Original research

®

OPEN ACCESS

"Department of Epidemiology
and Biostatistics, School of
Public Health, Kwame Nkrumah
University of Science and
Technology, Kumasi, Ashanti,
Ghana

*Department of Global and
International Health, School of
Public Health, Kwame Nkrumah
University of Science and
Technology, Kumasi, Ashanti,
Ghana

3Department of Civil
Engineering, College of
Engineering, Kwame Nkrumah
University of Science and
Technology, Kumasi, Ashanti,
Ghana

Correspondence to

Mr Daniel Gyaase, Department
of Epidemiology and
Biostatistics, School of Public
Health, Kwame Nkrumah
University of Science and
Technology, Kumasi, Ashanti,
Ghana. PM Bag, University
Post Office, Kumasi;
gyaasedaniel94@gmail.com

Received 5 April 2022
Accepted 10 September 2022
Published Online First

26 September 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY.
Published by BMJ.

To cite: Gyaase D, Newton S,
Adams CA, et al. Inj Prev
2023;29:68-73.

Effect of speed humps on injury consequences on
trunk roads traversing towns in Ghana: A quasi-

experimental study

Daniel Gyaase
Benjamin Noble Adjei

ABSTRACT

Background Speed calming interventions have

been employed globally as a road safety measure to
curb outcomes of RTCs such as injuries and deaths. In
Ghana, few studies have reported on the effect of speed
calming measures on the severity of road traffic injuries.
This study examined the effect of speed humps on the
severity of injuries during RTCs on trunk roads passing
through towns in Ghana from 2011 to 2020.

Methods The study employed a quasi-experimental
before-and-after study with controls design to answer
the research questions. The study used both primary and
secondary sources of data. Univariable and multivariable
ordered logistic regression was used to examine the
effect of speed humps on the severity of injuries during
RTCs.

Results The mean height, length and spacing of the
speed humps were 10.9 cm, 7.67 m and 207.17 m,
respectively. Fatal/serious/minor injuries were 35%
higher at the intervention than the control settlements
prior to installation of speed humps though not
significant (adjusted OR (aOR)=1.35, 95% CI 0.85 to
2.14). A significant change in injury severity occurred
after the installation of the speed hump devices. There
was a reduction of 77% in fatal/serious/minor injuries at
the intervention towns compared with the control towns
(aOR=0.23, 95% C1 0.11 to 0.47).

Conclusion The findings present evidence suggesting
that speed hump is an effective road safety measure

in reducing the severity of road traffic injuries on trunk
roads.

BACKGROUND

Road traffic injuries (RTIs) are a major but
neglected global public health burden, demanding
concentrated and rigorous measures for effective
and sustainable mitigation.'” According to the
WHO, for every 23 seconds, someone is killed on
the road, and between 20 and 50million people
sustain injuries worldwide.* The Global Burden of
Disease 2019 report shows that RTIs have been the
leading cause of death among people aged 10-49
years since 1990 and the seventh major cause of all
deaths globally.’

Over the past three decades, road fatalities
and injuries have increased in Africa. The rate at
which Africans die due to RTIs (24.1 per 100 000
population) is higher than the global rate,* with
the risk of dying ranging from 34% to 64% in
the African regions.® In Ghana, more than 10000
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Vehicle speed is a major cause of RTCs and
injuries.

= Speed humps help reduce vehicle speeds,
number of road crashes and injuries.

WHAT THIS STUDY ADDS

= The first study in Ghana to use before-and-
after study with controls design to examine the
effect of speed humps on the severity of traffic
injuries (fatal/severe/minor) on trunk roads.

