
Index

Note: Page numbers followed by f refer to illustrations; page numbers followed by t refer to tables;
and page numbers followed by b refer to boxed material.

A and V patterns, 396–411
clinical findings in, 404–406, 405f, 406f
diagnosis of, 404–406, 405f, 406f
esotropic, 396, 397f, 404t, 409f, 410–411
etiology of, 398–404

craniofacial anomalies in, 399–400, 402
cyclotorsion in, 401–402, 403f
heterotopia of muscle pulleys in, 400–401, 401f
horizontal rectus school of, 398–399
muscle insertion anomalies in, 401–402, 403f
oblique school of, 399
orbital factors in, 399–402, 401f, 403f
vertical rectus school of, 399

exotropic, 396, 397f, 398f, 404t, 409f, 410–411
history in, 396
measurement of deviation in, 404–406, 405f, 406f
prevalence of, 404, 404t
surgical treatment of, 406–411, 409f

indications for, 406–407
methods and approaches in, 407–411, 409f

A esotropia, 396, 397f, 398f, 404t, 409f, 410
A exotropia, 396, 404t, 409f, 411
Abducens nerve (N VI), 49, 49f

paralysis of, 439–442
causes of, 429, 429t
childhood benign and recurrent, 439–440
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suppression response to, 19–20, 211–212, 215–216
test(s) for, 187–190, 188f–191f

field mapping in, 189–190, 190f
Maddox cross, 188–190, 189f
Maddox rod, 190, 191f
red glass, 187–188, 188f, 190

uncrossed (homonymous), 18, 19f, 187, 214, 236f, 237f
vertical, 189–190, 190f

Diplopiaphobia, strabismus associated with, 136–137
Direction, visual, 7–10, 8f, 9f

angles related to, 170f–172f, 171–172, 173t
localization role of, 265–266, 266f

Dissociating effect, 232–233, 233f
Distortion (spatial), amblyopia and, 274–275
Divergence, active vs. passive nature of, 75, 500–502, 501f

amplitude values for, 203–206, 204t
anomalies and, 500–501, 505–506

insufficiency, 132, 505
paralysis, 505–506

artificial (surgical), 526–529
definition of, 85
examination of, 202–207, 203f, 204t, 205f, 207f
exodeviation role of, 132, 356–358, 361–362, 362f
near vs. distance, 202–203, 204t

Doll’s head phenomenon, oculocephalic reflex in, 70, 71f
oculovestibular reflex in, 70, 71f

Dominance phenomena, 32, 32f, 33f
amblyopia role of, 279
cerebral cortex and, 282–283, 283f–285f

Donders’ law, 59–60
Double vision. See Diplopia.
Down syndrome, facies, 399–400

strabismus associated with, 143–144
visual pathways affected in, 143–144

Dressings, 624
postoperative, 624

Drugs, 541–543. See also Botulinum toxin; specific
individual drugs.

accommodation affected by, 86, 96b, 96–97, 97f, 542

Drugs (Continued)
amblyopia affected by, 256–257, 542, 552
anticholinesterase, 542–543
in nystagmus therapy, 521
miotic, 541–543
postoperative, 624

Duane (retraction) syndrome, 458–466
acquired, 460, 461
bilateral, 460, 463f, 463–464, 464f
classification of, 461–463, 462f–464f
clinical findings in diagnosis of, 461–465, 462f–464f
etiology of, 459–461

embryopathy in, 461, 461f
heredity in, 460
paradoxical innervation in, 459–460, 460f
structural anomalies in, 459

laterality and sex distribution of, 458t, 458–459
treatment of, 465–466

Duction, 52–53, 53f, 54f, 68, 69t, 71f, 200f
abduction as, 53f, 53–56, 55t, 71f, 80t, 200f
adduction as, 53f, 53–56, 55t, 71f, 80t, 200f
axes of rotation and, 52–53, 53f
cycloduction as, 53–56, 55t
definition, 53, 68
examination in, 199–201, 200f, 201f
excycloduction as, 53, 55t, 56, 68f
incycloduction as, 53–56, 55t, 68f
monocular nature of, 52–53, 53f, 54f, 68, 69t
visual field limits for, 80t

Dysostoses, 133, 145. See also Craniofacial anomalies.

Eccentric fixation. See Fixation, eccentric.
Echothiophate iodide, 542–543
Edrophonium, 488–489
Elastic tissue, 102
Electroencephalography (EEG), 280–282
Electromyography, divergence mechanism in, 500–502, 501f

extraocular muscle properties in, 102, 109–111, 110f, 111f
ocular myasthenia gravis in, 489, 489f
paradoxical innervation in, 459–460, 460f
retraction syndrome in, 459–460, 460f

Electronystagmogram, 509–510, 516–518
infantile esotropia in, 327f
latent/manifest-latent nystagmus in, 516–518, 518f
manifest nystagmus in, 509–510, 510f, 511f, 513f–517f

postoperative, 527b, 528f
Electro-oculography, 280

paralytic strabismus in, 426–427, 427f
prism base-out eye movements in, 66, 67f

Electrophysiologic study(ies), amblyopia in, 279–282
central cerebral response in, 280–282
electro-oculography as, 66, 67f, 280
electroretinography as, 280

Elevation, 53f, 53–56, 54f, 71f. See also A and V patterns.
examination of, 200–201
in abduction, 382, 382f
in adduction, 382f, 385–387, 386f

A and V patterns with, 397f, 410–411
clinical characteristics of, 385–386, 386f, 388f
Duane (retraction) syndrome with, 462f–464f, 463–464
etiology of, 386f, 386–387
muscle overaction and, 386f, 386–387, 388f
surgical procedure choices for, 410–411

orbital fracture affecting, 483, 484f
visual field limits for, 80t

Embryo, cigarette smoking effect on, 145
Duane (retraction) syndrome etiology in, 461, 461f
teratogen effects on, 145, 461



Index 639

Endocrine disorder(s), botulinum toxin therapy and, 563
Graves’ ophthalmopathy as, 476–480, 477f

Enophthalmos, orbital fracture with, 483
Epicanthus examination, 168–169, 169f
Episcleral space, 44, 45f
Equatorial plane, 52–53, 53f
Esodeviation(s), 130f, 311–349. See also Esophoria;

Esotropia.
abbreviations for, 131t
accommodative esotropia as, 314–320

hypoaccommodation in, 319
nonrefractive, 318–319
partial accommodation in, 319–320
refractive, 314–317

classification of, 311, 312t
comitant esotropia as, 312t, 338–340

convergence excess type of, 132, 141–142, 336–337
divergence excess type of, 132, 141–142

consecutive esotropia as, 347–348, 371b–372b, 371–372
dissociated, 381f, 385
esophoria plus intermittent esotropia as, 311–314
incomitant esotropia as, 312t
intermittent esotropia as, 131t, 131–132, 311–314, 313b
microtropia as, 340–345

case history of, 343b–344b
with identity, 341, 344f

nonaccommodative esotropia, 320–340
acute acquired, 338–340
convergence excess form of, 132, 141–142, 336–337
essential infantile esotropia as, 134–136, 320–336
myopia with, 338

recurrent esotropia as, 345
secondary esotropia as, 345–347, 371b–372b, 371–372
sensory esotropia as, 345–347, 346f, 562
surgical overcorrection of, 347–348, 372
treatment of. See under Esophoria; Esotropia.

Esophoria, 311–314. See also Esodeviation(s); Heterophoria.
case history of, 313b
cover-uncover test for, 174–176, 175f–177f
definition of, 129
diagnosis of, 174–176, 312–313, 315f
intermittent esotropia with, 311–314, 313b
Maddox rod test for, 190, 191f
signs and symptoms of, 311–312
treatment of, 313–314

Esotropia, 311–349. See also Esodeviation(s); Heterotropia.
A and V patterns of, 396, 397f, 401f, 409f, 410–411
AC/A ratio in, 314–315, 315b–316b, 315f, 318, 336
accommodative, 314–320

case histories of, 315b–316b, 317b
clinical characteristics of, 316–317, 318
etiology of, 314–315, 315b–316b
nonaccommodative vs., 132
nonrefractive, 318–319
partially, 319–320
refractive, 314–317
treatment of, 316, 318–319

acquired, 336–337, 337b, 338–339
acute, 338–340
basic, 336–337, 337b
case histories of, 337b, 338b–339b
comitant, 338b–339b, 338–340
early (after 6 months), 321
fusion disruption causing, 128, 128f, 338b–339b, 338–

339
infantile (before 6 months). See Infantile esotropia.
treatment of, 337

amblyopia with, 254f, 254–255, 255f, 324
anomalous retinal correspondence in, 235–238, 235f–238f
Burian-Franceschetti type, 339

Esotropia (Continued)
classification of, 311, 312t
comitant, 312t, 338b–339b, 338–340
consecutive, 347–348, 371b–372b, 371–372
convergence excess form of, 132, 141–142, 336–337
corneal reflection test for, 185f, 185–186
cover and prism test in, 177–183, 178f, 179f
cover test for, 174f, 174–176
crossed fixation in, 200–201, 201f
definition of, 129, 130f
divergence excess form of, 132, 141–142
etiologic factors in, 134–149, 311–349
false, 168–169, 169f
fusion disruption causing, 128, 128f, 338–339

case history, 338b–339b
hypoaccommodative, 319
incomitant, 312t
infantile. See Infantile esotropia.
intermittent, 131t, 311–314

case history of, 313b
clinical signs of, 311
diagnosis of, 312–313
esophoria and, 311–314
sensorial adaptation in, 312
symptoms of, 312
treatment of, 313–314

microtropia, 340–345
case history of, 343b–344b
clinical significance of, 342–343
current concepts in, 342–343
diagnosis of, 343, 343b–344b, 344f
historical review of, 340–342
primary, 343, 343b–344b
scotoma in, 343, 344f
treatment of, 344–345
with identity, 341, 344f

myopia with, 338
neurologic, 339–340
nonaccommodative, 320–340

accommodative vs., 132
convergence excess form of, 336, 336b
myopia with, 338

nonrefractive, 318–319
partially accommodative, 319–320
periodic alternating, 482
recurrent, 345
refractive, 314–317, 315b–316b, 315f
secondary, 345–347
sensorial adaptation in, 312
sensory deviation causing, 345–347, 346f
surgical overcorrection causing, 347–348, 371b–372b, 371–

372
treatment of, 329–345, 561–562

Essential infantile esotropia. See Infantile esotropia.
Ether anesthesia discovery, 567
Examination, 158–241

amblyopia, 254–282. See also Amblyopia.
axis and angle kappa in, 169–173, 170f–172f, 173t
confusion and diplopia, 211–215
depth perception, 298–307
deviation(s) in, 174–199

cyclodeviation as, 194–198, 195f–197f
measurement methods for, 176–199
presence vs. absence of, 174f–177f, 174–176

duction in, 199–201, 200f, 201f
eyelid, 168–170, 170f
globe position in, 169–183, 170f–172f, 173t
head position in, 173–174
history in, 158–159
motor cooperation in, 199–207
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Examination (Continued)
pediatric, 158–165

history in, 158–159
nystagmus elicitation in, 160, 162t
preferential looking technique in, 160f, 160–162, 161f,

