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Purpose

Ophthalmologists report musculoskeletal disorders 

at 30%-70% for neck pain and 40%-80% for back 

pain1-3, with 72.5% oculoplastic surgeons reporting 

significant neck and back pain during surgery4

Surgical magnification loupes improve surgical 

precision5, visual acuity6, and operator posture7, 

BUT

Magnification loupes may limit depth of vision8 and 

increase strain in the neck and back9, particularly 

putting surgeons in greater than 20° sagittal plane 

neck flexion10, which is associated with an increased 

risk of neck pain11

Current designs of Galilean surgical loupes are 

heavy, exert large forces onto the nasal bridge, have 

an inadequate angle of declination, and are often 

maladjusted for proper working distances during 

surgery12

Surgeons thus compensate by placing themselves 

in strenuous postures for prolonged periods of time

We designed a surgical loupe and head-strap to 

reduce neck loading in surgeons and improve their 

ergonomics

To quantify the effect of this new loupe design on 

surgeons’ posture, we utilized manual 

measurements, kinematic motion capture, 

computational musculoskeletal modeling, and 

electromyography (EMG)

Methods

A Q-Optics TrueFit® Galilean loupe was customized 

with 3D printing 

It was lighter than conventional designs, had a large 

angle of declination, and was fitted with a novel Suh-

Hermsen head strap that reduced loupe slippage and 

offloaded weight from the nasal bridge

We compared the customized loupe to a conventional 

Galilean loupe

Angle of declination was 25° for the conventional 

loupe and 42° for the customized Q-Optics loupe 

Force imparted by both loupes on the operator’s nasal 

bridge was calculated using material and inertial 

properties of each segment of the two loupes (Fig. 1) 

Operating neck flexion was determined in a surgical 

setting using a bubble inclinometer (Fig. 2)

Prismatic image shift (image displacement, towards the 

surgeon, when looking slightly below center through 

the customized loupe’s ocular) was quantified in a non-

surgical setting using a plum bob and ruler (Fig. 2)

Neck muscle effort and activity for each loupe was 

calculated using a 50th percentile OpenSim male 

musculoskeletal model, and EMG (Fig. 3). EMG data 

was normalized to maximal voluntary contraction

Results

Customizing the loupe (vs. using the conventional loupe)

Reduced forces on the nasal bridge by a factor of 2.4 X

Dramatically improved operating neck posture

Demonstrated lower neck muscle effort and activity, 

both computationally and experimentally

Conclusion

The reduction in nasal bridge force, operating neck 

flexion and neck muscle effort and activity indicated 

that using a lighter Galilean loupe, with a high 

angle of declination (adjusted to individual working 

distances) has the potential to reduce neck loading 

in surgeons by allowing them to have lower, 

sustained, operating neck flexion

The novel Suh-Hermsen strap offloads the loupe 

weight, reduces slippage, and is more hygienic than 

conventional cloth loupes which cannot be 

disinfected conveniently

This new design of surgical loupes may reduce the 

risk of musculoskeletal disorders of the neck and 

lower back among ophthalmologists and ocular 

surgeons, by improving their ergonomics during 

surgery
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Variable (Unit)
Conventional 

Loupe

Customized 

Loupe

Angle of Declination (°) 25 42

Force  on Nasal Bridge (N) 0.648 0.272

Operating Neck Flexion (°) 40 15

Computational Neck Torque at 

Operating Neck Flexion (N-mm)
1537 933

Upper Trapezius EMG (% of 

maximal voluntary contraction)  
0.521± 0.047 0.150± 0.037

Figure 1: Conventional Galilean Loupe (A), Customized Galilean Loupe with Suh-

Hermsen strap (B), Nasal bridge force calculations for Conventional Loupe (C), and 

Nasal Bridge force calculations for Customized Loupe (D).

   

 

  

 

Line AB above provides the 

limiting angle of view. Rays of 

light like AB that are parallel to 

AB come out of eyepiece 

parallel to AB, where the eye 

focuses the light onto the retina.  

Angle θmax ≈ sin-1(10/60) = 9.5° 

θmax 

 9.5o 

Vertical established with 

plumb bob on string Figure 2: Viewing angle determination of loupes in an 

ocular surgery setting, using a bubble inclinometer (T), 

Two designs of adjustable Nylon monofilament Suh-

Hermsen straps for use with surgical magnification 

loupes (L), Prismatic image shift calculation using a 

plumb bob on string and a ruler (R). 

Sagittal plane neck flexion postures

Figure 3: Musculoskeletal model depicting the amount of counter torque needed to maintain the neck at the operating neck flexion angles of the conventional and customized loupes (T), 

Neck flexions for the conventional and customized loupes, demonstrating the motion capture and electromyography (EMG) sensors (M), 

Upper Trapezius muscle activity (% of maximal voluntary contraction) for the conventional and customized loupes at 0°, 20° and 40° neck flexion (B).


