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Introduction: Work-related musculoskeletal disease (MSD) is the second leading cause of disability globally. Ophthalmologists
widely report MSDs in the neck (70%) and back pain (40–80%). Our study intended to identify the prevalence of MSDs among
pediatric ophthalmologists.
Methods: Pediatric ophthalmologists self-reported chronic pain, instrumentation used, years practiced, surgeries performed, work
schedule/environment modifications due to MSD, and treatment for MSD via an anonymous online survey. Statistical analysis of
responses included odds ratios, Pearson chi-square testing, and Spearman correlations.
Results: This study had 101 respondents, with 66% reporting chronic pain. Chronic neck pain (41%) and lower back pain (31%)
followed by shoulder pain (30%) were the leading MSD complaints and significantly correlated with years of experience (p<0.05).
Participants often had multiple types of pain, including 13% of the sample who experienced all three types of pain. Those reporting
shoulder and back pain also reported a greater incidence in work modification (68–83%). Those suffering from chronic neck, shoulder,
and lower back pain have sought treatment for their MSD (p<0.05).
Discussion: With such wide reporting of chronic neck, back, and shoulder pain, the development of MSDs likely leads to disability.
Ergonomic innovations in the workplace may reduce the healthcare burden and prolong pediatric ophthalmologists’ ability to provide services.
Conclusion: In our study, the reported prevalence of chronic neck and back pain was comparable to previous studies and published
literature, with 2/3 of participants reporting pain. There is a tremendous need for ongoing innovations, especially surgical loupes,
operating microscopes, and slit-lamp modifications to prevent musculoskeletal disease.
Keywords: musculoskeletal disease, ergonomics, neck pain, back pain

Introduction
Work-related musculoskeletal disorders (MSDs) are the leading cause of occupational absence and the second cause of
disability globally.1,2 Among the MSDs; chronic lower back pain is the leading cause of disability.3 Worldwide, thirty-
seven percent of lower back pain is attributed to occupation.4,5 While reporting the incidence of MSDs varies among
population classifications, such as age group and work, as many as 33% of the global population currently live with
a painful MSD. MSDs are also associated with a high economic cost, accounting for over 20 billion dollars of worker’s
compensation in the United States.1

Over the last decade, many surveys concerning work-related MSDs in ophthalmologic professionals were conducted.
These studies report an incidence of 30–70% for neck pain and 40–80% for back pain.6–9 Across multiple surveys, up to 8%
of respondents require surgery, and as high as 9% are unable to operate due to chronic pain.4 These studies were conducted
before 2015 and mainly looked at ophthalmologists primarily in the United Kingdom, and fewer studies were performed in
the United States. No investigation was done, mainly looking at musculoskeletal disease among pediatric ophthalmologists.
For ophthalmologists, a commonly cited source of neck and back pain is magnification loupes during surgery.4
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Ergonomics is an applied science concerned with designing and arranging things people use to interact efficiently and
safely (Merriam Webster). This study aimed to identify the prevalence of MSDs among pediatric ophthalmologists and
find areas where significant ergonomic improvement can be made.

Methods
Study Design
A 15-question anonymous survey was sent to all members of Pediatric Ophthalmology Listservs. The study was
conducted over one month, from June 2019 to July 2019. The pediatric ophthalmology Listservs comprised of
approximately 1000 pediatric ophthalmologists worldwide at different stages in their career with varying years in clinical
practice ranging from 1 year to more than 25 years in practice. The group comprised male and female pediatric
ophthalmologists in university and private practice settings. We sent out a reminder email two weeks after the initial
survey to increase the response rate.

Questionnaire
The Pediatric ophthalmologists on the listserv self-reported chronic pain, instrumentation used, years practiced, surgeries
performed, work schedule/environment modifications due to MSD, and treatment for MSD. The list of survey questions
is shown in Box 1.

Statistical Analysis
Statistical analysis of collected responses included odds ratios, Pearson Chi-Square exact tests (due to the small counts of
some factor combinations), Spearman correlations, and a negative binomial count data model. Statistical analyses were
generated with PROC FREQ and PROC LOGISTIC from SAS/STAT software, Version 9.4 (© 2002–2012) of the SAS
System for Windows (Cary, NC). The Institutional review board approved this study from the University of Nebraska
Medical Center. The study was limited to pediatric ophthalmologists to provide a more homogenous sampling group that
can be meaningfully interpreted for ergonomic change and innovation.

Results
We had a 10% response rate (101/1000), with 66.3% of participants reporting chronic pain. Chronic neck pain (41%),
lower back pain (31%), and shoulder pain (30%) were the three leading MSD complaints (Table 1). Participants often had
multiple types of pain, including 13% of the sample who experienced all three types of pain.