= Speed humps reduce the severity of road traffic
injuries during crashes on trunk roads in Ghana.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= Serves as a template for other such studies
across Ghana to ultimately generate enough
evidence in directing policies on the relevance
of speed hump devices on trunk roads
traversing towns.

people sustain RTIs every year since the declara-
tion of the Decade Plan of Action for Road Safety,
2011-2020.” From 1 January to 13 October 2021,
a total of 11858 crashes, 11 659 RTIs and 2126
road deaths were recorded by the Motor Traffic
and Transport Department (MTTD) of the Ghana
Police Service.®? Vehicle speed coupled with single-
lane roads have been identified and reported in
several studies for the past three decades as a major
risk factors for RTCs and the severity of resultant
injuries.”? 1012

Traffic calming (TC) interventions such as speed
humps (SH) have been employed globally to miti-
gate crashes and RTI burden, mainly attributed to
vehicle speed.'” " Studies on TC have reported its
safety for road users.'® >~ Afukaar and Damsere-
Derry'®, Distefano and Leonardi'’, and Elvik'®
reported reductions in RTIs after TC devices
were installed."*"® Yeo and colleagues found that
installing SHs lowers the likelihood of crashes and
severe injuries.'*

Despite the many attempts to curb this burden,
estimates project that RTIs will become the third
leading cause of death globally by 2030 if proper
measures are not implemented.* Studies from high
and low-income countries have reported how TC
interventions reduce vehicle speeds, the occurrence
of crashes and number of injuries.'® ' * " Fewer
studies have reported on the relationships between
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Figure 1

the injury severity and TC interventions.'* In Ghana, few
studies have reported on the effect of TC interventions on RTTs.
Studies on TC interventions in Ghana predominantly examine
their influence on speed'® and crashes, but rarely on RTIs.'
The studies in Ghana either combine two or more types of TC
devices and hence the effectiveness of each device is virtually
unknown. Again, the studies focused on pedestrian injuries,'’ '®
but the current one was on all road users. Also, they only employ
before-and-after study designs without a control group.'
Therefore, this study sought to use before-and-after study with
controls design to examine the effect of SHs on severity of RTIs
and assess the physical dimensions of SHs in selected settlements
on national trunk roads traversing towns in Ghana. To the best
of our knowledge, our study is the first to employ before-and-
after study with controls design to assess the effect of SHs on
severity RTIs.

METHODS

Study design

A quasi-experimental before-and-after study with controls design
(figure 1) was employed to answer the research questions. The
study compared data on injury consequences 3 years before and
after the SHs installation at the intervention and control sites.
The addition of controls would reduce limitations associated
with regression to the mean.

Intervention

TC interventions have been implemented on some national
trunk roads that go through settlements in Ghana. National
trunk roads are major roads built for long-distance travel
connecting cities and have as part of their label the letter ‘N’.

Before >
Intervention site
(Injury severity)
Before
Control site ) )
(Injury severity)

Intervention After
—
(Speed hump) (Injury severity)
No intervention After
(No speed hump) (Injury severity)

Quasi-experimental before-and-after study with controls diagram for the study.

The implementation of these interventions was to reduce vehicle
speed and crashes. In Ghana, seven types of TC measures have
been approved by the Ghana Highway Authority (GHA) to be
installed on trunk roads.

SHs were considered as the intervention in this study because
they are the most common TC measure on national trunk roads
in Ghana. GHA has recommended circular (figure 2) and trap-
ezoidal (figure 3) SHs with crown heights of 10 cm to be used
on trunk roads. The radius (for circular humps), length, slanted
surface or ramp (for trapezoidal humps) are dependent on the
posted speed limit.*

Selection of intervention and control sites

The intervention and control sites were on the same trunk roads,
and their selection was done in two stages. Initially, the National
Road Safety reports were reviewed for sampling of the national
trunk roads. The criteria for sampling the roads were them being
in the Ashanti Region, high number of crashes recorded annually
and posted settlement speed limits of 50 km/hour. Three trunk
roads, namely the Kumasi-Techiman (N10), Kumasi-Sunyani
(N6) and Kumasi-Accra (N6), were sampled based on the above
criteria.

Second, the GHA was contacted for their inventory on SHs
on the sampled trunk roads to guide selection of settlements that
would serve as intervention sites. Traffic injury data were avail-
able to year 2020; hence, roads traversing settlements that had
SHs installed between 2014 and 2017 were selected as interven-
tion sites. This was done to obtain 3years of before-and-after
data. Each intervention settlement had an average of two consec-
utive SHs.

