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UNDERSTANDING KERATOMETRY &
SLIT LAMP BIOMICROSCOPY
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KERATOMETRY
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OVERVIEW

DESCRIBE THE FUNCTIONS OF THE KERATOMETER

IDENTIFY THE VARIOUS COMPONENTS OF THE SYSTEM

DISCUSS THE METHODS OF CALIBRATION AND MAINTENANCE
DEMONSTRATE THE USE AND BE ABLE TO INTERPRET THE RESULTS OBTAINED

CONVERT THE INFORMATION GATHERED ABOUT THE CORNEAL CURVATURE INTO
USEFUL INFORMATION RELATING TO CONTACT LENS FITTING AND PROBLEM SOLVING

FUNCTIONS

* MEASURES THE CENTRAL ANTERIOR CURVATURE OF
THE CORNEA, DETECTING AND MEASURING
CORNEAL ASTIGMATISM

* 3MM TO 3.2MM ZONE

* THE MEASUREMENT PROVIDES THE DIOPTRIC POWER
OF THE STEEPEST AND FLATTEST MERIDIANS AND
DEFINES ITS LOCATION

* A SKILLED OPERATOR CAN DETECT ASTIGMATISM,
IRREGULAR ASTIGMATISM, OBLIQUE ASTIGMATISM
AND KERATOCONUS
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KERATOMETER PARTS

A. FOCUSING KNOB
B. ROTATING GRIP FOR LOCATING THE AXIS
C. CHIN REST
D. LOCKING KNOB
E. ELEVATING KNOB
EP. EYEPIECE
G. HEAD REST ADJUSTING KNOB
H. OCCLUDING SHIELD
HR. HEAD REST
4 CHIN REST ADJUSTING KNOB
K. LEVELING SIGHT
M. HORIZONTAL MEASURING DRUM
N. VERTICAL MEASURING DRUM
S. AXIS SCALE
Figure 1 Axis drum Sphere
mount
Objective Test
Tester’s Mirror sphere
eye Doubling Condenser
Eyepiece prisms | Head
yep ‘ Y rest

Measurement drums

Locking knob

Focusing knob ——»

\ Bulb Chin
rest
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UNDERSTANDING ASTIGMATISM

ABRKIGGE Y
DASAERE R
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REGULAR ASTIGMATISM

* REFRACTIVE ERROR THAT PREVENTS
LIGHT RAYS FROM COMING TO A
SINGLE FOCUS ON THE RETINA BECAUSE
OF DIFFERENT DEGREES OF REFRACTION

A\ A
RETINA LENS’\

RETINA  LENS |
\

Emmetropia Astigmatism

Normal Irregular Vision
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RESIDUAL/LENTICULAR ASTIGMATISM

* THE REMAINING ASTIGMATISM CORRECTION AFTER THE CORNEAL ASTIGMATISM IS
NEUTRALIZED OR CORRECTED WITH A CONTACT LENS

e COULD ALSO BE A PATIENT WITH A SPHERICAL CORNEA BUT HAS REFRACTIVE ASTIGMATISM
* USUALLY LOCATED IN THE INTRAOCULAR LENS OF THE EYE

WITH THE RULE ASTIGMATISM

* VERTICAL MERIDIAN HAS THE STEEPEST
CURVATURE

¢ THROUGH SPECTACLES, THE
ASTIGMATIC PATIENT WILL VIEW A
SQUARE THAT IS SLIGHTLY LONGER IN
THE HORIZONTAL MERIDIAN
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AGAINST THE RULE ASTIGMATISM

* HORIZONTAL MERIDIAN HAS THE
STEEPEST CURVATURE

* THROUGH SPECTACLES, THE PATIENT
WILL VIEW A SQUARE THAT IS
SLIGHTLY ELONGATED IN THE VERTICAL
MERIDIAN

OBLIQUE ASTIGMATISM

* THE GREATEST REFRACTIVE
POWER IS WITHIN 30
DEGREES OF THE OBLIQUE
MERIDIANS (AXIS 30-60 OR
120-150)

* THROUGH SPECTACLES, THE
PATIENT WILL VIEW A
SQUARE THAT IS SLIGHTLY
TILTED




13

14

9/1/2022

IRREGULAR ASTIGMATISM

* OFTEN CAUSED BY TRAUMA,
INFLAMMATION, SCAR TISSUE,
POST REFRACTIVE SURGERY OR
CORNEAL DISEASE SUCH AS
KERATOCONUS.

