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Abstract
Purpose: To evaluate the relationship between the position of
the focal adjustment knob of a fundus camera and refractive

error and biometric data as measured in the same eye.

Methods : Normal eyes of patients presenting to clinics at the
Beijing Tongren Hospital were examined with a non-mydriatic
fundus camera. The position on the focal scale of a knob ad-
justing the distance between the camera lens and film plane,
used to adjust focus the image of the patients fundus relative
to the refractive power of the eye, was recorded in degrees.
Ocular biometry and refractometry were performed on the

same €yes.

Results: The study included 136 subjects with a mean age of
36.5+19.6 years and a mean refractive error of —1.31+2.77
diopters. In univariate analysis, the position of the adjustment
knob was significantly associated with refractive error (P <
0.001; correlation coefficient r=—0.77), axial length (P<0.001;
r=0.65) and anterior chamber depth (P<0.001;r=0.48). After
adjustment for age, anterior chamber depth decreased by 0.01
mm(95% confidence interval:0.003,0.017) for change per de-
gree in the position of the adjustment knob.

Conclusion: A fundus camera can be used to estimate anterior
chamber depth, axial length and refractive error. In a screen-
ing setting, a fundus camera operated by a technician may be
helpful to detect a shallow anterior chamber and evaluate a
potential risk factor for primary angle closure. (Eye Science
2012 27.30-33)
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he optical design of a fundus camera is similar to
that of an indirect ophthalmoscope'® A light
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source within the camera illuminates the retina. The
illuminated retinal structures are projected through
the pupil of the eye and through the front lens of the
camera, in which an image is formed. This aerial im-
age in the camera is focused onto the film plane of
the camera by adjusting the distance between the ob-
jective of the camera and the film plane®. The adjust-
ment of the distance between the camera objective
and the film plane to focus the image is achieved by
turning a knob located on the side of the camera
(Figure 1).The appropriate distance between the
camera objective and the film plane depends on the
optical properties of the eye, including its refractive
error and the biometric measurements such as anteri-
or chamber depth and axial length®. The present
study tests the hypothesis that using a non-mydriatic
fundus camera and assessing the position of the knob
for focusing the image can be a useful approximate
assessment of the refractive error of the eye and of
its biometric parameters.

Materials and methods

The clinical observational hospital-based study in-
cluded subjects attending the Beijing Tongren Hos-
pital. Exclusion criteria were any operation potential
ly effecting the refraction of the globe, clinically sig-
nificant cataracts, or any fundus disease, glaucoma,
or inability to cooperate with the examiner. High
myopia was not an exclusion criterion, unless there
was myopic retinopathy.

The verbal consent of each participant was ob-
tained before examination. Approval for the study
was obtained from the Ethics Committee, Beijing
Tongren Hospital, Capital Medical University. The
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project adhered to the Declaration of Helsinki.

All the study participants underwent an ophthalmo-
logical examination, including subjective and objec-
tive refractometry,using an auto-refractometer (RM-
A7000, Topcon Ltd., Tokyo, Japan), ocular biometry
(Lenstar Biometry; LS900, Haag-Streit, Berne, Switzer-
land), slit lamp assisted biomicroscopy of the anteri-
or segment of the eye, ophthalmoscopy, and 45°
fundus photography using a non-mydriatic digital
fundus camera (CR-DGI camera, Canon Inc, Toky-
0, Japan) without pupil dilation in a dark examina-
tion room. All fundus images were obtained by one
of two trained and supervised technicians. The spher-
ical equivalent was calculated as sphere plus half
cylinder and expressed in diopters.

At the side of the camera, a scale was adjusted to
the knob, which regulated the distance between the
camera objective and the film plane (Figure 1). Us-
ing the scale, the turning position of the knob could
be measured in degrees (Figure 1).The position of
the knob appropriate for a sharp fundus photograph
of an emmetropic eye was defined as zero position.
Depending on the refractive error of the examined
eye, the knob was adjusted in a clockwise direction
or a counterclockwise direction. For the examination
with the fundus camera, the room was darkened so
that only the monitor shed some light. The camera
was positioned in front of the eye and was aligned to
obtain a fundus photograph centered onto the macula.

-

Figure 1 Photograph of the adjustment knob at the site of the

fundus camera

Statistical analysis

Statistical analysis was performed using a com

mercially available statistical software package (SPSS
for Windows, Version 19.0, SPSS, Chicago, IL).

Data were presented as mean *standard deviation.
The relationship among the parameters was assessed
using Pearson’s correlation coefficient. P <0.05 was
considered to indicate a statistically significant re-

sult. A 95% confidence interval (CI) was given. The
data of only one eye per subject were included in the
statistical analysis.

