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SUMMARY: Extraocular muscles are important references in strabismus surgery and in placement of intraorbital devices. We
analyzed extraocular muscles morphometry and possible anatomical variances of 20 orbits. We report the length, width,cdnd point
insertion of the extraocular muscles. No anatomical variations in length, width and points of insertion were found. Wiih ttegard
rectus muscles, it was found that the superior rectus and lateral rectus are the longest muscles and that the widtretliffszaribe
superior and inferior rectus is greater than that between the medial and lateral rectus and that the point of inseeitn®hthecles
has a variable morphology. The superior oblique muscle was smaller in caliber than the inferior oblique, as consistenbugth pre
anatomical studies. Knowledge of the detailed morphology of extraocular muscles is fundamental in strabismus surgergiatsd repres
a key factor for the innovation of surgical techniques and orbital procedures.

KEY WORDS: Extraocular muscles; Morphometry; Orbits.

INTRODUCTION

Extraocular muscles (EOM) are important referencerder to minimize under- or over-correction, appropriate
points in surgery and represent the most frequent site tethnique is necessary, as is a detailed understanding of the
surgical manipulation for the treatment of strabismus (Khawidth and specific point of insertion of these muscles. In
& Varvares, 2006; Salem & Qahtani, 2001; Poderl, addition, the relationships that exist between the point of
1995). The classic anatomy literature describes the originiakertion of the EOM with respect to the fovea and optic
the rectus muscles (superior: SR, inferior: IR, medial: MRerve have been informative for the implantation of trans-
and lateral: LR) at the annulus of Zinn, the levator musctgleral drug delivery devices (TSDDD) (Fegical., 2005).
of the upper eyelid (LM), the superior oblique (SO) at the
lesser wing of the sphenoid and the inferior oblique (10) at Strabismus surgeries, orbital procedure techniques,
the anteroinferior portion of the medial wall of the orbitand the development of intraorbital devices are constantly
The point of insertion of the rectus and oblique muscles ésolving. Detailed knowledge of EOM morphology and the
found at the ocular globe; the rectus muscles form a spirelationship to other structures is fundamental for related
around the sclerocorneal limbus (spiral of Tillaux) and theiedical innovation. No morphometric studies focusing on
point of insertion of the oblique muscles is found posteriahe entirety of the EOM were found in the current literature.
to this point (Porteet al). The LM of the upper eyelid The purpose of this study was to analyze the morphometric
extends into the levator aponeurosis to a point of insertigharacteristics, relationships, and anatomic variation of the
outside the globe. EOM.

Strabismus surgery involves the resection, recession,
tenectomy, or transposition of the EOM. These surgeri@gdATERIAL AND METHOD
present risks of complications, amongst which the most
common are: under- or over-correction, anterior segment
ischemia, and other rare complications as perforation of the  This is a descriptive, observational, non-comparative
ocular globe and endophthalmitis (Hoapal, 2005). In study that involved morphometric analysis of the EOM,
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EOM relationships, and possible anatomical variance A

Twenty orbital dissections were performed on Mexica
embalmed cadavers (age range: 30-60) provided by t
Macroscopic Human Anatomy Laboratory of the Universi
dad Auténoma de Nuevo Ledn School of Medicine.

Orbital content was extracted by way of a superic
orbitotomy with a facial and intracranial approach and we
subsequently placed in molds with the same dimensions
the orbital cavity in order to facilitate dissection and har
dling. Dissection of the orbital content was performed i
the superior, lateral, medial, and inferior planes using surgic
microscopy (Karl Zeiss microscope, 6.0X magnification)

The dissection and measurement of the oblique muscles
required detachment of the superior and lateral rect C

muscles at their origin in the tendinous ring. After this, th
following measurements were taken: length, width of th
insertion tendon, point of insertion and relationship c
insertions of the oblique muscles. Morphometric analys
of the ocular globe was also conducted.

Muscle length (Fig. 1) was defined as the distanc
between fibers of origin and the middle point of insertiol
(Length: SR, IR, MR, LR). The length of the SO wa:
measured in two segments: one proximal from the origin
the trochlea (Length: SO Prox) and one distal, which wi
also measured anteriorly and posteriorly from the trochlea
to the point of insertion (Length: SO.Dist.Ant andE
SO.Dist.Post); the length of the IO was also measurt
anteriorly and posteriorly from its origin to its insertion
(Length: 10.Ant and 10.Post). The length of the LM of the
upper eyelid was measured from its origin to the midpoil

aponeurosis (Length: LM).

of the muscular segment immediately prior to the levatt -,- ’\’,

The width of all the muscles’ tendons (Figure 1) wa
defined as the distance between the insertion of the fibers
each end of the tendon (Width: SR, IR, MR, LR, SO, 10

The exception was the levator muscle of the upper eyel J -

where we considered the width of the most distal segme
of its muscle belly (Width: LM).

