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The aim of this paper is to review all 
published literature looking at the role of 
stereopsis in dentistry. The objective of this 
review is to assess if stereopsis is required 
in dentistry based on the current literature.

LITERATURE REVIEW METHOD
We searched the Medline database of the 
National Library of Medicine and Cochrane 
library to identify any published articles that 
contain:
• ‘stereopsis/3 dimensional vision’ and 

‘dentistry’
• ‘stereopsis/3 dimensional vision’ and 

‘dental students’
• ‘stereopsis/3 dimensional vision’ and 

‘dental practice’
• ‘stereopsis/3 dimensional vision’ and 

‘dentists’

Six relevant articles were identified and 
were all reviewed by the two authors. All the 
papers were included for review. The identi-
fied articles were correlated with published 
literature on the relation of stereopsis and 
motor skill performance.

JUDGEMENT OF DEPTH
The relationship between motor skill per-
formance and stereoacuity has been well 
documented in the ophthalmic literature.3,4 
There is a considerable body of evidence 
suggesting that stereopsis confers func-
tional benefits in everyday tasks includ-
ing hand-eye coordination. Several studies 
have demonstrated that subjects with nor-
mal stereoacuity completed practical tasks 
(eg bead threading, moving pegs in and out 

INTRODUCTION
Dentistry is one of the most visually 
demanding professions. Dentists are required 
to accurately judge shapes, contours, propor-
tions, colour, symmetry, distances and depth. 
Depth judgement is particularly crucial for 
cavity preparation. Besides using manual 
depth cues (such as probes), the brain can 
use several visual mechanisms to judge the 
depths of cavities including: perception of 
size, shadow, motion parallax (achieved by 
slight movement of the observer’s head), 
and stereopsis (three-dimensional vision). 
Stereopsis is the highest form of depth 
perception and relies on the ability to fuse 
the separate retinal images from each eye 
into one image. The eyes are horizontally 
separated in the head and each eye sends 
a slightly different image to the brain. The 
fusion of these two images permits estima-
tion of depth. Stereopsis therefore requires 
good vision in both eyes. Stereopsis is rou-
tinely measured by one of several simple 
clinic tests, and the quantitative result is 
termed stereoacuity (measured in seconds of 
arc). While it is agreed that depth perception 
in general is necessary for dentistry,1,2 it is 
not established if stereopsis is essential, or 
whether other depth perception mechanisms 
can suffice if stereopsis is deficient.

Clinical dental work is placing increasing demands on a clinician’s vision as new techniques that require fine detail become 
more common. High hand-eye coordination requires good visual acuity as well as other psychological and neurological 
qualities such as stereopsis. Stereopsis (three-dimensional vision) is the highest form of depth perception obtained by 
visual disparity of images formed in the retinas of two eyes. It is believed to confer functional benefits on everyday tasks 
such as hand-eye coordination. Although its role in depth perception has long been established, little is known regarding 
the importance of stereopsis in dentistry. This article reviews the role of stereopsis in everyday life and the available litera-
ture on the importance of stereopsis in dentistry.

of a board) faster or with fewer movements 
than participants with reduced stereoacu-
ity.5–7 Similarly, normal binocular stereovi-
sion is essential for accurate grasping of both 
moving and stationary targets.4 Furthermore, 
children with amblyopia (lazy eye) and 
hence abnormal stereopsis, have reduced 
speed and accuracy of movements compared 
to their peers.8 The reduction in the speed 
and accuracy of movements showed a more 
consistent relationship with the reduction 
in stereopsis rather than the accompanying 
depth of amblyopia. Adults with amblyopia 
exhibit hesitancies and errors in the final 
reach and grasping phases of the movements 
relating to the level of stereoacuity similar 
to amblyopic children.6,9,10 However, ambly-
opic adults moved faster than amblyopic 
children. O’Connor and colleagues6 demon-
strated that the decrease in performance in 
stereodeficient individuals increased with 
increasing task difficulty.

The same study also showed some adap-
tation to long term absence of stereoacuity. 
Subjects with no stereoacuity were quicker 
in threading beads compared to subjects with 
normal stereoacuity who were temporarily 
rendered stereoblind by monocular occlusion. 
To our knowledge this is the only reported 
evidence of enhanced real world visuomotor 
function in stereodeficient subjects. The above 
study implies that children with amblyopia 
and defects in stereoacuity can improve their 
hand-eye coordination skills with practice. 
Increased action planning through repeated 
sensory and motor experience may explain 
the increased performance as the motor skills 
mature. In agreement with this suggestion, 
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• Highlights that stereopsis (three-
dimensional vision) is the highest form 
of depth perception obtained by visual 
disparity of images formed in the retinas 
of two eyes.

• Reports that stereopsis confers 
functional benefits on everyday tasks 
such as hand-eye coordination, although 
its main role is in depth perception and 
reviews its importance in dentistry.
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GENERAL

Melmoth11 noticed prolonged contact time 
with objects and adjustment in grip before 
stereodeficient individuals pick objects com-
pared to controls.

