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Assessment of intraocular pressure (IOP) is criti-
cal in the diagnosis and management of many 

ophthalmic conditions, and an accurate and reli-
able means of tonometry is an essential component 
of ophthalmic examinations in animals.1,2 In vet-
erinary medicine, IOP is most commonly assessed 
indirectly with rebound or applanation tonometry. 
Applanation tonometry estimates IOP by measuring 
the force required to flatten, or applanate, a defined 
surface area of the cornea,3 whereas rebound tonom-
etry estimates IOP by measuring the deceleration of 
a magnetized probe directed at the cornea from a 
fixed distance.4,5 Because both tonometers use dif-
ferent mechanical principles to estimate IOP, read-
ings with each tonometer are likely to differ among 
various ocular diseases.6

Intraocular pressure readings obtained with dif-
ferent tonometric methods have been compared be-
tween healthy7–21 or diseased13,14,22–24 eyes of various 
species. Results of these studies repeatedly indicate 
that the tonometric-specific algorithm that is inherent 
to applanation tonometers and is optimized for people 
tends to underestimate IOP at higher IOPs, compared 
with results obtained with a manometer.7,8,14,15,17–21 In 
contrast, the rebound tonometer’s algorithm has been 
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OBJECTIVE
To compare intraocular pressures (IOPs) estimated by rebound and appla-
nation tonometry for dogs with lens instability.

ANIMALS
66 dogs.

PROCEDURES
Medical records of dogs examined between September 2012 and July 2018 
were reviewed for diagnoses of anterior (ALL) or posterior (PLL) lens luxa-
tion or lens subluxation.

RESULTS
Estimates of IOP obtained with rebound and applanation tonometry signifi-
cantly differed from each other for all types of lens instability considered 
collectively (mean ± SE difference between tonometric readings, 8.1 ± 1.3 
mm Hg) and specific types of lens instability considered individually (mean 
± SE difference between tonometric readings: ALL, 12.8 ± 2.5 mm Hg; PLL, 
5.9 ± 1.7 mm Hg; subluxation, 2.8 ± 0.8 mm Hg). Median (range) differences 
between rebound and applanation tonometer readings for dogs with ALL 
was 5 mm Hg (–9 to 76 mm Hg), with PLL was 3 mm Hg (–1 to 19 mm Hg), 
and with lens subluxation was 3 mm Hg (–9 to 18 mm Hg). In eyes with ALL, 
rebound tonometer readings exceeded applanation tonometer readings on 
44 of 60 (73%) occasions.

CONCLUSIONS AND CLINICAL RELEVANCE
Rebound tonometry yielded higher estimates of IOP than did applanation 
tonometry in eyes with ALL and with all types of lens luxation considered 
collectively. Estimates of IOP in eyes with lens instability should ideally be 
obtained with both rebound and applanation tonometers. Veterinarians 
with only one type of tonometer should interpret results for dogs with lens 
instability concurrent with physical examination findings.

optimized for healthy canine eyes, and IOPs obtained 
in those eyes more closely approximate manometri-
cally-determined IOPs.7,9,14,15,21,25 However, rebound 
tonometry tends to underestimate IOP for hypotensive 
eyes7 and when compared with applanation tonometry 
tends to be more affected by changes in corneal thick-
ness associated with various corneal diseases, such 
that estimates of IOP generated by rebound tonometry 
in these instances may be erroneous.26–32

Anterior lens luxation is often associated with in-
creased IOP and may cause corneal lesions, including 
those that affect the mechanical properties of the cor-
nea, especially when the lens and cornea are in contact 
with each other. Rebound and applanation tonometers 
are likely affected differently by anterior lens luxation 
(ALL) itself, associated corneal lesions, and increased 
IOP, and, therefore, lens instability is a specific instance 
in which differences between tonometers could have 
clinically important effects. The objective of the study 
reported here was to evaluate the differences in IOPs 
determined with rebound and applanation tonometry 
in dogs with lens instability. For eyes of dogs with lens 
instability, IOP estimates obtained with rebound to-
nometry were hypothesized to significantly differ from 
those obtained with applanation tonometry.

