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INTRODUCTION

Traumatic brain injury (TBI) represents one of the leading public health problems and an 
important cause of neurological damage, with high morbimortality rates. It occurs in all age 
groups, but it is more frequent in young men.[13] TBI may be unintentional (falls, motor-vehicles 
crashes, being struck by or against an object, and mechanism unspecified), intentional (assault or 
homicide and self-harm), or of undetermined intent.[7,22]

ABSTRACT
Background: Traumatic brain injury (TBI) represents one of the leading public health problems and a significant 
cause of neurological damage. Unintentional causes of TBI are the most frequent. However, fruit falling over the 
head causing TBI is extremely rare. In the Amazon region, accidents with ouriços, a coconut-like shell fruit, seem 
relatively common. However, to the best our knowledge, it has never been described in a scientific journal before. 
erefore, we aim to evaluate a series of TBI caused by this tropical fruit.

Methods: is study is a retrospective review of 7 TBI cases due to the fall of ouriços admitted to two tertiary 
hospitals in the Amazon region from January 2017 to December 2018. e collected data included: age, Glasgow 
Coma Scale, skull fracture, venous sinus injury, hematoma, surgical treatment, and outcome.

Results: All patients were men, with an average age of 38, ranging from 8 to 77-years-old. Four out of seven 
had skull fractures. Five patients developed an epidural hematoma, and two of them had an associated subdural 
hematoma. Dura mater injury was observed in two patients, whereas four patients were operated. ere was one 
related death.

Conclusion: is case series is the first to describe an unconventional but potentially fatal cause of TBI in the 
Amazon: the falling of the Brazil-nut fruit. Most patients were diagnosed with mild TBI. Nevertheless, patients 
may have cranial fractures and epidural hematomas, leading to death when there’s a delay in medical assistance.
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e unintentional causes of TBI are far more common than 
the others. Accidentally being struck by or against an object, 
for instance, was responsible for 15.4% of all TBI emergency 
department visits, hospitalization, and deaths in the United 
States from 2007 to 2013, with most cases occurring among 
those aged 0–24-years-old.[24] erefore, head injury due to 
falling objects may represent another important, yet not so 
highlighted event.[13]

Grivna et al. (2013) have described that falling objects 
accounted for 6% of all trauma injuries and that the head 
was the third most commonly harmed anatomical site, 
representing 19.5% of the cases.[11,22] One subtype of this 
unexpected form of TBI is fruit falling from trees. e 
current data regarding these specific injuries are scarce, and 
just few reports describe TBI due to falling coconut fruit.[3,8,16] 
Mulford et al. (2001) stated that coconut palm-related injury 
was implicated in 3.4% of all patients presenting to the 
surgical department in the Pacific Islands. Most patients had 
fell from the tree; however, 15.2% (16 patients) had a coconut 
fruit fall on them. ere was no report of death in this series, 
but two children had severe neurological deficit.[16]

In the Amazon Forest, there’s the Brazil-nut tree. Its fruit, a 
coconut-like shell called “ouriço,” is much heavier than the 
coconut from palm trees. Despite the recurrent news in 
local media,[20,21] an extensive literature review showed this 
phenomenon’s paucity report.[9,10,14,15] erefore, we aim to 
evaluate a series of TBI cases caused by this tropical fruit in 
this study.

Although, lying in the middle of the Amazon forest and 
isolated from most of the country due to the lack of roads, 
Manaus is the only city providing specialized care for TBI 
patients to Amazonas state,[6,12] and Santarém is the city which 
provides medical assistance to the western of the Para state. 
However, the countryside’s challenging health condition, 
marked by the lack of proper accessibility and integrality, 
prevents many victims from being promptly evaluated.

MATERIALS AND METHODS

is study is a retrospective review of TBI cases due to 
Brazil-nut fruit - ouriços - fall admitted in the main trauma 
hospital in Manaus (Hospital e Pronto-Socorro João Lúcio 
Pereira Machado) and Santarém (Hospital Municipal), 
from January 2017 to December 2018. e clinical data 
were collected through medical charts and included: age, 
Glasgow Coma Scale (GCS), skull fracture, venous sinus 
injury, hematoma, surgical treatment, and outcome. e 
tomographic findings were reviewed from the digital files 
of both hospitals. Due to a lack of information regarding 
skull fractures in the attending neurosurgeon’s operative 
report, the data “skull fracture” was collected only from the 
computed tomography (CT) findings. Informed consent was 

obtained from all individual participants included in the 
study.

