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Background: There were limited studies on the prevalence of injuries and illnesses among ultramarathoners. 
Aim and Objectives: This was a retrospective study to describe the injuries and illnesses seen during Four Feather 
Ultra Marathon 2020, Sabah, held from 29th February 2020 to 1st March 2020, for future preparation of medical 
team standby. 
Methods: All ultramarathoners who reported to the medical camp or on site with medical complains, and 
musculoskeletal complains were included in the study pools. There were 6 medical camp sites; KM10, KM19, 
KM36, KM51, KM62 and KM90. 
Results: The incidence of injury was 504 per 1000 athletes, 478 per 1000 km run, and 401.4 per 1000 h run. There 
was no severe injury or medical illness that require urgent referral to a hospital. For minor injuries and illnesses, 
54.3 % due to medical conditions, 39.8% due to musculoskeletal injuries and 5.9% due to skin conditions. For 
heat-related illness, 31.5% were heat cramps and 15.7% were heat exhaustion. 50KM category runners have the 
highest percentage of heat-related illness (78.3%) followed by 90km category (11.7%) and 20km category (10%). 
74.2% (n = 89) of heat-related illness occurred at KM 19, 20% (n=24) occurred at KM 37, 2.5% (n = 3) at KM 50, 
and 3.3% (n = 4) at KM 70. 
Conclusion: It is important to identify the early signs of severe heat-related illness. Thus, pre-planning medical 
standby is crucial to alert all medical staff during the event regarding symptoms and signs of heat-related illnesses 
during the event.
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INTRODUCTION

Ultra Trail Marathon has gained popularity in recent decades 
with a geometric increase of 5200% in the number of runners 
from 1978 to 2008 (Hoffman and Wegelin, 2009). A study by 
Hoffman et al. (2010) showed a dramatic increase in the number 
of races offered and the number of official finishers from 1977 

until 2008. Nevertheless, there were limited studies on injuries 
and illnesses amongst Ultra Trail Marathon runners during the 
competition. Vernillo et al. (2016) defined Ultra Trail Marathon as 
any foot race longer than 42.195 km performed on mountainous 
terrain involving elevation changes with <20% running on paved 
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or asphalt surfaces. Of these trails choose to challenge runners 
which include the rough terrain, elevation and descending rugged 
mountainous undulating surfaces, crossing over river and extreme 
weather (Parise and Hoffman, 2011; Hoffman et al., 2014). Zaryski 
and Smith (2005) described ultramarathoners as athletes that need 
rely on long-term preparation, sufficient nutrition, accommodation 
of environmental stressors and psychologic toughness.

Ultramarathoners are around the age of 40s, with a high experience 
in long-distance running, complete a longer duration of training, 
are well prepared, are goal oriented and love to push themselves 
to their limit (Khodaee and Ansari, 2012). Robust studies have 
shown that ultramarathoners have stable body weight and gain 
less weight as they are ageing (Hoffman and Fogard, 2012; 
Hoffman and Krishnan, 2014). Hoffman and Krishnan (2014) 
reported that ultramarathoners are healthier compared to the 
general population as a smaller number of serious illnesses are 
seen amongst ultramarathoners such as cancer, cardiovascular 
disease and its equivalent and diabetes. The number of absences 
of work or school is also less compared to the general population 
(Hoffman and Krishnan, 2014). This group of people have 
enormous physical and psychological demands as they need to 
push themselves to complete long-distance run, extreme weather 
and hurdles during the journey.

