
Rethinking the surface design: 
How to prevent playground related 
extremity injuries in children

Abstract
Public playgrounds are specially designed spaces for children to play and develop; 
however, falls are significant causes of children’s injury and are one of the most 
common mechanisms of injury in emergency departments. The study aims to 
survey the playground-related mechanism and incidence of extremity injuries in 
children and rethink the falling surface as designable equipment. 
The retrospective observational study enrolled 90 children who are injured in 
playgrounds and visited the emergency department in Istanbul between 2019 and 
2020. Later, an observational study was conducted in public playgrounds within 
the neighborhood boundaries of the emergency department. The results show 
that the most common playground equipment related to the injury is slides and 
the most common surfacing material is rubber. The majority of total injuries were 
classified as upper extremity, and wrist fractures were the predominant injury 
type. The result of this study shows even with impact-absorbent surfacing such as 
rubber, fractures occur in children who fall from a certain height. To prevent these 
falls, rethinking the surface as designable equipment under high play equipment 
may help slow the fall.
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1. Introduction 
More than one billion children live 
in cities as a result of increasing 
urbanization in the world (UNICEF, 
2012). According to the United Nations, 
6 out of 10 children will live in cities by 
2025 in developed countries (UNDP, 
2000). However, the built environment 
limits the physical activity of children 
(Davison & Lawson, 2006; Duncan et 
al., 2005; Humpel et al., 2004; Saelens et 
al., 2003; Sallis et al., 1998). Unplanned 
urban development negatively affects 
child development and cities are 
insufficient to meet children’s needs. 
As urban space becomes inefficient 
and dangerous, children needed gated 
areas. 

According to the researches, it has 
been revealed that the environment 
guides children’s development they are 
in during the growth period, and the 
behavior patterns of the children are 
determined by the places they are in 
rather than his personal characteristics 
(Barker, 1968; Bechtel, 1977; Wicker, 
1979). Urban space and children’s play-
grounds are of great importance in the 
physical, mental and social develop-
ment of the child. 

Playgrounds are developed to of-
fer child’s safe play opportunities in a 
growingly industrialized society away 

from traffic and other hazards. They are 
special spaces to realize the activity of 
play and have a major role in children’s 
social, cognitive, physical, and psycho-
social development (Macarthur et al., 
2000; Norton et al., 2004). Playgrounds 
allow children to recognize themselves 
and their environment, and help to 
develop their concentration, sense of 
responsibility, and social relationships 
in the community (Chamberlin, 1998). 
Since play has a great role in a child’s 
life, playgrounds should offer a safe en-
vironment. But, if these areas are not 
designed with significant criteria, they 
can cause severe injuries and traumas 
that affect a child’s development neg-
atively. Although they do not result in 
death, they may cause lifelong disabili-
ty for children.

Safety is an important design prob-
lem to be considered in children’s 
playgrounds, and it becomes even 
more important in playgrounds that 
appeal to younger age groups. Each 
year, thousands of children are treat-
ed in the emergency departments for 
playground-related injuries.  Approxi-
mately 45% have resulted in serious in-
juries such as severe-fractures, internal 
injuries, concussions, dislocations, and 
amputations, and among the nonfatal 
injuries related to playgrounds, 75% 

Figure 1. Playground equipments and surfacing types such as (1) sand (2) grass (3) dirt and 
(4) rubber.



349

Rethinking the surface design: How to prevent playground related extremity injuries in children

of them occur in public playgrounds 
(Tinsworth & Mcdonald, 2001). 

Ensuring safety in playgrounds de-
pends on play equipment, surfacing, 
the design of the playground and other 
elements (Hendricks, 2001). Surfacing 
has been the focus within playground 
designs in recent years, as it is defined 
as the falling space when located un-
der play equipment. The required di-
mensions and the materials of the fall-
ing space differ according to the play 
equipment (Figure 1). The falling space 
does not intend to protect the child 
from injuries, but the surface material 
may increase or reduce the severity of 
the injury. However, even with recent 
impact-absorbent surfacing, such as 
rubber, which is widely used, play-
ground injuries still occur on a large 
scale. Therefore, the falling space can 
be regarded as designable equipment 
to reduce injuries.

