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IntroductIon
Ophthalmologists report major occupational stressors relating 
to factors such as administrative burdens, high patient volume, 
and frequent musculoskeletal (MSK) complaints.1-4 In a few 

previous surveys, eye specialists were asked about measures 
taken to improve their well‑being. One study reported mean 
exercise allocation of 3.34 h/week among ophthalmologists 
and another noted that 33% exercised thrice weekly, with only 
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Purpose: To explore how ophthalmologist productivity, wellness, and musculoskeletal (MSK) symptoms are affected by heads‑up display (HUD) 
use.

Methods: A digital survey was emailed to the United States ophthalmologists. Questions covered topics including MSK health, surgical 
output, work hours, wellness hours, and factors related to HUD use.

Results: One hundred and forty‑four ophthalmologists responded, and 99 completed all eligible questions. HUDs were utilized by 33 
respondents, 29 of whom submitted complete surveys. HUD users worked 353 more hours annually (P = 0.01) and performed 673 more 
cases (P = 0.07) than nonusers. MSK symptom presence (P = 0.79), severity (P = 0.80), and frequency (P = 0.86) were independent of use. Over 
half (n = 16/29) of users identified symptomatic improvement attributable to the device, mostly in the cervical and lumbar regions. Mean job 
stress was moderate‑severe for both users and nonusers (P = 0.10), and there was no significant difference in wellness hours (P = 0.44). Retina 
specialists (P = 0.02) and males (P = 0.03) were more likely to have operated with the technology. Nearly half of heads‑up surgeons (n = 12/29) 
had obtained new equipment to target MSK symptoms, versus 1.4% of nonusers (n = 1/70; P = 0.0009). Most of those who operated with 
HUDs would recommend them to others (69.0%, n = 20/29), but 44.8% (n = 13/29) indicated ergonomic challenges. Primary concerns included 
awkward viewing angles, setup difficulties, and a lack of access.

Conclusions: HUD surgeons reported greater work output versus nonusers without significant compromises in wellness or MSK health. 
User feedback suggests that the technology may lessen neck and low back pains, but barriers including cost and system inconveniences may 
impede adoption.
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the latter study finding a difference in pain symptoms based 
on the volume.5,6 Other typical interventions have included 
measures such as over-the-counter analgesics, bed rest, and 
physical manipulations.7

From a survey of mostly high-volume ophthalmologists in 
the United States, it was found that 81.4% of participants 
experienced episodes of pain, discomfort, or disability.8 
Respondents endorsed moderate‑to‑severe work‑related stress 
on average, which was significantly linked to the extent of their 
symptoms. In response to MSK complaints, the most selected 
actions were physical maneuvers such as stretching, exercise, 
and operating room (OR) postural adjustments.8

Recently, two additional survey studies explored the utility 
of 3D‑visualization systems/heads‑up displays (HUDs) as 
a novel method to enhance the occupational experiences of 
ophthalmologists.9,10 Both studies found high satisfaction 
with the devices and positive ergonomic effects. HUD 
systems provide surgeons with a forward‑facing alternative to 
traditional analog microscopes, making use of a high‑definition 
display mounted on a headset or external monitor. Such devices 
offer the benefit of decreased anterior cervical flexion and 
have shown good surgeon and patient outcomes in small‑scale 
studies of both anterior and posterior segment surgery.11,12 The 
primary goal of the current study was to expand upon prior 
research by examining how HUD use may broadly impact 
the ophthalmic surgeon experience in areas including MSK 
complaints, wellness, and practice output. Secondarily, we 
sought to identify current barriers to HUD adoption.

Methods
Sterling Institutional Review Board (Atlanta, GA) ruled that 
approval was not required for this cross‑sectional digital 
survey study. The survey from which the current paper’s 
findings are derived is the same survey described in a previous 
publication.8 Implied consent was obtained by informing 
participants of the purpose, data usage, anonymity, and 
voluntariness of the study preceding survey administration. 
No incentives were provided, and participants could exit the 
survey at any time. All study procedures were followed in 
accordance with the ethical standards set by Sterling IRB and 
the standards set by the 1975 Declaration of Helsinki and its 
revisions in 2000.