mailto:djmaggs@ucdavis.edu
mailto:djmaggs@ucdavis.edu
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Materials and Methods
Study population

Medical records of all dogs examined by a house 
officer or faculty member of the Veterinary Ophthal-
mology Service at the University of California-Davis be-
tween September 2012 and July 2018 were searched for 
keywords that may indicate that lens instability, zonular 
disinsertion, lens subluxation, or lens luxation was diag-
nosed. For the purpose of this study, the presence of vit-
reous in the anterior chamber was considered evidence 
of zonular disinsertion. Thus, keywords searched were 
“lux*,” “disl*,” “disin*,” “instab*,” “ALL,” “PLL,” and “vit-
re*” (where “*” was a wild card). The starting date for 
data collection was based on the date of acquisition of 
the rebound tonometer (TonoVet; Icare Finland Oy). Pri-
or to that date, only applanation tonometers (Tono-Pen 
Vet and Tono-Pen AVIA Vet; Reichert Inc) were used. Al-
though 2 types of applanation tonometers were used, re-
sults of a study21 indicate that IOPs estimated with these 
applanation tonometers did not significantly differ, thus 
supporting inclusion in the present study of the data 
generated with both applanation tonometers. The medi-
cal record search yielded 5,769 occasions, 3,494 visit re-
cords, and 1,106 patient records. Visit records then were 
manually reviewed and data included in the study only 
if ALL, posterior lens luxation (PLL), or lens subluxation 
was listed as a diagnosis and both rebound and applana-
tion tonometric readings were recorded from at least 1 
affected eye during the same ophthalmic examination. 
Data retrieved from the medical record included sex; 
breed; approximate age (provided by the dog owner, 
with use of the first of the month when the owner pro-
vided only birth month and year or January 1 when the 
owner provided only birth year); eyes affected; rebound 
and applanation tonometric readings for eyes affected 
by lens instability and the contralateral eyes unaffected 
by lens instability; reported duration of lens instability; 
lens position (ALL, PLL, or subluxation); degree of sub-
luxation; presence of corneal edema and other corneal 
lesions; vision status determined on the basis of various 
combinations of menace response, behavioral testing, 
and observations by the dog’s owner; presence of ocu-
lar hypertension (IOP > 25 mm Hg recorded with either 
tonometer33), suspected pathogenesis of lens instability 
(primary, secondary, unknown, or not stated); and, in 
dogs in which transcorneal lens reduction or intracap-
sular lens extraction was performed, pre- and postpro-
cedure rebound and applanation tonometric readings. 
The reported degree of subluxation was retrospectively 
graded as follows: grade 1 = vitreous within the ante-
rior chamber; grade 2 = phacodonesis or iridodonesis 
with or without vitreous in the anterior chamber; grade 
3 = aphakic crescent or uneven anterior chamber depth 
with or without vitreous in the anterior chamber, phaco-
donesis, or iridodonesis; and grade 4 = a portion of the 
lens protruding through the pupillary aperture with or 
without vitreous in the anterior chamber, phacodone-
sis, iridodonesis, or aphakic crescent.

Tonometry
All tonometers were maintained and used accord-

ing to their manufacturers’ recommendations. For each 
dog, tonometric estimates were obtained by a house 
officer or faculty member of the Veterinary Ophthal-
mology Service; minimal physical restraint was used 
for each dog and physical pressure on the jugular veins 
was specifically avoided. Intraocular pressure was re-
corded with all dogs in sternal recumbency, sitting, or 
standing.34 Tonometry results were included only if 
applanation readings had a variance of ≤ 5% and if re-
bound readings had an acceptable SD displayed on the 
tonometer (ie, a consistent reading or one for which 
the displayed line was in the lower position indicating 
that the SD was ≤ 2.5 mm Hg). In all cases, estimates 
were first obtained with the rebound tonometer, then 
after instillation of 1 drop of 0.5% proparacaine HCl 
with the applanation tonometer. The region of the 
cornea targeted during tonometry was not recorded 
in the medical record; however, the standard for the 
Veterinary Ophthalmology Service was to always aim 
the tonometer tip or probe as close to the axial portion 
of the cornea as clinical conditions permitted.

