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Development of modern surgical techniques is associated with the need for a thorough knowledge of surgical anatomy and, in the
case of ophthalmologic surgery, also functional aspects of extraocular muscles. Thus, the leading idea of this review was to
summarize the most recent findings regarding the normal anatomy and anomalies of the extraocular rectus muscles (ERMs).
Particular attention was paid to the presentation of detailed and structured data on the gross anatomy of the ERMs, including their
attachments, anatomical relationships, vascularization, and innervation. This issue of ERMs innervation was presented in detail,
considering the research that has recently been carried out on human material using advanced anatomical techniques such as
Sihler’s technique of the nerves staining. The text was supplemented with a carefully selected graphic material (including an-
atomical specimens prepared specially for the purpose of this review) and discussion of the clinical cases and practical significance

of the presented issues.

1. Introduction

The statement of Farzavandi [1], who concluded that “An
intimate knowledge of anatomy, including the extraocular
muscles, periocular fascia, and orbit, is necessary to be an
accomplished strabismus surgeon,” became a motto of the
presented review. Development of modern surgical tech-
niques is associated with the need for a thorough knowledge
of surgical anatomy and, in the case of ophthalmologic
surgery, also functional aspects of extraocular muscles [1-6].
However, getting familiar with the numerous data that
appear in various scientific journals may be difficult and time
consuming. Hence the need and value of thorough literature
reviews on specialized and clinically significant areas of the
basic sciences.

The leading idea of this paper was to summarize the most
recent findings regarding the normal anatomy and anom-
alies of the extraocular rectus muscles (ERMs) in human,
that is, medial (MR), lateral (LR), superior (SR), and inferior
(IR) rectus muscle. Particular attention was paid to the
presentation of detailed and structured data on the gross
anatomy of the ERMs, including their attachments,

measurements, anatomical relationships, vascularization,
and innervation. This issue of ERMs innervation was de-
scribed in detail, including the recent research that has been
carried out on human material using advanced anatomical
techniques such as Sihler’s technique of the whole mount
nerve staining [2-6]. The text was supplemented with a
carefully selected graphic material (including anatomical
specimens prepared specially for the purpose of this review)
and discussion of the clinical cases and practical significance
of the presented issues.

2. Review of Anatomical Data Regarding ERMs

2.1. Attachments and General Arrangement of ERMs. The
four ERMs have a specific attachment to the circular fibrous
band located in the apex of the orbit, known as the common
tendinous ring, annular tendon, or annulus of Zinn. All four
ERMs take origin from this tendinous structure with short
proximal tendons [7-14]. The common tendinous ring
surrounds the optic nerve and some part of the superior
orbital fissure (Figure 1). Therefore, the content of the ring is
nerves and vessels running through above-mentioned
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FIGURE 1: Arrangement of the extraocular rectus muscles (ERM:s)
around the equator of the eyeball. 1: the distance of the medial
rectus muscle (mr) from the limbus; 2: the distance of the inferior
rectus muscle (ir) from the limbus, 3: the distance of the lateral
rectus muscle (Ir) from the limbus; 4: the distance of the superior
rectus muscle (sr) from the limbus. The results of measurements
made by various authors on individual ERMs insertions slightly
vary. However, it may be observed that the distance from the lateral
rectus muscle insertion to the limbus is greater than the distance
from the medial rectus muscle to the limbus, as well as the distance
from the lateral rectus muscle insertion to the limbus is greater than
the distance from the medial rectus muscle to the limbus.
According to the classical data provided by Fuchs [14] the distances
of the individual rectus muscles from the limbus increase coun-
terclockwise starting from the medial rectus muscle.

spaces, that is, optic nerve and ophthalmic artery (which run
through the optic canal), as well as superior and inferior
branches (division) of the oculomotor nerve, the nasociliary
nerve, and the abducens nerve (which run through the
superior orbital fissure). Moreover, the annular tendon is
also the place of attachment of the superior oblique muscle
and levator palpebrae superioris muscle [7-14]. Zampieri
etal. [12] indicate that the annular tendon was first described
by Antonio Maria Valsalva in his treatise “Opera omnia”
published in 1740. However, as indicated by Zampieri et al.
[12], the first correct functional interpretation of the
meaning of this structure was given by Johann Gottfried
Zinn in “Descriptio anatomica oculi humani,” which was
published in 1755.

On their further course, ERMs direct divergently to-
wards the equator of the eyeball, with a cone-like ar-
rangement around the optic nerve and posterior globe,
forming the boundaries of the so-called intraconal space
[15]. The length of ERMs is close to 40 mm, however, the
tendons of those muscles differ in length: the MR is char-
acterized by the shortest tendon (about 4 mm), while the
tendon of the LR is the longest (about 8 mm) [1]. The average
tendon lengths for the IR and SR are 6mm and 7 mm,
respectively. The distal tendons of all four ERMs occupy the
anterior position regarding the eyeball’s equator and are
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attached to the sclera [1, 7-14]. However, the insertions of
the ERMs also vary in their specific position on the eyeball,
their distance from the limbus, and the length of the distal
tendon. The results of measurements made by various au-
thors on individual ERMs insertions slightly vary (Figure 1)
[1, 8-11, 13, 14]. Pihlblad et al. [13] measured distances
between the ERMs insertions and the limbus in 46 patients
who underwent anterior segment optical coherence to-
mography. According to results obtained by Pihlblad et al.
[13] the mean distances between insertion and the limbus
measured for each rectus muscle were as follows: 5.7 mm
(SD=0.8 mm, range from 4.3 mm to 7.8 mm) for the MR;
6.0 mm (SD = 0.6 mm, range from 4.8 to 7.0 mm) for the IR;
6.8 mm (SD = 0.7 mm; range from 4.8 mm to 8.4 mm) for the
LR; and 6.8mm (SD=0.6mm, range from 55mm to
8.1 mm) for the superior rectus. Stiark and Kuck [14], in turn,
performed their measurements during strabismus surgeries.
Those authors found the following mean values: insertion-
limbus distance of the MR=4.5mm (in 675 eyes operated
on); insertion-limbus distance of the IR=5.67 mm (in 22
eyes operated on); insertion-limbus distance of the
LR=6.20mm (in 493 eyes operated on); and insertion-
limbus distance of the SR=6.64 (in 21 eyes operated on).
Stark and Kuck [14] compared their results with the classical
data provided by Fuchs more than 100 years ago, who
assessed the distances between insertion and limbus at
5.5mm for the MR, 6.5 mm for the IR, 6.9 mm for the LR,
and 7.7 mm for the SR. The general tendency observed by
various authors [1, 8-11, 13, 14] seems to be that usually the
distance between the insertion and limbus increases for
subsequent ERMs when counting from the MR and moving
counterclockwise (Figure 1). Farzavandi [1] gives one more
indicator (i.e., “arc of contact”) that defines the relation of
the distal tendon to the sclera. The arc of contact differs
between specific ERMs and measures 6 mm for the MR,
7 mm for the IR, 10 mm for the LR, and 6.5 mm for the SR
[1]. Summing up, the accurate visualization and location of
ERMs’ insertions may be crucial during ophthalmology
surgeries [1, 13].