Four Feather Ultra Marathon  2020 in Borneo, Sabah, took 
ultramarathoners to the northern native villages at the foothills 
of Mount Kinabalu and around the mountain. The route had 
technical jungle sections at the night as well as a combination 
of steep terrain and technical trail sections, and the weather, 
mostly hot in the first part of the. The race started at Kiau Nuluh 
village located in Kota Belud, a 2-h drive from Kota Kinabalu. 
It is a picturesque village in the foothills of Mount Kinabalu, 
which is 600 m above sea level. Four Feather Ultra Marathon  
was divided into three categories: 20 km, 50 km and 90 km. For 
20-km runners, they were experiencing elevation gain of 597 
m and elevation loss of 1247 m. For 50-km category, they were 
experiencing elevation gain of 1892 m and elevation loss of 2539 
m. For 90-km category, they were experiencing elevation gain of 
3084 m and elevation loss of 3730 m. This Ultra Trail Marathon 
was medically covered by a sports medicine team, Hospital 
Queen Elizabeth, Kota Kinabalu, Sabah, consisting of two sports 
medicine specialists, five sports medicine medical officers, five 
medical officers trained in ultramarathon coverage and three 
physiotherapists. Each station was led by a sports physician or 
a senior sports medicine medical officer with three assistances 
comprising medical officers and physiotherapists.

To the authors’ knowledge, there were limited studies on the 
prevalence of injuries and illnesses amongst ultramarathoners, 
especially Ultra Trail Marathon, which was held in Borneo, 
Sabah, as this area related to extreme weathers, and anticipation 
of animal or insect-related injuries in jungle area. The current 
study describes the injuries and illnesses seen during the Four 
Feather Ultra Marathon  2020, Sabah, for future preparation of 
medical team standby.

MATERIALS AND METHODS

Study design
This was an observational retrospective study. The data were 
collected from 29 February 2020 to 1 March 2020 during the event.

Participants
All ultramarathoners who reported to the medical camp or on-site 
from 29 February 2020 to 1 March 2020 with medical complaints 
and musculoskeletal complaints were included in the study pools. 
Officials who were treated for medical or musculoskeletal complaints 
were excluded from the study. There were six medical camp sites: 
at KM10, at KM19, at KM36, at KM51, at KM62 and at KM90.

Data collection
The data were collected using a universal sampling approach. All 
injuries and illnesses were recorded in standardised injury/illness 
report forms during the events, which include ultramarathoner’s 
registration number, diagnosis, body parts injured, medical 
camp kilometres, absence of competition and treatment. 
Ultramarathoner’s name and identification number were not 
collected and recorded in this study. Other demographic data 
such as gender, age and place of origin were obtained from the 
organiser based on ultramarathoner’s registration number. All 
diagnoses and treatments were discussed and decided by a sports 
physician or a senior sports medicine medical officer, and the data 
were recorded in the injury report form. For heat-related illness, 
tympanic temperature was used instead of core body temperature 
to maintain patient’s privacy and limitation of equipment for the 
measurement of core body temperature.

Definition of illness
Heat cramp and exercise-associated muscle cramp are 
interchangeable. According to Howe and Boden, 2007, heat 
cramp is the earliest sign of heat-related illness that manifests 
as painful muscle contractions around calf, thigh or abdominal 
muscle with normal or elevated core body temperature, but <104°F 
(40°C) (Howe and Boden, 2007). In our study, we diagnosed heat 
cramp when runners presented with severe cramp and flush and 
has body temperature >37.5°C. Other types of cramp considered 
are exercise-associated muscle cramp in this study. On the other 
hand, a diagnosis of heat exhaustion was considered if runners 
presented with extreme fatigue, dizziness, nausea, vomiting, 
fainting and a weak, rapid pulse with normal or elevated core 
body temperature, but <104°F (40°C) (Howe and Boden, 2007). 
Spectrum of heat-related illness is classified as below as in Table 1 
(Lipman et al., 2013):

Data analysis
We performed a descriptive analysis on demographic data 
including age, sex, nationality, comorbidities, injuries and 
illnesses using IBM Corp. Released 2013. IBM SPSS statistics 
for Mac, version 22.0. Armonk, NY: IBM Corp. Injuries and 
illnesses were divided into three categories: musculoskeletal 
injuries, skin lesion and medical illnesses. The ultramarathoners 
were divided into three categories: 20 km, 50 km and 90 km. 
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We also analysed injuries and illnesses occurring at all medical 
checkpoints: KM10, KM19, KM36, KM51, KM62 and KM90 
using descriptive analysis. We defined a rate of injury/illness as 
the number of injuries/illnesses per 1000 ultramarathoners, per 
1000-km run and per 1000-h run.

