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Amblyopia and Non-human Animal Research1

Nedim C Buyukmihci, V.M.D.2

Summary

This paper discusses the claim that the use of non-human animals in amblyopia research has led to our understanding 
and treatment of this condition. It is shown that such use was not important, that our understanding was based on 
human experience and that the non-human animal research confused some aspects of the situation.

Keywords: amblyopia, cataract, lazy eye, non-human animal, ocular media opacification, research, species differences,
squint, strabismus

Amblyopia is defined generally as a unilateral or bilateral decrease in visual acuity caused by 
form vision deprivation, abnormal binocular interaction, or both, for which no organic cause can be 
detected by the physical examination of the eye and which, in some cases, is reversible by 
therapeutic measures3. It often occurs as the result of congenital conditions that do not permit both 
eyes to focus simultaneously. For example, if there is congenital strabismus (squint), and the child 
utilises one eye only, the unused eye will become amblyopic. The same holds true for congenital 
opacification of the ocular media as in cataract or anisometropia (unequal refraction between eyes 
of the same individual). The reason for reduction in vision appears to be due to a lack of proper 
connections from the retinal ganglion cells to other neurons in the central nervous system during 
postnatal development.

Since around the 1960s, there has been considerable experimental work aimed at trying to 
understand the processes which lead to amblyopia by using non-human animals (animals4). Cats 
and non-human primates have been the most studied, but chickens and tree shrews also have 
been used. Experimental manipulations have included perturbations such as: suturing the eyelids 
closed; removing an eye; causing artificial strabismus, either surgically or through the use of 
prisms; or, rendering the ocular media opaque. There have been numerous assertions by those 
presently doing this sort of work that these manipulations have led to significantly greater 
understanding of amblyopia and that the results have been used to develop treatment methods for 
affected humans. Nevertheless, in reviews of treatment regimens in 2016, authors did not mention 
any animal studies5. Authors promoted continued clinical research involving human patients and 
did not mention any reliance on or need for animal research6. Another author of a review only 
mentioned that animal research reached the same conclusions as that done in clinical trials with 
patients7.

There are, however, major differences in the development and structure of the visual systems of
humans and other animals8. The cat, who is widely used, does not have a macula or fovea, two 
regions of the retina of primary importance for human vision. These areas account for essentially 

1 The intent of this review is to demonstrate that reliance on animal research is unnecessary to understand 
or treat amblyopia in people. Although some of the references may be considered 'dated', this only serves
to show just how much understanding and management has remained unchanged over the decades 
despite thousands of animals being subjected to some of the worst privation imaginable. In addition to the
lack of scientific credibility or necessity, there are strong moral arguments against subjecting non-
consenting beings to harm and death; this subject is addressed in another manuscript (Buyukmihci 2022-
12-01).

2 Emeritus Professor of Veterinary Medicine, University of California and Emeritus Diplomate, American 
College of Veterinary Ophthalmologists; contact: ncbuyukmihci@ucdavis.edu; Copyright © 2023 Nedim C
Buyukmihci.

3 von Noorden 1978
4 Purely for the sake of convenience, I may refer to animals other than humans as "animals", recognising 

that all are animals of one kind or another; there is no intention to imply that any, even a human being, is 
morally superior or intrinsically more valuable than another.

5 Koo et al 2017; Tailor et al 2016
6 Kraker 2016; Tailor et al 2016
7 Vagge & Nelson 2016
8 Packwood & Gordon 1975; Palmer & King 1982; Rodieck 1979; Van Essen 1979
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all useful vision occurring in the human being and it is the development, or lack thereof, of 
their connections in the brain that are of the utmost importance in amblyopia9. Although there
are some general similarities between humans and cats with respect to neuroanatomy, the 
differences are so great that the results obtained in this work do not appear to have had any 
meaning for the human situation based upon a lack of references to this work in reports on 
human clinical conditions. The cat ‘model’ cannot predict what changes may occur in humans
when vision is deprived either monocularly or binocularly. Furthermore, the experimental 
situation in the cat and other animals is entirely artificial, a perturbation of an otherwise 
normal animal. Spontaneously occurring visual deprivation in human children, however, often
is associated with other developmental defects which tend to modify and confound the 
situation.

