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INTRODUCTION

Tortus, the Latin word for twisted, and collum, for neck, are the roots of
the word torticollis.' The etiology of torticollis may be orthopedic2 (includ-
ing osseous, ligamentous, and muscular), neurologic, or ocular.
Orthopedic causes include acquired traumatic or inflammatory cervical
myositis and congenital muscuiloskeletal abnormalities, such as shortening
and fibrosis of the sternocleidomastoid muscle, Klippel-Feil syndrome,
and occipitocervical stenosis.3 Cervical spine subluxation4 is associated
with congenital muscular torticollis and craniofacial asymmetry.
Abnormalities of the skull, such as plagiocephaly, or unilateral coronal
suture stenosis, can result in underaction of the superior oblique, overac-
tion of the ipsilateral inferior oblique, and ocular torticollis, with a positive
Bielschowsky head tilt test.5 Torticollis associated with hiatus hernia is
described as Sandifer syndrome,69 with varying movements of the head
and neck, often with twisting of the neck from side to side. Torticollis may
occur in association with deafness, especially when unilateral, 1'-12 or func-
tional or psychiatric disturbances.4"'

Torticollis with an ophthalmic etiology was first described by Cuignet in
1873.13 Ocular torticollis is an abnormal head posture that may be adopted
by a patient in order to maintain binocular vision, with a twist or turn of the
neck. There may be an associated head tilt, face turn, chin elevation, chin
depression, or a combination of these postures.3"4'5 Scoliosis may result
from compensation for extraocular muscle paresis.'3 Verzella and associ-
ates,'16 in their description of 8 patients, credited von Graefe for recogniz-
ing this mechanism in 1864. Ruedemann' and Dietrich and Slack'8 also
described scoliosis and spine misalignment secondary to ocular paresis of
one or more vertical eye muscles. According to Wesson,"' the purpose of
ocular torticollis is to assist the patient's vision in 1 or more of 6 ways:

*From Connecticut Children's Medical Center, Hartford, Connecticut and University of
Connecticut Health Center, Department of Ophthalmology, Farmington, Connecticut.
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1. To improve vision.
2. To bring the field of vision into a central area by reducing nasal field

occlusion.
3. To strengthen or to achieve single binocular vision.
4. To reduce eye discomfort (eg, presbyopia, diplopia).
5. To afford eye protection.
6. To offer relief from pain.

Nutt'" has described the compensatory head posture as a reflex activi-
ty, the stimulus being the presence of diplopia, with the altered head posi-
tion allowing stimulation of corresponding retinal areas to allow single
binocular vision.

BACKGROUND FOR STUDY

In a 2-year prospective study of abnormal head postures based on ocular
causes, Kushner20 identified 8 basic mechanisms causing torticollis in 188
patients, in an academic center. In his study, Kushner included patients
who did not demonstrate ocular torticollis but had conditions frequently
associated with head posture abnormalities, attempting to attain single
binocular vision or some degree of fusion. Kushner identified incomitance
as the leading cause of torticollis in 118 patients (62.7%) and found 70
cases of vertical incomitance, including 46 with superior oblique palsy, 7
with inferior oblique palsy, 6 with Brown syndrome, 5 with blow-out frac-
ture, 3 with double elevator palsy, and 3 with superior rectus palsy. The
horizontal incomitance group consisted of 48 cases, including 31 with
Duane syndrome, 7 with acquired horizontal incomitance, (4 after asym-
metric surgery, and 3 with sixth nerve palsy), 4 with A or V pattern, and 6
with torsional incomitance.

Kushner-2 found nystagmus in 38 cases as the second leading cause of
abnormal head posture (20.2%). Other groups included 12 cases with
congenital esotropia with ocular posture (6.3%), 10 cases permitting foveal
fixation (5.3%), 4 cases with cosmetic etiology (2.1%), 3 cases with ocu-
lar motor apraxia (1.6 %), 2 cases with spasmus nutans (1%), and 1 case
with astigmatism (0.5%).

MATERIALS AND METHODS

The clinical impression of this author was that the data presented by
Kushner2" would be somewhat similar to the clinical experience in this
private ophthalmology practice. What this author found, however, in com-
paring this study to that of Kushner, was that while most cases of torticol-
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lis could be explained, there remained a category of patients with torticol-
lis without any apparent reason. Because this latter group of patients was
not addressed in Kushner's study, the intent of this author is to compare
the known etiologies for ocular torticollis as described by Kushner, as well
as to reveal the incidence of, and to attempt to define the etiologies of,
unexplained ocular torticollis.

Beginning on December 1, 1992, a 12-month prospective study of all
patients examined by this ophthalmology group was undertaken to identi-
fy and categorize the various reasons for ocular torticollis. A total of
15,168 patient visits were recorded, and 630 patients were identified with
measurable ocular torticollis. From this group, a subset of 25 patients were
identified with ocular torticollis in association with medical or neurologic
conditions too complex to be studied in this paper. The remaining 605
patients presented with torticollis with a presumed ocular etiology, with-
out evidence of musculoskeletal or neurologic etiology.

Of the 15,168 recorded office visits during the year of the study, a
number of patients were examined more than once. After deleting repeat-
ed office visits, a patient pool of 11,299 remained, resulting in an incidence
of torticollis of 630 of 11,299 (5.6%). Each of the 630 patients had a
demonstrable head posture and had no prior history or evidence of ortho-
pedic or neurologic abnormalities. Those without head posture abnor-
malities were excluded, in contrast to Kushner's study, which included a
number of patients without head tilt but with a condition associated with
head tilt. Therefore, the percentage comparisons between the 2 studies is
not exact.

Each patient received a complete eye examination, including age-
appropriate visual acuity testing, with the notations C, S, M for central,
steady, andl maintained fixation for infants, to preferential looking with the
Teller visual acuity cards, Mentor BVAT equipment using pictures, "E,"
"HOTV," and alphabet. Additional measurements included stereoscopic
testing, Worth 4-dot test, convergence amplitudes, near point of conver-
gence, pupil evaluation, anterior segment, eye rotations, cover testing,
cycloplegic refraction, indirect ophthalmoscopy, observing for ocular tor-
sion, and direct ophthalmoscopy. When possible, intraocular pressure by
applanation or digitally, red filter, double Maddox rod test, Bagolini striat-
ed glasses, Hess screen, or the Lancaster red-green test were performed.

The torticollis of every patient in this study was measured with a
goniometer, a protractor with extended, hinged arms, an instrument used
for orthopedic mneasurements on x-rays. When measuring a face turn, one
arm was directed at the fixation target, and the second arm was placed
along the sagittal axis of the head. Measurements were read (lirectly from
the goniomieter in degrees 1,14,21 (Figs 1 and 2). When a head tilt or chin
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FIGURE 1

Orthopedic gonioineter tise(l for imeasuremiieint of torticollis.

;,. OVIM A.W

FIGURE 2

Patienit with groniometer place(d oni head, \Nwith one arins directced at fixationi target acnd( onie arim
in directioni of head tuirni. Head turin is imeaistired directlx in degrees.

tuck or chin up position was measured, the patient fixated on a distant tar-
get at eye level, while 1 arm of the gonioImeter was placed parallel to the
axis of the face, and the second arm perpendicular to the floor. Again, the
degrees of torticollis were read directly from the goniometer. (The
goniometer is available withouit cost from the Upjohn Phalrmaceutical
Companiy, 7000 Portage Dr., Kalamazoo, MI 49001; 616-329-8244).

Other deevices to measure torticollis halve been described by various
investigators. Cooper and Sandall22 recommended using a perimeter;
however, this is very cumbersome and impractical with youing children.
Schatz and Urist-3 described anl apparatuis that was strapped to the patient's
head, and involves a protractor, a level, and a directional pointer. This
instrument was never popuilarized, however, and is not available commner-
cially. Younlg24 proposed a photographic techniquie, which requiires a linein
headband, three hinged mirrors, and multiple photographs. This is also
impractical aind unrealistic when examining young patients. The hand-
held goniometer remains the instrument of choice for measuring face
turns, head tilts and chin postures as the patient views age-appropriate dis-
tant and near fixation targets.
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A number of patients presented with a face turn, head tilt, or chin ele-
vation or depression only, while others presented with postures combining
2 or 3 of the head or face positions. To compare the measurements of tor-
ticollis for patients within each group, as well as for comparison from
group to group, it was determined that the degrees of face turn, head tilt,
and chin posture for each patient should be combined and listed as "total
degrees" in each table. This method was deemed the most logical mech-
anism for reporting and for comparison purposes, not only of groups with-
in this stud, but also for comparison with other studies as well.

RESULTS

Of the 630 patients with ocular torticollis, this author found 330 patients
with incomitance (52.4%), 120 patients with nystagmus (19%), 69 patients
with congenital esotropia with ocular posture (10.9%), and 27 patients with
torticollis permitting foveal fixation (4.3%). Two patients had spasmus
nutans (0.3%). No patients were found to have ocular torticollis relating to
cosmetic reasons or ocular motor apraxia. Twenty-five patients were deter-
mined to have ocular torticollis in association with medical or neurologic
conditions (4%). An unexpected high number, 57 patients (9%), were
found with ocular torticollis without any apparent or obvious reason.

Table I summarizes the diagnostic groups described by Kushner2" and
gives comparison figures for this study. Kushner described a higher per-
centage of patients with incoinitance and with permitting foveal fixation
(eg, ptosis, fibrosis syndrome, Moebius syndrome). He noted a total of 8
patients with ocular torticollis as a result of cosmetic reasons, ocular motor
apraxia, or astigmatism. This study revealed a similar incidence of nys-
tagmus as an etiology for torticollis. In this study, however, a higher per-
centage of patients presented with congenital esotropia with ocular pos-
ture than described by Kushner.20 The 57 patients with unexplained torti-
collis comprised 9% of the total group. A comparable group was not
described in Kushner's study.

Table II summarizes those patients with ocular posture secondary to
incomitance, with nearly 10% of the total group demonstrating superior
oblique palsy. Acquired horizontal incomitance, including asymmetric
surgery, A and V pattern, and 6th nerve palsy, accounts for nearly 30% of
the torticollis pool. The groups of Duane and Brown syndrome combined
for slightly more than 11% of the torticollis pool.

Several diagnostic categories were extracted from the total patient pool
to allow for the calculation of incidence of each group. The office com-
puter system in use at the time of this study did not allow for the record-
ing of more than 3 diagnoses per office visit. This limits the accuracy of
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TABLE I: ETIOLOGY OF TORTICOLLIS

FACTOR KUSHNER STUDY20 PRESENT STUDY

NO. OF PATIENTS (%) NO. OF PATIENTS (%)

Iincomitaince 118 (62.7) 330 (52.4)
Nystagmuts 38 (20.2) 120 (19)
Congenital esotropia w,ith

ocular postuire 12 (6.3) 69 (10.9)

Permitting foveal fixationi 10 (5.3) 27 (4.3)
Cosmetic 4 (2.1) ( (0)
Ocular motor apra:xia 3 (1.6) ( (0)
Spasimuts niutanis 2 (1) 2 (0.3)
Astigmatism 1 (0.5) 0 (0)
No apparenit reason for

torticollis NA 57 (9)
Ocular torticollis wvith

associated
medical/neuirologic
conditionis NA 25 (4)

TABLE II: OCULAR POSTURE SECONDARY TO INCOMITANCE

INCOMITANCE NO. OF PATIENTS % OF 630 PATIENTS

WITH TORTICOLLIS

Vertical
Superior oblique palsy 59 9.4
Inferior oblique palsy 6 1.0
Bro-wn syndrome 25 4.0
Double elevator palsy 9 1.4
Superior recttus palsy 1 0.2

Horizontal
Duane synidromne 46 7.3
Acquiredlhorizonital
incomitaince - asymmetric
surgery 48 7.6

Acquire(d horizonital
incomitance - A/V patterni 116 18.4

Acquired hiorizontal
incomitance - sixth nerve
palsy 1 (0.2

Third nerve pals\ 1 0.2
Torsional incomuitanice 4 0.6

Total 330
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the data to some extent, because there were frequently 4 or more diag-
noses recorded for each visit. For example, a child with myopia, torticol-
lis, nystagmus, esotropia, and amblyopia could not be categorized with
every disorder. Therefore, the diagnoses in the central column in Table
III are necessarily underreported, and the incidence of torticollis for each
group may be slightly higher than would be calculated if all diagnoses
were available.

