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ABSTRACT
Objective To correlate the intraoperative endoscopic
ﬁndings with high-resolution CT (HRCT) for the diagnosis
of optic canal fractures (OCF). To compare the visual
outcome of patients with different types of OCF and
without.
Design A retrospective, comparative case series.
Participants 1275 consecutive patients (1275 eyes)
with indirect traumatic optic neuropathy (TON).
Methods Altogether, 1275 patients who underwent
endoscopic transethmoid optic canal decompression
(ETOCD) for unilateral indirect TON were reviewed from
1 October 2006 to 30 September 2014. HRCT
performed prior to surgery were compared with ﬁndings
during surgery. The visual outcomes before and after
surgery were also compared.
Main outcome measures The presence and type of
OCF detected by HRCT and during surgery; visual acuity
prior to surgery and at 3 months after surgery.
Results A total of 1275 patients (1275 eyes) were
included, with 708 patients that had OCF visible on
HRCT image. During surgery, an additional 187 (20.9%)
patients with OCF were noticed. Among these, 136 had
undisplaced fractures, most of which were linear
intracanalicular fractures. The initial visual acuity of
patients with OCF was worse than that of patients
without OCF ( p<0.01). However, no statistical difference
existed in the ﬁnal visual acuity at 3 months after
surgery (>0.05). Signiﬁcant statistical difference of
surgical efﬁcacy existed between all the patients with
OCF and without OCF ( p<0.001).
Conclusions Among patients with OCF, 20.9% were
not detected by HRCT. Patients with OCF had a worse
initial visual acuity than those without OCF. There was
no signiﬁcant difference in ﬁnal visual acuity after
ETOCD.
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The most common form of traumatic optic neuropathy (TON) is indirect and results from concussive force to the head, especially the forehead. This
impact is thought to transmit a shock wave to the
optic canal, damaging the optic nerve.1–3
Therefore, the surrounding soft tissue and bony
injuries of the optic canal are believed to be helpful
to indirectly assess the degree of impact force on
the optic nerve and may be used as a prognosis predictor of TON.4–12 There is inadequate evidence
that the presence of optic canal fractures (OCF) is
sufﬁcient to shift the risk/beneﬁt equation in favour
of canal decompression, but early canal decompression is generally recommended when there is a

displaced fragment impinging on the optic
nerve.3 11 13–15
The role of high-resolution CT (HRCT) in
testing TON has been well established and is generally considered essential for detecting possible
contributors to optic nerve injury, including retrobulbar haemorrhage, optic nerve oedema, intraorbital emphysema and OCF.4–11 13 However, the
actual incidence, position and orientation of OCF
in indirect TON are uncertain. The reported incidence of OCF on CT scans varies considerably
from 5% to 92%.1 7 16 Based on direct endoscopic
observation at the time of surgery in a few previous
case series, OCF may exist even if it cannot be
detected radiologically.14–15 17–19
The effect of OCF on visual outcome is debatable, with a number of papers reporting orbital
fractures as a poor predictor.20–23 Here, we
compare the results of HRCT scans prior to
surgery with the ﬁndings during surgery in a large
group of patients with indirect TON. Our intention
was to verify the reliability of HRCT in OCF diagnosis. Meanwhile, we reported the visual outcome
of patients with different types of OCF.