A questionnaire designed on SurveyMonkey was sent via 
email from August 2020 to January 2021 to ophthalmologists 
practicing in any of four domains: comprehensive, cornea, 
glaucoma, and retina. Emails were acquired from academic 
departments, the authors’ individual networks, and professional 
ophthalmology groups. The full questionnaire is included in 
the supplemental material of a previous publication.8 Questions 
covered HUD use, demographics, work hours, procedural 
volumes, self‑reported job stress, exercise, mindfulness and 
meditation, MSK health, ergonomics, and the Total Disability 
Index (TDI). Self‑reported job stress was rated on a seven‑point 
Likert scale with one being “not stressful at all”, four indicating 

“moderately stressful”, and seven as “extremely stressful”. 
The TDI is a statistically validated measured of disability 
from back and neck pain, scored out of 100%.13 Higher 
percentages indicate worse disablement. Questions that asked 
for information across the span of 1 year were framed in terms 
of the pre-COVID February 2019–2020 period.

Using SurveyMonkey’s question‑piping function, respondents 
received different questions depending on whether they selected 
3D‑visualization system/HUD as a tool used for eye surgery. 
HUD users were asked about HUD type, extent of use, effects 
on pain and operating volume, ergonomic challenges, and 
their opinion on recommending HUD to other eye surgeons. 
Seven‑point Likert scales with accompanying text ranging 
from “significantly decreases” or “strongly advise against” 
to “significantly increases” or “strongly recommend” were 
used for the pain and recommendation questions. Nonusers 
were asked to select reasons for why they did not adopt the 
technology. A goal of at least 30 HUD user respondents was 
set for the survey before performing data analysis.

Descriptive statistics and significance testing were computed 
using GraphPad Prism for Mac (v. 8, GraphPad Software) 
and Statistical Package for the Social Sciences for Mac (v. 
27, IBM). Continuous data was recorded as mean ± standard 
deviation. Demographic factors, total surgical volume 
in a year, total hours worked in a year, MSK symptom 
characteristics, TDI scores, and job stress scores were each 
compared between HUD users and nonusers. Race was 
analyzed with Chi‑square, while dichotomous outcomes were 
analyzed using Fisher’s exact test. For continuous variables 
such as total surgical volume, Shapiro–Wilk testing assessed 
normality. Normally distributed outcomes were analyzed 
with t‑test, while abnormally distributed variables required 
the Mann–Whitney U‑test. Ordinal regression was applied to 
two outcomes: frequency of MSK pain episodes and job stress 
scores. Significance was set at two‑sided P < 0.05.

results
For the survey, 245 ophthalmologists were contacted. This is 
the same population as described in the previous publication.8 
Specifically, 58.8% (n = 144) of those contacted identified 
demographics, 52.2% (n = 128) completed the initial HUD 
use screening question, and 40.4% (n = 99) answered all 
eligible questions. Of the 128 respondents who answered 
the HUD question, the average age was 50.6 ± 10.8 years, 
28.1% (n = 36) were nonwhite, and 22.7% (n = 29) were 
women. The most commonly chosen specialty of those 128 
respondents was cornea (47.7%, n = 61), while retina was the 
least common (7.8%, n = 10). HUD was utilized by 25.8% of 
respondents (n = 33) in the February 2019–February 2020. 
The NGENUITY system (Alcon, Forth Worth, TX, USA) 
was the primary HUD type for 75.8% (n = 25), while the 
ARTEVO 800 (Zeiss, Oberkochen, Germany) was the primary 
HUD type for 24.2% (n = 8). Later in the survey, further 
user‑specific questions were answered by 29 respondents; 
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four of the original 33 HUD surgeons dropped out. Seventy 
nonusers answered the question on obstacles to HUD adoption. 
Comparisons between HUD users and non‑HUD users are 
compiled in Table 1.

