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1. Introduction

1.1. Definition and clinical features of Brown’sSyndrome

The ocular motility disorder defined by Browhas consistent and
characteristic features, making it an easily recapie clinical syndrome (Table 1).
The most striking feature is the active and passivétation of upward gaze in
adduction. With rotation of the eye out of the diedf vertical action of superior
oblique muscle, elevation improves so that lessatien restriction is present in
midline and minimal or no elevation deficit is peasin abduction.

There are varying degrees of severity of Brawsyndrome and different
etiologies. Therefore we can meet varying faculeafeatures, including a widening
of the palpebral fissure on adduction, divergentenalline elevation or even in more
severe cases primary position hypotropia or a dbewoisof the affected eye below
the horizontal meridian on adduction.

In mild cases of Brown's syndrome we can olxsea normal ocular
alignment in primary gaze. In severe cases, a pyipasition hypotropia prompts an
abnormal head posture: most commonly a chin-uptipasbut sometimes a face turn
away from the affected eye or a variable head tilt.

Table 1. Clini¢aatures of Brown’s Syndrome [13, 46, 47]

Typical Features | Variable Features

Limited elevation with restricted forced | 1 | Divergence in upgaze producing a
ductions in adduction V or Y-pattern
Less elevation deficiency in midling 2 | Minimal or no superior oblique
gaze overaction
Minimal or no elevation deficit in| 3 | Down-shoot in adduction
abduction 4 | Widened palpebral fissure on adduction
Free forced elevation in adduction after| 5 | Anomalous head posture with primary
superior oblique tenotomy position hypotropia

6 | Incyclotorsion accentuated on attemped

elevation




1.2. Historical perspective

In 1928 Jaensch described the first case withredireitation of elevation of
the adducted eye after a skiing accident [19]. Theical picture resembled a
paralysis of the inferior oblique muscle, but theced ductions test showed resistance
to elevation of the adducted eye. As a cause, daenspected a traumatic adhesion
between the trochlea and the globe anterior td tiveaequator.

In 1950 Brown described an identical anomaly afilac motility occurred
on a congenital basis [3]. However, he understdual disorder as a congenital
paralysis of the inferior oblique muscle with conigéve shrinkage of the superior
oblique tendon sheath and grouped this entity nadi®agerior oblique tendon sheath
syndrome” together with retraction syndrome, ssahis fixus, fibrosis syndrome -
restrictive motility disorders characterized byribs changes in the muscles or their
tendon sheaths.

Since Brown'’s original description in the 1950fiema half a century of
collective experience in the diagnosis and treatn@nBrown syndrome, it has
become clear that there are many anomalies invgpl¥ia superior oblique muscle, its
tendon, surrounding tissue or the trochlea that maemtribute to a mechanical
restriction of elevation of an adducted eye [417, 31, 35]. For this reason, the older
term “Superior oblique tendon sheath syndrome” tred&rown syndrome, although
the termJaensch-Brown syndrome has also been sugested [31].

1.3. Types of Brown Syndrome

In 1973, Brown realized that “Superior oblique den sheath syndrome”
was actually more complex than he first describedolving different causes and
various degrees of severity. He divided the syndranto two groups: “true” and
“simulated” sheath syndrome [4].

The “true” Brown syndrome included congenital, s@amt and permanent
cases and was subdivided into typical and atypioahs. Typical cases had full
elevation in abduction, whereas atypical casessbatk degree of elevation deficit in
abduction, due to a presumed concomitent parestheoipsilateral superior rectus
muscle.

The “simulated” Brown syndrome included aquiredtermittent or cases
showing spontaneous recovery, even if thought todrgenital and constant prior to
discovery of regression.



1.4. Anatomical considerations

The superior oblique musclthe longest extraocular muscle, arises from the
body of sphenoid bone above and medial to the apiial just outside the tendinous
ring. The muscle belly (30mm long) runs forwardviestn the roof and medial wall
of the orbital cavity and continues with a roundeadon. The tendon passes through
trochlea, a pulley of fibrocartilage that is attadto the trochlear fossa of the frontal
bone. After emerging from the trochlea, the tendends downward, backward, and
laterally, forming an angle of about 54° with theetpochlear or direct portion of the
muscle. After the posttrochlear or reflected pdfrttlee tendon passes under the
superior rectus muscle, expands in a fan-shapedenaand inserts into the sclera
posterior to the equator of the eyeball, formingpavex line of insertion.

According to Fink [10, 11], the anterior end bétinsertion lies 3.0 to 4.5
mm behind the lateral end of the insertion of theesior rectus muscle and 13.8 mm
behind the corneal limbus. The posterior end ofilsertion lies 13.6 mm behind the
medial end of the insertion of the superior reatusscle and 18.8 mm behind the
corneal limbus. The width of the insertion of thaperior oblique muscle varies
greatly from 7 to 18 mm, with an average of 11 riime medial end of the insertion
lies about 8 mm from the posterior pole of the @3ig. 1).
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Fig. 1. Relationships of tendons of superior ol#igouscle
Right eye, view from above [11]



From all the extraocular muscles, the superiorquigli muscle shows the
most frecquent anomalies [23]. Many authors [18,48) communicated cases with
the absence of the superior oblique tendon. Anddncy of the tendon, an abnormal
posterior insertion of the tendon into Tenon’ cdpsor an extreme laxity of the
tendon were noted in most congenital cranial ndiepalsy. An aplasia of the
trochlea or the Y- splitting of the superior obkgtendon have also been
communicated. A tight band at the posterior boadéhe tendon between the trochlea
and the sclera was also observed in some case8mitin’s syndrome [16, 26, 42].

The trochleas a complex structure attached to the bony athibhe trochlear
fossa located near the junction of the superior amdlial orbital rim, with the
function to redirect the superior oblique tendoror a physiologic and kinematic
standpoint, the trochlea is the origin of the sigrayblique muscle [46].

Because the trochlea is small and firmly affitedone and lies deep in the
orbital fascia, it was not accessible for surgiedploration from the usual
transconjunctival approach by the strabismus surgie®enetration of posterior
Tenon’s capsule and dissection of orbital extratéataare required in the approach
to the trochlea, creating tissue adhesions in rthehtear region. Thus, its anatomy
and physiology were investigated only late, in ‘8¥sHelveston, using fresh human
orbital exenterated specimens and autopsy specifh@éhs

Four components of the trochlea were describedartilage saddle, an
intratrochlear portion of superior oblique tendoa, fibrillo-vascular sheath
surrounding the tendon and a dense fibrous contensthat secures the trochlear
saddle to the bony medial orbital wall [17]. Ead¥yef of the superior oblique tendon
acts nearly independently as a cord from the mu#mes to the insertion without the
presence of interfiber connection (lateral attaahmsieor cross-connecting fibers)
found in other extraocular muscles. This findingsweerified by Helveston and
coworkers and presented aselescoping or side-by fashion of movement : as the
tendon passes through the trochlea, each fibessfarther than the next adjacent and
more peripheral fiber (Fig. 2).

Initially, the peripheral fibers move and, in sugsien, the fibers located
more centrally slide relative to the next most jpleeral fibers, with the central fibers
undergoing maximal excursion and the peripherarflihe least excursion. The total
travel of central fibers appears to be 8 mm inegithirection. Also, since in adduction
the posterior insertional fibers undergo the maximexcursion, it is proposed that
the central tendon fibers insert posteriorly arelghkripheral fibers anteriorly.



THE TROCHLEA

Fig. 2.
\ (The telescoping movement of of the
perior oblique tendon

Whitnall described a fascial sheath of the refl@édendon of the superior
obliqgue muscle consisting of two layers (2 to 3 timiak) of strong connective tissue
[46]. Parks has rejected the idea that superioigobltendon could have a separate
anterior sheath over it near its insertion as desdrby Brown [35]. What appears to
be a sheath was demonstrated to be reflection wfrian and posterior Tenon's
capsule, forming a sleeve that have been mistakd@rdown for a sheath.

Helveston and coworkers described a highly vasculaeath of the
intratrochlear portion of the superior oblique tend17]. Helveston recognized that
movement of the tendon in the trochlear pulley 'm®a metabolic requirement for
repairing “wear and tear” and heat dissipationsTikithe only extraocular muscle or
tendon that has such a rich vascular supply. Theemice of these vessels creates the
anatomic basis for possible vascular dilatatiotooal edema that, if occuring, could
lead to restricted passage of the tendon throughtribchlea and thus produce a
permanent or intermittent Brown syndrome. The mggmh of local edema in the
trochlear region could also explain the spontaneesslution seen in acquired and
intermittent Brown syndrome cases.

In addition, a bursa-like structure was describgdHelveston between the
tendon’s vascular sheath and the trochlear sadgieess fluid accumulation or
concretion in this bursa-like space or vasculatedision in the sheath could lead to
limitation of movement through the trochlear tunnehusing an acquired Brown
syndrome. Wilson and coworkers [47] suggestedifitae telescoping movement of
the tendon described by Helveston were interferigld &n intrinsical anomaly of the
trochlea or the tendon, Brown syndrome would result
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Share of muscle functis

1.5. Action of superior obligue muscle

In primary position, the activation of superior igole muscle causes
incycloductionanddepressiorof the eye and alsabduction

When adduction is initiated, the angle betweenntieglial plane of the eye
and muscle plane (normal 54°) is reduced progrelssand and the superior oblique
muscle acts more and more as depressor (Fig. 3p ®i adduction of 54°, the
superior oblique would be a pure depressor.

When the abduction is initiated, the angle betw#enmedial plane of the
globe and obligue muscle plane increases and therisu obligue muscle produces
more incycloduction. With 36° of abduction its actiis one of pure incycloduction.

So, as a conclusion, the maximum action of the smpeblique muscle as a
depressor is in adduction, but in abduction octhesmaximum incycloduction.

100% m. obL.sup 100% m.oblinf.

90%

Incycloduction Depression

Excyeloduction

Elevation

Abduction Adduction

50° 0° 50° 50° 0° 50°
Abduction PP Adduction  Abduction PP Adduction

Fig. 3. Representation of superior and inferioiqp# muscles function [23]
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2. Etiology and pathophysiology of Brown syndrome

The question of etiology is one of the most cowdrsial issues surrounding
Brown’s syndrome, complicated by the existence bafttacquired and congenital
cases.

The aquired cases involves secondary changes jmewously normal
superior oblique (SO) tendon or tendon-trochleampgiex, due to trauma to
superomedial orbit, inflammation (rheumatoid atthyi abcess formation or
metastasis in the region of the trochlea), iatragehanges of the trochlear region-
following sinus surgery or strabismus surgery [47].

