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Abstract
Background: Motorcycle crash injuries (MCIs) cause mortality and exert financial cost, globally. However, there is paucity 
of  information on cost and length of  stay of  motorcycle injuries.
Objective: To assess factors influencing medical costs and length of  stay (LOS) of  motorcycle crash injuries presenting in 
hospitals in Kisumu city,
Methods: This was a cross-sectional study in which all 1073 motorcycle injury cases were enrolled over a period of  six 
months. A pre-tested, questionnaire was used to collect data. Data were analysed using Analysis of  Variance (ANOVA), 
logistic regression and multivariable regression analysis. P-value < 0.05 considered significant.
Results: A total of  1073 motorcycle injury visits were made to the hospitals during the study period of  which 46.0% were 
admitted. The total medical cost for motorcycle injury patients was Kshs.  19, 134,877 (USD 191348.77). The mean LOS 
was 19.8 days (1-235 days). Injuries requiring surgical intervention, higher injury severity score, and helmet non-use were 
significantly associated with higher medical cost and length of  stay.
Conclusion: Motorcycle injuries are a major cause of  hospital use and present significant economic burden. Surgical inter-
vention, injury severity and non-helmet use were the major predictors of  length of  stay and medical costs.
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Introduction
Road traffic injuries are predominant source of  deaths, 
hospitalization, incapacity, and loss of  income. Over 
1.36 million road traffic fatalities and 20–50 million 
nonfatal injuries occur every year on global roads-
1Globally, motorcycle fatalities account for 28 %,1 and 
7-16% in the WHO Africa region1.
Motorcycle crash injuries and deaths continue to rise 
globally1,2. This is due rapid motorization, poor en-
forcement of  traffic safety regulations, and un- safe be-
haviors. The outcome of  these injuries cause huge med-
ical expenditure and intangible suffering3,4. Motorcycle 
crash casualties during a crash, experience and absorb 

a high energy impact since there is no external protec-
tion; consequently, sustain severe injuries to the head, 
extremities and spine resulting in longer hospital days 
and high cost5, 6, 7.
In the last decades medical cost has been rising and 
varies from country to country8. Studies in the high 
Income Countries (HICs) have documented motorcy-
cle injuries to cost 12 B US$ annually8. Nine Billion in 
USA9 US$10,917 and US$ 16 767 037 in Argentina10 
in the year 2010 and 2014 respectively. In LMICs the 
costs was US$ 63,128.30 in Ghana11, US$ 269,000 in 
Rwanda12; US$ 128169.3 in Nepal13 in 2011, 2015, and 
2016 respectively.
Length of  hospital stay (LOS) is an important measure 
to evaluate the burden of  trauma care on hospitals and 
contributes to medical costs14,15. For instance, reduced 
hospital LOS has been associated with reduced costs16 
while prolonged LOS is related to increased demand 
for resources both material and manpower15. Therefore, 
LOS is a useful indicator for costs, quality of  care, and 
hospital resource utilization17. Previous studies from 
Brazil18, Jamaica19, China7, Taiwan20 reported hospital 
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mean length of  stay of  15.9 ± 23.8 days, 10±8 days, 
10.6±11.5 days, 14±12.5 days respectively.  Other stud-
ies have shown that length of  stay is influenced by age, 
injury severity, gender, anatomic injury site, hospital 
mortality, insurance cover and hospital location21-22. 
One challenge in previous medical cost studies is that 
calculations of  medical costs are limited to reviews of  
hospital charges at single centres8. Cost estimates de-
rived from such reviews are incomplete, consequent-
ly under-costing the burden23 thus, true costs are un-
der-represented.

In Kenya, in the year 2020, a total of  16970 people were 
injured and 3975 killed in road traffic crashes with an es-
timated cost of  US$ 4 billion, of  which 6143 and 1574 
were motorcycle injuries and deaths, respectively24. Un-
fortunately, there is no data on the exact figure on the 
economic impact and the rate of  admission of  motor-
cycle related injuries. The number of  motorcycle crash-
es in Kenya has increased from 141 in 2005, to 6143 in 
2020 25,26. Previous studies in Kenya have indicated that 
the proportion of  motorcycle injuries varies from 24%-
62% of  all road traffic injuries27,28,29.  Other motorcycle 
related studies in the country have been done on safety 
practices and identified wearing helmets as an import-
ant behavioural measure in reducing motorcycle injuries 
and fatalities30,31. However, there is no study focused on 
hospital length of  stay and medical costs incurred by 
motorcycle crash injuries and associated factors. Kisu-
mu City has no reliable data on medical cost and hospi-
tal length of  stay of  motorcycle injury victims. The few 
available studies have been population based32,33 with no 
focus on length of  stay and cost of  care and associated 
factors. This is the first study to examine hospital length 
of  stay and medical cost of  motorcycle injuries in the 
Kenya. It is expected that data will assist hospitals to 
plan for care of  motorcycle injury patients and policy 
makers inform focused interventions to reduce the bur-
den of  these injuries.

Materials and methods
Study Site and design
This study was carried out in Tier III Hospitals in Kisu-
mu City located in western Kenya.  Kisumu City has a 
population of  610,082 comprising of  52.3% aged 0-19 
years, while 36.2% is between 15-45 years26. Fifty point 
two percent of  the population are females while 49.8% 
are males. The main mode of  transportation used with-
in the Kisumu city is walking which comprise slightly 
more than one half  (53%) of  daily trips34. Motorcycle, 
matatus and bicycles comprise (19%), (13 %) and (4 %), 
of  urban transport respectively36. Motorcycle traffic ac-
cident-related deaths and injuries present a major public 
health problem in Kisumu city35.  
This was a descriptive prospective study of  motor-
cycle crash injury patients of  all age groups and gen-
der that presented to the Emergency Departments 
(ED) of  three Tier III hospitals in Kisumu City be-
tween May 2019 and November 2019. Tier III hos-
pitals are County hospitals with comprehensive in                                                            
patient, diagnostic, medical, surgical and rehabilitative                                                                
care facilities, includes all Level 4 and Level 5 hospi-
tals36. These hospitals were; Jaramogi Oginga Odinga 
Teaching & Referral Hospital Kisumu County Referral 
Hospital and Aga Khan Hospital36. Jaramogi Oginga 
Odinga Teaching and Referral Hospital (JOOTRH), 
Kisumu County Hospital are public hospitals run by 
the County Government of  Kisumu36, while Aga Khan 
Hospital is a private hospital. These hospitals were de-
liberately selected because they all have well-equipped 
Emergency Departments that provide clinical care to 
the crash-involved patients on 24 hour basis.

Sample size determination
All 1073 motorcycle injury patients who presented to the 
Jaramogi Oginga Odinga Referral Hospital (JOOTRH) 
and Kisumu County hospital (KCH), and Agakhan 
hospitals were consecutively enrolled for a  period of  
six months. Using G. power analysis the sample size 
had sufficient effect size and power of  95% to detect 
meaningful differences at 5% level of  significance us-
ing regression analysis. The distribution of  number of  
motorcycle injury cases per hospital are as indicated in 
table 3.1.
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Table 3.1: Distribution of injury cases 
 
Hospital For 6 months 

Jaramogi Oginga Odinga Teaching and Referral 
Hospital 

610 

Kisumu County Hospital 310 
Aga Khan Hospital 150 

Total 1073 
 

Sampling Methods and Procedure
Total population sampling technique was used to recruit 
participants for the study. Total population sampling is a 
sampling technique in which every population element 
is recruited as samples in a study. The study enrolled all 
the patients presenting with motorcycle crash injuries 
in the Emergency Departments of  the named hospitals 
for a period of  six months. Several studies on length 
and costs have applied similar sampling approach15,16,19.

