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 Patient: Male, 19-year-old
 Final Diagnosis: Trans-orbital penetrating injury
 Symptoms: Kinetic cerebellar syndrome • nystagmus • trigeminal neuropathy
 Clinical Procedure: —
 Specialty: Anatomy • Neurology • Neurosurgery • Radiology

 Objective: Unusual clinical course
 Background: Clinical management of intracranial transorbital penetrating injury (TOPI) is challenging and may require sur-

gery. Both the trauma and surgery can result in neurovascular damage, bleeding, and infection. Low-speed in-
jury may involve the superior orbital fissure (SOF) as the main point of entry into the skull and is associated 
with lower morbidity than high-speed injuries. This report describes a 19-year-old man with pontine and left 
cerebellar involvement from a TOPI with partial recovery without surgery.

 Case Report: We hereby report the case of a 19-year-old man who underwent a low-speed in-out (as the foreign body was 
immediately retrieved) deep transorbital pontine and left cerebellar penetrating injury. Despite transient loss 
of consciousness, his Glasgow Coma Scale at admission was 15. An intravenous antibiotic regimen was rap-
idly initiated. He had ophthalmic (V1) et maxillary (V2) nerves palsy, minor right pyramidal syndrome, and left 
kinetic cerebellar syndrome. Multi-modal imaging perfectly correlated with the clinical presentation. Neither 
surgical nor angiographic management was required. Clinical evolution was favorable, and the patient partial-
ly recovered.

 Conclusions: In case of penetration through the SOF, the clinical course tends to be benign. However, this case should not 
overshadow potential life-threatening complications of TOPIs. This report highlights the importance of a multi-
disciplinary approach for the diagnosis and management of traumatic transorbital penetrating intracranial in-
jury. As illustrated, medical imaging may demonstrate the exact pathway of the offending object.
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Introduction

Non-projectile-related (as opposed to high-velocity projectile 
injuries) transorbital penetrating injuries (TOPIs) are uncom-
mon but a few case reports or small series have been pub-
lished since the late 1990s. A brief meta-analysis of published 
individual case reports [1-13] and small series [14-19] shows 
that TOPIs occur at any age (from 2 to 83 years old) and are 
more frequently reported in men (sex ratio 3: 1). In reported 
cases of fall, assault, accident, or self-inflicted injuries [3,8,17], 
a wide range of foreign bodies are involved, from wooden 
(chop)sticks [4,6,7,9,15,16,18], pens [8,17], nails [11], and met-
al bars [14,19], to more surprising objects such as combs [5], 
toothbrushes [20], door keys [2], hunting arrows [1], or wind-
shield wipers [17].

Clinical presentation can be very subtle [21] and depends on 
the involved structures within the orbit or the posterior fos-
sa, including cranial nerves injuries, hemiparesis/hemiplegia, 
and cerebellar syndrome [9]. Even in case of TOPIs affecting 
the brainstem, outcomes are better compared to ballistic high-
velocity injuries caused by bullets or shrapnel that breach the 
skull [22,23], where tissue damage is secondary to heat dis-
sipation instead of mere tissular laceration [21]. Nonetheless, 
depending on vascular lesion occurrence as well as the size, 
composition, and penetration depth of the offending object, 
lethal outcomes are reported [14-16,18,19].

Complications depend on the penetrating route taken by the 
foreign object and thus on the anatomical structures crossed 
by the object [21]. Three main penetrating routes are described 
[8]: through the superior orbital fissure (SOF, 62% of cases, ex-
plained by the pyramidal shape of the orbit, orienting pene-
trating objects towards the orbital apex) [5-7,9,15,16], through 
the optic canal, or through the thin and fragile orbital roof. 
In contrast, penetration through the orbital floor is rare [21] 
and, as suggested by Lasky et al [20], the lateral aspect of the 
orbit is almost never involved because of the avoidance head 
turn, especially in self-inflicted trauma.

This report describes a 19-year-old man with pontine and left 
cerebellar involvement from a TOPI with partial recovery with-
out surgery.