We calculated the odds ratios for associating chronic pain with various devices and methods to uncover the
relationship between specific instruments and chronic pain. (an odds ratio>1 indicates pain is related to that device or
method) It would present as the number of hours worked increases by increments of 5 hours per week. Table 2 indicates
that shoulder and lower back pain increases with surgical loupe use during surgery (p=0.094 and p=0.078 respectively);
also, elbow pain and upper back pain are likely to develop with increased slit lamp use (p=0.057 and p=0.060
respectively). Furthermore, as the number of years in practice increases by 5, the likelihood of ophthalmologists
developing chronic neck and lower back increases (p=0.030 and p=0.003 respectively) (Table 2). Additionally, as the
number of surgeries performed each week is increased by two, the likelihood of wrist pain also becomes significant
(p=0.008). Additionally, neck pain (p=0.03) and lower back pain (p=0.003) are more likely to increase with years of
experience.

Those suffering from chronic neck, shoulder, wrist, and lower back pain have sought treatment for their MSD (p<0.05
for all four types of pain). Some with pain actively participate in exercise programs specifically for these issues. Our
results show chronic neck pain, shoulder pain, and lower back pain are associated with those who actively participate in
an exercise program for pain relief (Table 3). Of the respondents, 45% have considered getting their posture evaluated.
Corrective surgeries were more likely to occur with those reporting wrist pain (p=0.0015) and hip pain (p=0.0018).

Those reporting shoulder pain reported a greater incidence in making a change in the number of hours of their work
(ie, alter, cut, modify, stop) (83% of those with pain vs 65% without pain, p =0.09) (Table 4). A Pearson-Chi square exact
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test demonstrated that chronic shoulder and chronic neck pain are not independent of each other and either occur
simultaneously (25%) or do not occur at all (55%) (p<0.001). Thus, the presence of multiple types of pain may have
contributed to a change in the number of hours worked.

Box 1 Questionnaire

1. How many years have you been practicing? (Numeric Entry)

2. How many days a week do you perform surgeries? (Numeric Entry)
3. How many surgeries do you perform a week? (Numeric Entry)

4. Do you use magnifications while performing strabismus surgery?

a. No
b. Yes, loupes with 2–3x magnification without a light source attachment

c. Yes, loupes with 2–3x magnification with light source attachment

d. Yes, loupes with 3–4x magnification without a light source attachment
e. Yes, loupes with 3–4x magnification with light source attachment

f. Other (please specific)

5. Please provide the average number of hours per week spent using a slit lamp (Numeric Entry)
6. Please provide the average number of hours per week spent using an operating microscope (Numeric Entry)

7. Please provide the average number of hours per week spent using an indirect ophthalmoscope (Numeric Entry)

8. Please provide the average number of hours per week spent using surgical loupes (Numeric Entry)
9. Please provide the average number of hours per week spent using a computer/laptop (Numeric Entry)

10. Please provide the average number of hours per week spent using cellular/tablet device (Numeric Entry)

11. Do you suffer from any of the following (Mark all that apply) a. Chronic Neck Pain
b. Chronic Shoulder Pain

c. Chronic Upper Back Pain

d. Chronic Lower Back Pain
e. Chronic Elbow Pain

f. Chronic Forearm Pain

g. Chronic Wrist Pain
h. Chronic Hip Pain

i. Chronic Thigh Pain

j. Chronic Knee Pain
k. Chronic Lower Leg Pain

l. Chronic Foot/Ankle Pain

m. Chronic Headaches
n. I do not suffer from chronic pain

o. Other (please specify)

12. If you have pain related to work, have you had to (pick the most significant change) a. Modify your work environment
b. Alter your work schedule or type of work you do

c. Cut back on the number of hours and patients you see

d. Stop working
e. Made no changes

13. Have you had, or are you considering having your posture evaluated by a professional?

a. Yes, I have done it
b. Yes, but I have not done it

c. Yes, I would like to but do not know how to go about doing it

d. No
14. With regard to preventing or treating a musculoskeletal disease that you may have, have you (Check all that apply)

a. Met with a professional to learn techniques to prevent/treat symptoms

b. Actively participate in an exercise program specifically for these issues
c. Want to learn techniques but have not met with anyone to do them

d. Corrective surgery

e. Do not have any plans to address the issue currently
15. Are there any other daily activities you perform that may affect your posture? If so how many average hours a week do you spend performing

this activity? (Free Text)
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The Spearman correlation for the number of pain areas and years of experience is 0.36 (p=0.03) (Figure 1). A count
data model based on the zero-inflated negative binomial distribution indicates that a person can have 1 area of pain within
a year. Within 25 years, a person can have two areas of pain. Within 40 years, a person can have three areas of pain
(Figure 1). The positive slope of the fitted curve to these data also indicates a possible increase in the number of pain
areas with years of experience (p=0.30) (Figure 1). However, the small sample size for the study was unable to detect if
this increase exists.