Data collection
Data was obtained on all the motorcycle injury patients 
who presented to the Emergency Departments of  the 
Tier III hospitals over a period of  six months (from 
6th May, - 3rd November, 2019). Patients with motor-
cycle injuries presenting at the hospitals’ emergency 
department were screened 24-hours a day by research 
staff  as close to time of  arrival as possible during the 
enrolment period after the patients were examined by 
either a doctor or a clinical officer. The study was car-
ried out from registration desks and examination rooms 
of  the study hospitals. Patients that required admission 
were admitted to the admitting surgical firm. Injured 
patients gave their informed consent either after they 
were stabilized or relatives who brought motorcycle in-
jury cases for care assented. All patients enrolled were 
initially assessed and cared for according to Advanced 
Trauma Life Support (ATLS) guidelines and contem-
porary standards of  trauma care by attending physician 
in the Emergency department. Data were gathered 
on: demographics, road user category; anatomic injury 
site, helmet use; diagnostic procedures, treatment and         
patient disposition. The Length of  hospital stay (LOS), 
calculated as the time interval between hospital admis-
sion and discharge and patient disposition were record-
ed from the inpatient notes. Casualties who were admit-
ted and discharged on the same day were considered to 
have been hospitalized for 1 day. Data on anatomic site 

of  injury and diagnosis were also collected: the pelvic 
girdle and the rest of  the lower limb were categorized 
as lower extremities; the pectoral girdle constituted up-
per extremities; head injuries constituted injuries to the 
face, neck, and head including concussions; and tho-
racic injuries including rib fractures and visceralorgans 
within the thorax were considered as chest injuries.
Injury severity was determined using the Abbreviat-
ed Injury Scale (AIS), and Injury Severity Core (ISS) 
for each casualty. Severity assessment was done by 
the attending physician. The ISS measures the severi-
ty of  the injury based on the Abbreviated Injury Scale 
(AIS), was computed by squaring the highest score in 
the three body regions most affected (head and neck, 
face, chest, abdomen, extremities, and external). The 
ISS score ranged from 0 to 7539, 40, and were categorized 
in four groups: ISS 1–8, 9–15, 16–24 and 24+. Further 
classification was done into minor and major injuries. 
Therefore, motorcycle injuries were classified into mi-
nor (ISS <16) and major injuries (ISS≥16)41 Glasgow 
Coma Scale (GCS) and vital signs at the time of  arrival 
at the emergency department were taken. GCS score of  
below 8 was indicated as severe; 9-12 as moderate; and 
13–15 as mild head injury.

Patients were followed up from the time of  presenta-
tion to discharge from the hospital, referral or death. 
The diagnosis and clinical care of  the patients, treat-
ment outcomes, and, if  deceased, cause of  death were 
documented. Data were entered in pre designed struc-
tured questionnaire.
Medical costs, obtained from the hospital billing re-
cords, included the cost of  transport to the hospital, 
costs of  first aid services, consultation, laboratory 
tests, radiological tests, medicines, surgical procedures, 
cost of  hospital bed per day, cost of  food. These were 
summed up for each injury patient as the cost of  treat-
ment for the period of  stay in the hospital accordingly. 
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This data collection strategy has been used in previous 
studies20,42,43,44.

Data analysis
The quantitative data were coded and entered into SPSS 
version 21 programme45.
Descriptive statistics was used to examine the frequency 
distribution of  demographic characteristics of  motor-
cycle injury cases, anatomic injury site and severity in 
relation to length of  stay. The mean LOS, and medical 
cost were compared in sub-categories of  motorcycle 
crash patients (age, sex, and injury characteristics) using 
analysis of  Variance (ANOVA) and Chi- square. Log 
transformation of  outcome variables was undertaken 
due to the skewed distribution of  hospital charges and 
length of  stay. Multivariable logistic regression analysis 
was used to identify the factors contributing the length 
of  stay and medical cost.  Standardization was done in 
the model to compute adjusted odds ratios. The ana-
lyzed data were summarized in tables upon which the 
references drawn. For all tests, the threshold of  signifi-
cance was fixed at 5% level with P-value less than 0.05 
considered significant.

Ethical considerations
Ethical approvals were obtained from Maseno Univer-
sity Ethics Review Committee (Ref. No. MSU/DRPI/
MUERC/00649/18) and Jaramogi Oginga Odinga 
Teaching and Referral Hospital Ethical Review Com-

mittee (ERC.IB/VOL.1/578). Permission to collect 
data was obtained from each of  the participating hos-
pitals. All participants provided informed consent in 
either Kiswahili or English. All relevant information 
about the study were communicated to all respondents 
before the study was carried out. Patients with altered 
clinical instability who did not have sufficient awareness 
to make decisions were excluded given their inability to 
provide informed consent, however these patients were 
reassessed for enrollment if  their clinical state allowed 
during their emergency department care course.

Results
Socio-Demographic Characteristics of  motorcycle 
injuries
The demographic characteristics of  the motorcycle in-
jury patients are shown in Table 2. A total of  1073 mo-
torcycle crash injury cases were recorded in the study 
hospitals during a 6-month period of  which 494(46.0%) 
were admitted. Of  the admitted motorcycle crash injury 
patients, over three quarters 383 (77.5%) were males, 
with male to female ratio of  3.5:1. The ages of  the pa-
tients ranged from 2 to 84 years, with a mean of  29.6 
(SD 12.2) years and median 31 years. The modal age 
group was in 21-30 years bracket. A greater portion of  
motorcycle injury patients completed secondary school 
470(43.8%) of  which 283 (51.9%) and 187 (37.8%) 
were treated and released at emergency department and 
admitted respectively.
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Table 2: Demographic characteristics of motorcycle injury presentation to the hospitals 

Characteristic 
of the 
motorcycle 
injured cases 

Admitted to 
hospital 

Treated and released in the 
ED 

 

  No. % No. %  

Gender          
Male 383 77.5 392 71.5  

Female 111 22.6 156 28.5  

Total 494 100 548 100  

Age  

0-10   17   3.5   41 7.5  

11-20   55 11.2   61 11.1  

21-30 170 36.4 249 45.4  

31-40  109 22.0 129 23.5  

41-50   64 12.9   35 6.4  

Above 50   79 16.1   33 6.0  

Total 494 100 548 100  

Level of education  

Primary 133 26.9 137 25.0  

Secondary 187 37.8 284 51.8  

Tertiary 
college 

152 30.8 107 19.5  

University 14 2.8 1 0.2  

None 8 1.7 19 3.5  

Total 494 100 548 100  

   

           

 