* MOST OFTEN A GAS PERMEABLE
LENS IS THE ONLY WAY TO
NEUTRALIZE THE IRREGULAR
CORNEA SO THAT THE LIGHT CAN
BE FOCUSED ON THE RETINA IN
ORDER TO GET CLEAR VISION.

KERATOCONUS

A DEGENERATIVE CORNEAL DISEASE RESULTING IN A
GENERALIZED THINNING AND CONE-SHAPED
PROTRUSION OF THE CENTRAL CORNEA, OFTEN
OCCURRING IN BOTH EYES

MILD: LESS THAN 45 DIOPTERS IN BOTH MERIDIANS Normalcornea  Keratoconus
MODERATE: 45-52 DIOPTERS IN BOTH MERIDIANS

ADVANCED: GREATER THAN 52 DIOPTERS IN BOTH
MERIDIANS

SEVERE: GREATER THAN 62 DIOPTERS IN BOTH
MERIDIANS




15

16

TYPES OF ASTIGMATISM

SIMPLE ASTIGMATISM

ONE FOCAL LINE FALLS ON THE RETINA (ONE MERIDIAN IS EMMETROPIC), THE OTHER MERIDIAN
MAY FALL IN FRONT OR BEHIND THE RETINA

SIMPLE ASTIGMATISM PLANO -2.00 X 180

COMPOUND ASTIGMATISM
BOTH FOCAL POINTS LIE EITHER IN FRONT OR BEHIND THE RETINA
COMPOUND MYOPIC ASTIGMATISM -1.00-2.00 X 180
COMPOUND HYPEROPIC ASTIGMATISM  +2.00 -1.00 X 180

MIXED ASTIGMATISM

ONE FOCAL POINT LIES BEHIND THE RETINA AND THE OTHER FOCAL POINT LIES IN FRONT OF THE
RETINA

MIXED ASTIGMATISM +1.00 -2.00 X 180

USING THE KERATOMETER

MEASUREMENTS, TECHNIQUE AND RANGE

9/1/2022
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1. PROPERLY FOCUS EYEPIECE
2. OBTAIN AND VERIFY READINGS FROM

ADJUST THE EYEPIECE

TURN ON THE INSTRUMENT
PLACE A SHEET OF WHITE PAPER OVER THE BACK OF THE KERATOMETER
ROTATE THE EYEPIECE FULLY COUNTERCLOCKWISE

KEEP BOTH EYES OPEN, TURN THE EYEPIECE IN THE CLOCKWISE (PLUS) DIRECTION UNTIL THE
CROSS HAIRS COME INTO SHARP FOCUS

CALIBRATION

SEVERAL STEEL SPHERES OF DIFFERING
RADII OF CURVATURE

9/1/2022
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STANDARD KERATOMETRY READINGS

* IN THE AVERAGE EYE, KERATOMETRY READINGS ARE IN THE RANGE OF 43 TO 44 DIOPTERS

* WHEN COMPARING TO THE FELLOW EYE, KERATOMETRY READINGS AND CORNEAL CYLINDER
SHOULD BE WITHIN 1 DIOPTER. DIFFERENCES SHOULD BE DOUBLE CHECKED

* KERATOMETRY READINGS LESS THAT 40 AND MORE THAN 47 DIOPTERS ARE UNUSUAL AND
SHOULD BE DOUBLE CHECKED

19

EXTENDING THE RANGE

* A +1.25D OR -1.00D DIAGNOSTIC LENS CAN BE HELD
ADJACENT TO THE FRONT OF THE KERATOMETER TO EXTEND
THE DIOPTRIC RANGE OF THE DRUM READINGS

e +1.25D LENS FOR STEEP CORNEAS TO EXTENDS RANGE
TO 61 D
* ADD 9 D TO ACTUAL DRUM READING
* -1.00D LENS FOR FLAT CORNEAS EXTENDS RANGE TO
30D
e SUBTRACT 6 D TO ACTUAL DRUM READING
* MATHEMATICAL CALCULATION OR NOMOGRAM IS USED TO

