STRABISMUS EXAMINATION

Properly performed strabismus examination and diagnosis are crucial as only early diagnosis and immediate treatment may lead to the complete recovery. There are several techniques of eye examination. They may be divided into the examination of ocular motor and ocular sensory functions.

There are several techniques of  examinations in the strabismus. In this chapter, only the most important and widely acknowledged techniques will be discussed. Each eye examination should be methodical and accurate. The goals of strabismus examination are to:

· Establishing a cause for strabismus.

· Diagnosing ambylopia.

· Measuring the deviation.

· Assessing binocular sensory status.

The examination is started with anamnesis and inspection.

                                                History
Therefore, the following questions should be asked:

( Since when the child squints?

(  What was the onset of  strabismus: sudden or gradual?

( Is the strabismus constant or intermittent?

( Does the child complaint for any problem?

( Was the child full-term baby and what was the course of delivery?

( What ophthalmologic and general diseases had the child?

( Are some ophthalmologic problems in the family?

( Was the child examined and treated ophthalmologically?

                                            Inspection

Physical examination begins with the moment of child entering the room. Inspection may reveal direction of the squint eye deviation and approximate squint angle. The emphasis should be on the size of both eyeballs and their position in the orbits. Width of lid slits, lids motility and presence of the pathological synkineses are also looked for. Initially, ocular movements and presence or absence of nystagmus are assessed. Head posture, facial torsion, and chin position are also inspected:

( horizontal strabismus is compensated by the sinistro- or dextrotorsion in relation to the vertical axis.

( vertical strabismus is compensated by the chin lowering or elevation in relation to the horizontal axis.

( Oblique strabismus is compensated by head tilt to the right or left shoulder in relation to the sagittal axis.

The ocular torticollis, which does not lead to the facial asymmetry, should be differentiated with the myogenic torticollis resulting from the sternocleidomastoid muscle fibrosis and causing asymmetry of the face, reduction of head movements, and palpable induration of the muscle. Ocular torticollis is seen in the inferior oblique muscle overaction, in A or V syndromes (to achieve uniform visual field of the binocular vision), in nystagmus (compensative head posture with silence zone). Change of the head posture with the cover of one eye is the test confirming ocular torticollis.

                                           Visual acuity

Visual acuity is evaluated for each eye separately and together, for both distant and near visions, and with and without glasses.

Visual acuity can be measured in the youngest children. In this case special measurement techniques are required such as:

( Observation.

( Optokinetic nystagmus.
( Visual evoked potentials.

( Forced choice preferential looking.

( Graded optotypes of special construction.

( Monocular fixation.

Observational techniques

Age-dependent various visual reactions are observed. Child in the first month of life reacts to the faces being near and his pupillary light reactions are normal. By 6 to 8 weeks, an infant comes into the visional contact with his mother for the first time. It is difficult to evaluate visual acuity, basing on these reaction. It is known, however, that the vision develops normally. At 2 to 5 months of life blink response to the visual threat and fixation are well developed already. If the visual acuity of one eye is poorer than that of other eye, child will not allow to cover better-sighted eye. Normal visual development in children in the first year of life is presented.in Table 2.

Table 2. Normal visual development
	Age
	Visual  development

	30 weeks gestation
	Present pupillary light reaction 

	1 to 3 months


	  Stabilized ocular alignment            

 Well developed saccases 

	2 to 4 months


	Well developed fixation 

Blink response to visual threat

OKN-temporal to nasal monocular response                           

	3 to 7 months


	OKN-nasal to temporal monocular response

Accommodation appropriate to target 

Completed foveal maturation
Well developed stereopsis 

	6 to 8 months
	 Well developed smooth pursuit

	7 months to 2 years


	 Well developed contrast sensitivity

 Completed optic nerve myelination
                                        


Optokinetic nystagmus
This examination is performed in non-speaking children. This test comprises showing the child white-and-black strips moved on the special cylinder.( Fig 13). The higher density of strips is producing nystagmus in the child, the better visual acuity of the examined eye. Studying binocular vision, it was found that immediately after the birth visual acuity is poor and is about 6/120. It improves very rapidly, achieving 6/6 by about 24 to 30 months.
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Fig 13.Optokinetic Nystagmus examination of 3 months child.

Visual evoked potentials

It is electrophysiological examination, which involves measurable EEG pattern from the electrodes localized on the scalp overlying occipital cortex and including use of the bright-flash stimuli, square-wave gratings, and phase-alternating checkboard. Several authors estimate that the visual acuity in newborns is 6/60, reaching 6/6 by 6 to 12 months of life. Visual evoked potentials testing are difficult due to the expensive and fragile equipment, and the lack of test standards.