Figure 2 Circular speed hump as reported in Ghana Highway
Authority (GHA) traffic calming design guidelines.

Figure 3 Trapezoidal speed hump as reported in Ghana Highway
Authority (GHA) traffic calming design guidelines.
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Settlements adjacent to the intervention site, with 50 km/hour
speed limit and had no SH, were selected as the control sites.
At least 95% of the vehicles that traversed the intervention sites
went through the control sites as well. A total of 12 settlements,
six with and without SH, were selected as intervention and
control settlements, respectively.

Data collection

The study used two main sources of data, primary and secondary.
The primary data consist of the physical measurements, namely
height, width, shape and the distance between each consecutive
intervention. The secondary data was on RTIs sourced from the
Center for Scientific and Industrial Research (CSIR)-Building
and Road Research Institute (BRRI) national crash database.

Physical measurements of humps

Crown height measurement

Three instruments were used: a spirit level, steel tape and 5 m
straight 2x4-inch wood. The wood was held by two research
assistants and placed across the top of the hump in the direction
of travel. A spirit level was placed on top of the wood to ensure
it was levelled. A steel tape was then used to measure the height
of the hump from the top of the road pavement to the soffit of
the wood. Three measurements of the height were made for each
hump at different sections, and the average was recorded.

SH length and width

A precimeter (measuring wheel) was employed for this purpose.
A research assistant walked with the precimeter from one end to
the other end of the hump in the direction of travel to record the
length. The research assistant then measured the width of the
hump by walking across the road with the precimeter.

Distance between humps

A research assistant walked with the precimeter from one hump
to the other consecutive one and recorded the distance between
them.

RTI data

The national crash data are a collation of all police files by
MTTD. The CSIR-BRRI’s technicians extract information from
Ghana Police MTTD files into standard case report forms that
form the basis of its database. The case report forms extract
information about the nature crashes, their location, the road,
the vehicle(s) and passenger and pedestrian casualties. The
information is coded and stored using a Micro-computer Acci-
dent Analysis Package software developed by the Transport
Research Laboratory, UK. The injury data for the current study
was retrieved from 2011 to 2020. Data from CSIR-BRRI have
been observed to have some level of under-reporting, as not all
crashes are documented. Some incidents of crashes and inju-
ries are not reported, whereas others are under-reported.” That
notwithstanding, it remains the most reliable nationwide RTI
database. Based on the year of installation of hump obtained
from GHA, the injury data were segregated as before and after
in the intervention and control settlements.

Study variables
Outcome variable
The outcome variable in this study was the severity of injury
during crashes. This variable was measured in an ordered form,
that is, fatal, severe and minor. Severe injury is when a casualty is

detained as an in-patient for more than 24 hours, whereas minor
injury is when a crash victim requires at most first aid attention.”

Exposure variables

The main exposure variable was SH status. The presence of SH
was considered as an intervention site and control if absent.
Other covariates include age of victim, time of crash, road width,
level of illumination of the road and collision type.

Statistical analysis

Descriptive analysis used frequencies and percentages for cate-
gorical variables, while means and standard deviation (SDs) were
used to summarise the physical characteristics of the SH and
crash characteristics. The analysis compared the severity of RTIs
at the intervention and control sites before and after the instal-
lation of SH. A one-sample t-test was used to test the difference
between the recommended mean height and the mean height of
the SHs from the field.

Univariable and multivariable ordered logistic regression were
used to examine the influence of SHs on the severity of injury
during crashes. Independently significant variables (p<0.05) at
the univariable level were included in the multivariable analysis.
Also, variables considered important or potential confounders
were adjusted for in the multivariable analysis. The forward
stepwise approach was used in incorporating variables into the
model. The backward approach was also performed. Variables
were re-entered and rechecked until a parsimonious model was
achieved. The Alkakne information criterion (AIC) was used
as the goodness-of-fit test statistic to compare the models. The
model with the minimum AIC was considered the best fit. The
proportional odds assumption was tested and at both before and
after analyses the p values were 0.807 and 0.730, respectively;
hence, the estimates from ordered logistic regression were not
considered problematic. Multicollinearity of the adjusted vari-
ables was checked using variance inflation factor. Two separate
models were built, one for before and one for after, and compar-
ison was made on the estimates. Data was analysed using STATA
V.16.