Case Report

A 19-year-old man, with no particular medical history, suffered 
from an accidental orbital injury as he was enjoying a drinking 
party. As he was constantly peeping through a keyhole, one 
of his annoyed friends suddenly and blindly introduced, then 
immediately retrieved, a broken riding crop consisting of the 
approximatively 50-cm-long shaft with no keeper through the 

keyhole. Witnesses were immediately alerted by the sound of 
the patient falling down behind the door. Later, they claimed 
that they found the patient unconscious and there was no 
external bleeding. The patient regained consciousness be-
fore ambulance arrival and was immediately admitted to a 
local hospital with a Glasgow Coma Scale (GCS) score of 15. 
Prophylactic intravenous antibiotic therapy (ceftriaxone 2 g 
twice a day) was initiated.

Two days later, he was transferred to our institution. The eye-
lids were intact. He had a left temporal headache, ataxic gait, 
and incoordination of the left arm and hand. At ocular exam-
ination, the left ocular globe was intact, with normal pupil re-
sponse and preserved visual acuity. There was no exophthal-
mia, oculomotor impairment, or cerebrospinal fluid leakage. 
Neurologic assessment showed full consciousness (GCS 15) 
and a left kinetic cerebellar syndrome with slight left nystag-
mus, a subtle right pyramidal syndrome, and hypoesthesia in 
the ophthalmic (V1) and maxillary (V2) territories of the left 
5th cranial nerve (CN-V, trigeminal nerve). There was no sign 
of meningitis. Biological investigations were unremarkable.

Cerebral computed tomography (CT) (Figure 1) revealed a 
16-cm-long linear penetrating injury from the infero-medial 
aspect of the left orbit to the left occipital bone, without hem-
orrhagic complication nor fracture. Trajectory analysis based 
on clinical and imaging findings allowed accurate description 
of the penetrating route. The shaft of the crop entered the 
orbit alongside the infero-medial margin of the ocular globe 
and exited trough the superior orbital fissure, penetrating the 
Meckel’s cave alongside the lateral aspect of the cavernous si-
nus. It then ran within the left part of the prepontine cistern 
and into the lateral part of the pons, medial to the emergence 
of the left CN V. From there, it followed its course through the 
left middle cerebellar peduncle, alongside the left wall of the 
fourth ventricle and in the para-median part of the left cere-
bellar hemisphere (anterior lobe and upper part of the poste-
rior lobe). Ultimately, the course of the foreign body was inter-
rupted by the inner table of the occipital bone, just below the 
cerebellar tentorium and the left transverse sinus.

Brain magnetic resonance imaging (MRI) (Figure 2) confirmed 
the integrity of the cavernous sinus and cavernous portion of 
the internal carotid artery. Linear pontine and cerebellar hem-
orrhagic changes in keeping with the penetrating trajectory of 
the crop’s shaft were observed.

Prophylactic antibiotic therapy was interrupted 2 weeks after 
initiation. Upon satisfying clinical evolution, the patient was 
released 16 days after the injury. Neither surgical nor inter-
ventional exploration was required.
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Figure 1.  Brain computed tomography scan, subacute phase (2 days after injury). Axial (A), coronal (B), and sagittal (C) 
reconstructions in the plane of the penetrating trajectory. Corresponding series A’, B’, and C’ depict the left linear foreign 
body route (red dotted line) through the orbit, the superior orbital fissure, the Meckel’s cave, the prepontine cisterna, the 
lateral part of the pons, the middle cerebellar peduncle, and the left cerebellar hemisphere. (D) Volume-rendering technique, 
three-dimensional trajectory reconstruction.
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Figure 2.  Follow-up brain magnetic resonance imaging (16 days after injury). The penetrating route is marked by the red arrows. 
(A) Axial post-contrast T1-weighted acquisition showing the proximity of the foreign object penetrating through the Meckel’s 
cave (cf. cranial nerve V1 injury) with the C4 portion of the left internal carotid artery (white arrow) inside the cavernous 
sinus (white asterisk). (B) Coronal T2-weighted acquisition pointing at the “punched hole” lesion in the upper left part of 
the pons. (C) Axial susceptibility-weighted imaging (maximum intensity projection) depicting subtle hemorrhagic changes 
alongside the posterior fossa parenchymal portion of the penetrating route (left upper part of the pons and superior part of 
the left cerebellar hemisphere accounting for the left kinetic cerebellar syndrome).
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The 4-year follow-up demonstrated left frontal and perior-
bital hypoesthesia in keeping with a lesion of CN V1. The pa-
tient also had a left segmental kinetic tremor [24] and dys-
metria as part of a left kinetic cerebellar syndrome, related to 
the left middle cerebellar peduncle and hemisphere lesions. 
Neither direct carotid-cavernous fistula nor carotid pseudoa-
neurysm were observed.

