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A B S T R A C T   

Background: The spina musculi recti lateralis (SMRL) is often visible along the lateral rim of the superior orbital 
fissure (SOF). Aim of this study is to characterize SMRL morphology and topography relative to known bony 
landmarks. 
Methods: Orbits from 291 adult dry skulls and from 60 CT scans were analyzed to measure the distance between 
the SMRL and the SOF or the inferior orbital fissures (IOF) as well as its height, width and orientation. Processes 
other than SMRLs were also recorded. Fetal skulls were observed for comparison with adult samples. 
Results: Forty-one per cent of orbits on dry skulls and 43.3% by CT showed an SMRL. Additional 32.9% of orbits 
on dry skulls had processes with a different shape. On average, SMRL were orientated almost along the transverse 
plane and showed implant bases as wide as 141.9◦ or as narrow as 36.8◦. SMRLs were close to the infero- 
posterior angle of the orbital plate of the sphenoid, 1.21 ± 0.84 mm in front of the SOF, 5.8 ± 1.9 mm above 
the IOF and 12 ± 2.3 mm from the anterior end of the SOF. They were 1.58 ± 0.64 mm high and did not show 
any age or sex-related prevalence. By CT, the SMRL appeared as the insertion site for the lateral rectus, tendinous 
ring and, sometimes, inferior rectus. 
Conclusions: The SMRL is a process of the sphenoidal orbital plate rather than of the SOF. It is also a reliable 
landmark for the insertion of the tendinous ring and lateral rectus. Orbital surgeons should be aware of this 
common variant of the orbital apex.   

1. Introduction 

It is often taken for granted that orbit osteology has been extensively 
explored and that little remains to be studied. This is true only in part as 
some structures, though known for a long time, have been merely 
enlisted among the anatomical landmarks without ever being 
adequately characterized. For instance, until recently the orbitome-
ningeal and metoptic canals had not been studied in detail (Bertelli, 
2014; Macchi et al., 2016) and a novel rare canal opening into the orbit 
had never been acknowledged (Bertelli and Regoli, 2014). The spina 
musculi recti lateralis (SMRL), a bony process of the greater wing of the 
sphenoid projecting into the orbital apex, is certainly among the struc-
tures of the orbit that still awaits a proper characterization. The orbital 

apex has a conical shape with the apex of the cone pointing backward 
approximatively toward the optic strut and the forward-directed base 
that continues seamlessly into the remaining of the orbit. The bony walls 
incompletely surround the orbital apex as they are provided with 
openings crossed by nerves and vessels leaving or reaching the orbit 
(Regoli and Bertelli, 2017). The optic canal, located upward and medi-
ally to the optic strut, transmits the optic nerve and the ophthalmic 
artery. Downward, the floor of the orbital apex is partially absent as the 
orbital space continues with the vertically–oriented pterygopalatine 
fossa. The superior orbital fissure (SOF), located laterally to the optic 
strut and extending upward and forward, gives passage to the nasocili-
ary, trochlear, frontal, lacrimal and abducens nerves, the superior and 
inferior divisions of the oculomotor nerve, the sympathetic and long 
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roots of the ciliary ganglion and the superior ophthalmic vein (Lang, 
1983). Less frequently, the deep and superficial recurrent ophthalmic 
arteries, the meningophthalmic artery, the inferior ophthalmic vein and 
even a second ophthalmic artery can also traverse the fissure (Bracco 
et al., 2016; Bertelli et al., 2017., Bertelli, 2019). By looking at this long 
list, it is quite evident why surgery of the orbital apex is particularly 
challenging. Any item that occupies room in such a narrow and crowded 
region can make surgery even more testing. 

The SMRL sometime extends into the orbital apex giving insertion to 
one head of the lateral rectus muscle (Lang, 1983; Bron et al., 2001). It is 
reported as located along the lower margin of the SOF at the junction of 
the wider posterior and the narrower anterior portions of the fissure 
(Lang, 1983; Bron et al., 2001; Snell and Lemp, 2016). Apart from this 
generic description, the only account on the subject is a short note 
reporting anatomic frequency and a certain variability in shape (Bisaria 
et al., 1996). In order to supply useful information to the orbital sur-
geons, we specified topographic and morphologic features of the SMRL 
on dry skulls and we analyzed retrospectively a series of computed to-
mographies (CT) to identify anatomical structures inserting into the 
spine. 