In congenital forms of Brown syndrome, the etiddognd pathophysiologic
mechanism remains enigmatic up to now. For betteidetstanding the
etiopathological theories which were under debateesalmost 60 years, we have to
keep in mind that the SO muscle and tendon muak ras the anterior pole of the
adducted eye moves upward. In the same time, thepor pole of the eye, where
the SO tendon inserts, moves away from the troctdesn abducted and depressed
position. This requires a certain degree of relaraor elasticity of the SO muscle
and tendon. To explain the mechanical limitatioretgfvation in adduction through
different mechanisms, Helveston suggested a gewescription of the syndrome,
according to which the inability to elevate the acéd eye is due ta failure to
increase the distance between the trochlea an®eendon insertiorHe described
the complex machinery consisting of muscle, tenaiath trochlea which is especially
vurnerable to developmental defects [17, 18].

2.1. Concept of an anterior tendon sheath

In 1950, at the first American Strabismus SympwsiiHarold Whaley
Brown debated upon the motility disorders with rietve character, explained by
fibrous changes in the muscle or their tendon $isef8]. He grouped in the same
entity retraction syndrome, fibrosis syndromealsismus fixus, vertical retraction
syndrome and a new syndrome which he named “Supelhlique tendon sheath
syndrome”, a motility disorder defined by restrittelevation of the globe on
adduction.

Brown understood the disorder as a congenital gsiglof the inferior
obliqgue muscle with consecutishortening of the superior oblique tendon sheath
According to Whitnall, the tendon sheath of theesigr oblique was a structure fixed
to the trochlear pulley and fused to the sclerakition of superior oblique muscle
[46]. Brown stated that if this sheath were shiowtauld certainly restrict elevation on
adduction.

12



Fink had described the sheath as a significant mamebhaving a multitude
of minute fibrillar connections to the tendon tipatvented the tendon from moving
freely through it [11]. Berke described a 2-3 mrickisheath or areolar tissue along
the superior obliqgue tendon from Tenon’s capsaleéhe trochlea [1]. Under this
proposed hypothesis of shortening of the superhldiqoe tendon sheath, surgical
stripping of the sheath or pseudosheath leavingetidon itself intact has relieved the
restriction in some cases of Brown syndrome. Brewhieved full correction of the
motility on adduction in 5 of 26 patients operaiedthis way [4].

Parks observed that the superior oblique tendes dot have a sheath at all.
Instead he found that the surrounding tissue oftdmElon and Tenon’s capsule,
through which superior oblique tendon passes, eraatleeve and maybe this sleeve
have been mistaken by Brown for a sheath [35]. Witbdern superior oblique
surgery using direct visualization, an anterioreath” as described by Brown was not
found, the superior oblique tendon having a traresgaavascular capsule, similar to
the capsule that envelops the tendons of the ak&aocular muscle, giving it a
smooth glistening character [7, 36, 47].

In the course of time, Brown himself left his coptef an underlying
inferior oblique palsy with reactive tendon shealitinkage and rather discussed a
disturbance of the superior oblique tendon itsklf1971, Brown stated that multiple
etiologies could lead to the clinical pattern hd Hascribed [4].

2.2. Anomalies of the superior oblique tendon or tichlea

For at least the majority cases of congenitalvBre syndrome the cause
can be found in anomalies of the superior obligeedbn and/or the trochlear
apparatus.

Crawford (1980) and later Von Noorden (1982) praubthat the cause of

congenital Brown syndrome is atbnormal tightness of the muscle-tendon complex
[7, 46]. Different degrees of severity of the syomie are explained by the spectrum
of all possible degrees of deficient muscle eligtic
Arguments for supporting this hypothesis broughta@i in 1956 and later many
other authors which recognized that tucking theesiop oblique tendon in cases with
superior obligue muscle palsy could lead to elewvatrestriction in adduction
(acquired Brown syndrome). That means a tight sapeblique tendon could be the
cause of Brown syndrome. This theory was in acedsd with good surgical results
obtained after tenotomy (cutting the superior aldigtendon just medial to the
superior rectus muscle).
Girard postulated that a congenital anomaly oftémelon (retrotrochlear thickening)
or anomalies of the trochlea itself could causeimpairment of slippage of the
findings of the human trochlea made by Helvestovehsupported this theory [17,
18].
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In 1981 Sevel raised the hypothesis that persistasfcfine embryonic
trabecular connections between the superior oblignelon and the intratrochlear
sheath may limit free slippage of the tendon thiotrgchlea [42].

In 1996 Mihlendyck found a tight band at the pastdsorder of the tendon
between the trochlea and the sclera in all patietis Brown syndrome [31] and
communicated good results after resection of thisdb(superior oblique posterior
tenectomy).

2.3.Anomalies of inferior oblique muscle and adjacenttsuctures

In 1956 Girard found a dense fibrous attachmentradihg from the
insertion of the inferior oblique muscle to theekal wall of the orbit in a patient with
all features of Brown’s syndrome [12]. After resentof this band, the resistance to
passive elevation of the globe in adduction disapgd

In 1972 Scott and Knapp reported cases of Browyrsli®ome with inferior
restrictions and remarked that poor results afipesor oblique sheath surgery could
be due to these inferior adhesions [40].

In 1975 Parks and Brown found some inferior bandsreling from the
inferior rectus muscle capsule to orbital floorimpatient with Brown syndrome. The
traction test has been improved by cutting thisdsarbut the active elevation in
adduction not [35].

In 1976 Scott described an adaptation of the forcaction test trying to
differentiate inferior from superior restriction.pon testing the passive rotations of
the eye, superior restriction is enhanced by dsprgshe globe into the orbit, inferior
restriction is enhanced by proptosing it [40].

2.4.Paradoxical innervation

In 1969 Papst and Stein, after simultaneous elegtography performed on
both the superior oblique muscle and the inferldique muscle in two patients with
congenital Brown’s syndrome, fountb-contraction of the inferior and superior
obliqgue muscleson combined elevation and adduction of the glohd bkened
Brown’s syndrome to Duane’s syndrome [34].

In 1971 Feric-Swiwerth and Celic also found evidenaf paradoxical
innervation of the superior oblique muscle on aftesmto elevate the eye in one of
three tested patients with Brown’s syndrome [9]e¥hheorized that congenital
Brown syndrome is a central innervational disoraled that acquired forms were due
to local abnormalities or tenosynovitis.

However, in the same year, Catford and Hart fourmd paradoxical
innervation in patients with acquired Brown’s symhe [5].

14



In 2004, at the 1D Meeting of the Bielschowsky Society, De Decker
reported two cases of superior and inferior oblique-contraction in
electromyography in Brown syndrome [32].

Regarding of the hypothesis of paradoxical innéovateveryone would
expect that the forced duction test to become negat the patient with congenital
Brown’s syndrome under anesthesia. But this is mélre case as Von Noorden
observed and this is a counterargument for thisothgsis, although in Duane
retraction syndrome intraoperative restriction iddaction/abduction does not
disappear under general anesthesia.

2.5. Congenital Brown'’s syndrome - a CCDD ?

Recently, there has been brought light to the agiels of some of the other
congenital restrictive disorders like Duane’s symde or congenital fibrosis of
extraocular muscles (CFEOM), which Brown has graupmgether with “Superior
oblique tendon sheath syndrome”.

Pathologic, electromyographic and genetic studi&$ fiave shown that their
etiology is rather primarily neurogenic. Currentncepts state in these restrictive
syndromes aevelopmental hypo- or aplasia of the cranial ooudor nerves and a
resulting fibrosis in the target muscles due to -non paradoxical innervatiomll
these different syndromes with congenital, nonprsgive, sporadic or familial
developmental abnormalities of the cranial nerved #s nuclei are classified as
congenital cranial dysinnervation syndromes (CCDBbhereditary cases of CFEOM
and Duane’s syndrome, studies have shown thatlgenthat promote the segmental
brainstem development are affected [15].

Under the light of the recently defined CCDD, a¢ thi" Meeting of the
Bielschowsky Society, in 2005, Neugebauer [32] uksed the most striking
hypothesis that congenital Brown syndrome mightchased by a developmental
defect in brainstem differentiation (fourth nerveypbplasia or aplasia) with
consecutive paradoxical innervation of superioicatd muscle by fibres intended to
innervate the inferior oblique, the medial recthg, superior rectus or others.

It is remarkable that this group of CCDD includegndromes with
involvement of the third and sixth nerve (like CHA(Duane’s syndrome, congenital
ptosis) and diseases characterized by a combinatfothird and fourth nerve
involvement (like CFEOM 1l), whereas a single fdurherve dysinnervation
syndrome was not described, observed Neugebauer.
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Most interestingarguments brought by Neugebauer supporting the theory
that congenital Brown’s syndrome could be a misinaigon syndrome are:

1. Duane’s syndrome, Crocodile tears, Marcus-Gunn jéimking and

unilateral ptosis were reported to occur togethign Brown’s syndrome [46, 47] and
also associated with congenital cranial misinnéovatiisorders [15]. Several reports
exist that communicate patients with Brown’s symieoon one side and trochlear
palsy on the fellow eye. Clarke reported an inct@enf 11% contralateral trochlear
palsies in patients with congenital Brown’s syndedj].
If Brown’s syndrome would be a primary developmeitefect of the fourth nerve
nucleus with paradoxical innervation of the supeablique muscle, everyone could
imagine cases in which the developmental defectirsgdut coinnervation was not
established sufficiently, causing a palsy.

2. Superior oblique muscle paradoxical innervabgrfibres for the inferior
obliqgue muscle (Il nerve) would explain :
- the elevation deficiency in adduction
- discordance between large motility deficiencyaidduction and small angle of
hypotropia in primary position
Attempting to elevate the globe in adduction, maatinmnervation of the inferior
obliqgue muscle occurs. Simultaneous co-contractidnsuperior oblique muscle
together with inferior oblique muscle will hinddvet globe from being elevated and
elevation deficiency in adduction occurs.
On the other hand, by simultaneous innervation aih lantagonist oblique muscles
will result an antagonistic movement in the vettigplane, which would explain the
small angle of vertical deviation in primary positj in spite of large motility
deficiency in adduction.

3. The widening of palpebral fissure could be exgd by an
anteropulsation of the globe occuring with the oatcaction of both oblique and this
phenomenon is comparable to retraction of the glafit co-contraction of the
horizontal recti in Duane’s syndrome.

4. The tightness of the superior oblique tendonlccaccur during time,
triggered by constant co-contraction.

Future clinical, genetic and MRI findings would bf great interest for clarifing the
etiology of congenital Brown'’s syndrome.
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2.6. Radiological findings

Many authors [2, 28, 41] tried to investigate metsas of congenital
Brown’s syndrome by magnetic resonance imaging (MRI

Most of the abnormalities found on MRI have beguoréed to be located at
the tendon-trochlea complex: an enlargement wasdniot some cases, an irregular
appearance in shape with intermediate signal iittens other cases of congenital
Brown’s syndrome [41].

