
Communication
A total of 21 articles evaluated or discussed the ability
of wearable devices, especially Google Glass, to facili-
tate valuable communication within an operative
setting. Most frequently discussed was the potential
for teleconferencing, which involves providing a live
video feed of an ongoing surgical procedure to
remote observers using the video-streaming function-
ality of a wearable device, or teleconsultation,
whereby clinicians in geographically distinct locations
consult with one another via video-streaming soft-
ware. Hamann et al15 studied the use of Google Glass
for videoconferencing and teleconsultation in derma-
tological surgery, where Google Glass was used to
send a live video feed of a recent excision site to a

team of surgeons at a distant location who were then
able to participate in the clinical decision-making
process.

Education
Educational applications of wearable technology were
featured in 25 articles. Wearable devices with
point-of-view recording and video-streaming capabil-
ities were predominantly identified as potential educa-
tional tools for training surgical residents via
telemonitoring, as demonstrated by Rahimy and
Garg26 in the context of ophthalmological surgery. In
this clinical study, an ophthalmologist wore Google
Glass while performing scleral buckling surgery, a pro-
cedure with a small operative field that is not condu-
cive to conventional trainee instruction, thereby
allowing trainees to visualise a video stream of the
primary surgeon’s field of view on a monitor with
real-time narration. Warrian et al42 additionally high-
lighted the utility of GoPro devices in the context of
surgical education by using both head-mounted and
chest-mounted GoPro cameras to record the surgeon’s
manner of handling the surgical instrumentation and
the corresponding instrument movements within the
surgical field during oculoplastic surgery.

Safety and efficiency
A total of 56 articles featured applications of wearable
technology that have the potential to impact intrao-
perative safety and/or efficiency. Devices in this cat-
egory were diverse, including a see-through HMD for
monitoring physiological patient data that enables
anaesthesiologists to limit time spent looking away
from the patient,70 and HMDs with fluorescence visu-
alisation capability for identifying margins in tumour
resection surgery.62 63 Efficiency-enhancing applica-
tions were equally broad, encompassing the use of
Google Glass to display and facilitate the completion
of surgical checklists,3 22 25 29 and the use of HMDs
to provide surgeons performing minimally invasive
procedures with individual endoscopic displays.

Information management
Finally, 20 articles discussed the ability for wearable
devices to manage textual, pictorial and numerical
information intraoperatively. Associated applications
included photodocumentation via picture and video
capture, voice-initiated intraoperative dictation, and
the collection of personal movement data to facilitate
the assessment of specific surgical skills.33

A thematic categorisation of the potential clinical
applications of wearable devices, as discussed in the
articles included in this review, is given in table 3.

DISCUSSION
Technological advancements in recent years have
given rise to the imminent possibility of pervasive
wearable technology in surgery. In this review, we
comprehensively summarised the current literature

Table 2 Distribution of the included papers across clinical
specialties

Clinical domain Number of studies

General surgery 22

Surgical specialties

Urology 12

Orthopaedic 6

Dermatology 5

Interventional radiology 5

Neurosurgery 5

Plastic 5

Cardiology 3

Ophthalmology 3

Maxillofacial 2

Oncology 2

Fetal 1

Hand 1

Limb preservation 1

Otolaryngology 1

Paediatric 1

Periodontic 1

Spine 1

Anaesthesia 10

Total 87
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regarding the use of wearable technology in the oper-
ating room with a view to clarifying the evidence sup-
porting the integration of wearable technology into
clinical practice.
Among the most significant findings of this review

was the lack of high-quality evidence supporting the
use of wearable technology in surgical settings. That
the majority (69%) of the articles included in this
review were primary research articles is promising, yet
only 30% of the described studies were carried out in
clinical settings, and none of these were formal rando-
mised controlled trials. While the prevalence of obser-
vational methodologies may be attributed to the
prerequisite to establish ‘proof-of-concept’ or the
early prototypical nature of many of the devices
studied, it is essential that their impact on critical
intraoperative parameters be explored through well-
designed clinical trials before these devices can be
recommended for exclusive implementation in stand-
ard surgical practice.
This review highlighted the use of a variety of wear-

able devices in operative settings; those featured most
predominantly included HMDs, Google Glass and
GoPro cameras. Despite the general lack of high-
quality studies surrounding these devices, the informa-
tion presented sufficiently illustrated the relative
strengths of each in addition to potential clinical appli-
cations. Strengths of Google Glass included its light-
weight construction, user-friendly interface and
potential for hands-free control; GoPro devices were
universally praised for their powerful HD cameras
capable of capturing precise anatomical detail; and
HMDs were described as the first practical apparatuses
to bring augmented reality to the operating room.2