Results

The study included 136 subjects(52 men) with a
mean age of 36.5+19.6 years (range:7 to 79 years)
and a mean refractive error of —1.31+2.77 diopters
(range:—8.7 diopters to +4.3 diopters). The mean axial
length was 23.95+1.32 mm (range: 21.37 mm -27.90
mm), and the mean anterior chamber depth 2.83 +
0.49 mm (range:1.52 mm-3.78 mm). The mean po-
sition of the knob was 0.70 + 10.9° (-21° to +33°).

In univariate analysis, the position of the adjust-
ment knob was significantly associated with refrac-
tive error (P<0.001; correlation coefficient r=—0.77)
(Figure 2), axial length (P<0.001;r=0.65) (Figure.
3), and anterior chamber depth (P<0.001; r=0.48)
(Figure 4). Additionally, the position of the adjust-
ment knob was correlated with age (P<0.001; r=—
0.50). The associations between the position of the
adjustment knob of the fundus camera and the ante-
rior chamber depth, axial length, and refractive error
remained statistically significantly valid if the study
population was divided into a younger group (aged<
50 years) and an older group (aged>50 years).

In multivariate analysis, regarding anterior cham-
ber depth as a dependent parameter and age and po-
sition of the adjustment knob as independent param-
eters, anterior chamber depth was significantly asso-
ciated with age (P<0.001; regression coefficient b -
0.013 (95% CI.-0.017, —0.009) and the position of
the adjustment knob (P=0.005; regression coefficient
b: 0.010 (95% CI. 0.003, 0.017).

Discussion

The present study suggests that utilizing the posi-
tion of the adjustment knob to focus the ocular fun-
dus image in a fundus camera can help estimate the
refractive error and biometric measures of the eye,
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Position of the Adjustment Knob at the Fundus Camera(Degree)
Figure 2  Scattergram showing the correlation between the

position of the adjustment knob for focusing of the fundus im-
age in the fundus camera and the refractive error of the exam-
ined eye (P<0.001 ;correlation coefficient r=—0.77) ;Refractive
Error (Diopters)=—0.22 x Position of the adjustment knob of
the fundus camera (Degree)—1.16.

such as anterior chamber depth and axial length.
After adjustment for age, anterior chamber depth de-
creased by 0.01 mm (95% confidence interval;

0.003, 0.017) for each degree change in the position
of the adjustment knob. This result appears plausible
due to the construction and optical plan of a fundus
camera*”,

The results of our study agree with previous
findings. Michael et al. assessed the position of the
adjustment knob of three different fundus cameras
(TRC-50F and TRC-50X; Topcon America Corp,
Paramus, NJ; and the CR6-45NM Non-mydriatic Reti-
nal Camera; Canon Inc, Tokyo, Japan) when taking
photographs of optic nerve head, and found a signif-
icant correlation with the refractive error of the sub-
jects®.

As is well-known, the anterior chamber can be
measured by gonioscopy, ultrasound biomicroscope
(UBM), or anterior segment optical coherence to-
mography (AS-OCT)>‘. However, it is not realistic
to be used for detection in the community because of
safety issues and long duration. The result of our
study may have a practical significance. If in a screen-
ing setting, a non-mydriatic fundus camera is used to
obtain images of the fundus to detect retinal diseases
such as diabetic retinopathy”™ and age-related macu-
lar degeneration', or to detect optic nerve diseases
such as glaucoma'" The position of the adjustment
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Position of the Adjustment Knob at the Fundus Camera(Degree)
Figure 3  Scattergram showing the correlation between the
position of the adjustment knob for focusing of the fundus im-
age in the fundus camera and the axial length of the examined
eye (P<0.001; correlation coefficient r= 0.65); Axial Length
(mm)=0.08 x Position of the adjustment knob of the fundus
camera (Degree) +23.90.

Anterior Chumber Depth (mm}

30 20 -0 0 10 20 30 40
Poaition of the Adjustment Knob at the Fundus Camera(Degree)

Figure 4  Scattergram showing the correlation between the
position of the adjustment knob for focusing of the fundus im-
age in the fundus camera and the anterior chamber depth of
the examined eye (P<0.001; correlation coefficient r=0.48);
Anterior Chamber Depth (mm)=0.022 x Position of the ad
justment knob of the fundus camera (Degree) +2.82.

knob to focus the fundus images may be taken to get
a rough estimate of the anterior chamber depth. The
method is better than oblique flashlight test, in which
the results are subjective and cannot be recorded.
Since the depth of the anterior chamber strongly
correlates with the risk of developing primary angle

closure glaucoma® "

