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Purpose: Musculoskeletal pain issues are prevalent in ophthalmic surgeons and can impact
surgeon well-being and productivity. Heads-up displays (HUD) can improve upon conven-
tional microscopes by reducing ergonomic stress. This study compared ergonomic outcomes
between HUD and a conventional optical microscope in the operating room, as reported by
ophthalmic surgeons in the US.

Methods: An online questionnaire was distributed to a sample of surgeons who had
experience operating with HUD. The questionnaire captured surgeon-specific variables, the
validated Nordic Musculoskeletal Questionnaire, and custom questions to compare HUD and
conventional microscope. A multivariable model was built to identify variables that were
likely to predict improvement in pain-related issues.

Results: Analysis was conducted on 64 surgeons (37 posterior-segment, 25 anterior-
segment, and two mixed) with a mean 14.9 years of practice and 2.3 years using HUD.
Most surgeons agreed or strongly agreed that HUD reduced the severity (64%) and frequency
(63%) of pain and discomfort, improved posture (73%), and improved overall comfort
(77%). Of respondents who experienced headaches, or pain and discomfort during operation,
12 (44%) reported their headaches improved and 45 (82%) reported feeling less pain and
discomfort since they started using HUD. The multivariable model indicated the odds of
reporting an improvement in pain since introducing the HUD in the operating room were
5.12-times greater for those who used HUD in >50% of their cases (P=0.029).
Conclusion: This study indicates that heads-up display may be an important tool for wellness in
the operating room as it can benefit ophthalmic surgeons across several ergonomic measures.
musculoskeletal disorders,
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Introduction

Work-related musculoskeletal disorders (MSDs) accounted for an estimated 31% of
all worker injury and illness cases in the US in 2015." Several job factors in
ophthalmology may contribute to MSDs, including task repetition, working in non-
neutral positions (eg, cramped, hyperextended, or twisted), and holding positions
for extended periods. Compared to family medicine practitioners, eye care provi-
ders had a statistically significantly higher prevalence of pain in the neck, lower
back, and hand/wrist areas.’
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The operating room (OR) is an important contributor to
MSDs due to physical strain.>* In particular, poor posture
from microscope use can cause ergonomic strain due to
suboptimal positions of the neck,” and has been associated
with neck and back pain in several surgical specialties.®’

MSDs can have important consequences for the well-
being of ophthalmic surgeons. A survey of 518 ophthalmol-
ogists in the UK reported that 57.1% used anti-inflammatory
drugs, 40% required physiotherapy, and 5% had undergone
surgery for low back pain.* Productivity is also impaired,
with a small number of ophthalmologists reporting MSDs
that limited or prevented their ability to operate.”®
A systematic literature review of ergonomic studies across
surgical specialties reported that 30% of surgeons have chan-
ged their operative procedures in consideration of their own
physical symptoms,’ indicating consequences of MSDs may
extend to the patient.

Ergonomic interventions in the OR can provide sur-
geon benefit, as shown with intraoperative microbreaks
and monitor use.'™'" In the last decade, heads-up digital
visualization systems have become available for ophthal-
mic surgeries and have shown ergonomic benefits'
and back 13.14

However, these studies were limited by small sample

including improved neck comfort.
size (<20 surgeons) and design (eg, performed tasks on
objects or animal models), which are less reflective of the
real-world OR environment. In addition, the majority of
studies were conducted on posterior-segment surgeons as
opposed to anterior-segment surgeons, which under-
represents a considerable portion of ophthalmic surgeons.
The purpose of this study was to understand ophthalmic
surgeons’ use and perceptions of heads-up display (HUD)
in the OR, and compare the ergonomic benefits between
HUD and a conventional surgical microscope.