MATERIALS AND METHODS
Patient selection
All patients were admitted and underwent endoscopic transethmoid optic canal decompression
(ETOCD) due to unilateral indirect TON from 1
October 2006 to 30 September 2014. They were
identiﬁed from the hospital clinical databases at the
Eye Hospital of Wenzhou Medical University, the
Lishui Central Hospital, the Jinhua Central
Hospital, Lihuili Hospital in Ningbo, Quzhou
People’s Hospital in Zhjiang province, Xiamen Eye
Hospital in Fujian province, The Fourth Hospital
of Shengyang in Liaoning province, and The
Second People’s Hospital of Zhengzhou city in
Henan province. TON was diagnosed based on
severe reduction or loss in visual acuity (VA)
accompanied by a relatively afferent papillary
defect after a closed head injury. TON could not be
explained by any other causes. If necessary, visual
ﬁeld examination and visual evoked potential
(VEP) were performed for diagnosis. ETOCD was
performed on patients whose VA was no more than
20/100 with no improvement after 4–5 days of
conservative treatment. The conservative treatment
included intravenous administration of methylprednisolone of 500–1000 mg for the ﬁrst 2 days and
half dosage for the following days, intramuscular
injection of mouse-derived nerve growth factor
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Incidence of optic canal fracture in the traumatic
optic neuropathy and its effect on the visual
outcome
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Image interpretation
Orbital HRCT was performed for each patient at the time of
admission with a 40-section or 64-section CT system (GE,
Milwaukee, Wisconsin, USA; or Philips, Amsterdam, China)
(ﬁgure 1). A standard protocol was used similar to that
described by Lee et al.9 Axial images, 1 mm thick, were made
parallel to the optic nerve in a line from the inferior orbital rim
to the upper pinna. Coronal images, 3 mm thick, were made
from the globes to the dorsum sella, with the sections perpendicular to the canthomeatal line. In patients unable to hyperextend the neck, coronal reformations from the axial images
were performed. For the patients at the Eye Hospital of
Wenzhou Medical University, the bone and soft tissue windows
of all of the axial and coronal CT scans were carefully reviewed
and analysed together by an ophthalmological clinician (Dr
Yunhai Tu) and two experienced radiologists with expertise in
head and neck imaging for consensus prior to surgery. For
patients at the other seven institutes, all clinical data were sent
to Dr Yunhai Tu by email for consultation, and the CT scan of
each patient was prospectively reviewed by Dr Yunhai Tu and
the two experienced radiologists for consensus before
operation.
We recorded the age of the patient, Snellen’s VA prior to
surgery and the ﬁnal VA at 3 months after surgery, time interval
between injury and surgery, HRCT ﬁndings and the surgical
ﬁndings. Colour vision, visual ﬁeld defects and VEP were not
consistently documented in the medical records and were not
included in the study. Usually, patients were followed up to
3 months at these eight institutions. For a few patients unable to
come, we recommended them to local community hospitals for
basic post-op examinations and collected outcome from them
by telephone at 3 months after surgery. For the convenience of
data analysis and comparison, Snellen’s VA was transferred to
logMAR units.21 24–26 We applied the formula of Chen et al25
to deﬁne the percentage of improvement degree of VA (IDVA):
postoperative log MAR  preoperative log MAR=ð0:12
  preoperative log MARÞ
*where log MAR 0.12 (20/15) is considered perfect vision.
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If the IDVA decreased or remained the same after surgery, the
surgery was considered to be ineffective. If the IDVA increased
no more than 50%, the surgery was considered to be moderate
effective, and if the IDVA increased more than 50%, the surgery
was considered to be very effective.

Surgical procedure of ETOCD
All of the procedures were performed under general anaesthesia
by the surgeon (Dr Wencan Wu) as previously described.27–29
The orbital lamina papyracea was exposed via a standardised
ethmoidectomy under direct visualisation, with a 4 mm 45°
transnasal endoscope (KARL STORZ, Tuttlingen, Germany),
prior to opening the sphenoid sinus. The bulge caused by the
optic canal and internal carotid artery was identiﬁed in the
lateral wall of the sphenoidal sinus. After meticulous removal of
the sinus mucosa, the area was inspected for OCF, fractures of
the lesser wing of the sphenoid bone, anterior skull base fractures and/or cerebrospinal rhinorrhoea (ﬁgure 2A). The lesser
wing of the sphenoidal bone and the medial wall of the optic
canal, which spans from the orbital aperture to the cranial
cavity, were thinned with a microdrill and removed with a
microcurette (ﬁgure 2B, C). Then, the periorbita of the orbital
apex, annulus of Zinn and the optic nerve sheath were incised
with a sharp 9# MVR knife (ﬁgure 2D). Finally, at the end of
the surgery, the operating ﬁeld of the optic canal was covered by
a piece of sterile gelatine sponge that was immersed in dexamethasone (5 mg/2 mL) and mouse-derived NGF (30 mg/mL)
(Staidson (Beijing) Biopharmaceuticals Co.).
Postoperative care included intravenous methylprednisolone,
30 mg/kg/day for 3 days and intravenous ceftriaxone for 5 days.
At the third postoperative day, the dexamethasone and mousederived NGF were locally administered after removal of the gelatine, and this procedure was done every 2 days for a total of
ﬁve times.