ILLUSTRATIVE CASES

Case 1

A 13-year-old with emesis, dizziness, dysarthria, right 
paresis, and paresthesia was admitted to our service with the 
initial GCS of 13. He was initially evaluated at a local hospital 
in the countryside, where he received analgesics, mannitol, 
and corticosteroids. After being transferred to Manaus, 
he underwent a cranial CT which revealed a left parietal 
epidural hematoma [Figure 1]. We performed a craniotomy 
for hematoma drainage and suction drain placement. e 
time between trauma and the beginning of surgery was 
approximately 72 h. He was discharged with a GCS of 15 and 
no alterations in the neurological exam.

Case 2

A 15-year-old boy struck by brazil-nut fruit in the occipital 
region presented with intense headache, emesis, and visual 
turbidity. At the first evaluation in a local hospital, the patient 
received analgesics and corticosteroids. He was transferred to 
Manaus and arrived at our service with a GCS of 15. e cranial 
CT findings were pneumocephalus and occipital fracture 
associated with epidural hematoma [Figure 2]. Approximately 
120 h after the trauma, he underwent craniotomy for evacuation 
of the hematoma. He was discharged with a GCS of 15.

Case 3

A 68-year-old Brazil-nut collector suffered from TBI due to a 
falling ouriço over the right parietal region. He presented at 
the local emergency department with confusion, headache, 
dizziness, dysarthria, paresis, and blurred vision. e referral 
to our hospital occurred only after 3  days, with a GCS 
of 15. Head CT showed a frontal-occipital subarachnoid 
hemorrhage and right temporoparietal intracerebral 
hemorrhage [Figure 3]. e treatment was conservative.

Figure 1: Cranial CT revealed left parietal epidural hematoma.
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Table 1: Epidemiological characteristics, hospital data, cranial CT findings, and outcome.

Patient 
No.

Age Sex Admission 
GCS

Cranial CT findings Surgery Outcome
Fracture Venous 

sinus 
injury

Dura 
mater 
injury

Hematoma

1. 22 M 7 Right 
frontoparietal

No No Right frontoparietal 
epidural and subdural 
hematoma

Yes Discharged with 
GCS 15

2. 77 M 13 Right parietal No Yes Right parietal epidural 
hematoma

Yes Discharged with 
GCS 15

3. 8 M 3 No No No Right temporoparietal 
epidural hematoma

No Death

4. 13 M 13 No No No Left parietal epidural 
hematoma

Yes Discharged with 
GCS 15

5. 15 M 3 Occipital No Yes Left occipital epidural 
hematoma

Yes Discharged with 
GCS 15

6. 64 M 15 Right 
frontoparietal

No No Right frontoparietal 
epidural hematoma

No Discharged with 
GCS 15

7. 68 M 15 No No No Frontal-occipital 
subarachnoid and 
right temporoparietal 
intracerebral hemorrhage

No Discharged with 
GCS 15

GCS: Glasgow Coma Scale

RESULTS

In this case series, all patients were men and from the 
countryside, among which two were agriculturists. e 
average age was 38, ranging from 8 to 77-years-old.

Four patients had skull fractures  -  half of which were in 
the frontoparietal region. e most common intracranial 
finding was extradural hematoma, seen in five patients, and 
one of them had an associated acute subdural hematoma. 
Furthermore, two patients had dura mater injury and 
subarachnoid hemorrhage – and one of them also had an 
intracerebral hemorrhage. Surgical treatment was performed 
in four patients. In all of them, we performed craniotomy 
with hematoma evacuation. Finally, the only death occurred 
in a child admitted lately in the emergency department, 
with a GCS of 3 and no brain stem function signs. Head CT 
revealed a large epidural hematoma that was not evacuated. 
Details are summarized in [Table 1].

DISCUSSION

is case series is the first about TBI caused by ouriços falling. 
Clinical manifestations may vary, but most patients evolve 
with total recovery. Epileptic seizures, paresis, and paresthesia 
are some of the most frequently observed symptoms. It is 
vital to highlight that resulting lesions can lead to unfavorable 
outcomes that include death,[3,8,16] which occurred in one patient 

Figure  2: Cranial CT findings were pneumocephalus, occipital 
fracture associated with epidural hematoma, and dura mater injury.

Figure 3: Cranial CT displayed frontal-occipital subarachnoid and 
right temporoparietal intracerebral hemorrhage.
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of these series. erefore, this novel mechanism of trauma 
requires medical acknowledgment. Ouriço’s fall is particularly 
interesting for the neurosurgical field as neurosurgeons play an 
essential role in modifying the disease’s course.