, the information additionally
supplied by the fundus camera examination may help
detect the subjects with the risk of primary angle

closure glaucoma',
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Limitations of the present study should be men-
tioned. First, the study participants did not undergo
gonioscopy to examine the narrowness of the anteri-
or chamber angle; thus, the results may lead only to
the conclusion that the anterior chamber depth can
roughly be estimated with the assistance of a fundus
camera. Second, refractometry and the fundus ex-
amination were not performed in cycloplegia. The
associations between the position of the adjustment
knob of the fundus camera and the anterior chamber
depth or the axial length remained valid, however,
if the study population was divided into a younger
group with an age of less than 50 years, and an old-
er group aged above 50 years. Third, the correlation
between the position of the adjustment knob of the
fundus camera with axial length was stronger than
that with anterior chamber depth (Figures. 3 and 4).
The latter correlation showed some scattering pattern
(Figure.4), so that the diagnostic precision of using
the fundus camera to estimate the anterior chamber
depth was relatively limited. The present authors in-
tend to evaluate this measurement compared with
gonioiscopy, UBM, or AS-OCT in a future study.

In conclusion, using a fundus camera can give an
estimate of the anterior chamber depth, axial length,
and refractive error. If used in a screening setting, a
fundus camera operated by a technician may be help-
ful to detect a shallow anterior chamber, and thus
find a potential risk for primary angle closure.

References

1 Colenbrander A. Principles of ophthalmoscopy. In: Du-
ane T (ed) Clinical Ophthalmology. Vol 1. Philadelphia,
1991:1-21.

2 Wong D. The fundus camera. In; Duane T (ed) Clinical
Ophthalmology. Vol 1. Philadelphia, 1991: 1-8.

3 Bengtsson B, Krakau CET. Some essential optical fea-
tures of the Zeiss fundus camera. Acta Ophthalmol,
1977; 55:123-131.

4 Michael GQ, Pascale D. A new fundus camera technique
to help calculate eye camera magnification. Arch Oph-

thalmol, 2003; 121;707-7009.

10

11

12

14

15

16

Grewal DS, Brar GS, Jain R,
Scheimpflug imaging and spectral domain anterior seg-

et al. Comparison of
ment optical coherence tomography for detection of nar-
row anterior chamber angles. Eye, 2011; 25 ; 603-611.
Park SB, Sung KR, Kang SY, et al. Assessment of nar-
row angles by gonioscopy, Van Herick method and an-
terior segment optical coherence tomography. Jpn J Oph-
thalmol, 2011; 55; 343-350.

Massin P, Erginay A, Ben MA, et al. Evaluation of a
new non-mydriatic digital camera for detection of diabet-
ic retinopathy. Diab Med, 2003; 20:635-641.
Vujosevica S, Benettib E, Massignanb F, et al. Screen-
ing for diabetic retinopathy: 1 and 3 nonmydriatic 45—
degree digital fundus photographs vs 7 standard early
treatment diabetic retinopathy study fields. Am J Oph-
thalmol, 2009;148;111-118.

Williams GA, Scott IU, Haller JA, et al. Single-field
fundus photography for diabetic retinopathy screening: a
report by the American Academy of Ophthalmology.
Ophthalmology, 2004; 111:1055-1062.

Zimmer-Galler LE, Zeimer R. Feasibility of screening
for high-risk age-related macular degeneration with an
internet-based automated fundus camera. = Ophthalmic
Surg, Lasers & Imaging, 2005; 36:228-236.

Detry MM, Zeyen T, Kestelyn P, et al. Screening for
glaucoma in a general population with the non-mydriatic
fundus camera and the frequency doubling perimeter. Eur
J Ophthalmol, 2004; 14:387-393.

Tuulonen A, Airaksinen PJ, Montagna A, et al. Screen-
ing for glaucoma with a non-mydriatic fundus camera.
Acta Ophthalmol, 1990; 68.445-449.

Aung T, Nolan WP, Machin D, et al. Anterior chamber
depth and the risk of primary angle closure in 2 East
Asian populations. Arch Ophthalmol, 2005; 123.527-
532.

Congdon NG, Qi Y, Quigley HA, et al. Biometry and
primary angle-closure glaucoma among Chinese,
and black populations. Ophthalmology, 1997;104 . 1489—
1495.

Zhao JL, Hu Z.The clinical examination of anterior

white

chamber depth in eyes with primary angle-closure glau-
coma [in Chinese]. Yen Ko Hsueh Pao, 1989; 6;1-5.
Congdon N, Quigley HA, Hung PT, et al. Screening
techniques for angle-closure glaucoma in rural Taiwan.
Acta Ophthalmol, 1996; 74.113-119.