Methods

Study Population and Recruitment

The study protocol was reviewed by a centralized
Institutional Review Board (Sterling IRB) and received
exemption status, determining that it did not constitute
human subjects research as defined by the Department of
Health and Human Services (DHHS 45 CFR 46.102d) or the
Food and Drug Administration (FDA 21 CFR
50.3¢,56.102c; FDA 21 CFR 812.3p). Ophthalmic surgeons
practicing in the US were contacted via email, phone, and
mail to participate in this cross-sectional, single-blind study
(the data analyst was masked). All surgeons who passed

residency, performed ophthalmic surgery, had access to an
OR with HUD, and practiced in the US were eligible to
participate. A third-party research agency handled recruit-
ment and screening, starting with a list of surgeons at sites
where HUD units (ie, NGENUITY® or TrueVision™) had
been installed, provided by the current manufacturer (Alcon
Vision LLC, TX). Primary investigators RW and JE pro-
vided contact information of surgeons who were less likely
to be captured by primary recruitment (ie, those who used
alternative HUD devices or were known to have previously
used HUD but did not have one installed at their current
practice). Participants were aware it was an industry-
sponsored study, but primary investigators and the manufac-
turer were masked to the identity of participants. Informed
consent was obtained from all participants. Upon completion
of the questionnaire, participants received an honorarium to
compensate their time appropriately. All respondents could
refer additional surgeons to the recruitment agency for
screening, without incentive.

Questionnaire

A literature review of surgical ergonomics informed devel-
opment of the online questionnaire, which was piloted by
RW and JE (neither responses were included in the study
cohort). For the
Supplementary Appendix. Part one collected participant

complete questionnaire, see the
demographics (eg, age, years of practice, specialty), mus-
culoskeletal health history (eg, baseline headache and pain
using a 10-point visual analog scale), surgical variables
(eg, case volume, average case length), and HUD use (eg,
years of use, proportion of cases used). In part two, an
electronic version of the validated Nordic Musculoskeletal
Questionnaire'> asked whether participants experienced
pain-related issues (defined as “trouble”, ie, ache, pain,
discomfort, numbness) in the neck, upper back, lower
back, or shoulders in the past 12 months. Part three used
custom questions to compare the surgeon’s perceptions of
headache, pain, benefit, and preference between HUD and
conventional ocular microscope.

Statistical Analysis

Population characteristics and questionnaire responses
were summarized descriptively for the complete sample.
A subgroup analysis comparing anterior- and posterior-
segment surgeons was conducted to determine whether
results differed between surgeon types (improvement in
headache, pain while operating, pain-related issues, state-
ments of agreement), excluding surgeons who reported
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completing both types of surgery. Characteristics and
descriptive frequency distributions were compared using
Chi-square and Wilcoxon tests. A multivariable regression
analysis was performed to explore variables that may pre-
dict
Recommendations from primary investigators informed

improvement in pain-related issues.
variables to be tested (age, cumulative number of operat-
ing hours, type of surgeon [anterior/posterior], proportion
of cases completed with HUD [<50% vs >50%]). The
strongest subset of predictors was selected in a stepwise
manner (backwards, forwards, and both) based on the
Akaike information criterion. A P-value of less than 0.05
was considered statistically significant. Statistical analysis
was performed in R, version 3.6.1 (RStudio, Vienna,
Austria).'®

Results

Population Characteristics

The survey was completed by 64 surgeons (response rate
42.4%), including 59 (92.2%) attending surgeons and five
(7.8%) fellows. Surgeons completed posterior-segment
surgery only (37, 57.8%), anterior-segment surgery only
(25, 39.1%) with two (3.1%) respondents reporting experi-
ence in both areas. Of the 27 anterior-segment surgeons,
all performed cataract surgeries, 15 performed minimally
invasive glaucoma surgery, and seven performed corneal
surgery. Population characteristics including baseline pain
and OR variables are summarized in Table 1.

HUD Uctilization and Preference

The NGENUITY® 3D visualization system (Alcon Vision
LLC) was used by 58 (90.6%) surgeons, three (4.7%) used
TrueVision® 3D visualization system (TrueVision 3D
Systems Inc., CA), two (3.1%) used both NGENUITY™
and TrueVision®, and one (1.6%) used Zeiss Artevo (Zeiss
Meditec, Jena, Germany). Mean duration of use for HUD
in the sample was 2.27 years (SD=1.77; range=0.17-10
years). Eleven surgeons (17%) reported using HUD for
100% of cases, while six surgeons (9%) reported using the
device in <10% of cases.