Statistical analysis
On 8 occasions, > 1 reading from the same tonom-

eter was recorded in the medical record. This is typically 
done in the Veterinary Ophthalmology Service when 
multiple readings are believed necessary by the clinician 
to ensure validity of the readings for that dog. On these 
occasions, median IOP was used for all analyses. In dogs 
that had multiple visits, lens position sometimes differed 
among visits. Therefore, data were analyzed on the basis 
of all occasions in which both rebound and applanation 
tonometric estimates were obtained, irrespective of eye, 
dog, or visit. To determine whether observed differences 
in tonometric estimates were solely attributable to the al-
gorithm specific to tonometer type, some analyses were 
repeated after tonometric estimates were adjusted to 
manometric IOP by use of published equations.7

Statistical analyses were performed with Excel 2016 
(Microsoft Corp) and Stata 15.0/IC (StataCorp). Mixed-
effects ANOVA models were used to compare tonomet-
ric estimates that considered eye, dog, and visit as nested 
random effects. Residuals were assessed for approximate 
normality by use of standardized normal probability 
plots. Eye was not included as a random effect in analy-
ses of unaffected eyes. In affected eyes, mean IOP esti-
mates from each tonometer were assessed as a function 
of lens position, subluxation grade, presence of corneal 
edema or other corneal lesions, presence of ocular hy-
pertension, and suspected pathogenesis of lens instabil-
ity. A Bonferroni correction was used when post hoc 
statistical analyses were simultaneously performed. To 
assess the effect of multiple corneal lesions including 
corneal edema, the effect of corneal edema alone, and 
the effect of ocular hypertension on tonometric read-
ings, readings were compared with the predicted mean 
IOP of the 2 tonometric readings. Predicted mean IOP 
was the predicted mean for each possible combination 
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of the levels of the variables in the mixed-effect mod-
els. A Bland-Altman analysis was performed with com-
mercial software (GraphPad Prism version 8; GraphPad 
Software) to assess the level of agreement between IOP 
estimates obtained with rebound tonometry and those 
obtained with applanation tonometry in dogs with or 
without lens instability. The difference between the 
2 IOP readings was calculated by subtracting the ap-
planation tonometric reading from the rebound tono-
metric reading. A minimum of 6 occasions/lens insta-
bility type was required for statistical analysis to be 
considered valid. For all analyses, values of P < 0.05 
were considered significant.

Results
Study population

Sixty-six dogs (91 visits) met the inclusion crite-
ria. The number of male dogs was 32 (neutered, n = 
30; sexually intact, 2) and the number of female dogs 
was 34 (neutered, 33; sexually intact, 1). Dogs were of 
35 breeds or mixed breed (n = 16); the most common 
breeds were Boston Terrier (9), Chihuahua (5), Austra-
lian Cattle Dog (4), Cocker Spaniel (4), Rat Terrier (4), 
and Shih Tzu (4). Twenty-five (38%) dogs were a ter-
rier breed. At the first visit in which IOP was estimated 
with both rebound and applanation tonometers, mean 
± SD dog age was 10.3 ± 3.3 years (range, 0.5 to 16.1 
years) and mean ± SD time from the diagnosis of lens 
instability was 178 ± 472 days (0 to 2,716 days). Lens 
instability was considered primary for 32 dogs and 
secondary to chronic uveitis for 10 dogs, chronic glau-
coma with buphthalmos for 4 dogs, age-related zonular 
degeneration for 2 dogs, trauma for 1 dog, or an un-
known or unstated cause for 17 dogs. At the first visit, 
lens instability of some form was diagnosed in the left 

eye (n = 27), right eye (17), or both eyes (22). Specifi-
cally, ALL was diagnosed in 47 eyes, PLL in 6 eyes, and 
subluxation in 35 eyes (grade 1 subluxation, n = 18; 
grade 2, 0; grade 3, 13; grade 4, 4).