Forced choice preferential looking

This technique is based on the child’s eye reaction. If the child prefers to look to the pattern stimulus rather than homogenous field, it means that he(she) sees. Using calibrated square-wave gratings for the test, visual acuity may be assessed. Visual acuity in the newborns is 6/120, reaching 6/6 by the 18 to 24 months.(seeFig14)
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 Fig.14. Test setup for prefential looking using Teller acuity cards.

The diagram 1 presents visual acuity from the birth to 2,5 years of age, evaluated with the three above listed techniques.

Diagram  I.     Visual acuity  estimates by  test  method  of  infant eyes 
[image: image3]
Graded optotypes

Visual acuity in older children is evaluated with the aid of standard Snellen acuity chart, picture chart (see Fig.15)and single picture cards, Lea symbols (see Fig. 16).Tumbling E test (see Fig. 17), Snellen test (see Fig.18 )
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Fig.15.The picture chart.
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Fig.16.Lea test.
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Fig.17 Tumbling E-test.
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Fig.18 Snellen test.

Monocular fixation 

Fixation of each eye separately is evaluated with visuscope in every child. Star of the device is clearly seen in the eye fundus by both the physician and examined child. (see Fig .19). The child is asked to look straight  into the star. Young children react spontaneously, fixing fovea on the mid-star, if they have central fixation. Visual acuity is good in such a case. If the patient does not fix with fovea, it indicates decreased visual acuity. Grading of fixation is given in the chapter “Pathophysiology of binocular vision”.
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Fig.19 .Examination of fixation with use the visuscope.

                                          Refraction
Grade of vision abnormality is determined in each child with the aid of automatic keratorefractometer. In newborns and young children hand-held autokeratorefractometer  (Retinomax) is used (see Fig. 20). The test is always performed following accommodation paralysis with 0.25%- 1% atropine administered twice a day for 3 days. [image: image9.jpg]



Fig.20.Hand-held autokeratorefraktometer being used in preverbal child.

                            Ocular-motor-examination

Ocular motor function and the angle of eyes deviation, i.e. direction and value of the strabismus angle,  are determined during the first visit.

Ocular movements examination
The range of eye movements is examined to find out, whether concomitant squint or paralytic squint is present in the patient. Examination is performed in nine cardinal gaze positions (see Fig.21)
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Fig 21. Nine cardinal position of gaze.

Abnormal versions can be scored on the scale from +4 through 0 to –4, where 0 score indicates normal, +4 indicates maximum overaction, and –4  indicates severe underaction.  To determine the oblique extraocular muscles action, the examined eye is being covered for a short time, enabling fixation of the normal eye. When the eye is uncovered, overaction of the muscle is clearly seen or is absent. Convergence should also be tested. Objective method is used in the young children, in case of deep amblyopia and lack of binocular vision. It is based on the measurement the distance between the point at which the eyes stop to converge. Measurements are made in the primary position and upright, and downright positions.

Subjective method is used exclusively in the patients with binocular vision, involving the determination of the convergence near point with the aid of diplopia.

Angle of convergence may be calculated with the formula:

            Half of interpupillary distance (DP/2)

           Distance of convergence( in meters) 

Wilczek, basing on the above formula, made curves of the half convergence angle, enabling to find so-called convergence standard for various distances of pupils and various distances of convergence.

To evaluate precisely paralytic squint, testing of the forced duction test, diplopia examination, Hess screen, Maddox rod test, oculomyodynamometry, and electromyography are used. However, paralytic squint is not a subject of this chapter.

                                Ocular deviation measurements

Hirschberg method

Enables preliminary evaluation of the angle of strabismus. Reflection of the light projected straight ahead and near (0.5 m) on the both corneas is observed. (see Fig. 22). This test is performed mainly in newborns and young children, enabling rapid diagnosis of the type and range of the angle of strabismus. 
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Fig.22.Hirschberg test.

Hirschberg method is relying on pupil size of 4 mm and assuming light displacement by 1 mm across the cornea, being equivalent to 8º of decentration. Kappa angle should always be taken into consideration. This angle may be assessed by projecting light source on the cornea of only one eye, covering fellow eye. The term angle kappa is related to the eye position in monocular vision and is associated with central fixation by the displaced fovea. The most frequently, this is caused by temporally displacement of the fovea in patient with retinopathy of prematurity. Displacement of the light reflex temporally to the papillary margin is an esotropia of 15 degrees, to the mid-iris indicates a deviation of 28 degrees, and at the  limbus a deviation of 45 degrees.

Krimsky test

It is modified Hirschberg method with the use of prisms. Angle of strabismus is evaluated, when the light is projected straight ahead, and subsequent prisms (prism bar) are placed before the fixing eye until symmetrical light reflexes are seen on the cornea of both eyes.(Fig23).
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Fig.23 Krimsky test.