Overall, 44 (69%) surgeons reported they preferred HUD
to microscope, and 55 (86%) would recommend it to their
peers. Of the surgeons who preferred HUD, the most common
reasons provided were visualization (77%), ergonomics and
comfort (61%), and teaching benefit (30% of those at
a teaching facility or in a learning role) (Table 2).
A conventional microscope was preferred by 20 (31%)

surgeons, with visualization (particularly of the periphery;
42%), speed (15%), and familiarity (12%) among the top
reasons provided (Table 2).

Ergonomics and Pain in the OR

Some respondents were pain-free in some regard, as 58%,
14%, and 17% of the sample reported that headaches, pain/
discomfort during operation, or pain-related issues, respec-
tively, were not applicable to them (Figure 1). Of applicable
surgeons, 12 (44%) reported their headaches improved and
45 (82%) reported feeling less pain/discomfort during opera-
tion since introducing HUD. Similarly, 40 (75%) surgeons
reported improvement in pain-related issues compared to
a time when they only used a microscope (Figure 1).

Of 64 surgeons, the majority agreed or strongly agreed
that HUD provided a benefit compared to a conventional
microscope in relation to reduced severity (64%) and
frequency of pain (63%), and improved posture (73%),
physical performance (eg, fatigue, stamina, mobility;
58%), or overall comfort (77%). The majority also agreed
or strongly agreed that HUD allowed them to better visua-
lize the areas and angles required for their procedure
(64%), and operate more comfortably under higher mag-
nification (69%). Most surgeons were neutral about HUD
improving mental performance (39% agreed or strongly
agreed) or improving their confidence in ability to perform
complex procedures (36% agreed or strongly agreed).

Among only anterior-segment surgeons, the strongest
agreement was seen when comparing HUD to
a conventional microscope for reduced severity or frequency
of pain and discomfort (Figure 2A and B), improved posture
(Figure 2C), and improved overall comfort (Figure 2D), 84%
agreed or strongly agreed for each. Among only posterior-
segment surgeons, the benefit noted by the highest number
of participants was improved overall comfort (70% agreed or
strongly agreed, Figure 3D), improved comfort when oper-
ating under higher magnification (70%, Figure 3I), improved
posture (68%, Figure 3C), and better visualization of areas
and angles required for surgery (62%, Figure 3H).

Anterior- versus Posterior-Segment

Surgeons

An exploratory subgroup analysis compared anterior- and
posterior-segment surgeons to determine if there were
differences in their characteristics or reported benefits of
HUD. Characteristics that differed significantly between
groups were operating position, average case length, and
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Table | Population Characteristics

Estimated annual case load (mean, SD)

490.70 (467.43)

884.00 (539.04)"*

Characteristics Total (n=64) Anterior (n=25) Posterior (n=37)
Sex

Female (n, %) 8 (12.5%) 5 (20.0%) 3 (8.1%)

Male (n,%)* 55 (85.9%) 20 (80.0%) 33 (89.2%)

Refused to answer (n, %) 1 (1.6%) 0 (0.0%) 1 (2.7%)
Height in inches (mean, SD) 70.30 (4.70) 69.56 (3.79) 70.92 (5.27)
Weight in pounds (mean, SD) 173.56 (25.10) 171.64 (25.68) 175.57 (25.33)
Age (mean, SD) 45.55 (9.79) 46.56 (10.48) 45.35 (9.38)
Years practicing ophthalmology (mean, SD) 14.88 (9.44) 16.72 (9.98) 14.00 (9.14)
Years using HUD (mean, SD) 2.27 (1.77) 2.20 (2.47) 2.27 (1.17)
Operating room variables
Operating position (n, %)