A new method, high-resolution, multipositional dabiMRI with surface
coils, which investigate muscle size and contriggtilemonstrated a variety of
abnormalities in patients presenting with congérideown’s syndrome, including
atrophy or absence of the superior oblique bellyBing this method, Bhola found
an inferior displacement of the lateral rectuseulh adduction, with normal superior
oblique tendon-trochlear complex in one congemitall one acquired case of Brown'’s
syndrome. Such cases responded to surgical s&tholizof the lateral rectus pulley.

Strong arguments for supporting the hypothesis tmatgenital Brown’s
syndrome could be a CCDD brought Kolling in 2008][2He demonstrated in 2 of 4
patients with congenital Brown’s syndrome unilakéagking of fourth cranial nerve
on MRI in high resolution technique. Kolling obsedvalso in one case paradoxical
contraction of superior obliqgue muscle on attenptito elevate the globe in
adduction.

Up to now, the radiological findings described iangenital Brown's syndrome
proved to be various, in connection with the vatiggothesis regarding the etiology
of this entity.

17



3. Treatment of congenital Brown’s syndrome

Knowledge and understanding of Brown’s syndromeehiemproved, like the
surgical management with refinement of techniqirecise indication for therapy,
however, remains controversial and is clouded bsufficient data on the true
incidence of spontaneous regression.

For many authors, the most common management fdorahs of Brown
syndrome has been observation alone.

3.1. Natural course of congenital Brown’s syndrome

It is generally accepted that spontaneous resolutither occurs in acquired
cases than in congenital cases and was reportseMeyal authors [14, 20, 21, 27].

Gregersen [14] reported striking results of a ltudjnal long-term study: of
10 patients with congenital Brown’s syndrome diaggtbduring the first 2 years of
life and followed for 13 years, 3 had complete ey of normal ocular motility and
partial improvement was noted in 6 of 10 patients.

Kaban [20] reported a 10% resolution rate in coitgenases over 7 years.

In the acquired and intermittent forms of Brown'gyndrome with
inflammatory origin, the impaired slippage of teadon is caused by the hypertrophy
and constriction of the trochlea and tendon shaasiociated with localized swelling
of the superior oblique tendon. It is easy to ustderd that in such cases sudden
release of the restriction and full rotation of tiiebe nasally and upward occurs after
the inflammation subside.

In constant, congenital Brown’s syndrome, considegestable disorder,
spontaneous improvement is hard to explain. Soméhoeu supposed that
spontaneous recovery is due to the enlargementeotrochlear ring with growth.
Taking into account the hypothesis of misinervgtidieugebauer supposed that
during the time, triggered by constant co-contmgti consequent lesions and
elongations in the superior oblique tendon coulcuecfacilitating the slippage of the
tendon trough the trochlea [32].

Another argument for high percent of spontaneosslution in constant,
congenital Brown’s syndrome is the fact that Brogsymdrome is encountered less
frequently in adults. Of the 126 patients describgdBrown, 89% were identified in
children under the age of 12 years [4, 47]. Thigpsts the theory thatpontaneous
resolution in cases of congenital Brown’s syndramerobably more common than
previously recognized
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3.2. Surgical treatment

3.2.1.Indication for surgery

In patients without spontaneous resolution of Breasyndrome, surgery
may be a treatment option.

Indication for surgery in congenital Brown’s syndre include the presence
of a primary position hypotropia and/or an anomaldiead posture. A large
downshoot in adduction causing psychosocial sttesthe patient is considered a
relative indication for the surgery.

The goal of the treatment is to correct hypotropigrimary position, to
reduce objectionable downshoot and head postuiectease upgaze and expand the
binocular diplopia-free fields. When binocular waisiis normal in primary position
and without an extreme anomalous head posturesutgery is not advisable. These
patients could experience diplopia when they attetmpelevate the involved eye in
adduction, but they will learn to avoid this pasitiof gaze.

3.2.2.Surgical procedures

Based on the incorrect supposition that congeBitalvn syndrome is due to
a contracted “anterior sheath” surrounding the sapeblique tendonglissecting and
stripping the sheath as originally advocated by Brown, became thet firs
recommended surgical procedure. The few reportezhtebctomy results were
uniformly unsuccesful [4, 12, 35].

After almost 20 years, the surgical results obthibg Brown in 36 cases of
sheathectomies were dissapointing: only in 5 pedierere obtained full rotations, 13
improved mildy, in 15 patients he reported no clesngnd overcorrection in 3
patients [4].

Although isolated reports cfuperior oblique tenectomy/tenotoragpeared
since 1955 (Nutt), in 1970 Crawford recommendedt firendon weakening in
congenital Brown’s syndrome, based on the theost th tight superior oblique
tendon caused the motility deficit. After tenotowfythe superior oblique, restriction
of elevation the eye in adduction was usually eletéd, but a high percent of
patients (ranges from 40% to 85%) developed iamagsuperior oblique palsy with
longer followup and 11%-42% of them loss of bineeity [7, 36, 46].

To reduce the incidence of postoperative superldiqoe palsies, Parks
studied several different superior oblique tendoeakening procedures like
tenectomy of posterior tendon, Z-tenotomy, splitdo® lengthening or tendon
recession35, 36].
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Technically, all these procedures proved to beenthifficult, requiring considerably
dissection and, consequently, more scarring andllyirhave shown discouraging
results.

Later studies of Parks regarding the intermuscsg@tum existing along the
entire sub-Tenon'’s course of the superior obliguelon are valuable [36]. Parks has
shown that dissecting the anterior and posterioddrs of the tendon from the
intermuscular septum followed by tenotomy along riedial border of the superior
rectus muscle produces a high incidence of supehtiqgue muscle palsy (5 patients
of 6 operated). Of 15 patients in whom the intercules septum was preserved, only
3 (20%) developed a superior oblique palsy. Paracladed that the intact
intermuscular septum may serve as insertion foptiegimal end of the cut tendon,
transmitting the superior oblique force to the alisevered tendon. Furthermore, the
intact intermuscular septum prevents forward migrabf the tendon segments which
may alter normal vector forces of the superiorauei muscle.

In an effort to lower the number of overcorrectioins1987 Parks and Eustis
useda combination of the superior oblique tenotoaryd 14 mminferior oblique
recessionapproaches [37]. Reoperation for overcorrectiors wat necessary, but
inferior oblique underaction was seen postoperbtive44% of their patients, so that
inferior oblique recession was reduced from 14 mrhG mm.

Von Noorden reported that 50% of patients operéedongenital Brown
syndrome developed the classic features of a supehlique palsy one year after
complete superior oblique tenectomy [46], but tuasecutive superior oblique palsy
responded well to a subsequently recession ofdh&aateral inferior rectus muscle
or recession of the ipsilateral inferior obliquesuie.

Other authors described irreversible strabismusblpros (incomitant
vertical deviation with significant torsion, cyclexical diplopia especially in
downgaze, anomalous head postures) following sopedblique tenotomy/
tenectomy even it was combined with recession fefrior oblique muscle [39]. This
highlights the importance of selecting patientsvitom surgery is truly indicated and
of tailoring the surgical procedure to minimize ma@rections.

In 1989 Wright introduced a technique in which graent of silicone retinal
band is sewn between the cut ends of a tenotonsmgérior oblique tendon to
control the amount of weakening [48]. Three of fpatients with Brown syndrome
showed excellent ocular motility postoperativelylamone developed superior oblique
palsy. Later results in 2000 [50] of tl#licone superior oblique tendon expander
have shown that 14 of 15 patients improved mofiliith normal version in 10
patients, 3 were undercorrected and 2 overcorrg@ely one requiring an inferior
oblique weakening procedure). The silicon expangesvided good results in
resolution of the downshoot in adduction. The ptérdevelopment of downgaze
restriction after placement of the expander andsome cases postoperative
inflammatory reaction or extrusion of silicone baaré a potential disadvantage.
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In 1999 Stager reported a relatively high success and a low rate of mild
undercorrection with expanders [43]. All of the tated eyes had resolution of the
downshoot in adduction, but 5 (20%) required reafi@en for overcorrection. Some
of the patients in Stager’s study had 9 or 10 mategs, which he discontinued to use
because of overcorrection. The overcorrection iragyes with 5 to 8 mm expanders
was 12.5% (2 of 16 eyes). Comparable with the tefl silicone superior oblique
tendon expander were the the results of Stoloatuth Leibovitch after theuperior
oblique split tendon lengthening technique consisting in a Z—cut across theaend
with end-to-end suturing [44].

In order to avoid the complications of silicone stipr oblique tendon
expander, like limitation in downgaze or postopegmtinflammatory reaction
Keskinbora [24], Suh [45] and Yazdian [51] proposkd superior oblique tendon
spacer with application of nonabsorbable adjustafiléureas a lengthening method
of superior oblique tendon, a procedure which sentse technically easier than a
silicone expander.

In 1996 Muhlendyck described a tight band at theterior border of the

tendon between the trochlea and sclera, which badfdn all 31 patients he has
operated for congenital Brown’s syndrome [31]. léparted a normalisation of the
passive elevation and an improvement of active atlen in adduction after the
superior oblique posterior tenectomgltough in 9 cases a second operation was
necessary. A consecutive superior oblique palsyssas only in one case.
This communication of Muhlendyck is not in conti@din with the studies of
Crawford and Parks. The latter described a tigpesor oblique tendon in only 2
cases of 24 with congenital Brown’s syndrome [3B].Park’s cases, the direct
visualization of the more posterior part of supedblique tendon was not possible,
because he made always the surgical investigatiomgathe nasal border of the
superior rectus muscle and not along the tempanalds, as Mihlendyck did [31].

Later on, in 2005 Graf performesiperior oblique tendon recessiam 22
cases with congenital Brown'’s syndrome. He repootdg a slightly improvement of
elevation in adduction (median 5 deg) inspite eEfpassive motility at the end of the
operation [13]. At a late control, in 2-10 yearteakurgery, the hypotropia (median 0
deg) and the elevation in adduction (median 15 de&gg significantly improved.

Taking into account the hypothesis of co-contractid both superior and
inferior oblique muscle, some authors (Papst areinStNeugebauer) proposed a
combined surgery with recession of the superioiqolel or partial tenotomy of the
tendon and tuck in the inferior oblique for dimimigl innervation of the inferior
oblique for elevation and thus less coinnervatidrnthe superior oblique muscle.
Neugebauer obtained a reduction of deorsoaddubiod° in 5 operated cases with
this combined technique [32].
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4. Questions

As we have seen, various surgical procedures ibescfor the treatment of
congenital Brown's syndrome often show disappotiresults, some of them
followed by severe complications as superior oldigalsy, overcorrection, scarring
with limitation of ocular rotations.

Through this study, we try to reevaluate Mihleddyaesults, which have
not been confirmed by others authors since thest fiublication in 1996.

Since 2001, the superior oblique posterior tenectomivihlendyck
technique) was performed in cases with congenital® syndrome in the University
Eye Hospital, Ludwig-Maximilians-University Munickgermany.

Evaluating retrospectively all operated patientshwéongenital Brown'’s
syndrome, we were especially interested in:

1. Is there a uniform etiological factor in casefls congenital Brown
syndrome, like a tight band at the posterior boafethe superior oblique tendon, as
Muhlendyck described it?