162t
preschool, 162f, 162–163
refraction performed in, 163–165, 165f
visual acuity assessment in, 159–163, 160f, 161f, 162t,

163f
visually evoked responses in, 162t, 162–163, 163f

stereopsis, 298–307
subjective aspects of, 187–194
vergence in, 202–207, 203f, 204t, 205f, 207f
version in, 199–201, 200f, 201f

Excyclodeviation, 389–392
measurement of, 194–198, 195f–197f

Excycloduction, 53–56, 55t, 68f
surgically induced, 525b, 525f, 526f, 612, 612f
vertical deviation with, 378, 379

Excyclotropia, definition of, 130
fovea and fundus in, 196–197, 197f, 388f
measurement of, 194–198, 195f–197f
sensorial adaptation to, 390, 390f
superior oblique paresis with, 438
treatment of, 391–392

Exodeviation(s), 130f, 132, 356–372. See also Exophoria;
Exotropia.

abbreviations for, 131t
age at onset of, 346f, 359
angle of deviation measurement in, 363–364
basic, 357, 369
classification of, 356–358
clinical characteristics of, 358–361, 360b–361b
convergence excess type, 132
convergence insufficiency type, 132, 356–358, 369
dissociated, 381f, 385
divergence excess type, 132, 356–358, 369

simulated, 357, 361, 362f
divergence insufficiency type, 132
etiology of, 356–358
examination and testing in, 361–364, 362f

occlusion, 361–362, 362f
patch test in, 361–362, 362f
+3.00 spherical lens in, 362–363
Scobee-Burian, 361

micropsia with, 360b–361b, 360–361
natural history of, 359
panoramic vision due to, 364b–365b, 364–365
photophobia with, 360
prevalence of, 358–359
refractive errors with, 360, 366
scotoma with, 365, 365f
sensorial adaptation to, 364b–365b, 364–365, 365f
sex distribution of, 360
signs and symptoms of, 360b–361b, 360–361
treatment in, 365–372

botulinum toxin in, 369–370, 562
nonsurgical, 365–367, 367b, 369–370, 562
orthoptic, 366–367, 367b
prismatic, 366
results with, 366, 370t, 370–372
surgical, 367–372, 370t

Exophoria, 358. See also Exodeviation(s).
cover-uncover test for, 174–176, 175f–177f
Maddox rod test for, 190, 191f

Exophthalmos, in Graves’ disease, 476–480, 477f
Exotropia, 129, 130f, 356–372. See also Exodeviation(s).

A and V patterns of, 396, 397f, 398f, 409f, 410–411
age at onset of, 346f, 359

Exotropia (Continued)
basic, 357, 369
case histories of, 360b–361b, 364b–365b, 367b
clinical characteristics of, 358–361, 360b–361b
consecutive, 347–348, 372
cover test for, 174f, 174–176, 362f
definition of, 129, 356–358
etiologic factors in, 134–149, 356–358
examination and testing in, 361–364, 362f
heterophoria in, 131t, 311–314
intermittent, 367b, 367–368, 369
large angle, 369
manifest, 367
scotoma in, 365, 365f
sensory, 372, 382, 562
surgical overcorrection causing, 333f, 347–348, 372
treatment of, 365–372, 562

Extorsion, 381
Eye. See also Retina; Vision.

axes of rotation of, 52–54, 54f, 55f
maximal rotation values and, 56, 56t
misalignment of, 127–149

cyclopean, 9f, 10
distance from other, 87f, 88, 169, 169f
dominance phenomena of, 32, 32f, 33f

amblyopia role of, 279
cerebral cortex affected by, 282–283, 283f–285f

examination of. See Examination.
false torsion of, 60
Graves’ disease effect on, 476–480, 477f
heavy eye syndrome of, 474, 474f
lid of. See Eyelid.
loss of one, 27–28. See also Eye, patch worn on.
movements. See Eye movements.
muscle control of, 52–59. See also Muscle(s); Paralytic

strabismus, muscle(s) in.
myopia elongation of, 473f, 473–474, 474f
patch worn on, 135b–136b, 135–136

amblyopia treated with, 546f, 546–550
changes due to, 135b–136b, 135–136

position of. See also Gaze, positions of.
aligned, 129
angle kappa associated with, 169–173, 170f–172f, 173t
fixation-free, 129
fusion-free, 129
misaligned, 127–149. See also Deviations; Strabismus.
needle-coincidence test related to, 61, 61f
primary, 53, 60–61, 61f
rest of, 89, 128–129

absolute vs. relative, 89, 128–129
death and, 89, 128
sleep and, 110

secondary, 53, 53f
tertiary, 53, 54f

retraction of. See Duane’s (retraction) syndrome.
Tenon’s capsule suspension of, 44–45, 45f, 46f
‘‘third,’’ 9f, 10
‘‘wiggling,’’ 512b–513b

Eye movements, 52–81
amblyopia and, 279
axes of rotation for, 52–54, 54f, 55f
basic control mechanisms of, 3–6, 52–81
cardinal, 53, 53f, 54f
classification and terminology for, 67–72, 69t, 71f, 72f
cybernetic aspects of, 4–5
deviational, 127–133. See also Deviations; Strabismus.
fixation field relation to, 73–76, 79–81, 80f, 80t
form(s) of, 67–72, 75–78

cycloduction as, 53, 55t
cyclofusion as, 74–76
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Eye movements (Continued)
cycloversion as, 70–71, 71f
depression as, 53f, 53–56, 54f, 71f, 80f
duction as, 52–58, 53f, 58f, 68, 69t, 80f
elevation as, 53f, 53–56, 54f, 71f, 80f
oblique as, 53, 54f, 69–70
vergence as, 71–72, 72f, 75–78, 78f
version as, 68–70, 69t, 71f, 76–78, 77f

laws applied to, 59–67
Donders’ law in, 59–60
Hering’s law in, 64–67, 66f–68f
Listing’s law in, 60f–62f, 60–62
Sherrington’s law in, 63–64, 64f, 65f

mechanics of, 52–59, 53f–55f, 55t, 56t, 58f
miniature, 69
muscle control of, 52–59. See also Muscle(s); Paralytic

strabismus, muscle(s) in.
pursuit and following, 69, 199–201
rapid (REM), 69
timing of, 76–78, 77f, 78f
velocity and accuracy of, 76–78, 77f, 78f

paralysis affecting, 426–427, 427f
visual acuity affected by, 118
voluntary vs. involuntary, 3–6

Eyedness, 279
Eyeglasses. See Spectacles.
Eyelid, botulinum toxin therapy for, 563

cranial nerve III paralysis affecting, 433, 433f, 434f
examination of, 168–169, 169f
fissures of, 168–169, 169f
Graves’ ophthalmopathy and, 477, 477f
lid twitch sign of, 488
local anesthesia for, 582
muscles of, chemodenervation of, 563

levator, 39, 39f, 49f, 563
pseudo-Graefe’s sign in, 433
pseudoptosis affecting, 168–169, 169f
ptosis of, chronic progressive ophthalmoplegia with, 489–

490, 490f
cranial nerve III paralysis with, 433, 433f
extraocular muscle fibrosis with, 475, 475f
false, 168, 169f
myasthenia gravis with, 488

spasm of, 563
Eyestrain, 153–156

differential diagnosis in, 154, 155f
muscular vs. refractive, 154, 155f
patch test in, 154, 155f
symptoms of, 153–156, 154b

Facies, A and V patterns related to, 399–400, 402
abducens nerve paralysis affecting, 439–442, 440f, 441f
antimongoloid, 399–400
dysostoses of, 145
mongoloid, 399–400
paralytic strabismus and, 420, 420f, 439f

Fadenoperation, 574–575
Falciform folds of Guérin, 48, 48f
Farsightedness. See Hypermetropia.
Fascia, extraocular muscle system of, 44f–48f, 44–48

eye suspended in, 44–45, 45f, 46f
Tenon’s capsule in, 44–45, 45f, 46f

Felderstruktur, 103–109, 104f–107f, 107t
Fetus, cigarette smoking effect on, 145

Duane’s (retraction) syndrome etiology in, 461, 461f
teratogen effect on, 145, 461

Fibrillenstruktur, 103–109, 104f–107f, 107t
Fibrin sealant, 583
Fibrosis, extraocular muscle, 474–476, 475f

Fibrosis (Continued)
strabismus fixus role of, 471–472

Filters, amblyopia examination and therapy using, 256, 550
neutral density, 256
red-green. See Red-green filters.

Fixation, 9f, 9–10, 79
alternating, 254, 254f
amblyopia role of, 254f, 254–255, 255f, 260–268, 261f–

264f, 277f, 549
binocular vision role of, 9f, 9–10
cover test role of, 174f, 174–176, 175f
crossed, 200, 201f
disparity, 21, 21f

AC/A ratio determination by, 92
determination of, 21, 21f
historical, 340
strabismus role of, 140–141, 340

dissociated vertical deviation role of, 379, 379f
distance value for, 87f, 87–88
drift, tremor, and microsaccades with, 79
eccentric, 230–231, 231f, 260–268

acuity relation to, 264
amblyopia role of, 260–268, 261f–264f, 266f–268f, 549
bilateral, 268
clinical significance of, 265
Cüppers foveo-foveal test for, 230–231, 231f
dark adaptation effect on, 264
diagnosis of, 262–263, 263f, 264f
‘‘eccentric viewing’’ vs., 265
eye position effect on, 264–265
foveolar, 261, 261f, 262f
occlusion treatment for, 266, 267f
ophthalmoscopy of, 262–263, 264f
paradoxical, 262
parafoveal, 261, 261f, 262f
pathogenesis of, 265–268, 266f–268f
patterns of, 260–262, 261f–263f
peripheral, 261, 261f, 262f
reflex role in, 266–268, 268f
scotoma role in, 266
surgical modification of, 264–265

examination of, 254f, 254–255, 255f, 262–263, 263f, 264f
eye movements during, 79–81, 80f, 80t
field of, 79–81

binocular vs. monocular, 79–81, 80f, 80t
in paralytic strabismus, 445, 447f
limits of, 79–81, 80f, 80t
practical, 80–81
visual field as, 79–81, 80f, 80t

meter angle of convergence for, 87f, 87–88
microtopia role of, 343, 343b–344b, 344f
parafoveolar, 261, 261f, 262f, 277f
point, 9, 9f
preference in, 254f, 254–255, 255f
tripartite, 200, 201f

Flicker frequency, amblyopia role of, 275–276
critical, 275–276

Forced duction test, 569–570
paralytic strabismus in, 423–425, 424f, 425f
reverse leash effect in, 423, 425f
surgical planning and, 569–570