STEREOPSIS IN DENTISTRY

Stereopsis in dental training

Stereopsis has always been seen as essential 
for dental training as hand-eye coordination 
is required for depth perception during cavity 
preparation.12 There are three studies avail-
able in the literature where this assumption 
was challenged by assessing stereopsis in 
dental students. Ireland13 was the first who 
tested corrected visual acuity using Snellen 
chart and stereopsis using the TNO test in 
all the students entering the Luisiana State 
Univestity School of Dentistry (n = 93). He 
then followed all dental students in practical 
examinations and correlated performance in 
these practical assessments with stereopsis. 
He found no statistically significant dif-
ference between the stereoacuity and stu-
dent grades. In another study Rowlinson14 
screened dental undergraduates entering the 
University of Sheffield (n = 46) for visual 
problems so students could get any treatment 
available at an early stage in their career. 
The stereopsis was assessed using the TNO 
and Wirt/Titmus stereoacuity tests. The TNO 
test identified four students with no stere-
opsis while only one stereodeficient student 
was identified via the Wirt/Titmus test. The 
screening of the enrolling dental students 
continued over seven years. In total he iden-
tified ten out of 235 dental students with no 
stereopsis using the TNO test. He followed 
those for seven years.15 He did not identify 
any significant obstacle to their develop-
ment of practical skills important in dentistry. 
Early identification of these individuals with 
incomplete stereopsis may have facilitated 
their education on how to compensate using 
other visual cues, such as distribution of 
shadows and overlay of contours.

In a more recent study, Dimitrijevic and 
colleagues16 found no statistical relationship 
between stereopsis (using the TNO test) and 
depth estimation in 163 dentistry students 
and 20 experienced dentists. In this study 
students were grouped together according to 
the year of training. Interestingly, students 
with no experience in preclinical operative 
dentistry performed significantly worse in 
depth estimation than dentistry students and 
experienced dentists. In addition, there was 
no statistical difference between the perfor-
mance of students and experienced dentists. 
A limitation of this study is that particpants 
were volunteers, and it is possible that stu-
dents with known visual problems may have 
elected not to participate.

Following review of the literature on stere-
opsis in dentistry students, we conclude that 
contrary to the generally-held assumption, 
stereopsis has not been found to correlate 
with performance in practical assessments, 
longer-term acquisition of practical skills 
or even in judgement of depth in dental 
students.

Stereopsis in experienced dentists
Our literature search identified only one 
publication to date assessing stereopsis in 
practising dentists. Forgie and colleagues17 
invited dentists practising in Scotland to 
participate in the study. A total of 46 cli-
nicians volunteered to participate in the 
study. Data was collected on stereopsis, 
muscle balance, visual acuity and contrast 
sensitivity. Stereopsis was assessed using 
the TNO test. The results showed that the 
stereopsis followed a Gaussian distribution 
ranging from poor (480 seconds of arc) to 
good (15 seconds of arc). The study identi-
fied three out of the 46 practising dentists 
(10% of participants) with no stereopsis 
measured using the TNO test. Although this 
study is limited by the small sample size, it 
is in agreement with the studies performed 
in dental students, and suggests that defi-
ciency in stereopsis is not a hindrance to 
career progression in dentistry.

SUMMARY
Stereoacuity is considered as a benchmark 
test for peak clinical fine motor perfor-
mance of binocular vision. Good depth 
perception has been described as necessary 
requirement for the practice of dentistry.1,2 
The limited published literature regarding 
strereoacuity in dentistry does not sup-
port the above, although the studies are 
not without their flaws. Krol18 was the first 
one to appreciate that depth perception 
using a stereotest is different than view-
ing a real three-dimensional image. In a 
stereogram the perceived objects appear to 
move in space if the observer changes his 
viewing position relative to the stereotest. 
In addition, the TNO stereoacuity test used 
to assess stereovision in all the published 
studies eliminates monocular cues with the 
use of red-green spectacles. Monoclar cues 
are present in real life and may explain why 
some practising dentists with deficient ste-
reopsis exist.

The current published literature on stere-
opsis in dentistry has two important limita-
tions. Most of the studies have small sample 
sizes and the study assessing stereopsis in 
practising dentists relied on volunteers. 
Further larger studies are required to assess 
stereopsis and clinical performance in den-
tistry to confidently conclude that stereopsis 

is not essential in dentistry. Stereoacuity 
should be tested in all the students entering 
dentistry and performance should be retested 
at regular intervals along university. In addi-
tion, it would be of benefit to identify any 
stereodeficient dental students early in their 
training so they can learn to use monocular 
cues and other strategies to achieve three-
dimensional vision. In the meantime, until 
further literature becomes available, stereop-
sis should not be considered a requirement 
for dental training.

CONCLUSION
There is no robust evidence to support the 
requirement of stereopsis in dentistry; how-
ever, there are currently a limited number of 
published literature papers on the topic. Further 
studies with larger numbers of participants are 
required to validate the current evidence.
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