2. Could thesuperior oblique posterior tenectorsignificantly improved the
passive and the active elevation of the affectedieydduction and the head posture?

3. Are the results of this procedure comparableht results of superior
oblique tenotomy/recession or silicon superior aqumdi tendon expander?
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5. Patients and methods

5.1. Inclusion criteria

Between 2001 and 2006, 21 patients with congeBitalvn’'s syndrome (23
eyes) were operated usiagperior oblique posterior tenectorag primary procedure
in the Department of Ophthalmology, Ludwig-Maxiraitis-University Munich.

Before the surgery, all the patients underwent detapophthalmological
and orthoptic examination. Diagnosis was basedatiweaand passive limitation of
upward gaze in adduction (Table 1.).

Special care was taken to include only truly coitgércases of Brown
syndrome and to avoid mixing with acquired caseseS with inferior oblique palsy,
blow-out fracture, congenital fibrosis syndrome,nooular elevation deficiency and
adherence syndromes were excluded.

Inclusion criteria consisted on:

1. congenital Brown syndrome cases presented with:
e primary position hypotropia
« significant anomalous head position
e orlarge downshoot in adduction
2. a complete orthoptic examination pre- and pastagprely including:
* measurements of vertical deviation (VD) and horiabdeviation (HD) in
primary position, lateral gaze, up- and down ga#eyation in adduction
e testing binocular vision, stereo acuity
e assesing of anomalous head posture at distand®fixa
3. a superior oblique posterior tenectomy as pryrpaocedure performed
4. follow up of at least 3 months postoperatively.

All relevant data of all cases are summarizedfet2 and table 3.
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Table 2. Summary of the preoperative findings avstgperative results

Subj | A S | E| Preop Postop Preop Postop Preop Postop Postop
G e | y| Binocular | Binocular Head Head VD VD VD
E X | el Vision Vision Posture Posture in PP in PP in PP
yrs (deg) (deg) (deg) 1 month 3
months
Chin up Chin up
1 2 MLl - - 15° 10° +20° +8° +8°
4in 4in Chin up Chin up
2 3 M| R| AHP AHP 10° 0° 0° 0° 0°
3,1in in Chin up Chin up
3 4 F | L| AHP AHP 15° 2° +12° 16° +8°
Face turn
4 4 FlL|l 4 4 2° 0° +1° 0° 0°
5 4 M| L 0 0 0° 0° +2° +5° +3°
0in PP, 4in Chin up Chin up
6 4 M| R| 4in PP and 15° 10° -9° -4° 2°
AHP AHP
Head tilt
7 5 F|lL 0 0 5° 0° +13° +6° +4°
Chin up Chin up
8 5 F|L 0 1 10° 0° +8° +5° +7°
Face turn Face turn
15° 5°
Head tilt Head tilt
10° 2°
Face turn Face turn
9 5 MR O 1 5° 2° -5° 0° 0°
Head tilt
10 6 FIR O 0 10° 0° -12° -7° -7°
11 6 F|lL 0 1 0° 0° +3° 0° 0°
R[ 4in 4in Chin up Chin up
12 6 M| /| AHP AHP 15° 2° -1° 0° 0°
L
Head tilt
13 7 M| L 0 0 2° 0° +6° +5° +4°
14 7 M| L 0 0 0° 0° +10° +5° +5°
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Chin up
15 8 F|L 4 4 10°
Face turn 0° 0° 0° 0°
15°
4in 4in Chin up Chin up
16 11 M| R| AHP AHP 15° 5° -13° -2° 2°
1lin PP, 4in Chin up
17 11 M| L| 4in PP 10° 0° +5° +1° +1°
AHP Head tilt
10°
3,1in 2in Chin up
18 12 M| R| AHP AHP 10° 0° -1° 0° 0°
/ Face turn
L 2°
4in 4in Face turn
19 17 M| L| AHP AHP 10° 0° +1° +3° +5°
4in 2in Chin up Chin up
20 24 M| R| AHP AHP 10° 5° -15° -7° -8°
21 29 F|L 3,4 35 0° 0° +13° #° +4°

Abbreviations: R - right eye, L - left eye, AHP - abnormal heaakition, PP -
primary position, VD - vertical deviation, dedgegrees

Binocular vision: 0 - suppression, 1 - Bagoliosjiive, 2 - stereo Fly positive, 3 -
stereo circles positive ( number of circles +),l4ng Il positive

Vertical deviation: —VD deg when the right eyersdlved and +VD deg when the
left eye is involved

Legend - table 3:
Monocular elevation (ME) in adduction: mm belowgf)over horizontal (+)
Passive motility in adduction: 0 — free, 1 - almiveg, 2 - mild restriction, 3 — severe
réstion
Tightness of the posterior part of the SO tendonnérmal posterior tendon,
1 - ¢ty tight, 2 - tight, 3 - very tight
Subjective results: 2 - excellent results, 1 sfatitory results, 0 - no changes,
-1 - worse results
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Table 3.

Summary of the preoperative findings apstgperative results

Subj | Preop Postop Postop Preop Postop Tight Subjective
ME ME ME passive passive posterior results
(mm) 1 month 3 months motility motility part
R/L of the
R/L R/L SO tendon
R/L

1 -2 -1 -1 3 3 3 0

2 -1 1 1 3 0 2 0

3 1 2 15 3 1 2 1

4 -1 0 -1 3 1 3 0

5 -1 15 15 3 0 1 0

6 0 1.5 1.5 3 0 3 0

7 3 5 5 3 1 2 2

8 0 4 3 3 2 3 2

9 25 5 5 3 0 2 1
10 1 4 5 3 0 3 0
11 0 3 3 3 0 3 2
12 0/0 3/3 412 3/2 11 2/2 2
13 0 3 1 3 0 3 1
14 1 2 2 3 0 3 1
15 0 25 25 3 0 3 2
16 1 2 2 3 0 3 1
17 0 2 2 3 1 0 1
18 1.5/0 4/2.5 4/2.5 3/3 0/0 2/3 2
19 1.5 2 2 3 0 1 2
20 0 5 5 3 0 3 2
21 1.5 2.5 2.5 3 1 3 2
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5.2. Methods

Before the operation, one month and three monties tife operation, prism
alternate cover test in five positions of gaze waed to determine the horizontal
(HD) and vertical deviation (VD). In 2 children @fand 3 years old who could not
cooperate sufficiently to allow cover testing, therizontal and vertical deviation
were estimated using Hirschberg’'s method, basedhenpremise that 1 mm of
decentration of the corneal light reflection cop@sds to about 7 deg.

We noted —VD(deg) when Brown'’s syndrome involved tlght eye and +VD when
the left eye was affected.

The monocular elevation in adduction was measuredm below(-) or over
horizontal (+).

Because most of the patients were children - soittepoor cooperation or
exclusion of the dark red light, it was not possitd measure the cyclodeviation with
Harms’ tangent screen.

The binocular vision was assesed using Bagolinsegla Titmus stereotest
and Lang Il test. A numeric rating was used to dbscthe degree of binocular
vision:

e 0 - suppression

e 1 - Bagolini positive

e 2 -stereo Fly positive

e 3 - stereo circles positive, number of circles +

e 4 -Langll positive
The presence of binocular vision detected onlgtinormal head position (AHP) was
noted.

Intraoperative forced ductions test showed restrictto elevation in
adduction in all operated subjects. The preopeaigtiand postoperatively passive
motility in adduction was evaluated as follows:

e 0-free

e 1 -almost free

e 2 - mild restriction on attempted elevation in actitin

* 3 - severe restriction on attempted elevation oiuation
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The tightness of the posterior part of the tendas wassesed using the

following numeric rating :

e 0 - normal posterior tendon

e 1 -slightly tight posterior tendon

e 2 -tight posterior tendon

e 3 -very tight posterior tendon

On the patients with associated eso-/exotropia, dheection for horizontal
deviations was performed together with superioruial posterior tenectomy.
In 2 cases, superior obligue tendon recession vexformed as an additional
procedure after superior obliqgue posterior tenegtamd in 1 case a superior rectus
resection as a secondary procedure was necessary.

At three months after operation, the postoperatesults were estimated

subjectively by the parents as follows:

e 2 -excellent results

« 1 - satisfactory results

« 0-nochanges

e -1-worse results

All 21 patients with congenital Brown’s syndromererdollowed for at least 3
months postoperatively. A long-term follow up foic&ses ranged from 6 months to
24 months.
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5.3. Surgical approach

5.3.1.Forced duction test

Before the operation, under general anesthesifarced duction testvas
performed with the eyelids separated by an eygletslum. Using two forceps, the
globe was grasped at the 4 and 10 o’clock limbaitjpm for right eye and at the 2
and 8 o’clock limbal position for left eye and ateapt was made to elevate it in
adduction.

In every operated case, passive elevation in auoiuotvas restricted,
whereas passive elevation and depression in bethliducted and midline positions
were checked and confirmed to be normal. Forcedpktcement of the globe with
forceps during attempted passive elevation in atilwluglaces the superior oblique
muscle on strech and accentuates the restrictiBnawn syndrome.

5.3.2.Surgical technique

The surgical approach for superior oblique postetenectomy was that
described by Muhlendyck [31].
An incision is made through the conjunctiva and drés capsule in the upper
temporal quadrant, close to the temporal bordénesuperior rectus muscle.
One muscle hook engages the superior rectus masdi¢he eye is turned downward
and inward by applying traction on the muscle hdeXd by the assistant. The upper
edge of the wound is retracted upward using a sBDedimarres lid retractor. The
tendon of the superior oblique can be seen assteging white band. A small Graefe
hook is used to engage the anterior part of thédaemnd a traction silk suture can be
passed through it and then pull forward. The pastgrart of the tendon is engaged
on a muscle hook. In each operated case this 1¢8ianpart of the tendon proved to
be slack comparing with the 2/3 posterior partheftendon, which was found tight.
After the excision of a 8 mm band of the postesoperior oblique tendon from the
insertion, the muscle hook under the superior sechuscle is removed and the
conjunctival wound is closed with 3 stitches of ¥i0ryl.
At the end of operation, the forced duction tegtégfomed to determine the degree of
restriction postoperatively when elevating the adeld eye.
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6. Results
6.1. Epidemiologic features

6.1.1.Age

For 21 cases with congenital Brown'’s syndrome afger between 2001 and
2006, in the Department of Ophthalmology, Ludwigxifailians-University Munich,
the median age at the time of surgery was 8.5 years

The youngest patient was 2 years old when the gusgas performed - the
operation was indicated so early because it wavars form of congenital Brown’s
syndrome with +20°VD in primary position and theomocular elevation in
adduction was 1.5 mm below the horizontal. The stig@cient operated was 29 years
old.

71% of operated patients with congenital Browndsgme were over 5 years
old.