Foreign body reaction, 621
Four-dot test, anomalous correspondence in, 233f

dissociating effect rating of, 233f
suppression in, 219–220, 221f

Four-prism diopter base-out test, scotoma mapping in,
218–219, 220f

suppression in, 218–219, 220f
Fovea, 8, 9f

acuity role of, 115, 116f, 117f
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Fovea (Continued)
amblyopia role of, 261f–264f, 261–264
angle kappa relation to, 170f, 170–171, 171f
binocular vision role of, 9f, 9–10, 15f, 15–16
correspondence aspects of, 15f, 15–16
cyclodeviation measurement related to, 196–197, 197f
displaced, 171, 171f
fixation point and, 9f, 9–10. See also Fixation.
horror fusionis and, 136–137
light threshold perimetry for, 277, 277f
lines of direction (sight) and, 9f, 9–10
prism effects related to, 71–72, 72f
receptive field size determination for, 271–272, 272f
retinomotor value of, 8

Foveo-foveal test of Cüppers, 230–231, 231f
Foveola, 261, 261f, 262f
Fresnel membrane prism, 541
Functional monophthalmic syndrome, 345
Fundus, cyclodeviation position of, 196–197, 197f

fixation target on, 262–263, 264f
photography of, 196–197, 197f

Fusion, 7–11, 71–72
blur point related to, 202, 205f
breakpoint related to, 202, 205f
defect in, acquired, 482–483

horror fusionis as, 136–137
infantile esotropia with, 134–136, 321, 322t
post-traumatic, 482–483

definition of, 10–11, 33
deviation latency due to, 127, 128f
disruption of, traumatic, 338b–339b, 338–339

with occluder, 128, 128f
motor, 11, 73–75, 134–135

acquired deficiency of, 482–483
amplitude of, 72

Panum’s area role in, 20f, 20–21
peripheral retina role in, 73–75
prism effects related to, 71–72, 72f
reflexologic theories of, 137–138
retinal rivalry affecting, 11–12, 12f
sensory, 10–11, 135–137, 136b
stereopsis role of, 24–25
vergence measurement role of, 202–206, 204t, 205f

Gamma pattern exotropia, 396
Ganglion, ciliary, 49f
Ganglion cells, visual acuity role of, 115
Gaze. See also Visual axes.

A and V patterns and, 396–398, 397f, 398, 404–406, 405f,
406f

direction lines of, 7–10, 8f, 9f
positions of. See also Eye, position of.

diagnostic, 182–183
dissociated vertical deviations and, 382, 382f
surgical planning and, 569

prism and cover test role of, 182–183, 183f
supranuclear paralysis of, 451

Genetic factors, Duane’s (retraction) syndrome, 460
strabismus etiology in, 145–148, 146f, 147t

Geniculate nucleus, 283–286
amblyopia role of, 283–286, 285f, 286t

Glass, red. See Red glass test; Red-green filters.
Glass rods, Maddox, 190, 191f

Maddox double, 194–195, 196f
Glasses. See Spectacles.
Glue, 583

surgical use of, 583
Glycosaminoglycans, 476
Graefe hook, 585, 586f

Granuloma, 621
foreign body reaction causing, 621

Graves’ ophthalmopathy, 476–480
diagnosis and clinical findings of, 476–478, 477f
etiology of, 476
myositis vs., 477f, 478, 480
treatment of, 477f, 478–480

Green glass. See Red-green filters.
Grid (Hermann), 272, 272f

retinal receptive field sized with, 272, 272f
Growth factors, 257
Guérin falciform folds, 48, 48f

Haidinger’s brushes, 263
Halberg clip-on lens holder, 181, 181f
Handedness, 279
Haploscopy, amblyoscopy vs., 72–73

aniseikonia testing in, 121, 121f
dissociating effect rating of, 233f
instrument used in, 72–73, 73f, 74f
phase difference form of, 73, 74f
projection form of, 72–73, 73f
stereoscopy vs., 73

Harada-Ito technique, 607–609, 609f
Head movement, fixation field related to, 80–81

nystagmus role of, 509, 514f–517f, 522–525, 525b, 525f
Head position, abnormal types of, 173–174

compensatory or anomalous, 173–174
A and V patterns with, 406, 406f
cyclodeviation with, 390
dissociated vertical deviation with, 379
infantile esotropia with, 328, 329t
nystagmus with, 514–516, 514f–517f, 522–525, 525b,

525f
paralytic strabismus with, 417–421, 420f, 420t, 428f,

428t
observation of, 173–174

Head tilt test, Bielschowsky, 70, 199
eye movement in, 70
paradoxical, 37
prism use in, 198–199, 199f
strabismus diagnosis using, 416–417, 417f–419f, 436f
superior oblique paralysis and, 436ft, 437

Heimann-Bielschowsky phenomenon, 262
Hemorrhage, 618

intraoperative, 618
Hereditary disorders, Duane’s (retraction) syndrome in, 460

strabismus in, 146f, 146–148, 147t
Hering’s law, 64–67, 66f–68f

asymmetric convergence and, 65–67, 66f–68f
clinical applications of, 68f

Hering’s partition experiment, 15, 15f
Hermann grid, 272, 272f

retinal receptive field sized with, 272, 272f
Hess screen test, 192–194, 194f
Heterophoria, 127–133, 134–149, 311–314

abbreviations for, 131t
case histories of, 135b–136b, 313b
cover-uncover test for, 174f–177f, 174–176
definition of, 127
diagnosis of, 174–176, 175f–177f, 312–313
direction of deviation in, 129–131
etiologic factors in, 134–149
fixation disparity in, 140–141
fusion-elicited latency in, 127, 128f
intermittent, 131t, 311–314
latent vs. manifest nature of, 127–129, 128f, 311
Maddox rod test for, 190, 191f
normality of, 129, 311
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Heterotopia, muscle pulley position and, 387, 400–402, 401f
rectus muscle affected by, 387, 401, 401f

Heterotropia, 127–133, 134–149, 311–314. See also
Deviations; Strabismus.

abbreviations for, 131, 131t
age at onset of, 132, 136
Brückner test for, 187
case histories of, 135b–136b, 313b
color differentiation in, 191–194, 192f–194f
corneal reflection test for, 185f, 185–186, 186f
cover plus prism test for, 177–183, 178f, 179f
cover test for, 174f, 174–176
cover-uncover test for, 174–176, 176f
cyclic (circadian), 131–132, 480–482

clinical findings and etiology of, 480–482
treatment of, 482

diagnosis of, 174f–177f, 174–176, 312–313
direction of deviation in, 129–131, 130f
etiologic factors in, 134–149
fixation mode, 132
fusion-elicited latency in, 127, 128f
haploscopic tests for, 190–194, 192f–194f
Hess screen test in, 192–194, 194f
Hirschberg test for, 185f, 185–186
intermittent, 131, 131t, 311–314, 313b
Krimsky test for, 186, 186f
Lancaster red-green test in, 191–192, 193f
manifest vs. latent nature of, 127–129, 128f
photographic detection of, 186–187
sensory, 345
small angle, 340–345
unilateral, 132

Hirschberg test, 185f, 185–186
corneal reflection in, 185f, 185–186
deviation measurement in, 185f, 185–186

Histology, 101–107
muscle tissue, 101–107, 104f–106f

History, of A and V patterns, 396
of amblyopia treatment, 545f, 545–546
of anesthesia, 567–568
patient, 158–159

Homatropine, 96–97, 97f
Horizontal deviations. See also Esodeviation(s);

Exodeviation(s).
dissociated, 379f, 381f, 385

Horopter, 16f, 16–18, 17f, 18f
apparatus for determination of, 28, 28f
empirical, 17–18, 18f
Hering-Hillebrand deviation in, 18
horizontal correspondence in, 17
longitudinal, 17, 28f, 28–29
meridional-size lens effect on, 120f, 120–121, 121f
Panum’s area and, 20f, 20–21
Vieth-Müller circle as, 17, 18f

Horror fusionis strabismus, 136–137
Hyperdeviations, 129–130, 131t

comitant, 377–378
prism therapy for, 378

Hypermetropia, amblyopia role of, 252, 253f
angle kappa in, 172, 173t
infantile esotropia with, 323–324
optical correction of, 537–539
strabismus and, 139–140
uncorrected, 315f

Hyperphoria, cover-uncover test for, 174–176, 175f–177f
definition of, 129
Maddox rod test and, 190, 191f

Hypertropia, 129, 130f, 131t, 418f, 419f. See also Elevation.
cover test for, 174f, 174–176
definition of, 129, 130f, 131t

Hypertropia (Continued)
spectacle therapy for, 538b–539b, 538f
superior oblique paralysis with, 435–437, 436ft, 437t

Hypophoria, cover-uncover test for, 174–176, 175f–177f
definition of, 129
fixation localization and, 129–130
Maddox rod test for, 190, 191f

Hypotropia, 129–130, 130f. See also Depression.
cover test for, 174f, 174–176
definition of, 129–130, 130f, 131t
fixation localization and, 129–130

Incomitance, 131
Incyclodeviation, 389–392

measurement of, 194–198, 195f–197f
Incycloduction, 53–56, 55t, 68f

surgically induced, 525b, 525f, 526f, 612f, 612–613, 613f
vertical deviation with, 379

Incyclotropia, definition, 130
fovea and fundus in, 196–197, 197f
measurement of, 194–198, 195f–197f
treatment of, 391

Infant, indirect cover test in, 175–176, 176f
stereopsis testing in, 304–307
visual acuity assessment in, 159–165, 160f, 161f, 162t

Infantile esotropia, age at onset of, 320–323, 328f, 346f
amblyopia with, 324, 329t
angle of deviation in, 323, 332t
anomalous head posture in, 328, 329t
clinical characteristics of, 320t, 321–328, 329t
differential diagnosis in, 321
duction and version in, 324
essential, 320–336
etiology of, 134–135, 148, 320–321, 322t
fusion defect in, 134–136, 322t
motion-processing deficit in, 327–328
nystagmus in, 325–327, 326f, 327f, 329t, 512, 520
oblique muscle overaction in, 324–325, 329t
prevalence of, 321, 328f, 329t, 346f
refractive errors in, 323f, 323–324
terminology for, 320–321
treatment of, 329–336

botulinum toxin in, 561–562
goals of, 329
nonsurgical, 329–330, 561–562
operation type in, 335
outcomes with, 330–335, 332t, 333f
postoperative, 335–336
surgical, 330–336, 332t, 333f

vertical deviations in, 324–325, 380
Infection, postoperative, 620–621
Inhibition, interocular, 276–277, 277f

lateral, 271–272, 272f
retina with, 271–272, 272f

Innervation. See also Nerve(s) and specific nerve.
equality aspect of, 64–67, 68f
extraocular muscle, 49, 49f, 102
nerve endings in, 101–102, 104, 106f, 109
paradoxical, 459–460, 460f, 469
reciprocal aspect of, 63–64, 64f, 65f

Instruments, 582–583
tray lay-out for, 582f

Intermittent deviations, 131t, 131–132, 311–314
abbreviations for, 131t
esotropia and, 311–314
exotropia and, 367b, 367–368, 369
heterotropia and, 131, 131t, 311–314, 313b
strabismic, 131, 131t, 311–314

Interocular distance, 87f, 88
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Interocular distance (Continued)
meter angle measurement related to, 87f, 88

Interpupillary distance, examination noting, 169, 169f
meter angle measurement related to, 87f, 88
narrow, 169, 169f