2.2. Basic Morphological Characteristics of Individual ERMs

2.2.1. Medial Rectus Muscle. The MR is the widest among all
ERMs [2]. The muscle’s origin is fixed to the medial aspect of
the common tendinous ring. On its further course, the MR
runs parallel to the medial orbital wall (Figure 2) and inserts
to the sclera by tendinous expansion, which is about 10 mm
wide at the level of insertion to the eyeball [1, 9]. The length
of the MR tendon, measured from the origin, is about
3.7 mm, while the average entire length of the MR is about
40.8 mm [9]. Detailed measurements of the MR were per-
formed by Shin et al. [5], who estimated the average entire
length of the MR muscle belly at 37.6 mm (SD =4.6 mm),
MR tendon length at 4.4 mm (SD = 1.9 mm), and MR width
at 10 mm (SD = 1.8 mm).

The MR acts as an adductor of the eye [1, 2, 9]. Together
with the LR, the muscle is classified as so-called horizontal
rectus muscles, due to its primary action (adduction of the
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FIGURE 2: Anatomical relationships within the orbit. The origin of
the medial rectus muscle (mr) is fixed to the medial aspect of the
common tendinous ring. On its further course, the muscle runs
parallel to the medial orbital wall. The inferior rectus muscle (ir)
runs perpendicularly to the inferior wall of the orbit. The anterior
part of the muscle is separated from the orbit by the inferior oblique
muscle (i0). All three muscles (mr, ir, and io) are innervated by the
inferior division of the oculomotor nerve (id). The nerve to the
inferior oblique muscle (nio) branches off from the inferior division
of the oculomotor nerve and runs parallel to the lateral border of
the inferior rectus muscle. A characteristic feature of the lateral
rectus muscle (Ir) is the so-called “dual headed origin,” as this
muscle begins from the common tendon ring with two tendinous
bands. The muscle runs along the lateral wall of the orbit. It is
innervated by the abducens nerve (an). The ciliary ganglion (cg) is
located medially to the internal surface of the muscle. The superior
rectus muscle (sr) is located under the levator palpebrae superioris
muscle (Ips). Both muscles (sr and lps) are innervated by the
superior division of the oculomotor nerve (sd). fn: frontal nerve; In:
lacrimal nerve; ncn: nasociliary nerve; son: supraorbital nerve; stn:
supratrochlear nerve, th: troch; ear nerve.

eye) which occurs in the horizontal plane. Moreover, the
horizontal vestibulo-ocular reflex requires coordinated ac-
tivity of both the MR and LR [16].

2.2.2. Lateral Rectus Muscle. A characteristic feature in the
structure of the LR is the so-called “dual headed origin,” as
this muscle begins from the annular tendon with two ten-
dinous bands (Figure 2) [7]. The medial part of the superior
orbital fissure is located between those two initial parts of the
LR. The LR travels along the lateral wall of the orbit and
inserts to the sclera by the tendinous expansion, which is
9.6 mm long on average [4, 6]. According to the latest re-
search of Shin et al. [4], the mean length of the LR is 46 mm
(SD = 4.5 mm), the average length of the LR muscular part is
36.4mm (SD=4.5mm), while the average width of the
muscle is 11.2 mm (SD = 1.6 mm). The line of insertion of the
LR is vertical (sometimes slightly convex) and usually
symmetrical [1].

Lateral movement of the eyeball is the primary function
of the LR [1, 2, 8]. However, the recent studies indicate the
complex activity of the LR, with the existence of the func-
tional compartments (zones) within the muscle, which may

be activated selectively depending on the type and phase of
movement [2-4, 17-22].

2.2.3. Superior Rectus Muscle. The SR is located under the
levator palpebrae superioris muscle (Figure 2) and direct
anteriorly and slightly laterally, to attach the sclera. The
distance between the insertion of the SR and the limbus is
about 7.7 mm which is the greatest out of all rectus muscles
[8-11, 13, 14]. The muscle forms an angle of about 23 degrees
with the visual axis. It acts during the elevation of the eye, as
well as with adduction and medial rotation [10]. Along with
the IR, the SR is classified as vertical rectus muscle.

The fibrous sheath covering the SR is thickened on its
distal end, underlying the levator palpebrae superioris and
fuses with the levator’s sheath which is also thickened on its
distal portion. The structure created in this way is referred to
as conjoint fascial sheath [23, 24]. It extends forward be-
tween the two muscles; it has trapezoid shape and attaches to
the superior conjunctival fornix [23]. According to Hwang
[25], the average length of the conjoint fascial sheath is
122mm (SD =2mm), while the average thickness of this
structure is 1.1 mm (SD =0.1 mm). Due to those close re-
lations between the two muscles, the term “levator-superior
rectus complex” is also used [26]. Thus, the proper function
of the SR also affects the upper eyelid position [26, 27].

