STRABISMUS DUE TO FLAP TEAR OF A RECTUS MUSCLE*®

BY Irene H. Ludwig, MD AND Mark S. Brown, MD (BY INVITATION)

ABSTRACT

Purpose: To present a previonsly unreported avulsion-type injury of the rectus muscle, usually the inferior rectus. and
detail its diagnosis and operative repair.

Methods: Thirty-five patients underwent repair of flap tears of 42 rectus muscles. The muscle abnormality was often suh-
tle, with narrowing or thinning of the remaining attached global layer of muscle, The dctached flap of external (orbital)
muscle was found embedded in surrounding orbital fat and connective tissue. Retrieval and repair were performed in
cach case.

Results: Fourteen patients had orbital fractures, 7 had blunt trauma with no fracture, and 9 had suspected trauma but
did not undergo computed wmugraphic scan, Five patients experienced this phenomenon following retinal detachment
repuir. Diagnostically, the predominant motility defect in 25 muscles was limitation toward the field of action of the mus-
cle, presumably as a result of a tether created by the torn flap. These tethers simulated muscle palsy. Seventeen muscles
were restricted away from their ficld of action, simulating entrupment. The dircction taken by the flap during healing
determined the resultant strabismus pattern. All patients presenting with gaze limitation toward an orbital fracture had
flap tears. The worst results follawing flap tear repair were seen in patients who had nndergone orbital fracture repuir
before presentation, patients who had undergone previous attempts at strabismus repair, and patients who experienced
the longest intervals between the precipitating event and the repair. The best results were obtained in patients who
underwent simultaneous fracture and strabisinus repair or early strabismus repair alone.

Conclusions: Avulsion-type flap tears of the extraocular muscles are a comimon cause of strabismus after trauma, and after
repair for retinal detachment. Early repuir produces the best results, but improvement is possible despite long delay.
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INTRODUCTION with recently reported anatomic and functional studies of
the extraocular muscles.

Niplopia following head or fucial tranma is nusnally attrib-
uted to palsy of a cranial nerve or its branch or to incar-
ceration of an extraocular muscle in an orbital fracture
sitc. Restriction of eye movement by adhesions to scar tis- SURGICAL APPEARANCE
sue is also reported to contribute to strabismus,**

Generally, a lengthy delay (months) is advocated before  Thirty-five patients underwent repair of avulsion-type injuries
of one or more rectus muscles, The involved rectus muscle

was approached through a standard forix incision and placed
on a muscle hook at its insertion into sclera. The presence of
a flap tear was snggested by 3 different appearances:

1. A segment of muscle and tendon was missing,
which narrowed the remaining portion of attached
muscle (Fig 1).

2. The outer or orbital layer of muscle was missing,
beginning at the musculotendinous junction and

*From the Dopartment of Ophthalmology, LSU Eye Center, Lowisiana extending proxi mally (Fig 2). These mnscles
State University Health Sciences Center, New Orleans (Dr Ludwig) and appeared thinned and lacked intact muscle cap-

t;;zlﬂi l:‘gtr";;m of) (;ﬂ?,ﬂl;i";;I?pjﬁytﬁ'ﬁﬁgﬂ:ﬂﬁ:ﬁ;ﬁﬁg:& sule. The thinned area involved the entire width of

grunt to the LSU Eye Center from Hesearch to Prevent Blindness, Inc, the muscle in some and a smaller portion of
New York, New York. muscle in others.

METHODS

sirabismus SUIgCry is undertakei. 58 Repair muy consist
of ipsilateral muscle surgery and/or a procedure to limit
excursion in the nontraumatized contralaterul eye® to bal-
ance the deficit in the injured oue.

In a number of post-traumatic strabismus cases, a
specific type of avulsion injury to the rectus muscle(s) has
been identified and repaired. We propose a mechanisim
for the development of the flap tear, which is consistent
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3. The musele was encased in adherent orbital fat,
requiring careful dissection before disclosure of
the avulsion injury, which could appear as either of
the two previously described abnormalities.

In each of the 3 presentations, the torn “flap” of tissue was
found external to the muscle, scarred into surrounding
orbital connective tissue and fat (Fig 3). Sometimes sev-
eral smaller flaps of muscle were found.