The age of all ultramarathoners was not normally distributed 
using Shapiro–Wilk test (P = 0.00) and expressed as median 
and interquartile range (IQR). The age of ultramarathoners who 
sustained heat-related illness was normally distributed using 
Shapiro–Wilk test (P = 0.081) and expressed as mean and standard 
deviation.

Rate of injury/illness

Per 1000 ultramarathoners = [Number of injured ultramarathoners 
(n)/total number of participants (n)] × 1000

Per 1000-km run = [Number of km completed by injured 
ultramarathoners (km)/total number of km completed by 
participants (km)] × 1000

Per 1000-h run = [Number of hour completed by injured 
ultramarathoners (h)/total number of hour completed by 
participants (h)] × 1000

RESULTS

Five hundred and four ultramarathoners participated in the race: 
221 ultramarathoners in 20-km race, 188 in 50-km race and 95 in 
90-km race. Out of 504 ultramarathoners, 55 did not complete the 
race, 11 did not complete due to poor physical fitness and 34 were 
due to medical conditions. Twenty-three of 34 ultramarathoners 
did not complete due to heat exhaustion and 11 due to 
musculoskeletal injuries. 65.5% (n = 330) of ultramarathoners 
were male and 34.5% (n = 174) were female. The median (IQR) 
age for ultramarathoners was 37 ± 12 years. Four hundred and 
thirty-nine Malaysians (87.1%) participated in ultramarathons, 
while the remaining were international ultramarathoners. Fourteen 
ultramarathoners had underlying medical conditions; four had 
asthma, four had hypertension, two were breast cancer survivors, 
one was post-lung tuberculosis patient and one had underlying 
rheumatoid arthritis. Out of 504 ultramarathoners, 166 (33%) 
encountered at least one injury or medical illness during the race.

A total of 254 injuries/illnesses were encountered during the 
race. The incidence of injury was 504/1000 ultramarathoners, 
478/1000-km run and 401.4/1000-h run, respectively as in 
Table 2. 54.3% were due to medical conditions, 39.8% due to 
musculoskeletal injuries and 5.9% due to skin condition. Details 
of injuries/illnesses are outline in Tables 3 and 4. There was no 
referral for emergency conditions, and all injuries and illnesses 
were treated pitch side and discharge.

For heat-related illness, 31.5% were heat cramps and 15.7% were 
heat exhaustion. The mean age of diagnosing heat-related illness 

Table 1: Spectrum of heat related illness
Severity Heat‑related 

illness
Symptoms

Mild Heat cramp Cramps, moist and cool skin and 
normal body temperature

Heat rash Eruption of red papules or 
pustules, primarily on neck, upper 
extremities, trunk and groin

Heat oedema Limb swelling and facial flushing
Moderate Heat syncope Dizziness and transient blackout 

immediately following cessation 
of activity with normal body 
temperature

Heat 
exhaustion

Raised in core temperature 
38.3°C–40°C with symptoms such 
as dizziness and transient blackout 
immediately following cessation of 
activity

Severe Heat stroke Raised core body temperature 
of>40.5°C with altered mental 
status, seizures, coma, tachycardia, 
hypotension and hyperventilation

Table 2: Incidence of injuries in per 1000 
athletes, per 1000 h, per 1000 km
Incidence of injuries 
and illnesses

Total Category
20 km 50 km 90 km

IR/1000 ultramarathoners 504 153.8 957.4 421
IR/1000 h 401.4 682.5 567.3 265.7
IR/1000 km 478 788.9 565.2 354
IR: Incidence rate

Table 3: Demographic data for injuries and 
illnesses
Demographic 
data for injuries 
and illnesses

Total 
runner, 
n  (%)

20‑km 
runner 

(n)

50‑km 
runner 

(n)