6.1.2.Laterality

From the analyze of our series of 21 patients veitimgenital Brown’s
syndrome resulted that the left eye (LE) was affédéh 62% of cases, the right eye
(RE) in 28%, both eyes in 10%.

At the 11" Meeting of Bielschowsky Society in 2005, Neugebauresented
a review of 11 studies pooled from the literaturespecially the highly elaborated
reviews of Brown, Wright, Wilson and herself (t&yall89 cases with congenital
Brown’s syndrome). In a total of these 11 studieslpd from the literature by
Neugebauer [32], the right side was affected in 5#¥% left side in 36% and both
sides in 10%.

Comparing our series with the data of Neugebaugr &}, we remark in our
study a tendency to affect rather the left eyeppbly due to the lower number of
patients included in our study.

Many studies [46, 47], like our results showed Biawn syndrome may be
bilateral in approximately 10% of cases.
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Fig. 4. Comparison between our study and 11 stytieagebauer)
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6.1.3.Sex distribution

Regarding the sex distribution, our study showedatfection of 62% males
and 38% females, while the data of 11 studies s@anaffection of 55% females and
45% males.

6.1.4.Heredity

Most cases of congenital Brown’s syndrome seenttoirospontaneously.

The few familial cases have led authors to postutaitosomal dominant
inheritance with incomplete penetrance and vari@eression, although recessive
transmission has been proposed in some cases(R9, 3

In our retrospective study, none of 21 operatedepes with congenital
Brown’s syndrome doesn’t show inheritance.
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6.1.5.Comorbidity

Brown syndrome occurs, as a rule, as an isolatezmaly. However,
exceptions have been reported, including an adsmtiavith Duane’s syndrome,
crocodile tears, unilateral congenital ptosis, MarGunn jaw-winking, thus entities
that are in context with congenital cranial misirvagion disorders [32, 46, 47].

Several reports exist that describe patients witngenital Brown’s
syndrome on one side and trochlear palsy or at Eesbismus sursoadductorius on
the fellow eye [6, 32].

In our series of 21 patients, no association witly acular syndrome
enumerated above has been noted.

6.2. Coexisting horizontal strabismus and amblyopia

Regarding coexisting horizontal strabismus, of 2kes with congenital
Brown’s syndrome operated between 2001 and 2006s€:nted associated esotropia
and 1 exotropia (Table 3). In all 7 cases, theemtion for horizontal deviations was
performed together with superior oblique postetémrectomy.

Regarding amblyopia, we noticed at the time of swyga visual acuity
difference more than 1 line in only 3 patientsneidence of amblyopia of 14% at the
time of surgery), although 11 patients (52%) hastclped one eye to improved the
visual acuity in a mean period of 2.8 years (rabgeyears to 5 years). Probably, the
true incidence of amblyopia is higher than repoitedome studies, because many
cases have already improved the visual acuity wheisurgery was performed.

6.3. Fusion

Brown reported fusion in some field of gaze in 98 his series of 126
patients[4]. Graf noted the highest degree of efsis (Lang | Stereotest, Titmus-
Test) preoperatively and postoperatively in 11 »fp2tients with congenital Brown’s
syndrome and lower degree of stereopsis in 2 dasfese and 3 cases after superior
oblique tendon recession [13].

Preoperatively,in our study, 12 of 21 patients presented someedsgof
binocular vision:

e 4 patients in primary position (3 the highest degoé stereopsis and 1 only

Bagolini positive)

e 8 patients only in abnormal head position (and&ihem fine stereopsis)
« the rest of the patients presented suppressiomebtife surgery.
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Postoperativelyafter the superior oblique posterior tenectomg,naticed that:
« 3 patients gained Bagolini positive and 1 the hifjlteegree of stereopsis in
primary position.
e 2 patients improved the binocular vision in primgpgsition and 1 in
compensatory head position.
In 2 patients of this series of 21, we remarked the fusion was worse through
the operation.

6.4. Abnormal head position

Head postures (chin up, face turn, head tilt) wevraluated in all patients
with congenital Brown’s syndrome pre- and postofregty (Fig. 5a, 5b, 5¢).
A compensatory head position was remarked beforgergar oblique
posterior tenectomy on 17 patients (81%):
« most of them - 7 (34%) presented a chin up positiot0° to 15°
e 3(14%) presented a face turn away from the adfteete of 2° to 10°
* 3 patients (14%) a head tilt to the shoulder onsile of the affected eye of
2°to0 10°
4 (19%) a combined compensatory head posture {(ghitt head tilt +face
turn)
Postoperatively, of 17 patients with compensat@gchposition:
e 12 had a complete resolution of anomalous headipogt
e 5 patients improved their head posture.
We noticed in those 5 cases with improvement ofl pessture :
e 2 had after operation a slight chin up positio®df
e 2 presented postoperatively a chin up position08f 1
* 1 patients who had before operation a combined eosgiory head posture
(chin up and head tilt of 10° and face turn of Ii&fthained with a face turn
away from the affected eye of 5° and a head tiz°of
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Fig. 5a. Comparison between preoperative and pesttipe chin up position
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Fig. 5b. Comparison between preoperative and pesatige face turn
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Fig. 5¢c. Comparison between preoperative and peshtige head tilt
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Using Parametric Paired T-test, we compared pmed postoperative

abnormal head position. Between the 3 types of emsatory head posture (chin up,
face turn, head tilt), we found statistically sfgrant difference before and after
operation. The chin up position decreased stai$jicsignificant after superior
oblique posterior tenectomy (p=0.001).
For the other two types of posture (face turn, hégd even p-values are very close
to the significance threshold 0.05 (p=0.043 forcHaurn” and p=0.037 for “head
tilt”), the affirmation of the existence of a s#ically significant difference pre- and
postoperatively must be made with prudence.

6.5. Intraoperative findings

6.5.1.Passive motility

In our series of 21 patients (23 eyes) with congérmBrown’s syndrome,
preoperative forced ductions test proved:
e 0n 22 eyes severe restriction to elevation in atiginic
e on1 eye mild restriction
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After superior oblique posterior tenectomy, passietility became free or
almost free on the majority of operated patients €¥es). In 1 eye, on attempted
elevation in adduction we noted postoperativelyhamgied severe restriction inspite
of superior oblique posteror tenectomy and in ago#lye mild restriction.

6.5.2. The tightness of the posterior part of the superioroblique
tendon

In a series of 31 cases with congenital Brown'sdsgme operated between
1980 and 1995, Muhlendyck found a tight band atpiterior border of the superior
oblique tendon between the trochlea and the stiealh patients [31].
In our study on 23 eyes (Fig. 6), the data foundlinical records showed
that posterior part of the superior oblique tendas found:
e verytightin 13 eyes
e tightin 7 eyes
e slightly tight in 2 eyes
e normalin 1 eye
In summary, in our study, a tight or very tight oir part of the superior oblique
tendon was found in 87 % of operated eyes with eoitgl Brown’s syndrome.

Do D4%

OVery tight

B Tight
OSlightly tight
ONormal

B 30%

Fig. 6. The tightness of the posterior part oftdredon

By using nonparametric Spearman correlation testfried to correlate the
tightness of the posterior part of the superioicptd tendon with preoperative, early
postoperative or late postoperative VD in primansifon. We found a moderate
correlation, statistically significant for a rislkevel of 0.05 between the superior
oblique tendon tightness and VD in primary posit{pr0.023 for preoperative VD,
p=0.03 for early postoperative VD in primary pamitj p=0.018 for late postoperative
VD in primary position). Late postoperatively, th&tistical significance of p-value is
improved (p=0.018) and we remarked a good cormabetween the SO tendon
tightness and the VD in primary position.

By using nonparametric Spearman test, we notedoderate correlation
between SO tendon tightness found intraoperativalyd binocular vision
improvement (p=0.033) or head position improvenadtdr superior oblique posterior
tenectomy (p=0.035).
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6.6. Alignment of the eyes and ocular rotations

6.6.1Vertical deviation in primary position

Before the operation, the vertical deviation (V)drimary position varied
from O to 20 deg hypotropia (mean 7 deg) - Table 2.
Early postoperatively, one month after superioricptd posterior tenectomy, the
vertical deviation in primary position was 0 to 8gdhypotropia (mean 3 deg) - Fig.
7a, 7b.
Late postoperatively, three months after supestdique posterior tenectomy, the
vertical deviation in primary position was 0 to &gdhypotropia (mean 3 deg).
Postoperatively, we saw no overcorrections in @inoct.

Fig. 7a, 7b. Comparison between preoperative anig/lete postoperative vertical
deviation in primary position (1 month/3 months)
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Legend: Thick line — more patients with same data

Fig. 7a
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The graph called box plots (Fig. 7b) contains thddbe 50% of the data.
The line in the box indicates the median valuehefdata.
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Fig. 7b

Analyzing the distribution of vertical deviation primary position provided
by box plots (Fig. 7b), we remarked a decreasedevaf hypotropia obtained after
superior obliqgue posterior tenectomy. No significdifferences between the early
postoperative VD and the late postoperative VDlmadentified.

By applying the One-way ANOVA multivariate test, fiend that vertical
deviation (VD) in primary position differs staticslly significant between the
preoperative group and early postoperative groupOP1l) and between the
preoperative group and late postoperative group0.(R4), the VD in primary
position having a constant trend in decreasing/éhge through the operation.

The early postoperative and late postoperative mgodo not differ
statistically significant.
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6.6.2.Vertical deviation in adduction

Preoperatively, the vertical deviation (VD) in adton measured with
prism alternate cover test varied from 0 to 25 laggptropia (mean 11.5 deg).
Early postoperatively, vertival deviation in addaot was O to 12 deg hypotropia
(mean 5 deg) - Fig. 8a, 8b.
Three months after superior oblique posterior ttorag, the vertical deviation in
adduction was 0 to 12 deg hypotropia (mean 5 deg).

Postoperatively, we have not noticed any conseewgizperior oblique palsy
(i.e. depression deficit in adduction) in our cahor

Fig. 8a, 8b. Comparison between preoperative anig/lede postoperative vertical
deviation in adduction (1 month/3 months)
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Fig. 8b

Comparing the distribution of VD in adduction bebmepreoperative-early
postoperative-late postoperative group (Fig. 8bg moted a decreased value of
hypotropia in adduction obtained after superioriqpi# posterior tenectomy. No
significant differences between the early postapera/D in adduction and the late
postoperative VD in adduction can be identified.

By applying the One-way ANOVA multivariate test, fiend that vertical
deviation (VD) in adduction differs statisticallygsificant between preoperative
group and early postoperative group (P=0.001) aetdiden preoperative group and

late postoperative group (P=0.001).
There is no statistically significant differencetween early postoperative

results (at 1 month) and late postoperative regatt8 months) regarding hypotropia
in adduction.