Intorsion, 381
Iris, 542–543

miotic cyst of, 542–543
Ischemia, 621–622

postoperative, 621–622
Isobolism, 102
Isomorphism theory, 35

Jaensch-Brown syndrome, 466
Jaw-winking, 168
Jensen procedure, 615f, 615–616, 616f

Kestenbaum test, 200, 200f
Knapp’s rule, 119
König curve, 117, 117f
Krimsky test, corneal reflection role in, 186, 186f

deviation measurement in, 186, 186f

Lacrimal punctum, 199
duction assessment role of, 199, 200f

Lambda pattern exotropia, 396, 411
Lancaster red-green test, 191–192, 193f

deviation measurement using, 191–192, 193f
Lang syndrome, 322
Lang test, I vs. II, 303–304

stereopsis testing with, 303f, 303–304, 304f
Latency, heterophoria role of, 127–129, 128f

heterotropia nature and, 127–129, 128f
Lateral geniculate nucleus, 283–286

amblyopia role of, 283–286, 285f, 286t
Law, Cooper’s, 623

Donders’, 59–60
Hering’s, 64–67, 66f–68f
Listing’s, 60f–62f, 60–62
Sherrington’s, 63–64, 64f, 65f

Law of isobolia, 102
Law of motor correspondence, 64
Law of sensory correspondence, 10
Leash effect, Duane (retraction) syndrome with, 464

forced duction test with, 423, 425f
reverse, 423, 425f

Lens, accommodation role of, 85–86
changing shape of, 85–86
contact, 521
exodeviation examination using, 362–363
holder for (Halberg clip-on), 181, 181f
horopter and, 120f, 120–121, 121f
meridional-size, 120f, 120–121, 121f
nystagmus therapy using, 521
optical axis of, 170, 170f
+3.00 spherical, 362–363

Levodopa, 257
Levoversion, 65f, 68f, 69t, 71f

electromyography of, 110, 110f
Lid twitch sign, 488
Lidocaine, 582
Ligament(s), check, 46f, 47

extraocular muscle, 46f, 47, 47f
Lockwood’s, 47, 47f

Light. See Luminance.
Limbus, 40, 40f, 200, 200f

corneal, 40, 40f
anterior, 40
posterior, 40
rectus muscle insertion near, 40f, 40–41, 41t, 44f–46f

Limbus test of motility of Kestenbaum, 200, 200f
Lines of direction (sight), 7–10, 8f, 9f. See also Gaze.

angles related to, 170f–172f, 171–172, 173t
localization role of, 265–266, 266f

Listing’s law, 60f–62f, 60–62
cyclorotation related to, 60, 62, 62f
deviations from, 62, 62f
eye movements and, 60f–62f, 60–62
significance of, 61–62

Listing’s plane, 52–53, 53f, 60
Localization, 7–10, 29–31

afterimage, 226–227, 227f
anomalous correspondence effect on, 227f, 265–266, 266f
eccentric fixation role of, 265–266, 266f
egocentric (absolute), 29–31, 266f

convergence in, 29–30
proprioception in, 30–31

errors of, 274–275
line of sight in, 265–266, 266f
relative, 7–10, 8f, 9f, 265–266, 266f

Lockwood’s ligament, 47, 47f
Luminance, adaptation state and, 99, 99f

amblyopic eye response to, 264, 269–277, 272f, 277f
bright light therapy and, 552–554

contrast relation to, 272–274
critical flicker frequency related to, 275–276
foveal light threshold perimetry and, 277, 277f
perception of, 269–274
photophobia and, 360
pupillary size and response to, 99, 99f, 118, 276
thresholds related to, 269–274, 277

absolute, 269–270
differential, 270–271

visual acuity role of, 115–118, 117f

M line, 103, 105f
M system, 274
Macula, cyclodeviation role of, 389, 391–392

eccentric fixation and, 261, 261f–263f, 263
ectopic, 171, 171f
surgical translocation of, 389, 391–392

Maddox cross, anomalous correspondence test use of,
230–231, 231f

deviation measurement using, 188–190, 189f
diplopia test use of, 188–190, 189f

Maddox rods, deviation measurement using, 190, 191f,
194–195, 196f

diplopia test use of, 190, 191f
double, 194–195, 196f

Magnocellular area, 274
Malformations. See also Craniofacial anomalies.

Duane’s (retraction) syndrome with, 465
Malingering, motor fusion defect mistaken for, 483
Maxwell’s spot, 263
Mental retardation, strabismus associated with, 143–144

visual pathways affected in, 143–144
Meridians, aniseikonia and, 119–122, 120f, 121f

cyclodeviation role of, 194, 195f, 390, 390f
retinal, 59–60, 60f
vertical, 59–60, 60f

Merkel adminicula, 48
Meter angle, 87f

convergence related to, 87f, 87–88
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Meter angle (Continued)
large vs. small, 87f, 87–88
measurement of, 87f, 87–88
vergence related to, 87f, 87–88

Micropsia, 360–361, 360b–361b
Microsaccades, fixation with, 79

velocity of, 79
Microstrabismus, 341
Microtropia, 340–345, 344f

with identity, 341, 344f
Miotics, 541–543

accommodation affected by, 96b, 96–97, 97f, 542
action of, 541–542
indications for use of, 542
side effects of, 542–543

Mitochondria, 104f, 105
Möbius syndrome, 440–442, 441f

abducens nerve (N VI) paralysis in, 440–442, 441f
acquired, 440–442
congenital, 440–442, 441f
etiologic factors in, 440–442

Monocular vision, depth perception and, 25–28, 26f, 27f,
298–299, 304

duction in, 52–53, 53f, 54f, 68, 69t
eye movement controlled by, 52–53, 53f, 54f, 68, 69t
light threshold perimetry and, 277, 277f

Monofixational syndrome, 341, 342
Monophthalmic syndrome, 345
Mosaicist concept, 34
Motion perception, 274

infantile esotropia and, 326–328
optokinetic nystagmus and, 326–327, 327f, 328f
parallax and, 25
parvocellular and magnocellular areas in, 274
processing deficit in, 274, 326–328

Motor end plate, 102
Motor unit, 109–110

anatomic, 109
electric, 110

Movement, eye. See Eye movements.
head, 80–81

fixation field related to, 80–81
nystagmus role of, 509, 514f–517f, 522–525, 525b, 525f

perception of. See Motion perception.
Muscle(s). See also Paralytic strabismus, muscle(s) in.

ciliary, drug effects in, 542–543
lens shape controlled by, 85–86

extraocular, 38–112. See also Muscle(s), oblique; Mus-
cle(s), rectus.

A and V patterns and, 398–399, 401–402, 403f, 407–
411, 409f

adherence syndrome affecting, 471, 577–578
agonist vs. antagonist, 63, 414–415
arc of contact and plane of, 53, 54f, 55f, 56, 56t
blood supply to, 49–50, 50f
Boeder’s theory of cooperation for, 57–59, 58f
botulinum toxin therapy in, 559–563
Brown syndrome role of, 466t, 466–471, 467f
cyclodeviations related to, 398–399, 401f, 401–402,

403f, 407–411, 409f
developmental anomalies of, 48, 387, 400–402, 401f
Duane (retraction) syndrome role of, 459–466
electromyography of, 102, 109–111, 110f, 111f
eye movement control by, 52–59, 53f–55f, 55t, 56t, 58f.

See also Eye movements.
fascial system of, 44f–48f, 44–48

Tenon’s capsule in, 44–45, 45f, 46f
fibrosis of, 474–476, 475f
force generated by, 425f, 425–426, 426f
Graves’ endocrine ophthalmopathy affecting, 474–476, 475f
histology of, 101–107, 104f–106f

Muscle(s) (Continued)
inflammation of, 480, 480b, 481f
innervation of, 49, 49f, 102. See also Nerve(s); specific

nerve.
equality aspect of, 64–67, 68f
nerve endings in, 101–102, 104, 106f, 109
paradoxical, 459–460, 460f, 469
reciprocal aspect of, 63–64, 64f, 65f

insertions of, 38f, 40f, 40–41, 41t, 44f–46f
anomalous, 401–402, 403f
mechanics related to, 56t, 56–57
width of, 40f, 44f, 56t, 56–57

ligaments of, 46f, 47, 47f
check, 46f, 47
Lockwood, 47, 47f

measurement of, 40, 40f, 41t, 42t, 44, 44f, 56t
mechanics of, 52–59, 53f–55f, 55t, 56t, 58f
myopathy affecting, 478–490, 490f
neurophysiology of, 102–112, 106f, 107f, 107t
paralysis of, 132–133, 427–490. See also Paralytic stra-

bismus.
pharmacologic effects in, 102–107, 106f, 107f
physiology of, 102–112, 107t
pulleys of, 38f, 41–42, 42f, 43f, 53–54

heterotopia affecting, 387, 400–402, 401f
posterior fixation suture and, 574–577, 575f, 576f

rest position for, 110
sheaths and extensions of, 45–47, 46f, 47f
slip and sideslip of, 57–59
structure and function in, 101–109, 104f–107f, 107t
tendons of, 38f, 41, 41t, 42t, 43–44, 44f, 45f

Brown syndrome affecting, 466–469
falciform folds supporting, 48, 48f
length and width of, 40, 40f, 42t, 44f, 56t

tonus mechanisms of, 111–112
yoking of, 63, 69, 416, 575

levator, 39, 39f, 49f
chemodenervation of, 563
ophthalmoplegia affecting, 478–490, 490f

oblique. See also Muscle(s), extraocular.
A and V pattern role of, 399, 403f, 407–409, 410–411

therapy for, 399, 403f, 407–409
anatomy of, 38f, 42–50, 44f, 45f, 49f, 50f, 55f, 55–56
Harada-Ito procedure and, 607–609, 609f
inferior, 42–44

anatomy of, 42–44, 44f, 45f, 49f
paralysis of, 431–432, 432f, 442–443, 443f

length of, 44
overaction of, 324–325

dissociated vertical deviation role of, 379, 379f
elevation in adduction with, 386f, 386–387
infantile esotropia due to, 324–325, 329t

strabismus role of, 431–439, 432f, 436f–439f, 442–444,
443f, 444f

therapy for, 448, 449t, 449–450
superior, 42–44

anatomy of, 42–44, 44f, 45f, 47f, 49f
paralysis of, 434–439, 436f–439f, 443–444, 444f

surgical procedures performed on, displacement, 607–
609, 609f

myectomy, 577–578, 598f–600f, 598–600
recession, 600–601, 601f, 602f, 603, 606f
tenectomy, 602–603, 603f–605f
tucking, 603–607, 606f–608f

rectus. See also Muscle(s), extraocular.
A and V pattern role of, 398–399, 407, 409f, 409–411

therapy for, 398–399, 407, 409f, 409–410
anatomy of, 38f, 38–50, 41t, 42f–50f, 42t, 55f
heterotopic displacement of, 400–401, 401f
horizontal, 38f, 38–42, 42f, 54, 407, 409–410, 612–615,

