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Introduction
The body typically adjusts its position to compensate for an 
impoverished retinal image (e.g., as due to disability glare, 
optical blur, and/or inappropriately sized visual target) 
(Aarås et al., 1998; Aarås et al., 2001; Aarås et al., 2005; 
Horgen, et al., 2005; Helland et al., 2008). 

www.uu.se/kliniskanatomi.htlm



Introduction
The hypothesis investigated here is that sustained periods 
of oculomotor load significantly influence muscle activity in 
the neck/scapular region, with more oculomotor load 
leading to increases in trapezius muscle activity.



Methods

• 24 students (13 females and 11 male) between 18–42 
years of age were included in the study. 

• 7 volunteers (4 women and 3 men) suffered from 
asthenopic symptoms, including pain in the neck and 
scapular area, and had been referred by general doctors 
or optometrists to an orthoptist for further investigation 
and treatment.

• 17 subjects (9 women 8 men) served as controls.



Methods

• A polychromatic high-contrast target was introduced into 
the midline during binocular viewing.  

• The subjects were also asked to compensate for the blur 
incurred (+3.50, -0.25, 1-2 prd and -3.5 D) by adjusting 
the dioptric strength of the crystalline eye-lens.
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Optical lenses were used to 
manipulate accommodation/ 
vergence load in four different 
sessions.
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•Trapezius EMG (bilateral)
•Optometer recordings of accommodation/convergence
•ECG
•Borg CR of eye/neck-shoulder discomfort

Methods
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Oculomotor load was induced by instructing the participants to focus on 
a high-contrast luminous fixation target (LED) placed either at 'near' or 
'far‘. 

The spherical power of the crystalline eye-lens 
is measured continuously with an infrared 
camera (25 Hz).

Methods



• explanations and instructions
• adjust position of table, chair, camera, glasses (with correction according to ophthalmologist) 
• position electrodes, check signals, record ref. contractions (trapezius bilateral)

Welcome 
and 

preparation

Asthenopia questionnaire (borg scales - baseline) 

Asthenopia questionnaire (borg scales) 
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Total time: 2 1/2 hours

Experimental manipulation
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• record ref. contractions (orbicularis oculi)
• remove electrodes
• fill NDI and administrative papers

Repeats 4 times with 
different lenses

• - 0.25  dpt NeutralNear
• - 3.5 dpt MinusNear
• + 3.5 dpt PlusFar
• 2-4 prism dpt PrismNear

Design of the study

Methods



Baseline

Dynamic Accommodation:
Far targets at 90 cm, Near target close to 
age-appropriate nearpoint of accommodation.
Target duration 2000 msec.
Random ISI (400 – 1000) msec.

2nd Baseline

2nd Near Far 
Response

5 min2.5 min 2.5 min3 min 3 min

Structure of one experimental block

Methods



Plot of optometer data during fixation, condition 0 D)

Average for Right Eye = 6.1 (sd=0.7)

Average for Left Eye = 6.7 (sd=0.7)

Results



Box plots of eye-lens refraction values during 
5 min sustained accommodation/vergence 
load. 
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Results



During fixation at far through +3.5 D blur, the EMG 
activity was significantly lower in magnitude relative 
to the fixation at near through -3.5 D blur. 

p < 0.05
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R2: 0,42
P < 0.005
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Trapezius EMG during fixation on the target seen through 
the minus blur. Data right of the stippled reference line 
represents different degrees of nullification of the minus 
blur. A value of 0 D on the x-axis is indicative of a fully 
postured eye-lens response and a complete nullification 
of the -3.5 D blur 

Results



Time periods of trapezius EMG < 5% of the 
reference contraction decreases during 
fixation of target through -3.5 D blur. 

R2: 0,50
P < 0.01 R2: 0,48

P < 0.01

Results



Conclusions

• Sustained focusing of the eye-lens may activate a 
cortical stabilisation system which involves co-
contraction of neck-scapular area muscles to ensure that 
the target is held in the retinal area of highest visual 
acuity (Richter et al., Eur J Neurosci 2000). 

• Sustained focusing of the eye-lens may prime premotor
circuits subservient of neck-scapular movements for the 
purpose of facilitating temporal coordination of eye-
hand movements (Corneil et al., Nat Neurosci 2008). 



Huxley T. (1863) Man’s place in nature

Conclusions
• Perceived positions of objects and surfaces and control of 

action is smoothly integrated. The eyes “lead the body”.



• The functional coupling between the 
ackommodative/vergence system and the 
musculoscleteal system (and vice versa) during
streneous near visual tasks needs to be explored further
under unrestrained ”head-free” conditions.

Future directions
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