TABLE III: TORTICOLLIS INCIDENCE*

NO. OF PATIENTS INCIDENCE OF

TORTICOLLIS

Superior obli(quie palsy 59
Inferior obli(qtue palsy 6
Double elevator palsy 9 PATIENTS WITH
Superior rectius palsy 1 ( "EYE MIUSCLE PALSY"
Sixth nerve palsy 1.5
Third uerve pals 1, J

Total 91 279 33%

Browvn syodromiie 25 86 30%
Duane syndromle 46 128 36%
ET-A patterni 29 124
ET-V pattern 40 213
XT-A pattern 16 129
XT-V patteni 31 144
All patterns 116 610 19%

Nystagmus 120 290 41%
Infantile esotropia 69 812 8.5%
Ptosis 16 343 7%

'Total No. of office visits = 15,168
Total No. of patients seen = 11,299
Total No. of patienits Nwith torticollis = 630
Incidence of torticollis (630/11,299) = 5.6%

The classification "eye muscle palsy" was identified 279 times among
11,299 patients. A total of 91 patients presented with torticollis and eye
muscle palsies, including 59 superior oblique palsies, 6 inferior oblique
palsies, 9 double elevator palsies, 1 superior rectus palsy, 15 sixth nerve
palsies, and 1 third nerve palsy. Therefore, the incidence of torticollis in the
presence of eye palsy was 91 of 279, or 33%. Of the 86 patients examined
with Brown syndrome, 25 had torticollis (30%). These findings were iden-
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tical to Kushneris'2 group of patients witlh Brown syndrome. Nine of the 25
patients with Brown Sypndrome demonstrated head tilt, higlher thaln the 5%
found by Kushner, and simuilar to a stud(y by, Urist.25 Of the 128 patients with
Duiane syndrome, 46 had torticollis (36%). Of the 610 patients with A or V'
pattern, 116 demonstrated torticollis (19%). These results are higlher thla
the 9% reported by Kushner" or the 11% reported by Campion.21

The presence of torticollis with nvstagmtus occtur^red in 120 patients of
290 with a (liagnosis of nystagmius (41%). There were 812 patients dciag-
nosed witlh congenital or infantile esotropia, and 69 diagniosed witlh con-
genital esotropia wvith ocular posture (8.5%). A number of infants in the A
and V pattern category had infantile esotropia, but did not develop the full
"syndrome" including dissociated vertical dev,iation, excyclotorsion, latent
nystagmus, and torticollis, and therefore this category may be unlderre-
ported. In his 1987 Edward Jackson Memorial Lecture, von Noorden2-
reported that only 26 (6%) of406 patients witlh essential infantile esotropia
(lemonstrated anomialouis head postuire, similar to the 8.5% incidenice
founld in this study.

The major causes for ocular posture secondary to incoimitanice are
summarized aind explainied in detail in subsequenit sections of this studc1\;,
followved by reviews of nvstagmus, congenital esotropia with ocular pos-
ture, perimitting foveal fixationi, n1o apparenit reasoni for torticollis, torticol-
lis associated with medical and neurologic conditions, and supelior rectus
palsy) tlhird nerve palsy; and spasmuitis nutitanis.

SUPERIOR OBLIQUE PALSY

Fourtlh nerve palsy is the milost coimImloIn isolated cyClovertical eve mluscle
palsv.2S Congenital fourth nerve palsy occurs because of a defect in the
nucleus or the imotor portion of the nerve. Closed head traiumiia is the clhief
catuse of acquired four-tlh nerve palsy; buit other etiologic factors, including
cerebrovascular accidlent, dliabetes, intracranial tu1mors, ethmoiditis, mas-
toiditis, hemiatomia, aneurvssm, aind orbit surgery; have also beeni report-
ed243 Plagiocephlyvwith superior oblique weakening, which is not etrue
palsy, but does exhibit a similar clinical presentation, hals also been report-
ed.5 Despite extensive cliinical aind laboratory testing, the etiology7 of
fourth nerve palsy mn-ay remiain obscure.3"-34 4- In his study of 121 children
ranginlg in age fro)m birth to 16 years, Harley4'2 was unable to determiine the
origin of fourth nerve palsy in 67°7% of his patients. Kodsi and Youinge43
found trauma to be the most comlilmoni etiology for acquiired crallial nler-ve
palsies in a study of 160 pediatric patients at the Mayo Clinic. Traiumiia Nvas
the predomiiniant etiology in the oculomotor (40%), trocllear (:37%), ancd
albdlucent palsy group (42%), aS well as the multltiple palsy grouip (56%).

The uisuial clinical presenitationi of superior obliq1ue palsy is a head tilt
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away from the side involved with the snperior oblique palsy, along with a
chin depression posture. Not all patients, however, demonstrate typical
head postuire. Some miay present with absence of any discernable head tilt
or chin depression, while others tilt toward the side with the superior
oblique palsy.:' 5 Spontaneonis absence of torticollis is most common in
the presence of poor vision in one eye, where there is no need to develop
a posture to restore binocuilar vision.'

The Bielschowsky head tilt test is of the utmost importance in diagno-
sis of fourth nerve palsy.4" Parks3"' 5 popnlarized his "three-step test," which
incluides the Bielschowsky heald tilt test, to distinguish a paretic oblique
muscle or vertical rectns muscle. The first step, which asks if there is a
hypertropia in the primary position, immediately eliminates 4 of the 8
cyclovertical mnscles if a hypertropia is present. Step 2 determines
whether the vertical deviation increases in left or right gaze, thus elimi-
nating 2 more possible mnscles. After step 2, only 2 muiscles remain, and
they mnst both be either intorters or extorters, never 1 intorter and 1
extorter. It is in step 3 that the BielschoNwsky head tilt test then differen-
tiates whiicl of the 2 remaining muiscles is at fauilt.

The Parks three-step test is the standard for diagnosing isolated
cyclovertical palsies. However, Kushner7 has described conditions that
may lead to diagnostic errors xvitlh the three-step test, snch as contractnres
of the vertical rectns muscles, previons extraocular musele snrgery, myas-
thenia gravis, skew deviationi, dissociated vertical divergence, paresis of
more thain 1 vertical mulscle, and small nonparalytic vertical deviations
seen in association with horizontal strabismults. The three-step test is also
useful in the diagnosis of bilateral masked snperior oblique palsy.49

Kraft and associates49 analyzed compensatory head postnire, before and
after surgery, in a gronp of 381 patients with the diagnoses of lateral rec-
tus paresis, superior oblique paresis, Duane syndrome, Brown syndrome,
and congenital nystagmnis. Suiperior oblique palsy was found in 139
patients. Ninety-nine patienits (71%) presented with compensatory head
postuire. Robbl5 described 63 patients with idiopathic superior oblique
palsies, all of wlhom presented witlh unilateral palsies. One of Robb's
patienits was found to have masked bilateral superior obliquie palsy after
surgery for an apparent unilateral palsy.

The superior oblique palsy group in the current stuidy was composed
of 59 patients, summiarized in Table IV and( Table XVIII. Thirty-one male
and 28 female patients presente(l with aln average torticollis of 13.90. A
face turn was measure(l in 39 patients, alhead tilt in 46 patients, and a chin
posture surprisingly in only 6 patients. The average age was 14 years aind
6 moniths, with a range in age from 2 to 76 years. In all tables, age is
recorded as years pluis muontlhs.
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Not all patients in this gronp requiired surgery either because the tor-
ticollis was not sym-ptomiatic or severe, or becanise the parents or the
patient did not elect surgery. The procednres performned anid age at
surgery are compiled in Table IN7 Of those patients selecting surgery, 27
inferior oblique recession procedures were performed, as were 4 superior
obliquie tnicks, 2 inferior rectus recessions, and 1 sniperior rectus recession.
One bilateral Haradcl-Ito procedure was performed, witl an advancement
of the anterior one half of each superior oblique tendon to a position at the
sniperior border of the lateral rectus, 8 mm posterior to the insertion.

The etiology was obscure in inost patients, with documnentation of 2
motor vehicle accidents and 1 bicycle accident, which shattered the rider's
helmet. Patient 19 snistained a head injury at work in another state, and
althouigh corrective surgery was recomm-nended, the patient was lost to fol-
low-nip. The spectrum of superior oblique palsy classified by KnLpp28 was
not apparent in reviewing this series of patients, hence the surgical options
were liimited to the above described proceduures.

INFERIOR OBLIQUE PALSY

Inferior oblique palsy is the rarest of all extraocular muscle palsies.) In
1977, Scott and Nankin52 reported the first series of patients with isolated
inferior oblique paresis. An intrasheath tenotomy on the overacting ipsi-
lateral superior oblique was performed on 6 patients, with excellent
results. Olixier and von Noorden5' performed tenectomny proceduires on 6
patients, 3 of wlhom developed progressive paralysis of the tenectomuized
snperior obliquie mntscle, with deterioration of binocular vision. Reese and
Scott53 performed a tenotomy on 16 patients. Six of their patients also
required a contralateral superior rectuis recession becauise of concerns
with losing binocularity with the tenectomy procednre. Only 2 patients
were classified as overcorrected withl postoperative suiperior oblique palsy
in a 5-year follow-uip period. Pollard54 described 25 patients with inferior
oblique palsy, 2 of which were bilateral. Twenty patients in his group of
23 with unilateral palsy presented with a head tilt to the side of the paret-
ic inferior oblique miuscle. Nineteen requiired suirgery, with superior
oblique tenotoml-y or with contralateral superior rectus recession. Only 2
developed superior oblique palsy postoperatively, requiring suibsequent
surgery. Seventeen were able to fuise in the primary position, with1out
head tilt, after suirgerv.

Kushner2" reporte(d that each of his 7 cases of vertical incomitance
from inferior oblique palsy had significan-t hea(l tilt toward the affected
side. Five were iatrogenic, anid 2 were presumed idiopathic inferior
oblique palsy.

Tables V and XVIII summarize the inferior oblique palsy group found
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in the present stndcly, including 2 muale and 4 female patients, ranging in age
from 6 years 10 months to 45 years 11 months, with an average age of 21.
The average torticollis was 16.80. Only 2 of the 6 patients demonstrated a
head turn to the affected side. Patient 3 was first examined at 8 years of
age, with marked overaction of the right inferior oblique muscsle. An extir-
pation procedure of the right inferior obliqnie resulted in marked under-
action of the inferior oblique, with a 15° head tilt to the right. There was
a right hypotropia of 25 diopters in left head tilt, and 25 seconds of
stereoacuity on the random dot test in the position of torticollis.

Patient 2 had 2 emergency procedures for epistaxis, which could not be
controlled in the conventional manner. After a ligation of the right internal
maxillary artery, the bleeding persisted, requiiring ligation of the anterior
and posterior ethmoidal arteries. These procednres led to an underaction
of the right inferior oblique, hypotropia in left gaze, and a marked face turn
of 220 to the left, with gaze right preference. There was also a large area of
facial anesthesia. Patient 6 had presumned congenital inferior oblique palsy
and cerebral palsy and did not require surgery.

BROWN SYNDROME

Brown55,5f is credited with the first description of the eye motility defect,
known as Brown syndrome, demonstrated by an inability to raise the
adducted eye above the midline horizontal plane. There is usually less
restriction in the primary position, and little or no limitation of elevation
in abduction of the affected eye. There is a slight downshoot of the adduct-
ing eye, simulating superior oblique muscle overaction. In association
with the restriction of elevation is an occasional widening of the palpebral
fissures in adduction. Exodeviation in upgaze in a V pattern 575 is present.