Discussion

As highlighted in this reported case, the entry route of a transor-
bital penetrating object might be an important prognostic factor. 
Via the medial canthus, the penetrating course through the SOF 
at the orbital apex tends to direct the penetrating object lateral-
ly, towards the cavernous sinus, and, if long enough, to the later-
al aspect of the pons. This stereotypical anatomical pathway of-
ten results in non-lethal outcomes and minimal morbidities [9].

To the best of our knowledge, the present description is one of 
the few reported cases of TOPI with immediate removal (“in-
out” mechanism) of the foreign object. Only Chowdury et al [16] 
and Schwark et al [10] reported cases of TOPI where the pen-
etrating foreign object could not be found in situ, even after 
brain imaging. We should keep in mind that, even if not re-
trieved, the foreign object can initially go undetected, espe-
cially in the pediatric population [13]. In case of unobtrusive or 
missing entry wound and lack of anamnestic information, the 
hypothesis of intracranial injury could be neglected, leading to 
misdiagnosis and avoidable complications. Determining the ex-
act injury mechanism might even require forensic analysis [10].

This case is remarkable by the lack of severe injury for such a 
long and straight-forward in-out transorbital penetrating route 
through highly functional anatomic areas (Table 1). It is worth 
noting that preserved consciousness (GCS 15) was a factor 
of good prognosis. By its benign course, the case perfectly il-
lustrates the “safe route” provided when the trajectory goes 
through the SOF, as opposed to an entry point through the 
optic canal or direct penetration through the orbital roof [14]. 
The ocular globe was unharmed. Indeed, in such low-veloci-
ty non-missile penetrating traumatisms (defined as an impact 
velocity <100 m/s [17]), the ocular globe is displaced within 
orbital fat by incoming foreign objects rather than injured.

The crossing of the SOF, allowing penetration of the cranial 
cavity without orbital fracture, left the oculomotor nerves un-
injured. The absence of vascular traumatic lesions is of the ut-
most interest, as the shaft of the crop went through the or-
bit without injuring the ophthalmic artery (and its multiple 
branches), just shy of the cavernous portion of the internal ca-
rotid artery, 12 mm lateral to the basilar trunk, and its occipi-
tal impact wa just millimeters below the left transverse sinus.

Clinical features perfectly correlated to imaging-detected in-
jured structures (Table 1). Partial trigeminal hypoesthesia is 
most likely due to lesions of its V1 and V2 branches into the 
Meckel cave, where Gasser’s ganglion lies at the reunion of 
its 3 sensitive branches. A central lesion (partial lesion of the 
pontine principal sensory nucleus of the trigeminal nerve) is 
another feasible theory. A subtle right pyramidal syndrome is 
in keeping with the involvement of the left cortico-spinal tract 
above the level of the decussation in the medulla. The left ki-
netic cerebellar syndrome is explained by the lesions of the 
left cerebellar peduncle and cerebellar hemisphere.

Beside the relatively benign course of this case, it must 
be kept in mind that TOPIs are also responsible for severe 
traumas, and lethal outcomes are reported [14-16,18,19]. 
As for all penetrating cranial injuries, the main prognos-
tic factors are the GCS score at admission and the pres-
ence of midline structures injuries [19,25]. Medical 
teams should anticipate life-threatening complications.  
Infectious complications are the most prevalent (up to 70% 
of cases) and lethal (mortality rate ranging from 14% to 57%) 
complications of TOPIs [26]. These infections, such as menin-
gitis and abscesses [4], mainly develop when organic (such 
as wood) and/or fragmented materials are involved [4,21]. 
Staphylococcus aureus is the more prevalent pathogen, but 
gram-negative bacteria are also commonly reported [26,27]. 
Generally, 7 to 14 days of antibiotic prophylaxis is advised [27] 
upon admission [17].

The rate of vascular complications following TOPIs, such as 
internal carotid artery dissection with subsequent occlusion/
pseudoaneurysm or carotid-cavernous fistula, is estimated 
at 50% in various publications [28], but some authors report 
these complications are rare [29,30]. These conflicting data 
might be explained by the variable course of the foreign ob-
ject involved. Indeed, the penetrating route matters a great 
deal pertaining to this point, as a pathway through the SOF 
orientates the penetrating object lateral to the cavernous si-
nus, thus avoiding the internal carotid artery, as opposed to 
the less frequent trajectory through the optic canal directing 
the foreign body towards the cavernous sinus [13].

