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Introduction

Abstract

Background

Since the COVID-19 pandemic, there has been a reported increase in the number of delivery
motorcyclists on South African roads with a resultant increase in trauma from accidents noted
anecdotally in South African state hospitals. Our primary aim was to estimate the costs to the
state healthcare system of the initial orthopaedic surgical management of uninsured motorcyclists
involved in delivery-related accidents. The secondary aim was to describe the demographics
and orthopaedic injury patterns seen in these delivery motorcyclists.

Methods

A prospective consecutive case series was gathered from all the hospitals draining a regional
health district over the course of one year. Medical records as well as data gathered from an
interview on admission were assessed to establish demographic and injury data. Theatre
invoices and clinical records were used to generate cost estimates.

Results

Forty-four young male delivery motorcyclists who sustained a total of 57 injuries requiring
orthopaedic surgical intervention were included in the study. Injuries were predominantly
fractures of the femur and tibia, consistent with the described mechanism of injury. The mean
cost of admission, imaging, implants and orthopaedic surgery was R52 061 per injured driver
(interquartile range [IQR]: R32 088—-R109 644; range: R14 796—-R348 894). In total, R3.99 million
was spent on the initial orthopaedic surgical management of these 44 drivers.

Conclusion

Delivery motorcyclists are predominantly young males without major medical comorbidities who
typically sustain injuries to the lower limbs consistent with being struck by another vehicle. Their
initial orthopaedic surgical management is costly and resource intensive. We suggest further
efforts to legislate with respect to mandatory insurance policies and safety strategies for this
vulnerable group of patients. Further research into the associated costs of these injuries is
needed.

Level of evidence: 4
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management corporation’s yearly report does not distinguish
between vehicle types.® Some data has been published by an

Traffic accidents place an enormous burden on the economy
of South Africa and other developing countries.’® Motorcycle
accidents, in particular, have been shown to have a higher
rate of injury, and a higher cost of treatment, than other types
of motor vehicle accidents.* Orthopaedic injuries caused by
motorcycle accidents are significant contributors to this burden.5
The demographic characteristics and injury patterns in patients
involved in time-dependent delivery work on motorcycles (delivery
motorcyclists) in South Africa have not yet been described in the
literature. There is also a lack of accurate statistics regarding the
number of motorcycle crashes in South Africa. The road traffic
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organisation called the Motorcycle Safety Institute (MSI), which
reported data from 2016—2019; however, the MSI themselves state
that the data is in no way representative of total crashes and provide
no methodology as to how the data was collected other than stating
it is from credible sources.” There are also significant discrepancies
in the reported statistics available. The recently released report
from Statistics South Africa, which reported on road transport
deaths from 2007-2019, gives a figure for motorcycle user deaths
in 2019 of 57; whereas the MSI report from 2019 claims that there
were 127 deaths and 37 accidents involving delivery motorcycles
across the country.”8
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During the COVID-19 pandemic, an increase in the number
of delivery motorcyclists on the roads of South Africa, as well
as internationally, was reported.®*'® Many of these delivery
motorcyclists have no formal employment contract which would
provide them with recourse to claim under the Compensation
for Occupational Injuries and Diseases Act in the event of an
accident."

Delivery motorcyclists are incentivised to work long hours and in
adverse weather and visibility conditions by the very nature of their
job."2 Delivery motorcyclists in other countries have been reported
to commit a higher proportion of traffic violations and to forgo the
use of correct personal protective equipment, which could result
in a more severe pattern of injuries in this demographic.'>' It

the driver, and vehicle-related mechanical failures as independent
risk factors for accidents.’®'® An additional factor particular to
working for a mobile phone application (app)-based service is that
the motorcyclist has to pay attention to their phone while driving
for either directions or messages from the recipient of the delivery.
This type of distraction has been shown to significantly increase
the risk (odds ratio = 23.24) for being involved in a safety critical
event such as a crash, near crash or unintentional crossing of a
solid lane line."® The use of mobile phones while driving has been
shown to be prevalent among professional motorcyclists in other
African countries.?