Tonometry
To assess the effect of lens instability on IOP esti-

mates from the 2 tonometers, data were analyzed by 
treating each time at which tonometry was performed 
as an occasion. Thus, each dog could contribute data 
from multiple examinations, and for 3 dogs, data from 
before and after medical or other interventions. Intra-
ocular pressure was measured with both tonometers 
on 120 occasions for 89 eyes with lens instability (right 
eye, n = 40; left eye, 49) and on 40 occasions for 30 
eyes unaffected by lens instability (right eye, 19; left 
eye, 11). However, only 88 eyes with lens stability 
were included in the analyses for the first visit because 
1 dog developed lens instability in the contralateral 
eye during the study period. Considering all 89 eyes 
with lens instability, ALL was noted on 60 occasions, 
PLL on 12 occasions, and subluxation on 48 occasions. 
The degree of subluxation was classified as grade 1 on 
26 occasions, grade 2 on 0 occasions, grade 3 on 18 
occasions, and grade 4 on 4 occasions. Because of the 
small number of occasions in which grade 4 sublux-
ations were observed and the low statistical power as-
sociated with this sample size (< 6 occasions), statisti-
cal analysis was not performed for this group.

Rebound tonometric readings were significantly 
higher than applanation tonometric readings for all 
types of lens instability when considered collectively 
and also individually (Table 1). This difference per-
sisted for eyes with ALL and all forms of lens instabil-
ity collectively even after correction for the inherent 

	 IOP (mm Hg)	

			   Difference
Lens instability	 Rebound	 Applanation	 (rebound minus	
(No. of occasions)	 tonometry	 tonometry	  applanation)	 P value

None (0)	 18.0 ± 2.4 (3–80)	 15.9 ± 2.4 (3–60)	 2.1 ± 0.8	 0.005
Subluxation (48)	 25.1 ± 2.2 (9–63)	 22.3 ± 2.2 (9–54)	 2.8 ± 0.8	 < 0.001
  Grade 1 (26)	 26.1 ± 2.8 (12–63)	 23.4 ± 2.8 (10–54)	 2.8 ± 1.1	 0.010
  Grade 2 (0)	 —	 —	 —	 —
  Grade 3 (18)	 22.5 ± 3.7 (9–55)	 19.8 ± 3.7 (9–50)	 2.7 ± 1.0	 0.008
  Grade 4 (4)	 31.3 ± 5.5 (14–41)	 28.5 ± 5.5 (13–45)	 2.8 ± 3.8	 ND
PLL (12)	 36.1 ± 6.9 (12–67)	 30.2 ± 6.9 (11–60)	 5.9 ± 1.7	 < 0.001
ALL (60)	 37.0 ± 3.0 (3–98)	 24.2 ± 3.0 (4–78)	 12.8 ± 2.5	 < 0.001
All lens instability	 31.7 ± 1.8 (3–98)	 23.6 ± 1.8 (4–78)	 8.1 ± 1.3	 < 0.001

Values of P < 0.05 indicate that the difference in IOP estimates between tonometric methods is significant. 
Subluxation grades: 1, vitreous within the anterior chamber; 2, phacodonesis or iridodonesis with or without 
vitreous in the anterior chamber; 3, aphakic crescent or uneven anterior chamber depth with or without vitre-
ous in the anterior chamber, phacodonesis, or iridodonesis; and 4, a portion of the lens protruding through 
the pupillary aperture with or without vitreous in the anterior chamber, phacodonesis, iridodonesis, or aphakic 
crescent.

— = No data. No canine eyes had grade 2 subluxations throughout the study period. ND = Not determined. 
The number of canine eyes with grade 4 subluxation was small and therefore these data were not compared.