Hemorrhagic complications can either be extra-axial (epidural 
hematoma or subarachnoid hemorrhage) or intra-axial (intra-
cerebral hemorrhage). Hematomas can result from direct brain 
injury independently from the presence of vascular injuries [31].

Other non-life-threatening reported complications include ce-
rebrospinal fluid leakage, cranial nerve injury depending on the 
penetrating route, and a wide range of neurological defects de-
pending on the affected brain area(s) [11,12]. Penetrating brain 
injury leads to complex neurotrauma pathomechanisms, from 
neuronal and glial damage to blood-brain barrier impairment, 
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Anatomical 
region

Structure
Relevant injured content 

and normal function
Relevant undamaged content at 

the level of injury
Notes

Orbit • Ocular globe
• Medial rectus muscle
• Optic nerve (CN II)
• Ophthalmic artery

Superior orbital fissure •  Common oculomotor nerve 
(CN III)

• Trochlear nerve (CN IV)
• Abducens nerve (CN VI)

Middle 
fossa

Meckel’s 
cave

Ophthalmic nerve (CN V1)#

Ipsilateral sensory innervation to the 
eye and the upper-face (upper eyelid, 
forehead, and anterior scalp)
Maxillary nerve (CN V2)
Ipsilateral sensory innervation to the 
nasal cavities, sinuses, palate and 
midface (from upper lip and upper 
dental arch to lower eyelid)

• Gasserian ganglion
• Mandibular nerve (CN V3)

Just medial to 
Meckel’s cave lies 
the cavernous sinus 
containing CN III, CN 
IV, CN V1, CN V2, CN 
VI and the C4 portion 
of the ICA

Posterior 
fossa

Pre-pontic 
cistern

• Basilar trunk
•  CN V (common sensory root)

Pons Pyramidal tract
Contralateral upper motoneurons 
fibers
CN V main sensory nucleus*
Epicritic (touch-pressure) sensation 
of the face

* is an alternative 
plausible theory 
explaining the 
hypoesthesia observed 
in CN V1 and CN V2 
territories.
NC CN VI, VII and 
VIIbis nuclei are 
located lower within 
the pons

Middle 
cerebellar 
peduncle

Cerebellum afferent pathways 
(superior, inferior and deep fasciculi)

Cerebellar 
hemisphere

Anterior cerebellar lobe#

Also called “paleocerebellum”, the 
anterior lobe is thought to be involved 
in unconscious proprioception

Posterior cerebellar lobe#

Also called “neocerebellum”, the 
posterior lobe is thought to be 
involved in motor coordination

Table 1.  Summary of involved anatomical regions and their injured or undamaged components alongside the penetrating course of 
the injury.

# Incomplete recovery. CN – cranial nerve; CN II – optic nerve; CN III – common oculomotor nerve; CN IV – trochlear nerve; 
CN V – trigeminal nerve; CN V1 – ophthalmic division of the trigeminal nerve; CN V2 – maxillary division of the trigeminal nerve; 
CN V3 – mandibular division of the trigeminal nerve; CN VI – abducens nerve; ICA – internal carotid artery.
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subsequent gliosis and ultimately physiological and behavioral 
changes. Multiple external and internal (genetic, age, sex) fac-
tors are likely to influence the outcome but remain unclear [32]. 
Epilepsy develops in up to 50% of cases [3].

Use of blind retrieval of the foreign body is strongly discour-
aged [1,14] as vascular injury may be self-compressing. Optimal 
management requires a multidisciplinary approach and a com-
prehensive radiological work-up [18] to define the accurate tra-
jectory of the penetrating object, exclude vascular complica-
tions, and assess foreign body integrity and composition. In 
case of suspected or documented vascular injury, angiograph-
ic assessment is recommended, and embolization might be 
required to reduce bleeding risk and mortality [13,33]. In the 
second phase, removal of the foreign object should be care-
fully planned. Depending on cases and teams, neurosurgical 
transorbital and/or transcranial approach may be considered, 
but craniotomy is classically required to allow direct visualiza-
tion of the intracranial foreign body and its safe and complete 
retrieval. Cautious exploration and debridement are manda-
tory to retrieve all potential fragments to reduce risk of infec-
tious complications. Evacuation of potential hematoma with 
thorough hemostasis and cautious dural closure are manda-
tory [14]. Planned external removal of the foreign body has 
been described after imaging work-up [8,12,19]. Early follow-
up brain imaging should be considered to assess brain dam-
age, best visualized once the object is retrieved, and to rule 
out any secondary hematoma [14]. Carotid-cavernous fistu-
la and traumatic aneurysms are possible late-onset complica-
tions, emphasizing the need of long-term clinical and radio-
logical follow-up [5,30].