The prism base is oriented appropriately to neutralize the deviation:

( Esotropia: prism base- out.

( Exotropia: prism base- in.

( Hypertropia: prism base- down.

-Hypotropia: prism base-up

_The results are expressed in prism diopter (PD). It is very convenient test for quick evaluation of the angle of strabismus, especially in the abnormal fixation of the squint eye and ambylopia.

Cover tests

Cover-uncover or alternate cover tests serve to evaluate the type of strabismus.

 Cover-uncover test

Relies on the covering one eye and observation of the fellow eye. After uncovering the eye examiner observes whether fixation movement is present, indicating that this eye is the fixing one. Then, fellow eye is covered and its movements after uncover are observed. Ocular shift towards the temple indicates esotropia; the shift towards the nose ( exotropia; ocular shift upward indicates hypotropia, while downward ( hypertropia. The lack of fixation movements of the said eye despite the presence of strabismus suggests severe ambylopia or eccentric fixation.  In such as case heterotrophy of one is diagnosed.(see  Fig.24)
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Fig24.Cover-uncover test

Alternate cover test

Covering alternately one and then the other eye, fusion is broken. If the alternate cover test is positive and cover-uncover test negative, heterophoria is present. If, however, both these tests are positive, heterotropia is present. If the movement of  uncovered eye  is greater in the alternate cover test than in cover-uncover test, anomalous retinal correspondence (ARC) is present. 

Prism -alternate cover test

This test is performed, when central fixation in both eyes is present. Objective angle of strabismus is evaluated. Fig 25).
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Fig.25.Prism alternate cover test.

 To measure the angle of strabismus, eyes are covered alternatively and the prism bar is moved before one eye, watching fixation movement of the naked eye, until this movement has stopped. Strength of the prism at which fixation movement stops is the value of the angle of strabismus. Prism base is always directed opposite the eye deviation. The test is performed during distant vision of 6 m and near vision of 30 cm. If eccentric fixation is present in one eye, the value of angle of strabismus is assessed with Krimsky test or examining eye fundus through the prism. The patient views distant point with normal eye, and stronger prisms are placed before the deviating eye,  examining eye fundus with the visuscope straight ahead (Baranowska-George).The prism corresponding with the angle of strabismus is the one through which the examiner sees fovea in line with the visuscope star (see Fig. 26).  
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Fig.26The test evaluated angle of strabismus by examining fundus fixation.

Synoptophore
It is an instrument serving to the examination and training of binocular vision. Objective and subjective angles of strabismus are measured with the aid of pictures for simultaneous perception (see Fig. 27).
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Fig.27 Synoptophore

Objective angle of strabismus is measured by the disappearance of fixation movements of eyes fixing two supplementing pictures. The name of these  pictures are the simultaneous perception pictures (e.g. lion in the cage). Subjective angle is the angle when the child places the lion into the cage. If both angles are identical, correspondence of both retinas is normal. If the value of the objective angle differs from that of subjective angle, anomalous retinal correspondence is present.  The difference between subjective and objective angle of strabismus is called the angle of anomaly.

Red filter test

This test is suitable in case of the small angle of strabismus. If the simultaneous perception of the light source and normal retinal correspondence are found, the angle of strabismus may be measured with subjective technique. Dark red filter is placed over straight eye and the patient sees red light on the Maddox scale. With deviating eye the patient sees white light. So  he sees two lights at the same time. Normal patient with straight eyes sees one pink light. The patient with esotropia sees double not crossed lights whereas the patients with exotropia sees two crossed lights.(see Fig.28). 
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 Fig.28 Retinal correspondence –red filter test. A-Patient with straight eyes and normal retinal correspondence. B-Patient with esotropia and  normal retinal correspondence. C-Patient with exotropia and normal retinal correspondence.

Consecutive prisms placed before the eye decreases the distance of the double images on the Maddox scale. Prism strength at which two images are fused into one is the value of the objective angle of strabismus, after considering the test distance .
Maddox rod test    

Heterophoria may be detected with the aid of the test in which dark red rod is placed before one eye and the test is performed 5 m before Maddox cross. Fellow eye fixes the white light on the scale. Patient with ortophoria sees the red line running through the light point. If the red line is on another side of the light (crossed position), there is exophoria. If the red line is on the same side (uncrossed position), esophoria is present.  The red line may rotate downward (hyperphoria), upward (hypophoria), outside (incyclophoria) , inside (excyclophoria). Deviation of the eye is read on the Maddox scale in prism diopters(see.Fig.28).
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Fig 28. Red  Maddox  rod .test .Using in the special frame to evaluate ocular torsion.