Hospital length of  stay by demographic and injury 
characteristics
The length of  stay (LOS) in hospitals ranged from 1 
to 235 days with a mean of  19.8 days± SD of  8.23, 
median of  9 days;  with the majority 285( 57.7%) being 
admitted for two weeks and below. Forty two (8.5%) 
patients died in the hospital. The association between 
the study variables and LOS is presented in Table 2. 
Among motorcycle injuries who recorded longer length 

of  stay of  2 weeks or more, greater proportions were 
males 158 (75.6%), Motorcycle rider 98(46.9%), Head 
&neck injuries 96 (45.9%) patients demanding surgi-
cal interventions 193 (92.3%). A greater proportion of  
motorcycle injury patient had no health insurance. Of  
the patients who stayed in the hospitals for ≥2 weeks a 
greater proportion had no health insurance 109 (52.2%) 
vs 100(47.8%). Gender, anatomic injury site, road user 
category, ISS (p < 0.001), GCS, (p < 0.001), insurance 
status, (p < 0.001), helmet use, (p < 0.001), and surgery 
(p < 0.001) were significantly associated with LOS (Ta-
ble 3).
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Table 3: Hospital length of stay by demographic and injury characteristics (n=494) 

       Length of stay Mean length of 
stay 

ANOVA (F test) P value 

    < 2 weeks ( 
n=285) 

≥2 weeks (n=209)       

Gender 
Male 225(78.9) 158(75.6) 23.1 30.2 0.001 

Female 60(21.1)  51(24.4) 14.2 

Age in years 

0-10 7(2.6) 10(4.80) 13.6   
  
3.03 

  
  
0.15 11-20 30(10.5) 25(12.0) 19.6 

21-30 99(34.7) 71(34.0) 26.6 

31-40 56(19.6) 53(25.3) 20.2 

41-50 42(14.7) 22(10.5) 22.2 

Above 50 51(17.9) 

  

28(13.4) 22.2 

Road user 

Motorcycle rider 103(36.1) 98(46.9) 18.6   
45.3 

0.001 

Pillion passenger 97(34.1) 53(25.4) 23.6 

Pedestrian 81(28.4) 56(26.7) 22.2 

Bicyclist 4(1.4)  2(1.0) 6.8 

Anatomic Injury site 

Head &neck 185(64.9) 96(45.9) 15.5 104.9 0.001 

Chest, abdomen, pelvis & 
spine 

44(15.6) 33(15.7) 22.2 

Extremities 34(11.9) 44(21.0) 18.3 

Multiple injuries 22(7.7) 36(17.2) 24.7 

            
Injury severity(ISS) 
<16 116(40.7) 82(39.2) 4.4 305.8 0.001 
>16 169(59.3 127(60.8) 28.5 
Glasgow Coma           
13-15 63(22.1) 53(25.4) 5.3 258.8 0.001 

9-12 50(17.5) 28(13.4) 15.6 

3-8 172(60.4) 128(61.2) 25.6 

Health insurance status 

Yes 129(45.3) 100(47.8) 15.4 28.1 0.001 
No 156(54.7) 109(52.2) 25.3 
Surgical interventions 
Yes 278(97.5) 193(92.3) 28.3 1158.3 0.001 
No 7(2.5)  16(7.7) 5.3 
Helmet use           
Yes   34(11.9) 29(13.9) 4.5 22.5 0.001 
No 251(88.1) 180(86.1) 24.7        

 

Mean and total medical costs based on socio-de-
mographic and injury characteristics of  motorcy-
cle crash victims
As shown in Table 4, the distribution of  patients patient 
charges varied considerably and was highly skewed, 
ranging from just 100 ($1)  to 19, 134,877  Kshs (US$ 1- 

US$ 103569.81) (USD 191348.77).. Overall, the mean 
cost per motorcycle patient visit was Kshs 17833.06 
($178.33.06) and varied by ED disposition: $97.00 for 
patients treated in ED and discharged; and Kshs. 41124.6 
($411.25) for patients admitted to the hospital. The 
mean medical cost was higher for male Kshs. 19594.17 
($195. 94) than females Kshs. 14773.72($147.74)

African Health Sciences, Vol 24 Issue 2, June, 2024

Table 3: Hospital length of stay by demographic and injury characteristics (n=494) 

       Length of stay Mean length of 
stay 

ANOVA (F test) P value 

    < 2 weeks ( 
n=285) 

≥2 weeks (n=209)       

Gender 
Male 225(78.9) 158(75.6) 23.1 30.2 0.001 

Female 60(21.1)  51(24.4) 14.2 

Age in years 

0-10 7(2.6) 10(4.80) 13.6   
  
3.03 

  
  
0.15 11-20 30(10.5) 25(12.0) 19.6 

21-30 99(34.7) 71(34.0) 26.6 

31-40 56(19.6) 53(25.3) 20.2 

41-50 42(14.7) 22(10.5) 22.2 

Above 50 51(17.9) 

  

28(13.4) 22.2 

Road user 

Motorcycle rider 103(36.1) 98(46.9) 18.6   
45.3 

0.001 

Pillion passenger 97(34.1) 53(25.4) 23.6 

Pedestrian 81(28.4) 56(26.7) 22.2 

Bicyclist 4(1.4)  2(1.0) 6.8 

Anatomic Injury site 

Head &neck 185(64.9) 96(45.9) 15.5 104.9 0.001 

Chest, abdomen, pelvis & 
spine 

44(15.6) 33(15.7) 22.2 

Extremities 34(11.9) 44(21.0) 18.3 

Multiple injuries 22(7.7) 36(17.2) 24.7 

            
Injury severity(ISS) 
<16 116(40.7) 82(39.2) 4.4 305.8 0.001 
>16 169(59.3 127(60.8) 28.5 
Glasgow Coma           
13-15 63(22.1) 53(25.4) 5.3 258.8 0.001 

9-12 50(17.5) 28(13.4) 15.6 

3-8 172(60.4) 128(61.2) 25.6 

Health insurance status 

Yes 129(45.3) 100(47.8) 15.4 28.1 0.001 
No 156(54.7) 109(52.2) 25.3 
Surgical interventions 
Yes 278(97.5) 193(92.3) 28.3 1158.3 0.001 
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Table 4. Mean and median medical cost based on socio-demographic  
and injury characteristics of motorcycle crash victims 
 

Characteristic 
of the 
motorcycle 
injured cases 

Mean      Total cost (Kshs.)  P value 
 

Gender       
 

Male 19594.17 15205077 0.001 
 

Female 14773.72  3929800 
 

Age of the motorcycle injury cases 

0-10 18363.61 1395635 0.37 
 

11-20 13208.91 1505816 
 

21-30 25652.01 8926900 
 

31-40 18776.83 4543995 
 

41-50   14575.23 
  

1279270 
 

Above 50   17200.81 
  

1479270 
 

Anatomic body site of injury 

Head and neck 21935.04  9826900 0.01 
 

Chest, 
abdomen, 
pelvis, spine 

12037.08 3450542 
 

Extremities 14140.47 1244361 
 

Multiple sites 27622.87 2983270 
 

Helmet use 
 

Yes 10749.42   2117632 0.01 
 

No 20138.76 17017254 
 

Glasgow Coma Scale   

Mild(13-15) 9744.83 5116034 0.01 
 

Moderate(9-12) 12503.04 2913209 
 

Severe(3-8) 41124.6 

  

1110344 
 

Injury severity (ISS) 
 

<16 5089.41 2946772 0.001 
 

>16 41292.1 16188105 
 

Health 
insurance 

      
 

Yes 42220 12198839 0.021 
 

No 21173 6936038 
 

     
  
  