6.6.3.Monocular elevation in adduction

The monocular elevation in adduction varied frommg below horizontal

to 2.5 mm over horizontal (mean 0.5 mm) beforedaperation (Table 3).
Postoperatively, the mean value of the monocukration in adduction was

2.5 mm (range -1 mm to 5 mm).
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Inspite of free or almost free passivmtility at the end of the operation in
the majority of patients, we remarked only a shghmprovement of the active
monocular elevation in adduction of 0.5 mm to 5 fnmean 2.25 mm).

At three months postoperatively, 11 cases (52%) dradmprovement of
active monocular elevation in adduction of 1 mnB8tonm. 6 patients (29%) had an
improvement of more than 3 mm and 4 patients (1886yved no improvement.

No patient achieved free active elevation in addagbostoperatively.

Regarding the distribution of monocular elevatioradduction in our lot of
patients with congenital Brown’s syndrome (Fig.,9%¢ remarked an increased value
of active monocular elevation in adduction obtairdir superior oblique posterior
tenectomy. The median value of monocular elevafioradduction had slightly
decreased in the late postoperative period congavith early postoperative period.
But applying the One-way ANOVA multivariate testewfound that the early
postoperative and late postoperative groups do diffeér statistically significant
(p=0.001).

Fig. 9a, 9b. Comparison between preoperative arig/late postoperative monocular
elevation in adduction (1 month/3 months)
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Fig. 9b

Monocular elevation in adduction differs statisligaignificant between the
preoperative group and early postoperative groupO0@01) and between the
preoperative group and late postoperative grou® ().

As a conclusion, hypotropia in primary position andadduction decreased
significantly and monocular elevation in adductiosreased significantly. There was
no significant difference between early and latstpperative results

6.6.4.Monocular elevation in abduction

The monocular elevation in abduction was measurednin below/over
horizontal on only 12 patients of 21. The resutisveed:
« unchanged measurements before and after operatiodses (75%)
e an improvement of monocular elevation in abductio® cases (25%) with
1.5 mm to 3.5 mm (mean 2.16 mm).
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6.6.5.V or A pattern

Using prism alternate cover test, we evaluatedcttenges in magnitude of
horizontal deviation (HD) in gaze up 25°, primansjtion and gaze down 25°.

A V-pattern in which the difference in horizontaation between upward
and downward gaze is A57.5°) or more is considered clinically signifi¢an

Any A-pattern is considered clinically significaifitit measure 18 (5°) or
more difference between downgaze and upgaze.

In Y-pattern, we notice a difference between prymaosition and upgaze,
with increasing divergence and no difference betwgwimary position and
downgaze.

In our study, we noted preoperatively the preserice clinically significant
V-pattern on 6 patients of 21 operated and a dlhjicignificant A-pattern on 3 cases
of 21. 3 patients presented Y-pattern.

Postoperatively, a V-pattern was remarked on kepatind an A-pattern in 1.

The 2 cases in which the A-pattern resolved thrathghoperation gained binocular
vision in primary position (Bagolini positive) arttle parents have seen excellent
results after surgery.

On 5 cases in which V-pattern resolved throughaheration, we noted a correction
of abnormal head position with an improvement ofhowular elevation in adduction
of 2 mm to 5 mm, while the parents reported exotlkesults in 3 cases and no
changes after surgery in 2 cases.

6.6.6.Consecutive superior oblique palsy

In a series of 31 patients operated for congemlitalvn’'s syndrome, after
superior oblique posterior tenectomy, Muihlendyckonted only one case with
consecutive superior oblique palsy [31].

In our series, none of the 21 operated patientseldped consecutive
superior oblique palsy (i.e. depression deficitasduction) at the follow-up of 3
months postoperatively.

6.6.7.Long-term follow-up

Eight patients were examined 6 - 24 months aftiengny procedure.

On 5 patients with congenital Brown’s syndrome, theasurements of the
vertical deviation in primary position, the monaauklevation in adduction and head
position remained unchanged at the late postoperatintrol.

Three patients had further surgery (2 cases - mupeblique recession and 1 case -
superior rectus resection). We noticed in thesasg an improvement of:

< the vertical deviation in primary position of 4 d@g7 deg

» the monocular elevation in adduction of 1mm to 3mm.
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6.7. Subjective results

At three months after superior oblique posterimettomy performed on 21
patients with congenital Brown’s syndrome, the ppstative results were judged
subjectively by the parents as follows:

e excellent results in 9 cases (43%)

« satisfactory results in 5 cases (24%)
« no changes in 6 cases (28%)

e worse results in 1 patient (5%)

Fig. 10. Subjective results after superior obligosterior tenectomy
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Oexcellent results

W satisfactory results
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Oworse results

B 24%

Of those 6 patients with no remarkable changes sifigery, the surgeon
noticed intraoperatively a very tight tendon onadignts and a slightly tight one on 2
patients. After the operation, the passive motititgved to be free in 4 cases, almost
free in 1 case and in the last case remained sesgréiction.

The most important problem that we had to face Wwaked to the
differentiation in quantification of the subjectiygerception of the postoperative
results and those of head position. To establisimiform appreciation we have
allocated some scores of the variation of the hpasition (0 for insufficient
improvement, 1 for substantial improvement, 2 ferwgood improvement) and we
correlate them with the scores of the subjectivaults (O for no chages, 1 for
satisfactory results, 2 for excellent results). &plying a nonparametric Spearman
correlation between the two scores, we noted a rateleorrelation between the
subjective results and the improvement of headtipasinrough operation (p=0.039).
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6.8. Distribution of cases depending on vertical dgation in
primary position

Of 21 patients who underwent surgery for congefitalwvn’s syndrome:

e 13 had a VD of <10° in primary position preoperaljv(group 1)
* 8 had a VD>10° in primary position before the operation (grép

In these 2 groups, we evaluate postoperatively méBnin straight gaze, the

improvement of monocular elevation in adduction f€a4), the abnormal head
position, the passive motility in adduction and tightness of the posterior part of the
superior oblique tendon.

Table 4. Mean preoperative and postoperative esutjroup | and Il

Mean Mean Mean

preop VD postop VD improvement  of

in primary in primary monocular

position (°) position (°) elevation

in adduction (mm)

Group I, n=13 3.2° 1.6° 2.1 mm
(preop VD <10°)
Group Il, n=8 13.5° 5.7° 1.9 mm
(preop VD>10°)

Although the mean improvement of monocular elevafio adduction was
not significantly different in the two groups, wemmark a most pronounced effect of
superior oblique posterior tenectomy in reducing Mprimary position in the group
Il (mean improvement of VD in straight gaze by 7.80mparing to group | (mean
improvement of VD in primary position by 1.6°).
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Intraoperatively, both groups showed a tight oegyvight posterior tendon:

e 10 of 13 cases in group |

« all 8 cases in group Il

In 2 cases from group I, in which the posteriort pdirthe tendon was found slightly
tight, we noticed that VD in primary position inased slightly after superior oblique
posterior tenectomy. In these 2 cases, a furthegesy (recession of the superior
oblique tendon) was performed and we noted an iwgment of the vertical
deviation in primary position of 4 deg to 7 deg amdimprovement of the monocular
elevation in adduction of 1 mm to 3 mm.

Regarding postoperative passive motility in addugtiwe found similar
results in both groups:

e in group I, 11 cases (85%) proved free/almost frassive motility after
operation and a mild restriction in 2 cases (15%)

e in group Il, 7 cases (88%) showed free/almost fpsessive motility
postoperatively and in one case (12%) severe ctofni to elevation in
adduction, maybe due to some inferior restrictigads.

Also the postoperative findings regarding compeargattead position were very

similar in both groups :

e« 9 patients of group | corrected totally abnormakldeposition and 2
improved it postoperatively

e 4 cases of group Il corrected the abnormal heatupmsl improved it after
operation and in 1 case in which we remarked senasteiction to elevation
in adduction also postoperatively, the abnormaldheasition remained
unchanged.

Regarding fusion after operation:

e ingroup I, 5 patients of 13 improved binoculariamsafter superior oblique
posterior tenectomy and all of them in primary goai

e in group Il, only 2 patients of 8 improved the bintarity, 1 in primary
position and 1 in compensatory head position

These last results showed a better chance to iraphinocularity after superior
oblique posterior tenectomy when the initial hypeta in primary position is smaller.
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7. Discussion

7.1. Indication for surgery

Although the etiopathology of congenital Browni;mdrome proved to be
heterogenous [3, 4, 9, 16, 18, 25, 31] and sewserrgical techniques were developed
by many authors, the indications for surgery remdirunanimous valid for all
surgeons [13, 23, 31, 32, 46, 47]:

When binocular vision is normal and comfortablelwiihe eye aligned in
primary position without an extreme head postunegery will not be recommended.
On the other hand, when there is a significant aalons head posture, when the
involved eye is hypotropic in primary position, baular vision is impaired and this
entity does not resolve spontaneously until the @fg@-10 years, surgery should be
considered. If a patient needs a correction of/egotropia, the associated limitation
of elevation in adduction could be corrected in shene surgery with the horizontal
deviation.

7.1.1.Spontaneous resolution of congenital Brown’s syndroe

Most of the studies showed that spontaneous impmewé occurred in
almost half of patients with constant congenitab\Bn syndrome [21, 46, 47]. Others
authors (Lee) reported an even higher percentageaftaneous improvement, up to
75 % [8] and for this reason he recommended to tadepit and see” approach with
these children.

Only few older patients with congenital Brown's dyome require
operation. This may be another argument for thé hége of spontaneous resolution
of this ocular motility disorder. An easy explaoatifor the few cases of congenital
Brown syndrome accidentally discovered at adult@géd be the fact that the adults
rarely elevate the eyes in normal life and for tt@ason, the moderate forms of the
syndrome could be easily overlooked.

In our study on 21 patients with congenital Browsy:idrome, most patients
were under 8 years of age. Only 6 cases were afjed?] 17, 24, 29 years. The
youngest patient was 2 years old when the surgasyperformed — the operation was
indicated so early because it was a severe foroodenital Brown’s syndrome with
20 deg hypotropia in primary position and the mahacelevation in adduction was
1.5 mm below the horizontal. Of 17 operated clifdunder 8 years of age, 7 had a
coexisting eso-/exotropia and the associated ltraitaof elevation in adduction has
been resolved in the same surgery with the comeaf horizontal deviation.
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7.2. Laterality and sex predilection

Despite Brown'’s original impression [4] that thenddtion occurs more often
in females (58%) and in the right eye (62%lbsequent reports have failed to
substantiate a sex or laterality predilection [&, 16, 47].

In our series of 21 patients with congenital Brosveyndrome, the left eye
was affected in 62% of cases, the right eye in 288t eyes in 10% (Fig. 4).

At the 11" Meeting of Bielschowsky Society in 2005, Neugebaresented
a review of 11 studies pooled from the literaturespecially the highly elaborated
reviews of Brown, Wright, Wilson and herself (tdyall89 cases with congenital
Brown’s syndrome). In a total of these 11 studieslpd from the literature by
Neugebauer [32], the right side was affected i#o5the left side in 36% and both
sides in 10% - Fig. 4.