Statistical analysis
Statistical analyses were performed using SPSS V.20.0 software
(SPSS, Chicago, Illinois, USA). Univariate analysis was performed by Pearson’s χ2 tests for discrete variables, and paired
sample t test or independent samples t test and one-way analysis
of variance for continuous variables. Results were considered
signiﬁcant at p<0.05 and reported as mean±SD.

RESULTS
Baseline characteristics and periorbital injury
Altogether, 1275 consecutive patients (1275 eyes) were
included, with a male to female ratio of 3.7 to 1. The age of the
patients ranged from 16 to 50 years old, with a mean of 29.8
±7.3 years old. The time interval from injury to surgical intervention ranged from 1 to 14 days, with a mean of 10±2 days.
Road trafﬁc accident was the most common cause of injury (659
patients), followed by blunt assault (261 patients), work-related
injuries (226 patients) and fall from a height (131 patients).
Multiple facial fractures were present in 517 patients.
Intracerebral haemorrhage was noticed in 217 patients.
Concurrent HRCT ﬁndings related to intraorbital soft tissue
injuries included extraconal haematoma (255 patients), intraconal haematoma (149 patients), intraconal emphysema (132
patients) and intrasheath haematoma along the optic nerve (53
patients).

Differences between images and surgical ﬁndings
HRCT images prior to surgery showed that 708 patients
(55.5%) had visible OCF, of which 264 (20.7%) were displaced
Yan W, et al. Br J Ophthalmol 2017;101:261–267. doi:10.1136/bjophthalmol-2015-308043
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(NGF) (Staidson (Beijing) Biopharmaceuticals Co.) of 30 μg/day
for 4–5 days, etc. In extreme cases that patients had no light
perception (NLP) immediately after trauma without any
improvement after methylprednisolone administration for
2 days, ETOCD was recommended to be performed immediately. All patients were examined by neurologists to make sure
the safety for ETOCD. Patients with bilateral TON were
excluded, because they were usually so badly injured that they
were unable to cooperate with the ophthalmic examinations or
not suitable for ETOCD. Patients with impaired consciousness
and patients under the age of 16 were ruled out because of lack
of cooperation and unavailable informed consent by themselves.
Patients without detected VEP were not admitted for this procedure, considering poor therapeutic outcome for severely
impaired retinofugal pathway. In order to avoid the interference
of bone healing on the results, patients who had ETOCD later
than the 14th day after the injury were also excluded. Written
consent was obtained from all patients before surgery in accordance with the institutional review board’s policies. The research
followed the principles of the Declaration of Helsinki. This
research was approved by the ethics committees of all eight hospitals involved.
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OCF with impingement on the optic nerve. During surgery,
OCF was detected in 895 patients (70.2%) (ﬁgure 3A–C),
including 618 cases of single fracture and 277 cases of multiple
fractures. The remaining 380 patients had no OCF conﬁrmed
by surgery.
According to the exact location of fractures, OCF could be
divided into four types, including intracanalicular fractures (365
patients), fractures in close proximity to the optic nerve’s entry
to the orbit (168 patients), fracture’s proximity to the cranial
opening of the canal (92 patients) and fractures involving most
parts of the optic canal (270 patients).
OCF could also be classiﬁed as displaced OCF with impingement on optic nerve (264 patients) (ﬁgure 3A), displaced OCF
without impingement on optic nerve (425 patients) (ﬁgure 3B) and
OCF without displacement (206 patients) (ﬁgure 3C) (table 1).
Among the 264 patients having displaced OCF with impingement,
all identiﬁed on HRCT scans, 39 patients had fragments penetrating into the optic nerve. Among the 425 patients having displaced
OCF without impingement, 51 patients (12%) had slightly

displaced comminuted fractures of the thin canal that were not
evident on the HRCT scans (ﬁgure 4A). Among the 206 patients
having OCF without displacement, 136 patients (66%) were negative on the HRCT scans. These 136 cases were further conﬁrmed
of OCF during surgery, of which 115 cases were linear intracanalicular fractures without displacement (ﬁgure 4B) and 21 cases were
OCF located at the junction of the optic nerve’s entry to the orbit.
Among these 21 cases, 6 cases were accompanied by multiple fracture of the lesser wing of the sphenoid bone of the orbital apex; 11
cases were accompanied by congenital abnormalities of the posterior ethmoid sinus and/or sphenoid sinus including Onodi cell
extended upward to the sphenoidal sinus; 4 cases were accompanied by periorbital gas cell located in the orbital apex due to excessive pneumatisation of the sphenoidal sinus (ﬁgure 4C).