Table 1—Mean ± SE (range) IOP estimates determined with rebound and applanation tonometry 
and differences between their values for canine eyes with (n = 89 eyes and 120 occasions) and 
without (30 eyes and 40 occasions) various forms of lens instability. (Occasion defined as each time 
tonometry was performed, such that each dog could contribute data from multiple examinations.) 
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differences in the tonometer-defined algorithm used 
by the 2 forms of tonometry7 (data not shown). A 
Bland-Altman analysis revealed that the mean differ-
ence in IOP readings between rebound and applana-
tion tonometry was most pronounced in eyes with 
ALL (bias, 12.8; Figure 1), was markedly less in eyes 
with PLL (5.9), and was least in eyes with lens sub-
luxation (2.8) or eyes without evidence of lens insta-
bility (2.1). The median (range) difference between 
rebound and applanation tonometric estimates in in-
dividual dogs on each occasion was 5 mm Hg (–9 to 
76 mm Hg) in eyes with ALL, 3 mm Hg (–1 to 19 mm 
Hg) in eyes with PLL, 3 mm Hg (–9 to 18 mm Hg) 
in eyes with lens subluxation, and 1 mm Hg (–5 to 
20 mm Hg) in eyes without evidence of lens instabil-
ity. In eyes with ALL, rebound tonometric readings 
exceeded applanation tonometric readings on 44 of 
60 (73%) occasions, were identical on 4 (7%) occa-
sions, and were less on 12 (20%) occasions. In eyes 
with PLL, rebound tonometric readings exceeded ap-
planation tonometric readings on 11 of 12 (92%) oc-
casions, were identical on 0 occasions, and were less 
on 1 (8%) occasion. In eyes with lens subluxation, 
rebound tonometric readings exceeded applanation 
tonometric readings on 35 of 48 (73%) occasions, 
were identical on 0 occasions, and were less on 13 
(27%) occasions. In unaffected eyes, rebound tono-
metric readings exceeded applanation tonometric 
readings on 23 of 40 (58%) occasions, were identical 
on 8 (20%) occasions, and were less on 9 (22%) oc-
casions. In eyes with lens instability, predicted mean 
IOPs for rebound and applanation tonometry were 

significantly (P < 0.001) different in eyes with ocular 
hypertension (IOP > 25 mm Hg; mean ± SE differ-
ence, 11.2 ± 1.8 mm Hg) than in eyes without ocular 
hypertension (ie, normotensive eyes; 1.4 ± 1.5 mm 
Hg; P > 0.99).

Corneal lesions
Considering only eyes with lens instability, cor-

neal edema (with or without other corneal lesions) 
was noted on 64 occasions. Predicted mean IOPs for 
rebound and applanation tonometry were signifi-
cantly (P <  0.001) different when corneal edema was 
present (mean ± SE difference, 12.6 ± 1.7 mm Hg) but 
not when corneal edema was absent (3.0 ± 1.9 mm 
Hg; P = 0.656). Rebound tonometric readings exceed-
ed applanation tonometric readings for eyes with cor-
neal edema on 55 (86%) occasions, were identical on 
2 (3%) occasions, and were less on 7 (11%) occasions. 
Rebound tonometric readings exceeded applanation 
tonometric readings for eyes without corneal edema 
on 37 of 56 (66%) occasions, were identical on 2 (4%) 
occasions, and were less on 17 (30%) occasions.

Corneal lesions other than edema (eg, fibrosis, 
vascularization, pigmentation or melanosis, lipid 
or mineral deposition, ulceration or facet, keratic 
precipitates, stromal infiltration of WBCs, anterior 
synechia, Haab striae, or presence of a conjunctival 
flap or graft) were documented in eyes that had lens 
instability on 53 occasions. Corneal edema was con-
current with other corneal lesions on 29 of these 53 
(55%) occasions. In eyes with lens instability and any 
type of corneal lesion including corneal edema, pre-

dicted mean IOPs for rebound and ap-
planation tonometry were significantly 
(P < 0.001) different (mean ± SE differ-
ence, 10.3 ± 1.6 mm Hg). By contrast, 
in eyes with lens instability but with-
out corneal lesions, predicted mean 
IOPs for rebound and applanation to-
nometry (mean ± SE difference, 2.4 ± 
2.6 mm Hg) were not significantly (P > 
0.99) different.