DETERMINE THE EXTENDED RANGE KERATOMETRIC READING
BASED ON THE ACTUAL DRUM READING

20
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Extended Keratometer Range with +1.25D Lens Extended Keratometer Range with -1.00D Lens
Actual Drum Reading Extended Value Actual Drum Reading Extended Value
45.00D 52.46D 36.00D 30.87D
45.25D 52.76D 36.25D 31.09D
45.50D 53.05D 36.50D 31.30D
45.75D 53.34D 36.75D 31.51D
46.00D 53.63D 37.00D 31.73D
46.25D 53.92D 37.25D 31.95D
46.50D 54.21D 37.50D 32.16D
46.75D 54.51D 37.75D 32.37D
47.00D 54.80D 38.00D 32.59D
47.25D 55.09D 38.25D 32.80D
47.50D 55.38D 38.50D 33.02D
47.75D 55.67D 38.75D 33.23D
48.00D 55.96D 39.00D 33.45D
48.25D 56.25D 39.25D 33.66D
48.50D 56.55D 39.50D 33.88D
48.75D 56.84D 39.75D 34.09D
49.00D 57.13D 40.00D 34.30D
49.25D 57.42D 40.25D 34.52D
49.50D 57.71D 40.50D 34.73D
49.75D 58.00D 40.75D 34.95D
50.00D 58.30D 41.00D 35.16D
50.25D 58.59D 41.25D 35.38D
50.50D 58.88D 41.50D 35.59D
50.75D 59.17D 41.75D 35.81D
51.00D 59.46D 42.00D 36.02D

MEASURE MID-PERIPHERAL CORNEA

MID-PERIPHERAL READINGS CAN BE TAKEN BY PLACING
AUXILIARY FIXATION POINTS AFFIXED TO THE MIRE
ILLUMINATION PLATE OF THE KERATOMETER

PLACE FOUR FIXATION DOTS 4.0 MM FROM THE EDGE OF THE
20.0 MM KERATOMETER VIEWING PORT.

FOR EXAMPLE: THE EXAMINER CAN FIRST RECORD CENTRAL
KERATOMETRY READINGS FOLLOWED BY REDIRECTING THE
PATIENT'S FIXATION TO THE NASAL DOT TO MEASURE THE
TEMPORAL CORNEAL TOPOGRAPHY WITH THE HORIZONTAL
DIAL OF THE KERATOMETER.

WHEN TAKING THESE MID-PERIPHERAL READINGS, ONE SIDE
OF THE MIRE FALLS ON A STEEPER PORTION OF THE CORNEA
AND THE OTHER ON A FLATTER PORTION OF THE CORNEA.
THE MEASUREMENT BETWEEN THESE TWO POINTS IS THE
MEAN OF THE TWO POINTS. AS YOU MOVE MORE
PERIPHERALLY, THE ERRORS IN THE MEASUREMENTS WILL
INCREASE.

9/1/2022
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RECORDING THE VALUES

* HORIZONTAL MEASURING DRUM

THE POWER IS ESTABLISHED FOR THE CORNEA IN THE MERIDIANS NEAREST TO 0-180 DEGREES

* VERTICAL MEASURING DRUM

THE POWER IS ESTABLISHED FOR THE CORNEA IN THE MERIDIAN NEAREST TO 90 DEGREES

* THE DIFFERENCE BETWEEN THESE TWO READINGS IS THE AMOUNT OF CORNEAL ASTIGMATISM

* IF THEY ARE THE SAME, THERE IS NO MEASURABLE ASTIGMATISM

23

CORNEAL ASTIGMATISM

* THE DIFFERENCE BETWEEN THE HORIZONTAL MERIDIAN AND THE VERTICAL MERIDIAN CONSTITUTES
THE CORNEAL ASTIGMATISM

* 4525 @ 180 / 44.25 @ 090 = 1.00 D OF CYLINDER
* PLUS CYLINDER
* THE AXIS IS THE AXIS OF THE HIGHER DIOPTER POWER
* MINUS CYLINDER
* THE AXIS IS THE AXIS OF THE LOWER DIOPTER POWER
* EXAMPLE:
* 45.00 @ 180 / 46.50 @ 090
DIFFERENCE IS 1.50D
MINUS CYLINDER: -1.50 X 180
PLUS CYLINDER: +1.50 X 090