Forced duction testing was performed before and
during muscle repuir in all cases. Restrictions hoth toward
and away from the direction of the involved muscle’s
action were often present. In some cases the forced duc-
tion abnormality was subtle, and it only became evident
when the procedure was performed gently, with simulta-
neous comparison to the uninjured contralateral eye.

SURGICAL REPAIR TECHNIQUE

The flap was placed on a small muscle hook and dissected
free from its orbital attachments at the distal end. A braid-
ed polyester suture was placed through the distal end of
the flap, with standard strabismus locking bites (Fig 4).
The flap was then attached to sclera at the original inser-
tion, or back to the musculotendinous Jjunction, as neces-
sary to restore anatomy (Fig 5). The rent in overlying
Tenon’s capsule, which was always present, was sutured
with 6-0 polyglactin after the protruding orbital fat was
reposited through the rent.

If the capsule of the repaired muscle appeared com-
plete, it was repaired directly with huried 6-0 or 7-0
polyglactin suture. In some cases, the capsule seemed
partly damaged. In these cases, a free graft of Tenon’s cap-
sule was sutured over the traumatized surface of the mus-
cle with running 7-0 polyglactin (Fig 6). The Tenon's graft
was harvested from an uninvolved quadrant of the same
eye, usually superotemporally.

Postoperatively no steroids were used. Patients were
asked to exercise the muscle frequently by looking in and
out of the field of muscle action to prevent adhesions from
re-forming between the flap and surrounding orbital con-
nective tissue.

RESULTS

PATIENT CHARACTERISTICS

|

The mean age of the 35 patients at time of flap tear rcpair
was 40 years (range, 6 to 82 years). The mean delay
between the date of injury and repuir was 67 months
(range, 2 weeks to 46 ycars). Mcan postoperative follow-
up was 9 months (range, 1 to 68 months), The left inferi-
or rectus muscle was most commonly involved (22 cases)
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followed by the right inferior rectus muscle (12), the
medial rectus (6), and the superior rectus (Z) (Table I).
The predominance of affected left inferior rectus muscles
is presumed to be related to the right-handedness of
assailants delivering the trauma in some cases.

PRECTIPITATING FVENT

Fourteen patients had orbital fractures, and 6 had blunt
trauma with documentation of the absence of fracture by
computed tomographic (CT) scan. In 9 cases, the finding
of flap tear was unexpected and orbital imaging was not
undertaken. In most cases, a long time had elapsed
between injury and repair. In 1 child, CT scan was
obtained following development of downgaze deficiency 1
week after seemingly minor blunt trauma to the inferior
orbital rim. There had been no external signs of the injury
at the time. He had posterior orbital floor fracture and
inferior rectus flap tear (Fig 7).

Two patients had no specific history of orbital trauma.
One patient had a normal CT scan and questionable,
vemote history of trauma. Five patients developed flap
tears after retinal detachment repair (Table II).

DIAGNOSIS

Motility Defects

In 20 patients, the motility defect was toward the direc-
tion of action of the involved muscle, presumably as a
result of a tether created by the flap. Twelve of these pre-
sented as downgaze deficiencies following documented
orbital floor fracture. In 10 patients the presenting deficit
was gaze restriction away from the field of action of the
muscle, simulating persistent entrapment or muscle fibro-
sis. One had paradoxical esodeviation on attempted
upgaze, along with limitation of elevation and depression
after orbital floor fracture repair. One patient had 2
involved muscles in 1 eye. The torn medial rectus caused
exotropia with adduction limitation owing to the tether
effect, and the superior rectus tear led to hyperdeviation
owing to a restrictive effect. Two patients had tears of both
inferior rectus muscles and 1 medial rectus muscle each.
The inferior rectus muscles caused asymmetric downgaze
reduction owing to the tether effects, and the medial rec-
tus muscle teurs led to esotropia owing to restrictive
effects. Another patient, with idiopathic etiology, had
bilateral inferior rectus flap tears, with mild upgaze
restriction in 1 eye, and downgazc restriction in the other,
There was no difference in the appearance of the flap tear
or the difficulty of repair in terms of the various types of
motility patterns. Our impression was that an anterior
attachment site of the flap led to a tether effect and a pos-
terior flap position led to pscudo-entrapment.
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Strabisiniis Diié To Flap Tedr Of A Recties Muscle