A procedure to address ALL was 
performed on 29 eyes on 32 occasions; 
transcorneal lens reduction (couch-
ing) was performed for 16 eyes on 19 
occasions, and intracapsular lens ex-
traction was performed for 13 eyes. 
Rebound and applanation tonometry 
was performed prior to and after a 
procedure on 3 occasions for 3 dogs 
(transcorneal lens reduction in which 
tonometry was performed before and 
immediately after lens reduction, n 
= 2; intracapsular lens extraction in 
which tonometry was performed be-
fore and 3 hours after lens extraction, 
1). Readings obtained with the tonom-
eters were more comparable following 
lens reduction or removal than they 

Figure 1—Bland-Altman plots for analysis of agreement between IOP estimates 
(mm Hg) obtained with rebound and applanation tonometry on 160 occasions 
for 119 eyes from 66 dogs (120 occasions for 89 eyes with lens instability and 40 
occasions for 30 eyes without lens instability). The difference in IOP readings was 
calculated by subtracting the applanation tonometric estimate from the rebound 
tonometric estimate. Each point represents a single occasion in which estimates 
were obtained with both tonometers. The solid line indicates 0 bias. The dotted 
line indicates the bias (overall mean difference in IOP estimates). Anterior lens 
luxation was noted on 60 occasions (A), PLL on 12 occasions (B), subluxation on 
48 occasions (C), and no lens instability on 40 occasions (D).

https://avmajournals.avma.org/action/showImage?doi=10.2460/javma.259.9.1025&iName=master.img-000.jpg&w=300&h=191
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were before intervention (before the procedure, dif-
ferences were 10, 25, and 28 mm Hg; after the proce-
dure, differences were 5, –1, and 3 mm Hg; Supple-
mentary Table S1).

Discussion
The purpose of the study presented here was to 

compare IOP readings obtained with commercially 
available rebound and applanation tonometers in 
dogs with lens instability. The data revealed that re-
bound tonometric readings were significantly higher 
than applanation tonometric readings for all types of 
lens instability when considered collectively and that 
this difference was most pronounced in eyes with 
ALL, was markedly less in eyes with PLL, and was 
least in eyes with lens subluxation or eyes without 
evidence of lens instability. After manometric cor-
rection by use of published7 manometrically derived 
equations that were designed to account for differ-
ences in the tonometric-specific algorithms, this dif-
ference remained significant for ALL. This suggested 
that ALL was at least partially responsible for the 
differences between the IOP estimates generated by 
the 2 tonometers. The magnitude of the difference 
in eyes with ALL was as much as 76 mm Hg, which 
was of striking clinical relevance. The data clearly 
indicated that veterinarians need to be aware that 
these 2 widely used tonometers may yield greatly dif-
ferent estimates of IOP in dogs with lens instability, 
especially those with ALL, and if possible that they 
obtain readings using both tonometers for affected 
dogs. Minimally, if an IOP obtained with a rebound 
tonometry is high and that reading is inconsistent 
with clinical signs (such as relatively minor vascular 
engorgement or corneal edema, or maintenance of 
neuro-ophthalmic responses and reflexes), then con-
firmation of that estimate with an applanation tonom-
eter is recommended prior to determining treatment 
and likely prognosis.

Although the retrospective nature of this study 
did not permit isolation of a cause of the difference, 
considering factors that may explain the difference 
in IOPs between the tonometers remains important. 
One important factor is the difference in the algo-
rithm inherent to each tonometer. Compared with re-
bound tonometers, applanation tonometers underes-
timate IOPs for IOPs within normal ranges,9,14,21,25,35,36 
whereas in glaucomatous eyes, rebound tonometers 
consistently yield higher IOPs than do applanation 
tonometers.7,14,21,23,35,37 In a study7 of dogs with nor-
mal eyes, estimation of IOP by the rebound tonom-
eter was approximately 95% of the actual IOP as de-
termined with manometry (rebound tonometric IOP 
estimate = [0.95 X manometric IOP] – 0.93 mm Hg), 
whereas estimation of IOP by the applanation tonom-
eter was approximately 71% of the actual IOP as de-
termined with manometry (applanation tonometric 
IOP estimate = [0.71 X manometric IOP] + 1.88 mm 
Hg).7 However, when these equations were applied to 
the data in the present study, IOP obtained with the 

rebound tonometer remained significantly greater 
than that obtained with the applanation tonometer 
in eyes with all forms of lens instability considered 
collectively and in eyes with ALL. This suggested that 
other biomechanical factors may have also played a 
role in the differing tonometric readings for canine 
eyes with lens instability.