24
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MIRES

* APPEARANCE OF MIRES WHEN THEY ARE OUT
OF FOCUS

* APPEARANCE OF MIRES WHEN THEY ARE IN
FOCUS

* NOTE: THE RETICLE IS CENTERED IN THE =
BOTTOM RIGHT CIRCLE OR FOCUSING CIRCLE g ¢

25
ASTIGMATISM: HORIZONTAL MERIDIAN
* VERTICAL MISALIGNMENT OF PLUS SIGNS INDICATES =
ASTIGMATISM ,; 4
* CORRECT AXIS ALIGNMENT WHEN THE HORIZONTAL
LINES OF THE PLUS APPEAR CONTINUOUS
- o T
* MEASURING THE HORIZONTAL MERIDIAN:
* TURN THE HORIZONTAL MEASURING DRUM TO SUPERIMPOSE J
THE PLUS SIGNS -+ T
+ LEAVE THE HORIZONTAL MEASURING DRUM IN THIS t
POSITION
26

b
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ASTIGMATISM: VERTICAL MERIDIAN

* TURN THE RIGHT-HAND VERTICAL MEASURING _—
DRUM UNTIL THE MINUS SIGNS ARE + —+
SUPERIMPOSED =

COMMON ISSUES

IN TAKING KERATOMETER READINGS, THE MAJORITY OF ISSUES ARE RELATED TO:
* INADEQUATE INSTRUMENT CALIBRATION

* CORNEAL ABNORMALITIES
* IRREGULAR SHAPE OR CONTOUR OF CORNEA
* INADEQUATE OR EXCESSIVE TEAR FILM
* OINTMENT ON THE CORNEA
* EYELID INTERFERENCE

* INCORRECT EXAMINATION TECHNIQUE
* UNFOCUSSED EYEPIECE
* DISTORTED MIRES
* OFF-AXIS MEASUREMENTS

9/1/2022
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QUESTIONS?

KERATOMETRY

29

SLIT LAMP

-

30
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OVERVIEW

1. DESCRIBE THE FUNCTIONS OF THE SLIT LAMP
2. IDENTIFY THE VARIOUS COMPONENTS OF THE SYSTEM
3. DISCUSS THE VARIOUS PRINCIPLES OF OPTICS THAT ARE INVOLVED IN THE USE

OF THE SLIT LAMP
4. CORRECTLY POSITION SLIT LAMP FOR ILLUMINATIONS
5 DESCRIBE TYPICAL ABNORMALITIES DETECTABLE WITH THE SLIT LAMP
6. CONVERT THE INFORMATION GATHERED INTO USEFUL INFORMATION RELATING TO

CONTACT LENS FITTING AND PROBLEM SOLVING

31

INTRODUCTION TO SLIT LAMP

* The slit lamp is an instrument consisting of a high-intensity light source that can be focused to shine
a thin beam of light into the eye.

* |t is used in conjunction with a biomicroscope.
* The binocular slit-lamp provides a stereoscopic magnified view of the eye structures.

* The slit lamp facilitates examination of the eyelids, corneq, sclera, conjunctival, iris, crystalline lens,
optic nerve, fovea, macula and retina.

* A second, hand-held lens is used to examine the retina in detail.

32
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PARTS OF A SLIT LAMP BIOMICROSCOPE

EYEPIECES

REFLECTING MIRROR

CHIN-REST ADJUSTMENT KNOB

JOY STICK

SLIT WIDTH ADJUSTMENT KNOB
ADJUSTMENT KNOB FOR APERTURE HEIGHT AND SLIT TILT
ILLUMINATION SYSTEM ARM

ILLUMINATION SYSTEM LOCK KNOB TO OBS. ARM
9. OBSERVATION SYSTEM ARM

10. OBSERVATION SYSTEM LOCK KNOB TO BASE
11.  ILLUMINATION SYSTEM TILT ADJUSTER

12.  FILTER SELECTOR SWITCH

13. MAGNIFICATION SELECTOR

14. BINOCULARS, ADJUSTMENT FOR PD

15. BASE AXLE

16.  AXLE ROLLERS

17.  RAILS

18. ROLLING PAD/PLATE ATTACHED TO TABLE
19. FOREHEAD REST

20. LIGHT COMPARTMENT

21.  CHIN REST

22.  FIXATION LIGHT

23.  ADJUSTABLE TABLE

24.  PATIENT'S GRIP HANDLE

PNPEPL LD

ILLUMINATION SYSTEM CONTROLS

Height Width Intensity Angle Type

* Canbe *  Controlled with * Canbe ¢ Changed by ¢ Filter turret
changed using a the width knob controlled with turning the *  Red-free
knob placed placed below the help of the illumination desk ¢ Cobalt
above or rheostat and the Blue
adjacent to the attached to the projection ¢ Diffuse
filter turret voltage box module to match filter