wiid thie other foit a mrzl]ﬁe%e fhl} redetuchment. The
yedetachment was thought to have occurred as a result of
the childs failure to move the eye postoperalively, as well
as damage to the muscle capsule and, possibly, loss of
strength of the absorbable suture wed to reattac h the
“mmuscle. At veaperation, the flap was reattached with non-
absorbable$ntnre and a Tenoa’s graft was placed. Thesec-
ond repairwas successful. Nonabsorbable suturce has been
wsed for flap reattachment fn all subsequent cases.
Fareed duction and spring-hack testing® were used to
determine whether flap tear repaic alond velieved the gaze
restriction and centered the eve. if not,-additional surgery
wrag tndertaken.

Additional Strabismus Swrgery
Fifteen patlents underwent simultanecis surgery on
cother extracoalar mouscles, and 7 of these 1
ondd strabismus procedure. Four patients exhibited resid-
val restriction of nietility away from the divection of setion
of the muscle with the fap repair, and. they anderwent
“simulanecus recession of that muscle a]fm{: during the
ntial surgival procedure, Surgery on additional muscles
was needed more often when -a longer time had elapsed
Hetween injury and repair Secondary -deviations were
comsidered and corrected; the wost vommon was ipsilat-
eral lateral roctus recession Tor exotropia.

equ%red i SE0-

Qrbital Fracture Hepatr

Six patients had undergone orbital fractuié repali prior to
flap tear repait, and 3 anderwent repair of muscle and
orhit on the samie day by a strabisrrus surgeon (LH.L)
and s ophthalmic plagtic surgeon (M.S.B.). These 3 cases
confirmed the impression that the flap tear s remote-from
the fracture site snd is not the result of bony impingement
n the nmscle. Five patients with docimented fractures
id not undergo fracture repair.

A¥

POSTOPERATIVE ALIGNMENT

Preoperative and postoperative aligrimenit ddid wers hot
analyzed - statistically for the geoup owing the heteroge-
fieous population of invailved manscles-and variety-af addi-
tional musele surgeries pe}fomwd {Table TV): Of the 16
patients who undervwent Hlap tedr repairalone; all were
improved, most achieved resolution of diplapia dirriog
‘regular activities, and 9 hiad normal 'xhcrm’nent in all gaze
positions.

The hest resulis were aclnmed i [hose-wh{} Lwde:I—
went simultaneocus repair of flap tear sud orbital fracture
arwl those who did not undergo fracture répair. The worst
resrlts necirred dn these who bad randergone previous
orbital Fracture repair (MC-CH S TL, KM AW and/or
strabismus surgery (RB, MO, TL, M&, - F8)-One patient

(CH) had nndergone 2 orbital $urgeries because of the
]’)L‘] sistent tom"g;_}fw fi{ﬁ‘rmcﬂzc' { u{i igevere motih{\

: ed pﬂuz . D .
ay from mﬁs;y o wpan* § ‘n}"_éd to worsen.
but' othc 1';:: ' did e ﬁ

tht' pmg,ﬂusxs fm ; Somne pa‘rzents
ite. tézo }d]_’}S(‘ Gf

(‘ﬂ?d by ﬂa‘p ar u,pcur ( Lé)lc IV‘)

CASE REPORTS
{ase 1

A 12eyearold bov developed diplopia after striking his
i ror orbital rint onthe handle of abievele. In the

pnnmw position he had a right hyperdeviation of 14 prisim
diopters (1), which incr reased to 20D on downgaze.

Elovaton .nn(f. depression of the right eye were markedly
reduced (Fig 8, left). CT sean showed a narrow orbital
floor fracture in the medial portion af the orbital floor,

with enlrapped orbitul tissue and muscle, Orhital fracture.
And strabisnosa epmrs were indertaken ab the samie Hime,
3 weeks after injury, by the authors.

