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Best Nordic Paper Awards

1)	 Interest of the subject to our readers

2)	 Quality of language, pictures, illustrations, and figures

Points (1) and (2) have equal weight. Articles will be evaluated by an independent panel of 
judges, chosen by the Editor-in-Chief. The average from the committee is used to score the 
articles. 

AWARDS

*For one of the eligible articles, Elin Bohman and Steffen Ellitsgaard Hamann had co-authored work with one of the authors so recused 
themselves from evaluating that submission. The scores from the other evaluators were averaged to rank the article. 
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First Prize
Award of NOK 80,000

KEY POINTS
 • General clock gene expression is altered in induced, pluripotent 
stem cell-derived endothelial cells from diabetes patients.
 • Hypoxia, but not hyperglycemia, acutely changes the amplitude 
and patterns of expression of core circadian clock genes in retinal 
endothelial cells. 
 • A core circadian transcription factor is upregulated and peaks 
earlier in hypoxia. 
 • Conversely, an important negative regulator in the molecular 
clock is downregulated in hypoxia. 
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 	  	   		           ”

We are deeply grateful and honored that our article has been 
selected to receive the Oftalmolog Gold Best Paper Award for 
2022. Better understanding of circadian rhythms in the retina 
and how these rhythms might be affected in eye diseases 
might be crucial for improving our treatment strategies or 
even in finding new therapies. Especially since the eye is of 

central importance to the wider circadian system.

The full article can be found on our website at 
www.oftalmolog.com/articles/ 
For direct access, scan the QR code.

Second Prize
Award of NOK 30,000

KEY POINTS
 • Keratoconus is a major cause of visual impairment with the heaviest 
burden in low- and middle-income countries.
 • Standard corneal transplantation with donor tissue is not an accessible, 
available, or sustainable solution for millions globally with advanced 
keratoconus.
 • A packaged bioengineered tissue can be made from abundant natural 
materials to meet requirements for human use, shipped to remote areas, and 
stored for up to two years.
 • Intrastromal implantation of the bioengineered tissue in advanced 
keratoconus restored vision to patients equally well as standard 
transplantation.
 • The new intrastromal technique is less invasive, simpler to perform, and 
requires less immunosuppression than standard transplantation techniques

Neil Lagali
Linköping University,
Linköping, Sweden

“	
						      ”

We were driven to provide an alternative, 
accessible therapy to those in desperate 
need of vision restoration in under-served 
communities. The article describes our efforts 
and hopefully will contribute to the awareness 

of the global burden of eye disease.

The full article can be found on our 
website at www.oftalmolog.com/
articles/ 
For direct access, scan the QR code.

������

�����
������

�����������
�����

2022

����

DECEMBER 2022 | OFTALMOLOG | 9

Bioengineered corneal tissue:  

We recently reported the first clinical 
results of a bioengineered corneal tissue 
implant, describing our efforts to address 
inequities in the treatment of advanced 
keratoconus, a major indication for corneal 
transplantation globally.1,2 The World Health 
Organization has stated that although 
over 80% of global visual impairment 
is preventable, 90% of those who are 
blind or visually impaired live in low- and 
middle-income countries, where access 
to eye care is extremely poor.3 Therefore, 
in July 2021, the United Nations General 
Assembly adopted the first-ever resolution 
on eye health as part of the Sustainable 
Development Goals (SDGs). This resolution 
is a commitment to reach 1.1 billion people 
with vision impairment, who presently lack 
access to eye care, by 2030.4Achieving progress towards this goal 
will require a radical rethinking of how eye 
care is delivered globally. The solution 
will undoubtedly be multi-faceted, and 
biomedical innovations could contribute 
in a meaningful way. Our research in 
Linköping, Sweden, focuses on corneal 
visual impairment and blindness, which 
affects millions worldwide and with an 
especially dire situation in low- and middle-
income countries.5,6 Because the cornea 
is the clear outer ‘window’ of the eye, 