Initially, Brown5556 felt there was a simulated inferior oblique muscle
palsy due to a deficit in innervation to the inferior oblique, witlh secondary
contracture of the anterior sheath of the superior oblique tendon. This
was proved erroneous by electromyography. Brown59 redefined the ten-
don sheath syndrome as being more complex than initially suspected and
described the true sheath syndrome as congenital, permanent, and associ-
ated with a positive traction test in adduiction. Most patients do not
demonstrate a vertical misalignment in the primary position, but if
hypotropia is present in the involved eye, there may be a compensatory
chin up posture to allow fuision in downgaze.

Various superior oblique surgical weakening proce(duires have been
described, including removal of the suiperior oblique tendon sheath. The
term "sheath," however, is a misnomer. There exists an intermultscuilar
septum suirroun(ling the superior oblique tendon, buit the "sheath" is
nonexistent. When the Tenon's capsuile and intermuscular septuim are
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booked witlhout directly obserxing the suiperior oblique ten(lon, the thick-
ened, redund(lanit layers of Te1onI's capsule and(1 intermnscnlar septnlm on
the tip of the imulscle hook are interpreted as a "sheath."5'7i" The preferred
surgical teclhnique requires leavNing Tenon's capsule intact acnd nnopened,
beyond 10 nmm from the limibns, to avoid orbital fat. The intermntscular
septnm mnlst remlain intact except at the placement of the tenotonmv.
Superior oblique tenectomy temporarily improves the snperior oblique
tightness in Bro\vn syndromiie bnt frequentlyv leads to a palsy of the tenec-
tomized sniperior oblique, witlh opposite vertical tropia and snbsequent
torticollis.5

Parks and Eustis"5 recommlnended simultaneonis snperior oblique teno-
tomn an(l ipsilateral inferior oblique recession for true Brown syndrome.
This Wcas suggested to avoid reoperation for iatrogenic superior oblique
palsy, which frequiently occurre(l when the suiperior oblique tenotomy was
the sole procedure. Underaction of the inferior oblique may persist in
some patienits. The silicone expander has been advocated by Wright and
associates." The silicone spacer is sutured to the cut ends of the superior
oblique ten(loni, nasally to the superior rectus muscle, after a tenotomv
procedure. This techniqtue offers more predictable results, Withlout
requir^ing inferior oblique surgery. Major advantages of' this technique
include controlled elongation of the superior oblique tendon, preservation
of fusion an(d stereopsis, wlhiclh may be comzpromised when iatrogenic
superior oblique palsy occurs, aind preservation of inferior obliqcue func-
tion througlh avoiding surgery on that muscle.

Tables III, VI, and XVIII summarize the findings of 25 patients with
Brown syndromiie. Ten mn-ale and 15 female patients were fouind( to have an
average torticollis of 9.40. The average age was 11 years, 3 months,with an
age range of 2 to 49 years. Torticollis was foundl in 25 of 86 patients, or in
30% in the group diagnosedl with Brown syndrome. The incidence of tor-
ticollis was higher than that reported by Kraft and associates," who
described a comlpensatory head posture in 6 of 35 patients with Brown
syndrome (17%). In the current group of 25 studied, 16 patienits experi-
ence(l face turni, 9 had a head tilt, and 7 (lem)onstrated clhin postuires. Of
the 5 patients who electedl surgery, all had tenotomyn procedures and 3 had
surgery before their incluision in this study. Two patients received surgerv
after their inclusioni in the study. The average degrees of torticollis of
those patienits who had stirgeiy was 9.20, with a range of 6 to 14".

DOUBLE ELEVATOR PALSY

Third nerve palsy may be partial or complete. 3 -3-4.3943 Double elevator palsy
occurs wheni both elevators of the eve are affected. There may be varying
(legrees of ptosis or pseuidoptosis. Pseudoptosis occurs when the upper
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eyelid folloxvs the hypotropic eye, but whlen the hypotropic eye fixates,
the pseuidoptosis disappears. True ptosis may occur in association
with psendoptosis.

In double elevator palsy, the traction test is nisnially negative. In the
case of a negative traction test, the treattment of clhoice is the Knapp pro-
cedurejI`8 a fuill tendon transfer of the medial recttis and lateral rectns to
the insertion of the superior rectns. WVIhen there is douible depressor palsy,
the horizontal rectnis mutscles are transferred to the insertion of the inferi-
or rectus muscle. In double elevator palsy, the elevation of the eye is
restored only to midline, but the hypotropia is improved or eliminated.
When a fuill tendon transfer was performed for double elevator or douible
depressor palsy, Knapp"' reported an average correction of 38 diopters in
primary position, and movement of 250 in the field of action of the paret-
ic mutscles fromn primary position.

In the presence of a positive traction test with an absent or poor Bell's
phenomenon, Scott and Jackson" advocate recession of the inferior rectus
muscle as the initial procedure and recommend a full Knapp proceduire if
the traction test is negative.

Douible elevator palsy results in the present study are suimmarized in
Tables VII and XVIII. Three male acnd 6 female patients, ranging in age
from 4 months to 73 years 6 months (average age, 19 years 1 month), were
examined. The average torticollis found was 19.3°, with 7 of the 9 patients
demonstrating a face turn, 4 with a head tilt, and 4 with a chin posture.
Patient 4 presented with elevator palsy induced at cataract surgery. This
might be more accurately categorized as a pseudo-double elevator palsy,
induced by complications of periocular anesthetic injection to the extraoc-
ular mnuscles. Two patients required only inferior rectus recession for their
palsy. A Knapp procedure and a Fasanella procedure for residual ptosis
was performed in 1 patienit, in addition to 2 other proceduires for comipli-
cated strabisinus.

DUANE SYNDROME

Dulane syndrome, as described by Duane7" in 1905, is more precisely des-
ignated the Stilling-Turk-Duane sy,ndrome because of earlier descriptions
compiled by Stilling7' and Turk.72 Duane emphasized retraction, an essen-
tial feature of the syndrome. Clinical presentation includes retraction of
the globe and a horizontal motility (lefect. Huber73 described three types
of retraction syndromes based on electromyography.

Type I includes ahsent abduction, normal or restricted addluction with
globe retraction, and palpebral fissure widening on attempted abduiction.
Electromyographic findings include absent electrical activity in the lateral
rectus on abduction, but para(loxical activity on adduction.

7i14 MitcSlell
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Tvlpe II inicludes exotropia with restricte(l adduction an(l abduction,
with retraction of the globe on adduction. Electromyographic findings
include electrical activity with contraction of the lateral rectuis on both
abductioni anid adduction.

Type III includes severe restriction of both abduction and adduction,
with orthoplhoria or minimial esophoria or exophoria, and retraction of the
globe on adduction. XVideuliing of the palpebral fissures occuirs on abduc-
tion. The electroimyographic findings reveal co-contractioni of the horizon-
tal rectuis mtuscles on both ab(duction and adduction.

Clinical presentation is variable,7- and observable retraction ranges
from minimu-al to conspicuous. An upshoot, downshoot, or both may be
present in the adducting eye, simulating oblique muscle overactions.
Upshoot and(I downlshoot of the affected eye have been described as the
"leash" or "bridle" phenomenon and are cauised by a tight lateral rectus
slipping over or unlder the globe with subse(quent anomalous vertical eye
movemenit.'5-'7

Bloom anid associates"" described minim-al vertical displacemient of the
lateral rectuis in relation to the orbit, with mlagnetic resonance imaging in
2 patients with upslhoot and(I dovwnshoot, suggesting a modification of the
bridle effect theory. Vlon Noorden 9noted that the globe slips beneath or
above the horizontal rectus muscles, whiclh mlaintain their vertical position
with referenice to the orbit wall. Von Noorden believed that the magnet-
ic resonanice imaging (MRI) study provided further proof for the bridle
theory. Therefore, witlh sliglht elevation or depression of the eye from pri-
mary positioni, a co-contractioni occurs, with subsequent upslloot or down-
shoot of the globe.

Duane retraction syn(drome may present bilaterally'"' and occurs
more freqileintly in females.'*-254`6 Associated findings include the Klippel-
Feil anomialy in 3% to 4% of patients" -12 anid the congenital labyrinthine
deafness in 11% of patienits.' The Wildeiranck syndromnes includes
Duane retraction synidromne, Klippel-Feil aniomaly, an(d congenital
labyrinithine deaffness. A comprelhensive list of associated findings, anom-
alies, and synidromes has beein published.74

The majority of patients with Duiane syndlrome have straight eyes in
the primary position dui-inig infancy and childlhood. In timne, however,
some patients with ty\pe I Duianie syndromne wvill develop an esodeviation in
the primary position, with restricted ab(duiction in the involved eye. A
compenisatoly hea(l postur-e develops, wvitlh a face tuirn toward the side of
the involved eve, in or(ler to mlaintaini binocuilar vision. Surgery for Duiane
syndrome is not usucally necessary unless a significant hea(l posture has
developed.7' Because the suirgery cannot correct the anomalous innerva-
tion, the purpiose of surgery is to restore the eyes to a parallel aligillnent in
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primary position, and to reduce the compensatory face turn. Surgery for
Duane svnedromne was first suggested by Nutt,j' who recommnended medi-
al rectus recession in the involved eye witlh uncomplicated Duane syni-
drome and abduction limitation. A maximial recession of the tight medi-
al rectus mnuscle has been recommended,74 alonig with a Z-tenotomy when
necessary. Lateral rectus resection is discouraged becauise of increased
restriction following this procedure. If there is marked retraction of the
globe, along with marked narrowing of the fissures on attemupted adduic-
tion, a recession of the lateral rectus at the time of recession of the medi-
al rectus can be performed.

Either partial or total vertical muscle transposition to the border of the
lateral rectus muscle has been recommended,`'' but this has also been
discouriaged by others-' because of further limitation to adduction.
However; Molarte and Rosenibaumn92 demonstrated a 77% improvement in
esotropia, and a 100% improvement in face turn in 13 patients who had
full transposition of the superior and inferior rectus muscles to the lateral
rectus insertion.

In patients with bilateral Duane syn-idromiie, secondary exotropia has
been known to occur after bilateral medial rectus recessions."3
Simultaneous miedial rectus and lateral rectus recessions may be required
to reduce this complication. Despite large medial rectus muscle reces-
sions, Pressmcan and Scott94 did not report aany significant overcorrections,
nor did they gain significcant increase in abdtuction. Nelson,' however,
described severe adduction deficiency following large medial rectus reces-
sions in 2 patients, 1 with a 7 mIm medial rectus recession anid a second
with a 5 mm-u recession followed by a 2 mm re-recession.

Eisenbauim and Parks96 addressed the leaslh effect of overelevation and
overdepressioni of the involved eye in adduction, wherein the tight lateral
rectus muiscle slips over the surface of the eye in adduction, simulating
inferior obli(que overaction, or superior obli(que overaction. The leash
effect of the lateral rectus was successfully eliminated by placinig a permlna-
nent posterior fixation suture 14 mm from the insertion, at the superior
and inferior one third of the muscle. Von Noorden and Murray'7 also
described suiccess with posterior fixation of the horizontal rectus muscles
in 5 patients with upshoot and downshoot in Duane retraction syndromiie.

In discussing the Eisenbaum-i and Parks paper, Jampolskyr'9 proposed a
"Y, splitting of the lateral rectus tendon insertion to reduce the upshoot
an(d downslhoot in Duanie syndrome. Rogers and Bremer"' (lescribed a
marked redcietion in upshoot and downshoot in their series of patients
with a "Y' splitting of the lateral rectus, witlh or WithoUt recession of the
ipsilateral miedial rectus muscle.