Forved - duction testing showed restrictiun 0 eleva
tion and depression in the right eye. The fracture sitewas
approached via - standard tmmcr_m]unc’mLtl incision,
significant herpdated orbital fal and comnective tissue
were preseat, and entrapped inferior rectus tissue was
identified in the posterior aspect of the fracture (Fig 9).
After the tissues were Tifted oul of the fracture, repair was
made with porous high-density polyethylene . barrier
sheet, and the wound was closed. The inferior rectus was
then exposed through a standard. interotemporal Tornix

S FIGURE &
Case 1. Predperative e fi) e postoperative- (right) motility -
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FIGURE §
Case 1, Orbital Frictare (arvow).

Cincision. The fap tear was identified by the narrowed
appearance of the musele (Fig 10) and repaired gs already
disseribed L}‘}gr 1, mr«]nﬂmgg vise FRpnon s gmi’t The torn
segment of wawsele was markedly anteriorto the entrapped
portion and was clearly distinet and separate Jrom the
fravture  wife.
improved, and 6 weeks later motility was normal, with
“orthotropla in all directions of gaze (Fig 8, right).

?{mmpéé"&'[i\f{i‘i}i dc:u\\-']:‘;g’nze gr:xdmiﬁv

Cage 2
Ad6-vedr-old policeman was hit on the hack of the head
anel Fell forward, strildng his face on the pavemeal. ITe
“suffered a brief Toss of consciousness. When be hecame
“aware of .his.-S.urrc:imc}iu;:‘; in the hospital on the nest day,
"i';n nuticed vertival diplopia. An imaging study of the head
was reported to be novmal. Twelve days luter he present-
0{1 for strabismus evaluation, !‘xiaumwl]t was esophoria of
S48 In the iy positon, and left hypertioima of 164
“with esotropia 44 in dewngaze. The hyperdeviation was
absent on right head i, and BA on left head tlt. Lm‘f
fourth cranial nerve palsy was diagnosed by - strabismus
ssurgeon (LEHLED as-well as by a newro- f)phtlmhmnlngsf
There was no improverment by 2 mzmiln after injury, and
jon was mzmi mth s
ation. o -
"ﬂw pd i it mmi& (i ﬂmt fhe fi*f t Imarcr hd WS ¢

Ry

attertion iu E]j{ ieit Hlf”{*}”l{ﬁ rech

abnsrmality vould be detected. ?‘m;e weeks aH@r m;uz}
he underwent ¢ x;ﬂm Hon nf Eha- kft mfenm' Ter: fm vinTan
ey 3

thiniing
fnction

dnd absence- o{" & 1;:\1}‘&‘ The {t-‘pdn’ nwhzdf*d lo-
sure ol the overlying rént in Tenon's capsule. One-week
.sif“'? %iif}f{fl% dhiﬂﬂﬂ}?!‘if Was Or ﬁi()tl {}Pld. in pl”ﬂ‘lf‘\ ]Tf)‘al-
ton with left thvpertropia of 104 in downigaze. Five weeks

B0

resecHon and rec

after strgery. the patient was orthotropic in all directions
ot gaze. Two years later he. rerpains orthotropic v all
directions.

DISCUSSION

Orbital trauma has. been associated with & range of sever-
ity of ocular injuries."* Posthvaumatic strabismus has fra-
diti onally been attributed to direct muscle contusion by cm
orbital frachre site, ofbital hematoma, or nerve dams e
¥ Spontaneous improvement in diplopii has been report-
e o4 and patients are wsually asked o wait for some
time hefore strabismus repair-is considered* Orhital sur-
gery'to relieve-entrapment is usually undertaken if diplop-
i persists after 2 103 weeks ™ Sxtrdimmm repair i3 then
not considererd hefore 4 fo 6 months % Strabiomine e
dures that have been advocated include ipsilateral rect
ssion,’ ebntralateral superior obligue
sgion,” réctig msala by cmsprmt:{m proc(ﬁdm ¥ dn&

18

O

o

the Faden operation to the contralateral eve’

Since we observed the presence of .ﬂdp tears without
orbitid fracture, as woll as the findings in 3 casces in whiely
orbital and muscle repairs were concurrent, we bilieve
that the avulsionwas a refated, but separate; finding dne
ter the erviginad travtha

Recent anatomic studies. of the extraccular muscles
hive shown 2 distiset lavers: (1) the global laver, adiacent
lo the glube, and (2) the orbital layer, which lies external-
ly. The orbital Taver has also been shown to be surround-
ed by dense connective tissue and penetrated by elastin,
which effectively dnserfs the orbital layer of the rectus
muscle inta the grhital connective tissue,”