Many studies [46, 47], like our results showed Biawn syndrome may be
bilateral in approximately 10% of cases.

Under the same aspects, sex distribution was agdilymur study showed the
affection of 62% males and 38% females, while daéa of 11 studies showed a
affection of 55% females and 45% males. This teagdan affect rather the males
was reported also by Graf [13], who noted thatdbperated patients with congenital
Brown’s syndrome, 13 were males (59%). But in thme study, he reported that the
right eye was prevalent involved (68%).

In summary, there is no strong evidence to suppostatement on either
laterality or sex predilection.

Using Two-Sample Kolmogorov-Smirnov test, we clegtkip the similarity
between the distribution of the eyes (LE-RE-bote®)ybetween our lot (n=21) and
Neugebauer lot (n=189).

The Two-Sample Kolmogorov-Smirnov test presumesudishypothesis the
identity between the two distributions of frequexsciThe result suggests that we can
accept this presumption, so the distributions ef dfffected eye (LE-RE-both eyes)
between the two cohorts are statistically simiRx{.996).There are no statistically
significant differences between the proportionshef affected eye between our lot of
patients and the Neugebauer lot of patients wittgeaital Brown’s syndrome.

Using the same Two-Sample Kolmogorov-Smirnov tes, verified the
similarity between the distribution of women-menoar lot (n=21) and Neugebauer
lot (n=189). The distributions of the frequencidsammen and men respectively, in
these 2 lots of patients with congenital Brown'sidrpme are statistically similar
(P=0.964).
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7.3. Heredity

Of a series of 126 cases, Brown reported only Zlii@ntases [4]. Wright
reported in his own study a incidence of inheritano€3% in Brown’s syndrome [46].
Many others authors (Parks and Eustis, Magli, LoWeafz) described familial
occurrence and mirror reversal which was obsemedanozygotic twins [22, 27, 29,
37].

The few familial cases have led authors to postutaitosomal dominant
inheritance with incomplete penetrance and variaeression, although recessive
transmission has been proposed in some cases [30].

However, most cases of congenital Brown’s syndregems to be sporadic.
Also in our retrospective study, none of 21 opetatatients with congenital Brown’s
syndrome did show a positive family history. Furtpedigree and family population
studies are needed to prove a mode of inheritance.

7.4. Comorbidity

Brown’s syndrome occurs, as a rule, as an isolategimaly. However,
exceptions have been reported, including an adsmtiavith Duane’s syndrome,
crocodile tears, unilateral congenital ptosis, MarGunn jaw-winking, thus entities
that are in context with congenital cranial dysivag¢ion disorders (CCDD) [32, 46,
47].

Several reports exist that describe patients witngenital Brown’s

syndrome on one side and trochlear palsy or at Eesbismus sursoadductorius on
the fellow eye [6, 32].
The coincidence with congenital fourth nerve patswa strong argument supporting
the theory that congenital Brown syndrome couldabenisinnervation syndrome
(Neugebauer). If congenital Brown’s syndrome wobél a primary developmental
defect of the fourth nerve nucleus with paradoximaiervation of the superior
oblique, one can imagine cases in which developahedefect occurs, but
coinnervation is not established sufficiently [32].

In our series of 21 patients, no association witly acular syndrome
enumerated above has been noted.

Brown and later Mihlendyck [4, 31] described thexistence of congenital
Brown syndrome with an ipsilateral superior regiatsy, this association being found
also in one patient of our study. After performm@.5 mm superior rectus resection
as a secondary procedure, we remarked an improtewferactive monocular
elevation in adduction from 4 mm to 7 mm. Gréaf hearepostuled that following a
long lasting limitation of elevation, structuralastges of superior rectus muscle and
even a secondary contraction of inferior rectusldc@ppear, explaining the further
limitation of elevation after superior oblique mlessugery [13].
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7.5. Coexisting horizontal strabismus and amblyopia

In congenital Brown's syndrome, Eustis noted a 1%86idence of
coexisting horizontal strabismus [47]. Sanford-$miarned that a threat to binocular
vision exists in these patients and he reported éhaf 19 patients developed
secondary esotropia [38].

We found a similar percent of horizontal strabisnusour study: of 21
cases, 6 presented with associated esotropia awith Exotropia. In all 7 cases, the
correction for horizontal deviations was performedether with superior oblique
posterior tenectomy. Postoperatively, only 2 cagsed Bagolini positive, the rest
of the patients presented suppression before aedthé surgery (Table 2).

Regarding amblyopia, Brown found it to be insigrafit in his series of 126
patients. Clark and Noel reported 7 cases with gomih in their series of 28
Brown’s syndrome patients [6]. Graf found amblyopiaonly 2 patients of 22 with
congenital Brown’s syndrome he operated [13].

In our study, we noticed at the time of surgeryisual acuity difference
more than 1 line in only 3 patients (a incidenceawitblyopia of 14% at the time of
surgery). However 11 patients (52%) had patched eymeto improved the visual
acuity in a mean period of 2.8 years (range 0.3sygm5 years). Probably, the true
incidence of amblyopia is higher than reportedams studies, because many cases
have already improved the visual acuity when thrgesty was performed.

7.6. Abnormal head position and binocular vision

Preoperatively, in our study an abnormal head jpositvas noted in 17
patients (81%) of 21 with congenital Brown’s synuie

Regarding head posture after superior oblique postenectomy, we noted
either a complete resolution (12 cases) or an irgrent of the compensatory head
position (5 cases) in all operated patients (p=D.00Q is remarkable that all cases
with face turn or head tilt totally resolved thenqmensatory posture, while most cases
with chin up position improved only partially afteaperior oblique surgery (Fig. 5a,
5b, 5¢).

In spite of the minimal-to-no anomalous head paspaostoperatively, only 4
patients gained some degrees of binocular visisoutth operation and another 3
improved the binocular vision in primary positionin compensatory head position.
We noticed also that the fusion was obtained pliegain patients with Brown'’s
syndrome with preoperative small hypotropia in @iynposition.

Of 7 cases with congenital Brown’s syndrome operaitso for coexisting eso-/
exotropia, only 2 gained Bagolini positive, the tred the patients presented
suppression before and after the surgery.
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7.7. The tightness of posterior part of the superiooblique tendon

Comparing with the results of Mihlendyck, who foumdight band at the
posterior border of the superior oblique tendomien the trochlea and the sclera in
all 31 operated patients with congenital Brown sgnte [31], we found a tight
posterior part of the tendon in only 87 % of opedatyes with congenital Brown’s
syndrome (in 20 of 23 operated eyes).

In a recent study done by Hartmann [16], exact@gpion of the superior
oblique tendon reveals variable pathological figdinOf 18 operated patients with
congenital Brown’s syndrome, 5 (27%) showed spistiieped thickening of the
superior oblique tendon in the trochlea regiond inases (23%) the insertion of the
posterior part of the tendon was found as extenuEshlly and the remaining 9
patients (50%) demontrated intraoperativelly tighhds reaching from the trochlea
region and inserting at the globe behind the pmstborder of the tendon insertion.

In a study done by Graf in 2005, none of the 22rafeel cases with
congenital Brown syndrome showed a pathologic fibrcomponent in the posterior
part of the tendon between the trochlea and theraclGraf postulated that this
accessory tight bandescribed by Muhlendyck could be an artefact, thetgrior
border being normally “tight” in comparison to thaterior one due to the coursé
the superior oblique tendon in relation with thelgl’s rotation center [13]. However
he may have used a different way of looking attdrelon. As he always did a full
muscle recession he may have missed partial tightoé the posterior part of the
muscle.

Maybe this apparent “tightness” of the posteriont pd the superior oblique
tendon is due to the very pointed angle betweemdtisttrochlear part of the superior
oblique tendon and pretrochlear one [13], as Fmknél this angle very variable,
between 20° to 71°. In a case with an angle amping of 20°, the posterior end of
the insertion is extended too nasally and the postpart of superior oblique tendon
would seem too tight on attempted elevation in atido on passive ductions test.

As a conclusion, when we found no intraoperativangfes of the posterior
border of the superior oblique tendon - when theddé® was slack, the cause of
congenital Brown’s syndrome may come from chandgebleosuperior oblique tendon
in the trochlear or pretrochlear region.
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7.8. Alignment of the eyes and ocular rotations

Although postoperative passive motility was free abmost free on the
majority of operated patients with congenital Brésvsyndrome, we remarked only a
slightly improvement of;

e hypotropia in primary position of 1 to 12 deg (meadeg)

e monocular elevation in adduction of 0.5 mm to 5 (nmean 2.25 mm).

At three months postoperatively or at a long-teotfofv-up, the measurements
of the vertical deviation in primary position, thr@nocular elevation in adduction and
head posture remained unchanged, except for 3 tasdsch a second operation was
performed and a further improvement of vertical idéon in straight gaze and
elevation in adduction was seen.

In congenital Brown’s syndrome, after superior qbé posterior tenectomy,
hypotropia in primary position/in adduction decehsstatistically significant
(p=0.011/p=0.001), while monocular elevation in @actibn increased statistically
significant (p=0.001). There was no statisticallynficant difference between early
and late postoperative results, regarding hypadropi monocular elevation in
adduction.

7.9. Subjective results

At three months follow-up, the results after superoblique posterior
tenectomy in congenital Brown’s syndrome were eatizd by the parents as beeing
excellent and satisfactory in 67% cases. No chamgge noted in 28% cases and
worse results only in 5% cases (1 patient).
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8. Comparison of the surgical results of superior laique
posterior tenectomy to other methods used for the
management of congenital Brown’'s syndrome

For comparison of superior oblique posterior témmy to other procedures
like superior oblique tenotomy / recession or siticsuperior oblique expander, it is
mandatory that the same methods for pre- and peittpe measurements were used
for a quantitative comparison of the different tesin these studies.

A detailed comparison between the newest methasid®one superior
oblique tendon expander superior oblique split tendon lengthenimgas difficult
because quantitative data on the elevation in adduare lacking, most of the
american studies using a semiquantitative gradaigeree for the effect of oblique
muscle surgery, for example noting with -1 a mirlionaderaction and - 4 a maximal
underaction [48-51].

From this point of view, we could compare the resif superior oblique
posterior tenectomy with those of Graf [13], whorfpamed a recession of the
superior oblique tendon in 22 cases with congeBitalvn’s syndrome — Table 5.