Although there are many structural and physiological similarities between certain non-
human primates and human primates, there are still problems in extrapolating the information
to the human situation. In some cases, for example with myopia, there is considerable 
difference between similar non-human primate species with respect to the results following 
similar experimental manipulations10. The complex behaviour and cognition of most non-
human primate species, however, means that these animals likely suffer more profoundly 
than other species under laboratory conditions, particularly when used in invasive research11. 
Although one could argue this is “speciesist”, this should raise great ethical concerns which 
should proscribe the use of these animals.

There has been considerable concern expressed by vision scientists other than just 
myself that the experimental work is either not relevant or may be misleading with respect to 
the human condition and its treatment12,13.

When evaluating the claims for the importance of animal work, one also must bear in mind
that this work largely is neurophysiological dealing with single cell recordings. This work does
not measure vision, which has a large psychological component in people, and has little to 

9 von Noorden 1978
10 Raviola & Wiesel 1985 (When atropine was used in one eye of either rhesus or stump-tailed 

macaques, different results were obtained with respect to the production of myopia. There also was
a difference in the effects of artificially closing one eye between these otherwise similar primates.)

11 Padrell et al 2021
12 Hoyt 1980; Marg 1982; Metz 1985; Vaegan & Taylor 1979; von Noorden 1978,1988; von Noorden &

Maumenee 1968; Wick et al 1992
13 Hoyt reported that animal work had suggested that binocular patching, as done in phototherapy of 

jaundiced children, might be harmful (Hoyt 1980). The data from children, however, suggested that 
binocular patching was not harmful. Marg pointed out that the results of examination of amblyopic 
children were at odds with some of the experimental work and that, along with the conflicting 
findings between animal species, this seemed to demonstrate that one could not extrapolate 
animal results to children with confidence (Marg 1982). He stated that the animal “models” were not
entirely valid for children. Metz noted that the type of occlusion done in experimental work was 
different from that used therapeutically in children with amblyopia (Metz 1985). He was concerned 
because the experimental work done on cats could be interpreted to suggest that amblyopic 
children should not be patched. Such an interpretation, based on animal studies, would be most 
unfortunate for amblyopic children. von Noorden and Maumenee were critical of the classical work 
of Wiesel and Hubel because of the substantial difference in neuroanatomy and neurophysiology 
between cats and humans (von Noorden & Maumenee 1968). von Noorden later commented on 
how data from animals could not be applied directly to humans, and that there were differences 
between monkeys and cats in the various studies done (von Noorden 1978). In his Jackson 
Memorial Lecture (von Noorden 1988), he again was critical of animal experiments with regard to 
infantile esotropia (convergent strabismus). He pointed out that the monkey work was not 
analogous. He concluded that there is no animal “model” for infantile esotropia, despite all the work
which had been done making infant monkeys strabismic.
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do with vision in terms of behaviour and function. This is even alluded to by some 
investigators in their own publications14. One cannot adequately study vision in non-human 
animals because there is no meaningful and relevant communication with them, and cellular 
recordings do not tell you whether and how these animals see.

In addition, some of this work has involved substantial suffering on the part of the animals.
For example, in one study, monkeys were deprived of sight in one eye for periods up to five 
years15. In at least one case, one monkey was deprived of her or his sight in both eyes for a 
period of one year16. In many cases, the eyes themselves had been removed in these and 
other sentient creatures17.

Animals also have been subjected to neuromuscular blocking agents such as gallamine 
triethiodide, sometimes with what appeared to be inadequate attention to anaesthesia. These
agents paralyse most of the muscles in the body, but leave the animal conscious and able to 
feel pain and experience anxiety even though they cannot respond by moving. In some 
cases, the experimenters did not appear to be aware that these agents do not provide any 
anaesthesia or analgesia18.