with the angles ¢ Custom

17
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OPTICAL SYSTEM

P
E
O\c .
B— A
TELESCOPIC LENS ﬁ@A IDQ
THE KOHLER ILLUMINATION SYSTEM ADOPTED IN

SI.|T-LAMPS mmh mmmmmm

A= B= C= mirror of the
PROJECTION LENS HAS A MUCH SHORTER FOCAL xm-;‘; wﬁ:m;x:""’“wﬂ
LENGTH three optical systems lie in all positions

THE FILAMENT OF LIGHT SOURCE IS IMAGED BY THE
CONDENSER LENSES AT OR CLOSE TO THE
PROJECTION LENS WHICH IN TURN FORMS THE
IMAGE OF THE SLIT IN THE PATIENT’S EYE

The Interwoven beam path in Kohler illumination

) ) Lg
wt =1
S o =

ms F

A
IMAGE OF FILAMENT
WITHIN THE PROJECTION LENS

|
IMAGE OF SLIT

CROSS-SECTION MODERN SLIT-LAMP

ndensing
lens

 Cross-section of
observation system of
- modern slit-lamp

Siit image
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ILLUMINATION TECHNIQUES

* Direct lllumination

¢ The illumination beam and observation

focus are on the same target

¢ Direct Diffuse lllumination

* Direct Focal Broad Beam lllumination

* Parallelpiped
* Optic Section
¢ Conical Beam

Indirect lllumination

The illumination beam and observation
focus are not on the same target.

* Indirect Proximal lllumination
* Retro lllumination

* Specular Reflection

* Sclerotic Scatter

* Tangential lllumination

DIRECT DIFFUSE ILLUMINATION

GIVES A GOOD OVERALL PICTURE OF THE
EYE, BUT NO FINE DETAILS. IT IS USED
PRIMARILY FOR A GENERAL SURVEY OF THE
EYE.

THE LIGHT BEAM IS OPENED ALL THE WAY.

DIRECT THE LIGHT ONTO THE EYE AT A 30 -
45 DEGREE ANGLE.

THE MICROSCORPE IS DIRECTED STRAIGHT
AHEAD.

MAGNIFICATION 6X TO 10X

GENERAL GROSS VIEW OF EYELIDS,
EYELASHES, CARUNCLE, SCLERA, BLOOD
VESSELS, PUPIL, IRIS

9/1/2022
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FOCAL BROAD BEAM ILLUMINATION

The microscope is directed straight ahead
Slit width narrow to broad

lllumination angle is 45 to 60 degrees
Magnification 5x — 15x

Used to view details of the cornea, anterior chamber
and crystalline lens
Used to evaluate cell and flare in the anterior

. .

PARALLELPIPED

* BEAM OF LIGHT THAT HAS TWO PARALLEL SIDES
* SLIGHTLY WIDE BEAM (2-3MM) THAT REVEALS

“BLOCK” OF CORNEA

* PROVIDES 3 DIMENSIONAL LAYERED VIEW (WIDTH,

HEIGHT, DEPTH)

* MAGNIFICATION 5X — 45X
* ILLUMINATION ANGLE IS 45
* USED TO EVALUATE ABRASIONS, SCARRING,

EPITHELIUM, NEOVASCULARIZATION, FOREIGN BODY

* USED TO DETERMINE THE FIT OF A CONTACT LENS

AFTER FLUORESCEIN HAS BEEN INSTILLED IN THE EYE.