Duane syn-dromie is summllllarized in Tables III, VIII, and(l XVIII. Of
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128 patients with the diagnosis of Duane syndrome, 46 presented with tor-
ticollis, resulting in a torticollis incidence of 36%. Kraft and associates49
found compensatory head posture in 62 of 91 patients, or 68% of those
with Duane syndrome. The current series reflects 22 male and 24 female
patients, ranging in age from 7 months to 34 years 8 months, with an aver-
age age of 9 years 1 month. The average torticollis was 14.30, and all 46
patients demonstrated a face turn. Eleven patients also demonstrated a
head tilt, and 6 presented with a chin posture. Thirteen patients required
surgery, including 2 who received a "Y" splitting procedure. Each of the 8
unilateral cases involved the left eye. The 3 remaining cases were bilater-
al. Patient 44 achieved a fair response to the "Y" splitting. Patient 46, with
bilateral Duane syndrome and evidence of congenital aberrant innerva-
tion, required 3 procedures to provide satisfactory alignment. The face
turn is evident at times, but the patient has markedly improved from his
initial presentation.

ACQUIRED HORIZONTAL INCOMITANCE

Kushner:" described 7 patients with acquired horizontal incomitance, 4 of
whom had asymmetric surgery. Three patients had overcorrected
exotropia, with esotropia in the primary position but experienced fusion
with a compensatory head posture. The fourth patient had esotropia with
a recession of the right medial rectus and an undercorrection, presenting
with a compensatory head posture. After a recess-resect procedure on the
fellow eye, the torticollis resolved, and stereoscopic vision was achieved.

Kushner described 48 patients with A or V patterns, but only 4 had a
chin elevation or depression posture, which he reported as a 9% incidence
of torticollis. Of the 44 with A or V pattern without torticollis, the devia-
tion was so marked that fusion was not possible in 35 patients. The
remaining 9 patients had deviations of less than 10 D but failed to demon-
strate fusion. The 3 patients with sixth nerve palsy were listed in this study
but were not discussed.

Acquired horizontal incomitance was included in this studly, but
because of the number of patients reviewed, 3 separate categories were
necessary for tabulating acquired horizontal incomitance. Table IX
includes data on acquired horizontal incomitance as well as asymmetric
surgery. Table X includes A or V pattern, and Table XI includes sixth nerve
palsy.

ACQUIRED HORIZONTAL INCOMITANCE/ASYMMETRIC SURGERY

This group of 48 patients (22 male and 26 female) is summarized in Tables
IX and XVIII. Age range was 3 years 2 months to 82 years 7 months (aver-
age, 21 years 3 months). Average torticollis was 13.3°. A face turn

Mitchell720



Ocular Torticollis

w C 0a oo = - = = Qcsro - Ic o" = oc I'l
. . . + +. + ++ + ++++ + + +. . + +u -I o t t c -o + CQ o = c

1_ V- U: m n-

_

zr in- ion-t°a in- ltn_ G q InS "Icoxtln_ N2

F -4 °° °°° N4

CX'n ctMX= X

X o= o rc
"t Cq

CZ Co Ci
CIA

C C

0C>I-c-CI

Cil~CN

CCI N i c

ci- =CI

t- L0

C C C C

C) C=, IC- C

0z -: t~ i'i--
C CC-= =

iq i- i,

w ..+ +. + +

U + in r. -,t - I_¢c0 t ~r

C

Cs1 C>l Cs1 CsEl C,-) Cl C>1 C,-)

1- Ci_ Cil C:Q
+ + + + + +

cC5 CO + t

m z :

-I
-C---

721

x o~
+ +
1- X

0

0
0

#_
O_

i

0C.)

0z

0
N

0

0

0

"I

C)
Nu

C t- cn o t
--I ---I -

t- n- sC Q

-C\I'l Il cli

ciq rj ci

t-



Mitchell

, + . . . . +
r_cixn. -

--111~,= ClZ ~CZCl -t Cli't
+ + +-+ + - + + C(> t in_ +
-V =Z+ cl -±+ ZC1

-4 --Vx _ x ; x~~~
-V94r

3CX ;S 1 - O C~ l-O X
, I cs-c~

I- IC- C I-C

CC- .C C I1- Cl

Cn C

ClClI l CI In_

I CC 5_ > >1riC-IC Cll Cl C1

+ + + + +

c ~V C-

IC- CI C.C Cl
-II <>1

Il Cli Cl- Cli

I - -

Cli Cl Cll Cl

_-o c+ +
+ :a XI +
n

ar4 <4 1H

1- X _ - C1
- - - Cl

- t I_ ;C
Cl Cl Cl,] Cl,

722

z

0
;i
.4

9

ZI

I..

N

ol

-0

a

z
Z

x

+
-t

0

0

E0



Ocuilar Torticollis

C C l- In
+ + +
I- + It

U-C

3D1 ~c X = = - C o C] oI1-
+ + + +++. . . . +
l- C C,C + CCC]C] i Z CiIO
QC l S~oo In- In-

Cd In
A-C ; - SC c X

0zO0° a, X c, b .X

b6c: COb o0 Q0b b Ht* 9: NO °0 ; ;: b S - W < 3 X t t

C

H X- _ £ -XF XF-;£=S E z;Q F-^ --XXF -

z => _ _ '= e ;X===

('Il C - O CC O O_ > 1 4 --4 CN

I-

o o o o
-I -_ C> -

cC' C,] CC1. (Z CC) t IC) rl~

C]i C.] Cl r'C] C] ,lC]C] C~] ]
C]ll

C,- C- cl- .c
C1- Cq c~lc] C] o] C
0D cs 02 s~C

IC1 C CQ C

C]1

CC-= lC_ In
c] oc ]c c]

csl csl- C1 c"l cq

x --c o C. C,, C
+ + _ + + + ++

C5C ln_ + (c Z :C- +
r_ -S-4:

_ _~~~~~~~~~~~.

CC l-
+ +
z1csl_- sc

C cs C]
+ + +
CZx x

C.C

0-~-~, g~,P.- (: ~ jOr
--- -, ~ 04

l- C-, - C]CCC tnl- X_
] CI Cl CC cC Cn CC CC CCCC CC cC CC

723

Q
0
0

EH

#"

-o

u
z

0-
0

ze;0C

N

0..

C

C~

z
C

Q

X C>1

Cc CC]~ c], C]

Q
;4

z

6
z

Vj~I
"