Blakemore, who was one of the leading defenders of experimental work involving animals,
had made the claim that amblyopia “...was poorly understood until about 25 years ago when 
experimental research involving animals began to tackle the question of its origin...in the 
absence of any real knowledge of the cause of the disease there was no single agreed 
method of treatment.”19 This statement was contrary to available facts. Treatment for, or 
prevention of, amblyopia had been successfully accomplished many years before the 
experimental work was even considered20,21.

There is no evidence that there has been any improvement in the treatment or prevention 
of amblyopia since the early part of the 1900s. Abraham22 made the following comments 
concerning Claud Worth, who retired from practice almost 50 years before experimental work
began:

14 Blakemore & Vital-Durand 1979
15 Swindale et al 1981
16 Blakemore & Vital-Durand 1986
17 Insausti et al 1984
18 In a letter to Richard Whitehead, dated 8 June 1987, Colin Blakemore, who used gallamine 

triethiodide extensively in his work, made the following statement: “...there is the possibility that 
muscle relaxants themselves may have some anaesthetic or analgesic action...” This is 
preposterous in that it has long been known that these agents have no anaesthetic or analgesic 
properties (Goodman & Gilman 1970).

19 This is from a document entitled, “A reply to criticism of experiments involving visual deprivation,” 
dated September 1987, and written and distributed by Blakemore.

20 Abraham 1972; Brændstrup 1944; Cibis 1975; Peter et al 1932; von Noorden & Maumenee 1968
21 Cibis recounted that Paulos of Aegina, in the seventh century, was the first to attempt what now is 

considered rational treatment of strabismus and amblyopia by using masks in an attempt to force 
the deviated eye to look straight ahead (Cibis 1975). She also pointed out that this concept was 
improved upon by von Graefe, Donders and other influential ophthalmologists in the nineteenth 
century because they correctly believed that strabismus caused amblyopia. Abraham noted that 
Claud Worth, a nineteenth century ophthalmologist, was recommending early treatment of 
anisometropia because he knew this condition could lead to strabismus and amblyopia (Abraham 
1972). In a symposium on the subject, Peter and others recommended early treatment of 
strabismus or anisometropia, and early patching of the problem eye to prevent amblyopia (Peter et 
al 1932). They also cautioned that the good eye cannot be continuously patched or else the 
amblyopia would transfer to it. They, therefore, recommended alternate patching of the normal and 
abnormal eyes, which still is being done today.

22 Abraham 1972
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“It is surprising how little...has been added to the major store of knowledge as he 
presented it, at least from the practical viewpoint...Worth’s emphasis on early treatment of
the error of refraction and the amblyopia is still the keynote of the most rational approach 
to the treatment of the strabismic child...”

Blakemore also had claimed that “...before the animal research began it was not known 
whether squint could cause amblyopia or whether the existence of poor vision in one eye 
causes the squint.”23 This was categorically untrue. For example, Claud Worth had made the 
proper association in the nineteenth century24. Even as early as the 18th century, George 
Louis Leclerc Comte de Buffon pointed out that amblyopia leads to strabismus25.

Blakemore also had stated that there was “...no clear view about the time of onset or 
duration of the period of sensitivity to the disease,”26 the implication being that the animal 
work had provided the answer. This sensitive period is, however, species-specific and is very 
different in non-human primates, cats and humans, both qualitatively and quantitatively27; 
experimental work on animals could not shed light on the human situation. Furthermore, the 
fact that earlier ophthalmologists had been recommending early correction of strabismus, 
and early diagnosis and correction of anisometropia, indicates that they had known and 
understood the concept of a sensitive period long before the experimental work using 
animals. Nevertheless, although studies in animals also suggested that changes were 
permanent some time after the critical period, this has not been always been the case with 
human patients28.