2.2.4. Inferior Rectus Muscle. 'The IR runs perpendicularly to
the inferior wall of the orbit (Figure 2). The long axis of the
muscle also deviates from the visual axis (this line is tilted by
approximately 23 degrees with the visual axis) [11]. The
anterior part of the muscle is separated from the orbit by the
inferior oblique muscle. The muscle causes depression
(primary function), external rotation (secondary function),
and adduction of the eyeball (tertiary function).

2.3. Anatomical Variations and Anomalies of ERMs.
Individual ERMs have relatively constant morphology.
Anatomical variability most often concerns the size (length,
width, and thickness of muscle belly or tendon), as it was
characterized in previous paragraphs [1, 7-11]. Individual
ERMs may occasionally be duplicated, underdeveloped, or
even absent. In addition, accessory muscular bands may
occur inside the orbit [28]. However, anatomical variations
and anomalies of ERMs are sporadically reported based on
diagnostic imaging, as well as surgical or anatomical
findings.

2.3.1. Vertical Rectus Muscles. Gross anatomical variations
of the SR are rarely observed. Nayak et al. [29] provided a
case report on double-bellied SR found during routine
dissection of a 70-year-old cadaver. Both parts of the SR
had equal size, with separate origins from the common
tendinous ring which united to form a common belly one
centimeter before insertion of the muscle [29]. Bagheri
etal. [30], in turn, reported unilateral SR aplasia in a patient
clinically presenting an incomitant left hypotropia. The
patient described by Bagheri et al. [30] showed no



craniofacial anomalies. Also, Mather and Saunders [31]
described a unique case of a patient with bilateral absence
of SR, presenting clinically as a double elevator palsy. That
case was unique due to the patient’s “paradoxical ocular
movements on attempted upgaze” and the absence of any
major craniofacial anomalies [31]. According to Ingham
et al. [32], the frequency of congenital extraocular muscle
anomalies increases in craniofacial dysostosis. Also, Law
et al. [33] stress that “reports of absent or anomalous SR
muscles have occurred in the context of craniofacial dis-
eases.” For instance, bilateral agenesis of the SR was re-
ported in Apert’s syndrome [34]. However, based on
observations of Diamond et al. [35], the etiopathology of
those anomalies and their frequency in craniofacial dys-
ostosis are unknown.

Reports of absence of the IR are also available in the
literature. However, it seems that such anomalies cause
significant clinical manifestations. For example, Yang and
Guo [36] described a series of five patients with hypertropia
resulting from the absence of the IR. Astle et al. [37] suggest
that congenital absence of the IR muscle may mimic IR palsy
especially in the absence of associated craniofacial anoma-
lies. A case of unilateral congenital absence of the inferior
rectus muscle was described by Ingham et al. [32]. In a
patient examined by Ingham et al. [32], an abnormality was
diagnosed while planning vertical muscle surgery for a large
left hypertropia. Except for the lack of the IR, rare reports of
duplication of the muscle are known. Such case was pre-
sented by Shazly and Stefko [38], who described unilateral
congenital entropion and hypotropia resulting from du-
plication of the IR.

Regarding normal conditions, anatomical relationships
between SR and muscular branches to the levator palpebrae
superioris muscle can also be variable. Occasionally, the SR
may be pierced by some of those branches. Djordjevic et al.
[39] reported that in 12.5% of cases the muscular branch to
the levator palpebrae superioris may pass through the SR
belly to innervate levator palpebrae superioris muscle. Bye
et al. [40] also provides information that the SR may oc-
casionally be pierced by nervous branch to the levator
palpebrae superioris.

Anatomical relations between the IR and the nerve to
the inferior oblique muscle may also be variable. In some
instances, the nerve to the inferior oblique muscle may
pierce the IR (Figure 3). Black et al. [41] provide an in-
teresting hypothesis about the clinical significance of such
relationships. According to those authors, the nerve to the
inferior oblique muscle may be susceptible to injuries on its
course along the lateral border of the IR [41]. Thus, surgical
manipulations performed on the IR may cause palsy of the
inferior oblique muscle and may also trigger tonic pupil
due to damage of parasympathetic fibers that most com-
monly course with fibers destined for the inferior oblique
muscle [41]. Moreover, if the nerve to the inferior oblique
pierces the IR, its susceptibility to injury associated with IR
stretching seems to be greater [41].

Occasionally some muscular slips linking vertical
ERMs may be observed [28, 42-44]. Various types of such
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FIGURE 3: Specimen, in which the nerve to the inferior oblique muscle
(nio) pierces the inferior rectus muscle (ir). Lateral view to the left
eyeball. Lateral rectus muscle was removed, only the insertion of the
lateral rectus (Ir) is visible. When the nerve to the inferior oblique
pierces the inferior rectus muscle, its susceptibility to injury associated
with stretching of the muscle during surgical procedures seems to be
greater. sr: superior rectus muscle; io: inferior oblique muscle.

atypical muscular bands were reported in the literature.
The first group of those anomalies involves cases in which
the SR and IR are connected to each other by muscular
bands (Figure 4) [28, 42]. In some cases, those muscular
slips may also be attached to the annulus of Zinn. Such
muscular bands, taking origin from the common tendi-
nous ring and attached to rectus muscles are referred to as
accessory rectus muscles [28, 42, 43]. The characteristic
feature of accessory rectus muscles is that they are located
laterally to the optic nerve. In rare instances, an anom-
alous muscle bundle from the inferior oblique (referred to
as “obliquus accessorius inferioris”) may occasionally join
the inferior rectus [42]. Occurrence of those anomalies
may be explained by deviated differentiation of the su-
perior and inferior mesenchymal complexes during early
stages of development [44].