90‑km 
runner 

(n)
Gender

Male 169  (66.5) 13 132 24
Female 85  (33.5) 21 48 16

Nationality
Malaysia 211  (83) 29 147 35
International 43  (17) 5 22 5

Injury/illness category
Medical illness 138  (54.3) 20 102 16

Exercise fatigue 7  (2.8) 7 0 0
Dehydration 2  (0.8) 1 0 1
Heat cramp 80  (31.5) 11 61 8
Heat exhaustion 40  (15.7) 1 33 6
Gastritis 7  (2.8) 0 7 0

Musculoskeletal 101  (39.8) 12 68 21
Exercise‑induced 
cramp

68  (28.8) 8 40 20

Meniscal injury 1  (0.4) 0 1 0
Patellofemoral 
syndrome

2  (0.8) 0 2 0

Sprain 18  (7.1) 4 12 2
Strain 14  (5.5) 0 14 0

Skin
Abrasion 5  (2) 0 3 2
Blister 6  (2.4) 2 3 1
Laceration 4  (1.6) 0 4 0
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was 40.3 ± 9.1 years. There were 71.7% of males and 28.3% 
of females. 50-km category ultramarathoners had the highest 
percentage of heat-related illnesses (78.3%), followed by 90-km 
category (11.7%) and 20-km category (10%). 74.2% (n = 89) of 
heat-related illnesses occurred at KM19, 20% (n = 24) at KM36, 
2.5% (n = 3) at KM51 and 3.3% (n = 4) at KM62.

DISCUSSION

Recent decades have shown an exponential rise in ultramarathoners 
including Malaysia (https://statistik.d-u-v.org, 2020). A total of 22 
ultramarathon races had been held in Malaysia alone in 2020, with 
over thousands of participants overall (https://statistik.d-u-v.org, 
2020). Despite that, little that we know regarding the injury risk 
and injury pattern. Thus, this study is a stepping stone to provide 
an important information regarding the pattern of injuries seen 
in ultramarathon in Malaysia. To the authors’ knowledge, this is 
the first reported study on ultramarathon injuries held in Sabah. 
With a rising number of international ultramarathon events held 
in the tropical region including Sabah, it is important for the 
organiser to understand the pattern of injuries and illnesses that 
could occur during the race, to help better medical preparation in 
the future. The rates of injuries in this study were lower compared 
to Vigolana Trail® 2014 (1885.7 per 1000 runners, 13,153.9 per 
1000-h run) and RacingThePlanet® 4 Deserts Ultramarathon Series 
from 2005 to 2006 (3860 per 1000 runners) (Vernillo et al., 2016; 
Krabak et al., 2011). Vernillo et al. (2016) only included 77 out 
of 234 ultramarathoners with total injuries and illnesses of 132. 
Hence, the incidence of injuries is expected to be higher compared 
to our study, 166 out of 504 ultramarathoners. Krabak et al. (2011) 
examined 257 out of 396 ultramarathoners in a multistage event of 
total 240-km distance. Thus, that explains the higher incidence of 
injuries and illnesses compared to our study which only involve 
maximum of 90-km distance (Krabak et al., 2011).

The most common injuries reported were exercised-induced 
cramps (28.8%). Muscle cramps were commonly reported 
injuries in many studies (Vernillo et al., 2016; Krabak et al., 

2011; Millet et al., 2011; Scheer and Murray, 2011). This is due 
to pathophysiology of exercise-induced cramps is explained 
by Millet et al. (2011) and Scheer and Murray (2011) due to 
neuromuscular fatigue. Yokozawa et al. (2007) concurred that 
body mechanism to maintain neuromuscular balancing during the 
race increases in the risk of muscle damage and cramping. Rapid 
alternate eccentric–concentric contraction for neuromuscular 
balancing worsens muscle damage (Skenderi et al., 2006). 
Rhabdomyolysis, which is commonly seen in endurance sports 
demonstrated by an increase in myoglobulin and creatine kinase 
(Hoffman and Krishnan, 2014). However, that was not seen in 
our study. Higher risk of rhabdomyolysis is seen in extreme 
environmental temperature, dehydration and use of non-steroidal 
anti-inflammatory drugs (Hoffman and Krishnan, 2014; Krabak 
et al., 2011). Krabak et al., 2011 recommended that runners who 
presented with excessive cramping or excessive fatigue should 
be investigated for acute kidney injury on medical tent using 
urine samples: clusterin, cystatin-C, cysteine-rich protein 61 
(CYR-61) and urinary B2M (Krabak et al., 2011). Nevertheless, 
this bedside urine test is an expensive test and was not available 
during the events. We would recommend this bedside urine test 
in future event as it can help in early detection of acute kidney 
injury which needs a prompt treatment with fluids and referral 
to hospital. Ultramarathoners suspected with acute kidney injury 
should be promptly referred to the emergency department for 
further management. 