When the situation surrounding amblyopia is reviewed, it is found that all the work which 
has been done on animals has been on the basis of information derived from human 
observations or which could have been done on human patients29. All the hypotheses so far 
examined by experimental work were known by physicians in this field years before the 
experimental work was done. The available history also seems to indicate that there has 
been essentially no change in concepts or in treatment methodologies since the 1800s at 
least. Modern day experimental work, therefore, appears to have had no significant effect on 
how amblyopia is managed today. Patching of the dominant eye, which started before animal
experimentation, is still the most common treatment despite decades of animal 
experiments30.

There is no question that we can continue to learn more about amblyopia without resorting
to experimentation on other animals. Keep in mind that any information we obtain from 
experimental work must still be confirmed in humans. Moreover, there are many ways to 
humanely study humans to get the answers we need with respect to understanding brain 
function as it may relate to amblyopia or treating amblyopia31. By carefully studying the 

23 “A reply to criticism of experiments involving visual deprivation,” September 1987.
24 Abraham 1972
25 Marg 1982
26 “A reply to criticism of experiments involving visual deprivation,” September 1987.
27 Brændstrup 1944; Daw 1998; El Mallah et al 2000; Headon et al 1985; Marg 1982; Murphy & 

Mitchell 1987; Peter et al 1932; Vaegan & Taylor 1979; von Noorden 1978; for a review, see 
Mitchell & Maurer 2022

28 Daw 1998; El Mallah et al 2000; Wick et al 1992
29 Abraham 1972; Brændstrup 1944; Campbell 1979; Cibis 1975; Freeman 1979; Mitchell et al 

2009,2011; Peter et al 1932; Schwarzkopf et al 2007; Smith 1981; von Noorden & Maumenee 1968
30 Lunghi et al 2016
31 Alexander et al 2010; Arden & Barnard 1979; Birch et al 1990; Cowey et al 2011; Curran & Lynn 

2009; Demer et al 1988; Enoch et al 1979; Hoyt et al 1981; Hudak et al 2011; Johnson et al 1988; 
Kiyosawa et al 1989; Klein et al 2010; Larsson et al 2010; Lawwill 1978; Liang et al 2016; ...5
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human situation in the first place, we not only derive information that is more meaningful in 
caring for human patients, we also save the resources that would have been expended upon 
animal studies and we prevent suffering and loss of life of the animals who would have been 
used.

Many of the hypotheses based upon observation of spontaneous cases of amblyopia or 
other similar vision disturbance in people have since been confirmed or supported in 
contemporary studies of human patients32. Situations such as those seen in these human 
studies are what I consider to be ‘nature’s experiments’. By taking advantage of these, it is 
not unreasonable to predict that we will continue to improve our understanding of amblyopia 
and similar conditions. By studying people who have lost an eye early in life, who have had 
untreatable or untreated opacification of the ocular media early in life, or who have had other 
perturbations of their developing visual system for reasons unrelated to the eye, we can learn
a tremendous amount33. These situations are not uncommon and they provide the necessary
conditions to understand how vision develops in the human being. These, not the 
experimental studies in other animals, have led, and will continue to lead, to the most 
important information on how to manage vision disorders in people.

Harming or killing animals in the name of science does not make it noble or right. We do 
to these individuals what we do because we are capable of doing so, operating under the 
morally reprehensible 'principle' of “might makes right”. Our own sense of morality demands 
that our treatment of them be fair and just.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1182950/
https://www.ncbi.nlm.nih.gov/pubmed/298814
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https://dx.doi.org/10.1093/brain/awr125
https://doi.org/10.1080/0065955X.1975.11982368
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3.”
“Thus the effect of deprivation occurs more slowly and remains possible for a longer 
period in children than in animals.”
“In unilateral congenital cataract, sugery [sic] and optical correction, if indicated, should be
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morphology of different classes of neurons in the lateral geniculate nucleus of the monkey
is selectively affected by visual deprivation as it is in cats...”
“Amblyopia is now defined as a unilateral or bilateral decrease of visual acuity caused by 
form vision deprivation, abnormal binocular interaction, or both, for which no organic 
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