Mean motorcycle injury patient charges per type of  
injury ranged from Kshs. 14140.47 ($ 141.4047 for 
extremities to Kshs. 21935.04 ($ 219.35.04) for head 
injuries. Head injuries accounted for the greatest pro-
portion (51.4%) of  the total charges. Further analy-
sis revealed that helmet non-use resulted into a total 
medical cost of  Kshs. 17, 017, 254; which accounted 
for 88.9% of  the total medical cost.  The mean cost 
of  motorcycle injuries was higher for patients who 
did not use helmets Kshs. 20138.76 ($201. 39) com-

pared with those who used helmets before the crash 
Kshs.10749.42 ($10749.42) respectively. Patients with 
ISS>16 also demonstrated higher mean medical cost of  
Kshs 41292.1($412. 92)   than patients who had less 
severe injuries ISS<16 and accounted for 84.5% of  the 
total medical cost. More than half  (57.5%) of  the to-
tal medical costs were billed to government-sponsored 
health insurance programmes combined (NHIF, UHC 
county sponsored programme, with aean of  Kshs. 
4222($42.20) per visit.
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Predictors of  hospital length of  stay of  motorcycle 
injuries
Analysis of  the crude odds ratios for factors associated 
with hospital length of  stay (Table 4) shows that in-
jury severity, higher injury severity score of  ISS > 16, 
and lower Glasgow Coma Scale;  had 6 and 5 times in-
creased influence on length of  stay respectively, surgical 
intervention (OR =5.3; CI=0.9-10.27 ), helmet nonuse 
(OR =4.9; CI=3.3-10.29) motorcycle rider (OR =1.7; 
CI=0.467-3.771),  also increases hospital  length of  stay.  
In terms of  anatomic injury site, motorcycle injury pa-
tients who sustained injuries to the head were 5 times 
more likely to stay longer in the hospital than those who 
sustained injuries to the extremities.

After adjusting for the effects of  all the variables, sur-
gical intervention ((OR =6.5; CI=1.9-20.47), higher 
injury severity score (ISS>16), lower Glasgow Coma 
Scale; GCS=3-8 (OR =5.5; CI=2.24-16.82) were the 
main factors influencing hospital length of  stay. In 
the final model, demographic factors, being male (OR 
=1. 7; CI= 1.95-3.38), age groups of  19-30 years (OR 
=2.91; CI=1.48-7.92) and 31-40 years (OR =1. 2; CI= 
0.28-1.73) increased significantly the length of  stay. In 
relation anatomic injury site; Head, face and neck (OR 
=4.6; CI= 2.74-6.15) and multiple injuries (OR =3.01; 
CI= 0.14-9.15) significantly increased the likelihood of  
staying longer in the hospital (Table 5).
 

Table 5: Predictors of hospital length of stay of motorcycle injuries 
 

      
  
  
Gender 

Crude Odds Ratio 
(95% Cl)  P value Adjusted Odd 

Ratio (95% cl)  P value 

Males 1.2(0.466-2.211) 0001 1. 7(1.95-3.38) 0.001 
Females Ref   Ref Ref 
Age       
<18 0.4 ( 0.02-4.29) 0.35 0.3 ( 0.06-3.49) 0.28 
19-30 2.6 (0.66-5.82) 0.030 2.9 (1.48-7.92) 0.01 
31-40 0.9 (0.54-5.38) 0.106 1.2 (0.28-1.73) 0.05 
41-50 0.2 (0.150-1.39) 0.45 0.16 (0.16-1.16) 0.42 
above 50 Ref   Ref Ref 

Type of road user     

Motorcycle rider 
Passengers 
Pedestrian 
Bicyclist 
  

1.7(0.467-6.171) 
1.4(0.400-4.900) 
1.6( 0.193-3.999) 
ref 
  

  
0.003 
0.56 
0.455 
Ref 
  
  

1.4(0.17-3.28) 
1.0 (0.74-1.42) 
1.7(0.14-4.36) 
Ref 
  

0.03 
0.9 
0.6 
Ref 
  
  

Helmet use   

Yes ref   Ref ref 
No 4.9(3.3-10.29) <0.001 5.2(0.36-12.70) 0.001 
Anatomic injury site 

Head, face and neck 5.4(0.567-11.17) 0.05 4.6(2.74-6.15) 
0.001 

Chest/thorax/abdomen 2.5(0.26-7.16) 0.08 2.6(0.23-8.35) 
0.18 

Multiple injuries 4.2(1.70-10.57) 0.001 3.01(0.14-9.15) 
0.05 

Extremities ref ref ref ref 
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Injury severity(ISS)       
>16 6.0(2.06-11.047) 0.001 6.2 (1.04-12.65) 

0.001 
<16 Ref Ref Ref 

Ref 
Glasgow Coma Scale   
3-8 5.3(2.20-10.73) 0.01 5.5(2.24-16.82) 0.001 
9-12 0.8(0.07-1.708)   1.05(0.37-4.36) 0.041 
13-15 Ref  Ref Ref   
Surgical intervention 
Yes 5.3(0.9-10.27) 0.001 6.5(1.9-20.47)   
No Ref  Ref Ref   
Pre hospital care obtained       
No 3.10(1.18-8.58) 0.004 2.2(1.25-6.74) 0.001 
Yes Ref   Ref Ref 
N/A         
Health insurance 
Yes 0.7(0.39-1.38) 0.612 0.6(0.26-1.67) 0.07 
No Ref   Ref Ref 
Hospital type         
Public -0.3 (-0.43 -0.50) 0.01 0.4(-0.39-1.38) 0.01 
Private Ref Ref Ref Ref 

 

Predictors of  hospital medical charges of  motor-
cycle injuries
Analysis of  the crude odds ratios for factors associ-
ated with medical costs (Table 6) shows that surgical 
intervention increased medical charges 18.3 times (OR 
=18.3; CI=3.96-90.59),
Furthermore, hospital medical charges had a direct re-
lationship with severity, motorcycle injury patients who 
sustained injuries with higher injury severity score ISS 
>16 (OR=6.0; 2.06-11.047) and lower Glasgow Coma 
Scale GCS 3-8 OR=1.4 (Cl 95%; 0.357-6.279) had in-
creased probability to pay higher medical charges. In 
addition, all motorcycle crash injured areas were com-
pared to injuries to extremities; the results indicated that 

the patients with head and neck injuries and Chest/tho-
rax/and abdomen were 2.9 times and 1.9 respectively 
more likely to pay higher charges compared to extrem-
ities injuries. Moreover, the motorcycle injury patients 
who did not wear helmet were 5.9 times more likely to 
pay higher hospital charges (p < 0.001) than those who 
wore helmets.
 