For those who operated with HUD, an average of 37.2 ± 39.3% 
of their cases were performed utilizing the technology. 
Surgeons had experience with HUD for a mean duration of 
41.5 ± 47.0 months. Retina specialization was significantly 
associated with HUD use (P = 0.02), with 60.0% of such 
specialists (n = 6/10) reporting operation of such devices. 
HUD use was independent of comprehensive (P = 0.22), 
cornea (P = 0.84), or glaucoma (P = 0.12) specialization. 
Male respondents (P = 0.03) were more likely to have 

tried HUD, with only 9.1% (n = 3/33) of HUD users being 
female. HUD adoption was independent of age (P = 0.89), 
years in practice (P = 0.92), and race (P = 0.96). Interest 
in ergonomics (P = 0.34) and exposure to ergonomic 
strategies (P = 0.58) were each not associated with HUD use. 
Thirty HUD surgeons and 81 non‑HUD surgeons responded 
to questions relating to case volume and work hours. HUD 
surgeons on average performed a 68.2% (n = 673 cases) 
greater volume of OR cases in 1 year compared to surgeons 
who did not utilize HUD, though this difference was 
nonsignificant (P = 0.07). They also worked an average of 
17.2% (n = 353 h) more in 1 year than nonusers, a significant 
difference (P = 0.01). Of HUD users, 62.1% (n = 18/29) 

Table 1: Comparison of ophthalmologists who used heads‑up display with nonusers

Parameter HUD users (n=33 total) Non‑HUD users (n=95 total) P
Age (mean years±SD) 49.3±9.4 49.6±10.4 0.89*
Race/ethnicity, n (%)

White 23 (69.7) 69 (72.6) 0.96†

Asian 7 (21.2) 19 (20.0)
Black 1 (3.0) 3 (3.2)
Hispanic 1 (3.0) 3 (3.2)
Other 1 (3.0) 1 (1.1)

Female, n (%) 3 (9.1) 26 (27.4) 0.03‡

Years in practice (mean±SD) 20.3±9.5 20.5±10.3 0.92*
Subspecialization§, n (%)

Comprehensive 10 (30.3) 42 (44.2) 0.22‡

Cornea 15 (45.5) 46 (48.4) 0.84‡

Glaucoma 6 (18.2) 32 (33.7) 0.12‡

Retina 6 (18.2) 4 (4.2) 0.02‡

Hours worked in 1 year (mean±SD)
[30 HUD, 81 non‑HUD respondents]

2399.4±637.9 2046.6±449.3 0.01*

Surgical cases in 1 year (mean±SD)
[30 HUD, 81 non‑HUD respondents]

1660.5±1576.3 987.2±904.2 0.07||

Presence of MSK symptoms, n (%)
[29 HUD, 70 non‑HUD respondents]

23 (79.3) 57 (81.4) 0.79‡

Frequency of MSK symptoms, n (%)
[29 HUD, 70 non‑HUD respondents]

None 6 (20.7) 13 (18.6) 0.86¶

Less frequent than once every few months 2 (6.9) 4 (5.7)
Once every few months 3 (10.3) 10 (14.3)
Monthly 5 (17.2) 9 (12.9)
Weekly 7 (24.1) 20 (28.6)
Daily 6 (20.7) 14 (20.0)

Total duration of MSK symptoms (mean months±SD)
[29 HUD, 70 non‑HUD respondents]

104.7±140.6 85.8±106.8 0.79||

Total disability index score (mean %±SD)
[29 HUD, 70 non‑HUD respondents]

6.3±7.4 5.8±6.9 0.80||

Job stress rating** (mean±SD)
[29 HUD, 70 non‑HUD respondents]

4.9±1.4 4.7±1.1 0.10¶

Weekly hours of exercise and meditation/
mindfulness (mean±SD)
[29 HUD, 70 non‑HUD respondents]