Clinical significance of accessory muscular bands or
bridges between the SR and IR depends on their size and
location [45]. Reports on such findings vary regarding
absence or presence of ocular movement disorders. One of
the known cases includes a case report of bilateral muscular
slips between superior and inferior rectus muscles in a 68-
year-old male cadaver with no eye movement abnormal-
ities reported in the medical history [43]. Also, Kightlinger
et al. [45] found a series of cases of muscular bands linking
the SR and IR. Those cases were discovered as incidental
findings, with no relation to the clinical symptoms expe-
rienced by examined patients [45]. Similar cases of
anomalous muscular bands linking the SR and IR with no
clinical manifestation were reported by Von Liidinghausen
et al. [46] and Kakizaki et al. [47] (“in a 45-year-old female
cadaver, who had no ocular movement disorders in her
lifetime”). Kakizaki et al. [47] suggest that muscular bridges
linking the SR and IR “are important in the differential
diagnosis of intraorbital space-occupying lesions, rather
than the differential diagnosis of strabismus.” During di-
agnostic imaging, such anomalous muscular slips may be
confused with blood vessels or various pathologies within
the orbit (for example, lymphoma, vascular malformations,
or metastasis) (43, 45]. Based on the report of Khitri and
Demer [48] the muscular slips connecting the SR with the
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FIGURE 4: Superior (sr) and inferior (ir) rectus muscles connected
to each other by muscular bands (mb). Such muscular bands,
taking origin (marked by black arrowhead) from the common
tendinous ring and attached to rectus muscles are referred to as
accessory rectus muscles. The characteristic feature of accessory
rectus muscles is that they are located laterally to the optic nerve
(on). Sagittal section of the specimen taken from the right orbit. id:
inferior division of the oculomotor nerve; mr: medial rectus
muscle. This figure is a modification of the drawing taken from
Hatadaj et al. [43] under the terms of the Creative Commons
Attribution 4.0 International License (https://creativecommons.
org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium.

IR represent about 33% of all types of bands detected within
the orbit.

2.3.2. Horizontal Rectus Muscles. Based on descriptions of
Bergman et al. [42] and Kocabiyik [28], major anatomical
variations of the horizontal rectus muscles involve dupli-
cation of the LR, bifid insertion of the MR, as well as the
absence of the LR or MR. However, numerous congenital
abnormalities of the horizontal rectus muscles were reported
in the medical literature. For instance, Sachdev et al. [49]
conclude that numerous congenital anomalies (such as
absence, hypoplasia, bifurcation, or duplication) may in-
volve ERMs, including the LR. Those authors presented a
case of a 5-year-old girl with multiple associated ocular and
systemic congenital malformations who had posteriorly
malinserted LR at 15 mm from the limbus in the right eye
[49]. Park and Oh reported the case of an accessory LR in a
patient with congenital third-nerve palsy [50]. Liao and
Hwang [51], in turn, described a case of an accessory LR in a
51-year-old woman with normal ocular motor control. In
this case, supernumerary LR was unilateral and measured
approximately 10% the size of a normal LR. An accessory LR
described by Liao and Hwang [51], originated in the apex of
the orbit, was located between the optic nerve and the LR
and had an insertion to the superolateral aspect of the
eyeball. Congenital absence of the LR was reported by
Sandall and Morrison [52], while an absence of a lateral
rectus muscle associated with duplication of the chromo-
some segment 7q32----q34 was reported by Keith et al. [53].
A case of an accessory MR in strabismus fixus convergens
was described by Lee and Kim [54]. Murthy [55] reported
two patients, one with bilateral congenital dystrophia of the
MR and one with bilateral absence of the MR; In addition, in
one of those cases absence of the LR was observed.
According to Bergman et al. [42], an additional muscular
slip may also occur between the LR and MR. Such muscular
connection usually passes across the posterior third of the

orbit, beneath the optic nerve, and fuses with the MR.
Detailed anatomy of the ligamentous bands between the LR
and SR, in turn, was presented by Nam et al. [56]. While
muscular bands between the SR and IR do not have to cause
eye movement disorders (as described in the previous
paragraph), Lueder [57] states that anomalous orbital
structures (such as muscular or fibrous bands) that attach to
the globe may produce a mechanical restriction, resulting in
incomitant motility disorders. In rare instances, those
anomalous structures may also cause a strabismus [57].
Generally, three types of anomalous orbital bands may be
distinguished [57]. Fibrous or muscular bands may be lo-
cated beneath the ERMs; they also may originate from the
ERMs themselves and insert in abnormal locations or may
occur as discrete anomalous muscles that take origin in the
posterior orbit and insert in abnormal locations on the globe.
According to Lueder [57] orbital bands may be responsible
for unusual patterns of strabismus, which is confirmed by
clinical findings. Anomalous orbital structures may be found
in cases of globe retraction not associated with Duane re-
traction syndrome, very severe vertical strabismus, or an
elevated deficit deepening in the abduction. In the study of
Khitri and Demer [48], unilateral or bilateral orbital bands
were found in 0.8% orthotropic and 2.4% strabismic pa-
tients. Based on the findings of Khitri and Demer [48], it may
be concluded that horizontal bands linking the MR with LR
immediately posterior to the globe may limit supraduction
by collision with the optic nerve and, which is particularly
important, those bands are usually located too deep to be
approached via conventional strabismus surgical
approaches.

2.4. Vascular Supply of ERMs. According to the description
provided by Shumway et al. [11], the ERMs are vascularized
by the blood vessels that also supply nearly all lateral half of
the anterior eye segment. However, the medial half of the
anterior eye segment also shares vascular supply with ERMs
[11]. ERMs are supplied mainly by the muscular branches
taking origin from the ophthalmic artery (Figure 5)
[7-11, 58, 59]. According to Fernandez Cabrera and Sudrez-
Quintanilla [8] the LR may receive additional blood supply
directly from the lacrimal artery, which is a branch of the
ophthalmic artery. Based on arterial vascularization of the
extraocular muscles provided by Erdogmus and Govsa [59],
the most common origins of muscular branches are the
lacrimal artery for the inferolateral muscular trunk (43.36%),
the bend of the ophthalmic artery for the superior oblique
(36.84%), the supraorbital artery (36.84%) for levator pal-
pebrae superioris, the distal end of the ophthalmic artery for
the SR (52.6%), the lacrimal artery for the LR (89.47%), and
the inferomedial muscular trunk for the MR (84.51%).
Venous drainage of ERMs is provided by the superior and
inferior orbital veins [8-11, 58]. Current reports suggest
“laminar structure” of ERMs, wherein the orbital and global
layers of ERMs are believed to serve different functions [60].
Oh et al. [60] proved that the orbital layer within ERMs had
“significantly more vessels per unit area, more vessels per
fiber, and more total vascular luminal area, than the global
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FIGURE 5: General arrangement of vascularization and innervation
of extraocular rectus muscles. Arteries have been injected by red
resin to expose muscular branches reaching individual muscles.
Specimen taken from the right orbit. Scale bar shows 10 mm. an:
abducens nerve; id: inferior division of the oculomotor nerve; ir:
inferior rectus muscle; Ir: lateral rectus muscle; mr: medial rectus
muscle; nio: nerve to the inferior oblique muscle; sd: superior
division of the oculomotor nerve; sr: superior rectus muscle.

layer.” Based on those findings, Oh et al. [61] suggest that
higher blood flow in the orbital layers may correlate with the
greater metabolic activity of this area.