2. Material and methods 

2.1. Anatomical samples 

For this investigation we employed the collection of dry adult and 
fetal human skulls housed at the Anatomical Museum of the University 
of Siena (Department of Medicine, Surgery and Neurosciences) (Bertelli, 
2014). From this collection, we selected 291 skulls of known sex and/or 
age. As few orbits were spoiled, we studied 568 orbits of individuals with 

an average age of 58.2±16.5 years (range between 16 and 92 years) 
overall. Sex was known for 507 orbits (282 male orbits, 225 female 
orbits). The collection of fetal skulls consisted of 360 samples whose age 
was estimated according to the biparietal diameter (Snijders and Nic-
olaides, 1994). Fetal skulls were included only to document paradig-
matic aspects of SMRL development. 

Adult skulls were examined to look for the SMRL as a pointed 
eminence raising from the orbital plate of the sphenoid. Whenever an 
SMRL was found, the following measures were taken with the help of 
calipers and graduated scales: distance between the base of the spine and 
the inferior orbital fissure (IOF) (a in Fig. 1B), distance between the 
spine apex and the IOF (b in Fig. 1B), distance between the base of the 
spine and the anterior end of the SOF (c in Fig. 1B), distance between the 
spine apex and the anterior end of the SOF (d in Fig. 1B). The length of 
the spine (a in Fig. 1C) and the distance between the base of the spine 
and the SOF rim (b in Fig. 1C) were also recorded. Finally, in order to 
define SMRL width and orientation, the angle encompassed between the 
spine margins (Fig. 1D) and the angle comprised between the spine axis, 
defined as the bisector of the previous angle, and the transverse plane 
(Fig. 1E) were measured using ImageJ 1.53 t software (NIH, USA). 

Other types of processes (tubercles, tongue-like processes, plaques, 
various thickenings) could be also observed replacing or doubling the 
SMRL. For tubercles, defined as small stubby and chamfered eminences 
with a wide base (Fig. 2A), we recorded the distances between the base 
and the IOF (a in Fig. 2B), the SOF anterior end (b in Fig. 2B), and the 
SOF rim (c in Fig. 2B). Tongue-like processes (also lingulae) were flat-
tened prominences with a wide base and an inclined rounded apex (like 
a drop of viscous fluid on a vertical surface) (Fig. 2C). For them, we took 
the same measures recorded for the SMRL (Fig. 2D). For plaques, defined 
as focal thickenings of the orbital plate with clear step-like boundaries 

Fig. 1. Morphometric evaluation of the SMRL. A) Example of an SMRL. OF = Optic foramen; SOF = superior orbital fissure; IOF = inferior orbital fissure. B) 
Measurements taken to precise the position on the orbital plate of the sphenoid of the spine shown in A: a) distance between the base of the spine and the IOF; b) 
distance between the spine apex and the IOF; c) distance between the base of the spine and the anterior end of the SOF; d) distance between the spine apex and the 
anterior end of the SOF. C) Sketch of an axial section passing through the SOF and intersecting the greater wing (GW) and the lesser wing (LW) of the sphenoid. The 
spine is represented by a pointed thickening of the GW. The sketch illustrates three additional measurements that were taken: a) length of the spine; b) distance 
between the spine and the SOF margin; c) height of the spine on the orbital plate of the sphenoid (this measure was taken only by CT). D) The size of the base of the 
spine shown in A was evaluated assessing the angle formed by the spine margins. E) The orientation of the spine shown in A was assessed measuring the angle 
encompassed between the transverse plane and the spine axis (the bisector of the angle shown in D). In the example the orientation of the SMRL is slightly downward, 
very close to the transverse plane. 
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(Fig. 2E), we measured major and minor axes (Fig. 2F). For other 
thickenings lacking well-defined margins, we recorded only their pres-
ence without taking any measure. Observations were carried out inde-
pendently by two distinct investigators (D.B and M.D.). The 
identification carried out by the two observers of SMRLs and plaques 
was almost always concordant. The assignment of other processes (tu-
bercles and lingulae) to one specific type was sometime less obvious. At 
any rate, when disagreements raised, the senior author (E.B.) had the 
final word. 

Statistical analysis was carried out to verify if our findings could be 
sex- or age-related. In the first case, we applied the Chi squared test with 

Yates’ correction. In the second case, we clustered our results by age 
groups which were compared applying the Chi squared test. In both 
cases, a p value ≤ 0.05 was considered significant. 