Regression to the mean, which is one of the statistical limita-
tions of before-and-after study, was not considered an issue in
this study because the study did not compare injuries before and
after in sites with SH only, but it compared the severity of inju-
ries in sites with SH against sites without SHs before and after
the SHs were implemented.

RESULTS

Physical characteristics of SHs on the study roads

Table 1 presents the characteristics of the SH devices. Alto-
gether, 15 SHs were surveyed in the six settlements selected

Table 1 Characteristics of speed hump measures on the road
sections

Mean dimensions of speed humps
Town Height (cm) Length (m) Spacing (m)
Namong 15.5 7.28 434.50
Koforidua 10.5 6.15 106.70
Saaboa 1.1 5.91 152.90
Adugyama 9.3 5.95 142.33
Yawkwei 11.25 11.13 227.10
Juaso 8.25 12.20 266.20
Overall average 10.9 7.67 207.17
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as the intervention sites. The overall mean height of humps on
all the road sections was 10.9 cm high, with a minimum and
maximum height of 7 and 19 c¢m high, respectively. The highest
mean (15.5 cm) height was found in Namong on the Kumasi-
Techiman highway, and the lowest (8.25 ¢m) was found in Juaso
on the Kumasi-Accra highway. A one-sample mean t-test found
that the overall mean height (m=10.9 cm, SD=2.7) was signifi-
cantly higher than the recommended height of 10 cm by GHA?’
for all SHs (p>0.001).

The overall average spacing between two successive SHs
estimated along the road sections was 207.17 m. The spacing
between SHs is dependent on the posted speed limit: 250 m for
50 km/hour speed limit, 100 and 75 m for 40 and 30 km/hour
speed limit, respectively.’” The mean spacing at Namong far
exceeded the recommended spacing for the 50 km/hour posted
speed limit.

Characteristics of RTls and crashes of casualties within the
study period

Table 2 presents the characteristics of the casualties and RTTs
before and after the installation of the SH devices. A total of 769
RTIs were recorded over the study period. Out of the total RTTs,
388 were recorded before the SH installation, of which 173 were
from the control settlements and 215 were from the intervention
settlements. Three hundred and eighty-one (381) of the total
RTIs were recorded after the SH installation, of which 240 were
from the control sites and 141 from the intervention sites. The
overall median age of the victims was 33 years, with a minimum
of 1 year and a maximum of 82 years. A higher proportion
(43.1%) of victims were within the ages of 30-44 years. Males
(73.6%) and pedestrians (58.0%) constituted a larger portion
of the victims. Of the casualty class, 57.9%, 31.6% and 10.5%
were pedestrians, drivers and passengers, respectively. Crashes
involving two vehicles contributed a larger proportion (54%) of
the injuries. Crashes on straight and flat roads contributed to
about 83.0% of the injuries. A little above half (53.0%) of the
injuries occurred during the daytime. About 27.0% of the casual-
ties originated from run-off road collisions, 20.1% from head-on
collisions and 19.1% from rear-end collisions. The vehicles that
contributed more injuries were cars (32.6%) and buses (29.8%).

Effect of SHs on RTIs during crashes

Table 3 presents the crude and adjusted analyses of the influence
of SHs on RTIs. In both the crude and adjusted analyses at the
before stage, fatal/serious/minor injuries were higher at the inter-
vention sites than at the control sides. Fatal/serious/minor inju-
ries were 359% and 6% higher in the adjusted and crude analyses,
respectively, though it was not statistically significant (adjusted
OR (aOR)=1.35, 95% CI 0.85 to 2.14; crude OR (cOR)=1.06,
95% CI 0.73 to 1.53).