Certain HMDs were found to be particularly useful
in the context of MIS. By providing surgeons with an
individualised display of the endoscopic video feed,
an HMD frees the user from gazing at a stationary
monitor, thereby allowing the user to adopt a more
natural and ergonomically favourable position
throughout the case.69 Furthermore, most HMDs are
semi-immersive, meaning they allow users to have a
direct view of the patient below the electronic display;
by aligning the direct and indirect views in this way,
HMDs may also eliminate the inefficiency and risk of
technical error associated with looking back and forth
between the endoscopic monitor and the operative
field.49

In categorising the included articles based on area
of clinical impact, we found that applications of wear-
able technology predominantly focused on improving
the safety and efficiency of intraoperative processes.
The associated applications were novel, wide-ranging
and designed for use by a variety of care providers,
thereby reflecting the interconnected relationship
between intraoperative safety and the entire healthcare
team. Furthermore, the applications presented suggest
that wearable devices may be able to resolve certain
human factors that negatively influence performance
and safety in the OR. For example, HMDs designed
for intraoperative anaesthesia monitoring maintain a
display of patient variables within the physician’s field
of view to mitigate attentional conflicts associated
with patient care tasks and the distracting operative
environment.75 Indeed, wearable devices may have an
important role to play as the need for quality and
safety improvement in healthcare increasingly
becomes a driving force for innovation.

Table 3 A summary of the clinical applications of wearable technology discussed in the included articles

Category Clinical applications Articles

Communication ▸ Teleconferencing
▸ Teleconsultation

2 5 7 8 11 15–19 21 23–25 27 35 40 68 84 89 90

Education ▸ Telemonitoring
▸ Self-evaluation through review of recorded intraoperative data

(pictures, video, movement data)

2 5–9 11 14 18 21 24–26 28 29 33–38 67 78 84

Safety and efficiency ▸ Anaesthesia monitoring
▸ Surgical navigation/image guidance
▸ Augmented reality
▸ Facilitation of surgical checklists
▸ Step-by-step surgical procedure guidance in real time for scrub

nurses
▸ Improved surgical performance/efficiency (speed, accuracy)
▸ Improved intraoperative workflows/ergonomics

1–3 5 9 10 12 17 22 25 27 29 31–33 36 44–51 53–63

65–77 80 82 83 85–87 89 90

Information
management

▸ Photodocumentation
▸ Video recordings of surgical procedures
▸ Video recordings of patient consultations
▸ Voice recorded notes
▸ Access to preoperative images (eg, MRI)

3 5–7 9 15–18 20 23 27 34 38–43 49
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Beyond enhancing intraoperative safety and effi-
ciency, the clinical implementation of wearable devices,
especially Google Glass, may have a particularly signifi-
cant impact on surgical education. By circumventing
logistical challenges associated with conventional surgi-
cal observation, wearable devices with point-of-view
video recording and live-streaming applications have
the potential to bring surgical demonstrations at any
given location to a global audience. Allowing trainees
themselves to wear video-recording devices while oper-
ating independently may also be beneficial, as this
could enable their superiors to remotely supervise in
real time or to accurately assess surgical skill through
video review, which would provide significantly more
detail surrounding the case compared with retrospect-
ive reporting alone.28

Despite the numerous potential clinical applications
of wearable devices, various functional limitations
may hinder implementation. Unrestricted freedom of
motion gave battery-powered wearables a distinct
advantage over their wire-connected counterparts, but
poor battery life was repeatedly cited as a serious limi-
tation to device usability; when subjected to the heavy
usage of continuous video streaming, Google Glass
had a reported battery life of 30–40 min,5 10 while
GoPro devices required charging after 90 min of con-
tinuous recording.39 43 Since these devices were ori-
ginally developed for the consumer market,1 2 it is
not surprising that their designs and capabilities have
not been optimised for medical applications. For
wearables to achieve practical intraoperative imple-
mentation, improved battery technology will be crit-
ical, as will be device-specific modifications, such as
improved camera resolution and a more accurate
alignment between the field of view of head-worn
cameras and a surgeon user’s downward line of
sight.16 36 Device design also has important implica-
tions for intraoperative safety; poorly designed head-
worn displays have the potential to cause inattentional
blindness, described as an impeded ability to focus on
and detect events in the surrounding environ-
ment.10 60 75 76 To successfully expand the use of
wearable devices to the operating room, user-centred
design will be imperative for optimising usability, pro-
moting clinical uptake and, most importantly, protect-
ing patient safety.
One final concern associated with wearable devices

is the issue of confidentiality. Despite some authors
describing favourable patient and user acceptance of
Google Glass in their respective clinical experiences,
the majority of the included articles referenced con-
cerns over the ability of existing wearable devices to
sufficiently manage and protect private information.
For example, clinical users of Google Glass must
delete any stored information that is sensitive in
nature before connecting to WiFi, as the device auto-
matically uploads stored files to Google servers on
establishing an internet connection.5 This issue may

be partially addressed through the development of
medicine-specific software applications that conform
to regulations surrounding patient data ownership.1 5 23