2.2. Computed tomography (CT) 

As the study on CT was retrospective, we did not obtain informed 
consent from patients. Sixty patients (120 orbits) were randomly 
selected (33 females and 27 males with an average age of 58.9 ± 18.2 
years) from the archives of the Unit of Interventional Neuroradiology 
(Siena). The subjects had undergone CT examination for several reasons 

Fig. 2. Morphometric evaluation of small bony processes of the sphenoid orbital plate other than the SMRL. A) Tubercle. OF = Optic foramen; SOF = superior orbital 
fissure; IOF = inferior orbital fissure. B) Measurements taken to precise the position on the orbital plate of the sphenoid of the tubercle shown in A: a) distance 
between the tubercle margin and the IOF; b) distance between the tubercle margin and the anterior end of the SOF; c) distance between the tubercle margin and the 
SOF rim. C) Tongue-like processes. SOF = superior orbital fissure; IOF = inferior orbital fissure. D) Measurements taken to precise the position of the lingula shown in 
C on the orbital plate of the sphenoid: a) distance between the lingula apex and the IOF; b) distance between the lingula base and the IOF; c) distance between the 
lingula base and the anterior end of the SOF; d) distance between the lingula apex and the anterior end of the SOF; e) distance between the lingula and the SOF 
margin. E) Plaque. OF = Optic foramen; SOF = superior orbital fissure; IOF = inferior orbital fissure. F) Measurements taken to characterize the size of the plaque 
shown in E. 
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including trauma, nasal polyposis, sinusitis and tumors. Exclusion 
criteria comprised all cases in which the above-mentioned pathologies 
somehow involved the orbital apex (e.g. tumors and serious traumatic 
injuries). CT scans were obtained with a GE Lighspeed VCT 64 slices 
(General Electric Healthcare Italia, Milano, Italy). Spiral scanning was 
performed at 140 kVp with “smart mA” function for thickness of 
0.625 mm or 1.250 mm. Post-processing of the CT scans was carried out 
with RadiAnt DICOM viewer (version 2022.1.1) software. 3D re-
constructions were generated and reviewed with the same software. 
Two distinct investigators (D.B and M.D.) carried out evaluations that 
were consistent in 100% of cases as far as the SMRL was concerned. 
Some problems could arise for the identification of other processes 
(tubercles, plaques or other thickenings). When this occurred, the senior 
author (E.B.) and the senior radiologist (S.B.) discussed the matter 
finding always an agreement for the definitive assignment of the process 
to the proper category. The same measurements taken on dry skulls were 
also recorded on CT scans. In addition, we also measured the maximal 
height that the SMRL reached over the orbital plate of the sphenoid (a in 
Fig. 1C). 

3. Results 

3.1. SMRL frequency 

Overall, the observation of 568 orbits on dry skulls showed that 420 
of them (73.94%) were associated with a bony process. Of these, 233 
orbits (55.48% of the orbits with a bony process and 41.02% of all 
examined orbits) were provided with an SMRL whereas the remaining 
187 orbits (44.52% of the orbits with a bony process and 32.92% of all 
examined orbits) showed other processes including lingulae, tubercles, 
plaques and other local thickenings. The SMRL was bilateral in 77 skulls 
(26.46%) whereas was located only on one side in 79 skulls (27.15%). Of 
these, 49 SMRLs (62.03%) were on the left orbit and 30 (37.97%) on the 
right orbit with a significant left prevalence (p < 0.01). CT demonstrated 
orbits associated with bony processes of the sphenoid in a lower number 
of cases. In such conditions we could detect some type of processes only 
in 61 orbits out of 120 (50.84%) including 52 orbits with the SMRL 
whose frequency (43.3% of orbits), however, roughly matched that 
observed on dry skulls. Overall, therefore, CT resulted less sensitive to 
detect processes that were much smaller than SMRLs. The SMRL was 
present in 34 individuals (56.67%) and it was bilateral in 18 subjects 
(30%). In the remaining 16 orbits (26.67%) the SMRL was found only on 
one side. When unilateral, the SMRL was observed on the left orbit in 12 
cases (75%) and on the right orbit in 4 cases (25%) with a significant left 
prevalence (p < 0.01). 