A significant change occurred after the installation of the SH
devices. At the unadjusted stage, injuries (fatal/serious/minor)
were reduced by 40% at the intervention sites compared with
the control sites (cOR=0.60, 95% CI 0.41 to 0.90). After
accounting for variables such as time of the crash, age of casu-
alties, collision type, day of crash, road surface condition and
road width, there was a reduction of 77% in fatal/serious/minor
injuries at the intervention sites compared with the control sites
(aOR=0.23,95% CI 0.11 to 0.47). Other covariates were found
to influence RTIs. Increasing the width of the road was found
to be associated with an increase in RTIs. It was found that an
increase in road width increases fatal/serious/minor injuries by
23% (aOR=1.23, 95% CI 0.97 to 1.56).

Table 2  Characteristics of road traffic injuries and crashes within the
study period

Before After Total
Frequency
Variable Frequency (%) Frequency (%) (%)

Number injured

Gyaase D, et al. Inj Prev 2023;29:68-73. doi:10.1136/ip-2022-044598

Control sites 173 (44.59) 240 (62.99) 413 (53.71)
Intervention sites 215 (55.41) 141 (37.01) 356 (46.29)
Median age of 32(1,82) 34 (1, 86) 33 (1, 86)
casualties (min,
max)
Control sites injury
severity
Fatal 31(17.92) 27 (11.25) 58 (14.04)
Severe injury 77 (44.51) 112 (46.67) 189 (45.76)
Minor injury 65 (37.57) 101 (40.08) 166 (40.19)
Intervention sites
injury severity
Fatal 38 (17.67) 26 (18.44) 64 (17.98)
Severe injury 92 (42.79) 71 (50.35) 163 (45.79)
Minor injury 85 (39.53) 44 (31.21) 129 (36.24)
Age group of
casualties (years)
Less than 15 13 (3.35) 28 (7.35) 41 (5.3)
15-29 127 (32.47) 106 (27.82) 233 (30.17)
30-44 174 (44.85) 158 (41. 47) 332 (43.17)
45 and above 75 (19.33) 89 (23.36) 164 (21.33)
Sex of victims
Male 285 (73.64) 280 (73.49) 565 (73.57)
Female 102 (26.36) 101 (26.51) 203 (26.43)
Median age of drivers 35 (17, 59) 37 (22, 70) 36 (17, 70)
(min, max)
Casualty class
Driver 122 (31.44) 121 (31.76) 243 (31.60)
Pedestrian 226 (58.25) 219 (57.48) 446 (57.87)
Passenger 40 (10.31) 41 (10.76) 81(10.53)
Vehicles involved in a
crash (n)
1 138 (35.57) 151 (39.63) 289 (37.58)
2 219 (56.44) 195 (51.18) 414 (53.84)
3 22 (5.67) 17 (4.46) 39 (5.07)
4 9(2.32) 18 (4.72) 27 (3.51)
Vehicle type
Car 61 (34.08) 55 (31.07) 116 (32.58)
Heavy goods vehicle 42 (23.46) 52 (29.38) 94 (26.40)
(HGV)
Bus 54 (30.17) 52 (29.38) 106 (29.78)
Pick-up 12 (6.70) 6(3.39) 18 (5.06)
Others 10 (5.59) 12 (6.78) 22 (6.18)
Time of crash
Daytime 196 (50.52) 213 (55.91) 409 (53.19)
Night-time 192 (49.48) 168 (44.09) 360 (46.81)
Collision type
Head on 84 (21.65) 71 (18.64) 155 (20.16)
Rear end 56 (14.43) 91 (25.30) 147 (19.12)
Side swipe 72 (18.56) 21 (5.51) 93 (12.09)
Run-off road 106 (27.32) 103 (27.03) 209 (27.18)
Hit object 18 (4.64) 48 (12.60) 66 (8.58)
Hit pedestrian 40 (10.31) 37 (9.71) 77 (10.01)
Others 12 (3.09) 10 (2.62) 22 (2.86)
max, maximum; min, minimum.
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Table 3  The influence of speed humps on traffic injuries adjusting for other covariates

Variables

Before

After

cOR (95% CI)

aOR (95% CI)

cOR (95% CI)

aOoR (95% CI)