Heat-related illness, heat exhaustion and heat cramps were 
the most reported medical conditions during the race. Heat-
related illness is caused by an imbalance of heat production, 
heat absorption from the environment and efficiency of 
thermoregulatory mechanisms. The WetBulb Globe Temperature 
(WBGT) index is an ideal index to assess the environmental 
risk of heat-related illness, but it was not available during this 
event. Thermotolerance of an individual is based on multiple 
risk factors: poor physical fitness, obesity, dehydration, poor 
acclimatisation and external load, including clothing, equipment 
and protective gear (Larry Kenney et al., 2012). In our study, 

Table 4: Injury and illness categories in different medical stations
Injury/illness category Station 

km 10
Station 
km 19

Station 
km 36

Station 
km 51

Station 
km 62

Station 
km 90

Medical illness
Exercise fatigue 0 7 0 0 0 0
Dehydration 1 1 0 0 0 0
Heat cramp 0 74 2 0 4 0
Heat exhaustion 0 15 22 3 0 0
Gastritis 2 1 3 1 0 0

Musculoskeletal
Exercise‑induced cramp 28 35 2 1 2 0
Meniscal injury 0 0 1 0 0 0
Patellofemoral syndrome 1 0 1 0 0 0
Sprain 11 3 4 0 0 0
Strain 0 0 5 9 0 0

Skin
Abrasion 0 1 2 1 0 1
Blister 2 2 1 0 1 0
Laceration 0 1 2 1 0 0
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71.7% (n = 86) of heat-related illnesses were male and 28.3% 
(n = 34) were female similar to many studies (2019; Carter et 
al., 2005). However, a recent systematic review (2020) found that 
female-armed force is a higher risk of getting exertional heat-
related illness, while male-armed force was a higher risk of heat 
stroke (Alele et al., 2020). The highest number of heat-related 
illnesses occurred at KM19 and KM37 (74% and 20%) where the 
ultramarathoners received the maximum sunlight. The average 
daytime temperature during the event was 79°F with humidity 
of 86%. Low temperatures at altitude and during the nights also 
minimised the level of heat stress during ultra-endurance races, 
which explained the low percentage of heat-related illnesses at 
km 50 and 70 (https://www.timeanddate.com/weather/malaysia/
kotakinabalu/historic?month=2&year=2020; Bongers et al., 
2015). Furthermore, studies by Hue et al., 2014, concluded that 
a shorter distance with higher exercise intensity leads to high risk 
of getting hyperthermia compared to low intensity with longer 
running distance (Hew-Butler et al., 2015). Poor acclimatisation 
should be considered the main risk factor for heat-related illness. 
The ideal duration for acclimatisation is 2 weeks for maximum 
adaptation; it decreases in heart rate, skin and rectal temperature 
and increases in sweat rate and work capacity (Periard et al., 
2015). Heat cramp is one of the earliest signs of heat-related 
illness. The pathophysiology behind heat cramp is excessive 
sweat after prolong heat exposure leads to loss of sodium leading 
to muscle cramp (Howe and Boden, 2007). Thus, the mainstay of 
treatments includes ice therapy, stretching and rehydration (Howe 
and Boden, 2007). Failure to recognise heat exhaustion during the 
race can lead to catastrophic events: heat stroke and death. Often, 
these runners presented with nausea, vomiting, headache or 
dizziness (Howe and Boden, 2007). Removal of ultramarathoners 
from hot environment and aggressive cooling to lower down body 
temperature is necessary with adequate fluid resuscitation (Howe 
and Boden, 2007). Out of 40 ultramarathoners, 17 marathoners 
completed the race before the diagnosis of heat exhaustion was 
made after their visit to the medical camp. Adequate preparation 
medical standby is crucial to prevent severe complication of 
heat-related illness. Pre-medical standby preparation included 
(1) education regarding early recognition athletes with moderate-
to-severe heat-related illness and early removal of the athletes to 
medical standby personnel; (2) emergency kits and equipment 
such as cold normal saline, continuous supply of ice packs 
and fan; (3) location of medical standby near the river and (4) 
education to the ultramarathoners regarding heat-related illness. 
During medical standby, each medical tent was led by a sports 
physician or senior sports medicine medical officer to help in early 
recognition, early removal and early treatment of moderate-to-
severe heat-related illness. With this preparation, we manage to 
prevent severe heat-related illness complication and all athletes 
were treated at pitch side and discharge without a need to refer 
to hospital.