614f
inferior, 39–42



646 Index

Muscle(s) (Continued)
anatomy of, 39–42, 40f, 41t, 42t, 43f, 47f, 49f
paralysis of, 431, 431f, 432, 443–444, 444f

lateral, 39–42
anatomy of, 39–42, 40f, 41t, 42t, 43f, 49f
paralysis of, 440f

length and width of, 40–41, 41t, 42t
medial, 39–42

anatomy of, 39–42, 40f, 41t, 42t, 43f, 49f
paralysis of, 431, 431f

paralytic strabismus role of, 430f, 430–432, 431f, 440f,
442–444, 443f, 444f

surgical treatment for, 446–448, 612f–616f, 612–616
strengthening procedures, 579–580
superior, 39–42

anatomy of, 39–42, 40f, 41t, 42t, 43f, 49f
paralysis of, 430, 430f, 432, 442–443, 443f

surgical procedures performed on, adjustable sutures in,
591–597, 595f–597f

exposure in, 584–587, 585f–587f
marginal myotomy, 579, 597–598, 598f
posterior fixation, 576f, 609–612, 610f–611f, 612t
recession, 573–574, 587–588, 588f–590f

dosage for, 370, 370t, 571–574
maximal, 527b, 527–529, 528f

resection, 588–590, 591f–593f
slanting, 574
transposition, 409f, 409–410, 612f–616f, 612–617

vertical, 38, 54–55, 55f, 409, 612–616
skeletal, 101, 107, 107f, 107t
strabismus etiology in, 138–139, 414–490

Muscle fibers, 101–109
contraction of, 102–103

all-or-nothing nature of, 102
amplitude, duration, frequency, speed in, 102–103, 107t

coarse vs. fine, 101
diameter of, 101, 107t
fast twitch vs. slow twitch, 103–109, 104f–107f, 107t
myomyous junction of, 102
ocular vs. skeletal, 102, 107t
palisade endings of, 109
pharmacologic properties of, 102–107, 106f, 107f
red vs. white, 101
structure and function of, 101–109, 104f–106f

Muscle hook, 585, 586f
Muscle pulleys, 41–42

extraocular, 38f, 41–42, 42f, 43f, 53–54
heterotopia affecting, 387, 400–402, 401f

Muscle spindles, 109
Myasthenia gravis, 488

ocular, 488–489
clinical findings in, 488, 489f
diagnosis of, 488–489, 489f
treatment of, 489

Mydriatic agents, pediatric use of, 163–165
Myectomy, adherence syndrome following, 471, 577–578

oblique muscle in, 577–578, 598f–600f, 598–600
Myokymia, 487–488

involving superior oblique muscles, 487–488
clinical findings and etiology of, 487
treatment, 487–488

Myopexy, posterior fixation suture for, 574–577, 575f, 576f
Myopia, angle kappa in, 172, 173t

esotropia with, 338
high, 474

heavy eye syndrome in, 474, 474f
strabismus with, 473b, 473f, 473–474, 474f

Myositis, acute orbital, 480, 480b, 481f
Graves’ ophthalmopathy vs., 477f, 478, 480

Myotomy, marginal, 579, 597–598, 598f

Near vision complex, 85–99
accommodation role in, 85f, 85–86, 89–98, 91t, 92f
convergence role in, 86–98, 87f, 88f
pupillary constriction role in, 99, 99f

Nearsightedness. See Myopia.
Needle(s), 582f, 582–583

spatula, 582–583
Needle-coincidence test, 61, 61f
Nerve(s), abducens. See Abducens nerve (N VI).

cranial III. See Cranial nerve III.
cranial IV. See Cranial nerve IV.
cranial VI. See Cranial nerve VI.
extraocular muscle innervation by, 49, 64–67, 101–112

anatomy of, 49, 49f
equality aspect of, 64–67, 68f
myokymia related to, 487–488
nerve endings in, 101–102, 104, 106f, 109
neurophysiology of, 102–112, 106f, 107f, 107t
paradoxical, Brown syndrome with, 469

Duane’s (retraction) syndrome with, 459–460, 460f
reciprocal aspect of, 63–64, 64f, 65f

lacrimal, 49f
long ciliary, 49f
nasal, 49f
oculomotor. See Oculomotor nerve (N III).
supratrochlear, 49f
trochlear. See Trochlear nerve (N IV).

Nerve fibers, endings of, histology of, 101–102, 104, 106f,
109

muscle fibers with, 101–102, 104, 106f, 109
visual acuity role of, 115

Neural pathways, brain damage affecting, 142–145
mental retardation affecting, 143–144
movement perception role of, 274
optokinetic asymmetry in, 142–145
strabismus etiology in, 142–145

paralysis and, 444, 451
visual perception intervals and, 277–278

Neurologic disorders, esotropia due to, 339–340
strabismus etiology in, 141–145

Neuromuscular anomalies, 127–133, 134–149. See also
Deviations; Heterophoria; Heterotropia; Strabismus.

classification of, 127–133
Neuron(s), eye dominance effect on, 283f–285f

lateral geniculate, 283–286, 285f, 286t
striate, 32f, 32–33, 33f, 282–283, 283f
vision mediated by, 32f, 32–33, 33f

Neurophysiology, amblyopia role of, 254, 277–278, 280–286,
283f–285f, 286t

binocular vision theory based on, 31–33, 32f, 33f
extraocular muscle, 102–112, 106f, 107f, 107t
stereopsis theory based on, 31–33, 32f, 33f
summation and inhibition, 271–272, 276–277

Neurotransmitters, 256–257
New Cyclo Test of Awaya, 198
Nonsurgical treatment, 537–554

accommodation in, 96b, 96–97, 97f
of amblyopia, 545f, 545–553, 551b
of eccentric fixation, 266, 267f, 549
of exodeviation, 365–367, 367b
of infantile esotropia, 329–330, 561–562
of nystagmus, 521–522, 563
optical, 537–541, 538b–539b, 538f, 540f

prisms used in, 540–541
refractive, 537–540, 538b–539b, 538f, 540f
spectacles in, 537–540, 540f

orthoptic, 543–554, 546f, 551b
antisuppression training in, 544
applications of, 543–544, 546f
convergence insufficiency in, 543
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Nonsurgical treatment (Continued)
fusion training in, 543–544
indications for/contraindications to, 544–545
occlusion in, 546f, 546–550

paralytic strabismus in, 445, 446f
pharmacologic, 541–543, 559–564

atropine in, 543, 550–552, 551b
botulinum toxin in, 559–563
miotics in, 541–543

pleoptic, 552–553
Nystagmogram, 509–510, 516–518

infantile esotropia in, 327f
latent/manifest-latent nystagmus in, 516–518, 518f
manifest nystagmus in, 509–510, 510f, 511f, 513f–517f

postoperative, 527b, 528f
Nystagmus, 508–529

age at onset of, 508
amblyopia secondary to, 254, 509, 549
blocking or blockage of, 512, 525–526
botulinum toxin therapy for, 521, 563
damping of, 512–516, 513f–516f, 525–526
disorders associated with, 508–509
dissociated vertical deviation with, 379
drug therapy for, 521
head position with, 514f–517f, 514–516, 522–525, 525f
latent/manifest-latent congenital, 325–326, 516–520

amblyopia with, 549
clinical characteristics of, 516–520, 518f
infantile esotropia with, 325–326, 327, 329t, 512, 520
strabismus with, 519–520
visual acuity in, 519
vs. manifest congenital, 509–510, 510t, 518–519
waveform, 516–518, 518f

manifest congenital, 326, 508–516
case histories of, 512b–513b, 513f
clinical characteristics of, 509–511, 510f, 510t, 511f
compensatory mechanisms in, 511–516, 512b–513b,

513f–517f
infantile esotropia with, 326, 329t, 512
sensory defect vs. motor defect, 508–509
strabismus with, 511
visual acuity in, 510–511
vs. latent/manifest-latent congenital, 509–510, 510t,

518–519
waveform in, 509–510, 510f, 511f

medical treatment of, 521–522
null zone in, 509, 514, 515f, 516f

shifting of, 522–525, 525b, 525f, 526f
optokinetic, 162t

asymmetric, 326–327, 327f, 328f
elicitation of, 326f, 326–327, 327f
symmetric, 326–327, 327f

pediatric examination using, 160, 162t
pendular, 509, 510f
periodic alternating, 514
postoperative, 527b, 528f
pseudo-latent, 514
saccadic movement role in, 69
spectacles and, 521
spontaneous disappearance of, 508, 509
surgical treatment, case history of, 527b, 528f

decreasing nystagmus intensity by, 526–529, 527b, 528f
shifting of null point by, 522–525, 525b, 525f, 526f

Nystagmus drum, 326, 326f

Occluder and occlusion, alternation strategy for, 547–548
amblyopia and, induction of, 546–550

prevention of, 547–549

Occluder and occlusion (Continued)
treatment mode in, 546f, 546–550

eccentric fixation normalized using, 266, 267f, 549
exodeviation testing with, 361–362, 362f
full-time vs. part-time, 548
fusion disruption with, 128, 128f
nystagmus and, 549
patch test use of, 362f
prolonged use of, 180
Spielmann, 176, 177f, 198, 198f, 381, 381f
vertical deviations and, 198, 198f, 381, 381f

Oculocephalic reflex, 70
doll’s head phenomenon as, 70, 71f

Oculomotor nerve (N III), 49, 49f
paralysis of, 430–434

aberrant regeneration in, 433, 434f
causes of, 429, 429t
complete, 432–433, 433f, 448–449
eyelid affected by, 433, 433f, 434f
strabismus from, 430f–434f, 430–434
surgical treatment of, 448–449
synergistic divergence phenomenon in, 431

Oculovestibular reflex, doll’s head phenomenon and, 70, 71f
Operations. See Surgical treatment.
Ophthalmopathy, botulinum toxin therapy and, 563

Graves’, 476–480, 477f
Ophthalmophacometer, 171–172
Ophthalmoplegia, 133

chronic progressive external, 489–490
clinical findings and etiology of, 489–490, 490f
treatment of, 490

forms of, 133
pseudo-internuclear, 488

Ophthalmoscopy, fixation anomalies in, 262–263, 264f
Optic disk, diplopia avoidance using, 221–222
Optic nerve head, 196–197, 197f
Optical axis. See also Visual axes.

cornea and lens with, 170, 170f
Optical treatment, 537–541

prisms in, 540–541
refractive, 537–540, 538b–539b, 538f, 540f
spectacles in, 537–540, 540f

Optokinetic asymmetry, convergence and, 65–67, 66f–68f
nystagmus and, 326–327, 327f, 328f
visual neural pathway anomalies with, 142–143

Orbit, A and V patterns related to, 399–402, 401f, 403f
antimongoloid features and, 399–400
craniofacial anomalies and, 420, 420f, 429, 439f
deformities affecting, 133, 145
fracture of, 483–486

floor, 483–486
blow-out mechanism in, 482–483
clinical findings and etiology of, 483–484, 484f, 485f
prolapsed, 484f
treatment of, 484–486

wall, 486
case history of, 486b–487b, 486f, 487f

mongoloid features and, 399–400
strabismus related to, 133, 145, 420, 429

Orthophoria, 129
Orthotropia, 129, 315f
Oscillatory movement displacement threshold, 274
Oscillopsia, 511
Otoliths, 70
Overcorrection, 623

esotropia caused by, 347–348, 371b–372b, 371–372
exotropia caused by, 333f, 347–348, 372
refractive, 538, 538b–539b, 538f