G

The specific insertion of the EOM (Fig. 2) was
determined by measuring the distance between the midpc
of insertion and the most proximal segment of the limbt
following the long axis of the ocular globe (insertion: SR
IR, LR, MR, SO, I0). The specific insertion of the LM was
excluded from this work because of its point of insertio
outside the ocular globe.

The relationships between the superior oblique ar
the superior rectus and between the inferior oblique and
teral rectus (Figure 3) were determined by measuring t

A morphometric study of the extraocular

B
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Fig. 1. Length and width of the
extraocular muscles. (A) Supe-
rior view of the SR, (B) infe-
rior view of the IR, (C) medial
view of the MR, (D) lateral
view of the LR, (E) superior
view of the SO, SR anteriorly
reflected, (F) inferior view of
the 10, LR anteriorly reflected,
(G) superior view of the LM.
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Fig. 2. Point of insertion of the extraocular muscles. (A) Superior view of the S,(B) inferior view of the IR, (C) medidthieMR, (D)
lateral view of the LR, (E) superior view of the SO, SR laterally reflected, (F) lateral view of the 10, LR reflected petlw direction.

Fig. 3. Relationship between oblique
and rectus insertions. (A) Superior view
of the orbital content with the SO-SR
distance displayed, (B) lateral view of
the orbital content with the 10-LR
distance displayed.
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Fig. 4. Morphometry of the ocular globe. (A)
Superior view of the globe where the axial
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distance between the midpoint of insertion of the oblique muscle and the
most proximal fiber of the rectus muscle along the long axis of the ocular
globe (SO-SR and I0-LR).

Ocular globe measurements (Fig. 4) were made following the eye’s
long axis. We measured the distances between the fixation site of the optic
nerve to the ocular globe and the following references: the most prominent
point of the cornea (Axial length: AL), the most superior point to the
sclerocorneal limbus (ON-C.Sup) and the most lateral point of the
sclerocorneal limbus (ON-C.Lat).

The aforementioned parameters were standardized and measured with
a digital vernier (Vernier Fowler Sylvac with 6” / 150 mm, 0.0005” / 0.01
mm of resolution) using surgical microscopy (Karl Zeiss microscope, 6.0X
magnification) by two independent observers, who were blinded to each
other’s assessments. The results were calculated and analyzed with Microsoft
Office Excel 2003, and the mean and standard deviation for each parameter
were obtained.

RESULTS

We analyzed 20 orbits from embalmed cadavers without a history of
orbital pathology. The morphology of the EOM included length, width, point
of insertion, and relationship of insertions for each of the oblique muscles.
For muscle length (Table I), we obtained a measurement for each rectus
muscle, as well as proximal segments of the SO and LM; for the distal segment
of the SO and the IO, we obtained measurements of the anterior and posterior
segments of the tendon or muscle.

Table I. Morphometry of extraocular muscles.

Musdes L ength (mm) Width (mm) I nsertion (mm)
SR 37.46 £3.10 8.68 £1.51 7.52 113
IR 34.89+3.54 6.85+.70 6.80+.96
MR 35.22+3.45 8.13+.84 5.99+.80
LR 38.81+3.03 7.76+1.40 6.77+.61
SO. Prox 33.50+2.44

SO. Digt.Ant 20.61+1.98 7.10+1.47a 15.92+1.20°
SO. Digt.Post 18.25+251

10. Ant 27.40 £3.30

0. Post 30,08 +3.75 9.23+0.9° 17.83+1.072
LM 31.63+3.97 12.94+2.66 ---P

Muscles: SR: superior rectus. LR: lateral rectus. IR: inferior rectus. MR:
medial rectus. SO.Prox: proximal segment of the superior oblique.
SO.Dist.Ant: anterior segment of the distal superior oblique tendon.

length measurement of the ocular globe is  SO.Dist.Post: posterior segment of the distal superior obligue tendon. I0.Ant:
observed, (B) superior view of the globe where  anterior segment of the inferior oblique muscle. 10.Post: posterior segment

the C-ON Sup. distance view is observed, (C
Lateral view of the globe where the C-ON Lat.
distance is observed.