Brazil-Nut Tree (Bertholletia excelsa) reaches from 30  m to 
50 m[26] [Figure 4]. It produces a capsular 20-cm fruit, named 
ouriços, which contains an average of 15 to 25 almonds – the 
edible part of the fruit[5] [Figure  5]. Brazil nut extractivism 
is a common practice in the countryside of Brazil. Gathered 
nuts are seen not only as an income source but as a food 
delicacy. e fruit has a dark brown thick and hard surface, 
with a medium weight of 750 g.[23] e ouriços’ fall season is 
from November to March, a period in which many workers 
become incredibly susceptible to head injuries.[25]

Aiming to assess ouriços’ damage when hitting the human’s 
head, it is imperative to consider some variables, such as fall 
velocity and angle, fruit density, and diameter. If an ouriços 
weighting 0.75  kg falls from 50  m, the impact velocity is 
31.32 m/s – about 1.4 times greater than the impact velocity of a 
coconut fruit, as described by Barss et al. (1984).[3] Considering 
the principle of energy conservation to calculate the impact 
energy transmitted by an impacting object to a target, the 
kinetic energy (KE) is approximately 367.875 J. e relationship 

between the impactor’s KE and its diameter is expressed 
by the blunt criterion (BC), validated for skull fractures by 
Raymond et al. (2009).[19] In this study, BC = 1.61 represented a 
50% chance of skull fracture. On a different note, according to 
Radi (2013), if we consider a curved surface, an object’s impact 
with KE greater than 50J is very likely to cause severe or fatal 
injuries.[1] Hence, a 0.75  kg ouriços would be able to cause 
severe to fatal injuries by falling from merely 6.8 m.

Children seem to be a risk group for severe and fatal lesions 
since their skull’s resistance to fractures is considerably 
lower than adults’. For example, the fracture resistance for an 
adult is 11  times greater than that of a neonate.[17] Another 
important risk group are brazil-nut collectors because of the 
naturally increased exposition to what can be classified as an 
occupational hazard.

Due to the nature of the injury - an impact on the head’s top 
– it was expected that the prominent cranial abnormalities 
were fractures and extradural hematomas. Although most 
patients were admitted with few clinical manifestations, 
the presence of an epidural hematoma without any focal 
neurological symptom is not rare. We must remember that 
these injuries are associated with a lucid interval, after which 
the neurological condition may deteriorate.

us, in patients with a GCS lower than 15 or with a high-
impact trauma history, head CT is mandatory, as well as in 
children with irritability, subgaleal hematoma, and a history 
of loss of consciousness after TBI.[18]

A paramount issue is that Amazon comprises a large territorial 
extent without homogeneously distributed health services and 
efficient transportation. Moreover, primary care may be flawed 
as many patients receive corticosteroids, not indicated for TBI 
patients.[4,6] In addition, patient transfers may take longer due 
to the lack of roads. Most are transferred to tertiary hospitals 
by plane or by speedboats, which is not accessible promptly 
(REF).[6] Conversely, lesions as the epidural hematoma are an 
emergency and may cause death within a few hours.

Manaus is the only city of the Amazonas state,[12] and 
Santarém is the only city of the west of Pará state with 
attending neurosurgeons. en, as aforementioned, patients 
may die during transfer when the accident occurs far from 
these cities. erefore, TBI prevention is a cornerstone 
when it comes to changing the epidemiological panorama. 
Daufanamae et al. (2016) made some valid recommendations 
such as training, recruiting, and retaining occupational 
therapists in the countryside. is simple solution becomes 
an ordeal when we consider the associated geographical 
location, transport costs, travel times, limited health 
professionals, and lack of opportunities for professional 
growth. us, the prevention plan ought to comprise 
financial and academic incentives in order to overcome 
such barriers.[7] Regarding children and workers’ particular 

Figure  4: Brazil-nut tree (Bertholletia excelsa) in native region. 
(Bitencourt, 2020).

Figure  5: Brazil-nut tree’s ourico. (A) Ourico. (B) Trace of the 
chalice of the flower. (C) Shell. (D) Diameter. (E) Almonds. 
(Bitencourt, 2020).
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susceptibility, Barss et al. (1984) recommend discouraging 
small children from playing near coconut trees to avoid 
injuries caused by falling coconuts, locating dwellings away 
from risk areas, and the using of safety helmets by those who 
enter on coconut plantations.[2] e same can be applied to 
ouriços falling prevention.

is case series has some limitations, mainly due to its 
retrospective nature, as the epidemiological data were not 
seldomly missing or incomplete. However, most critical 
clinical data were collected, and the CT scans could be 
reviewed from the digital records.

Implementation of public health measures is essential to 
prevent these accidents, such as encouraging personal 
protective equipment whenever collecting ouriços. 
Furthermore, family orientation programs in at-risk regions 
should be established. Finally, centers with a prepared team 
and head CT scans should be implemented in countryside 
cities, and rapid transportation to Manaus and Santarém 
should be guaranteed whenever necessary.

CONCLUSION

ese case series is the first to describe an unconventional 
but potentially fatal cause of TBI in the Amazon: the falling 
of the Brazil-nut fruit. Although most cases are considered 
“mild TBI,” patients may have cranial fractures and extradural 
hematomas, responsible for a significant morbimortality if 
proper medical assistance is delayed.
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