After adjusting for the influence of  all the factors in 
multivariable regression analysis, surgical intervention, 
longer length of  stay > 2 weeks, higher injury severity 
score (ISS>16), helmet non-use, injuries to extremities, 
remained as the most important  factors influencing 
hospital length of  stay ( Table 6).
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Table 6: Multivariable analysis of predictors of hospital medical charges of motorcycle injuries 
  

      

Gender Crude Odds Ratio (95% Cl)  P value Adjusted Odd Ratio (95% 
cl)  P value 

Males 0.7(0.498-0.998) 0.049 1. 2(0.45-2.08) 0.04 
Females Ref   Ref Ref 
Age       
<18 0.4( 0.02-4.29) 0.3 0.3( 0.06-3.49) 0.28 
19-30 2.5(0.47-5.32) 0.03 2.7(1.08-4.57) 0.01 
31-40 0.8(0.56-7.38) 0.11 1.0(0.28-1.03) 0.35 
41-50 0.2(0.150-1.39) 0.45 0.13(0.06-0.09) 0.42 
above 50 Ref   Ref Ref 

Type of road user     

Motorcycle rider 
Passengers 
Pedestrian 
Bicyclist 
  

0.5(0.067-1.141) 
0.6(0.040-1.340) 
1.3( 0.243-2.999) 
ref 
  

  
0. 01 
0.321 
0.05 
Ref 
  
  

1.2(0.67-1.68) 
1.0 (0.04-0.99) 
1.1(0.14-4.36) 
Ref 
  

0.001 
0.96 
0.6 
Ref 
  
  

Helmet use   

Yes ref   Ref ref 

No 5.9 (3.3-18.29) <0.001 5.2(2.36-11.70) <0.001 
Anatomic injury site 

Head, face and neck 2.9(1.87-4.74) 0.025 0.6(0.04-1.15) 
<0.301 

Chest/thorax/abdomen 1.9(0.84-4.329) 0.05 0.7(0.03-1.55) 
0.28 

Multiple injuries 1.9(1.079-4.312) 0.01 3.01(0.14-9.15) 
0.05 

Extremities ref ref ref ref 

Injury severity(ISS)       
>16 6.0(-0.06-0.047) 0.001 6.2 (1.04-12.65) 

0.001 
<16 Ref Ref Ref 

Ref 
Glasgow Coma Scale   
1-8 0.6 (0.149-2.528) 0.51 2.5 (1.24-5.82) <0.001 
9-12 1.4 (0.357-6.279) 0.000 0.7 (0.07-1.28) 0.231 
13-15 Ref  Ref Ref   
Surgical intervention 
Yes 18(3.96-90.59) 0.001 18.5(0.9-92.49) <0.001 
No Ref  Ref Ref   
Pre hospital care obtained       
No 4.10(1.25-18.67) 0.004 4.2(1.37-17.62) 0.001 
Yes Ref   Ref Ref 
N/A         
Medical insurance 
Yes 0.8(0.57-1.048) 0.06 0.6 (0.26-1.67)   
No Ref   Ref Ref 
Hospital fatality         
Yes 0.7(0.079-8.012) 0.074 1.3(1.079-2.022) 0.05 
No Ref   Ref Ref 
Length of stay         
> 2 weeks 17.7(1.23-90.72) 0.016 17.9(2.31-91.02)   
< 2 weeks Ref       
Hospital type         
Public 0.2 (-0.13 -0.10) 0.01 0.2(-0.19-0.18) 0.01 
Private Ref Ref Ref Ref 

Discussion
Motorcycle injuries is an important cause of  hospital 
admission and bed occupancy in Kenya. To our knowl-
edge, this is the first study in the Kisumu City and in 
Kenya and among few studies in WHO-Africa region to 
explore factors influencing the length of  stay and med-

ical cost of  motorcycle injuries.  Hospitalization, due to 
motorcycle injuries, can be economically exigent in case 
of  prolonged hospital stay. In this study, the average 
length of  stay was approximately 19.8 days. This com-
pares favorably with 18.3 and 19.2 days reported from 
Tanzania47 and Brazil48. Hospitals studies conducted in 
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Kenya have reported mean LOS ranging from 14 to 
24.3 days for motorcycle injury patients27,39, which falls 
within the average Length of  stay (LOS) for motorcycle 
injuries reported in this study.  On the other hand, the 
mean LOS was higher than reported in Iran39, and in 
USA19,20 these differences may be due to variations in 
injury patterns, case severity, trauma care organization, 
availability of  technology, operating theater time and 
staff, and bed capacity/occupancy. This study found 
that the mean patient cost of  hospitalized motorcycle 
injury cases was Kshs. 17833.06 (USD 178.33) which 
was lower compared to estimates reported from USA 
(19 20); Spain49; New Zealand50 and Iran51. This varia-
tion in hospital charges, could be due by the subsidized 
health care system and also the general low service 
costs since the study was done during the implementa-
tion of  Universal Health UHC) pilot. However the ris-
ing number of  motorcycle related injuries and fatalities 
in Kenya, exert huge economic burden to individuals, 
families, society and Government. The study further 
showed that hospital length of  stay and medical cost of  
motorcycle injuries varied by surgical procedures, injury 
severity (higher ISS and lower GCS), age, gender, injury 
characteristics, health outcome of  patients, and type of  
road users, helmet use.
In agreement with Kashkooe at al52, this study revealed 
that motorcycle injury patients who were under surgi-
cal procedures were 5.3 and 18.5 times more likely to 
stay longer in hospital and pay higher medical charges 
respectively, with victims often requiring more than 
one surgical intervention. On the contrary, to a study 
by Schuurmans et al53 that indicated that surgical pro-
cedures on rib fractures and injuries are effective in re-
ducing LOS. This discrepancies could be attributed to 
some surgical complications, which could require more 
hospital days ranging from 2-3 weeks.

The hospital of  care (being Tie III hospitals) was a pre-
dictor of  both length of  stay and medical cost. This 
might have been due to the fact that more serious cases 
ended up at these hospitals. Likewise, motorcycle in-
juries with higher ISS and lower GCS scores had in-
creased length of  stay and medical cost, this was in line 
with previous studies20,52,54,55, and 56; which showed that 
increased injury severity resulted to increased LOS and 
medical cost in trauma care settings. Such injuries are 
more serious cases which require greater interventions. 
Patients with low ISS have less forms of  injuries, and 
generally, recover fast, while those with greater scores 
are more likely to have a longer period of  recuperation. 

This study shows that in the absence of  Injury Severity 
Score,41, LOS can be used as a proxy in epidemiological 
studies as a metric of  hospital utilization and character-
ize patients with severe injuries. However, it is import-
ant to establish  and maintain  minimum admission cri-
teria, standardized inpatient management practices and 
patient discharge procedures across all hospitals wheth-
er private or public  in order to improve the validity of  
using the mean length of  stay as an indicator of  both 
injury severity and hospital utilization.
 
In agreement with previous study18,57,58, motorcycle in-
jury victims in the current study were predominantly 
male (male–female ratio 3.9), mainly in productive age. 
Most hospitalized motorcycle injuries (77.5%) occurred 
to men, the costs and length of  stay of  whom were 1.2 
times and 1.7 times respectively greater than those of  
females. This is because men tend to spend most of  
time out of  home than females and are more likely to 
be exposed to road traffic crashes.  
The study revealed that length of  stay was a significant 
factor in medical charges. Hospital length of  stay and 
ICU admission has been reported in previous studies 
to be associated with acute treatment costs49,59. For ex-
ample, reduced hospital LOS has been correlated with 
reduced costs15, while prolonged LOS is related to in-
creased demand for resources both material and man-
power14. Therefore, LOS is a useful indicator for costs, 
and hospital resource utilization16.

In consistent with other studies11,60, this study found 
that considrable increase in the length of  stay and med-
ical cost is attributed to head injuries,  multiple injuries 
and injuries to the extremities. Brain injury and multiple 
injuries due to motorcycle trauma have been associated 
with high demand for specialized medical care and pro-
cedures, longer hospital length of  stay which result in 
higher treatment costs. Multiple injuries often require, 
multiple radiological and laboratory investigations, mul-
tiple surgical interventions, and prolonged ICU and 
hospital stay.  