Correlations of OCF with VA
In this case series, 87 patients had NLP prior to surgery, among
whom 37 had displaced OCF with impingement, 18 patients
had displaced OCF without impingement, 9 patients had OCF

Figure 2 Procedure of endoscopic
transethmoid optic canal
decompression for a case with
traumatic optic neuropathy. (A) Optic
canal fractures (OCF) observed to be
displaced without impingement on the
optic nerve. (B) An optic canal was
meticulously thinned with a
microcurette. (C) The bone of the canal
including the fragment was carefully
removed with a small sickle knife. (D)
Sheath of the optic canal was incised
with a sharp 9# MVR knife (black
arrow: OCF).
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Figure 1 Images from Philips
Brilliance 64-channel CT scanner;
standard orbital high-resolution CT
scans performed for patients with
traumatic optic neuropathy. (A) Axial
images, 1 mm thick, parallel to the
optic nerve in a line from the inferior
orbital rim to the upper pinna. (B)
Axial CT scan shows signiﬁcant
displaced intracanalicular fracture
without impingement. (C) Coronal CT
scan shows displaced intracanalicular
fracture and anterior cranial base
fracture (white arrows: fractures).
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without displacement and 23 patients did not have OCF. The
initial VA of patients with OCF was −2.42±1.06, worse than
−2.06±1.09 of patients without OCF (t=−5.509,p<0.001).
Furthermore, the initial VA in patients having displaced OCF
with or without impingement was respectively worse than that
of patients having no OCF ( p<0.01). However, there was no
statistical difference between patients having OCF without displacement and patients having no OCF. There was no statistical
difference of initial VA between patients having displaced OCF
without impingement and patients having OCF without displacement ( p>0.05). Also, no statistical difference of the ﬁnal
VA existed among different groups ( p>0.05). Compared with
initial VA, the ﬁnal VA at 3 months of all groups was improved
signiﬁcantly ( p<0.001) (ﬁgure 5). This was consistent with the
results of generalised linear model analysis adjusted by gender,
side, age, initial VA and the time interval between the trauma
and surgery.
According to IDVA, the patients were divided into three
groups with different surgical efﬁcacies, which were ineffective,
moderate effective and very effective. Signiﬁcant statistical difference of surgical efﬁcacy existed between all the patients with
OCF and without OCF ( p<0.001) (table 2). Multiple

Table 1 Comparison of OCF diagnosed during surgery with HRCT
findings prior to surgery

Displaced OCF with
impingement
Displaced OCF without
impingement
OCF without displacement
No OCF

Orbital
HRCT

Endoscopic
view

Missing rate
(%)

264

264

0

374

425

51 (12%)

70
567

206
380

136 (66%)

Missing rate=(Number of patients missed out by HRCT scans)/(Number of patients
confirmed during surgery).
HRCT, high-resolution computed topography; OCF, optic canal fracture.
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comparisons using χ2 test indicated that signiﬁcant statistical difference of surgical efﬁcacy existed among different groups
(p<0.001), except for patients having displaced OCF with
impingement versus patients having OCF without displacement
and patients having displaced OCF without impingement versus
patients without OCF ( p>0.05) (ﬁgure 6).
Fifteen patients experienced cerebrospinal leakage after surgery
which was repaired uneventfully. Several patients presented with
nasal insigniﬁcant haemorrhage. Other signiﬁcant complications
were not observed, such as severe VA deterioration, chronic sinusitis, cranial infection or massive haemorrhage due to injury of carvernous sinus or internal carotid artery.