- In. .c .c.. -4

<- Z E-



Mitchell

+
_O- "t 5 1- t- _ c-D -

+ + + + ++-++
CC~~~~~~~~~~~~~~~~~.IC~~~~C

~~~~~C~~~I
QC2tt~~~~~~~~~~~

C. bt C. ;)

oc C)°c- a ;;>°c>C) In- _

X~~~~~~~~c(_- ==Xa W L1 XIc1=OPOO XX X

q

) O lQ C

i C c

O -)0 C-O -

C] C] Cq C] Cq Cq c] C CNl

In.
+

+ CC
C]

Cq s0 -

+ + _- _
t CC + +

C_ I-

__--

+ +
ICC] CC

WI Sz 4. x J
o> 0 ~ -;-~

o ~- 2s oo t

C) rlC CC v I-

724

Q
z

0
z

z
0
N

~-o

00

z

0-

ol
u
X~

o

u0
0

0

0

z

z

0r0

0
0

0

E-
z

6
z

CC
r.)

---W
CC

C.)a)

bO

1 rq



Ocular Torticollis 725

z~~~~~~

rq C= C-1 ~ ~ H C~~

10~~~ cq~~

Itooo 00- ooo 0 0

N 7 --

0]In Z _Zn_ I_ In- Z

c, I in- N- xx c Z0]- C In

~~ CO0]I00]QC Z QCZ Z0]10CO Z1~~In-0 0
-,t n-t-x C- N, q N N~qCO



726 Mitchell

~000

N

10 x

I- r= CIC IC r

2~~~~~~~~~~~e 11- oe , , i,, a

¢ ;

u C,o r q.-E _ocou c, ooo

Z~CkCcC +ICL-CC c'~ + ICCCCO1- 1-C

Z O

CO



Ocuilar Torticollis

-^ e x_ . _ _ _O s O n5o ' _ t_
t ,_ t ft t
_ _ e . e
r X r tl -
r.t e V: V: V:

r., O ,X,, <_ b _ _ _
o 2 w: 2 2 2

0o 00 800 00<<m°°

OzO i1K- Z
o t t1~~~~c

o
ry.

ell0 0~
3- o4 VDo
^o:o)C 00 0C) --

= = (-l= - - 1-t 1-

= t Z~ h-

dt C L- 0
I-

in. _
t 1- to N t1l- r- n- -t

IO :;C Ieo -- I >o e Leq In C

c- t- -C

X~ O _l. t- + r_ -t ; -#xj

t C-~ _t t: X 1 -+l-crr c-,

HHHHHHHEf E EH EHII tt

- -X L C5 - Xc - c>1

o X +c -ct o

HH v vEFHH HHEoH H

¢1l ¢ ¢

22/aR 2 2 > XLIt

;r
C

Q

c

c

727

C

z

-

V

C

..

-11

E
z
9
V~0
X

z
C

C
E-

C
c

C

Q

LA

C

6

4
~-

e-

Eu

X

E-4

-4
4

O5
;!



Mitchell

p0

v:7

c
+'7.-

0 °

=D3 D 3 ~D 3 D 8 8: 0
0 co o°°°°30

0 0000«! 0<~
~r -cr - O - )0 C',0

It X X

1-

- -1,,

;~~~~~~~~~~~~. c_2
C)~~~C

>

00 0

0< 0

= = . O

= =. 1-L = z-

O Cl cO OZ t

CO CO

O O/t1 l- ,01 0 0I

O 01'C O0

ocC
Cil

O(0 "It "I o c~~~~~~~~~~~~~_-_
oC O 1n-0 CO I- C O1 ,I X C C in C .-I CO

+ + + + + + + + + + + + + + + + + + ++

CD + , + t- C0 in + t t- in XC + + (C + 1n + on +

_1 C -<( Z 4 -1 CO t
Cl C"

--HE - E HH-H

In- QC cCM

O CM CO m (0- 7-1 (C. C

(CEO FFFFFFF~HFCCCFFF~

728

-

0z

u

C

0

0
w

w
;r

0

0

04

0

z
0-4

C.;

1:
.0

z

w
u

0

x
W
;PI

4

z
0-4

6
z

C

0.

z

0-
z

.0

CW

00



QO O Q

rq~~~~1

n- n- oo I'l n_ o o o

100loCS c
+ +- + + - + +
o0 00 + CI _ - + X -

C,.)1 00 1- -r

- I>1 t ;c 1- X O31

Ocuilar Torticollis 729

=-tl
C'l t-
+ +

r- 10

4

zr V:

5t _

I I

424

=1 =

+

LO

Y;

100c*, Zo
z

z
X

~-

I.,

N

C
-

0
ci
z
0*

7;45
ob
N

w
0

a
E4

Q

Q

C-

Q

6
z

o01CIo
00t 1-02l. _ 00 1-

00
+ +
CR 00

10

16-

Cc
_
C)

C.Lbt
fz
P

oO-- -
C1 Cn---. -L -



Mitchell

occulrred in 40 of the 48 patienits, a head tilt in 19 patients, an(d a clhin pos-
ture in only 4 patients. Only 3 patients 1, 5, and 14 did not have eye
surgery. Of the 45 patients wlho had surgery, all had eye muscle surgery
except for patient 2, who had retina detachlment surgery only. The major-
ity of the patients had symmetrical surgery, but all presented with incomi-
tance and torticollis. Only 12 patients had (lifferences in vision of 2 or
more Snellen lines, and the torticollis can not be explained on the basis of
vision alone.

A number of patients presented with lateral incomitance along with
horizontal incom-itance, contribuiting to torticollis in an attempt to main-
tain fuision. The Worth 4-dot responses ranged from fusion, to alternation,
to suippression, and the randomii-dot stereoscopic testing ranged from 20
seconds to negative. On the basis of these sensory findings, it would have
been possible to classify some of these patients in the group sulmmarized
in Table XVI with no apparent reason for torticollis. However, the asym-
metry of the motility finidings directed their placement to this group. The
placemenit of a patient in anly of these diagnostic groups was arbitrary, and
the overlap of prior history; surgery; and preoperative or postoperative
measuremnents created a redistribution of a numiber of patients during and
at the completion of this 1-year prospective study.

ACQUIRED HORIZONTAL INCOMITANCE/A OR V PATTERN

The A and V patterns are clharacterized by a horizontal eye alignment
change in midline upgaze and downgaze as the eyes shift from the prima-
ry position.""' Vertical incomitance was first (lescribed by Duiane,"" but its
significance and importancie were not appreciated until the work by
Urrets-Zavalia''02 "' and Urist. "';5 Albert suggested the "A" syndrome and
Jampolsky advocated the tent or teepee syncdrome (A), with the A and V
terminology gaining universal acceptance. I

In the primary positionl, orthophoria, esotropia, or exotropia in associ-
ation vith the A or V pattern may be present. By definition, ain A or V pat-
tern involves a change of 10 prismi diopters in the horizontal alignment
between u-pgaze and downgaze."` Urist suggested that the etiology of the
A and V patterns was related to the horizontal rectus muscles. Howevei;
overactions of the inferior and suiperior obli(ue muscles are frequently
associated vith the A and VI patterns. Surgery on the oblique mnuscles cor-
rects these patterns, suggesting that the etiology of the A an(d V patterns
is related to oblique mutscle overactions.

Tables III, X, and XVIII summarize the findings of patients with A and
V pattern with horizontal incomiitance. In the current series, 116 patients
presented with A or V patterns with torticollis, categorized by type in
Table III. The diagnosis of A and V pattern was found in the office review
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610 timnes, for an incidenice of torticollis of 19%, almiiost doutble the per-
centage described by Kuslhner.2 Sixty-seven male and 49 female patients
ranging in age from 1 year to 87 years 6 miiontlhs (average age, 10 years 9
months) presented with torticollis averaging 12.1°. Forty-four patients
presented with a face turn averaging 10.2°, and(I 40 patients presenited with
a head tilt averaging 8.5°. Sixty-seven patients demonstrate(I a chin
depression or elevation postture, yet the degree of chin postnire averaged
only 9.0°. The average degree of chin posture was lower than anticipated,
since a chin posture with elevation or depression would be expected more
frequently with obliquie muscle overaction.

Overactioni of 1 inferior oblique was note(d in 17 patients but occurred
bilaterally in 45 patients. Un(leraction was seen bilaterally in 2 patienits.
Overaction of the superior oblique muscles was noted to be unilateral in 3
patients but bilateral in 21. Three patients had underactive superior
oblique muscles in both eyes. Stereoscopic vision could not be recorded
in 15 patients, and therefore they were deleted from the group total of
116. There was no measurable stereoscopic vision in 63 patients. The
incidence of absent stereoscopic vision was 63 of 101 patients, or 62%.
From the group of 48 witlh A anid V patternis, Kushner described 35
patients witlhout torticollis, who had large deviations prohibiting fusion,
inicludinig 9 patients with less than 10 D of deviation. Althouglh Kushner's
group lacke(d torticollis, it also lacked fusioni, with an incidence of 73%,
higher than in this study .

Eight patients wvith Down syndroime were included in the currelnt
group, only 1 of whom had oblique muscle overaction. This group of
Down patienits merits further investigation because of their apparent con-
centration in the group with A and V pattern, and becauise of the lack of
oblique overactions reported in this study.

SIXTH NERVE PALSY

Sixth nerve palsy may be conigenital,32-:34394243. though extremely rare,
or imiay be acluired. 32-34,39A42,43,14 The long intracranial course predisposes
the sixth nerve to increased intracranial pressuire, trauma, edemua of the
meninges, inflammation, and brain stem displacement."5 Sixth nerve
paralysis has muany etiologies, including traum-a, neoplasm, inflamnmation,
undeterminie(d causes, and imiscellaneous causes. An extensive summary
of the literature concerning the etiology of sixth nerve palsy anld many
associated conditions has been described."5

Sixth nerve palsy clinically presents with esotropia in the primncary posi-
tion, with a compensatory hea(l posture to muaintain binocular vision.
Recovery often occurs withinl 3 months of onset, and if contracture of the
ipsilateral me(lial rectus has not occurred, theni surgical intervention may
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not be required. In a young child who does not assume a compensatory
head postuire, patching may be necessary to preserve vision and prevent
amblyopia. Surgery may be necessary if normal function does not return
after 6 months. A recession of the medial rectus or a resection of the
palsied lateral rectus muscle may prove to be sufficient. If there is a neg-
ative forced duction test, a transposition procedure with a Hummelscheim
or a Jensen operation may be required.

The acquired horizontal incomitance group, with sixth nerve palsy, is
summarized in Tables XI and XVIII. Fifteen patients compose this group,
including 6 males and 9 females ranging in age from 1 year 2 months to 81
years (average age, 32 years 11 months). The average torticollis was 15.5°.
All except 1 patient demonstrated a face turn, and only 4 presented with
head tilt and 2 with chin postures. Four patients required surgery, includ-
ing patient 9, who had a severe sixth nerve palsy and contractures, even-
tually requiring three surgical procedures. Kraft and associates49 found
compensatory head posture in 26 of 93 patients (29%) in their study of 381
patients with compensatory head posture.

In the current series, patient 3 was comatose for a brief period after a
motor vehicle accident at age 10. She presented with 75 D of esotropia,
which spontaneously improved in slow increments, to E(T)' of 0-10 D.
Stereo returned to 20 seconds of arc with the random-dot test . She was
scheduled for surgery several times but was canceled each time owing to
gradual improvement of the esotropia over 18 months. Her only signifi-
cant eye motility finding at this time is E(T) of 6 to 8 D, only in right gaze,
and a residuial face turn of 80.

TORSIONAL INCOMITANCE

A compensatory head posture to the right or left shoulder may be present
with cyclovertical strabismus or in the presence of nystagmus. Conrad and
deDecker"" have combined a recess-resect procedure at the anterior poles
of the obli(ue muscles, with transposition of their insertions toward the
posterior-anterior pole. The procedure is directed at rotating the globes
toward the side of the tilt position by shortening and by lengthening the
anterior parts of the oblique muscles. Cyclotorsional diplopia has been
described following retina detachment surgery, although the overall inci-
dence is low.", A compensatory head tilt may be evident in the presence
of cyclovertical strabismus in order to permit fusion.

Von Noorden"i presented 5 patients, one of whom was lost to follow-
up. The remaining 4 patients had horizontal transposition of the superior
and inferior rectus muiscles, which eliminated the head posture by rotat-
ing the eyes around the sagittal axis. The clinical assessment of ocular tor-
sion, as described by Guyton,"9 has been a valuable objective test, not only
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with torsional incomitance, but also with cyclovertical palsies. As Guyton
has described, the clinical torsion noted with overacting inferior obliques
np to 15° or 20) does not correlate with the double Maddox rod test, which
invariably fails to demonstrate subjective torsion.

In a study of cyclovertical displacement of the blind spot, Locke '2

abandoned the double Maddlox rod test because of a high incidence of
negative results, while torsional deviation was revealed by blind spot plot-
ting monocuilarly and binocularly. V7on Noorden"-' has described limita-
tions of the double Maddox rod test in that only the central portion of the
visual field is being tested, where cyclodisparity is less significant than in
the retinal periphery. Fusable visual material in the periphery of the visuI-
al field is not available when the red and white streaks are seen.

Cyclofiusion may compensate for a symptomlatic cyclodeviation, although
there may be several degrees of cyclotropia measuirable on double Maddox
rod testiing. Although cyclovertical muscle anomalies occur with relative
frequency, patients rarely complain of tilting of images, cyclodeviations
seem to rarely play a role in head tilting, and imost cyclodeviations are well
tolerated."'3I2' Despite objective cyclotorsion of the globe in cyclotropia,
subjective testing may yield negative results because of sensorial adapta-
tions. 122,12:

In the current study, there were 4 patients with torsional incoomitance,
as summarized in Table XII. Patient 1 had stereo of 25 seconds with no

obvious reason for torticollis, and intorsion of the fundi, whiclh was not
severe enough to require surgery. Patient 2 had a Harada-Ito procedure
on both eyes, with a smiall residual degree of torsion, not significant