Oxygen, amblyopia affected by, 256
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P system, 274
Palisade muscle fiber endings, 109
Palsy. See also Paralysis.

cerebral, 144
Panum’s area, 20f, 20–21

false, 239
Paradoxical innervation, Brown syndrome with, 469

Duane’s (retraction) syndrome with, 459–460, 460f
Parallax, 25
Paralysis. See also Paralytic strabismus.

extraocular muscles affected by, 132–133, 414–451
gaze, 451
paresis vs., 132–133
supranuclear, 451

Paralytic strabismus, 414–451
acquired vs. congenital, 427, 427b–429b, 428f, 428t
age at onset of, 427t
anomalous head position in, 417–421, 420f, 420t, 428f,

428t
binocular field of fixation in, 445, 447f
clinical characteristics of, 414–429, 427t, 428t
deviation measurement in, 415–416
diagnosis of, 414–429, 427t, 428t
ductions and versions in, 415, 416f, 423
electromyography in, 422
eye movement velocity and, 426–427, 427f
forced duction test in, 423–425, 424f, 425f
head tilt test in, 416–417, 417f–419f, 436f
internuclear and supranuclear, 444, 451
mechanical restriction form of, 422–425, 423f, 425f
muscle(s) in, 429–451, 612–617. See also Muscle(s).

double depressor, 443–444, 444f, 450–451, 613–614
double elevator, 442–443, 443f, 450–451, 613–614
force estimation for, 425f, 425–426, 426f
oblique (inferior), 431–432, 432f, 442–443, 443f
oblique (superior), 434–439, 436f–439f, 443–444, 444f,

616–617
rectus (inferior), 431, 431f, 432, 443–444, 444f
rectus (lateral), 440f
rectus (medial), 431, 431f
rectus (superior), 430, 430f, 432, 442–443, 443f
rectus (vertical), 612f–616f, 612–616
skew deviation by, 442
surgical transposition of, 445–451, 612f–616f, 612–617
vertical, 432, 442, 448

nerve(s) in, 429–444. See also specific nerve.
abducens, 439–442, 440f, 441f

causes, 429, 429t
Möbius syndrome and, 440–442, 441f
nonsurgical (occlusion) therapy and, 445, 446f

oculomotor, 430–434, 430f–434f
aberrant regeneration of, 443, 434f
causes, 429, 429t
complete palsy of, 432–433, 433f, 448–449
cyclic paralysis of, 433–434
surgical treatment and, 448–449

trochlear, 434–439, 436f, 438t, 439f
clinical findings in, 435–437, 436f, 437f
etiology, 429, 429t, 434–435
surgical treatment and, 449t, 449–450

nonparalytic vs., 427t
past-pointing in, 421–422, 422f
sensory anomalies of, 421
traction test in, 423–425, 424f, 425f
treatment of, alternative, 451

botulinum toxin, 562–563
occlusion, 445, 446f
surgical, 445–451, 612f–616f, 612–617

Paresis, 132–133
diplopia due to, 189–190, 190f

Paresis (Continued)
paralysis vs., 132–133
pseudoptosis due to, 168, 169f
rectus muscle, 168, 169f, 189–190, 190f

Parinaud’s syndrome, 504
Partition experiment, 15, 15f
Parvocellular area, 274
Past-pointing, elicitation of, 30

paralytic strabismus with, 421–422, 422f
Patch, 546f

eye covered by. See also Patch test.
amblyopia treatment with, 546f, 546–550
changes due to, 135b–136b, 135–136
surgery timing and, 549–550

Patch test, asthenopia diagnosis using, 154, 155f
exodeviation in, 361–362, 362f

Patient examination. See Examination.
Pediatric examination. See Examination, pediatric.
‘‘Penalization’’ therapy, 550–552, 551b
Perception. See also Depth perception; Motion perception;

Space perception.
blanking related to, 278
color, 13, 254, 260
reaction time for, 277–278
time intervals related to, 278
visual, 277–279

Perimysium, 102
Perspective, 25–27

artistic use of, 25–27, 26f, 27f
contour overlay in, 26, 26f
highlights and shadows in, 26, 26f, 27f
methods for creation of, 25–27, 26f, 27f

PET scan, amblyopia and, 286
cortical blood flow and glucose metabolism in, 286

Phacometer, 171–172
Phenylephrine hydrochloride, 164
Photic driving, 280–281
Photography, cyclodeviation measurement using, 196–197,

197f
deviation measurement use of, 186–187

Photophobia, 360
Physical examination. See Examination.
Plagiocephaly, 438–439, 439f
Pleoptics, 552–553

amblyopia treated in, 552–553
principles of, 552–553

Polaroid spectacles, red-green, 302f, 302–303
stereopsis testing with, 299–303, 301f, 302f
Titmus test using, 299–301, 300f

Polyopia, 214
Preferential looking technique, 160f, 160–162, 161f, 162t
Prematurity, visual pathways affected in, 144
Preoperative care, 581–584
Preschool child visual acuity testing, 162–163, 163f
Prince ruler, 206–207, 207f
Prism adaptation test, 572–573

surgical planning and, 572–573
Prism and cover test, 177–183

deviometer use in, 183, 184f
diagnostic positions of gaze in, 182–183, 183f
heterotropias in, 177–183, 178f, 179f
limitations of, 181–182
optical principles of, 177–178, 179f
performance of, 178f, 178–181, 179f, 181f, 183f, 184f
physiologic basis of, 177–178, 179f

Prism reflex test, corneal reflection in, 186, 186f
deviation measurement in, 186, 186f

Prisms, 540–541
accommodation measurement use of, 91t, 92f, 97f
adaptation test use of, 572–573
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Prisms (Continued)
amblyopia treatment with, 550
base-down, 202
base-in, 202, 205f
base-out, 66, 67f, 202, 205f
base-up, 202
convergence described by, 88, 88f, 91t, 92f, 97f, 202–203,

203f
diopter of, 88, 88f
eye movement effect of, 66, 67f
Fresnel membrane, 541
head tilt test use of, 198–199, 199f
indications for, 541
Maddox rod use with, 190, 191f
nystagmus therapy using, 521–522
optical correction using, 540–541
rotary/variable, 202–206, 203f
scotoma mapping role of, 217–219, 219f
suppression testing with, 218–219, 219f
types of, 540–541
vergence affected by, 71–72, 72f, 202–203, 203f

Projection theory, 34, 240–241
Proparacaine, 582
Proprioception, 30–31
Proptosis, 483
Pseudo-Brown syndrome, 437
Pseudo-Graefe’s sign, 433
Pseudoparalysis, 438–439
Pseudoprolapse, 484, 485f
Pseudoptosis, 168, 169f

double elevator muscle paralysis with, 442–443, 443f
superior rectus paresis with, 430, 430f

Pseudostrabismus, 168–169, 169f, 322
Psychological factors, amblyopia with, 247–248

cyclodeviation adaptation role of, 390–391
diplopia with, 155–156, 156b
strabismus with, 156, 156b

Psychophysical studies, absolute threshold, 269–270
amblyopia in, 269–277, 272f, 277f
contrast, 272–274
critical flicker frequency, 275–276
differential threshold, 270–271
hyperacuity, 274
interocular inhibitory effect, 276–277, 277f
light sense, 269–270
localization error, 274–275
movement perception, 274
pupillary response, 276
retinal receptive field, 271–272, 272f
spatial distortion, 274–275
summation, 271–272

Ptosis, chronic progressive ophthalmoplegia with, 489–490,
490f

cranial nerve III paralysis with, 433, 433f
extraocular muscle fibrosis with, 475, 475f
false, 168, 169f
myasthenia gravis with, 488

Pulfrich effect, 278
Pupils, amblyopia and, 276

angle kappa related to, 169–170, 170f
axes of, 169–170, 170f
distance between, 87f, 88

examination noting, 169, 169f
meter angle measurement related to, 87f, 88
narrow, 169, 169f

luminance regulated by, 99, 99f, 118
near vision complex role of, 99, 99f
response and sensitivity of, 99, 99f, 118, 276
size of, 99, 99f
visual acuity role of, 99, 99f, 118, 276

Puppenkopfphänomen, 70, 71f
Purkinje images, angle kappa measurement and, 171–172

Random-dot stereograms, 23, 23f, 24f, 301f–304f, 301–304
E, 301f, 301–303
red-green, 302f, 302–303

Reaction time, definition of, 277–278
in visual perception, 277–278

Receptors. See also Retina.
amblyopia role of, 253–254
visual acuity role of, 115

Recognition time, 278
Recovery point, definition of, 202

vergence examination use of, 202, 205f
Red glass test, deviation measurement using, 187–190,

188f–191f
diplopia in, 187–188, 188f, 190
dissociating effect rating of, 233f
ladder form of, 221, 222f
retinal correspondence in, 222–225

anomalous, 222–225, 223f, 230, 232t, 233f
normal, 222–225, 223f

suppression depth measurement use of, 221, 222f
Red-green filters, amblyopia treatment using, 550

deviation measurement with, 191–192, 192f, 193f
four-dot test using, 217–218, 218f
haploscopic use of, 191–192, 192f, 193f
Lancaster test using, 191–192, 193f
scotoma mapping with, 217–218, 218f
stereopsis testing with, 302f, 302–303
suppression testing with, 217–218, 218f

Reflex(es), eye movement control and, 4–5
fixation, 266–268, 268f
fusion role of, 137–138
oculocephalic (doll’s head), 70
oculovestibular, 70, 71f
optomotor, 137–138
psycho-optical, 72
strabismus etiology in, 137–138

Refraction, age change in, 165, 165f
aniseikonia role of, 119–122, 120f
infantile esotropia effect on, 323f, 323–324
optical correction of, 537–540, 538b–539b, 538f, 540f
overcorrection/undercorrection of, 538, 538b–539b, 538f
pediatric patient examination using, 163–165, 165f
strabismus role of, 139–140

REM (rapid eye movement), 69
Retina. See also Eye; Vision.

binocular vision role of, 7–12, 8f, 9f, 12f
correspondence attribute of, 9f, 10–11, 15f, 15–18

anomalies in. See Anomalous correspondence.
binocular disparities limit for, 11, 31
criteria for, 28–29
normal, 222–224, 223f, 229f
red glass test showing, 222–225, 223f

cyclopean eye relation to, 9f, 10
directional lines of, 7–10, 8f, 9f
discrepancies of metric related to, 14f, 14–15
eccentricity attribute of, 115, 116f

field of vision related to, 115, 116f
element distribution in, 10, 15f, 15–18
fusion role of, 7–12, 8f, 9f, 73–75
image inequality affecting, 119–122, 120f
lateral inhibition in, amblyopia and, 271–272, 272f
meridians of, 59–60, 60f

cyclodeviation role of, 194, 195f, 390, 390f
peripheral, eye movement related to, 73–75

fusion due to, 73–75
limits related to, 115, 116f
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Retina (Continued)
receptive field of. See also Visual field.