Additionally, among surgical loupe wearers, we noted a 4.27 times greater incidence of chronic upper back pain
among those wearing 2.0x surgical loupes versus those wearing 4.0x surgical loupes.

Table 1 Types of Reported Pain from n=101 Participants

Type of Pain Number of Respondents
Reporting Pain

Percent of
Respondents

No Chronic Pain 34 34%

Chronic Neck Pain 41 41%

Chronic Shoulder Pain 30 30%

Chronic Lower Back Pain 31 31%

Chronic Upper Back Pain 15 15%

Chronic Hip Pain 8 8.0%

Chronic Knee Pain 3 3.0%

Chronic Lower Leg Pain 1 1.0%

Chronic Foot/Ankle Pain 6 6.0%

Chronic Headaches 8 8.0%

Chronic Elbow Pain 7 7.0%

Chronic Forearm Pain 2 2.0%

Chronic Wrist Pain 13 13%

Table 2 Odds Ratios as for Pain More Likely to Occur as the Number of Hours Increases with the Use of Each Instrument

Odds Ratios of Pain with Increasing Use of Device (Number of Hours) and Increasing Activity

Activity Type of Pain Odds
Ratio

Lower CI 95% Upper CI 95% P-value

Hours per Week Spent Using Surgical Loupes Chronic Shoulder Pain 1.44 0.94 2.33 0.094

Chronic Upper Back Pain 1.53 0.96 2.589 0.078

Hours per Week Spent Using a Slit Lamp Chronic Elbow Pain 1.31 0.99 1.732 0.057

Chronic Upper Back Pain 1.23 0.99 1.525 0.06

How Many Surgeries Performed a Week Chronic Wrist Pain 1.38 1.09 1.76 0.008**

How Many Years of Practice Chronic Neck Pain 1.22 1.02 1.48 0.03*

Chronic Lower Back apin 1.34 1.1 1.67 0.003**

Notes: *p<0.05. **p<0.01.
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Discussion
The field of Ergonomics in Ophthalmology is a growing area of interest. Our study results show that 2/3 of the
participants have chronic pain.

Taken together, this data suggests that pediatric ophthalmologists will likely develop at least one MSD within 25
years of practice. Chronic MSDs lead pediatric ophthalmologists to modify their work behaviors and work fewer hours.
The authors believe that the development of MSDs likely leads to disability and early retirement among pediatric
ophthalmologists. As chronic pain increased, the number of hours worked decreased among ophthalmologists. Of note,
there was a 5% increase in the number of pain areas reported among ophthalmologists with every five years practiced.
Ergonomic innovations and interventions in the workplace may reduce the healthcare burden and prolong pediatric
ophthalmologists’ ability to provide services.

MSD development in the operating room comes from standing or sitting in static positions for prolonged periods,
placing stress and strain on muscles and tendons contributing to MSD development. There are many fine, precise,
repetitive motor movements that must be made during procedures and high patient volumes that further contribute to
MSD development. There are many recommendations to promote proper postures while performing operations. While
these recommendations can reduce MSD development, there has been very little done to rethink or reinvent our surgical
tools to encourage healthier postures.

The advent of surgical loupes impacted many surgical fields and subspecialties, and there was good evidence that loupe
use increased Visual acuity operating ergonomics and provided greater surgical precision. However, other evidence suggested
that despite some ergonomic improvement, loupes may increase neck and back strain and limit the depth of vision.4,10

Table 4 Altered Work Activity with Shoulder Pain

Altered Work
Activity

Did Not Alter Work
Activity

Total
(n)

Have Shoulder Pain 25 5 30

Did Not Have Shoulder
Pain

46 25 71

Total (n) 71 30

Pearson Chi Square Test

Shoulder Pain p(<0.10) p=0.06

No Shoulder Pain p<0.10 (p=0.09)

Table 3 Chronic Pain Associated with Those Actively Participating in and Exercise Program to
Address with Chronic Pain