6.2±3.4 7.0±8.6 0.44||

*Student’s t-test, †Pearsons’s Chi‑square, ‡Fisher’s exact test, §Respondents could choose more than one subspecialty, ||Mann-Whitney U-test, ¶Ordinal 
regression, **Ranked from 1 (not stressful at all) to 7 (extremely stressful). Due to survey dropout, not all respondents answered each question. In cases 
where the number of respondents was lower than for the demographic questions, respondents per group are indicated in brackets. HUD: Heads‑up display, 
MSK: Musculoskeletal, SD: Standard deviation
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believed that they could perform more surgeries on days during 
which they used HUD instead of traditional analog oculars. The 
average self-reported percent increase in case load among the 
18 surgeons was 14.4 ± 28.5%. Those physicians attributed the 
increases primarily to HUD use being less fatiguing (94.4%, 
n = 17/18). Moreover, 22.2% (n = 4/18) felt that HUD was 
more time efficient.

Among respondents, the least selected workplace interventions 
for preventing and/or improving MSK symptoms included 
modifying existing equipment (15.2%, n = 15/99) and adding 
new equipment (13.1%, n = 13/99). Adding new equipment 
to address MSK symptoms was endorsed by 41.4% of HUD 
users (n = 12/29) compared to only 1.4% of nonusers (n = 1/70; 
P = 0.0009). For HUD surgeons, 55.2% (n = 16/29) reported 
that the technology improved their MSK symptoms. The most 
common locations of improvement for those 16 respondents 
were in the cervical (44.8%, n = 13), lumbar (27.6%, n = 8), and 
thoracic (13.8%, n = 4) spines [Figure 1]. Compared to when they 
used analog oculars, 69.0% (n = 20/29) and 58.6% (n = 17/29) 
found HUD use to decrease pain while operating and outside 
the OR, respectively. One respondent reported moderately 
increased pain from HUD in the OR setting and outside the OR, 
while a second respondent indicated moderately increased pain 
only outside the OR. Among those reporting any symptomatic 
improvement, it took a mean of 3.8 ± 4.3 months of HUD 
experience to notice a difference. There were no significant 
differences between the HUD group and the non‑HUD group in 
terms of the presence of MSK symptoms (P = 0.79), frequency 
of symptoms (P = 0.86), total duration of symptoms (P = 0.79), 
and TDI score (P = 0.80). Moreover, there were no significant 
associations between HUD use and weekly exercise and 
mindfulness/meditation hours (P = 0.44) or self-reported job 
stress rating (P = 0.10). Both groups had mean stress scores 
that exceeded the “moderately stressful” threshold (4.9 ± 1.4 
for HUD users vs. 4.7 ± 1.1 for nonusers).

Overall, 69.0% (n = 20/29) of HUD surgeons would 
recommend the technology to other ophthalmologists, with 
44.8% (n = 13/29) indicating a strong recommendation [Figure 2]. 
One user selected that they would advise against adopting 
HUD, and 44.8% (n = 13/29) of users indicated ergonomic 
challenges, difficulties, or inconveniences. From their free 
text descriptions, two major themes arose: awkward viewing 
angles and positioning (53.8% of comments, n = 7/13) and 
OR setup difficulties (38.5% of comments, n = 5/13). Sample 
quotes from respondents that characterize each theme are 
noted in Table 2. The one respondent who advised against 
HUD referenced problematic positioning, writing, “When 
using HUD I have to lean around the scope component, and am 
tilted sideways. It is much less comfortable and has been very 
disappointing”. The other user who had previously indicated 
that HUD use only increased pain outside the OR setting 
wrote “coccydynia” as a complaint. As for the 70 nonusers 
who responded, their most cited reasons for nonadoption 
were a lack of access to the technology at their surgical 
sites (71.4%, n = 50) and a lack of problems or inconveniences 

Table 2: Ergonomic difficulties with ophthalmic heads‑up 
display systems

Theme Relevant comments
Awkward viewing angles 
and positioning

“You have to look slightly off angle to 
visualize the screen”
“Operating temporally and positioning 
patient”
“There is a learning curve associated with 
looking right while operating as usual”