Motorcycle accidents occurring in delivery motorcyclists have a
direct economic effect due to lost productivity from a young and

has been reported that many South African delivery motorcyclists
are not utilising adequate safety equipment such as helmets or
other appropriate protective clothing.”® Delivery motorcyclists
with less driving experience and a shorter time of holding a
licence (or unlicenced) have also been shown to have a higher
rate of accidents in other countries.'>'” Additionally, international
studies investigating risk factors for delivery motorcyclist accidents
highlighted the influence of adverse weather conditions, poor
visibility, road surface quality, the size of the company employing

economically active demographic as well as a burden to the state
in medical expenses which would have been claimed from the
occupational injury Compensation Fund in employees with formal
contracts. "2

Methods

We hypothesised that delivery motorcyclists were contributing
to a significant increase in patient admission numbers and cost

Table I: Demographics and correlations to previous reported accidents

Previous accident while performing deliveries

No previous accident Previous accident

(n=137) (n=7)
Mean age in years (range) 32 (24-35) 31.2 37.3 p =0.0727
Country of origin Burundi 13/44 (30) 12 (32) 1(14)
DR Congo 7/44 (16) 4 (11) 3(43) p=0.239
Zimbabwe 11/44 (25) 9 (24) 2(29)
Rwanda 5/44 (11) 5(14) 0(0)
Malawi 8/44 (18) 7(19) 1(14)
Comorbidities None known 39/44
Hypertension 1/44
Schizophrenia 1/44
HIV 4/44
Period of holding a valid No valid licence 3/44 (7) 3(8) 0(0)
motorcycle licence < 6 months 9/44 (20) 9 (24) 0(0) = 00455
6-12 months 1/44 (2) 0(0) 1(14)
> 12 months 31/44 (70) 25 (68) 6 (86)
Experience working as a delivery <1 month 4/44 (9) 4(10) 0(0)
driver < 6 months 10/44 (23) 9 (24) 1(14)
6-12 months 3/44 (7) 2(5) 1(14) P =0.607
> 1 year 27/44 (61) 22 (60) 5(71)
Formal employment 6/44 (14)
Self-employed via app 38/44 (86)
Employer Uber 59% 26/44 (56) 23 (62) 26 (59)
Mr Delivery 23% 10/44 (23) 9 (24) 10 (23)
Bolt 5% 2/44 (5) 2 (5) 2(5)
Checkers Sixty60 5% 2/44 (2) 2 (5) 2(5) p =0.0148
Debonairs 2% 1/44 (2) 1(3) 1(2)
Takealot 2% 1/44 (2) 0(0) 1(2)
Woolworths 2% 1/44 (2) 0(0) 1(2)
Drug or alcohol use at time of 0/44 (0)

accident
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to hospital orthopaedic departments in our local healthcare
system. We also aimed to identify patterns and demographics in
this population group. We performed a prospective consecutive
case series study at all the state funded hospitals draining the
southern and western subdistricts of the Cape Town metropole:
New Somerset, Victoria, Groote Schuur and Mitchells Plain District
hospitals. Ethical approval was obtained from the human research
ethics council at the University of Cape Town and the study was
registered on the National Health Research Database.

Data collection

The study was conducted over a one-year (12 months) period
between June 2022 and June 2023. Epidemiological and clinical
data pertaining to orthopaedic injuries was gathered from patient
medical records, and a data collection form filled in by the admitting
clinician. Orthopaedic injuries were classified anatomically and
according to the AO fracture classification, and all orthopaedic
surgical procedures or interventions were accounted for.
Demographic data is summarised in Table I.

Inclusion and exclusion criteria

All motorcycle drivers over the age of 18 years involved in an
accident while performing delivery work for any company were
included if their injuries required emergency admission and
orthopaedic surgery.