We observed that 50 km ultramarathoners had a higher incidence 
of injuries per 1000 ultramarathoners. Many of them suffered 
from heat-related illness and exercise-induced muscle cramp, 
suggesting the lack of preparation in terms of physical and mental 

compared to 90 km ultramarathoners. This is because many of 
ultramarathoners were amateur, inexperience and newly ventured 
into the world of ultramarathon. With good strategy and experience 
and adequate preparation, 90 km ultramarathoners had the lowest 
incidence rate per 1000 ultramarathoners, 1000 km distance and 
1000-h run. Hence, that is why there was less injury after KM51.

Ultramarathon-related injuries have been shown to burden the 
health and economy of a runner. It is estimated that the total 
economic burden of RRIs was at €172.22 (95% confidence 
interval [CI]: 117.10–271.74) per running related injuries and 
€1849.49 (95% CI: 1180.62–3058.91) per 1000 h of running 
(Hespanhol et al., 2017). Thus, it is crucial to tackle risk of 
injuries for ultramarathoners and pre-planning on medical 
standby before the race. In this study, with adequate preparation 
of medical standby, which include adequate staffs and trained 
personals, adequate medical and medical equipment, proper 
medication, early education regarding heat-related illness to 
staff and participants, early recognition and early removal of 
ultramarathoners suspected with heat-related illness could 
save their life. However, the authors want to outline that there 
are few limitations of this study. This study only examined 
the ultramarathoners who seek treatment at our medical base 
camp located at km 10, 19, 37, 50, 70 and 90. Other treatments 
outside the medical camp were not recorded in this study. Many 
ultramarathoners did not seek medical teams and self-treated their 
injuries or illnesses. Thus, this could lead to the low incidence of 
injuries in this study. There were limited on-site investigations 
available to confirm some diagnoses such as rectal temperature 
to know the exact core temperature to diagnosed heat-related 
illness. This study was unable to demonstrate the risk factors of 
developing injuries and illnesses, especially with the alarming 
numbers of heat-related illnesses in this study. WBGT should 
be used to calculate the environmental temperature, and if 
the environmental temperature is alarming, safety measures 
should be taken to reduce the number of heat-related injuries. 
Further studies should be conducted to examine the physical, 
psychological and other environmental factors contributing to 
the injuries for future improvement in preventive measure of 
injuries and heat-related illnesses. A follow-up in sports medicine 
clinic should be done to see the outcome of the injuries on daily 
activities of living.

CONCLUSION

The most common ultramarathon-related injuries seen in the Four 
Feathers Ultra Marathon were muscle cramps (28%). The most 
common medical illnesses reported were heat-related illnesses, 
heat cramps and heat exhaustion. One of the most important pre-
planning medical standbys in Sabah should include preparing for 
heat-related illness. With adequate medical standby planning, there 
were no severe heat-related illnesses that prompted any referral 
to the emergency department. Early recognition, early removal 
and early treatment will help improve the outcome of heat-related 
illness and prevent the development of severe heat-related illness 
such as heat stroke.
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