Temporal in >90% of cases 21 (32.8%) 21 (84.0%)** 0 (0.0%)**

Superior in >90% of cases® 40 (62.5%) 2 (8.0%)** 36 (97.3%)**

Mixed distribution 3 (4.7%) 2 (8.0%)** I (2.7%)**
Type of Microscope (n, %)

Floor mounted® 55 (85.9%) 22 (88.0%) 31 (83.8%)

Ceiling mounted 9 (14.1%) 3 (12.0%) 6 (16.2%)
Average case length, minutes (mean, SD) 3391 (22.29) 11.80 (5.49)** 47.43 (15.30)**

239.05 (110.99)**

Estimated proportion of cases completed with HUD (n, %)°

Level of neck or back pain/discomfort! (median, IQR)

2.00 (1.00-3.00)

3.00 (1.00-5.00)*

1-25% 15 (23.4%) 6 (24.0%) 7 (18.9%)
26-50% 16 (25.0%) 7 (28.0%) 9 (24.3%)
51-75% 7 (10.9%) 3 (12.0%) 4 (10.8%)
76—-100% 25 (39.1%) 9 (36.0%) 16 (43.2%)
Baseline Pain Characteristics
Headache severity (median, IQR)" 1.00 (0-3.00) 1.00 (0.00—4.00) 1.00 (0.00-2.00)

1.00 (1.00-2.00)*

Neck (n surgeons, %)?
Upper Back (n, %)*
Lower Back (n, %)*
Shoulder (right) (n, %)*
Shoulder (left) (n, %)*
None of the above (n, %)

Experienced pain-related issues (past |12 months)

31 (48.4%) 10 (40.0%) 19 (51.4%)
20 (31.2%) 8 (32.0%) 10 (27.0%)
26 (40.6%) 13 (52.0%) 12 (32.4%)
1 (17.2%) 2 (8.0%) 8 (21.6%)
1 (17.2%) 3 (12.0%) 7 (18.9%)
20 (31.2%) 6 (24.0%) 14 (37.8%)

Notes: *P<0.05, difference between anterior- and posterior-segment surgeons; **P<0.001, difference between anterior- and posterior-segment surgeons; *Numbers do not
sum to total due to respondents that reported performing both anterior- and posterior-segment surgeries; ®Missing for one respondent (percentages presented from full
sample, n=64); “Surgeons were asked to rank their average headache severity on a scale of 0-10 (0=no headaches, 5=moderate headaches, and 10=worst possible
headache); “Surgeons were asked to rank their average level of neck or back pain/discomfort on a scale of 0—10 (0=no pain, 5=moderate pain, and |0=worst possible pain).

Abbreviations: HUD, heads-up display; IQR, interquartile Range; n, number; SD,

estimated annual case volume, and self-reported average
level of baseline back and neck pain (P<0.02; Table 1).
Neither age, years practicing ophthalmology, HUD use, or
other pain characteristics differed between groups
(P>0.202). There was a significant difference in the dis-
tributions of anterior- and posterior-segment surgeon
responses for the statements related to reduced severity

standard deviation.

(P=0.011) or frequency (P=0.011) of pain and discomfort
with HUD compared to a conventional microscope.
Although there was a large positive response from poster-
ior-segment surgeons for HUD reducing the severity (49%
agreement vs 14% disagreement) or frequency (49% vs
11%) of pain (Figure 3), the positive response was even
higher among anterior-segment surgeons for these benefits
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Table 2 Reasons Provided for Device Preference

Reason for Preference® Heads-Up Display (n=44) Conventional Microscope (n=20)
Visualization 34 (77%) Il (42%)
Ergonomics/comfort 27 (61%) 3 (12%)
Experience/familiarity 0 (0%) 3 (12%)
Device performance/reliability 0 (0%) 3 (12%)
Speed 0 (0%) 4 (15%)
Teaching® 6 (30%)° 0 (0%)°
Digital integration 2 (5%) 0 (0%)
Patient benefit 1 (2%) 0 (0%)
Preference varied by procedure 0 (0%) 2 (8%)
Other/general preference 2 (5%) 0 (0%)

Notes: “A total of 64 surgeons responded to the forced-choice selection of preference for heads-up display or microscope. Frequency distributions are presented by
preference using a denominator of 44 for heads-up display and 20 for microscope, and are not mutually exclusive: 32 surgeons provided one reason for preference, 29
provided two reasons for preference, and three surgeons provided three reasons for preference in the open-ended explanation for preference. All reasons for preference
were captured; ®The proportion of respondents who reported working in a teaching facility or in a learning role (ie, fellows) was used as the denominator (n=20 for heads-

up display, n=I1 for conventional microscope).