DISCUSSION
The role of CT in orbital trauma has been well established, and
OCF has been reported to be optimally visualised with thin
1 mm section HRCT scans.4 6 8 10 12 Using HRCT scans and
reformatted images of the optic canal region, Seiff et al6
detected six patients having OCF out of nine patients with
sudden blindness resulting from indirect TON. Dietrich et al5
reported that among 10 patients with TON, 6 cases had OCF
diagnosed via HRCT scans and another 3 cases that had orbital
apex fractures negative on HRCT scans were conﬁrmed during
surgery. In this large-scale study, HRCT scans showed that 708
patients out of 1275 patients with TON (55.5%) had OCF. All
of these cases were intraoperatively conﬁrmed under endoscopy.
During surgery, an additional 187 patients were noticed to have
OCF not visible on HRCT scans. The missing rate of OCF (not
detected by HRCT scans) was 20.9% (187/895). Among these
187 missing cases, 136 appeared to be non-displaced linear
intracanalicular fractures and 51 appeared to be slightly displaced comminuted fractures without impingement. This
ﬁnding is consistent with the results of a few case series which
were reported earlier. Yang et al14 reported that among 96
patients of TON, HRCT scans revealed only 52 OCF cases, and
another 10 OCF cases were further conﬁrmed of medial wall
fractures of the optic canal intraoperatively. Thus, the missing
rate of fractures by HRCT scans was 16.1% (10/62 patients).
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Figure 3 Different types of optic canal fractures (OCF) visible on high-resolution CT scans and conﬁrmed at the time of surgery. (A) The fragments
of the OCF were observed signiﬁcantly displaced, with impingement on the optic nerve. (B) The fragments of the OCF were displaced signiﬁcantly,
without impingement on the optic nerve. (C) OCF without displacement. (D) The optic canal without fracture (black arrow: OCF).
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Imachi15 also reported 16 HRCT-undetected OCF cases out of
80 cases with TON, making missing rate 20%. Gupta et al17
reported an even poor correlation between CT and operative
ﬁndings, showing 7 OCF cases visible on CT and 13 OCF cases
detected during surgery. Wohlrab et al18 reported a high falsenegative rate that only one OCF was detected by CT while eight
were found intraoperatively. Along with our large-scale study,
these reports clearly demonstrate that OCF may still exist even
if it comes clear on CT image. So, attention should be paid to
the reliability of radiographic evidence for diagnosis of OCF
when assessing patients with sudden vision loss after head
trauma.

The sensitivity of CT scans in OCF diagnosis relies on several
inﬂuential factors, including the scanner machine, thickness of
the slices taken, position and angle of the head, anatomical
characteristics and experience of the clinician who interprets the
scans. Based on this study, we believe that the causes of misdiagnosed OCF on HRCT scans may be attributed to the following
three factors:
(1) Linear fractures are difﬁcult to be detected. HRCT scanning is deﬁnitely accurate and reliable when the OCF is signiﬁcantly displaced. However, for 206 patients without
displacement, only 70 patients (34%) were detected, and 136
patients (66%) were missed out. The linear fractures seem to be
the most difﬁcult to detect with HRCT. As we can see, among
the undetected 136 patients, 115 patients (84.6%, 115/136)
were intraoperatively observed to have linear intracanalicular
fractures. In 1984, Unger10 also proposed that undisplaced
Table 2 Surgical efficacy for patients with different types of OCF
and without OCF

Group
Kinds of OCF
Displaced OCF impingement
Displaced OCF with no
impingement
OCF without displacement
No OCF
χ2
P

Figure 5 Visual acuity (VA) of different types of optic canal fractures
(OCF) before and after surgery. *p<0.01 versus patients without OCF
using one-way analysis of variance. #p<0.001 versus the ﬁnal VA at
3 months after the surgery using paired-samples t test.
Yan W, et al. Br J Ophthalmol 2017;101:261–267. doi:10.1136/bjophthalmol-2015-308043