Chronic Pain Associated with Those Actively Participating in an Exercise Program

Type of Pain Odds Ratio Lower CI 95% Upper CI 95% P value

Chronic Neck Pain 3.43 1.37 8.859 0.006 **

Chronic Shoulder Pain 4.04 1.52 11.16 0.004 **

Chronic Lower Back Pain 3.66 1.4 9.928 0.006 **

Note: **p<0.01.
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Our previous work has shown that conventional surgical loupes are heavy, promote unhealthy postures and load
inappropriate force onto the axial skeleton. By completely redesigning the loupe to be lighter, altering the angle of
declination, and adding a novel Suh-Hermsen head strap, posture is corrected, and force on the axial skeleton
decreased.11

A study in retinal surgeons demonstrated that indirect ophthalmoscope use during examinations and procedures
promoted poor postures of spinal flexion, lateral bending, and rotation.4 Studies suggest that methods should be designed
to facilitate neutral spine position during exams, such as raising operating tables to appropriate heights or bringing
a patient’s eye to same height level as the examiner in a clinic.12

In a recently published article, the authors reported that pediatric ophthalmologists are prone to developing MSD
because of the repetitive movements and awkward positioning required for strabismus surgery.13 Hyer et al performed an
extensive survey on the United Kingdom ophthalmologists to determine the prevalence of MSD. Of their 518 replies,
50.6% reported back pain, 31.8% reported neck pain, and 62.4% reported having both. They further stratified their data
into the prevalence of pain in each ophthalmic subspecialty. Oculoplastic and retina specialists had the highest reported
prevalence of neck pain (~40% each), while pediatrics and strabismus reported the lowest prevalence (~20%). In terms of
back pain, the prevalence for all subspecialties was around 50%.8 Other surveys performed on oculoplastic and retina
specialists found a much higher prevalence of MSD than in the general population of ophthalmologists. A study
conducted in 2004 depicted that only 15% of retina specialists were pain-free.12 In a 2011 survey of oculoplastic
surgeons, 27.5% of respondents reported being pain-free when operating.14

When compared to our published work, it seems that pediatric ophthalmologists have a lower prevalence of MSD
than that of other ophthalmic subspecialties, as 34% of our respondents were pain-free. Further classifying pain, 41% of
respondents had neck pain, and 31% had lower back pain. From our data, pediatric ophthalmologists had a higher neck
pain prevalence than the general ophthalmology population but reported a lower prevalence of back pain. The authors

Figure 1 Count data model based on the negative binomial distribution.
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believe the primary source of neck pain is refraction exams that involve retinoscopy and indirect ophthalmoscopy and
more surgical cases performed using surgical loops. The increased prevalence of neck pain could be due to the awkward
neck positions assumed during eye examinations, especially in small children repetitively, thus straining their necks and
back. In addition, pediatric ophthalmologists may spend less time operating with a microscope than other subspecialties,
reducing lower back pain.

Other studies have suggested modifications for proper slit lamp use to prevent the development of MSD. These
recommendations include positioning of the examiner closer to the patient as well as the slit lamp device to prevent
forward flexion of the thoracic spine, and neck flexion to see through the ocular objectives; positioning the slit lamp at
the proper height to avoid a slouched thoracic position and inferior translation of the head.15

To our knowledge, there are no published studies on redesigning these tools to promote neutral spine postures and
beginning to reinvent our tools.

Limitations and Future Studies
Limitations to our study included a 10.1% response rate which is a common concern with survey articles. We sent out
a reminder email two weeks after the initial survey was distributed to increase the response rate. Additionally, we did
not inquire about the working distance of our participants, which could be an important factor in the development of
MSD, especially neck problems due to leaning over the patient due to short working distance. We only examined the
number of years they had been practicing. Furthermore, we did not investigate gender-specific differences in the
reporting of chronic MSDs. Our survey should increase power by including oculoplastic, retinal, and general
ophthalmologists.

Moreover, reaching out to retired ophthalmologists for a survey about their surgical loupe use in the past, the number
of years in practice, the reason for retirement may be insightful. Lastly, the prevalence of MSDs in surveys may be over-
reported, as physicians will be more likely to respond if they suffer from an MSD. Survey questions did not consider
other coexisting conditions such as systemic diseases- health issues (overweight/ previous orthopedical surgery/sports
habits etc. Therefore, the reported chronic pain in the manuscript cannot be attributed all to MSD. Additionally, the
strength and endurance of muscles such as the neck, back, shoulder, and wrist muscles vary, and it may be one of the
factors influencing pain in each region. Future studies need to consider this variable.

In conclusion, in our study, the reported prevalence of chronic neck pain and back pain was comparable to previous
studies and published literature, with 2/3 of participants reporting pain. There is a tremendous need for ongoing innovations,
especially surgical loupes, operating microscopes, and slit-lamp modifications to prevent musculoskeletal disease.

Disclosure
The authors report no conflicts of interest in this work.
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