We hypothesize that the sudden downward foree expe-
rienced by the orbital contents at Hie timé of blunt tranma
ay excrt traction on the connective tissue insertion -nto
the orhital fayer of the muséle; tearing the outer layer away
from the inuer, global laver (g ]"). This mechanisen
could zesult in the 1 1.31111-&(1—%}1}& appesrance of the flap-tear
muscle.  Other flap tears presented with a narrowed
appearance of the muscle, with a full or partial thickness
defect of the remaining attached portion of muscle. These
may have experieiiced asvinmetric avalsion force, leading
to asymmetrie faps. The force wight possibly be transiit-
ted to the muscle from the side by the intermusealar sep-
tum, which would also produce Hap asymmetry.

Perhaps the 2 muscle portions may reunite diring
healing: this would expluin the cases of SPONEANEOUS.
improvernent that have been reported . Motility findings
vary according to the hieding patter of the flap tear, I the
flap heals anteriorly, creating 4 tether, the predominant
defect would he a loss of function of the fvolved musele
(Fig 13). Tethertype motility defects are reported to
accur i ghout one third of orhital floor Fractires with
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Immediate and regular eye exercise postoperatively is
important to prevent adhesions from re-forming between
the muscle and orhital connective tissue. The free Tenon's
graft and repair of the overlying rent in Tenen's capsule
also may help to reduce adhesions, Nonabsorbable suture
is always used to reattach or anchor the flap to sclera.

On the basis of the findings in these patients, it is rec-
ommended that all orbital fracture patients with diplopia
who are to receive fracture repair undergo simultaneous
exploration of the adjacent rectus muscle(s) through sep-
arate fornix incision(s), with minimal dissection. If an
unrecognized flap is allowed to attach itself to or near the
implant material, the motility defect becomes more diffi-
cult to treat later. If diplopia is due to flap tear, fracture
repair may not be neccssary, but if entrapment and flap
tear coexist, as in 3 cases of this series. combined repair
produces the best outcome.
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DISCUSSION

Dr Daviv L. GuyroN. Dr Ludwig’s description of “flap”
tears of the extraocular muscles is both fascinating and
convincing. Since the recent emphasis by Demer and col-
leagues' on the attachments between the orbital portions
of the extraocular muscles and the surrounding connee-
tive tissue, strabismologists have been looking for practi-
cal applications of this knowledge. Drs Ludwig and
Browm’s flap tear mechanism appears to be consistent
with this new view of connective tissue attachments,

Even before the connective tissue “pulley” concept,
though, the so-called check ligaments, encountered at the
time of surgery on the rectus muscles, have been well
known to strabismus surgeons. Especially prominent are
the dense attachments to the inferior rectus muscle, rep-
resenting the origin of the retractors of the lower lid.*?
These particular attachments, also known as the capsu-
lopalpebral head of the inferior rectus muscle, are very
strong indeed. It is therefore not surprising that orbital
trauma from an assailant, or from the cotton-tipped appli-
cator of a retinal detachment surgeon, could tear portions
of the inferior rectus muscle via these attachments, pro-
ducing Dr Ludwigs “flap” tear. Indeed 87% of the
involved muscles in her series were inferior rectus mus-
cles.

How were the several medial rectus and superior rec-
tus muscles involved? Their check ligaments are not very
strong. Perhups these cases were the result of locally
directed trauma, actually shearing off or avulsing a portion
of the muscle. Such injuries have been documented peri-
odically in the literature. In a case of mine several months
ago, the superior rectus muscle had been cleanly disin-
serted from the globe purely by trauma.

Dr Ludwig’s contribution is more than just recogni-
tion of this “flap” tear mechanism. She has successfully
repaired most of her cases. Because she has used several
repair techniques, though, we still do not know which of
these are necessary. For example, how important is the
closing of rents in Tenon’s capsule? How important is the
free Tenon’s tissue graft that she has used over the surgi-
cally repaired area? Should a non-reactive suture be used
instead of an absorbable one? low important are range
of movement exercises postoperatively, and do the