Operating room setup 
difficulties

“We have to move the room around when 
we switch from right to left eyes”
“Staff resistance to setting up equipment 
and learning a new system”
“Operating room flow”

Other “Coccydynia”

Figure 1: Effects of heads‑up display use on region‑specific musculoskeletal symptoms
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that HUDs would solve (18.6%, n = 13). A few respondents 
were concerned about latency and technical glitches (10.0%, 
n = 7) and ergonomic pitfalls (8.6%, n = 6). Further reasons 
are described in Figure 3.

dIscussIon
In a sample with a high mean surgical volume and a high 
prevalence of MSK complaints, HUD systems were found to 
potentially offer benefits in both domains. There were sizeable 
differences in total surgical output and total hours worked when 
comparing users to nonusers, with HUD surgeons performing 
around 673 more cases and working approximately 353 more 
hours in a year. Only the latter was a statistically significant 
difference, but the former approached significance at P = 0.07. 
Despite differences in volume, HUD users did not report 
greater presence, frequency, or duration of MSK symptoms, 
and scored similarly to nonusers on a validated metric of total 
spine disability. They also maintained a comparable amount 
of wellness activities with a nonsignificant difference in stress 

scores. We concur with Bin Helayel et al., who interpreted a 
lack of difference in pain between groups despite increased 
surgical volume in HUD users as suggestive of the technology’s 
ergonomic advantage.9 Over half of the current study’s HUD 
user respondents reported that the technology reduced their 
MSK pain, particularly in the spine. The frequency with which 
the sample made postural adjustments in the OR (67.7%)8 
may further indicate a need for a more ergonomic operating 
position at baseline. These results are supported by previous 
studies that have found HUD to be a more comfortable, 
ergonomic alternative to traditional oculars.14-16 Satisfaction 
was also high, with 69.0% of users willing to recommend the 
technology. Given that back and neck issues appear endemic 
to the field,3,5-7 HUD systems may provide a novel avenue for 
eye surgeons to pursue MSK prophylaxis.

Interestingly, self‑perceptions of volume advantages were 
more modest than the raw case and hour load differences 
would suggest. Of the 62.1% who felt that their surgical output 
increased on days with HUD, they noted a mean increase of 
only 14.4%. There are a few possible explanations for this 
discrepancy. HUD may not significantly truncate individual 
surgical case duration, as has been observed in comparisons 
against standard analog microscopes in cataract and retinal 
surgeries.12,17-19 Only 22.2% of respondents in our study who 
reported increased volume with HUD found the device to be 
more time‑efficient. However, the MSK benefits HUDs provide 
could enable surgeons to operate for longer and on more days 
due to enhanced physical endurance. This is supported by 
nearly two‑thirds of respondents finding HUD use to reduce 
pain inside the OR, and over half reporting less pain outside 
the OR. Moreover, nearly all of those who felt that they could 
operate more with HUD selected decreased fatigue as a benefit, 
which ties to improvements in comfort and mental performance 
reported in prior research.10,12 Another possibility is that surgeons 
in this study who worked more from the onset were the same 

Figure 2: What heads‑up display users would tell peers about the 
technology

Figure 3: Reasons for not utilizing heads‑up display
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surgeons more likely to try HUD. Individuals with high volume 
practice at baseline may be more motivated to seek ergonomic 
surgical alternatives given the cumulative physical demands.

Demographically, the lack of female surgeons who use HUD 
may be a product of factors such as surgical volume disparities, 
income disparities, and increased gender-based career obstacles 
that could impede technology access.20-22 Previous surveys have 
found that female ophthalmologists suffer more back, neck, 
and upper extremity pain compared to males.4,23 Therefore, 
women in ophthalmology may face a double jeopardy, being 
in need of the possible MSK benefits of HUD more despite 
having comparably less HUD exposure. In terms of age, 
Bin Helayel et al. found that surgeons with 11–20 years of 
experience were significantly more likely to adopt HUD, 
whereas our study elucidated less than a 6‑month difference 
in experience between users and nonusers.9 The contrast may 
be attributable to location‑specific features of the samples. 
Our study was limited to the U.S. ophthalmologists, whereas 
their authors were based in Saudi Arabia, with the scope of 
their respondent geography unspecified. Practice structures in 
the U.S. may afford ophthalmologists comparatively limited 
control over obtaining the technology even if certain age 
cohorts would be more willing to try it. Our finding of 71.4% 
of nonusers citing lack of HUD access as an obstacle supports 
such rationale. Separately, the lack of age difference may 
also be interpreted as a strength of our study, as it supports 
the notion that the observed difference in workload was not a 
product of age‑related productivity differences between groups.