3.2. General morphology of SMRL 

SMRLs showed remarkable morphologic variations ranging from 
triangular acuminated spines with a base of implant of variable size, to 
spines with a smoothened or truncated apex (Fig. 3). We also noted that 
in nine orbits the SMRL could be double (3.86% of the orbits associated 
with SMRLs) and occasionally even triple (Fig. 3). Morphologic features 
of the SMRL that could be quantified are summarized in Table 1. The 
width of the base, for instance, could be objectively assessed as the angle 
encompassed by the spine margins. The average value of the angle was 
94.04% ± 20.21◦ with a range comprised between 36.87◦ (narrow 
spines) to 141.91◦ (wide spines). As testified by the average value, the 
greater part of the spines, 132 out of 233 (56.65%), were large enough to 
form obtuse angles (wide implant base) whereas acute angles (narrow 
implant base) were characteristic of 101 spines (43.35%). SMRL orien-
tation could have negative values, corresponding to spines pointing 
upward, or positive values for spines pointing downward. The average 
angle of 1.43◦ ± 14.79◦ showed that in most cases spine orientation was 
very close to the transverse axis. However, the range of the inclination 
degree on the transverse plane was comprised between − 90◦ and 66.26◦

(Fig. 3). Considering also orbits with double and triple spines, we 
observed negative values in 112 cases out of 244 SMRLs (45.90%) and 
positive values in the remaining 132 cases (54.10%). 

Results obtained by CT were similar to those assessed by direct 
measurements (Table 1, Fig. 3). The only difference regarded the 
orientation that, though still close to the transverse plane, on average 
pointed slightly upward (angle with the transverse plane: − 7.52 
±13.16). Indeed, prevalence was in favor of SMRLs pointing upward, 
with 40 orbits (76.92%) having angles with negative values and 12 or-
bits (13.08%) having angles with positive values. By CT, we could also 
make a reliable evaluation of the maximal height that the SMRL reached 
over the orbital plate (1.58 ± 0.64 mm; range 0.8–3.5 mm). 

3.3. Topography of the SMRL 

Dry skulls gave us the opportunity to precise the position of the SMRL 
with respect to known bony landmarks (Table 1). Distance between the 
spine and the SOF rim was comprised between 0 and 7.5 mm. A null 
distance, corresponding to a spine located exactly along the SOF margin, 
occurred in 30 cases (12.9% of the observed spines). This is the position 
usually described for the SMRL (Lang, 1983; Bron et al., 2001) but most 
SMRLs (87,1%) were indeed placed in a more advanced position, be-
tween 0.5 and 7 mm from the SOF margin (average distance 1.21 ±
0.84 mm). This measurement could not be recorded in 69 skulls because 
the intact cranial vault did not allow access to the spine from behind. 
Other measures that were taken (distances between base or apex of the 
SMRL and the IOF or the anterior end of the SOF) are summarized in 
Table 1. Data from CT almost matched those of dry skulls (Table 1), with 
the only difference regarding the distance between the SMRL and the 
anterior end of the SOF which resulted considerably shorter. 

3.4. Age and sex-related differences 

The sex of the orbits provided with an SMRL was known in 211 cases. 
SMRL was present in 113 male orbits (53.55%) and in 98 female orbits 
(46.45%). Orbits containing an SMRL and studied by CT belonged to 
males in 22 cases (42.31%) and to females in 30 cases (57.69%). Sta-
tistical analysis did not demonstrate any significative sex-related dif-
ference in SMRL frequency. Orbits associated with an SMRL belonged to 
individuals of known age in 154 cases (average 57.2 ± 16.38 years; 
range between 16 and 92 years-old). Cases of SMRLs studied by CT 
belonged to 59.85 ± 19.60 years-old individuals. A dispersion graph 
aimed to verify whether the SMRL grows with aging, did not demon-
strate any obvious correlation between spine length and age (data not 
shown). 

3.5. Other bony processes 

Bony processes other than SMRLs could be observed roughly on the 
same place of the SMRL or in close proximity to it. According to their 
shape they could be distinguished as tubercles, tongue-like, plaques, and 
local thickenings (see 2.1). Tubercles were found in only 20 orbits out of 
568 (3.52%). A similar frequency, 5 orbits out of 120 (4.16%), was 
assessed by CT. Distances of tubercles from orbital bony landmarks are 
summarized in Table 2. Tongue-like processes were observed in 25 or-
bits (4.4%). Distances of the lingulae from orbital bony landmarks are 
also summarized in Table 2. 