Conclusions

TOPIs are a rare subset of craniofacial traumas. In case of low-
velocity penetrating injury, the SOF is the main entry point into 
the skull vault and poses less risk of nervous and vascular injury 
compared to other penetrating routes. Comprehensive knowl-
edge of the anatomy of the orbital apex and the cavernous 
sinus is key to manage such cases. The clinical course is fre-
quently benign but should not overshadow the potential poor 
outcomes of transorbital and intracranial penetrating injuries. 
This report highlights the importance of a multidisciplinary ap-
proach and dedicated radiological work-up in management of 
traumatic transorbital penetrating intracranial injury.

Acknowlegements

We thank the patient and his family for their trust, as well as 
L. Collignon, MD and A. Maertens-De Noordhout, MD, PhD for 
their support.

Institution Where Work Was Done

Citadelle Hospital, Liège, Belgium.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors who 
confirm that the images are original with no duplication and 
have not been previously published in whole or in part.

References:

 1. O’Neill OR, Gilliland G, Delashaw JB, Purtzer TJ. Transorbital penetrating head 
injury with a hunting arrow: Case report. Surg Neurol. 1994;42(6):494-97

 2. Seex K, Koppel D, Fitzpatrick M, Pyott A. Trans-orbital penetrating head in-
jury with a door key. J Craniomaxillofac Surg. 1997;25(6):353-55

 3. Cemil B, Tun K, Yigenoğlu O, Kaptanoğlu E. Attempted suicide with screw pen-
etration into the cranium. Ulus Travma Acil Cerrahi Derg. 2009;15(6):624-27

 4. Gupta SK, Umredkar AA. Juxtapontine abscess around a retained wooden 
fragment following a penetrating eye injury: Surgical management via a 
transtentorial approach. J Neurosurg Pediatr. 2012;9(1):103-7

 5. Xu F, Li J, Sun S, et al. The surgical management of a penetrating orbito-
cranial injury with a Bakelite foreign body reaching the brain stem. Brain 
Inj. 2013;27(7-8):951956

 6. Borkar SA, Garg K, Garg M, Sharma BS. Transorbital penetrating cerebral 
injury caused by a wooden stick: Surgical nuances for removal of a foreign 
body lodged in cavernous sinus. Child’s Nervous System. 2014;30(8):1441-44

 7. Damm A, Lauritsen AØ, Klemp K, Nielsen RV. Transorbital impalement by a 
wooden stick in a 3-year-old child. BMJ Case Rep. 2015;2015:bcr-2015-211885

 8. Su YM, Changchien CH. Self-inflicted, trans-optic canal, intracranial pene-
trating injury with a ballpoint pen. J Surg Case Rep. 2016;2016(3):RJW034

 9. Sun G, Yagmurlu K, Belykh E, et al. Management strategy of a transorbit-
al penetrating pontine injury by a wooden chopstick. World Neurosurg. 
2016;95:2-5

 10. Schwark T, von Wurmb-Schwark N. Non-fatal impalement of the brain: A 
case report. Forensic Sci Int. 2016;266:e10-e13

 11. Awori J, Wilkinson DA, Gemmete JJ, et al. Penetrating head injury by a nail 
gun: Case report, review of the literature, and management considerations. 
J Stroke Cerebrovasc Dis. 2017;26(8):e143-e49

 12. Prasetyo E, Oley MC, Sumual V, Faruk M. Transorbital-penetrating intracra-
nial injury due to a homemade metal arrow: A case report. Ann Med Surg 
(Lond). 2020;57:183

 13. Tewfik K, Covelli C, Rossini M, et al. Multidisciplinary management of an 
orbitocranial penetrating injury by a pencil in a paediatric patient – a case 
report. Ann Maxillofac Surg. 2022;12(1):72