) of the inferior oblique. LM: levator muscle of the upper eyelid. a Only the
width and point of insertion of the distal portion of the tendon were measured.
b Insertion were not measured.
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With respect to the width and point of insertion of Three measurements were obtained for ocular globe
the tendons (Table 1), we obtained independemborphometry (Table Ill): axial length, as well as distance
measurements for each rectus or oblique muscle. For thetween the fixation point of the optic nerve and the supe-
LM, the width of the muscle belly was obtained; because abr and lateral segments of the sclerocorneal limbus.
its insertion outside the ocular globe, the muscle insertion
was not measured. In addition, for each oblique muscle,

insertion relationships with the superior or lateral rectus Table ll. Ocular globe measurements.
muscle were reported (Table I1). Parameter Mean (mm)
AL 22.87£1.46
Table II. Relationships for the oblique muscles. ON-C.Sup 21.28+1.43
Parameter Digtance (mm) ON-C.Lat 21.59+1.26

SO-SR 9.77+138 Parameter: AL: axial length. distance from

the point of fixation of the optic nerve at the

IO-LR 1290117 ocular globe to the most prominent point of

Parameter: SO-SR: distance between the the cornea. ON-C.Sup: distance from the

midpoint of the superior oblique insertion and point of fixation of the optic nerve to the ocu-

the insertion closer to the superior rectus lar globe and the most superior point of the

along the long axis of the globe. 10-LR: limbus. ON-C.Lat: distance from the point

distance between the medial point of insertion of fixation of the optic nerve to the ocular

of the inferior obligue and the most proximal globe and the most lateral point of the limbus.

point of insertion of the lateral rectus along
the long axis of the ocular globe.

Table IV. Insertions of the medial rectus muscle and lateral rectus muscle.

Reference Tamburrelli et al. (2003) Villarreal (current study)
M easuranent type Ultrasound (pre-op) Direct (intraop) Direct (dissection)
MR (mm) 5.61+0.62 5.46 + 0.76 59+0.8

LR (mm) 5.76+ 0.6 6.25+ 0.51 6.77+ 0.66

MR. Medial rectus muscle; LR. Lateral rectus muscle.

Table V. Morphometry of the superior oblique SO-SR: Throw ratio between superior oblique and superior rectus
muscle points of insertion.

References von Noorden (1996) Villarreal (current study)
Reference Fibers Anterior fibers Posterior fibers Media Fibers
Width (mm) 11 7.10£1.47

I nsertion (mm) 13.6 18.8 15.92+1.20

SO-SR (mm) 3.04.5° 13.60 9.77 +1.38°

a Distance between SO anterior fibers and SR lateral fibers. bdistance between SO posterior fibers and SR medial fibers. cdista
between SO medial fibers and the most proximal segment of the SR. along the longitudinal axis of the ocular globe.

Table VI. Morphometry of the inferior obligue muscle.

Reference Yalcin & Ozan (2005) Paik & Shin (2009) Feng et al. (2005) Villarreal
(current study)

Sampl

pletype Emba med Embalmed Fresh F‘i’rmmljggg]de Embd med
Width (mm) Not reported 9.01+£132 9.38+1.15 9.240.7 9.23+0.9
IO-LR (mm) Not reported 9.16 + 1.142 10.01+1.472 105+1.0b 129+ 1.17¢
Variations® 91.7% 45% 0% Not reported 0%

I0-LR: Relation between the inferior oblique (10) and lateral rectus (LR). aMeasurements with respect to the anteriotthet@eand the LR.
b distance between the anterior border of the IO and the most inferior point of insertion of the 10 and LR. c distance¢heehidsta point of
insertion of the 10 and the LR insertion. d variations: double. triple. and quadruple tendons.
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Table VII. Axial length of the ocular globe.
Reference Leeet al. (2009) Villarreal (current study)
AL (mm) 23.69+1.16 22.87+1.46

AL: Axial length of the globe.

DISCUSSION

Morphometric measurements of the EOM wer@001; Donnahue, 2007). No tendinous width measurements
performed where length, width, point of insertionof the rectus muscles were found in the revised literature.
intermuscular relationships and possible anatomic&lur results for SR and IR width showed a difference of 1.83
variances were reported. In addition, we obtainechm, in contrast to the difference between the width of the
measurements of the ocular globe. The obtained informatibR and MR, which was smaller (0.37 mm); this aspect could
may be of use in strabismus surgery and orbital procedurbe.relevant during a vertical resection or transposition, where