enouglh to re(uire further suirgery. Patient 3 was lost to follow-llp. Patient
4 has one nonseeing eye and ocuilar torsion with ac marked heald tilt; assess-

ment for nystagmus has been difficult, even at high-power illulmination in
the slit-lamp microscope. He may be a candidate for the operative proce-

(Ilire described bv von NooIrden1; however, the facmily is reluctanit to allow
suirgical intervention oni hiis only seeing eye.

TABLE XII: TORSIONAL INCONIITANCE

NO. INIT SEX AGE TURN TILT CHIN TOTAL(0)° SURGERY AGE

1 PS NI 5+9 15 15
2 SG F' 30+1 1( 10 Haradlat-Ito OU

27+1
3 HV7 M 61+11 15 1( 2.5
4 Gr NI 8+4 2(0 2(0 (Blinld OD, OS

excvlotorsion)

'Average derl((S 17.5.
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NYSTAGMUS

Kushner-" described 38 patients in his group of 118 (20%) with nystagmus
as an etiology for abnormal head posture. The results of the current study
are summarized in Tables I, III, XIII, and XVIII. In the group of 630
patients with torticollis, 120 presented with nystagmus, for an incidence of
nystagmus of 19%, compared to Kushner's study. In the current study, 290
patients presented with a diagnosis of nystagmus, for an incidence of tor-
ticollis of 41% (120/290). Seventy-five male and 45 female patients pre-
sented with torticollis and nystagmus; age range was 9 months to 65 years
6 months (average age, 9 years 2 months). The average torticollis was
21.1°. Stereoscopic vision was not measurable because of age or compre-
hension in 20 patients, was absent in 53 patients, and varied from 20 to
3,000 seconds of arc in 47 patients. Seventeen patients presented with
albinism or macula hypoplasia, 13 with neurologic-related disorders and 7
with Down syndrome. Patient 16 was seen for the first time at 9 months
of age, with recent onset of nystagmus and no other apparent problems.
Results of her eye examination were normal except for the nystagmus.
Neurologic testing and studies revealed a grade 3 astrocytoma requiring
immediate therapy.

Eighteen patients have had a conventional Kestenbaum operation, and
4 have had a variation becauise of marked head tilt, face turn, or chin pos-
ture. The Kestenbaum modification includes recession of 2 vertical mus-
cles to compensate for the chin posture, recessing the inferior rectus mus-
cles or the superior rectus muscles from 7 to 9 mm, and using the
Kestenbaum guidelines for recessing two horizontal muscles for a face
turn (Fig 3).

In 1950, Metzger'24 recommended the use of eyeglasses with prisms,

L GAZE R GAZE
R FACE L FACE

RESECT RECESS RESECT RECESS RECESS RESECT RECESS RESECT

PARKS 10 6.5 8 9 9 8 6.5 10

CLASSIC 8 5 6 7 7 6 5 8

CLASSIC
+ 402 + 3.2 + 2.0 + 2.4 + 2.8 + 2.8 + 2.4 + 2.0 + 3.2

11.2 7.0 8.4 9.8 9.8 8.4 7.0 11.2

CLASSIC
+ 602 4.8 + 3.0 + 3.6 + 4.2 + 4.2 + 3.6 + 3.0 + 4.8

12.8 8.0 9.6 11.2 11.2 9.6 8.0 12.8

FIGURE 3
Kestenbaum surgical diagramii placed in each patients chart prior to surgery for notation
of appropriate rooiiscles for soirgerv.
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Ociilar Torticollis

with the apex directed toward the null point, in order to correct or control
the torticollis, but subsequent patients adapted to the prisms and torti-
collis failed to be controlled. In 1953 and 1954, three independent reports
aclvocated treatment for the torticollis. Kestenbaum"' snggested shifting
the eyes away from the null point by an eqnal amonnt of recession and
resection, or controlled tenotomy on 1 eye, followed by a similar proce-
dure on the fellow eye after a period of stabilization. Anderson"'2
described recessing the horizontal rectus muscles to shift the eyes away
from the null point, with the exclusion of resection procedtures. Goto'-
advanced the horizontal rectus muscles to puill the eyes from the null posi-
tion. Subsequently, many others have provided guidelines for surgical cor-
rection of torticollis caused by nystagmus. Cooper and Sandall"'2 per-
formed surgery on the fixating eye first, with a recess-resect procedure,
followed by surgery on the nonfixating eye, with appropriate adjustment
for the strabismic angle. This was felt to be especially sound advice in
treating torticollis with strabismus. Pratt-Johnson '29 was the first to rec-
ommend equal amounts of surgery on all 4 rectus muscles but noted
recurrence of the torticollis after a period.

Parks'3: was concerned that the pulling power varied between the
medial and lateral rectus muscles and that identical amounts of recession
and resection would turn the eye on the rotation center by different quan-
tities. Parks modified the Kestenbaum procedure so that the 4 horizontal
rectus muscles would receive the maxim-al amount of surgery without
compromising the ductions of the eyes and would not induce strabismus
when the pulling power was altered. The medial rectus was recessed 5
mm, and the lateral rectus of the same eye was resected 8 mm. On the fel-
low eye, the lateral rectus was recessed 7 mm and the medial rectus was
resected 6 mm. This became known as the "classic maximuim,"' as
described by Calhoun and Harley,"' who noted undercorrections within
these guidelines for the Kestenbaum operation. Calhoun and Harley aug-
mented these surgical guidelines by 40% and noted improved surgical
responses. Subsequently, Nelson and associates"12 described a 60% aug-
mentation and guidelines for torticollis surgery for nystagmus. For a face
turn of 15°, surgery was not recommended. For a face turn of 300, surgery
was recommended with the classic maximum plus 40%, and for 450 of face
turn, the classic maximumn plus 60%.

Fig 3 describes the surgical guidelines for the Kestenbauim procedure.
A copy of this diagram is placed in the chart of eaclh patient requiring
extraocuilar muscle surgery because of nystagmus and torticollis. The
appropriate muscles are marked on the diagramn to ensure acculracy in the
surgical procedure.

Concern has been expressed that very large recessions and resections
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may result in limnitatioin of ductionis. Any slight limuitations in extrelme gaze,
however, imust be compared with reductioni in torticollis andnmarked
improveimlenlt in appearance as well as frequienlt improvemnent in vision.'-'

When Calhoun and Harley's guidelines halve been followed, the long-
term results hlave proven to be promising. In a review of 79 patients2' w\vith
an average follow-uip of 5 years, the average face tuirn of nearly 40° preop-
erativelv was reduiced to less than 10° in the series of patienits receiving
horizontal suirgery. Stereoscopic vision was not compromuised in any
patients who demonstrated stereoacuiity preoperatively and was actually
enhanced in several patients postoperatively. The visual acuity was the
saime or improved in all patieints, and the Visionl was not compromised in
any patient.

NMost patients maiintaiii a stable hea(l posture after surgery. Wlhile
some patieints mu-ay reveal a tendency to gra(duially shift towar(d the preop-
erative state, the patients almost never return to the original head position.

CONGENITAL ESOTROPIA WITH OCULAR POSTURE

In a seIies of .58 patients with essential infantile esotropia, Lang'" report-
ed 38 patienits (70%) with anomalous head posture. Dissociated vertical
divergence was seen in 54 patients (93%), latent nystagmus in 29 patients
(50%), annd excyclorotationi of the nonfixing eye in 35 patients (60%). Lang
stressed that the head postture was not adopted to avoid (liplopia. His
patients dlemionstrated different combinations of these condlitions, xvith
some more proiouinced thlan others. In hlis 1982 Costenbacder Memorial
Lectuire, Lang'34 described hiis series of the congenital strabismus syn-
drome, totaling 82 cases, with 70% demonstrating abnormcal head posture,
92% with (lissociated vertical divergence, 57% with latent nystagmlus, and
65% with excyclorotation of the nonfixating eye. In addition, 20% demon-
strated A pattern, 17% hlad V pattern, and 15% hcad cerebral daamlage. He
also fouin(d that when an abnormial head posture was present, the head was
usually tilte(d towvard the shoul(ler of the fixating eye, xvitlh the face turnie(l
to that side. Lang suggested that the congenital esotropia synd(rome was
due to an imnbbalance in the midbrain, between the geniculo-striate and the
extra-genicuilo-striate system, 'and he noted that a dominant feature of the
syndrome was the latent nystagmus. Lang fiurther speculated that the
catuse of the head tilt was related to a more filly developed vestibular sys-
temn at birth, anud that the vestibular system in the patient with congen-ital
esotropia mntay have excessive (lominance. 20,3

In diseussing the relationslhip between (lissociated vertical divergence
and hea(l tilts, Bechtel aind associates"35 reported an incidelnce of malnifest
head tilt of 35% in a series of patients xvith (lissociated vertical divergence
(DVD) associated wvith infantile esotropia. The DVD increased on forced
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contralateral head tilting ani(l decreased on ipsilateral tilting. The investi-
gators sniggest that some of the head tilts an(l canomalous head postures
attributed to the congenital esotropia syndromne may actuially be dtue to
DVD and that DVD is a fre(uent cauise of head tilts.

Early reports by Crone'" on alternating hyperphoria, by Anderson"' on
alternating hyperphoria aand( latent nystagmulls, and by Ciancia'35s 40 on
esotropia in infants witlh abduction limitation hcave contribuited to this svn-
drome of congenital esotropia with ocular posture.

Tables III, XIV, and XVIII suimmiiarize this group of 69 patients with
congenital esotropia and ocular torticollis. Table III notes that 812
patients were seen with infantile or congenital esotropia. Tlle percentage
of patients with torticollis and( conigenital esotropia is 69 of 812, or 8.5 %.
This group consisted of 39 m-ales and 30 femcales, ranging in age from 8
months to 32 years 1 month (iaverage age, 7 years 4 months). The average
torticollis was 14.1°. There were 119 operative procedures performled, for
an average of 1.7 operations per patient. Dissociated vertical deviation
was present in 61 of 69 patients (88%), and lateInt nystagmus was present
in 18 of 67 (271%). This low incidence of nystagmiius is more closely relat-
ed to the study of infantile esotropia by von Noorden,' who fouind 15%
with manifest nystagmus and 10% with manifest-latent nystagmtus.

Comparison between these series is difficult becaause von Noorden
described 408 patients with esseintial infantile esotropia, while the current
series compares the findings of all patients with esotropia an(l torticollis.
In his series of 408 patients with essential infantile esotropia, von Noorden
found 26 of 408 (6%) with anomalouis head posture. In comparing the 69
patients presenting with congenital esotropia or infantile esotropia of the
812 patients incluided in the cuirrent study, von Noorden's figllre of 6% is
comparable to the 8.5% witlh torticollis, noted in Table III.

The initial surgical proceduire in this grouip was mlost commiuonly ca
recession of the medial rectuis muscle of both eyes. WVith residuial
esotropia, the second procedcure was usually a resection of the lateral rec-
tus muscle of both eyes. There were 24 inferior oblique proce(lLlres and
11 procedures on vertical rectus muscles.

Of interest is the limited response to stereoscopic testing, with onlly 1
patient achieving 140 seconds acndl only 7 patieints recognizing tlle Titmus
stereo fly, at 3,000 seconds. Six patieints were too young to comiiprelhenid
the stereo testing. In agreement with Lang,'29'3"' these limite(d binocular
responses suiggest that the ainom-nalouis head postuires are not adopted and
are not assumined for the purpose of achievinig or m-aintaining binocular
vision, or to avoid diplopia.

Becacuse of the low incidence of positive stereoscopic responises post-
operatively, a future study is planniied to review the recor(ds of those
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patients witlh conigeniital esotropia who do not present witlh a head tilt. The
group of patieints in this study hald early surgery for congenital esotropia,
yet the sensory test results are not as successfuil as those reported by Ing
and associates. lI"1.42

In a retrospective study of 118 patients with the congenital esotropia
syndrome, Pratt-Johnson'43 di(d not find any patient with cenitral fnsion,
and only 24% of the total demonstrated measurable stereopsis from with-
in the group that demonistrated peripheral fulsion. Absence of central
fusion is closely related to the sensory findings in this study and also mer-
its fuirther inivestigation.

PERMITTING FOVEAL FIXATION

Kushner-2 described 10 patients who adopte(l anl abnormal head posture in
order to achieve foveal fixationi. In his study, he noted 3 patients with pto-
sis, 3 with ocular muscle fibrosis, 3 with Moebius syndrome, an(d 1 monoc-
ular patient with sixth nerve palsy. The current study included 27 patients,