r

9/1/2022
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OPTIC SECTION

SLIT WIDTH IS 1TMM OR LESS

ILLUMINATION ANGILE IS 45 — 60
DEGREES OR MORE

HIGH ILLUMINATION AND
MAGNIFICATION

USED TO EVALUATE THE CORNEAL
DEPTH, LAYERS, SCARS, VESSELS

CONICAL BEAM

* SMALL CIRCULAR ILLUMINATION
0.3MM — 0.5MM

* USED TO ASSESS PARTICLES
FLOATING IN THE ANTERIOR
CHAMBER

* USED TO EVALUATE
INFLAMMATION CELLS,
PIGMENTED CELLS AND
METABOLIC WASTE

9/1/2022
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INDIRECT PROXIMAL ILLUMINATION

* THE BEAM IS FOCUSED IN AN AREA
ADJACENT TO THE OCULAR TISSUE
BEING OBSERVED

* DECENTERED BEAM
e SLIT WIDTH IS 2MM -4MM
* MAGNIFICATION IS LOW TO MEDIUM

* USED TO EVALUATE INFILTRATES,
CORNEAL SCARS, LENS DEPOSITS AND
CORNEAL DEFECTS

43

RETRO ILLUMINATION

* LIGHT BEAM IS REFLECTED ON IRIS OR FUNDUS
* MICROSCOPE IS FOCUSED ON THE CORNEA
* DIRECT AND INDIRECT

* USED TO ASSESS EPITHELIAL CYSTS, INFILTRATES,
VACUOLES, MICROCYSTS, SMALL BLOOD
VESSELS, SMALL SCARS

44
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IRIS TRANSILLUMINATION

INDIRECT LIGHT REFLECTED FROM THE
FUNDUS

MID-DILATED PUPIL (3SMM-4MM)

ILLUMINATION AND OBSERVATION AT u
COAXIAL POSITION @

USED TO VISUALIZE DEFECTS IN THE
PIGMENT LAYER OF THE IRIS

INDIRECT RETRO ILLUMINATION

OBSERVER TO THE RIGHT
ANGLE OF THE OBSERVED
STRUCTURES

PATHOLOGY ON THE
CORNEA IS VIEWED
AGAINST A DARK
BACKGROUND

MEDIUM SLIT WIDTH OF
2MM TO 4MM

23
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SPECULAR REFLECTION

ANGLE OF INCIDENCE = ANGLE OF
REFLECTION

OBSERVATION AND ILLUMINATION HAVE THE
SAME ANGLE WITH PERPENDICULAR AXIS
TO EACH OTHER

SLIT WIDTH < 4MM
MAGNIFICATION 25MM — 40MM

THE LIGHT REFLECTED FROM THE ANTERIOR
OR POSTERIOR CORNEAL SURFACE

USED TO ASSESS CORNEAL LAYERS, TEAR
FILM AND CONTACT LENS SURFACE

SCLEROTIC SCATTER

LIGHT IS FOCUSED ON THE LIMBUS

SLIT WIDTH IS 2MM — 4MM

ANGLE IS 45 DEGREES TO 60 DEGREES

MICROSCOPE IS FOCUSED CENTRALLY

TOTAL INTERNAL REFLECTION OF THE CORNEAL LAYERS

USED TO ASSESS SCARS, CORNEAL DEFECTS, EDEMA AND CORNEAL
IRREGULARITIES

9/1/2022
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TANGENTIAL ILLUMINATION

NARROW LIGHT BEAM IS PROJECTED
ALMOST PARALLEL ALONG THE
STRUCTURE BEING OBSERVED

ELEVATED STRUCTURES ARE VISIBLE BY
SHADOWING

ILLUMINATION ANGLE 90 DEGREES
MAGNIFICATION 10X — 25X

USED TO ASSESS ELEVATED
ABNORMALITIES OR CHANGES IN THE
IRIS

* CYSTS, TUMORS

OSCILLATION

A BACK AND FORTH SWEEP BETWEEN DIRECT

AND INDIRECT ILLUMINATIONS

HELPS TO REVEAL FINE CORNEAL SCARS,

OPACITIES OR LESIONS
MODERATE SLIT BEAM IS USED

MAGNIFICATION IS 10X

9/1/2022
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MAGNIFICATION

Slit light with room lights off

TYPICAL ABNORMALITIES

IN CONTACT LENS FITTING

9/1/2022
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CONTACT LENS DEPOSITS

53

HYPERSENSITIVITY TO CONTACT LENS
SOLUTION

54
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QUESTIONS?

SLIT LAMP
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