corneal transplantation can be required 
to prevent blindness or severe visual 
impairment in diseases where it loses its 
clarity or refractive function. However, 
challenges in treating corneal blindness 
include sourcing the donor corneal tissue 
in adequate quantities, delivering the tissue 
to where it is needed when it is needed, and 
performing the complex and potentially 
risky transplantation surgery needed to 
restore vision. A further difficulty is that the 
advanced tools and techniques developed 
in Western countries are often not available 
or feasible to implement on a large scale 
in low- and middle-income countries, and 
advanced methods are often developed and 
tailored for local populations in high-income 
countries.
A corneal disease, such as keratoconus, 

brings these disparities to light. Historically, 
keratoconus in its advanced form – 
where vision is no longer correctable 
with eyeglasses or contact lenses – 
was the leading indication for corneal 
transplantation in many parts of the world. 
In Western countries, including Scandinavia 
and the US, most cases of keratoconus can 
nowadays be detected early—before the 
disease progresses to a point where invasive 
surgery is needed. The ultraviolet-A/
riboflavin crosslinking method (termed 

CXL) and its variants can effectively halt 
the disease progression early, and in many 
cases a combination of CXL and judicious 
use of contact or scleral lenses can provide 
excellent vision that remains stable for many 
years, potentially even decades. Nevertheless, the situation in continental 
Europe differs, with these regions having 
more cases of keratoconus progressing to an 
advanced stage and requiring keratoplasty. 
In these countries, the availability of donor 
corneas for transplantation is still good but 
may, nonetheless, be the limiting factor in 
determining how many such transplantations 
can be performed (typically lamellar or 
full penetrating keratoplasties). When 
considering other geographical regions, 
such as Australia,7 the Middle East,8 and 
Asia,5,6 keratoconus is still the most common 
indication for keratoplasty, and, despite 
advances in CXL, transplantations have 
not diminished. Unfortunately, relatively 
few scientific articles in the literature 
document the transplantation situation 
in low- and middle-income countries, but 
it is known that there is a significantly 
higher burden of keratoconus in Africa,9 the 
Middle East,8 and Asia,5,10 and more cases 
in these regions reach an advanced stage 
requiring transplantation. There is a strong 
association of keratoconus with genetics 

a new hope for advanced keratoconus?

There has long been a global shortage of donor 

corneal tissue for transplantation. In many parts 

of the world, advanced corneal stromal disease, 

including keratoconus, is the major indication for 

corneal transplantation. For over 110 years, however, 

there has been no viable alternative to the use of 

human donor corneal tissue that can provide visual 

outcomes similar to standard transplantation. In 

this study, a bioengineered tissue implant has been 

developed to mimic the human corneal stroma. The 

implant is made from an inexpensive and widely 

available byproduct from the food industry, porcine 

skin collagen. A series of experiments and preclinical 

studies show that the implant is capable of replacing 

the corneal stroma while fulfilling stringent 

requirements for human implantation. Importantly, 

the implant in a sterile and packaged form can be 

shipped globally and stored for up to two years in 

a refrigerator prior to use. In two landmark clinical 

studies, the implant was used with a new intrastromal 

surgical procedure to treat advanced keratoconus in 

20 subjects, yielding results equivalent to the gold-

standard corneal transplantation, but with a simpler, 

less invasive method that requires less recovery time, 

fewer postoperative medications, and fewer hospital 

visits than standard surgery. This technology could 

feasibly address a major cause of global visual 

impairment in many parts of the world.

Photo: Thor Balkhed / Linköpings universitet
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Mehrdad Rafat
LinkoCare Life Sciences AB, 
Linköping, Sweden

Bioengineered corneal tissue: a new hope 
for advanced keratoconus?

The difference between night and day: 
Circadian rhythms in diabetic retinopathy
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Third Prize
Award of NOK 15,000

KEY POINTS
 • The minimum resolvable acuity (MRA) represents the fundamental 
limit of spatial vision when the visual system can still discern two points, 
which equals one arc minute (0.017 degrees). 
 • Humans can discriminate a tiny misalignment of two lines that far 
surpasses the MRA, called vernier acuity, which refers to the ability to 
recognize the relative location and offset of stimuli. 
 • Human vision is good compared with most animals, except birds 
of prey, whose visual acuity is about 20/4 due to many more cones, a 
second fovea, and an accommodative cornea.