the knowledge of this difference between antagonist tendons
Rectus musclesThe morphology of the rectus muscles hasould be of significance for the post-operative results.
been widely studied in recent years. Recently, the concept
of functional pulleys has been proposed, postulating thatthe  The insertion of the rectus muscles is a common han-
perimuscular connective tissue forms a sheath around thieng site in the majority of strabismus surgeries. The spiral
rectus muscles and functions as a pulley that modifies tb&Tillaux is located at the spiral-shaped insertion of the rectus
functional origin of the muscle. In addition, it has beemuscles, where the MR has the closest insertion to the
established that the rectus muscles have two muscusaterocorneal limbus and where the IR, LR, and SR insertions
segments: a global segment, which is inserted onto the opuegressively become farther apart. Our morphometric
lar globe, and an orbital segment, with its insertion on thmeasurements partially coincide with the spiral insertion of
connective tissue pulley (Clagk al, 2000; Demer, 2006; Tillaux, given that the IR and LR are inserted at a very simi-
Demer, 2007). lar distance to the sclerocorneal limbus. Tamburetlal.

took measurements of the point of insertion of the MR and

The lengths of the rectus muscles vary depending @R in patients who were scheduled to undergo strabismus
the state of contraction and ocular globe position. Thisurgery without a previous surgical history. The
measurement parameter is of importance in the orbitaleasurements were obtained pre-operatively by using an
intraconal approach because it allows us to determine thierasound and directly during the procedure (Table V). In
dimensions of the muscle cone surrounding the ocular glolmmmparison with the Tamburrelgt al. study, our
Our measurements showed that the LR and SR are the longesasurements displayed slight variation, which allows us
muscles, while the MR and IR are the shortest. Thus, we assume that ultrasound measurements of other EOM
conclude that with the ocular globe in a primary positiorwould be similar to direct measurements during surgery or
the lateral and superior segments of the muscle cone dissection. On the other hand, the observation of the
larger and the space between the SR and LR musclesnisertions showed that these have varied morphology, with
greater, rendering the intraconal approach through this spéieear, oblique, and semilunar insertions. We may therefore
easier and safer. assume that, in the same tendon, there could be fibers inserted