A striking feature in this study was the low coverage 
of  health insurances. The study found that 52.2% of  
the patients were not covered by any type of  health 
insurance of  which 41.1% stayed in the hospital for 
more than 2 weeks. The findings showed that un- in-
sured motorcycle injury patients stayed longer in hos-
pital compared to the insured. This could be because 
some patients were detained for inability to promptly 
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settle hospital bills. Insurance status has been indicat-
ed to be an important factor influencing utilization of  
health care services and lack of  it would pose barrier to 
health care.
The findings indicated that total medical cost and 
Length of  stay varied with road users’ category. Com-
pared with other road users, injuries to the motorcycle 
rider, pillion passengers and pedestrian was associated 
with higher hospital charges and longer hospital stay. 
Longer LOS for motorcycle rider and pedestrian has 
also been reported in previous studies46,61.  Higher inju-
ry rates and severity levels among motorcycle riders are 
related to several factors, such as driving inexperience, 
risk-taking behavior, and greater risk exposure (wear-
ing safety belts less, driving while intoxicated51. Longer 
length of  stay among pedestrian has also been report-
ed in49, 50, 51 studies. Pedestrians and motorcycle riders 
frequently sustain injuries to the head, spine and lower 
extremity demanding expensive diagnostic and thera-
peutic procedures.

Previous studies have reported that motorcycle crash 
injuries resulting in death are associated with high-
er charges and longer length of  stay21, 49, 52, 62, and63.            
Motorcycle injury patients who died in the hospital 
during this study incurred significantly higher charges 
but had shorter LOSs when compared with patients 
who survived recuperating with their injuries. This 
could be attributed to use of  costly intensive-care diag-
nostic and management procedures, resulting in high-
er charges. However, other studies have been Kisat et 
al.,60 revealed that injured adult trauma patients who did 
not die within the first few days and had longer LOS 
demonstrated a higher ability to survive and demanded 
medical care for extended period of  time.
 
The findings revealed that use of  helmet among the 
motorcycle injury patients was very low and had sig-
nificant effect on length of  stay and medical costs, 
and are in agreement with previous studies which re-
ported that not wearing a safety helmet is associated 
with higher hospital charges and longer LOS64,65. Mean 
length of  stay of  24.7 days and 8.6 days was observed 
among un-helmeted and helmeted motorcycle injury 
cases respectively which was higher than 12.6 days and 
11.8 days for un-helmeted motorcycle injury cases and 
9.9 days and 5.8 days for those who wore helmets re-
ported in other studies66,67. These findings indicate that 
wearing a helmet prevent severe head injury and reduce 
injury severity among motorcycle riders and subsequent 
hospitalization. The effectiveness of  helmet laws in im-

proving the use of  helmets by motorcycle riders and 
passengers and reducing head injuries has been report-
ed in other studies68,69. Traffic amendment bill in Ken-
ya, passed in 2009, incorporated the mandatory use of  
helmets for all motorcycle riders and their pillion pas-
sengers and increased the penalties in the Traffic Act in 
2012. But the wearing rate remains low. There is need 
for strict enforcement and increased publicity of  the 
law to improve compliance. Increased enforcement has 
been shown to be one of  the most effective methods to 
increase usage of  safety equipment69. The strength of  
this study was that all motorcycle injuries patients pre-
senting in three Tier III hospitals were enlisted in the 
study. Enlisting all actual cases has been documented to 
provide a much more representative data on the burden 
of  motorcycle crashes. The hospitals receive and man-
age large number of  trauma patients, on a 24 hour basis. 

This was done purposely so as to focus on motorcycle 
patients with injuries severe enough to require hospi-
tal services: moreover, emergency departments provide 
the best opportunity for capturing data on a wide range 
of  non-fatal injuries. Cost estimation was done on data 
captured from actual costs generated from each services 
rendered therefore curtailing the effected of  recall bias.
These results should be viewed considering few lim-
itations. First, the study focused only on motorcycle 
injury patients who sought and obtained care in three 
major referral hospitals, and nothing is known about 
those seeking care elsewhere. The motorcycle injury 
cases are likely to be under-estimates and therefore the 
results may not be generalized to the wider national 
population. Nevertheless useful data on injured patients 
choosing to seek care at the hospitals could be obtained 
and the consequent burden on the hospitals quantified. 
However, these hospitals were chosen deliberately in 
order to focus on motorcycle casualties with injuries se-
vere enough to demand hospital services in emergency 
departments, since emergency departments provide the 
best opportunity for capturing data on a wide range of  
non-fatal injuries. Helmet use was not objectively veri-
fied since they were self-reported by the injury patients.

Conclusion
Motor cycle crash–related injury in the Kenya results in 
high morbidity, hospitalization, mortality, and economic 
costs. Surgical intervention, injury severity, non-helmet 
use, being motorcycle rider are the major predictors of  
length of  stay and medical costs. Data on admission, 
length of  stay and cost should be taken into account to 
ensure relevance, adequacy, and responsiveness of  trau-
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ma delivery services. It is anticipated that this data can 
assist in planning for patients care, designing necessary 
measures for controlling crashes that increase spending 
on preventable conditions thus reducing hospital costs 
of  motorcycle injury victims.
 
Dissemination plan
Results of  the study will be presented to different stake-
holders including clinical teams at the hospitals where 
data were collected in Kisumy City, Kenya where it was 
conducted during their clinical grand rounds. We will 
also present at emergency medicine conferences in Af-
rica and internationally
 
Funding 
This study received no external funding.
 
Data Availability Statement
Data is contained within this article but can be availed 
on request from the investigator
 
Conflicts of  Interest
We declare that there is no conflict of  interest.
 
References
1. WHO. Burden of  road traffic injuries related to de-
lays in implementing safety belt laws in low-and low-
er-middle-income countries. Traffic Injury Prevention, 
2018;19(sup1), S1-S6.
2. Braddock, M., Schwartz, R., Lapidus, G., Banco, L., 
& Jacobs, L. A population-based study of  motorcycle 
injury and costs. Annals of  Emergency Medicine, 1992; 
21(3), 273-278.
3. Pincus D , Wasserstein D , Nathens AB , Bai YQ , 
Redelmeier DA , Wodchis WP Direct medical costs of  
motorcycle crashes in Ontario. Can Med Assoc J; 2017; 
189:1410–E1415.doi:10.1503/cmaj.170337 
4. National Highway Traffic Safety Administration; 
(2003). Costs of  injuries resulting from motorcycle 
crashes: a literature review. Washington: Available: 
www.nhtsa.gov/people/injury/pedbimot/motorcycle/
Motorcycle_HTML/overview.html J Trauma. 2010; 
69:1367e1371.
5. Sant’Anna FL, de Andrade SM, Sant’Anna FHM, 
Liberatti CLB. Motorcycle accidents: comparison be-
tween the years 1998 and 2010 in Londrina, Southern 
Brazil. Rev Saude Publica. 2013;47(3):1-8
6. Marín-León L, Belon AP, Barros MBA, Almeida SDM, 
Restitutti MC. Trends in traffic accidents in Campinas, 
São Paulo State, Brazil: the increasing involvement of  
motorcyclists]. Cad Saude Publica. (2013);28(1):39-51. 
Portuguese.