Transparent organisational policies regarding the use
of intraoperative information collected using wearable
devices will also be critical from the user’s point of
view to ensure that recorded data are used construct-
ively rather than punitively.12 20 33

The lack of methodological homogeneity across the
articles included in this study impeded the synthesis
of robust conclusions regarding the impact of intrao-
perative applications of wearable technology, and this
is indeed one of the limitations of this review. The
inclusion of commentary and editorial articles may
have contributed to this issue, but it was our view that
these article types provided informative accounts of
initial experiences with wearable technology in the
operating room in the absence of clinical trials. Their
inclusion also allowed us to acquire a broad under-
standing of the quality of the available literature,
which further highlighted the need for more formal
primary research.
In conclusion, wearable devices hold promise for a

number of intraoperative specialties with applications
in the broad categories of education, safety and effi-
ciency, communication and information management.
Moving forward, it will be essential to address the
technological limitations of existing wearable technol-
ogy, develop healthcare-specific applications, and inte-
grate privacy-protecting safeguards before it may be
feasible for wearable devices to seamlessly integrate
into the operative environment. The subsequent execu-
tion of robust clinical trials will then be needed to elu-
cidate the holistic clinical impact of wearable devices
on intraoperative users, processes and outcomes.

Correction notice This article has been corrected since it was
published Online First. The following sentence in the abstract:
‘To provide an objective overview of the available literature’ has
been amended to read: ‘The objective of this article is to
provide an objective overview of the available literature...’.

Twitter Follow Marlies Schijven @marliesschijven

Acknowledgements The authors would like to thank Christine
Neilson of the Health Sciences Library at St. Michael’s Hospital
for assisting with the library database search.

Contributors HR, MPS, PDG, LK and TPG made substantial
contributions to the conception and design of this review. The
literature search was performed by PDG and TPG, and data
analysis and interpretation was conducted by PDG, LK and
TPG. Drafting of the manuscript was completed by LK. HR,
MPS, PDG, LK and TPG each contributed to the critical
revision and final approval of the manuscript. TPG is the
guarantor of this work.

Competing interests None declared.

Provenance and peer review Not commissioned; externally
peer reviewed.

REFERENCES
1 Slade Shantz JA, Veillette CJ. The application of wearable

technology in surgery: ensuring the positive impact of the
wearable revolution on surgical patients. Front Surg 2014;1:39.

REVIEW

60 Kolodzey L, et al. BMJ Innov 2017;3:55–63. doi:10.1136/bmjinnov-2016-000133

 on 24 A
pril 2018 by guest. P

rotected by copyright.
http://innovations.bm

j.com
/

B
M

J Innov: first published as 10.1136/bm
jinnov-2016-000133 on 21 D

ecem
ber 2016. D

ow
nloaded from

 

http://twitter.com/marliesschijven
http://dx.doi.org/10.3389/fsurg.2014.00039
http://innovations.bmj.com/


2 Armstrong DG, Rankin TM, Giovinco NA, et al. A heads-up
display for diabetic limb salvage surgery: a view through the
Google looking glass. J Diabetes Sci Technol 2014;8:951–6.

3 Davis CR, Rosenfield LK. Looking at plastic surgery through
Google Glass: part 1. Systematic review of Google Glass
evidence and the first plastic surgical procedures. Plast Reconstr
Surg 2015;135:918–28.

4 Lukowicz P, Kirstein T, Tröster G. Wearable systems for health
care applications. Methods Inf Med 2004;43:232–8.

5 Muensterer OJ, Lacher M, Zoeller C, et al. Google Glass in
pediatric surgery: an exploratory study. Int J Surg
2014;12:281–9.

6 Adetayo OA, Midura D. Implementation of Google Glass
technology in patient care: evaluating its potential benefits and
pitfalls. Paediatr Anaesth 2015;25:755–6.

7 Google Glass—seeing the benefits for clinicians and patients.
OR Manager 2015;31:20–2.

8 Assad-Kottner C, Hakeem A, Fontenot E, et al.
“Tele-mentoring”: an interventional procedure using
a wearable computer: first-in-man. J Am Coll Cardiol
2014;63:1022.