2.5. Specific Innervation Pattern of ERMs

2.5.1. General Arrangement of ERMs Nerves. The micro-
surgical anatomy of the ocular motor nerves is relevant in
the clinical context, helping to plan surgical accesses that
save ERMs function or helping to better understand the
symptoms of nerve palsy. The somatomotor innervation of
ERMs comes from two different sources. Three out of four
ERMs are innervated by the third cranial (oculomotor)
nerve. Innervation of the SR is provided by the superior
division (branch) of the oculomotor nerve, while muscular
branches to the MR and IR are derived from the inferior
division (branch) of the oculomotor nerve. The LR, in turn,
is innervated by the sixth cranial (abducens) nerve [7-11].

The two main branches (divisions) of the oculomotor
nerve join the orbit through the superior orbital fissure,
medially to the lacrimal nerve. The superior division of the
oculomotor nerve enters the inferior surface of the SR with 5
(from 3 to 7) muscular subbranches which continue their
course within the muscle belly (Figure 5) [60, 62]. Some of
those fibers continue their course around the medial border
of the SR (or pierce the muscle) to innervate the overlying
levator palpebrae superioris muscle [39, 40]. The inferior
division of the oculomotor nerve gives two muscular
branches to the ERMs, nerve to the inferior oblique muscle
and, occasionally, the parasympathetic root of the ciliary
ganglion. One of those muscular branches passes forward, to
the IR. Typically, about seven subbranches (range 3-10)
reach the internal surface of the IR [60, 62]. The second
muscular branch originating from the inferior division of the
oculomotor nerve passes medially, below the optic nerve,
and reaches the MR. According to Zhang et al. [60] the
muscular branch to the MR may be divided into five sub-
branches (from 3 to 8) reaching the internal surface of the
muscle. The abducens nerve innervates only the LR. It enters
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the orbit via the superior orbital fissure, below the naso-
ciliary nerve.

2.5.2. New Anatomical Data on ERMs Intramuscular In-
nervation Pattern. The latest anatomical works on inner-
vation of ERMs draws special attention to the intramuscular
distribution of the somatomotor nerve fibers, which is of
importance for understanding the complex action of those
muscles. Innervation of ERMs appears to have some special
properties, such as high ratio of nervous branches (1 to 3 or 1
to 5, compared to other skeletal muscles which are 1 to 50 or
even 1 to 125) [10, 11, 63] or potential independent activity
of muscular layers and compartments [2, 6, 18-22, 64, 65].
The latest property was widely discussed regarding the in-
tramuscular innervation of the LR.

Detailed anatomy of the abducens nerve (including
intramuscular distribution of nervous branches) in the LR
was examined in detail by Nam et al. [3, 4]. According to
those authors, the abducens nerve joins the LR on posterior
one-third of its length and then divides into a few muscular
subbranches, while the intramuscular nerve course finishes
around the half of the LR length [4]. Similar results on
intramuscular nerve distribution in the MR were obtained in
the only (to date) study carried out by Shin et al. [5]. Based
on this report it may be concluded that muscular sub-
branches of the oculomotor nerve join the MR at a mean of
two-fifths of its length and then typically divides into a few
intramuscular divisions. Despite the detailed analysis of the
literature, no reports were found on the course of intra-
muscular nerves within SR and IR on human material.
However, the analysis of specimens stained by Sihler’s
method prepared especially for this review suggests that,
apart from minor differences, all four ERMs show similar
general pattern of intramuscular distribution of nerves
subbranches (Figure 6). Based on previous descriptions
provided by Shin et al. it may be stated that within the ERMs
“The intramuscular nerve distribution showed a Y-shaped
ramification with root-like arborization” (Figure 6). After
the muscular subbranches enter the muscle belly, they
undergo numerous further divisions forming the dense area
of intramuscular nerves showing plexiform appearance
[3-5]. This conglomerate of intramuscular nerves forms so-
called “terminal plexus” which ends at about half the length
of the muscle (Figure 6). In two studies conducted on the LR,
the presence of single thin nervous branches joining the
areas of LR’s attachments was suggested. Some studies [2-4,
6, 64] suggest also some specific segregation of the abducens
nerve’s muscular subbranches into the superior and inferior
groups. Those findings may provide a good understanding of
the intramuscular anatomy and action of the ERMs.

3. Summary

The latest research complements the classic anatomical
descriptions of ERMs, shedding new light on the complex
structure and function of those muscles. Precise control of
the eyeball movements is based on a complex anatomical
and biomechanical system which involves specific structure,
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F1GURE 6: The course and arrangements of the intramuscular nerves within the extraocular rectus muscles based on Sihler’s stain. The
terminal plexus (tp) has been marked. Scale bar shows 10 mm. (a) Specimen of the right lateral rectus muscle; (b) specimen of the right
medial rectus muscle; (c) specimen of the right superior rectus muscle; (d) specimen of the right inferior rectus muscle; lps: muscular
branches to the levator palpebrae superioris muscle wrapping around the medial border of the superior rectus muscle; nio: nerve to the
inferior oblique muscle travelling along the lateral border of the inferior rectus muscle; In: inferior direction; La: lateral direction; Me: medial

direction; Su: superior direction.

innervation, and vascularization, as well as diverse activity of
the ERMs.