Groups
Control sites
Intervention sites

1
1.06 (0.73 to 1.55)

Age group (years)

1-15 1

16-30 2.57 (0.86 to 7.66)

31-45 2.63(0.89 10 7.78)

45+ 2.93 (0.94 t0 9.10)
Road surface

Dry 1

Wet 0.58 (0.03 to 13.36)
Day

Monday 1

Tuesday 1.69 (0.85 to 3.34)

Wednesday 2.22 (1.06 to 4.64)

Thursday 1.88 (1.06 to 3.34)

Friday 1.45 (0.63 to 3.36)

Saturday 3.68 (1.86 to 7.26)

Sunday 1.51 (0.86 to 2.66)
Road width 1.09 (0.95 to 1.24)
Time of crash

06:00-11:59 1

12:00-17:59 0.58 (0.34 to 0.996)

18:00-23:59 0.36 (0.21 to 0. 64)

00:00-05:59 0.18(0.11 to0 0.32)
Collision type

Head on 1

Rear end 1.93 (1.02 to 3.69)

Side swipe 1.24 (0.67 to 2.30)

Run-off road 1.49 (0.87 to 2.56)

Hit object 1.11 (0.40 to 3.05)

Hit pedestrian
Others

0.40 (0.19 to 0.82)
0.81(0.28 to 2.33)

Light condition
Day 1
Night no light 0.34(0.23 t0 0.51)
Night light 0.21(0.09 to 0.49)

1
1.35(0.84 0 2.12)

1.58 (0.44 t0 5.73)
1.87 (0.52 to0 6.74)
1.48 (0.38 t0 5.78)

1.14 (0.47 to0 2.75)
1.52 (0.57 to 4.04)
1.43 (0.68 to0 3.01)
3.62 (1.35 10 9.74)
3.99(1.73 10 9.23)
0.86 (0.41 t0 1.83)
1.09 (0.93 t0 1.27)

0.50 (0.26 to 0.95)
0.54 (0.20 to 1.43)

1.67 (0.77 to0 3.63)
2.45(1.17 10 5.12)

2.39(1.24 t0 4.61)
0.96 (0.28 to 3.30)
0.22 (0.09 to 0.55)
0.48(0.15 to 1.52)

0.39(0.15 to 1.02)
0.15(0.04 to 0.62)

*, Statistically significant; aOR, adjusted OR; Cl, Confidence Interval; cOR, crude OR.

1
0.60* (0.41 to 0.90)

1

1.39 (0.64 to 3.00)
1.61 (0.76 to 3.43)
2.67* (1.16 t0 6.15)

1
0.58 (0.24 to 1.38)

1

0.87 (0.36 t0 2.12)
0.63 (0.19 to 2.04)
1.47 (0.56 to 3.88)
1.24 (053 t0 2.92)
0.80(0.33 to 1.93)
0.24* (0.10 to 0.59)
1.29% (1.11 to 1.49)

1

1.66* (0.97 to0 2.83)
1.10 (0.62 to 1.95)
1.29 (0.68 to 2.44)

1
1.22 (0.66 to 2.23)
4.18* (1.55t0 11.22)

2.78* (1.54 t0 5.04)
2.08* (1.02 to 4.28)
0.27* (0.12 t0 0.58)
2.44(0.66 to 8.97)

1
0.64 (0.37 to 1.11)
0.76 (0.48 t0 1.18)

1
0.23* (0.11 t0 0.47)

1

1.27 (0.40 to 4.05)
1.27 (0.40 to 4.09)
1.87 (0.54 to 6.48)

1
0.05* (0.01 to 0.40)

1

0.62 (0.18 t0 2.10)
0.88 (0.17 to 4.47)
3.25(0.62 to 17.04)
0.56 (0.15 to 2.10)
0.20* (0.05 to 0.85)
0.06™ (0.01 to 0.26)
1.23* (0.97 to 1.56)

1

1.21 (0.52 to 2.84)
0.20* (0.04 to 0.86)
0.18™ (0.03 to 0.95)

1
2.02 (0.70 to 5.79)

28.12* (5.48 to
144.36)

2.72* (1.04 t0 7.10)
3.46 (0.71 to 16.76)
0.18* (0.05 to 0.64)
0.56 (0.07 to 4.32)

1
9.06™ (1.79 to 45.97)
5.71* (1.65 t0 19.79)

DISCUSSION
The average height of SHs were significantly higher than that
recommended by the GHA. SHs reduced the severity of injuries.