Tonometric readings obtained in the present 
study for eyes with or without corneal lesions and 
those collected before and shortly after lens reduc-
tion or extraction suggested that biomechanical fac-
tors may be important cofactors to explain the dif-
ferences between tonometers, as has been previously 
demonstrated.38,39 Similar to the findings from anoth-
er study,31 results of the present study showed that re-
bound and applanation tonometric readings differed 
significantly in dogs with various corneal lesions, in-
cluding those with only corneal edema. Possibly this 
was because of a change in corneal thickness, consid-
ering that for the eyes of normal subjects and those 
with IOPs within normal range, applanation tonom-
eters are relatively insensitive to changes in corneal 
thickness,40–42 whereas rebound tonometers are be-
lieved to be relatively sensitive to changes in corneal 
thickness.28–31 This supposition was supported by the 
results of the present study in which IOP estimates 
were not significantly different between the 2 tonom-
eters for eyes with lens instability and normal corneal 
appearance. On the basis of these observations, fu-
ture studies should include pachymetry (ie, method 
of measuring corneal thickness) and advanced imag-
ing with optical coherence tomography in an attempt 
to identify the cause of the differences between re-
bound and applanation tonometry in eyes with lens 
instability. Corneal resistance factors and hysteresis 
associated with lens instability were also likely to in-
fluence tonometric estimates of IOP in the present 
study13,24,27,39,43–49; however, veterinary research on 
these factors is lacking.50 Although exclusion of eyes 
with corneal lesions in the present study may have 
permitted formulation of a better supposition of the 
likely cause of the difference between tonometric 
readings, corneal lesions are common in dogs with 
lens instability, especially those with ALL, and their 
exclusion would have decreased the power and the 
clinical applicability of the study results.

Pressure applied by the lens or prolapsed vitre-
ous on the corneal endothelium may increase tension 
of the cornea in a focal area or across the entire cor-
neal surface, resulting in discrepancies in tonometric 
readings. Although the retrospective nature of this 
study did not permit confirmation of this speculation, 
it was supported by the findings that the differences 
between tonometers were greater in eyes with ALL, 
compared with those with PLL or other types of lens 
instability, and that the differences between rebound 
and applanation tonometric readings lessened after 
lens reduction or removal (vs before intervention). 
After lens extraction from the anterior chamber, 
readings were comparable between tonometers for 
all 3 dogs in which this was recorded, and the mean 
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difference between tonometric readings decreased 
from 21.0 to 2.3 mm Hg. However, these findings 
must be interpreted with caution. First, estimates 
obtained before and after lens reduction or removal 
were reported for only 3 dogs. Second, because of 
the retrospective nature of this study, no record was 
kept of the area of the cornea at which the tonometer 
probe (tip) was directed. In 1 study,50 estimation of 
the IOP in the peripheral cornea of normal dogs was 
associated with a small but significant (1.0 to 2.9 mm 
Hg) underestimation of IOP. If corneal location is an 
important factor, accounting for this may be complex 
to resolve because it will require simultaneous con-
sideration of the tonometer application site relative to 
the corneoscleral limbus, the position of the anteri-
orly luxated lens, and any areas with corneal lesions.

The lack of manometric measurements in the 
present study made determination of tonometer ac-
curacy impossible. However, data from the present 
study indicated that applanation and rebound tonom-
etry provided estimates of IOP in eyes with ALL that 
were sometimes highly disparate and that these dif-
ferences were often of clinical importance. Although 
the mechanism responsible for this difference was 
likely multifactorial, known differences between the 
tonometers (especially in eyes with increased IOP) 
undoubtedly played an important role. In addition, 
mechanical changes and lesions of the cornea and 
a direct mechanical effect of the lens on corneal ri-
gidity may have also contributed to the differences. 
Therefore, veterinarians need to be aware that these 
2 widely-used tonometers differ in their vulnerability 
to error in eyes with lens instability, especially eyes 
with ALL, and that, when possible, IOPs for eyes with 
lens instability should be estimated using both re-
bound and applanation tonometers. When only 1 to-
nometer type is available, clinically important errors 
in estimated IOPs for dogs with lens instability must 
be considered and IOP readings should be critically 
interpreted concurrent with clinical signs and neuro-
ophthalmic responses and reflexes.
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