9 Aungst TD, Lewis TL. Potential uses of wearable technology in
medicine: lessons learnt from Google Glass. Int J Clin Pract
2015;69:1179–83.

10 Chimenti PC, Mitten DJ. Google Glass as an alternative to
standard fluoroscopic visualization for percutaneous fixation of
hand fractures: a pilot study. Plast Reconstr Surg
2015;136:328–30.

11 Datta N, MacQueen IT, Schroeder AD, et al. Wearable
technology for global surgical teleproctoring. J Surg Educ
2015;72:1290–5.

12 Frankel J. Google Glass liability risks. Bull Am Coll Surg
2015;100:39.

13 Funk S, Lee DH. Optical head-mounted computer display for
education, research, and documentation in hand surgery.
J Hand Surg Am 2016;41:150–3.

14 Glauser W. Doctors among early adopters of Google Glass.
CMAJ 2013;185:1385.

15 Hamann D, Mortensen WS, Hamann CR, et al. Experiences in
adoption of teledermatology in Mohs micrographic surgery:
using smartglasses for intraoperative consultation and defect
triage. Surg Innov 2014;21:653–4.

16 Hashimoto DA, Phitayakorn R, Fernandez-del Castillo C, et al.
A blinded assessment of video quality in wearable technology
for telementoring in open surgery: the Google Glass
experience. Surg Endosc 2016;30:372–8.

17 Kantor J. First look: Google Glass in dermatology, Mohs
surgery, and surgical reconstruction. JAMA Dermatol
2014;150:1191.

18 Kantor J. Application of Google Glass to Mohs micrographic
surgery: a pilot study in 120 patients. Dermatol Surg
2015;41:288–9.

19 Knight HM, Gajendragadkar PR, Bokhari A. Wearable
technology: using Google Glass as a teaching tool. BMJ Case
Rep 2015. doi:10.1136/bcr-2014-208768

20 McLean TR. Google Glass implications. Bull Am Coll Surg
2014;99:66.

21 Moshtaghi O, Kelley KS, Armstrong WB, et al. Using Google
Glass to solve communication and surgical education challenges
in the operating room. Laryngoscope 2015;125:2295–7.

22 Mitrasinovic S, Camacho E, Trivedi N, et al. Clinical and
surgical applications of smart glasses. Technol Health Care
2015;23:381–401.

23 Niamtu J III. Google Glass: dermatologic and cosmetic surgery
applications. Dermatol Surg 2014;40:1150–2.

24 Parslow GR. Commentary: Google glass: a head-up display to
facilitate teaching and learning. Biochem Mol Biol Educ
2014;42:91–2.

25 Peregrin T. Surgeons see future applications for Google Glass.
Bull Am Coll Surg 2014;99:9–16.

26 Rahimy E, Garg SJ. Google Glass for recording scleral buckling
surgery. JAMA Ophthalmol 2015;133:710–11.

27 Schreinemacher MH, Graafland M, Schijven MP. Google glass
in surgery. Surg Innov 2014;21:651–2.

28 Vallurupalli S, Paydak H, Agarwal S, et al. Wearable technology
to improve education and patient outcomes in a cardiology
fellowship program-a feasibility study. Health Technol
2013;3:267–70.

29 Waxman BP. Medicine in small doses. Google Glass: a new
dimension in surgical education or just another gimmick? ANZ
J Surg 2014;84:810.

30 Ponce BA, Jennings JK, Clay TB, et al. Telementoring: use of
augmented reality in orthopaedic education: AAOS exhibit
selection. J Bone Joint Surg Am 2014;96:e84.

31 Vorraber W, Voessner S, Stark G, et al. Medical applications of
near-eye display devices: an exploratory study. Int J Surg
2014;12:1266–72.

32 Shao P, Ding H, Wang J, et al. Designing a wearable navigation
system for image-guided cancer resection surgery. Ann Biomed
Eng 2014;42:2228–37.

33 Pugh CM, Golden RN. Medical training in the Fitbit, Google
Glass and Personal Information Era. WMJ 2015;114:168–9.

34 Makhni EC, Jobin CM, Levine WN, et al. Using wearable
technology to record surgical videos. Am J Orthop (Belle Mead
NJ) 2015;44:163–6.

35 Paro JA, Nazareli R, Gurjala A, et al. Video-based self-review:
comparing Google Glass and GoPro technologies. Ann Plast
Surg 2015;74(Suppl 1):S71–4.

36 Ponce BA, Menendez ME, Oladeji LO, et al. Emerging
technology in surgical education: combining real-time
augmented reality and wearable computing devices.
Orthopedics 2014;37:751–7.