A notable finding was that the SHs had heights higher than the
requirements of the GHA for trunk roads of this nature. Signif-
icant increases in height of SH would assumedly reduce driving
speeds across the section and result in less severe injuries when
crashes occur. Findings by Damsere-Derry and colleagues on
the Abuakwa-Bibiani highway where average heights of humps
exceed the recommended values point to situations similar to the
current study.*!

Before the intervention, fatal/severe/minor injuries were
higher (35%) at the intervention sites than the control sites. The
study found a significant reduction in the severity of injuries
after the SHs were installed. Fatal/severe/minor injuries reduced
by 77% after humps were installed at the intervention sites. The

reduction shows the effectiveness of humps in reducing severity
of injuries during crashes on national trunk roads. On the other
hand, severe and minor injuries increased at the control sites in
the post-intervention period.

These findings align with the reduction (22%) in severe inju-
ries reported by Rothman ez al in Canada."® Also, Bornioli et
al reported a 63% reduction in fatalities with the introduction
of speed calming intervention in Bristol, UK.** Distefano and
Leonardi studied three types of speed calming measures and
their effect on crashes and injuries in Italy.'” They found a
decrease in injuries after the implementation of the three types
of speed calming measures. One resulted in a 50% reduction
in injuries, the other 38% and the last 32%. Damsere-Derry et
al’s study reported higher pedestrian fatal injuries in settlements
with no SH.' Unlike the current study that was focused on all
road users, that by Damsere-Derry et al was only on pedestrians.
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Furthermore, their study combined a number of TC devices
whereas the current one focused on humps. The reduction may
be as a result of the discomfort drivers and passengers experience
when a vehicle travelling at a higher speed hit vertically raised
object on the road. This inadvertently leads to drivers reducing
speed when traversing a section of the road with a hump. It is
instructive that humps assessed in this study had heights higher
than that required to reduce trunk road traffic speeds to accept-
able levels by GHA. A significant increase in height of humps, it
is speculated would lower the average speeds across the section
resulting in less severe injuries during crashes.

There is a general perception among drivers that when
vertical displacement interventions are made for speed calming,
depending on the height, the discomfort may be eliminated by
speeding over them. This will require further investigation to
determine whether the additional increase over the standard had
any influence on the results obtained. Also, significant increase
in height may increase travel time over the section during peak
traffic as speeds are reduced. This could result in delays for
traffic and formation of platoons, and lead to driver irritation
which has the propensity to trigger higher speeds and overtaking
manoeuvres on other sections without humps during platoon
dispersion. Could this contribute to the increase in severe inju-
ries at the control site at the post-intervention period? This may
require further studies.

CONCLUSION

The paper presented findings from a before-and-after study with
controls design of the effect of SH interventions on RTIs on
trunk roads traversing the Ashanti Region of Ghana. The find-
ings highlighted a reduction in traffic injury severity after SHs
were installed at the intervention sites. The severity of injuries
in the control sites on the contrary worsened in the postinter-
vention period. The findings suggest that SHs are effective road
safety measures in reducing the severity of traffic injuries. The
study only used selected sections on national trunk roads; it is
therefore recommended that similar studies should be conducted
on regional roads (ie, roads that link district capitals to their
respective regional capitals, other nearest district capitals and
major industrial, trade or tourist centres) and inter-regional
roads (ie, roads of inter-regional importance to provide regional
coherence). There is also room for studies to determine the
extent of influence the additional height of the SH above the
standard contributed to the results.

Correction notice This article has been corrected since it was first published. The
open access licence has been updated to CC BY.
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