Conflicts of Interest

The authors have no conflicts of interest to declare.

References

[1] S. Farzavandi, “Surgical anatomy,” in Color Atlas of Strabis-
mus Surgery, S. Farzavandi, Ed., pp. 91-101, Springer, New
York, NY, USA, 2007.

[2] M. Peng, V. Poukens, R. M. da Silva Costa, L. Yoo, L. Tychsen,
and J. L. Demer, “Compartmentalized innervation of primate
lateral rectus muscle,” Investigative Opthalmology & Visual
Science, vol. 51, no. 9, pp. 4612-4617, 2010.

[3] Y.S.Nam, L.-B. Kim, and S. Y. Shin, “Detailed anatomy of the
abducens nerve in the lateral rectus muscle,” Clinical Anat-
omy, vol. 30, no. 7, pp. 873-877, 2017.

[4] H.J. Shin, S.-H. Lee, K.-J. Shin, K.-S. Koh, and W.-C. Song,
“Intramuscular distribution of the abducens nerve in the
lateral rectus muscle for the management of strabismus,”
Current Eye Research, vol. 43, no. 6, pp. 689-695, 2018.

[5] H.J. Shin, S.-H. Lee, T.-j. Ha, W.-C. Song, and K.-S. Koh,
“Intramuscular nerve distribution in the medial rectus muscle
and its clinical implications,” Current Eye Research, vol. 44,
no. 5, pp. 522-526, 2019.

[6] R. Hatadaj, G. Wysiadecki, and R. S. Tubbs, “Intramuscular
innervation of the lateral rectus muscle evaluated using
Sihler’s staining technique: potential application to strabismus
surgery,” Clinical Anatomy, 2019.

[7] S. Standring, Gray’s Anatomy: The Anatomical Basis of Clinical
Practice, Churchill Livingstone, London, UK, 41st edition, 2016.

(8]

[9]

(10]

(11]

(12]

(13]

(14]

(15]

A. Fernandez Cabrera and J. Sudrez-Quintanilla, “Anatomy,
head and neck, eye lateral rectus muscle,” in StatPearls,
StatPearls Publishing, Treasure Island, FL, USA, 2019, https://
www.ncbi.nlm.nih.gov/books/NBK539721/.

C. L. Shumway, M. Motlagh, and M. Wade, “Anatomy, head
and neck, eye medial rectus muscles,” in StatPearls, StatPearls
Publishing, Treasure Island, FL, USA, 2019, https://www.ncbi.
nlm.nih.gov/books/NBK519026/.

C. L. Shumway, M. Motlagh, and M. Wade, “Anatomy, head
and neck, eye superior rectus muscle,” in StatPearls, StatPearls
Publishing, Treasure Island, FL, USA, 2019, https://www.ncbi.
nlm.nih.gov/books/NBK526067/.

C. L. Shumway, M. Motlagh, and M. Wade, “Anatomy, head
and neck, eye inferior rectus muscle,” in StatPearls, StatPearls
Publishing, Treasure Island, FL, USA, 2019, https://www.ncbi.
nlm.nih.gov/books/NBK518978/.

F. Zampieri, D. Marrone, and A. Zanatta, “Should the
annular tendon of the eye be named “annulus of Zinn” or
“of Valsalva?”,” Acta Ophthalmologica, vol. 93, no. 1,
pp. 97-99, 2015.

M. S. Pihlblad, E. Erenler, A. Sharma, A. Manchandia, and
J. D. Reynolds, “Anterior segment optical coherence to-
mography of the horizontal and vertical extraocular muscles
with measurement of the insertion to limbus distance,”
Journal of Pediatric Ophthalmology & Strabismus, vol. 53,
no. 3, pp. 141-145, 2016.

N. Stark and H. Kuck, “Distance of muscle insertions in the
corneal limbus,” Klinische Monatsblitter fiir Augenheilkunde,
vol. 189, no. 2, pp. 148-153, 1986.

M. M. Miyake and B. S. Bleier, “Endoscopic approach and
removal of orbital tumors,” in Atlas of Endoscopic Sinus and
Skull Base Surgery, A. G. Chiu, J. N. Palmer, and
N. D. Adappa, Eds., pp. 165-170, Elsevier, Philadelphia, PA,
USA, 2019.


https://www.ncbi.nlm.nih.gov/books/NBK539721/
https://www.ncbi.nlm.nih.gov/books/NBK539721/
https://www.ncbi.nlm.nih.gov/books/NBK519026/
https://www.ncbi.nlm.nih.gov/books/NBK519026/
https://www.ncbi.nlm.nih.gov/books/NBK526067/
https://www.ncbi.nlm.nih.gov/books/NBK526067/
https://www.ncbi.nlm.nih.gov/books/NBK518978/
https://www.ncbi.nlm.nih.gov/books/NBK518978/

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29

(30

(31

(32]

G. R. Holstein, “The vestibular system,” in The Human
Nervous System, J. K. Mai and G. Paxinos, Eds., pp. 1239-1269,
Elsevier, Amsterdam, Netherlands, 2012.

R. M. da Silva Costa, J. Kung, V. Poukens, L. Yoo, L. Tychsen,
and J. L. Demer, “Intramuscular innervation of primate
extraocular muscles: unique compartmentalization in hori-
zontal recti,” Investigative Opthalmology & Visual Science,
vol. 52, no. 5, pp. 2830-2836, 2011.

R. A. Clark and J. L. Demer, “Differential lateral rectus
compartmental contraction during ocular counter-rolling,”
Investigative Opthalmology & Visual Science, vol. 53, no. 6,
pp. 2887-2896, 2012.

J. L. Demer, S. Y. Oh, and V. Poukens, “Evidence for active
control of rectus extraocular muscle pulleys,” Investigative
Opthalmology & Visual Science, vol. 41, no. 6, pp. 1280-1290,
2000.

J. L. Demer, R. A. Clark, K.-H. Lim, and E. C. Engle,
“Magnetic resonance imaging evidence for widespread orbital
dysinnervation in dominant Duane’s retraction syndrome
linked to the DURS2 locus,” Investigative Opthalmology &
Visual Science, vol. 48, no. 1, pp. 194-202, 2007.