Motorcyclists not actively performing delivery work at the
time of injury were excluded. Delivery motorcyclists treated with
conservative non-operative measures were not included as the
goal of our study was to determine the cost of initial surgical
management. Delivery motorcyclists who died on scene or before
having surgery were excluded. Non-orthopaedic injuries were
not included or accounted for. Chronic injuries sustained during
delivery motorcycle work were not included. Readmissions due to
surgical complications were not included.

Cost estimates

The cost of theatre time was calculated using an estimate per
minute based on a publication by Samuel et al. for the South
African context, and the value of R33.77/min from the short-term
model presented in this paper was used for our estimates.?! The
cost of specific orthopaedic implants used was determined using
the State tender document for the relevant year.

Hospital length of stay in the ward or intensive care unit (ICU)
was calculated from patient records and patient admission data.
The cost of ward stay was calculated using the mean figure for
daily ward cost per patient (the patient day equivalent) from the
relevant hospital’s financial departments during that year. The cost
of an ICU stay was calculated using a daily estimate figure from a
South African central hospital ICU.%

Radiological imaging costs per patient were audited and a
median cost calculated based on total imaging. Imaging costs were
determined by using the relevant value from the latest uniform
patient fee schedule for each investigation, as well as the cost per
30-minute block to have a radiographer available for fluoroscopic
imaging in theatre. Micro-costing analysis was not performed,
and patients’ outpatient follow-up costs were not calculated. We
included all the cost of all orthopaedic surgical events occurring
in each patient within the initial admission if there were multiple
surgeries.

Statistical analysis

Data was reported using mean and standard deviations for normally
distributed data or the median with the appropriate interquartile
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ranges (IQR) for non-parametric data. Data distribution was
assessed using the Shapiro-Wilk test with level or significance set
for a p-value of < 0.05. Further analysis of correlations between
variables was performed using Fisher’s exact test and the t-test.
Statistical tests were performed on the R data analysis software
v4.3.1.

Results

A total of 44 delivery motorcyclists with 57 injuries requiring
orthopaedic surgery were captured by the study over a period of
one year.

Demographics

All patients identified as male with a mean age of 32 years and
were classed as either | or Il on the physical status classification
system of the American Society of Anesthesiologists (ASA) with
no known comorbidities or a single, well-controlled comorbidity. All
patients were foreign nationals. Seven patients reported having
had a previous motorcycle accident and three admitted to having
no legal motorcycle licence. Four patients had less than one
month working experience at the time of the accident. Patients
were predominantly self-employed (38 of 44; 86%) by means of
an app, with more than half of them reporting using the Uber app
predominantly (see Table Il). None of the patients admitted to being
under the influence of drugs or alcohol at the time of the accident.

Delivery motorcyclists who had held a licence for more than a
year were significantly more likely to report having had a previous
accident (see Table I). The correlation between employer/app and
previous accident was expected due to the very high proportion of
the delivery motorcyclists who utilised the Uber app.

Comparison of patients who were classified as polytraumas to
other groups did not yield any significant differences. Furthermore,
no significant correlation was found between the length of
experience working as a delivery driver and previous accidents.

Injury patterns

All delivery motorcyclists, except one, reported that their motorcycle
was struck by another vehicle. The remaining driver reported
falling from his motorcycle. No drivers reported losing control of
the motorcycle to be the cause of the accident.

In terms of injury severity, 29% of our patients were classified
as polytrauma patients with an injury severity score (ISS) of more
than 15 or with an abbreviated injury score (AIS) of > 3 in more
than two systems on admission; and 13% of the patients required
admission to an ICU. The most common pattern of injury was to
the lower limb, with femur fractures (21 of the 57 injuries; 36%)
followed by tibial fractures (14 of 57; 24%) of which (nine of 57; 6%)
were open fractures (eight of which were tibia fractures and one
open femur fracture). Upper limb injuries constituted 18% of the
injuries sustained. The remaining 9% of injuries were sustained to
the spine or pelvic girdle. For a detailed overview, refer to Table Ill.