(84% vs 4% for severity and frequency questions)
(Figure 2).

Multivariable Regression

A multivariable logistic regression analysis was performed
to explore which variables were likely to be predictors of
improvement in pain-related issues since introducing
HUD. The model tested clinically relevant variables indi-
cated by the primary investigators and included age,
cumulative number of operating hours, type of surgeon,
and proportion of cases completed with HUD. Stepwise
selection for the best model resulted in two variables being
retained, age and proportion of cases completed with
HUD. The model indicated that surgeons who used HUD
in >50% of their cases had 5.12-times greater odds of

reporting an improvement in pain since introducing the
HUD (P=0.029; Table 3). The model also suggested older
age may have greater odds of reporting an improvement in
pain-related issues; however, this did not reach statistical
significance (1.05 greater odds, P=0.152; Table 3).

Discussion

This study used an observational cross-sectional survey
design to understand use of HUD by US ophthalmic sur-
geons, and to compare the ergonomic outcomes associated
with HUD and a conventional optical microscope in the
OR. The response rate was smaller than other MSD sur-
veys administered to ophthalmologists in the US, but
higher than previously conducted studies of HUD in
ophthalmology.>*®

Yes H No I Not applicable

100%
w  80%
S 70%
o] 63%
(o]
= 0,
2 60% 58%
G
c
Ke]
g 40%
Q.
g 23%
o o

20% 19%
20% 1% 16% 149 >
0% .

Improvement in
pain-related issues

Less pain/discomfort
when operating

Improvement in
headaches

Figure | Reported changes in headache, pain/discomfort when operating, and pain-related issues after introducing heads-up display.
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Figure 2 Frequency distribution of responses from 25 anterior-segment surgeons to the question: Compared to a conventional microscope, the use of a heads-up
visualization system in the operating room: (A) Reduced the severity of pain and discomfort; (B) Reduced the frequency of pain and discomfort; (C) Improved my posture;

(D) Improved my overall comfort; (E) Improved my mental performance; (F) Improved my physical performance; (G) Improved my confidence; (H) Allows me to better
visualize;* and (I) Allows me to operate more comfortably.**

Notes: *Allows me to better visualize the areas and angles required for surgery; **Allows me to operate more comfortably under higher magnification.
Abbreviations: N, neutral; SA/A, strongly agree or agree; SD/D, strongly disagree or disagree.

Several pieces of data in this analysis substantiate the  using the device in >50% of cases had >5 times greater
ergonomic benefit of operating heads-up. First, 82% of odds of reporting an improvement in pain since introdu-
applicable surgeons reported feeling less pain/discomfort cing HUD in the OR. Third, ergonomics was the second
during operation since using HUD technology. Second, most common reason provided by surgeons to explain
the logistic regression model found those who reported their preference for HUD. Posture has been identified as
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Figure 3 Frequency distribution of responses from 37 posterior-segment surgeons to the question: Compared to conventional microscope, the use of a heads-up
visualization system in the operating room: (A) Reduced the severity of pain and discomfort; (B) Reduced the frequency of pain and discomfort; (C) Improved my posture;
(D) Improved my overall comfort; (E) Improved my mental performance; (F) Improved my physical performance; (G) Improved my confidence; (H) Allows me to better

visualize;* and (I) Allows me to operate more comfortably.**

Notes: *Allows me to better visualize the areas and angles required for surgery; **Allows me to operate more comfortably under higher magnification.
Abbreviations: N, neutral; SA/A, strongly agree or agree; SD/D, strongly disagree or disagree.