at different distances from the sclerocorneal limbus. As a

The width of the rectus muscle insertion is of interesesult, specific measurements of each tendinous segment
for strabismus surgeries, where the purpose is to weakercould provide even greater detail for morphologic study of
reinforce the function of the rectus muscle. Surgicahe insertion of rectus muscles.
interventions at the medial and lateral rectus mainly involve
the resection of fibers to weaken function, for example, Buperior oblique muscle. The anatomy of the SO is of upmost
pediatric (esotropia and exotropia) and adult (incompletmportance in those procedures involving the handling of
paralysis of cranial nerve VI and fixation in primary positiorits insertion tendon, for example, a posterior tenectomy for
in the paralysis of cranial nerve V) strabismus surgery. Qover-function of the SO or transposition in cranial nerve lll
the other hand, the handling of the superior and inferior rectparalysis (Phillips; Sharmat al, 2005). With respect to
muscles commonly involves vertical resections anposterior tenectomy, it is known that it is a complex
transpositions, as in the paralysis of cranial nerve VI (Phillipprocedure with unpredictable results, mainly due to the
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difficulty in accessing its tendon and because of its proximityecomes one of the largest and most complex extraocular
to the vortex vein (Saxeret al, 2007). Literature review muscles. Congenital or acquired blepharoptosis may be
revealed morphometric analysis of the distal segment of teargically treated with procedures that manipulate the
SO, which provided the width and insertion references ahatomy of the LM, for example, the Miller muscle
the anterior and posterior fibers of the distal tendon wittonjunctival resection (lljiret al., 2007; Georgescet al,
respect to the medial and lateral portions of the SR and t2@09). Recent studies show that the distal segment of the
sclerocorneal limbus (von Noorden) (Table V). The widthM is divided in two muscle bellies: one superior that is
of the SO reported by von Noorden is greater than that fouimderted at the aponeurosis of the levator and one inferior
in our study, but the relationships of insertion cannot kbat continues with the Muller muscle (Kakizakal.,2009).
compared because the measured parameters are not ex&tthgy of the distal segment of the LM is outside the scope
the same. However, our results contribute information thaf this study; however, the reported measurements of the
could be considered during a surgical procedure on thpsoximal segment establish a basis for future morphometric
muscle. research of the distal segment of the LM. A better
understanding of the LM anatomy could lead to improvement
Inferior Oblique muscle. The 10 is the only oculomotor of procedural outcomes involving this muscle.
muscle that does not originate from the orbital vertex.
Surgeries of this muscle involve weakening or transpositidviuscle variations. The possible anatomical variations of
(for example, in patients with paralysis of cranial nerve IVlhe EOM are of great importance because they must be
(Phillips). Recently, the 10 has gained importance in thedequately considered during surgical interventions. Great
placement of TSDDD (Fengt al). variations in EOM are rare (Pimanides al,, 2005). In
relation to the lesser variations at the level of muscular
Detailed knowledge of IO morphology is useful ininsertion, there are other studies that report divided tendons
surgeries that involve its manipulation. The anatomy of tha the 10 (Yalcin & Ozan; Paik & Shin). In this study, there
distal segment of this muscle has been recently studied (Tablere no such variations in the IO or in any other EOM. These
VI). Yalcin & Ozan reported divided insertion tendons irvariations at the point of insertion are probably a result of
91.7% of the 10 studied, which were obtained fronnadvertent dissection of the tendinous fibers or to the
embalmed cadavers. Paik & Shin also studied the muscldssiccated state of the studied specimens.
width, insertion variables and its relationship with the LR
of the 10 in fresh and embalmed cadavers. Divided tendo@sular Globe. Orbital anatomy variations between ethnic
were found in 45% of the embalmed cadavers but in nonegroups have been well recognized (Blakeal., 2003).
the fresh cadavers. Our study did not find any divideidnowing the size of the ocular globe allows us to have a
tendons; however, our results are in agreement with thasdgerence regarding the possible morphometric variations
reported by Paik & Shin regarding tendon width of the 10 inf the EOM. The axial length of the ocular globe was studied
fresh cadavers. It is probable that the desiccation state of byel eeet al (2009) (Table VII). The study showed that ocu-
embalmed cadavers used in the first two studies resultedam dimension variations by age and sex are partially
separation of the tendons and insertions. The relationstagplained by differences in height and years of education.
between the 10 and LR reported by some authors cannotWe may therefore conclude that slight width and insertion
directly compared with our results, as different measuremerdriations of the EOM may also be partially explained by
parameters were used. However, our reports further enridifferences in individual height. Our study did not gather
the anatomical knowledge of this relationship. data regarding height and education level, thus it is not
possible to confirm whether there is a relationship among
The TSDDD represent a therapeutic option foheight, axial length of the globe and EOM morphology. The
diabetic maculopathy and age-related maculafistance between the optic nerve and the most superior and
degeneration5. The references of the fovea with respectidateral points of the sclerocorneal limbus provided the most
the optic nerve, lateral rectus, and inferior oblique are usadormative reference for the points of insertion of the SO
for TSDDD implantation. Fengt al., (Table VI) reported and IO.
measurements regarding these relationships. The results of
our study provide more information with respect to the This morphometric study of the length, width,
existing relationships between the 10, LR, and optic nervimsertion, and relationships of EOM insertion provided
information that should be considered in strabismus surgery
Levator muscle of the upper eyelid The LM is not an and orbital procedures. In the rectus muscles, we found that
oculomotor muscle. With its origin at the orbital vertex, anthe SR and LR are the largest muscles; the width difference
its continuation with the aponeurosis of the levator, lhetween the SR and IR is greater than that between the MR
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and LR; and the point of insertion of the rectus muscles hamrphological and functional understanding of the EOM
a variable morphology. In the obligue muscles, we fourand simultaneously promote the innovation of surgical
that the width of the SO is smaller in relation to othetechniques and procedures related to these muscles.
references and that the morphology of the IO complements
is similar to that previously reported. We did not find
anatomical variations in the EOM. The axial length of thACKNOWLEDGEMENTS
ocular globe served as a reference to determine the size of
the ocular globes studied.
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RESUMEN: Los musculos extraoculares son importantes en la cirugia de estrabismo y en la colocacion de dispositivos
intraorbitarios. Analizamos la morfometria de los musculos extraoculares y las posibles variaciones anatémicas en 20emtitas. N
tramos variantes en longitud, anchura y sitios de insercién. Los musculos rectos superior y lateral son los mas largosialadife
longitud entre los misculos rectos superior e inferior es mayor a la diferencia en longitud entre los masculos rectdatenaedigl y
musculo oblicuo superior es mas pequefio en calibre que el musculo oblicuo inferior, lo que coincide con otros estudios.dflatdomic
conocimiento detallado de la morfologia de los musculos extraoculares es fundamental en la cirugia de estrabismo ynéacesenta u
clave para la innovacion de técnicas quirdrgicas y procedimientos en la cavidad orbitaria.

PALABRAS CLAVE: Musculos extraoculares; Morfometria; Orbitas.
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