Atle Einar Østern, 
Oslo University Hospital HF 
(Ullevål), Oslo, Norway

“	  
	   			     ”

Observation of the impressive sea 
eagles during a visit to the beautiful 
Lofoten archipelago of Northern 
Norway in 2021 inspired me to ask 
some fundamental questions about 

the abilities of our visual system.
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NEW PERSPECTIVES

The absolute maximal visionHow well can humans see?Good vision is important. For some, such as pilots, it is a vital requirement. I have 

examined air force pilots for many years. In some instances, I have recorded uncorrected 

monocular visual acuity of 20/10, even with a refractive error. Consequently, I have 

wondered what the maximum limit of human vision is and how it compares to animals. 

In this article, I attempt to answer such questions.  

Atle Einar Østern, MD, Oslo University Hospital HF (Ullevål)

A starting point is then to determine what 

we mean by visual acuity. As shown in Table 

1, there are several categories of visual 

acuity. We often label 20/20 as “normal” 

or “standard” vision, which is the ability to 

see an ortotype on the Snellen chart that 

subtends an angle of 5 arc minutes (5’) at 6 

meters or 20 feet (Figure 1). The minimum resolvable acuity is a 

fundamental boundary of spatial vision (the 

perception of the relationships of objects in 

space). This is the finest level of detail where 

a visual system can still discern two separate 

points. The prerequisite is that three cones 

on the row are involved. Under ideal contrast 

and luminance, two photoreceptors must be 

excited while the gap between the observed 

points falls on the intermediate cone. The 

distance between the centers of side-by-

side cones in the fovea is 0.5 arc minutes 

(0.008 degrees or 30 arc seconds). Thus, the 

lower limit of minimum resolvable acuity 

must be twice that, which is one arc minute 

(0.017 degrees). More light is sampled if the 

photoreceptors are closely packed. The 

Figure 1. Schematic representation of the visual angle and the Snellen letter E: The visual angle is formed by the imaginary rays from the eye’s nodal point to the top and bottom of 

an object. Arc minute is a unit of angular measure equal to 1/60 of a degree = 0.017 degrees = 1/21600 of a complete circle = 60 arc seconds. Illustration: Atle Østern.

Type of acuity
Description

Degrees

Minimum resolvable acuity The resolution of two close objects
0.017

Minimum recognizable acuity The angular size of the smallest identifying feature 0.017

Minimum visible acuity
The smallest detectable object

0.00014

Minimum discriminable acuity The angular size of the smallest change in a feature 0.00024

Table 1. Classification of visual acuity

average peak density of photoreceptors 

in the foveola is 160,000 cones/mm2, with 

considerable variation between individuals 

(ranging 100,000 to 324,000 cones/mm2), 

corresponding to theoretical visual acuities 

of 20/10.5 and 20/7.1.1 Resolution diminishes 

dramatically with eccentricity from the 

fovea. If not, we would have needed eyes 

and associated brain regions larger than our 

heads.2 
However, on a bright day, humans can 

spot a wire against the background, which 

spans only 0.5 arc seconds (0.00014 degrees). 

That is less than described above. How is 

that possible? This remarkable minimum 

visible acuity is best explained by the 

imperfection of the eye’s optics. The optics 

spread and distribute the image of the thin 

line, making it much broader on the retina. 

In this situation, the outfall is beneficial, but 

otherwise not. In fact, your camera might 

have superior optical quality compared to 

your eye. Thus, the visual potential of the eye 

is worse than retinal anatomy might alone 

imply. One limitation in this respect is that 

visual acuity depends on pupil size. Optical 

aberrations decrease visual acuity when the 

pupil is large (around 8 mm). However, with 

a small pupil (1–2 mm), diffraction occurs 

with the bending and scattering of the light 

waves after passing through the aperture, 

causing a reduction of image sharpness. The 
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Congratulations to 
the winners of the 
Best Nordic Paper 
Awards!

We are very grateful to our generous sponsor, 
Théa, for their donation and support in 

making these awards possible.

In their own words

The full article can be found on our website at 
www.oftalmolog.com/articles/  

For direct access, scan the QR code.

AWARDS

The absolute maximal vision: How well can humans see?