In terms of the challenges, there were difficulties with viewing 
angles and OR setup. The heft of current HUD systems 
combined with a fixed screen may contribute to issues, such 
by necessitating the surgeon to look around the scope for an 
optimal view. Similarly, the learning curve required to adapt 
an OR to HUD, with factors ranging from training staff to 
accommodating for left and right eye differences, impede 
adoption.24 Nonusers shared sentiments regarding lack of 
access, lack of need, cost‑effectiveness, and ergonomic and 
latency concerns. Only 13.1% of ophthalmologists in the 
current sample added new equipment for MSK symptoms, 
likely reflecting those barriers to entry. Simplification into 
more compact and flexible HUD designs such as with screens 
that swivel easily or that deliver consistent depth‑of‑field 
at off‑angles may therefore enhance HUD implementation. 
Alternatively, use of head-mounted systems such as the Avegant 
Glyph retinal projection system (Avegant Corp, Belmont, CA, 
USA) may reduce the viewing angles concern because the image 
moves with the head rather than staying on a fixed monitor.25 
The coccydynia outside the OR noted by a single patient in 
the current study may be linked to the more reclined posture 
of HUD, which can lead to greater tailbone compression.26 
However, surgeons in other studies have generally found that 
seating angle to be more comfortable over time.11,16

The major disadvantages of this study are its small sample size 
and cross‑sectional approach, which limit statistical power and 

causative inferences. The small sample size likely contributed 
to the large standard deviations observed for continuous 
variables as well as the lack of statistical significance when 
comparing total surgical cases. For example, the wide standard 
deviation of 47 months pertaining to length of HUD experience 
among users limits claims regarding effectiveness within that 
respondent group. Further, we did not collect information 
on the surgical case numbers and working hours of surgeons 
before they adopted HUD, so we cannot definitively assert 
that HUD use truly increased either metric. Given that retinal 
surgeons were the most likely to use HUD in our sample 
and that HUD has been most studied in the context of retinal 
procedures, it is a disadvantage that retina specialists were 
the least well‑represented of our respondents.11 Another 
disadvantage to the study is that information was not collected 
regarding historical 3D-visualization systems that have since 
been removed from the U.S. market or are not sold in the 
U.S., such as the TrueVision 3D‑visualization system.27 For 
users who had experience with older 3D systems, it may 
have been valuable to explore how the ergonomic experience 
has changed. There were also aspects of HUD intraoperative 
performance that were not explored, including previously 
reported benefits such as decreased phototoxicity, better depth 
of field, and educational value.9,28

Overall, the data from this cross‑sectional survey speak to the 
potential utility of HUDs for relieving ophthalmologists’ MSK 
symptoms. HUD surgeons reported greater working time than 
nonusers, but there were no significant differences in wellness 
measures. Most HUD users found that the technology helped 
reduce pain both inside and outside the OR and decrease 
fatigue compared to traditional analog oculars. Over two‑thirds 
would recommend the technology to fellow ophthalmologists. 
However, there are ergonomic areas where the technology 
could improve, particularly with regard to viewing angles 
and setup in the operating suite. Other obstacles to adoption 
include lack of access, lack of perceived benefit, and concerns 
regarding latency. There may also be a gender disparity in use. 
Further, prospective studies that utilize greater sample sizes 
should be conducted to more definitively evaluate the risks 
and benefits of HUD systems.
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