Forced duction test 

A topical anesthetic eyedrops are given to the conjunctival sac of the patient’s eye. Then, the conjunctiva in the limbus is grasped with forceps and an attempt to abduct the eyeball toward weakened muscle. Limitation or block of eyeball rotation means the mechanical restriction of movement 

Hess screening

The most convenient is a gray screen covered with the net of tangent lines (see Fig. 29). In the semi dark room the patient wearing red-green spectacles projects green vertical light streak with special Foster torch at 50 cm distance, covering it with red points lit on the screen by the examiner. The result is marked on the appropriate schemes (see Fig. 30).  Maximum deviation from the primary position to the direction of particular muscles overaction and underaction is evaluated.
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Fig.29.Hess screen. 
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Fig.30 The result of  Hess screen examination in patient with left superior oblique underaction.

                                  Sensory examination
Normal binocular vision comprises of simultaneous perception, normal fusion amplitude, and stereoscopy. In the strabismus particular mechanisms are disturbed, changing retinal correspondence and frequently producing suppression of various degree.

Synoptophore  examination

Synoptophor consists of two tubes, which may be moved, in special holder. Examination of the simultaneous perception  means the determination of the angle of strabismus and retinal correspondence assessment. It was described in the chapter “Examination of the angle of strabismus”.

Fusion amplitude is evaluated with the use of nearly the same pictures, differing in only small details. Moving the arms of synoptophore until all details are seen clearly, fusion amplitude directed to the convergence and divergence is being determined. Normal values are given in the chapter “Binocular Vision”.

Stereoscopy is examined with the use of slightly decentred special pictures. They are, therefore, projected on the dispart retinal point, but within Panum’s area, giving the impression of depth and stereoscopy. 

Anomalous retinal correspondence examination with prism

The test is performed with the use of Maddox scale at the distance of 5 m, and the near of 30 cm.. The examined patient fixes the normal eye on the middle of the cross with the light, and vertical prism 10  to 20 PD and red filter are  placed before the fellow eye. Objective angle is determined with prism cover test. In the strabismus with normal retinal correspondence subjective angle is equal to the objective angle. Red point is seen under the number corresponding to the objective angle. In the anomalous harmonious correspondence it is seen under the light in the middle of scale (subjective angle is 0º ). In the anomalous unharmonious correspondence  the red point indicates subjective angle lower than the objective angle. In case of suppression the red point is invisible (see Fig. 31).
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Fig.31. The examination of the retinal correspondence with prism and red filter. Objective angle is 10 degree. A-NRC, B- harmonious ARC , C-nonharmonious ARC, D-supression.

Possible Worth four-dot test

This test is strongly dissociating the vision.  Red-green glasses are worn which permeable for only colors adequate for each eye and enables to see red-green lights arranged into the cross (see Fig. 32).
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Fig.32.Worth four-dot lamp. 

 Interpretation is dependent on the seen image:

( Visible four lights: normal binocular vision or microstrabismus of anomalous retinal correspondence.

( Visible only two red or green lights: suppression of one eye.

( Visible 5 lights: manifest squint  with normal retinal correspondence or anomalous unharmonious correspondence (.See Fig.33)
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Fig.33 Possible Worth four-dot test. A-normal binocular vision, B-esotropia with uncross images C-exotropia with cross images, D-supression one eye.
Bagolini lenses

It is slightly dissociating test.  This test is performed with the use of test striated glasses through which the patient sees light streak by each eye, viewing the light on the Maddox cross. Light streak is in the 45-degree meridian and another in the 135-degree meridian (see Fig. 34). 
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Fig 34.Bagolini lenses.
 Images of the light streaks images are interpreted as follows:

( Two streaks crossing at the center of the light: normal retinal correspondence without strabismus or microstrabismus  with the anomalous harmonious retinal correspondence.

( Two streaks  are crossed but one is broken in the center: scotoma of the fixation point.

( Two streaks: one running centrally, and another shifted: squint with either normal or anomalous unharmonious retinal correspondence.

( One streak is visible: suppression of the deviating eye.

Stereopsis tests

Stereoscopic vision may be tested with various techniques. One of the oldest devices used for this purpose is  Helmholtz apparatus with three needles or Howard-Dohlmann apparatus used for testing the pilots. Nowadays, stereoscopy is tested with the aid of stereotests. Two images of the same object are reproduced on the charts , which are polarized vertically. The patient, viewing through polarized glasses receives an impression of 3D image. The Titmus  (fly test) stereotest is providing disparity between 3000 sec of arc and 40 sec of arc. at the 40 cm testing distance (see Fig. 35).
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6
Fig.35. Fly stereotest with Polaroid glasses.

 More precise is TNO stereotest (see Fig. 36), which uses random-dot stereograms viewed through the anaglyph red-green glasses and provides disparities between 480 and 15 sec of arc.
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Fig 36 TNO test with Polaroid glasses.
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