the most common cause of pain in surgeons.” The US
Occupational Safety and Health Administration notes
that improvements in ergonomics can help to increase
productivity, lessen muscle fatigue, and reduce the number

and severity of work-related MSDs. Literature indicates
operating heads-up can alleviate some joint pressure and
muscle strain in the neck and back by minimizing non-
neutral and flexions

hyperextensions required for
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Table 3 Multivariable Logistic Regression Analysis for Predictors of Improvement in Pain-Related Issues Since Introducing Heads-Up

Display
Variables Estimate (SE) z P-value
Intercept —2.063 (1.746) —-1.181 0.237
Age (years) 0.056 (0.039) 1.434 0.152
Proportion of cases completed with heads-up display (>50%)* 1.635 (0.749) 2.180 0.029

Note: *Referent category was <50% of cases.

microscope use.”'*'!" Objective analysis comparing these
two modalities in the OR would be helpful for validation
purposes.

The model suggested that surgeons of older age may
have greater odds of reporting an improvement in pain-
related issues. MSDs are progressive problems, and longer
practice duration has been associated with more frequent
back pain in ophthalmologists.'” Older surgeons who
experience more MSDs may be better able to detect an
improvement following an ergonomic intervention.

Approximately three-quarters of surgeons in this study
agreed or strongly agreed that HUDs provided a benefit
over microscope in improving posture and comfort, in line
with previous studies in this space reporting similar
statistics.'>'* The strong positive response regarding
improved physical performance is also in line with other
reports where ophthalmic participants noted reductions in
physical fatigue.'” The finding that 39% of surgeons
agreed that HUD improved mental performance compared
to a conventional microscope is novel, as available pub-
lished studies have not compared these devices on this
parameter. Occupational health and wellness research indi-
cates a connection between mental and physical stress.
Mental demands such as procedure complexity, peer eva-
luation, multitasking, and distractions can contribute to
stress within the OR.'® Dhmitri et al® reported ophthalmol-
ogists’ stress levels were independently associated with an
increased prevalence of MSD in the neck, lower back, and
upper extremities. Increasing levels of job strain were also
associated with increased frequency of neck and low back
pain in eye care providers and general practitioners.” In
turn, pain is frequently associated with cognitive
impairment.'® Although this study is not designed to
answer how HUDs might improve mental performance, it
is possible that the pain reduction provided by the
of HUDs

a subsequent benefit in mental performance.

improved  ergonomics also  provided

In the current study, 69% of the sample reported pre-
ference for the HUD, with 86% responding they would

recommend it to their peers. This may be indicative of
personal preference in surgery, in that surgeons who may
not select it for themselves still recognize overall benefits
and how it may be applicable to other surgeons. In addi-
tion, this is likely subject to potential significant bias in
that most of these surgeons worked at institutions where
the HUD had been purchased. It is likely that these sys-
tems would not have been purchased/installed without
significant support/interest from surgeons. Data on prefer-
ence for HUD is limited. There are other recently pub-
lished studies where surgeons significantly favored the
heads-up method compared to a conventional
microscope” or where 100% of surgical staff and students
preferred HUD;'? however, these are pilot studies limited
by very small sample sizes of less than 15 participants.
Consistent with our sample, reasons for preferring HUD in
the literature included comfort, visualization, and
enhanced teaching.'>'* Reasons for preferring microscope
somewhat aligned with criticisms of HUD technologies in
pilot studies, such as situation-specific visualization (eg,
when operating on an opacified capsule) or trouble adjust-
ing to the screen.'” Benefits relating to “case-of-use”,
surgical manipulations, and techniques cited in the
literature'®> were notably absent in responses from study
participants. This may be due to a high proportion of
attending ophthalmologists and high mean device use in
the study population, as respondents who are already very
comfortable with surgical techniques and the device may
notice different benefits, or think them less remarkable,
than those perceived by residents or trainees.