Plaques could be seen in 46 orbits (8.1%). Their morphology varied 
from small processes located close to the SOF rim, to very prominent 
structures often with a quadrangular shape that could have a pointed 
extremity (Fig. 4). In the latter case, the only feature distinguishing 
plaques from an SMRLs was their clear-cut boundaries. The longer and 
the shorter axes of the plaques were 6.95 ± 2.66 mm and 4.39 
±2.07 mm respectively. CT demonstrated plaques and tongue-like pro-
cesses only in three orbits (2.5%) (Fig. 4). 

A thickening of the orbital plate raising progressively from the front 

D. Bonente et al.                                                                                                                                                                                                                                



Annals of Anatomy 251 (2024) 152168

5

Fig. 3. Morphologic variations of SMRLs (red arrows). OF = Optic foramen; SOF = superior orbital fissure; IOF = inferior orbital fissure. A) SMRL with a narrow 
base. B) SMRL with a wide base. C) SMRL with a smoothened point. D) Double SMRL (double-pointed red arrows) arising as a single process from the orbital plate of 
the sphenoid. E) Two independent spines (double-pointed red arrows) in the same orbit. F) Three SMRLs (double-pointed red arrows) simultaneously present in the 
same orbit. G) SMRL arising from the SOF margin; H) SMRL arising 3 mm in front of the SOF, plainly from the orbital plate of the sphenoid greater wing; I) A very 
peculiar SMRL points upward (− 90◦ from the transverse plane). A second SMRL is also visible just in front of the highlighted spine; J) SMRL arising very close to the 
SOF margin as seen by 3D rendering of CT scans; K) The same SMRL in J as seen after clipping away most of the skull and leaving the orbital plate of the sphenoid and 
part of the sphenotemporal fossa. Oblique view from medially, above and behind. L) A 2.3 mm high SMRL arising 1.6 mm in front of the SOF margin as seen by 3D 
rendering of CT scans; M) The same SMRL in L as seen after clipping away most of the skull and leaving the orbital plate of the sphenoid and part of the sphe-
notemporal fossa. Oblique view from above, medially and behind. 
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backward could be observed on dry skulls in 110 cases (19.36% of or-
bits). They resembled SMRLs with large implant bases, but they were 
devoid of any pointed end. Finally, in additional 88 orbits (15.49%) the 

thickenings assumed the shape of bony crests with a linear or semi-
circular profile. Crest-like thickenings were associated with lingulae in 
13 cases. Similar thickenings were detectable on CT scans only in two 
orbits (1.6%). 

Interestingly, a small tubercle raising from the base of the optic strut 
could be seen in 55 of the orbits bearing an SMRL (23.6%). Its position, 
opposite to the spine, suggests the possible site of insertion of liga-
mentous structures crossing the SOF from the SMRL (Fig. 4F). 

3.6. Fetal skulls 

As for adults, the SMRL was an inconstant feature also in fetuses. In 
our collection a prominent SMRL could be detected in a variety of skulls 
of the apparent gestational age of 32–34 weeks (Fig. 5). However, we 
could also find cases of SMRLs in younger skulls, of the apparent 
gestational age of 28 weeks (Fig. 5B). Though we could not find good 
examples of SMRL in fetuses younger than 28 weeks, judging by the size 
of SMRLs at the 28th week, we can assume that SMRLs development 
starts even at an earlier stage of gestation. Interestingly, one skull of the 
apparent gestational age of 32 weeks was still provided with a remnant 
of fibrous tissue crossing the SOF from the SMRL to the base of the optic 
strut approximatively at the same level of the tubercle observed in adult 
skulls (Fig. 5D). 

3.7. Insertions 

An attempt to identify anatomical structures inserting into the SMRL 
has been carried out on CT scans by 3D multiplanar reconstruction 
(MPR) when spines were large enough and protruded into the orbital 
cavity. As expected, the insertion of part of the lateral rectus was a 
constant feature. However, in some cases even part of the inferior rectus 
seemed to insert into the SMRL (Fig. 6). A more convincing observation 
regarded a constant radiopaque stripe of tissue that arose from the 
SMRL, almost as a continuation of the lateral rectus, and inserted into 
the base of the optic strut infero-medial to the optic foramen. We 
interpreted this band of tissue as the lower part of the annulus of Zinn 
since it is the only known structure that crosses transversely the SOF 
(Fig. 6). It is suggestive how its course matches that of the fibrous 
remnant observed in the fetal skull of Fig. 5D. 