Ineffective

Moderate
effective

Very
efficient

N

%

N

%

N

%

82
59

31.1
13.9

7
122

2.7
28.7

175
244

66.3
57.4

52
47

25.2
12.4
166.416
<0.001

14
144

6.8
37.9

140
189

68.0
49.7

Moderate effective=IDVA no more than 50%; very efficient=IDVA≥50%;
ineffective=no improvement of VA after surgery.
P=difference of efficacy between patients with OCF and no OCF, using χ2 test.
IDVA, improvement degree of VA; No OCF, patients who did not have OCF; OCF, optic
canal fracture; VA, visual acuity.
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Figure 4 Optic canal fractures invisible on the high-resolution CT scans. (A) Comminuted fracture of the thin optic canal, though minimally
displaced but without impingement. (B) Undisplaced linear intracanalicular fracture. (C) A minimally displaced fracture of the optic canal that passed
through an abnormal small Onodi cell between the posterior ethmoidal sinus and the sphenoid sinus; its surrounding bones were thick and
abnormal (black arrow: fractures; white arrow: Onodi cell).
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linear fractures were difﬁcult to see on CT scans due to the thinness of the orbital walls, absence of displaced fragments and
possible bony shadows.
(2) In fractures with slight displacement, the bone of the optic
canal may be too thin to be identiﬁed on HRCT images. In this
case series, among all the misdiagnosed cases, 51 were observed
to have comminuted fractures of the optic canal with only tiny
displacement. The slightly displaced fracture could be easily
overlooked even during surgery if we did not carefully touch it
with the tip of a small sickle knife.
(3) The optic canal and its adjacent structures may be anatomically abnormal, making detection of fractures much more difﬁcult. In this study, there were 21 patients having a single fracture
without impingement at the medial junction of the optic nerve’s
entry to the orbit; a special location could not show clearly on
HRCT scans. We found that 6 patients had signiﬁcantly anatomical deformation of the orbital apex, 11 patients had an Onodi
cell and 4 patients had an obvious periorbital gas cell. We
assumed that the fracture signals may be interfered by bony
overlap of deformed fractures or the congenital anatomical
abnormalities in the posterior ethmoid sinus and/or sphenoid
sinus. Nowadays, some variations in paranasal sinus anatomy
such as Onodi cell or periorbital gas cell can be detected by CT
scans of paranasal sinuses.30 31 However, there is no speciﬁc
data showing the correlation between these anatomical variations and OCF detection.
Until now, there has been no proof showing OCF as a prognosis factor. Based on this study, we assumed that OCF may be
used as an indicator for VA prognosis. We found that the initial
VA of patients with OCF is poorer than that of patients without
OCF, and the initial VA of patients with displaced OCF was
poorer than that of patients without OCF. This could be
explained by the severity of the injury. The more serious da
mage the patient experiences, the more severe type of OCF is
likely to happen. Three months after surgery, VA improved in
702 out of 895 (78.4%) patients with OCF and 333 out of 380
(87.6%) patients without OCF. The VA improvement degree
varies among patients with different kinds of OCF. There is
266

signiﬁcant difference of surgical efﬁcacy between patients with
OCF and without OCF. Furthermore, signiﬁcant difference of
surgical efﬁcacy also exists among patients with different kinds
of OCF and without. Our study establishes a correlation
between the presence and type of optic canal fracture and the
visual prognosis in TON.
It is controversial whether ETOCD will beneﬁt the VA prognosis of patients with TON. Some reported that patients without
any intervention showed a visual recovery rate of 40%–60%.16
However, Yu-Wai-Man et al16 suggest that the bone fragments are
quite likely to transect retinal ganglion cell axons with irreversible
damage, so that ETOCD may be necessary for patients at risk. In
our study, the effective rate of surgery is 78.4% (702 out of 895
patients) for patients with OCF and 87.6% (333 out of 380
patients) for patients without OCF. These data are quite optimistic. We hypothesise that for some patients with TON, visional
recovery may be possible if appropriate stimuli were given to
promote the retinal ganglion cells’ survival, such as ETOCD. We
believe a prospective interventional study would be necessary to
prove this presumption. Based on the correlation between the
presence and type of optic canal fracture and the visual prognosis
in TON deduced from this study, we can design more logical and
precise clinical trials which will help uncover this puzzle.
In conclusion, we found that 20.9% OCF cases, particularly
linear intracanalicular fractures, were missed out on HRCT
imaging. The presence and type of OCF might be a factor of
visual prognosis for patients with TON. This should be noticed
when reviewing HRCT scans of patients with TON and estimating the prognosis of patients.
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Figure 6 Multiple comparison of
surgical efﬁcacy for patients with
different types of optic canal fractures
(OCF) and without. Multiple
comparison of efﬁcacy using χ2 test
and the correct =0.05/6=0.083;
difference is existed if p<0.083.
*Signiﬁcant statistic difference existed
between two groups.
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