J. L. Demer and R. A. Clark, “Magnetic resonance imaging of
differential compartmental function of horizontal rectus
extraocular muscles during conjugate and converged ocular
adduction,” Journal of Neurophysiology, vol. 112, no. 4,
pp. 845-855, 2014.

J. L. Demer, “Compartmentalization of extraocular muscle
function,” Eye, vol. 29, no. 2, pp. 157-162, 2015.

K. Hwang, Y. H. Shin, and D. J. Kim, “Conjoint fascial sheath
of the levator and superior rectus attached to the conjunctival
fornix,” The Journal of Craniofacial Surgery, vol. 19, no. 1,
pp. 241-245, 2008.

AL Ett], S. Priglinger, J. Kramer, and L. Koornneef, “Functional
anatomy of the levator palpebrae superioris muscle and its
connective tissue system,” British Journal of Ophthalmology,
vol. 80, no. 8, pp. 702-707, 1996.

K. Hwang, “Surgical anatomy of the upper eyelid relating to
upper blepharoplasty or blepharoptosis surgery,” Anatomy &
Cell Biology, vol. 46, no. 2, pp. 93-100, 2013.

J.S.Byun and J. K. Lee, “Relationships between eyelid position
and levator-superior rectus complex and inferior rectus
muscle in patients with Graves™ orbitopathy with unilateral
upper eyelid retraction,” Graefe’s Archive for Clinical and
Experimental Ophthalmology, vol. 256, no. 10, pp. 2001-2008,
2018.

D. Sevel, “Ptosis end underaction of the superior rectus
muscle,” Ophthalmology, vol. 91, no. 9, pp. 1080-1085, 1984.
N. Kocabiyik, “Chapter 22: orbital muscles,” in Bergman’s
Comprehensive Encyclopedia of Human Anatomic Variation,
R. S. Tubbs, M. M. Shoja, and M. Loukas, Eds., pp. 207-211,
Wiley, Hoboken, NJ, USA, 2016.

S. B. Nayak, S. D. Shetty, N. Kumar, and A. P. Aithal, “Double-
bellied superior rectus muscle,” Surgical and Radiologic
Anatomy, vol. 41, no. 6, pp. 713-715, 2019.

A. Bagheri, A. Ferdosi, A. Bottros, and D. Hunter, “Unilateral
superior rectus aplasia without craniofacial anomaly,” Digital
Journal of Ophthalmology, vol. 11, no. 5, 2005, http://www.
djo.harvard.edu/site.php?url=/physicians/oa/883.

T. R. Mather and R. A. Saunders, “Congenital absence of the
superior rectus muscle: a case report,” Journal of Pediatric
Ophthalmology and Strabismus, vol. 24, no. 6, pp. 291-295,
1987.

P. N. Ingham, S. T. McGovern, and J. L. Crompton, “Con-
genital absence of the inferior rectus muscle,” Australian and

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

[44]

(45]

[46]

(47]

(48]

BioMed Research International

New Zealand Journal of Ophthalmology, vol. 14, no. 4,
pp. 355-358, 1986.

G. Law, H. M. Khan, C. J. Lyons, and D. P. Anderson,
“Unilateral absence of the superior rectus muscle: an un-
usually delayed presentation,” Canadian Journal of Oph-
thalmology, vol. 54, no. 6, pp. €297-e300, 2019.

J. M. Cuttone, P. J. Brazis, M. T. Miller, and E. R. Folk,
“Absence of the superior rectus muscle in Apert’s syndrome,”
Journal of Pediatric Ophthalmology and Strabismus, vol. 16,
no. 6, pp. 349-354, 1979.

G. R. Diamond, J. A. Katowitz, L. A. Whitaker, G. E. Quinn,
and D. B. Schaffer, “Variations in extraocular muscle number
and structure in craniofacial dysostosis,” American Journal of
Ophthalmology, vol. 90, no. 3, pp. 416-418, 1980.

S. Yangand X. Guo, “Treatment of large hypertropia following
absence of inferior rectus by integrated anteriorization of
inferior oblique combined with recession of superior rectus,”
Zhonghua Yan Ke Za Zhi, vol. 51, no. 6, pp. 424-428, 2015, in
Chinese.

W. E. Astle, V. E. Hill, A. L. Ells, N. T. T. Chi, and
E. Martinovic, “Congenital absence of the inferior rectus
muscle-diagnosis and management,” Journal of American
Association for Pediatric Ophthalmology and Strabismus,
vol. 7, no. 5, pp. 339-344, 2003.

T. A. Shazly and S. T. Stefko, “Congenital entropion and
hypotropia secondary to duplication of the inferior rectus
muscle,” Journal of American Association for Pediatric Oph-
thalmology and Strabismus, vol. 21, no. 1, pp. 85-87, 2017.
B. Djordjevic, M. Novakovic, M. Milisavljevic, S. Milicevic,
and A. Malikovic, “Surgical anatomy and histology of the
levator palpebrae superioris muscle for blepharoptosis cor-
rection,”  Vojnosanitetski ~ Pregled, vol. 70, no. 12,
pp. 1124-1131, 2013.

L. A. Bye, N. C. Modi, and M. Stanford, Basic Sciences for
Ophthalmology, Oxford University Press, Oxford, UK, 2013.
E. H. Black, F. A. Nesi, G. J. Gladstone, and M. R. Levine,
Smith and Nesi’s Ophthalmic Plastic and Reconstructive
Surgery, Springer, Berlin, Germany, 2012.

R. A. Bergman, A. K. Afifi, and R. Miyauchi, “Illustrated en-
cyclopedia of human anatomic variation,” 2015, https://www.
anatomyatlases.org/ AnatomicVariants/MuscularSystem/Text/
R/15Rectus.shtml.

R. Haladaj, G. Wysiadecki, M. Polguj, and M. Topol, “Bilateral
muscular slips between superior and inferior rectus muscles:
case report with discussion on classification of accessory
rectus muscles within the orbit,” Surgical and Radiologic
Anatomy, vol. 40, no. 7, pp. 855-862, 2018.