37 Garg S. Stereoscopic surgical recording using GoPro cameras—
reply. JAMA Ophthalmol 2015;133:1484.

38 Lee B, Chen BR, Chen BB, et al. Recording stereoscopic 3D
neurosurgery with a head-mounted 3D camera system.
Br J Neurosurg 2015;29:371–3.

39 Nair AG, Kamal S, Dave TV, et al. Surgeon point-of-view
recording: using a high-definition head-mounted video camera
in the operating room. Indian J Ophthalmol 2015;63:771–4.

40 Birnbaum FA, Wang A, Brady CJ. Stereoscopic surgical
recording using GoPro cameras: a low-cost means for
capturing external eye surgery. JAMA Ophthalmol
2015;133:1483–4.

41 Bizzotto N, Sandri A, Lavini F, et al. Video in operating room:
GoPro HERO3 camera on surgeon’s head to film operations—
a test. Surg Innov 2014;21:338–40.

42 Warrian KJ, Ashenhurst M, Gooi A, et al. A novel combination
point-of-view (POV) action camera recording to capture the
surgical field and instrument ergonomics in oculoplastic
surgery. Ophthal Plast Reconstr Surg 2015;31:321–2.

43 Graves SN, Shenaq DS, Langerman AJ, et al. Video capture of
plastic surgery procedures using the GoPro HERO 3+. Plast
Reconstr Surg Glob Open 2015;3:e312.

44 Aidlen JT, Glick S, Silverman K, et al. Head-motion-controlled
video goggles: preliminary concept for an interactive

REVIEW

Kolodzey L, et al. BMJ Innov 2017;3:55–63. doi:10.1136/bmjinnov-2016-000133 61

 on 24 A
pril 2018 by guest. P

rotected by copyright.
http://innovations.bm

j.com
/

B
M

J Innov: first published as 10.1136/bm
jinnov-2016-000133 on 21 D

ecem
ber 2016. D

ow
nloaded from

 

http://dx.doi.org/10.1177/1932296814535561
http://dx.doi.org/10.1097/PRS.0000000000001056
http://dx.doi.org/10.1097/PRS.0000000000001056
http://dx.doi.org/10.1267/METH04030232
http://dx.doi.org/10.1016/j.ijsu.2014.02.003
http://dx.doi.org/10.1111/pan.12666
http://dx.doi.org/10.1016/j.jacc.2013.11.041
http://dx.doi.org/10.1111/ijcp.12688
http://dx.doi.org/10.1097/PRS.0000000000001453
http://dx.doi.org/10.1016/j.jsurg.2015.07.004
http://dx.doi.org/10.1016/j.jhsa.2014.08.044
http://dx.doi.org/10.1503/cmaj.109-4607
http://dx.doi.org/10.1177/1553350614552735
http://dx.doi.org/10.1007/s00464-015-4178-x
http://dx.doi.org/10.1001/jamadermatol.2014.1558
http://dx.doi.org/10.1097/DSS.0000000000000268
http://dx.doi.org/10.1136/bcr-2014-208768
http://dx.doi.org/10.1136/bcr-2014-208768
http://dx.doi.org/10.1002/lary.25249
http://dx.doi.org/10.3233/THC-150910
http://dx.doi.org/10.1097/01.DSS.0000452655.37260.c5
http://dx.doi.org/10.1002/bmb.20751
http://dx.doi.org/10.1001/jamaophthalmol.2015.0465
http://dx.doi.org/10.1177/1553350614546006
http://dx.doi.org/10.1007/s12553-013-0065-4
http://dx.doi.org/10.1111/ans.12841
http://dx.doi.org/10.1111/ans.12841
http://dx.doi.org/10.2106/JBJS.M.00928
http://dx.doi.org/10.1016/j.ijsu.2014.09.014
http://dx.doi.org/10.1007/s10439-014-1062-0
http://dx.doi.org/10.1007/s10439-014-1062-0
http://dx.doi.org/10.1097/SAP.0000000000000423
http://dx.doi.org/10.1097/SAP.0000000000000423
http://dx.doi.org/10.3928/01477447-20141023-05
http://dx.doi.org/10.1001/jamaophthalmol.2015.3879
http://dx.doi.org/10.3109/02688697.2014.997664
http://dx.doi.org/10.4103/0301-4738.171506
http://dx.doi.org/10.1001/jamaophthalmol.2015.3865
http://dx.doi.org/10.1177/1553350613513514
http://dx.doi.org/10.1097/IOP.0000000000000465
http://dx.doi.org/10.1097/GOX.0000000000000242
http://dx.doi.org/10.1097/GOX.0000000000000242
http://innovations.bmj.com/


laparoscopic image display (i-LID). J Laparoendosc Adv Surg
Tech A 2009;19:595–8.