Table Il: Employers/Apps

Employers/Apps Number (%)

Uber 26 (59)
Mr Delivery 11 (25)
Checkers Sixty60 2 (4)
Bolt 2 (4)
Takealot 1(2)
Woolworths 1(2)
Debonairs 1(2)
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Table llI: Injuries sustained

Anatomical region Pattern Nu(zr/:l))er
Cervical 3(5)
Spine
Thoracic 1(2)
Upper limb Clavicle 1(2)
Scapula 1(2)
Humerus 2 (4)
Radius 2 (4)
Ulna 1(2)
Radius and ulna 2 (4)
Pelvis/acetabulum  Acetabulum 1(2)
Lower limb Femur 21 (36)
Open 1(2)
Closed 20 (35)
Neck 1(2)
Peritrochanteric 1(2)
Subtrochanteric 5(8)
Shaft 11 (19)
Distal 3(5)
Tibia 19 (33)
Open 8 (14)
Closed 11(19)
Plateau 5(8)
Shaft 13 (23)
Distal 1(2)
Ankle 1(2)
Foot 2 (4)
Total 57
Costs

The median cost of surgery time and orthopaedic implants for
each injured delivery motorcyclist was R52 061 (Table 1V). The
median cost of stay in a general orthopaedic ward was R24 488,
with a median length of stay of eight days admission in a general
ward. The median length of stay for those patients who had to
be admitted to ICU was four days at a median cost of R80 045
(Table V). Radiological studies including plain radiographs,
computed tomography (CT) scans, intraoperative fluoroscopic
screening and magnetic resonance imaging (MRI) came to a
median of R7 520 per patient (Table VI). A median of seven sets
of X-rays and two CT scans were performed per patient during the
course of their treatment. Only two MRI scans were performed. An
estimated R417 594 was spent on imaging in total.

In total, over the course of one year, the cost of the orthopaedic
surgical treatment for these 57 injuries in these 44 delivery
motorcyclists in the state healthcare setting, was an estimated
R3.99 million, at a median cost of R52 061 (IQR: R32 088-
R109 644; range: R14 796-R348 894) per injured delivery
motorcyclist. The total cost to the state would also include
emergency department and other medical specialty treatment as
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Table IV: Costs of surgery

Cost of implants

Total R1 327 835
Median R13 024
Range R0-R148 928
Total 7297 (121 h 36 m)
Median 122 (2h2m)
Range 42-506 (42 m—8 h 26 m)
Total R246 419
Median R4 137
Range R1418-R17 087
Total theatre time + implants R1 574 255
Median R16 206
Range R1418-R166 016

Table V: Costs of admissions

Total days 461
Median 8
Range 1-34
Total days 26
Median 4
Range 1-8
Total R1411 121
Median R24 488
Total R594 620
Median R80 045

Total ward & ICU R2 005 741

well as outpatient care, which were not accounted for in this study
and which would make the cost even more significant.

The number of delivery motorcyclists captured by the study
likely underrepresents the total number injured during this period.
Additional patients could have been missed at the time of their
admission if their status as a delivery motorcyclist was not specified
at the time of injury. Delivery motorcyclists who died on the scene or
prior to receiving surgery were not captured. Delivery motorcyclists
who were treated for their uncomplicated extremity fractures, such
as closed ankle and distal radius fractures non-operatively were
not included as the resources were too difficult to quantify. A further
follow-up study on these patients is recommended to fully assess
the impact of this health burden.