amblyopia and, 271–272, 272f
foveolar size determination for, 271–272, 272f
lateral inhibition in, 271–272, 272f
mapping of, 115, 116f
spatial summation in, 271–272, 272f

rivalry attribute of, 11–12, 12f
subjective vs. objective parameters and, 14f, 14–15
surgery complications affecting, 619

Retinocortical time, 278
Retinomotor value, 8
Retraction syndrome. See Duane (retraction) syndrome.
Reverse leash effect, 423, 425f
Rigid theory, 240
Rivalry, binocular, 11–12, 12f

retinal, 11–12, 12f
Rods (Maddox), 190, 191f, 194–195, 196f
Rods (retinal), 270
Rotation. See Axes of rotation.
Ruler, near point of convergence on, 206–207, 207f

Saccades, 5, 59
electromyography of, 111, 111f
microsaccades as, 79
neurophysiology of, 111, 111f
prism base-out eye movements in, 66, 67f
time course of, 76–78, 77f
velocity of, 76–78, 77f, 78f
version role of, 69

Sarcoplasmic reticulum, 103–105, 104f, 105f
Sclera, 617, 617f

dissection wound of, 619
inflammation of, 622
muscle insertion in, 38f, 40f, 40–41, 41t, 44f–46f

arc of contact for, 53–54, 54f
postoperative complications affecting, 619, 622
surgical closure of, 617, 617f

Scobee-Burian occlusion test, 361
Scotoma, exodeviation with, 365, 365f

fixation eccentricity and, 266
fixation point form of, 216–217, 217f, 228f
functional, 216
mapping of, 217–220, 218f–220f
microtropia with, 343, 344f
suppression, 216–219, 217f–220f, 228f, 344f

Separation difficulty, amblyopia examination role of,
257–260, 259f

visual acuity diminished by, 257–260, 259f
Sex distribution, Duane’s (retraction) syndrome, 458t,

458–459
exodeviation, 360

Sherrington’s law, 63–64, 64f, 65f
clinical applications of, 64, 65f
reciprocal muscle innervation in, 63–64, 64f, 65f

Sight lines. See Lines of direction (sight).
Silicone expander, tendon with, 579
Sleep, eye position during, 110
Smoking, teratogenic effects of, 145
Space perception, 7–35. See also Depth perception;

Stereopsis.
binocular vision in, 7–12, 8f, 9f, 12f
discrepancies of metric related to, 14f, 14–15
monocular clues in, 25–28, 26f, 27f
objectivity and subjectivity in, 12–15, 14f, 15f
phenomenology of, 12–14
proprioception role in, 30–31
spectacles affecting, 118–119
stereoptical, 21–25, 22f, 23f, 24f

Spasmus nutans, 509
Spectacles, accommodation-convergence effects of, 95–96,

118–119
aniseikonia affected by, 119–122, 120f, 121f
Bagolini. See Bagolini striated glasses test.
bifocal, 539–540, 540f
geometric optical effects of, 118–119
hypertropia therapy using, 538b–539b, 538f
nystagmus therapy using, 521
Polaroid, 302f, 302–303

stereopsis testing with, 299–303, 301f, 302f
Titmus test using, 299–301, 300f

red-green, 191–192, 192f–194f, 198
stereopsis testing with, 302f, 302–303

refraction corrected with, 537–540, 540f
striated. See Striated glasses test.

Spielmann test, 176, 177f
vertical deviation evaluated in, 198, 198f, 381, 381f

Spiral of Tillaux, 40
rectus muscle insertion in, 40

Staphyloma, 473f, 473–474
Static perimetry, 277f

parafoveolar fixation in, 277f
Stereograms, random-dot, 23, 23f, 24f, 301–304, 301f–304f

E, 301f, 301–303
red-green, 302f, 302–303

stereopsis testing with, 301–304, 301f–304f
Stereopsis, 21–25

acuity level in, 25
age of development of, 298
definition of, 21
examination evaluating, 298–307
fusion role in, 24–25
local vs. global, 23–24
neurophysiologic theory of, 31–33, 32f, 33f
physiologic basis of, 22f, 22–23, 23f
retinal rivalry affecting, 11–12, 12f
testing for, 299–307

amblyoscopic, 299
Lang tests in, 303f, 303–304, 304f
random dot, 301f–304f, 301–304
stereographic, 299–304, 301f–304f
Titmus test in, 299–301, 300f
TNO test in, 302f, 302–303
two-pencil test in, 304–307, 305f, 306f
vectographic, 299–301, 300f

Stereoscope, 22, 22f
rotary prism, 203, 203f, 204t

Stereoscopy, haploscopy vs., 73
stereopsis testing in, 299–304, 300f–304f
vergence amplitude measurements using, 203, 203f, 204t

Stilling-Türk-Duane retraction syndrome, 458
Strabismometry, 186

corneal reflection test as, 186
objective, 186

Strabismus, 127–133, 134–149. See also Paralytic strabismus.
A, V, and Y patterns of, 396–411
accommodation and refraction in, 139–140
adherence syndrome with, 471
age at onset of, 132, 136, 328f, 346f, 427t
amblyopia due to, 249f, 249–250, 252t, 254–287. See also

Amblyopia.
anatomic vs. innervational factors in, 134, 141–145
angle of, 229, 229f, 230

angle of anomaly as, 229f, 229–230
exodeviation and, 363–364
objective angle as, 229, 229f
subjective angle as, 229–230
ultrasmall, 340–345, 344f

Brown syndrome with. See Brown syndrome.
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Strabismus (Continued)
Burian-Franceschetti, 339
comitant, 131, 132. See also Comitance.

accommodation in, 139–140
genetics of, 145–148, 146f, 147t
refraction in, 139–140

convergent, 130, 132, 141–142. See also Esotropia.
cyclotropic, 130–131, 389–392, 401–402
definition of, 127, 128, 130
divergent, 129–130, 130f, 141–142. See also Exotropia.
Duane syndrome with. See Duane (retraction) syndrome.
esophoric, 129, 130f. See also Esophoria; Heterophoria.
esotropic, 129, 130f. See also Esodeviation(s); Esotropia;

Heterotropia.
etiology of, 134–149, 414–451, 458–490
examination for. See Examination.
exophoric, 129, 130f. See also Exophoria; Heterophoria.
exotropic, 129, 130f. See also Exodeviation(s); Exotropia;

Heterotropia.
fixation in, 132, 140–141
fusion abnormalities in, 134–138, 135b–136b, 338b–339b,

338–339
genetic factors in, 145–148, 146f, 147t
Graves’ ophthalmopathy in, 476–480, 477f
hereditary, 145–148, 146f, 147t
heterophoric. See Heterophoria.
heterotropic. See Heterotropia.
incomitant, 131, 132
intermittent deviation in, 131, 131t, 311–314
mechanical-restrictive, 133
muscular anomalies in, mechanical, 138–139

structural, 139
myopia (high) with, 473b, 473f, 473–474, 474f
neurologic factors in, 137–138, 141–145. See also

Nerve(s).
nystagmus associated with, latent/manifest-latent congeni-

tal, 519–520
manifest congenital, 511

orbital, 133, 145
paralytic. See Paralytic strabismus.
periodic, 131
pseudo-, 168–169, 169f, 322
psychological effects of, 156, 156b
reflexes in, 137–138
retraction syndrome with. See Duane’s (retraction) syn-

drome.
superior tendon sheath syndrome with. See Brown syn-

drome.
torsional, 130, 387, 388f, 401–402
treatment of. See Nonsurgical treatment; Surgical treat-

ment; and under specific forms of strabismus, e.g.,
Esotropia.

Strabismus deorsoadductorius, 387–389, 388f
Strabismus fixus, 471–472

case history of, 472b
clinical findings and etiology of, 471–472, 472f
convergent, 472, 472f
divergent, 472, 472f
treatment of, 472

Strabismus sursoadductorius, 385–387, 386f, 388f
‘‘Straight-ahead’’ sensation, 29

eccentric fixation with, 265, 266f
relative vs. egocentric localization and, 265–266, 266f

Striate cortex, 32f, 32–33, 33f, 282–283, 283f–285f
Striated glasses test, anomalous correspondence in, 227–228,

228f, 232t, 233f
cyclodeviation measurement using, 195–196
dissociating effect rating of, 233f
suppression in, 227–228, 228f, 232t, 233f

Strychnine, 256

Succinylcholine, muscle fiber effects of, 106–107, 107f
side effects of, 542

Summation, amblyopia role of, 271–272
retinal receptive field with, 271–272
spatial, 271–272

Superior tendon sheath syndrome, 466, 467. See also Brown
syndrome.

Suppression, 215–222
age of sensitivity to, 217
alternating, 217, 217f
amblyopia vs., 282
antisuppression training and, 544
clinical features of, 216–217, 217f
definition of, 215
depth measurement for, 221, 222f
diplopia avoidance role of, 19–20, 211–212, 215–216
ignoring of image vs., 220–221
mechanism and seat of, 215–216
scotoma related to, 216–220, 217f–220f, 365f
test(s) for, 217–222

binocular perimetry in, 217–218, 218f
four-prism diopter base-out, 218–219, 220f
prism, 218–219, 219f
red-green filters in, 217–218, 218f, 221f
striated glasses, 227–228, 228f
Worth four-dot, 219–220, 221f

Surgical treatment, 566–624
anesthesia in, 581–582

complications of, 619–620
general, 581–582
local, 581–582

basic principles of, 566–583
choice of operation in, 568–571

diagnostic gaze position role in, 569
forced duction test role in, 569–570
motility analysis role in, 569–570
muscle strengthening and, 579–580
muscle weakening and, 573–579
near point of convergence and, 570
single vs. multiple procedures and, 580–581
symmetric vs. asymmetric, 570–571
version test role in, 569

complication(s) of, 618–623
anesthesia-related, 619–620
conjunctival, corneal and scleral, 622
diplopia in, 622–623
hemorrhage as, 618
infectious and inflammatory, 620–621
ischemic, 621–622
muscle transection or loss as, 618–619
overcorrection as. See Overcorrection.
postoperative, 620–623

disorder(s) addressed in, A and V pattern, 406–411, 409f
of oblique muscle, 399, 403f, 407–409
of rectus muscle, 398–399, 407, 409f, 409–410

cataract as, 432
depression in adduction as, 410–411
Duane syndrome as, 465–466
elevation in adduction as, 410–411
exodeviation as, 367–372, 370t
infantile esotropia as, 330–336, 332t, 333f
nystagmus as, 522–529, 525b, 525f, 526f, 527b, 528f
paralytic strabismus as, 445–451, 447f

cranial nerve III, 448–449
cranial nerve IV, 449t, 449–450
cranial nerve VI, 615f, 615–616, 616f
double elevator and double depressor, 450–451
oblique muscle, 448, 449t, 449–450
oculomotor nerve, 448–449
rectus muscle, 446–448, 612f–616f, 613–616
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Surgical treatment (Continued)
trochlear nerve, 449t, 449–450

dressings and medications in, 624
history and general comments in, 566–568
instruments, sutures and needles in, 582f, 582–583
patient and parent preparation for, 581
postoperative, 622–624
preoperative, 581–584
procedure(s)/technique(s) of, 583–623

conjunctival incision in, 584–587, 585f–587f
Harada-Ito, 607–609, 609f
Jensen, 615f, 615–616, 616f
oblique displacement, 607–609, 609f
oblique myectomy, 577–578, 598–600, 598f–600f
oblique recession, inferior, 600–601, 601f, 602f

superior, 603, 606f
oblique strengthening, 580
oblique tenectomy, 602–603, 603f–605f
oblique tucking, 603–607, 606f–608f
oblique weakening, 577–579
posterior fixation, 574–577, 575f, 576f, 609–612
rectus exposure, 584–587, 585f–587f
rectus marginal myotomy, 579, 597–598, 598f
rectus posterior fixation, 576f, 609–612, 610f–611f, 612t
rectus recession, 573–574, 587–588, 588f–590f
rectus resection, 588–590, 591f–593f
rectus slanting, 574
rectus transposition, 409–410, 612f–616f, 612–617