summarized in Tables XV anid XVIII. There were 15 male an(d 12 female
patients, ranging in age fromn 4 months to 18 years 1 month (average age,
5 years),with an average of 12.8' torticollis. Seven patients had observable
face turins, and 4 had head tilts. Twenty of the 27 had chin postures, pri-
marily chiin up, with 16 patienits demonstratinig ptosis. Two patients pre-
sented w7ith large chalazia occluiding the visuial axis. Marked ptosis was
produced in patient 27 becauise of the chalazia. Patient 10 presented with
a marked chinl tuck in ordler to see over her incorrectly placed bifocal.
Only onie hemiaingioIma Wcas detected as a cauise for ocular torticollis.

NO APPARENT REASON FOR TORTICOLLIS

A group with this title was not described by Kushner.- Tables XVI and
XVIII summlllarize this group. There were 57 patients assigned to this
group, whiclh accounted for 9% of all patients seen with torticollis. Thirty-
two male anid 25 female patients, ranging in age from 5 months to 29 years
5 months, with an average age of 8 years 6 months, presented with torti-
collis averaginlg 14.1°. There were 28 patients with face turn, at an aver-
age of 12°. Tlhirty-five presented with head tilt, at an average of 11.7°, and
7 presente( with chin posttires, at an average of 11°. The turni, tilt, and
chin postuire mneasuiremiienits did not suggest any specific pattern or com-
mon denomninator. Stereoscopic vision was present, ranging from 20 sec-
onds, to 3,000 seconds in 34 patients. Stereoscopic vision was not mea-
suirable in 17 patients, an(d it could not be tested in 6 patients. The asso-
ciated diagnioses are tabuilated in Table XVI. The spectrumll includes
esotropia, exotropia, hypertropia, hypotropia, no surgery, multiple surg-
eries, amblyopia, retinal diseases, chromosomie abnormalities, myopia,
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TABLE XV: PERMIITTING FOVEAL FIXATION

NO. INIT SEX AGE TURN TILT CHIN TOTAL (O)* DIAGNOSIS

1 MB M 0+7 5 5 Ptosis
2 JB M 2+6 5 5 Ptosis
3 IIB F 0+9 5 5 Ptosis
4 BC M 3+7 5 5 Ptosis, jaw w;ink
5 DD F 0+7 25 25 Ptosis, nvstagmnts
6 CT M 6+0 3 10 1:3 ROP, dragged frindi
7 BR M 5+3 10 10 ROP
8 MF M 5+9 12 8 20 Ptosis, Noonani syndrome
9 EH M 2+3 5 5 Chalazion
10 CH F 12+5 15 15 Bifocal too high
11 LI M 0+8 8 8 Ptosis
12 NL F 4+1 5 5 Hvpotropia
13 RM M 6+10 10 10 Ptosis
14 JN M 1+2 15 15 ? Visual fiel(l dlefect
15 SP M 0+7 12 12 Ptosis
16 JP F 0+8 5 5 Hlemanigioma
17 SP F 0+4 30 30 Ptosis
18 AR F 4+10 15 15 Ptosis
19 TlI M 1+3 15 15 Moebius syndrome
20 FS M 2+4 10 10 Ptosis
21 SS F 3+5 10 10 Ptosis, hvliotropia
22 HS F 3+10 10 10 Traumatic ptosis
23 JS F 9+9 7 5 12 Ptosis
24 MS M 18+1 10 10 Fibr-osis syndrome
25 JVr M 12+9 11) 10 Moebius syndrome
26 RT F 13+4 5 5 Ptosis
27 \V;B F 10+2 50 6 56 Chalazionl/tosis

'Average degrees 12.8.

hyperopia, astigmatism, nystagmuis, "normal" eyes, macuila scar, plagio-
cephaly without superior oblique compromise, cataract, binocular vision,
absent binocular vision, limited cooperation because of age or develop-
mental status, or excellent cooperation.

Campos'2 recommended an occluision test to rule out nonocular torti-
collis. Each eye is occluded separately while a fixation target is observed.
If there is no change in the torticollis, then the etiology is considered
nonocular. If the headl remains straight after the occlusion of either eye,
or if there is a shift in head posture with only one eye occluded, then the
torticollis is considered to be ocular in origin. This test should be per-
formed as part of the total evcaluation of a patient with torticollis, especial-
ly when the etiology is obscure. A change in the fixation pattern may sug-
gest a source of the torticollis. Fine latent nystagmus may be revealed witlh
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TABLE XVI: NO APPARENT REASON FOR TORTICOLLIS

NO. INIT SEX AGE STEREO TURN TILT CHIN TOTAL (°)* DIAGNOSIS

1 CA M 7+6 0 15 10 25 ET, HT, XT'
2 SB M 12+11 0 6 6 ET, HT, amblyopia
3 CB M 15+1 0 10 10 V ET
4 AB M 3+0 0 4 5 9 Accommodative ET
5 SB F 7+7 140 20 20 Recess MROU
6 LB M 3+3 200 5 5 X'
7 RC M 17+5 70 6 6 -5.00 OU
8 NC M 4+11 100 10 10 Anisocoria
9 AC M 5+8 0 8 8 EOM snirgeryx2
10 RC M 10+2 70 10 10 Herpes encephalitis
11 MC M 7+5 100 20 20 Chin tuick, 1+ OA

IOOU
12 KC M 0+5 N.A. 10 10 Infant posture
13 SC F 1+10 N.A. 10 10 20 X(T)
14 PC M 12+9 50 12 12 Overactive

RIO/ET' =2
15 CD F 7+6 0 8 8 Optic nerve

hypoplasia
16 ED F 10+2 :30 10 25 35 Accommodative ET
17 SD F 2+1 N.A. 30 30 X'
18 RD F 4+5 3000 10 10 20 HT
19 CE M 5+6 70 15 15 Amblyopia
20 MF M 10+4 40 5 5 ET
21 JG M 12+1 0 20 20 Recess MROU,

IOOU
22 AG F 11+3 20 8 8 X, X'
23 RG F 24+5 0 12 12 ET, HT
24 GH M 29+5 0 5 15 20 ET, HT
25 BH F 11+3 50 10 10 X'
26 JJ M 3+3 200 30 30 XI
27 CJ M 10+1 20 5 5 E'
28 MJ F 0+11 N.A. 8 8 Plagiocephaly,

infant postuire
29 LL F 14+6 0 8 8 5 21 Chromosome 5

deletion
30 ML F 6+0 0 5 5 Macula scar left
31 EL F 3+2 3000 5 5 Hypotropia
32 SL F 14+0 20 8 8 Normal
33 JL F 4+7 0 20 20 Aphakia, aiihbly

opia/XT
34 KL M 7+0 0 15 15 Arthritis, right

aphakia
35 DM M 9+3 70 15 15 X(T)
36 PM M 5+6 3000 8 20 15 43 Doni syndrome,

ET
37 SM F 8+4 ? 30 25 55 XT, +7.50 OU



Mitchell

TABLE XVI (CONTINUED): NO APPARENT REASON FOR TORTICOLLIS

NO. INIT SEX AGE STEREO TURN TILT CHIN TOTAL (O)* DIAGNOSIS

38 SN F 1:3+3 0 5 5 ET,IIT
39 MO M 13+1 70 15 5 20 Astigmatism
40 KP F 9+8 0 10 10 ET, IT
41 KP F 5+6 10( 10 10 Accommodative ET
42 AP F 3+2 30)00 15 15 X', lid lag
43 FP F 11+6 30 5 5 Nor
44 NIP M 9+8 3000 1( 10 XT
45 CR F 6+6 20 10 10 NoIrImal11
46 JR M 13+3 70 6 6 Accommodative ET
47 NIR NI 6+9 0 8 8 HT
48 CR NI 1+8 ? 15 15 Astigmriacltism
49 PS NI 5+3 30 15 15 E
50 RS F 7+4 10( 10 1( Cataract
51 AT F 9+:3 3000 10 10 ET
52 AU M 17+6 25 8 8 Myopia
53 JU F 4+5 3000 8 8 ET
54 13W NI 2+9 200 25 25 Norolal
55 JX NI 9+6 1) 8 8 ET
56 AB NI 6+5 25 5 5 X' 15
57 SlI NI 6+11 10( 7 7 14 X(T)

'Average deg,rees 14.1.

careful observation, with the slit-lacmp biomiiiocroscope or by incdirect oph-
thalmoscopy.

Hertle and Zhul 4 studie(d 298 patients with abnormal head posturing,
with use of infrared ocuilography (IROG) to assist in diagnosis. Of the
group studied, 116 patients (39%) had head posturing with or without nys-
tagmus. Eleven children, ranging in age from 11 to 39 months, with
abnormal lhead and face posturing, lacking; evidence of strabismnus, ortho-
pedic neck disorders, ancd clinical nystagmus, were found to have congen-
ital nystagmnus revealed by IROG. These 11 patients represenited 4% of
their total stud(ly grouip, an(l 10% of their patients with torticollis. Patient
47 and his family were able to travel to Dr Hertle's laboratory for IROG,
and his results were normual.

The grouip of patients with uinexplained ocular torticollis in this stucly
also accouint for almost 10% of the total patienits with torticollis. It is cer-
tainly possible that one or imore of the patienits have nystagmulis detectable
only by IROG. However, all patients were examnined for nystagmus in the
slit-lamp biomicroscope and by indirect oplhtlhalmnoscopy, an(d the likeli-
hood of the mnajority of this grouip dem-onstrating nystagmults l)y IROG as
the etiology for torticollis seemns remote. Eleven patients of the 57 witl
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nnexplained torticollis fell within the age range described by Hertle and
Zhu, where nystagmus was fouind with IROG.

Bagolini striated glasses are useful in assessment of torticollis.
Campos'2 described ARC, anomalous retinal correspondence with striated
lenses, only in the position of torticollis, with diplopia or suppression in the
other head positions. The anomalous type of binocularity or binocular
vision provides the patient with a more advantageous visual state, with the
patient assuming a pathological head position in order to achieve anom-
alouis binocuilar vision. The results of testing with Bagolini striated glasses
have been inconsistent, especially with children under 8 or 9 years of age,
who have difficulty uinderstanding the concept and verbalizing a matuire
response, even after various diagrams or charts are uised.

von Noorden'2' recommended the Bagolini striate lenses because the
lenses permit a nearly normal view of the visuial environment, are not dis-
sociating, and do not interfere with cyclofusion. The streaks of the lenses
are placed on the horizontal axis in the trial frame, and a vertical prism is
placed before one eye to separate the streaks.

The pathophysiology of idiopathic torticollis was investigated by
Strauibe and Dieterich.'45 Possible disturbance of the vestibular system
was investigated in 40 patients with idiopathic torticollis by using elec-
troystagmography, fundus photography, measurement of the subjective
visual vertical, and posturograplhy. Results of the measuirement of the
visual vertical and the neuro-ophthalmologic testing were normal. There
was slight pathologic monocular torsion in the fundus photography in 38%
and a slight central vestibular preponderance in the electroystagmography
in 53% of the patients. There were some indications of slightly decreased
gain in visual contribution to the postural control process as measured pos-
turographically. However; none of the resuilts could be correlated with the
extent of torticollis in each case. The investigators proposed that the
results did not confirm the hypothesis of a primary vestibular lesion in the
pathogenesis of the idiopathic torticollis. They suggested the possibility of
a common basic lesion causing the torticollis as well as affecting the cen-
tral vestibular system.

OCULAR TORTICOLLIS ASSOCIATED WITH MEDICAL AND NEUROLOGIC

CONDITIONS

Table XVII and XVIII summarize this grouip, which comprises 25 patients,
14 male and 11 femiale, ranging in age from 6 months to 83 years (average
age, 13 years 2 months). The average torticollis was 17.30, primarily from
face turns or head tilts, and occasionally from a chin posture. These med-
ical and neuirologic conditions are all present in the general population
without ocular torticollis. This group of patients having ocular torticollis,
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TABLE XVII: OCULAR TORTICOLLIS WITH ASSOCIATED MEDICALINEUROLOGIC CONDITIONS

NO. INIT SEX AGE STEREO TURN TILT CHIN TOTAL (°)* DIAGNOSIS

1 SB M 3+2 100

2 JB M 7+2 100
3 FC M 83 30
4 NC F 5+9 ?
5 TD M 7+2 ?
6 KE F 3+6 100
7 NF F 3+1 ?

8 LF F 4+7 200
9 SG F 10+7 0

10 AH F

5

15
10
7

25

10
10

33 70

11 JJ M 13+1 50

12 SL F 0+7
13 LM M 23+6 0

14 JM M 62 3000

15 JM M 5+5 ?
16 MN F 4+3 100
17 MP M 8+5 50

18 RR F 9+5 0
19 NR M 3+0 ?

12

12

20
10
10

7
15

20 KS M 2+10 100
21 JV F 0+6 ?
22 DA M 5+0 3000

23 SB F 14+5

24 DB M 11+0

?p 5

? 12

25 JP M 3+1 0 20

12 17 Traulmatic brain
injury

10 10 Scoliosis
12 12 Thyroid

15 Brain tumor
10 Hydrocephalus

20 27 Vertebral fusion
25 Traumatic brain

injliry

10 20 Myelomeningocele
5 15 Neurological/

plagiocephaly
10 10 Trauimatic brain

injutry/fuision
15 15 Osteogenesis

imperfecta/ank
spon

8 8 Inifatnt posture
12 Tumor/lhydro-

cephalus/shunt
7 19 Ependymoma/

myasthenia gravis
20 Hypotonia
10 Cerebral palsy

10 5 25 Spinal muscular
atrophy

5 12 Cerebral palsy
10 25 Arthrogryposis

syn(Iroine
10 10 Macrocephaly
5 5 Myelomeningocele

20 20 cerebral hemor
rhage/hemianopsia

25 30 TBI/brain stem
conttusion

15 27 Trauumatic brain
ijury

15 35 Ventricular
hemorrhlage/
cerebellar
Encephalomalacia

'Average degrees 17.3.

included patient 6, whose torticollis was not orthopedic in nature, despite
the vertebral fusion. The response to stereopsis testing was varied, as seen
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TABLE XVIII: SUMMARY OF TORTICOLLIS GROUPS

TABLE DIAGNOSIS PATIENTS MIALE FEMALE AVE AVERAGE AGE RANGE

TORT (°) AGE

IN Superior 59
oblique palsy

VI Inferior 6
oblique pals)

\I Browns 25
VII Douible 9

elevator palsy
\VIII DuaIie 46

syndrome
IX Acq bor

ilIC'OOl asvin 48
surgery

X Acq bor 116
ilcoilCi-
A or V patterni

XI 6tb nerve palsy 15
XII Torsionial 4

inicomuitance
XIII Nystagmn-us 120
XIV Conigeniial 69

esotropia/
octular
posture

XV; Permuittinig 27
foveal

XV\I No apparenit .57
reasoni for-
torticollis

X\VII Assocwx/ 25
miied/neuirol
coIlditions

None Superior rectuis 1
pals),

Nonie Tbird nerve palsy, 1
Nonie Spasiults uutauis 2

31 28 13.9 14+6 2+0 76+0

2 4 16.8 21+0 6+10 45+11

10 15 9.4 11+3 2+0 49+0
3 6 19.3 19+1 0+4 73+6

22 24 14.3 9+1 0+7 34+8

22 26 13.3 21+3 3+2 82+7

67 49 12.1 10+9 1+0 87+6

6 9 15.5 32+11 1+2 81+0
3 1 17.5 26+6 8+4 61+11

75 45 21.1 9+2 0+9 65+6
39 30 14.1 7+4 0+8 32+1

15 12 12.8 5+0 0+4 18+1

32 25 14.1 8+6 0+5 29+5

14 1 1 17.3 13+2 0+6 83+0

0 1 23 3+9 3+9 3+9

1 0 17 14+0 14+0 14+0
1 1 20 2+6 2+5 2+7

Sumnmuarv 630 343 287 15.7 13+3 0+4 87+6

in other groupings, ranging from 30 seconds to 3,000 seconds; 4 patients
were without stereoscopic vision, and 8 who could not be tested. A com-
mon factor to explain the head postures in this group was not apparent.