Subgroup analysis revealed that anterior- and posterior-
segment surgeons had significantly different frequency
distributions for whether heads-up display reduced the
severity or frequency of pain and discomfort compared
to a conventional microscope, with the proportion in
agreement considerably higher among anterior-segment
surgeons. Prolonged postures are known to result in cumu-
lative strain.’’ Given that anterior-segment surgeries are

much shorter than posterior-segment surgeries, this finding
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of the difference in the perceptions of benefit was unex-
pected. However, another important contributor to MSDs
is task repetition and intensity.”' Anterior-segment sur-
geons have a higher case load, meaning they experience
more repetition in set-up, routine surgical tasks, and room
turn-over than posterior-segment surgeons. The higher
median baseline neck and back pain reported by anterior-
segment respondents in this sample may suggest the
importance of repetition and intensity. Indeed, the number
of surgeries per week has been reported as an important
predictor of MSDs in open and laparoscopic surgeons.****
Anterior-segment surgeons may also experience more time
pressure due to volume intensity. Surgeons working under
time constraints often forgo breaks and concentrate with
less regard for ergonomic adjustments while operating.’
Alternatively, as HUD technologies are more novel to
anterior-segment surgeons, they may be more inclined to
report improvement or better able to recall this improve-
ment versus microscope compared to posterior-segment
surgeons. Future studies should consider assessing job
strains to contribute to the understanding of risk factors
associated with each therapeutic area.

This study has several limitations. First, the majority of
respondents were recruited from a device-install list which
was considered necessary given the low market penetra-
tion of HUD systems in the US, predisposing the popula-
tion to a disproportionate number of surgeons operating on
the NGENUITY®™ 3D visualization system. However, the
study cohort included sites with the TrueVision® 3D sys-
tem and the Artevo system. As mentioned previously, the
fact that these systems were installed suggests that these
surgeons would have a favorable initial impression of the
HUD. Second, only those with access to or experience on
the device were eligible to participate, which prevented
comparison to a control group, and limits generalizability
to a larger population. This limitation was somewhat miti-
gated by the wide range of experience, surgical volume,
and amount of use of the heads-up display, and the ques-
tionnaire design, which asked the surgeon to directly com-
pare between devices, serving as a self-control, recalling
back to a time when they only used a microscope. In
addition, the response rate was higher than other studies
on US ophthalmologists®® and represents a considerable
portion of the device users in the US, which positively
affects the study’s internal validity. Although necessary
given that many ophthalmic surgeons are unable to fully
convert to heads-up display, the accuracy of recall may
have been impacted by asking respondents to recall over

a long period of time. Finally, the questionnaire-based
design precludes statements on causality between an inter-
vention and effect (as in all cross-sectional studies).
Although it could not realistically capture all of the vari-
ables within the OR, or a surgeon’s life, that could impact
pain and MSDs, the questionnaire was developed based on
an extensive literature review and clinical input from the
principal investigators to reflect key factors in surgical
ergonomics, balancing comprehensive variable capture
without compromising completion of the survey.

Conclusions

In conclusion, this study compared surgeon-reported ergo-
nomic benefits of HUD technology with a conventional
microscope, and built on existing literature by assessing
a larger sample size, including both anterior- and poster-
ior-segment surgeons to be more reflective of the real
world, and performing robust statistical analysis techni-
ques. Promoting ergonomics is critical to ensure surgeon
well-being and productivity. In this study, the majority of
respondents reported an ergonomic benefit for HUD sys-
tems compared to conventional microscopes, including
improved posture and comfort and reduced pain, as well
as unexpected benefits for confidence and mental perfor-
mance. Additional work is needed to promote awareness
of ergonomics and prevention of MSDs, and educate users
on the appropriate set-up of HUDs to achieve optimal
ergonomics. HUD systems could be considered an impor-
tant tool to improve the ergonomic environment of
ophthalmic operating rooms. Additional studies with
expanded enrollment to increase external validity, or
those using a randomized prospective design would be
helpful to provide additional information related to ergo-
nomics and the potential benefit of HUD platforms.
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