4. Discussion 

The SMRL is a bony projection that has been known for a long time 
(Thane, 1893). Nevertheless, its precise position and morphologic fea-
tures have never been studied in detail. To our knowledge, its frequency 
has been determined only once (Bisaria et al., 1996) including in the 
definition of SMRL also other bony processes whose shape was not spiny 
(tongue-shape, quadrangular, plate, tubercle). Previous assessment of 
the anatomic frequency of all these bony processes (62.7%) was not 
much different from our estimation (73%) which also acknowledged 
additional shapes (i.e. crest-like thickenings). A limitation of our study is 
that the assignment of a bony process to one type rather than another is 
somehow subjective. Yet, as borderline cases were very few, we do not 
believe that their shift from one category to another would substantially 
change our statistics. 

In addition to confirming previous observations (Bisaria et al., 1996), 
we could precise morphometric and topographic characteristics of 
SMRLs and of other bony processes present in the same area. As we have 
seen, SMRLs projected into the orbit in variable ways. Only the longest 
and highest SMRLs probably acquire clinical relevance. On dry skulls, 
SMRLs longer than 5 mm were present in 54 cases (9.5% of all examined 
orbits). Furthermore, nine orbits out of 120 (7.5%) had spines higher 
than 2 mm as to say that they are provided with a bony process that can 
significantly reduce the narrow room of the orbital apex. The orbital 
apex is a region where two largely overlapping compressive disorders, 
SOF and orbital apex syndromes, can develop. The orbital apex 

Table 1 
SMRL size and orientation and SMRL topography. To assess SMRL size, mea-
sures, expressed in mm, were taken for spine length, height and base width. 
Orientation was measured as the angle encompassed by the spine axis and the 
transverse plane (see Section 2.1). Measures were taken on CT scans from live 
subjects or on dry skulls. ND = Not Determined. SMRL topography was assessed 
by measuring the distance, expressed in mm, between the spine and the bony 
landmarks listed in the left column (see Section 2.1). Measures were taken on CT 
scans from live subjects and on dry skulls.  

SMRL Morphologic Features  

Average Maximum Minimum  

Dry skulls CT Dry 
Skulls 

CT Dry 
Skulls 

CT 

Length 3.27 ±
1.28 

3.42 ±
1.23 

7 7.3 0.5 1.4 

Height ND 1.58 ±
0.64 

ND 0.8 ND 3.5 

Base width 94.04 
±20.21 

102.96 
±25.17 

141.91 142 36.87 23 

Orientation 1.43◦

±14.79◦

-7.52◦

±13.16◦

66.26◦ 27◦ -90◦ -40◦

SMRL Topography  

Average Maximum Minimum  

Dry 
skulls 

CT Dry 
Skulls 

CT Dry 
Skulls 

CT 

SMRL base-SOF 
anterior end 

8.1 
±0.2.6 

6.2 
±0.2.7 

14 10.3 0 1 

SMRL apex-SOF 
anterior end 

12±2.3 9.4±3.0 18 14.1 1 2.7 

SMRL base-SOF 
lower margin 

1.2±0.8 1.0±0.9 7 3.8 0.5 0 

SMRL base-IOF 5.8±1.9 4.6±1.7 16 9.7 1 2 
SMRL apex-IOF 6.3±2.3 6.4±1.8 19 11.9 1 3.6  

Table 2 
Topography of tubercles and lingulae. Tubercles and lingulae topography were 
assessed by measuring the distance, expressed in mm, between their rising from 
the bony plate and the bony landmarks listed in the left column (see Section 2.1). 
Measures were taken on dry skulls and on CT scans from live subjects with the 
exception of lingulae which were seen only on dry skulls.  

Tubercle Topography  

Average Maximum Minimum  
Dry 
skulls 

CT Dry 
Skulls 

CT Dry 
Skulls 

CT 

Tubercle base-SOF 
anterior end 

9.88 
±2.83 

10.0 
±2.16 

14 13.6 5 7.7 

Tubercle base-SOF 
lower margin 

4.66 
±3.38 

5.75 
±1.44 

11 7.6 3 3.7 

Tubercle base-IOF 6±2.43 4.77 
±2.94 

10 7 2 0  

Tongue-like processes (lingulae) Topography  
Average Maximum Minimum  
Dry 
skulls 