45 Bichlmeier C, Heining SM, Rustaee M, et al. Virtually
extended surgical drilling device: virtual mirror for navigated
spine surgery. Med Image Comput Comput Assist Interv
2007;10:434–41.

46 Badiali G, Ferrari V, Cutolo F, et al. Augmented reality as an
aid in maxillofacial surgery: validation of a wearable system
allowing maxillary repositioning. J Craniomaxillofac Surg
2014;42:1970–6.

47 Block FEJr, Yablok DO, McDonald JS. Clinical evaluation of
the ‘head-up’ display of anesthesia data. Int J Clin Monit
Comput 1995;12:21–4.

48 Calvano CJ, Moran ME, Tackett LD, et al. New visualization
techniques for in utero surgery: amnioscopy with a
three-dimensional head-mounted display and a
computer-controlled endoscope. J Endourol 1998;12:407–10.

49 Chen JC, Moffitt K, Levy ML. Head-mounted display system
for microneurosurgery. Stereotact Funct Neurosurg
1997;68:25–32.

50 Chen X, Xu L, Wang Y, et al. Development of a surgical
navigation system based on augmented reality using an optical
see-through head-mounted display. J Biomed Inform
2015;55:124–31.

51 Fujii Y, Kihara K, Yoshida S, et al. A three-dimensional
head-mounted display system (RoboSurgeon system) for gasless
laparoendoscopic single-port partial cystectomy. Wideochir Inne
Tech Maloinwazyjne 2014;9:638–43.

52 Geis WP. Head-mounted video monitor for global visual access
in mini-invasive surgery. An initial report. Surg Endosc
1996;10:768–70.

53 Herron DM, Lantis JC II, Maykel J, et al. The 3-D monitor
and head-mounted display. A quantitative evaluation of
advanced laparoscopic viewing technologies. Surg Endosc
1999;13:751–5.

54 Igarashi T. Editorial comment to new three-dimensional
head-mounted display system, TMDU-S-3D system, for
minimally invasive surgery application: procedures for gasless
single-port radical nephrectomy. Int J Urol 2012;19:890.

55 Ishioka J, Kihara K, Higuchi S, et al. New head-mounted
display system applied to endoscopic management of upper
urinary tract carcinomas. Int Braz J Urol 2014;40:842–5.

56 Kihara K, Fujii Y, Masuda H, et al. New three-dimensional
head-mounted display system, TMDU-S-3D system, for
minimally invasive surgery application: procedures for gasless
single-port radical nephrectomy. Int J Urol 2012;19:886–9.

57 Kihara K, Saito K, Komai Y, et al. Integrated image monitoring
system using head-mounted display for gasless single-port
clampless partial nephrectomy. Wideochir Inne Tech
Maloinwazyjne 2014;9:634–7.

58 Levy ML, Chen JC, Moffitt K, et al. Stereoscopic
head-mounted display incorporated into microsurgical
procedures: technical note. Neurosurgery 1998;43:392–5;
discussion 95-6.

59 Lin YK, Yau HT, Wang IC, et al. A novel dental implant guided
surgery based on integration of surgical template and
augmented reality. Clin Implant Dent Relat Res
2015;17:543–53.

60 Liu D, Jenkins SA, Sanderson PM, et al. Monitoring with
head-mounted displays: performance and safety in a full-scale
simulator and part-task trainer. Anesth Analg
2009;109:1135–46.

61 Liu D, Jenkins SA, Sanderson PM. Patient monitoring with
head-mounted displays. Curr Opin Anaesthesiol
2009;22:796–803.

62 Liu Y, Akers WJ, Bauer AQ, et al. Intraoperative detection of
liver tumors aided by a fluorescence goggle system and
multimodal imaging. Analyst 2013;138:2254–7.

63 Liu Y, Njuguna R, Matthews T, et al. Near-infrared
fluorescence goggle system with complementary
metal-oxide-semiconductor imaging sensor and see-through
display. J Biomed Opt 2013;18:101303.

64 Maithel SK, Villegas L, Stylopoulos N, et al. Simulated
laparoscopy using a head-mounted display vs traditional video
monitor: an assessment of performance and muscle fatigue.
Surg Endosc 2005;19:406–11.

65 Matsuoka Y, Kihara K, Kawashima K, et al. Integrated image
navigation system using head-mounted display in
“RoboSurgeon” endoscopic radical prostatectomy. Wideochir
Inne Tech Maloinwazyjne 2014;9:613–18.