7. Hsieh C. H., Liu H. T., Hsu S. Y., Hsieh H. Y. & Chen 
Y. C. Motorcycle-related Hospitalizations of  the elderly. 
Biomed. J. 2017;40, 121–128 (2017).
8. Jou RC, Hensher DA, Chen TY, Hospitalisation 
costs and duration of  elderly Motorcyclists’ non-fatal-
ity crashes in Taiwan. Int J Inj Contr Saf  Promot; 2013; 
20:158–168.
9. Blincoe, L., Miller, T. R., Zaloshnja, E., & Lawrence, 
B. A. The economic and societal impact of  motor vehi-
cle crashes, 2010 (Revised).
10. Besse M,Denari R,Villani A, San Roque M,Rosa-
do J,Sarotto AJ; Hospital General de Agudos Carlos 
G. Durand, Buenos Aires, Argentina. Medicina,  2018; 
78(3):158-162
11. Kudebong, M., Wurapa, F., Nonvignon, J., Norman, 
I., Awoonor-Williams, J., & Aikins, M. Economic bur-
den of  motorcycle accidents in Northern Ghana. Ghana 
Medical Journal, 2011; 45(4).
12. Allen Ingabire, J., Petroze, R., Calland, F., Okiria, J., 
& Byiringiro, J. Profie and Economic Impact of  Motor-
cycle Injuries Treated at a University Referral Hospital 
in Kigali, Rwanda. Rwanda Medical Journal, 2015;72(4), 
5-11.
13. Sapkota D, Bista B and Adhikari SR. Economic 
Costs Associated with Motorbike Accidents in Kath-
mandu, Nepal. Front. Public Health. 2016;4:273. doi: 
10.3389/fpubh.2016.00273
14. Kamulegeya, L. H., Kizito, M., Nassali, R., Bagay-
ana, S., & Elobu, A. E. The scourge of  head injury 
among commercial motorcycle riders in Kampala; a 
preventable clinical and public health menace. African 
Health Sciences, 2015.  15(3), 1016-1022.
15. Moore L, Stelfox HT, Turgeon Alexis F Turgeon, 
Avery Nathens, Gilles Bourgeois, Jean Lapointe, 
Mathieu Gagné, André Lavoie. Hospital length of  stay 
after admission for traumatic injury in Canada: a multi-
center cohort study. Ann Surg. 2014; 260:179e187
16. Fakhry SM, Couillard D, Liddy CT,  Trauma center 
finances and length of  stay: identifying a profitability 
inflection point. J Am Coll Surg; 2010: 817e821. https://
doi.org/10.1016/j.jamcollsurg.2010.01.030.
17. Shafi S, Barnes S, Nicewander D, et al. (2010). Health 
care reform at trauma centersdmortality, complications, 
and length of  stay. J Trauma. 2010 69:1367e1371.
https://doi.org/10.1097/TA.0b013e3181fb785d.
18. Monteiro, C. d. S. G., Almeida, A. C. d., Bonfim, 
C. V. d., & Furtado, B. M. A. S. M. Crash characteris-
tics and patterns of  injury among hospitalized motor-
cyclists: retrospective emergency study. Acta Paulista de 
Enfermagem, 2020;33.
19. Fletcher, C., Mcdowell, D., Thompson, C., & James, 
K. Predictors of  hospitalization and surgical interven-

African Health Sciences, Vol 24 Issue 2, June, 2024 417



tion among patients with motorcycle injuries. Trauma 
Surgery & Acute care open, 2019; 4(1), e000326.
20. Pai CW, Lin HY, Tsai SH, Chen PL. Comparison 
of  traffic-injury related hospitalization between bicy-
clists and motorcyclists in Taiwan. PLoS One, 2018 ; 
13:e0191221.
21. Gardner R, Smith GA, Chany AM, Fernandez SA, 
McKenzie LB. Factors associated with hospital length 
of  stay and hospital charges of  motor vehicle crash 
related hospitalizations among children in the United 
States. Arch Pediatr Adolesc Med., 2007; 161 (9): 889-895. 
10.1001/archpedi.161.9.889.
22. Odero WW, Tierney WM, Einterz RM, Mungai S: 
Using an electronic medical record System to describe 
injury epidemiology and health care utilization at an in-
ner-city hospital in Indiana. Inj Control Saf  Promot. 2004, 
11 (4): 269-279. 10.1080/156609704/233/289616.
23. Monk JP, Buckley R, Dyer D. Motorcycle-related 
trauma in Alberta: a sad and expensive story. Can J Surg. 
2009;52:E235–40
24. KNBS. (2021). Economic survey. Nairobi: Govern-
ment Printer
25. KNBS. (2020). Census2019. Nairobi: Government 
Printer
26. NTSA. (2010). National Transport and Safety Au-
thority: Road Safety. National Transport and Safety Au-
thority.
27. Sisimwo, P. K., Mwaniki, P. K., & Bii, C. Crash char-
acteristics and injury patterns among commercial mo-
torcycle users attending Kitale level IV district hospital, 
Kenya. The Pan African Medical Journal, 2014;19.
28. Cholo , W., & Olela , S. Pattern and risk factors for 
bicycle and motorcycle related injuries in Kisumu city: 
An implication for prevention. International Journal of  
Academic Research and Development. 2016; Volume 1( Issue 
12), December 2016.
29. Saidi, H., Mutiso, B. K., & Ogengo, J. Mortality after 
road traffic crashes in a system with limited trauma data 
capability. Journal of  Trauma Management &     Outcomes, 
2014; 8(1), 1-6.
30. Amulla O. Walter. Observational Survey Of  Select-
ed Safety Indicators Among Commercial Motorcyclists 
In Kisumu City. Baraton Interdisciplinary Research Journal. 
2018;8(Special Issue), pp 1-9
31. Sisimwo, P. K., & Onchiri, G. M. Epidemiology of  
head injuries and helmet use among motorcycle crash 
injury: a quantitative analysis from a local hospital in 
Western Kenya. The Pan African Medical Journal, 2018;31.
32. County government of  Kisumu(2013). Kisumu’s 
County Integrated Development Plan. 2013-2017
33. Nyachieo, G. M. M. Socio-cultural and economic 