B. L. Bohnsack, D. Gallina, H. Thompson et al., “Development
of extraocular muscles requires early signals from periocular
neural crest and the developing eye,” Archives of Ophthal-
mology, vol. 129, no. 8, pp. 1030-1041, 2011.

B. S. Kightlinger, E. Saraf-Lavi, and C. Sidani, “Anomalous
extraocular muscles: a case series of orbital bands connecting
the superior rectus to inferior rectus,” Neurographics, vol. 7,
no. 2, pp. 88-91, 2017.

M. Von Liidinghausen, “Bilateral supernumerary rectus
muscles of the orbit,” Clinical Anatomy, vol. 11, no. 4,
pp. 271-277, 1998.

H. Kakizaki, M. Zako, T. Nakano, K. Asamoto, O. Miyaishi,
and M. Iwaki, “An anomalous muscle linking superior and
inferior rectus muscles in the orbit,” Anatomical Science
International, vol. 81, no. 3, pp. 197-199, 2006.

M. R. Khitri and J. L. Demer, “Magnetic resonance imaging of
tissues compatible with supernumerary extraocular muscles,”


http://www.djo.harvard.edu/site.php?url=/physicians/oa/883
http://www.djo.harvard.edu/site.php?url=/physicians/oa/883
https://www.anatomyatlases.org/AnatomicVariants/MuscularSystem/Text/R/15Rectus.shtml
https://www.anatomyatlases.org/AnatomicVariants/MuscularSystem/Text/R/15Rectus.shtml
https://www.anatomyatlases.org/AnatomicVariants/MuscularSystem/Text/R/15Rectus.shtml

BioMed Research International

American Journal of Ophthalmology, vol. 150, no. 6,

pp. 925-931, 2010.

N. Sachdev, S. Tiakumzuk, R. Aulakh, and G. S. Brar,

“Anomalous bilateral lateral rectus muscles and anterior polar

cataract with dysmorphic features,” Journal of American

Association for Pediatric Ophthalmology and Strabismus,

vol. 13, no. 3, pp. 319-321, 2009.

C.Y. Park and S. Y. Oh, “Accessory lateral rectus muscle in a

patient with congenital third- nerve palsy,” American Journal

of Ophthalmology, vol. 136, no. 2, pp. 355-356, 2003.

Y.J. Liao and J. J. Hwang, “Accessory lateral rectus in a patient

with normal ocular motor control,” Journal of Neuro-Oph-

thalmology, vol. 34, no. 2, pp. 153-154, 2014.

G. S. Sandall and J. W. Morrison Jr., “Congenital absence of

lateral rectus muscle,” Journal of Pediatric Ophthalmology and

Strabismus, vol. 16, no. 1, pp. 35-39, 1979.

C. G. Keith, G. C. Webb, and J. G. Rogers, “Absence of a lateral

rectus muscle associated with duplication of the chromosome

segment 7q32—q34,” Journal of Medical Genetics, vol. 25,

no. 2, pp. 122-125, 1988.

[54] S. C. Lee and U. Kim, “Accessory medial rectus muscle in
strabismus fixus convergens,” Eye, vol. 23, no. 11, p. 2119,
2009.

[55] R. Murthy, “Congenital dystrophic medial rectus muscles,”
Indian Journal of Ophthalmology, vol. 65, no. 1, pp. 62-64,
2017.

[56] Y. S. Nam, Y. Park, I.-B. Kim, and S. Y. Shin, “Detailed
anatomy of the lateral rectus muscle-superior rectus muscle
band,” Journal of Ophthalmology, vol. 2019, p. 4, 2019.

[57] G. T. Lueder, “Anomalous orbital structures resulting in
unusual strabismus,” Survey of Ophthalmology, vol. 47, no. 1,
pp. 27-35, 2002.

[58] C.L. Shumway, M. Motlagh, and M. Wade, “Anatomy, head
and neck, eye extraocular muscles,” in StatPearls, StatPearls
Publishing, Treasure Island, FL, USA, 2019, https://www.ncbi.
nlm.nih.gov/books/NBK519565/.

[59] S. Erdogmus and F. Govsa, “Arterial vascularization of the
extraocular muscles on its importance for orbital approaches,”
Journal of Craniofacial Surgery, vol. 18, no. 5, pp. 1125-1132,
2017.

[60] Y. Zhang, H. Liu, E.-Z. Liu, Y.-Z. Lin, S.-G. Zhao, and
G.-H. Jing, “Microsurgical anatomy of the ocular motor
nerves,” Surgical and Radiologic Anatomy, vol. 32, no. 7,
pp. 623-628, 2010.

[61] S.Y. Oh, V. Poukens, and J. L. Demer, “Quantitative analysis
of rectus extraocular muscle layers in monkey and humans,”
Investigative Ophthalmology and Visual Science, vol. 42, no. 1,
pp. 10-16, 2001.

[62] H. K. Park, H. K. Rha, K. J. Lee, C. K. Chough, and W. Joo,
“Microsurgical anatomy of the oculomotor nerve,” Clinical
Anatomy, vol. 30, no. 1, pp. 21-31, 2017.

[63] H. Tsuda and K. Tanaka, “Clinico-anatomical analysis of the
fibers to the inferior rectus muscle in the oculomotor fasci-
cles,” Internal Medicine, vol. 51, no. 15, pp. 2031-2034, 2012.

[64] G. Wysiadecki, M. Polguj, and M. Topol, “An unusual variant
of the abducens nerve duplication with two nerve trunks
merging within the orbit: a case report with comments on
developmental background,” Surgical and Radiologic Anat-
omy, vol. 38, no. 5, pp. 625-629, 2016.

[65] J. R. Bruenech and I. B. Kjellevold Haugen, “How does the
structure of extraocular muscles and their nerves affect their
function?,” Eye, vol. 29, no. 2, pp. 177-183, 2015.

[49

[50

[51

(52

(53


https://www.ncbi.nlm.nih.gov/books/NBK519565/
https://www.ncbi.nlm.nih.gov/books/NBK519565/