CT Dry 
Skulls 

CT Dry 
Skulls 

CT 

Lingula base-SOF 
anterior end 

12.32 
±2.36 

ND 16 ND 8 ND 

Lingula apex-SOF 
anterior end 

14.36 
±2.10 

ND 18 ND 10 ND 

Lingula base-SOF 
lower margin 

8.68 
±2.91 

ND 15 ND 2 ND 

Lingula base-IOF 4.68 
±1.47 

ND 8 ND 2 ND 

Lingula apex-IOF 5.76 
±1.64 

ND 9 ND 3 ND  
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Fig. 4. Morphologic variation of the plaques; tubercles on the optic strut opposite to the SMRL. OF = Optic foramen; SOF = superior orbital fissure; IOF = inferior 
orbital fissure A) Small plaque (within the red framed area) placed just in front of the SOF; B) Quadrangular large plaque (within the red framed area) projects for 
several millimeters into the orbit; C) Plaque shaped like an SMRL with clear step-like boundaries (within the red framed area). It projects for several millimeters into 
the orbit; D) 3D-rendering of a CT scan with a plaque (within the red framed area) very similar to example in C; E) The same plaque in D as seen after clipping away 
most of the skull and leaving the orbital plate of the sphenoid. The oblique view from above, medially and behind gives a better appreciation of the step-like 
boundaries of the plaque (red arrows); F) An SMRL (red arrow) is associated with a small tubercle raising from the base of the optic strut (white unlabeled arrow). 

Fig. 5. SMRLs in fetal skulls. A) An SMRL in a skull of the apparent gestational age of 33 weeks shows remarkable morphologic similarities with the SMRL shown in 
Fig. 3B; B) An extremely pointed SMRL (arrow) in a skull of the apparent gestational age of 28 weeks. Note the small tubercle (double-pointed arrow) at the base of 
the optic strut. C) An extremely pointed SMRL (arrow) in a skull of the apparent gestational age of 33 weeks. Once again, note the small tubercle (double-pointed 
arrow) at the base of the optic strut; the zygomatic and maxillary bones have been disarticulated. D) An SMRL (arrow) in a skull of the apparent gestational age of 32 
weeks. A remnant band of fibrous tissue crosses the SOF to insert into the base of the optic strut. 
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syndrome is characterized by ophthalmoplegia, proptosis and ptosis for 
the involvement of the III, IV and VI cranial nerves, hypoesthesia of the 
cornea, upper eyelid and ipsilateral forehead for compression of the 
terminal branches of the ophthalmic nerve, and possible visual impair-
ment from optic neuropathy (Goyal et al., 2018). In many respects, the 
SOF syndrome is similar to the previous one, but it spares the optic nerve 
as it is generated by pathologies immediately anterior to the orbital apex 
(Jin et al., 2018). Cranio-facial traumatic injuries are certainly the most 
frequent cause of both syndromes. In the fractures of the lateral wall of 
the orbit, the involvement of structures traversing the region can be 
particularly severe and may require emergency decompression in the 
attempt to preserve sight and eye motility (Bun et al., 1996; Imaizumi 
et al., 2014; Warburton et al., 2016). Both syndromes can also be sec-
ondary to neoplasia, infection, aneurysms of the intracavernous internal 

carotid artery growing anteriorly into the orbit, inflammatory and 
autoimmune diseases like sarcoidosis, thyroid ophthalmopathy, and 
granulomatosis with polyangiitis, formerly known as Wegener’s gran-
ulomatosis (Goyal et al., 2018). It is evident that, in all these conditions, 
compression can be more severe in the presence of a well-developed 
SMRL which reduces the room for neurovascular structures. It is also 
important for the surgeon to be aware of this inconstant but sometime 
bulky bony variant. 

When shown on pre-operative CT images, SMRL can represent an 
important landmark for surgical approach, especially when neuro-
navigation is used. SMRL can serve as a reference point in lateral and 
inferolateral approaches (Maroon and Kennerdell, 1984; Gönül and 
Timurkaynak, 1999), indicating the insertion of the lateral rectus 
constantly, and sometimes even the insertion of the inferior rectus 