determinants of  boda boda motorcycle transport safety 
in Kisumu County, Kenya. Unpublished PhD thesis). 
Kenyatta University Repository. 2015.  
34. Poehler, R. Motorbike-Related Injuries & Safety 
Practices Among Motorbike Riders in Kisumu, Western 
Kenya in 2019.  Independent Study Project (ISP) Col-
lection. 3050. https://digitalcollections.sit.edu/isp_col-
lection/3050
35. Institute for Transportation and Development Poli-
cy, 2020. Kisumu City mobility Plan
36. Kenya Health Policy Framework 2014-2020 (2014). 
Towards attaining the highest Standard of  health Min-
istry of  Health Afya House Cathedral Road
37. Hager, W. W., & Zhang, H. (2006). A new active 
set algorithm for box constrained optimization. SIAM 
Journal on Optimization, 17(2), 526-557.
38. Bredenkamp, J. (1969). The application of  signif-
icance tests in theory-testing experiments. Psycholo-
gische Beitrage
39. Baker, S. P., o'Neill, B., Haddon Jr, W., & Long, W. 
B. The injury severity score: a method for describing 
patients with multiple injuries and evaluating emergen-
cy care. Journal of  Trauma and Acute Care Surgery, 1974; 
14(3), 187-196.
40. Sharma, B. The injury scale–a valuable tool for fo-
rensic documentation of  trauma. Journal of  Clinical Fo-
rensic Medicine, 2005; 12(1), 21-28.
41. Javali RH, Krishnamoorthy, Patil A, Comparison 
of  Injury Severity Score, New Injury Severity Score, 
Revised Trauma Score and Trauma and Injury Severity 
Score for Mortality Prediction in Elderly Trauma Pa-
tients. Indian Journal of  Critical Care Medicine: 2019:  Peer-
Reviewed, Official Publication of  Indian Society of  
Critical Care Medicine.
42. ADB. Asian Development Bank 2003: ROAD 
SAFETY GUIDELINES for the Asian and Pacific Re-
gion.
43. Wijnen, W., Weijermars, W., Van den Berghe, W., 
Schoeters, A., Bauer, R., Carnis, L., . Reed, S. Crash cost 
estimates for European countries, deliverable 3.2 of  the 
H2020 project SafetyCube; 2017.
44. Schneier AJ, Shields BJ, Hostetler SG, Xiang H, 
Smith GA. Incidence of  pediatric traumatic brain in-
jury and associated hospital resource utilization in the 
United States. Pediatrics, 2006: 118(2):483–492. 31.
45. IBM SPSS(2017). Statistics for Windows, Version 
25.0. Armonk, NY: IBM Corp
46. Hosmer, D.W., Lemeshow, S. Applied Logistic Re-
gression 1989. Wiley, New York
47. Araujo, G. L. d., & Whitaker, I. Y. Hospital mor-
bidity of  injured motorcyclists: factors associated with 

African Health Sciences, Vol 24 Issue 2, June, 2024418



length of  stay. Acta Paulista de Enfermagem, 2016; 29(2), 
178-184.
48. Chalya, P. L., Mabula, J. B., Ngayomela, I. H., 
Kanumba, E. S., Chandika, A. B., Giiti. Motorcycle in-
juries as an emerging public health problem in Mwanza 
City, north-western Tanzania. Tanzania Journal of  Health 
Research. 2010;12 No. 4
49. Haghparast Bidgoli H, Bogg L, Hasselberg M: 
Pre-hospital trauma care resources for road traffic inju-
ries in a middle-income country–a province based study 
on need and access in Iran. Injury. 2011; 42 (9): 879-884. 
10.1016/j.injury.2010.04.024.
50. Bastida JL, Aguilar PS, Gonzalez BD. The economic 
costs of  traffic accidents in Spain. J Trauma. 2004: 56 
(4): 883-888. 10.1097/01.TA.0000069207.43004.A5
51. Langley JD, Phillips D, Marshall SW: Inpatient 
costs of  injury due to motor vehicle traffic crashes in 
New Zealand. Accid Anal Prev.,1993;25 (5): 585-592. 
10.1016/0001-4575(93)90010-T
52. Kashkooe, A., Yadollahi, M., & Pazhuheian, F. What 
factors affect length of  hospital stay among trauma pa-
tients? A single-center study, Southwestern Iran. Chinese 
Journal of  Traumatology, 2020; 23(3), 176-180.
53. Schuurmans J, Goslings JC, Schepers T,  Operative 
management versus non-operative management of  rib 
fractures in flail chest injuries: a systematic review. Eur 
J Trauma Emerg Surg. 2017;43:163e168. https://doi.
org/10.1007/ s00068-016-0721
54. Andersen J, SharkeyW, Schwartz ML, Injury severity 
score, head injury, and
patient wait days: contributions to extended trauma 
patient length of  stay. J Trauma. 1992; 33: 219e220. 
https://doi.org/10.1097/00005373-199208000-00009.
55. Jubbal KT, Chen C, Costantini T,  Analysis of  surf-
ing injuries presenting in the acute trauma setting. Ann 
Plast Surg. 2017;78: S233eS237. https://doi.org/
56. Miller TR, Lestina DC, Spicer RS (1998). Highway 
crash costs in the United States by driver age, blood 
alcohol level, victim age, and restraint use. Accid Anal 
Prev.; 30(2):137-150.
57. Solagberu, B., Ofoegbu, C., Abdur-Rahman, L. O., 
Adekanye, A., Udoffa, U., & Taiwo, J. Pre-hospital care 
in Nigeria: a country without emergency medical ser-
vices. Nigerian Journal of  Clinical Practice, 1992);12(1).
58. Ehebrecht, D., Heinrichs, D., & Lenz, B. Motorcy-
cle-taxis in sub-Saharan Africa: Current knowledge, im-

plications for the debate on “informal” transport and 
research needs. Journal of  Transport Geography, 2018; 69, 
242-256.
59. Curtis J. R, Ruth A. Engelberg, Mark E. Bensink, 
and Scott D. Ramsey. End-of-Life Care in the Inten-
sive Care Unit. Am J Respir Crit Care Med; 2012; 186(7): 
587–592.
60. Ghee, C., Silcock, D., Astrop, A., & Jacobs, G. 
(1997). Socio-economic aspects of  road accidents in 
developing countries. TRL REPORT 247.
61. Kisat MT, Latif  A, Zogg CK, et al. . Survival out-
comes after prolonged intensive care unit length of  stay 
among trauma patients: the evidence for never giving up. 
Surgery. 2016; 160:771e780. https://doi.org/10.1016/j.
surg.2016.04.024
62. Miller, T. (1994). Costs of  safety belt and motor-
cycle helmet nonuse, testimony to Subcommittee on 
Surface Transportation. House Committee on Public 
Works and Transportation.
63. Hundley JC, Kilgo PD, Miller PR, Chang MC, Hens-
berry RA, Meredith JW, Hoth JJ: Non-helmeted motor-
cyclists: a burden to society? A study using the National 
Trauma Data Bank. J Trauma, 1998;57(5):944–949. 17.
64. Eastridge BJ, Shafi S, Minei JP, Culica D, McCon-
nel C, Gentilello L: Economic impact of  motorcycle 
helmets: from impact to discharge. J Trauma. 2006, 
60(5):978–983.
65. Rowland, J., Rivara, F., Salzberg, P., Soderberg, R., 
Maier, R., & Koepsell, T. Motorcycle helmet use and 
injury outcome and hospitalization costs from crashes 
in Washington State. American Journal of  Public Health, 
1996;86(1), 41-45.
66. McSwain Jr, N. E., & Belles, A. Motorcycle hel-
mets--medical costs and the law. The Journal of  Trauma, 
1990; 30(10), 1189-1197; discussion 1197.
67. Kim, C.-Y., Wiznia, D. H., Averbukh, L., Dai, F., 
& Leslie, M. P; The economic impact of  helmet use 
on motorcycle accidents: a systematic review and me-
ta-analysis of  the literature from the past 20 years. Traf-
fic Injury Prevention, 2015. 16(7), 732-738.
68. Bachani AM, Hung YW, Mogere S, Akunga D, Nya-
mari J, Hyder AA; Helmet wearing in Kenya: prevalence, 
knowledge, attitude, practice and implications. Public 
Health.; 144s:S23–S31. doi: 10.1016/j.puhe.2016.12.005
69. WHO. Global status report on road safety 2015: 
World Health Organization.
 
 

African Health Sciences, Vol 24 Issue 2, June, 2024 419