66 Mondal SB, Gao S, Zhu N, et al. Binocular Goggle Augmented
Imaging and Navigation System provides real-time fluorescence
image guidance for tumor resection and sentinel lymph node
mapping. Science 2015;5:12117.

67 Montgomery K, Thonier G, Stephanides M, et al. Virtual
reality based surgical assistance and training system for long
duration space missions. Stud Health Technol Inform
2001;81:315–21.

68 Mela CA, Patterson C, Thompson WK, et al. Stereoscopic
integrated imaging goggles for multimodal intraoperative image
guidance. PLoS ONE 2015;10:e0141956.

69 Morisawa T, Kida H, Kusumi F, et al. Endoscopic submucosal
dissection using head-mounted display. Gastroenterology
2015;149:290–1.e1.

70 Ormerod DF, Ross B, Naluai-Cecchini A. Use of an augmented
reality display of patient monitoring data to enhance
anesthesiologists’ response to abnormal clinical events. Stud
Health Technol Inform 2003;94:248–50.

71 Ortega G, Wolff A, Baumgaertner M, et al. Usefulness of a
head mounted monitor device for viewing intraoperative
fluoroscopy during orthopaedic procedures. Arch Orthop
Trauma Surg 2008;128:1123–6.

72 Prendergast CJ, Ryder BA, Abodeely A, et al. Surgical
performance with head-mounted displays in laparoscopic
surgery. J Laparoendosc Adv Surg Tech A 2009;19(Suppl 1):
S237–40.

73 Przkora R, McGrady W, Vasilopoulos T, et al. Evaluation of the
head-mounted display for ultrasound-guided peripheral nerve
blocks in simulated regional anesthesia. Pain Med
2015;16:2192–4.

74 Sadda P, Azimi E, Jallo G, et al. Surgical navigation with a
head-mounted tracking system and display. Stud Health
Technol Inform 2013;184:363–9.

75 Sanderson PM, Watson MO, Russell WJ. Advanced patient
monitoring displays: tools for continuous informing. Anesth
Analg 2005;101:161–8, table of contents.

76 Sanderson P. The multimodal world of medical monitoring
displays. Appl Ergon 2006;37:501–12.

77 Sanderson PM, Watson MO, Russell WJ, et al. Advanced
auditory displays and head-mounted displays: advantages and
disadvantages for monitoring by the distracted anesthesiologist.
Anesth Analg 2008;106:1787–97.

78 Tanaka H, Nakamura H, Tamaki E, et al. Brain surgery
simulation system using VR technique and improvement

REVIEW

62 Kolodzey L, et al. BMJ Innov 2017;3:55–63. doi:10.1136/bmjinnov-2016-000133

 on 24 A
pril 2018 by guest. P

rotected by copyright.
http://innovations.bm

j.com
/

B
M

J Innov: first published as 10.1136/bm
jinnov-2016-000133 on 21 D

ecem
ber 2016. D

ow
nloaded from

 

http://dx.doi.org/10.1089/lap.2009.0123
http://dx.doi.org/10.1089/lap.2009.0123
http://dx.doi.org/10.1016/j.jcms.2014.09.001
http://dx.doi.org/10.1007/BF01142442
http://dx.doi.org/10.1007/BF01142442
http://dx.doi.org/10.1089/end.1998.12.407
http://dx.doi.org/10.1159/000099898
http://dx.doi.org/10.1016/j.jbi.2015.04.003
http://dx.doi.org/10.5114/wiitm.2014.44407
http://dx.doi.org/10.5114/wiitm.2014.44407
http://dx.doi.org/10.1007/BF00193055
http://dx.doi.org/10.1111/j.1442-2042.2012.03070.x
http://dx.doi.org/10.1590/S1677-5538.IBJU.2014.06.17
http://dx.doi.org/10.1111/j.1442-2042.2012.03044.x
http://dx.doi.org/10.5114/wiitm.2014.44155
http://dx.doi.org/10.5114/wiitm.2014.44155
http://dx.doi.org/10.1097/00006123-199808000-00141
http://dx.doi.org/10.1111/cid.12119
http://dx.doi.org/10.1213/ANE.0b013e3181b5a200
http://dx.doi.org/10.1097/ACO.0b013e32833269c1
http://dx.doi.org/10.1039/c3an00165b
http://dx.doi.org/10.1117/1.JBO.18.10.101303
http://dx.doi.org/10.1007/s00464-004-8177-6
http://dx.doi.org/10.5114/wiitm.2014.44135
http://dx.doi.org/10.5114/wiitm.2014.44135
http://dx.doi.org/10.1038/srep12117
http://dx.doi.org/10.1371/journal.pone.0141956
http://dx.doi.org/10.1053/j.gastro.2015.04.056
http://dx.doi.org/10.1007/s00402-007-0500-y
http://dx.doi.org/10.1007/s00402-007-0500-y
http://dx.doi.org/10.1089/lap.2008.0142.supp
http://dx.doi.org/10.1111/pme.12765
http://dx.doi.org/10.1213/01.ANE.0000154080.67496.AE
http://dx.doi.org/10.1213/01.ANE.0000154080.67496.AE
http://dx.doi.org/10.1016/j.apergo.2006.04.022
http://dx.doi.org/10.1213/ane.0b013e31817325cb
http://innovations.bmj.com/