Because of the various medical and neurologic associations in this grolup,
the etiology of the torticollis could not be objectively compared between
patients, and further evaluation of this group was not considered for this



studly.

SUPERIOR RECTUS PALSY, THIRD NERVE PALSY, SPASMUS NUTANS

One patient with a vague history of trauimla presented with left hypertropia
and underaction of the right superior rectuis at age 2. She initially
responded to a recession of tlhe right inferior rectus, but in timne (leveloped
right hypertropia, with a 15° left head tilt acnd( 80 right face tuirn.

A 14-year-old boy had partial third nerve paralysis after falling out of a
tree and was not a candidate for surgery. He lacked many of the findings
usually seen in complete third nerve palsy.

One infant with spasnius nutans had suirgety for esotropia at 11 months
of age, andl the other infant did not requiire surgery. Both patients have
demonstrated reduction in inystagmus and in heald bobbing.

DISCUSSION

During the past 20 years, this ophthalmology practice has seen a number
of patients exhibiting ocular toiticollis for nlO apparent or obviouis reasons.
The impetus for this study Wcas to determine the cause of ocular torticollis
within this group of patients and to comppare results with otlhers who halve
studied ocular torticollis, especially Kushiner,2 who found 8 basic imechl-
nisms responsible for abnormal head postures. The intent of this paper,
therefore, was to prospectively study, for 1 year, all patients whlo present-
ed with torticollis of ocular origin and to idlentify and reevaluiate the etiol-
ogy of ocuilar torticollis among different grouips, including tllose with uinex-
plained ocuilar torticollis.

Unexplained ocuilar torticollis has been a historical reality. In a review
of nonophthalmologic causes of torticollis, Bouitros and Al-Mateen'46 state,
"There remain a grouip of patients, where the cauise will remain unclear."
In reviewing causes for ocular torticollis, Kuslhner21 states, "Care, howev-
er, mutst be taken to evaluate these patients properly, as the mneclhanism of
the head posture is not always obvious." In their review of ocuilar torticol-
lis, Rubin and Wagner'47 concluide, "Some patients may have an abnormal
head position with no satisf:actoiy explanation: This is a diagnosis of exclu-
sion after all ocular andc nonocuilar causes halve been eliminiated." Von
Noorden'" states, "The cauise of an ocular lhead tilt in the absence of a
cyclovertical muscle imbalanice is not always clear," an(d in reviewing clin-
ical and theoretical aspects of cyclotropia, von Noorden'2' states that "in a
number of patients inconsistent (sensory) responses were obtained that
defy explaniation at this time and will not be considered here." In con-
genital esotropia with ocuilar posture, witlh a high incidenlce of DVD,
Lang13 1'3-' notes that the head posttire is not a mechanisml for avoidance of
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diplopia, since binocular xision is required for diplopia to be experienced.
Bechtel anid associates 35 reported a high inci(lence of head tilts in patients
with DVD and congenital esotropia and also claiim that DVD is a frequent
cause of head tilts. Lang,I33134 Bechtel and associates,35 an(l others 136-140
have thus described head tilting in association with congenital esotropia
and DVD blut have not explained the mechanism of the head tilting. The
ocular torticollis in these auitlhors' series, as well as the torticollis in the
group in this study, without apparent reason, maintains a head posture
because of a presumed sensory adaptation or advantage, whiclh is difficult
or impossible for most patients to verbalize.

This authlor was successful in determining a nuimber of the etiologies
for ocular torticollis. In addition, after evaluation and reevaluation of
patients Withl unexplained ocuilar torticollis, this author was able to reduce
the number of cases of unlexplained ocular torticollis. The resuilts of the
present stutdy are best compared with that of Kushner,2 who found 62.7%
of patients with incomitance, compared with 52.4% found in this study. A
similar incidence of nystagmus, 20.2%, paralleled this study at 19%.
Congenital esotropia with ocular posture occurred in 6.3%, wllile this
study foundl 10.9%. Permitting foveal fixation produced 5.3% in Kushner's
study, as comppared to 4.3% with this study. The remaininlg categories
included a few patients with ocular posture for cosmetic reasons, ocular
motor apraxia, spasmus nutans, and astigmiatismn. However, this study
found 57 patients, or 9%, witlhout obvious or apparent reasons for ocular
torticollis. While many parami-eters were reviewed and possible reasons
explored, no (lefinite common factor or factors were found to explain the
large number of patients in this group with varied visual and sensory
responses demonstrating ocular torticollis, also without any evidence of
musculoskeletal or neuirologic etiology. All of the usual sensory tests avail-
able to the general ophtlhalmlologist were use(l, buit etiological questions
reImain.

Some pattients were recategorized, redutcing the number of cases of
torticollis without any apparent reason. A few patients with several oph-
thalmic diagnoses couild be placed in different categories. Each patient
with torticollis above 50 was evaluiated in the prospective study of torticol-
lis in this practice and classified within a categoiy ouitlined by Kushner.-
Torticollis mieasurements were obtained by goniometer for optimal accu-
racy and reproducibility, anid the 630 patients were classified within spe-
cific categories during the 1-year prospective study.

It should be noted that this auithor's effort to recategorize those
patients with unexplained torticollis may not be without criticism. Any
effort at reevaluating only one group of patients could potentially compro-
mise the results of the study by affecting various other outcomes and
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percentages within each category of patients. In addition, it should be
noted that upon reevaluation, some patients with unexplained ocular tor-
ticollis demonstrated improvement or resolution of their head posture. It
is therefore also quite possible that patients in other categories experi-
enced similar outcomes.

With these concerns in mind, specific reexamination was undertaken
of those 57 patients in the group with unexplained torticollis, in an effort
to define the etiology of the torticollis. Fourteen of the 57 patients were
lost to follow-up, despite extensive and careful searches. Of those patients
who were able to return for reevaluation of the torticollis, 9 haLve shown a
reduction or resolution of their torticollis. Of the 34 remaining patients
without change or improvement in their torticollis, 7 could not compre-
hend sensory testing by way of double Maddox rod testing, Bagolini stri-
ated glass testing, Lancaster red-green testing, and objective torsion eval-
nations.

In Table XVI, the patients who were unable to be reevaluated sensori-
ally included patient 11, who has developmental delay; patient 21, who is
in special education and exhibits behavior problems; patient 29, who has
chromosome 5 deletion and developmental delay and is nonverbal; patient
34, who is now blind from severe uveitis; patient 35, who has develop-
mental delay; patient 36, who has Down syndrome with limited testing
capability; and patient 54, who has developmental delay. While the initial
findings of these patients did not merit classification under medical/neu-
rologic conditions, some of the patients in this group could now be reclas-
sified in Table XVII as patients exhibiting ocular torticollis with associated
medical or neurologic conditions. Other reclassifications might include
dissociated vertical deviation as a probable etiologic factor for the torticol-
lis in patients 18 and 40, and incyclotorsion in patient 7, which may explain
his right head tilt, to be described below.

Table XIX summarizes the sensory findings of 16 patients from the
group who were reevaluated. The first column lists the patient number
previously used in table XVI. The total degrees of torticollis are listed for
comuparison with the initial evaluation. Under the headings "Double
Maddox" and "Bagolini," "Ex" represents excyclotorsion and "In" repre-
sents incyclotorsion. Under "Fundus torsion," the notations 1+, 2+, and 3+
are based on the grading system for estimating abnormal torsion estab-
lished by Guyton.119 The diameter of the disc is used as a guide, and abnor-
mal torsion is graded according to each eighth of a disc diameter of abnor-
mal displacement of the fovea from the normal range, which is within the
upper third of the disc in the indirect ophthalmoscopic view. Of note is
presence of torticollis in the absence of binocular vision in several patients.

Several reevaluated patients are worthy of discussion. Patient 7
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preferred fixation with the right eye, with a persistent right head tilt. The
double Maddox rod test, Bagolini, and Lancaster red-green tests revealed
incyclotorsion of both eyes. Although cyclotorsion is a rare cauise of torti-
collis, this patient stated that the horizontal lines of the eye chart, as well as
distant objects, appeared parallel to the floor when he tilted his head to the
right. However, when his head was held in primary position or in left tilt,
he described the lines on the eye chart and distant objects at an "angle" to
the floor. He preferred using his right eye, with right head tilt posture, pre-
sumably to reduce the right incyclotorsion, rather than upright posture or
left head tilt with increasing right incyclotorsion. Patient 7 had not been
able to describe this preference when last seen at age 17. Therefore, this
patient could be reclassified as torticollis due to torsional incomitance.

Patient 53 has persistent torticollis, suppression of OD, and inconsis-
tent sensory responses, including 100 right incyclotorsion and 100 left
excycltorsion confirmed with double Maddox rod testing and Lancaster
red-green tests (Fig 4). However, torsion was not detected with the

HESS SCREEN CHART
FIELD OF LEFT EYE fi.i.gwith ,ghl eye) FIEW OF RIGHT EYE (fi.igwith left eye)

DIAGNOSIS Gpint 2WasrL morEya Greenbtive Right Eye

FIGURE 4
Lancaster redl-greenl test deiiionstralting incyclotorsioil OD allld excvclotorsionl OS.

Bagolini striated glasses, and her fundus examination revealed 2+ incyclo-
torsion, both eyes. Patient 55 still presents with torticollis yet has had
inconsistent sensory responses and no fundus torsion. Of the 2 patients
with autism, patient 26 was more able and cooperative than patient 13, yet
both patients' tests did not reveal the etiology of the torticollis. Patient 32
has now shown resolution of her torticollis, and the etiology of her previ-
ous torticollis remains unknown. The remainder of the patients in Table
XIX demonstrate varying degrees of torticollis and strabismus, and almost
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all have normal douible Maddox rod testing, Bagolini striated glass testing,
and Lancaster red-green testing, yet several demonstrated objective fYin-
dus torsion.

The statns of the torticollis of the 14 patients lost to follow-up is
unknown, and until proven otherwise, these patients should remain classi-
fied as having torticollis without apparent reason. The torticollis of 9
patients has been resolved. Two additional patients could be reclassified
with dissociated vertical deviation as the etiology of their torticollis, and
one patient could be reclassified with ocuilar torsion as his torticollis etiol-
ogy. This reduiced the nuimber of patients with uinexplained torticollis
from 57 to 45, reducing the percentage of unexplained torticollis to 45 of
630, or 7%.

CONCLUSION

This stuidy has fouind patients with ocular torticollis not of orthopedic or
neuirologic etiology, which defies clinical explanation. Because a number
of patients demonstrate contradictory sensory testing, unanticipated and
unpredictable testing responses, and the frequent and consistent inability
to verbalize the reasons for their preferred head tilt, further studies are
indicated.

Other areas for futuire stuidy incluide an evaluation of patients with
Down syndrome, with a seemingly high number fouind with A and V pat-
tern, as comnpared with all other groups. The limited response to sensory
testing in the group with congenital esotropia has been well documented
in other sttudies.133-13613S-140'43 A future study is planned to review our large
grouip of infants with congenital esotropia without torticollis for compari-
son of their sensory findings, as published in other studies.'34,'"4-'3 The
range of stereoscopic vision in the A and V pattern groups also suiggests
fuirther investigation, as the head postures did not consistently correlate
with the clinical eye muscle patterns.
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