 14. Lin HL, Lee HC, Cho DY. Management of transorbital brain injury. J Chin Med 
Assoc. 2007;70(1):36-38

 15. Mzimbiri JM, Li J, Bajawi MA, et al. Orbitocranial low-velocity penetrating 
injury: A personal experience, case series, review of the literature, and pro-
posed management plan. World Neurosurg. 2016;87:26-34

 16. Chowdhury FH, Haque MR, Hossain Z, et al. Nonmissile penetrating injury 
to the head: Experience with 17 cases. World Neurosurg. 2016;94:529-43

 17. Schreckinger M, Orringer D, Thompson BG, et al. Transorbital penetrating 
injury: Case series, review of the literature, and proposed management al-
gorithm: Report of 4 cases. J Neurosurg. 2011;114(1):53-61

 18. Xu L, Xu F, Li L, et al. The surgical strategies and techniques of transorbit-
al nonmissile brain injury. World Neurosurg. 2020;144:e856-e65

 19. De Holanda LF, Pereira BJA, Holanda RR, et al. Neurosurgical management 
of nonmissile penetrating cranial lesions. World Neurosurg. 2016;90:420-29

 20. Lasky JB, Epley KD, Karesh JW. Household objects as a cause of self-inflict-
ed orbital apex syndrome. J Trauma. 1997;42(3):555-58

Moïse M. et al: 
Low-speed brain injury

© Am J Case Rep, 2024; 25: e943995

6 Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F



 21. Mashriqi F, Iwanaga J, Loukas M, et al. Penetrating orbital injuries: A re-
view. Cureus. 2017;9(9):1725

 22. Joseph B, Aziz H, Pandit V, et al. Improving survival rates after civilian gun-
shot wounds to the brain. J Am Coll Surg. 2014;218(1):58-65

 23. Penetrating Head Trauma – StatPearls – NCBI Bookshelf. Accessed June 3, 
2024. https://www.ncbi.nlm.nih.gov/books/NBK459254/

 24. Bhatia KP, Bain P, Bajaj N, et al. Consensus Statement on the classification 
of tremors. from the task force on tremor of the International Parkinson 
and Movement Disorder Society. Movement Disorders. 2018;33(1):75-87

 25. Hyung JW, Lee JJ, Lee E, Lee MH. Penetrating orbitocranial injuries in the 
Republic of Korea. Korean J Neurotrauma. 2023;19(3):314

 26. Zhang D, Chen J, Han K, et al. Management of penetrating skull base inju-
ry: A single institutional experience and review of the literature. Biomed 
Res Int. 2017;2017:2838167

 27. Kazim SF, Shamim MS, Tahir MZ, et al. Management of penetrating brain 
injury. J Emerg Trauma Shock. 2011;4(3):395

 28. Temple N, Donald C, Skora A, Reed W. Neuroimaging in adult penetrating 
brain injury: A guide for radiographers. J Med Radiat Sci. 2015;62(2):122

 29. Bodanapally UK, Shanmuganathan K, Boscak AR, et al. Vascular complica-
tions of penetrating brain injury: Comparison of helical CT angiography and 
conventional angiography: Clinical article. J Neurosurg. 2014;121(5):1275-83

 30. Arat YÖ, Arat A, Aydın K. Cerebrovascular complications of transorbital pene-
trating intracranial injuries. Ulus Travma Acil Cerrahi Derg. 2015;21(4):271-78

 31. Currie S, Saleem N, Straiton JA, et al. Imaging assessment of traumatic brain 
injury. Postgrad Med J. 2016;92(1083):41-50

 32. Plantman S, Ng KC, Lu J, et al. Characterization of a novel rat model of pen-
etrating traumatic brain injury. J Neurotrauma. 2012;29(6):1219-32

 33. Bell RS, Vo AH, Roberts R, et al. Wartime traumatic aneurysms: Acute pre-
sentation, diagnosis, and multimodal treatment of 64 craniocervical arte-
rial injuries. Neurosurgery. 2010;66(1):66-79

Moïse M. et al: 
Low-speed brain injury
© Am J Case Rep, 2024; 25: e943995

7 Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

A
P
P
R

O
V

E
D

 G
A

L
L
E
Y
 P

R
O

O
F