of presence. Stud Health Technol Inform 1998;50:
150–4.

79 Udani AD, Harrison TK, Howard SK, et al. Preliminary study
of ergonomic behavior during simulated ultrasound-guided
regional anesthesia using a head-mounted display. J Ultrasound
Med 2012;31:1277–80.

80 van Koesveld JJ, Tetteroo GW, de Graaf EJ. Use of
head-mounted display in transanal endoscopic microsurgery.
Surg Endosc 2003;17:943–6.

81 van Lindert EJ, Grotenhuis JA, Beems T. The use of a
head-mounted display for visualization in neuroendoscopy.
Comput Aided Surg 2004;9:251–6.

82 Wanschitz F, Birkfellner W, Figl M, et al. Computer-enhanced
stereoscopic vision in a head-mounted display for oral implant
surgery. Clin Oral Implants Res 2002;13:610–16.

83 Yoshida S, Kihara K, Takeshita H, et al. A head-mounted
display-based personal integrated-image monitoring system for
transurethral resection of the prostate. Wideochir
2014;9:644–9.

84 Yoshida S, Kihara K, Takeshita H, et al. Instructive
head-mounted display system: pointing device using a

vision-based finger tracking technique applied to surgical
education. Wideochir 2014;9:449–52.

85 Yoshida S, Sasaki A, Sato C, et al. A Novel approach to surgical
instructions for scrub nurses by using see-through-type
head-mounted display. Comput Inform Nurs 2015;33:335–8.

86 Yoshida S, Kihara K, Takeshita H, et al. Head-mounted display
for a personal integrated image monitoring system: ureteral
stent placement. Urol Int 2015;94:117–20.

87 Yoshida S, Fukui N, Saito K, et al. Novel image monitoring
system using a head-mounted display for assistants in da Vinci
surgery. Int J Urol 2015;22:520–1.

88 Rolland JP, Fuchs H. Optical versus video see-through
head-mounted displays in medical visualization. Presence
2000;9:287–309.

89 Liu Y, Bauer AQ, Akers WJ, et al. Hands-free, wireless goggles
for near-infrared fluorescence and real-time image-guided
surgery. Surgery 2011;149:689–98.

90 Chen TM, Vines LG, Wanitphakdeedecha R, et al.
Electronically linked: wireless, discrete, hands-free
communication to improve surgical workflow in Mohs and
dermasurgery clinic. Dermatol Surg 2009;35:248–52.

REVIEW

Kolodzey L, et al. BMJ Innov 2017;3:55–63. doi:10.1136/bmjinnov-2016-000133 63

 on 24 A
pril 2018 by guest. P

rotected by copyright.
http://innovations.bm

j.com
/

B
M

J Innov: first published as 10.1136/bm
jinnov-2016-000133 on 21 D

ecem
ber 2016. D

ow
nloaded from

 

http://dx.doi.org/10.1007/s00464-002-9067-4
http://dx.doi.org/10.3109/10929080500165476
http://dx.doi.org/10.1034/j.1600-0501.2002.130606.x
http://dx.doi.org/10.5114/wiitm.2014.43040
http://dx.doi.org/10.5114/wiitm.2014.44132
http://dx.doi.org/10.1097/CIN.0000000000000153
http://dx.doi.org/10.1159/000356987
http://dx.doi.org/10.1111/iju.12735
http://dx.doi.org/10.1162/105474600566808
http://dx.doi.org/10.1016/j.surg.2011.02.007
http://dx.doi.org/10.1111/j.1524-4725.2008.34417.x
http://innovations.bmj.com/

	Wearable technology in the operating room: a systematic review
	Abstract
	Introduction
	Methods
	Results
	Wearable devices
	Google glass
	GoPro
	Head-mounted display
	Other

	Clinical applications
	Communication
	Education
	Safety and efficiency
	Information management


	Discussion
	References