The cost of theatre time estimate was based on a value which
did not account for the cost of surgical and anaesthetic staff in the
operating room — only nursing staff and asset depreciation costs.
Both the ICU cost estimate and the theatre time estimate were
based on papers which were written more than two years ago, and
the values were not adjusted for inflation due to the complexity of
the calculations and likely inaccuracy. The cost estimate was based



Table VI: Costs of radiological studies

X-rays Cost

Total X-rays (studies) 363 R101 640

Median X-ray studies per patient

(range) 7(1-21)

Total 46 R163 760

Median (range) 2 (0-4)

Total 2 R20 558

Total (30 min blocks) 244 R68 076

Total cost of studies R417 594
R7 520

Median cost per patient (range) (R1 400-R22 920)

only on the cost to the orthopaedic services — cost of treatment of
other systemic injuries such as head injuries or intra-abdominal
pathology were not included or assessed. The cost of the initial
treatment and evaluation of these patients in the emergency centre
was not calculated or taken into account.

As a result of these limitations, the cost estimates in this study
are likely an underestimation of the true amounts.

Discussion

All delivery motorcyclists in our study were males under the age
of 35 years with very few medical comorbidities. In keeping with
reports from other sources, all of the delivery motorcyclists we
admitted were foreign nationals.?2® The predominant mechanism
of injury described by patients in our study was in keeping with the
injury patterns we observed. Drivers of a motorcycle struck from
the side by another vehicle would be expected to sustain long bone
fractures of the leg on the impact side, and the high-energy nature
of the injury often leads to open fractures.?* The predominance of
lower limb injuries in our study was in keeping with international
literature.'6.18

Despite the limitations of our study, we have shown that injured
delivery motorcyclists are increasing the trauma and cost burden
to the state orthopaedic services. These injuries are resulting in
costly investigations and surgical procedures, which divert even
more theatre time and resources away from other orthopaedic
services, such as elective surgery. Further research is needed into
the cost burden to other inpatient and outpatient services, as well
as studies investigating the long-term functional impact that the
injuries are having on these patients.

Comparison to the recent study in the South African context
published by Thikhathali and Ngcelwane examining the cost of
road traffic injuries on the orthopaedic services in another tertiary
hospital setting, showed a slightly higher average implant cost
per patient in their cohort, which is likely due to the cost of using
new external fixators in their facility.> In the regional and tertiary
hospitals involved in this study, a high proportion of external
fixation components are reused from second-hand stock, resulting
in significantly lower implant costs. The costs and length of surgery
as well as cost of radiological investigations per patient were
similar between the two cohorts. The average length of admission
in that study, however, was three times higher (21 days compared
to eight days), which resulted in a higher average cost of treatment
per patient for their cohort.
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We feel that further action needs to be taken in terms of legislation
regarding the protection and insurance of this vulnerable
demographic. Systems which limit the working hours and protect
delivery motorcyclists from the risks posed by night-time driving and
adverse weather conditions might prevent some of these injuries.
Appropriate issue of protective equipment and helmets should be
mandatory as there is strong evidence supporting the role of these
in injury prevention.?®> Mandatory maintenance and roadworthy
checks of motorcycles by the companies employing these drivers
should also be required. At present, delivery motorcyclists working
for an app do not require a professional driving permit on their
licence and may drive with a foreign-issued motorcycle licence.
Changing these requirements or providing further skill training
or testing may be of benefit to reducing the injury burden in this
population. Subsidies by these companies for injury insurance
packages or registration with the occupational injury fund should
be mandated to reduce the cost burden to the state. Training of
delivery motorcyclists in safety strategies and advanced driving
techniques, as currently being implemented by the Arrive Alive
delivery motorcyclist safety project, would also be likely to improve
driver safety. 2 This has been shown to be effective in other
developing countries.6:17:26

Conclusion

Delivery motorcyclists in South Africa have added an increasing
burden to the cost of the state orthopaedic services. These patients
are young healthy males who are sustaining high-energy injuries
typical of motorcycle/motorcar accidents and requiring costly
investigations and orthopaedic surgeries. Changes to legislation
mandating insurance against injury, further training or testing, and
protecting the working conditions of these delivery motorcyclists,
would be likely to decrease the severity of this health burden in a
time when the state healthcare sector is staggering under the cost
of the health burden in our country.
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