Fig. 6. 3D multiplanar reconstruction of one orbit with an SMRL. A) Two spatial planes (blue and yellow) are oriented to intersect perpendicularly at the apex of the 
SMRL and are also aligned along the axis of the lateral rectus; B) Same image seen in B without the planes of orientation. The lateral rectus (LR) reaches the SMRL. As 
if continuing the muscle, a band of tissue, possibly the annulus of Zinn (AZ), crosses the SOF to insert into the body of the sphenoid, at the base of the optic strut; C) 
Same orbit of A and B. Though still intersecting at the SMRL apex, spatial planes (blue and yellow) have been reoriented along the axis of the inferior rectus; D) Same 
image seen in C without the planes of orientation. The inferior rectus (IR) seems to reach the SMRL. 
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muscle, as well as pointing out the inferior margin of SOF. In image 
guided surgery with neuronavigation, it can be a reliable reference point 
for preoperative planning, and it may proof helpful in verifying accuracy 
of navigation during surgery (Terpolilli et al., 2016; Ali et al., 2017). In 
orbital reconstruction after fracture or tumor surgery, when normal 
anatomy is altered, SMRL may represent a key anatomical landmark 
both in preoperative planning and intraoperatively, for shaping and 
positioning an orbital mesh (Raveggi et al., 2023). 

In this respect, it is relevant to have topographical information to 
correctly place the SMRL within the orbital apex. First of all, it is 
interesting to note that the SMRL, in contrast to what has been reported 
so far (Lang, 1983; Bisaria et al., 1996; Bron et al., 2001; Snell and Lemp, 
2016) in most cases is not a feature of the SOF. Admittedly, it is 
frequently very close to the lower margin of the SOF (≤ 1.5 mm in 
61.5% of cases) but it is incorporated into it only in 16.4% of cases. 
Overall, therefore, the SMRL appears more as a feature of the orbital 
plate of the sphenoid than of its posterior margin (lower margin of the 
SOF) and in 38.5% of cases it is located far from the SOF (> 1.5 mm). 
Secondly, considering the quadrangular shape of the orbital plate of the 
sphenoid, the SRML is always located in its postero-inferior quadrant at 
a distance of 1.25 ± 0.85 mm from the SOF lower margin and 8.5 ±
4.1 mm from the IOF. The lower standard deviation of the distance from 
the SOF implies that SMRL placement is more variable on the vertical 
than on the horizontal axis. 

The size of the SMRL is not defined exclusively by its height (though 
this is certainly the most suggestive feature) but also by its width. This 
parameter can be roughly evaluated by the angle formed by the two 
margins converging at the spine apex. Indeed, most of the SMRLs ap-
pears relatively large structures as the angle is more frequently obtuse. 

Though mostly aligned horizontally, orientation of the SMRLs can be 
markedly different, even vertical in one orbit. The functional meaning of 
a different orientation is unknown and can only find an explanation 
identifying the anatomical structures that take insertion into the spine. 
In this respect, 3D MPR allowed us to observe that structures running 
close to the horizontal plane and inserting into SMRLs correspond to the 
lateral rectus and likely to the tendinous ring. In a way, the SMRL ap-
pears as intercalated between the lateral rectus and the annulus of Zinn. 
Inconstantly, we have also observed a portion of the inferior rectus that 
seems to point to the SMRL. It is noteworthy to mention that CT shows 
the annulus of Zinn inserting also into the base of the optic strut, a site 
that, on dry skulls, shows with a remarkable frequency the presence of a 
small tubercle that could be interpreted as the attachment site of the 
tendinous ring. To our knowledge, precise reference points for the 
attachment of the annulus of Zinn to the bony surface have not been 
studied so far. Even recent investigations on the topography of the 
tendinous ring did not focus on its bony insertions, dealing rather with 
muscle origins from the annulus (Naito et al., 2019; Kim et al., 2020; 
Lacey et al., 2022). Yet, it is frequently observed that three recti muscles 
(lateral, inferior and medial recti) originate almost together from the 
lower part of the annulus with the inferior rectus adjacent laterally and 
almost fused with the lateral rectus (Naito et al., 2019; Kim et al., 2020; 
Kanehira et al., 2022). This observation indirectly supports ours on the 
common, though inconstant, origin of the lateral and inferior recti from 
that part of the annulus inserting into the SMRL. When present, there-
fore, the SMRL could be considered a bony landmark for retracing the 
insertion of the common tendinous ring. 

We also investigated whether the SMRL is the result of postnatal 
development and/or whether the SMRL might grow with time. Indeed, 
no correlation can be found between spine length and age. The presence 
of already well-developed SMRLs in fetal skulls, on the other hand, 
supports the idea that the SMRL is a genetically determined bony variant 
which likely develops with different modalities because multifactorial 
and polygenic as many other minor bony variants are (Hauser and De 
Stefano, 1989). 
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