Table 5. Comparison of superior oblique postegmettomy to recession of superior
oblique tendon (Gréf)

SO posterior tenectomy | SO recession
n=21 n=22

Age (years) 21029 4to 17

(mean 8.5) (mean 7)
Preoperative VD in 0 to 20 deg 0to 12 deg
Primary position (mean 7 deg) (mean 7 deg)
Postoperative VD in 0 to 8 deg 0 to 6 deg
Primary position (mean 3 deg) (mean 1 deg)
Late postoperative mean 2.25 mm mean 15 deg
improvement of monocular
elevation in adduction
Complete resolution of| 12 of 17 cases 12 of 16 cases
AHP
(abnormal head posture)
Simultaneous surgery for | 7 9
eso-/exotropia
Overcorrections - 2
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There is no significant difference between the ltssof this two methods
(superior oblique posterior tenectomy versus reoessf superior oblique tendon)
regarding pre- and postoperative vertical deviaiioprimary position. With superior
oblique posterior tenectomy, we noted a mean pratige hypotropia of 7 deg
(range from 0 to 20 deg) and a mean postoperativeo’/3 deg (varied from 0 to 8
deg) in primary position. Graf found similar valuashis study: a mean preoperative
VD in primary position of 7 deg (range from 0 to d2g) and a mean postoperative
VD of 1 deg (varied from 0 to 6 deg).

In spite of free or almost free passive motility elevation the globe in
adduction, we remarked after superior oblique pastéenectomy only a slightly
improvement of the monocular elevation in adductigth a mean value of 2.25 mm,
corresponding with the postoperative elevation diduction obtained by Graf of
mean 15 deg.

The abnormal head posture was reduced immediatisdy aurgery: 12
patients of 17 had a complete resolution of anoasaleead posturing in our cohort.
These results are comparable with those of Graf, sejported postoperatively in 12
cases of 16 any abnormal head posture.

There were some differences between our resultsGaatiresults regarding
a delayed improvement of active elevation in adducafter superior oblique tendon
recession and overcorrections. Graf noted that dlevation in adduction was
significantly improved at a late postoperative cohfrom 5 deg median to 15 deg
median, while our results remained unchanged pesitipely. We noticed no
overcorrections in our cohort, while Graf reporfedases with overcorrections, e.g.
trochlear palsies causing diplopia to the patierddwngaze. The posterior tenectomy
however was free of overcorrections. We therefeommmend this safer approach.

On 2 cases of our series a superior oblique rexesgas performed as a
second operation after superior oblique poster@medtomy. We noted a further
improvement of VD in primary position and of montanudeviation in adduction.

We need more surgical cases to conclude that tess®on of superior oblique tendon
can be used as an additional method to improverakgt of the eye and the ocular
rotations, after superior oblique posterior tenagto

Regarding the newest surgical method for congemtawn’'s syndrome
(silicone superior oblique tendon expandeWright [50] reported good results in
resolution of the downshoot in adduction. 14 ofpHiients improved motility, with
normal version in 10 patients, 3 were undercorcbeted 2 overcorrected (only one
requiring an inferior oblique weakening procedurEhe potential development of
downgaze restriction after placement of the expaadd in some cases postoperative
inflammatory reaction or extrusion of silicone baar@ a potential disadvantage and
severe side effects which cannot be seen afterisudlique posterior tenectomy.
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9. Proposed therapeutic algorithm in congenital Bravn's
syndrome

The surgical management of congenital Brown's sym@& remains a
complicated task. The efficiency of all surgicalopedures described until now
proved to be variable. Presumably, this variabilisges caused more by the
heterogenous etiology of Brown syndrome rather thasurgical technique.

For the future, it will be better if the surgeorillwadapt the surgical
technique to the intraoperative or even to the oéatjical findings | purpose the
following algorithm (Fig. 11).

In a case of congenital Brown's syndrome, if iofrarative forced ductions
test shows severe restriction to elevation in atida@and we finda tight or very tight
posterior part of the superior oblique tendon,fits step is to perform superior
oblique posterior tenectomyn case we found intraoperatively a normal or gligh
tight posterior tendon, we should perform supesigiique tendon recession.

In the second step, after superior oblique pastetenectomy, if
postoperative forced ductions test shows still s=vestriction to passive elevation in
adduction, the surgeon should check the tendomehiga complex or to check if
superior restrictive bands hinder the elevationadduction. These superior tight
bands reaching from the trochlea region and insgrat the globe behind the
posterior border of the SO tendon insertion coully de found when the upper nasal
posterior quadrant of the globe is explored [16any kind of these obstacles exists,
we should eliminate them.

If passive motility proved to be free or almostefpostoperatively, it will be
better to see the results at three months follow-up

If the results of superior oblique posterior tepety are unsatisfactory, |
recommend as a second procedure shgerior oblique tendon recessjomn
effective, safe and even reversible surgical prosed

If the operated patient developed in months thesit features of a superior
oblique palsy, the surgeon will have to performession of the ipsilateral inferior
oblique muscle.
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Fig. 11. Proposed therapeutic algorithm in congélitown’s syndrome
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10. Abstract

Introduction: Since more than 50 years, various surgical proesdinave been
described for congenital Brown’s syndrome. Howawesst showed low success rates
and some even severe side effects.

The aim of this retrospective study was to evaluhee results of superior oblique
posterior tenectomy. This technique was introduiced996 by Muhlendyck. Since
this first description no other results have beelished by others.

Patients and methods: 21 patients with congenital Brown’s syndrome (aged 29
years) were operated between 2001 and 2006, iD¢partment of Ophthalmology,
Ludwig-Maximilians-University Munich. In all pati¢s, intraoperative forced
ductions showed severe passive restriction of &tmvan adduction and superior
oblique posterior tenectomy was performed as agsirprocedure. The squint angle
(vertical and horizontal deviation in primary pasit, lateral gaze, up/down gaze),
active elevation in adduction, abnormal head pestirdistance fixation, binocular
vision (in primary position and anomalous head p@jtwere assessed in each case.
All the measurements were performed 1 day beformohth and 3 months after
surgery. Eight patients were examined 6-24 morities primary procedure.

Results: Intraoperatively, a tight or very tight posterjoart of the superior oblique
tendon was found in 87 % of operated eyes.

At the end of the operation, passive motility indaction became free (14 eyes)
/almost free (7 eyes) on the majority of operatatignts (totally 23 eyes).

Inspite of free passive motility, the active monlacielevation in adduction was only
slightly improved by 0.5 mm to 5 mm (mean 2.25 miike hypotropia in primary
position, which was improved by 1 to 12 deg (mealed).

Better results regarding hypotropia in primary piosi were noted when the
preoperative vertical deviation in primary positisias more than 10 deg. However
in cases with preoperative hypotropia less thadelf) a better fusion was obtained.
Preoperatively, 17 patients showed an abnormal peatlire. Postoperatively, 12 of
them totally gave up their posture and 5 improvadially.

Of 8 cases with a long-term follow-up, 5 showedharmged measurements of vertical
deviation in primary position, monocular elevationadduction and head posture. 3
patients with a long-term follow-up had further geny and an improvement of
vertical deviation in straight gaze and active at@n in adduction.
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Conclusion: The use of superior oblique posterior tenectomyifigantly improves
abnormal head posture and also improves alignmahtoaular rotations in patients
with congenital Brown’s syndrome. We did not seeg @erious side effect like
consecutive superior oblique muscle underactiorin@siperior oblique tenotomy or
recession) and no foreign body extrusion (as itaike superior oblique tendon
expander). So the superior oblique posterior temegtis a safe and effective
procedure with regard to the head posture.

The fact that the passive motility had dramatic nowed postoperatively, but the
active elevation in adduction improved only slightlsuggests a paretic/
dysinnervational component to the superior obliqusome patients.

From this point of view, a therapeutic algorithmpdeding on intraoperative/
radiological findings in congenital Brown’s syndrens proposed.
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11. Zusammenfassung

Hintergrund: Seit mehr als 50 Jahren, wird die schwierige, dperadBehandlung
des kongenitalen Brown-Syndroms kontrovers diskutie

Ziel dieser retrospektiven Studie war die Bestimgues Effektes der hintere
Obliquus-superior-Tendektomie, die 1996 erstmals Wdihlendyck vorgestellt
wurde und zu der bisher noch keine weiteren Datdatiziert wurden.

Patienten und Methoden: Insgesamt wurden 21 Patienten (im Alter von 2 — 29
Jahren) in der Studie eingeschlossen, die weges éongenitalen Brown-Syndroms
in der Augenklinik der Ludwig-Maximilians-Univeréit Minchen zwischen 2001
und 2006 operiert wurden. Bei allen Patienten waoperativ die passive Hebung in
Adduktion sehr deutlich eingeschrénkt und es etéodgne hintere Obliquus-superior-
Tendektomie.

Die Schielwinkel wurden im Prismen-Abdecktest, di@nokulare Exkursion nach
Folgebewegungen, die Kopfzwangshaltung (KZH) bei rnfoeation, das
Binokularsehen in Primarposition und in Kopfzwargtling bestimmt. Die
Messungen erfolgten 1 Tag préaoperativ, 1 Monat 3ilonaten postoperativ. Acht
Patienten erschienen zu einer Spatkontrolle nazh Blonaten.

Ergebnisse: Am Ende der Operation war die passive Hebung inuktdn in
meisten Fallen frei (bei 14 der 23 Augen) oder fast(bei 7 der 23 Augen).

Trotz freier passiver Motilitat, war die aktive Heig in Adduktion nur wenig
gebessert (0.5mm - 5 mm, Median 2.25 mm), wie aliehsertikale Abweichung in
Primérposition (1° - 12°, Median 4°).

Eine starkere Reduktion des Hohenschielen in Pposition wurden beobachtet,
wenn die vertikale Abweichung in Primarposition gpérativ tber 10° war. Besser
Binokularfunktion ergaben sich bei VD, die untef War.

Préaoperativ, nahmen 17 Patienten eine Kopfzwantysttga(KZH) ein. Postoperativ,
haben alle 17 Patienten die KZH vollstandig aufpege(12) oder nur noch eine
geringe KZH eingenommen (5).

Bei 5 der 8 Patienten mit einer spaten Kontrollggmasich die vertikale Abweichung
in Priméarposition, die aktive Hebung in Adduktiondudie KZH nicht geandert. Bei
3 Patienten ergab sich nach einer weiteren Operati®e deutliche Besserung.
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Schlussfolgerung: Die hintere Obliquus-superior-Tendektomie verbesseutlich
die Kopfzwangshaltung und reduziert das Hohensehi@ Primérposition und die
Hebungsfahigkeit in Adduktion bei kongenitalem Bre®yndroms. Im Gegensatz zu
anderen Operationsverfahren ist sie eine sicher¢hdde ohne das Risiko der
konsekutiven Obliquus-superior-Parese (wie bei deenotomie oder der
Rucklagerung des gesamten Muskels) oder der Eatrugin Fremdmaterial (wie bei
der Obliquus-superior-Sehnenverlangerung).

Die Variabilitat der Effekte dieser Therapie istrmatlich auf die heterogene
Atiologie des Brown-Syndroms zuriickzufiihren. Diectaupostoperativ stark
eingeschrankte aktive Hebung bei passiv freier Mittideutet auch eine paretische /
dysinnervationelle Komponente bei einigen Fallens deongenitalen Brown-
Syndroms hin.
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