Sursumduction, 53, 53f
alternating, 378

Sursumvergence, 204t
Suture (cranial coronal), 439f

premature closure of, 438–439, 439f
Suture (surgical), 582f, 582–583

adjustable, 591–597, 595f–597f
foreign body reaction to, 621
posterior fixation, 574–577, 575f, 576f

in rectus muscle, 576f, 609–612, 610f–611f, 612t
traction, 617–618

Synoptometer, 185
Synoptophore, 228–230

anomalous correspondence and, 228–230, 229f, 232t, 233f
dissociating effect rating of, 233f
vergence amplitude measurements using, 203, 203f, 204t

T system, 103–105, 105f
Teller Acuity Card Test, 161
Tendon(s), 41, 43–44

extraocular muscle, 38f, 41, 41t, 42t, 43–44, 44f, 45f
Brown syndrome affecting, 466–469
falciform folds supporting, 48, 48f
length and width of, 40, 40f, 42t, 44f

oblique tendon transposition and, 616–617
oblique tenectomy and, 602–603, 603f–605f
silicone expander for, 579

Tenon’s capsule, anatomy of, 44–45, 45f, 46f
conjunctival incision and, 584–587, 585f, 586f
extraocular muscles and, 44–45, 45f, 46f
eyeball suspension by, 44–45, 45f, 46f
recession of, 617, 617f

Tenon’s space, 44, 45f
India ink in, 44, 45f

Tenotomy, myokymia treated with, 487–488
Tensilon, myasthenia gravis diagnosis using, 488–489
Teratogen(s), cigarette smoke as, 145

Duane’s (retraction) syndrome due to, 461
embryo affected by, 145, 461

Thalidomide, Duane (retraction) syndrome due to, 461
fetal effects of, 145

Theory, alternative, 33–34
anomalous correspondence, 233–235, 240–241
binocular vision, 31–33, 32f, 33f
Boeder’s, 57–59, 58f, 240–241
Cüppers’, 265–266
projection, 34, 240–241
rigid, 240

Third dimension. See Stereopsis.
‘‘Third’’ eye, 9f, 10
Thyroid disease, 476–480

Graves’ ophthalmopathy due to, 476–480, 477f
Tillaux spiral, 40
Time, circadian heterotropia and, 131–132, 480–482

eye movement velocity and, 76–78, 77f, 78f
Titmus Stereo Test, 299–301, 300f
TNO test, red-green vectograph in, 302f, 302–303

stereopsis testing in, 302f, 302–303
Tongue, Möbius syndrome affecting, 440, 441f
Torsional deviations, 130, 387, 388f, 401–402

dissociated, 379
nystagmus related to, 525b, 525f

Torticollis, congenital vs. ocular, 419, 420f, 420t, 525f, 526f
nystagmus related to, 525b, 525f, 526f
paralytic strabismus with, 417–421, 420f, 420t

Traction suture, 617–618
Traction test, exaggerated, 423–425

paralytic strabismus in, 423–425, 424f, 425f
Travers screen and mirror test, 218, 218f
Treatment. See Nonsurgical treatment; Surgical treatment;

and under specific condition or disorder.
Tremor, fixation, 79
Triplopia, 237, 238f
Trochlea, Brown syndrome role of, 468–469

impaired slippage through, 468–469
plagiocephaly affecting, 438–439, 439f
retroplacement of, 438–439, 439f

Trochlear nerve (N IV), 49, 49f
paralysis of, 434–439

bilateral vs. unilateral, 438, 438t
clinical findings in, 435–437, 436ft, 437t
diagnosis of, 435–437, 436, 437t
etiology of, 429, 429t, 434–435
head tilt test in, 436ft, 437
hypertropia of, 435–437, 436ft, 437t
pseudoparalysis vs., 438–439
strabismus of, 434–439, 436f, 438t, 439f
surgical treatment for, 449t, 449–450
symptoms of, 435

Troxler phenomenon, 273
Tubule (T) system, 103–105, 105f
Twins, 147, 147t
Two-pencil test, historic, 304, 305f

stereopsis testing with, 304–307, 305f, 306f

Undercorrection, refractive, 538, 538b–539b, 538f

V esotropia, 396, 397f, 404t, 406f, 409f, 410
V exotropia, 396, 397f, 404t, 409f, 410
Vectograph cards, 299–301, 300f
Velocity, 76–78, 426–427

eye movement, 76–78, 77f, 78f
paralytic strabismus and, 426–427, 427f

VERs (visually evoked responses), amblyopia effect on,
280–282

pediatric examination using, 162t, 162–163, 163f
Vergence, 69t, 71–72, 72f, 75–78, 78f

aftereffects related to, 78
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Vergence (Continued)
amplitude values for, 203–206, 204t
cyclovergence as, 75–76
disjunctive nature of, 71–72
examination of, 202–207, 203f, 204b, 204t, 205f, 207f
fusional, 77–78
measurement of, 202–207, 203f, 204t, 205f, 207f
meter angle measurement related to, 87f, 87–88
prism effect on, 71–72, 72f
velocity of, 77–78, 78f
vertical, 75–76, 202–206, 206b, 381, 383

Vernier acuity, 114, 274–275
Version, 68–71, 69t, 71f, 76–78, 77f

cycloversion as, 70–71, 71f, 75–76
dextrocycloversion as, 64, 65f
dextroversion as, 71f
examination of, 199–201, 200f, 201f
Hering’s law in, 67, 68f
horizontal, 69
levoversion as, 65f, 68f, 71f
nystagmus damping by, 514f–516f, 514–516
oblique, 69–70
saccadic movement role in, 69
Sherrington’s law in, 64, 65f
velocity of, 69, 76–78, 77f
vertical, 69

Vertical deviation(s), 377–389
comitant, 377–378
depression in abduction as, 388f
depression in adduction as, 387–389, 388f
dissociated, 378–385

clinical characteristics of, 378–385, 379f, 384f
conservative approach to, 380, 383–384
differential diagnosis of, 379f, 382f, 383, 384t
diplopia with, 380, 380b
esotropia with, 348–349, 385

infantile, 324–325, 329t
etiology of, 381–383
evaluation of, 198, 198f, 379–380, 384t
gaze positions and, 382, 382f
horizontal component of, 381f, 385
muscle overaction/underaction in, 379, 379f, 383, 384t,

386f, 386–389
Spielmann test in, 198, 198f, 381, 381f
terminology for, 378
treatment of, conservative, 383–384

surgical, 384–385
elevation in abduction as, 382, 382f
elevation in adduction as, 385–387, 386f

Vertical diplopia, 189–190, 190f
Vertical meridians, 59–60, 60f
Vertical vergence, 75–76, 202–206, 206b
Vertical version, 69
Vestibular system, oculovestibular reflex and, 70, 71f

strabismus etiology in, 142
Vieth-Müller circle, 17, 18f
Vision. See also Eye; Retina.

acuity of, 8, 9f, 114–118
amblyopia reduction of, 255–260, 259f, 264
basic physiologic concepts of, 114–118, 116f, 117f
hyperacuity in, 274
line (Snellen) vs. single E, 257–260, 259f
luminance affecting, 115–118, 117f
nystagmus and, latent/manifest-latent congenital, 519

manifest congenital, 510–511
pediatric examination of, 159–165, 160f, 161f, 162t,

163f
standard values (6/6, 20/20) for, 114–115
variables affecting, 115–118, 116f, 117f
Vernier, 114, 274–275

Vision (Continued)
adaptation to light affecting, 115–118, 117f
axes of. See Visual axes.
binocular aspect of. See Binocular vision.
color, 13, 254, 260. See also Color.
contour interaction affecting, 118
contrast affecting, 118
deprivation of, 252f, 252t, 252–253, 253f
depth perception in. See Depth perception; Stereopsis.
eye movement affecting, 118
field of. See Visual field.
foveal proximity affecting, 115, 116f, 117f
lines of direction (sight) for, 7–10, 8f, 9f

angles related to, 170f–172f, 171–172, 173t
minimum resolvable threshold in, 118
monocular, 25–28, 26f, 27f, 298–299, 304

duction movements related to, 52–53, 53f, 54f, 68, 69t
light threshold perimetry in, 277, 277f

near vision complex role in, 85–99
nervous center activities in, 277–282
objectivity and subjectivity in, 12–15, 14f, 15f
panoramic, 364–365, 364b–365b
peripheral limits for, 115, 116f
pupil size affecting, 99, 99f, 118, 276
reaction time of, 277–278
retinal eccentricity affecting, 115, 116f

Visual axes, angle kappa associated with, 169–173,
170f–172f, 173t

deviations of, 127–133, 134–149. See also Deviations; Het-
erophoria; Heterotropia; Strabismus.

duction movements and, 52–53, 53f
examination of, 169–173, 170f–172f, 173t
lens and cornea in, 170, 170f
maximal rotation values related to, 56, 56t
muscle planes and, 53–54, 54f, 55f
pupillary, 169–170, 170f

Visual deprivation, 252f, 252t, 252–253, 253f
Visual field, 79–81

binocular, 79–81, 80f, 80t
exodeviation affecting, 365, 365f
field of fixation as, 79–81, 80f, 80t
head movements affecting, 80–81
limits of, 80f, 80t
mapping of, 115, 116f
monocular, 79–81, 80f, 80t
retinal eccentricity limits for, 115, 116f

Visually evoked responses (VERs), amblyopia effect on,
280–282

pediatric examination using, 162t, 162–163, 163f
Visuscope, fixation anomalies in, 263, 264f

microtropia diagnosis with, 344f

Williams syndrome, 148
Worth four-dot test, anomalous correspondence in, 232t, 233f

dissociating effect rating of, 233f
suppression in, 219–220, 221f, 232t

X pattern, 396

Y pattern, 396, 411
esotropia with, 396, 411
exotropia with, 396, 411
inverted, 396, 411

Yoking, of extraocular muscles, 63, 69, 416, 575

Z line, 103, 105f
Zinn annulus, 39, 39f