The aim of this study is to determine 
the mechanism and incidence of inju-
ries related to playground equipment 
and surfacing, which causes children 
to be injured most, and recommend 
design ideas to prevent these injuries. 
The retrospective observational study 
enrolled 90 children who were injured 
in playgrounds and visited an emer-
gency department in Istanbul between 
2019 and 2020. Later, an observation-
al study was conducted in eight public 
playgrounds to examine the equipment 
types and surfacing materials within 
the close boundaries of the neighbor-
hood where the hospital locates. 

This study centers on the interaction 
between public playground equipment 
and the surface type and children’s in-
jury and intends to propose design as 
a tool to prevent these injuries. The re-
mainder of this paper is organized as 
follows: Section 2 introduces children’s 
playgrounds and related studies. Sec-
tion 3 gives the data and the method. 
Section 4 gives the results of the study 
under (1) extremity injuries in chil-
dren related to playground equipment 
and surfacing, and (2) case study of 
playground equipment and surfacing, 
Section 5 discusses the results with 
design recommendations for falling 
space, and finally, Section 6 gives a 
conclusion.

2. Children development and 
playgrounds 
Environmental factors affect children 
from their birth. For the healthy 
development of children, physical 
and social environmental factors 
must meet their needs (Yazıcı, 2004). 
Children’s social environment is first 
formed by their families, and then by 
the people they interact with at school 
and on playgrounds. The socialization 
of the child is affected by spatial factors 
as well as individuals. Since the child 
is the future of society, including 
children in spatial designs is important 
for the development of the child and, 
therefore, for society (Tandogan & 
Ergun, 2008).

Play is the child’s way of integrating 
with the world (Zengin, 2001). It is the 
whole of the activities that children 
develop in their spare time. The child 
discovers his own nature and abili-
ties with the help of play (Herrington, 
1998). Numerous studies indicate the 
importance of play in children’s life. 
Play enables the child to recognize his 
emotional, physical, and intellectual 
potential (Yılmaz & Bulut, 2003). Play 
encourages children to explore, take 
risks, learn by doing wrong, and think 
creatively. Play makes learning fun 
for the child (Ashton & Lewis, 2001). 
According to Hüttenmoser and De-
gen-Zimmerman (1995), retardation 
was found in the personal and social 
development of children whose free 
movement abilities were restricted.

It is argued that children who grow 
up deprived of the opportunity to play 
outdoors have neurotic personalities in 
the future, as their instinctive energies 
are aggressive due to the suppression 
of their bodily and cognitive energies 
(Koptagel, 1978). The child needs natu-
ral play environments; natural play en-
vironments are diverse, abstract from 
the concept of time, and provide more 
freedom (Prescott, 1987). Due to the 
benefits of play in child development, 
children’s playgrounds are indispens-
able in urban spaces. 

Furthermore, certain researches in-
dicate that the built environment re-
stricts the physical activities of children 
and young people (Davison & Lawson, 
2006; Duncan et al., 2005; Humpel et 
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al., 2004; Saelens et al., 2003). Lack of 
physical activity in children is consid-
ered one of the most important risks 
that will lead to future diseases, such 
as heart failure (Andersen et al., 2004). 
Children’s playgrounds are key places 
that will help increase physical activity. 
Thus, to support these developments, 
they must be safe and not cause further 
injury.

2.1. Safety in children playgrounds
Safety is a critical design problem to be 
considered in children’s playgrounds. 
It becomes even more important in 
playgrounds that appeal to small age 
groups. According to the National 
Program for Playground Safety (1996), 
most playground-related accidents 
occur as a result of children playing 
with play equipment that does not 
appeal to their age group. Thus, 
children fall from higher elements and 
get injured. 

Falls are an important cause of 
playground-related children’s inju-
ries and are one of the most common 
mechanisms of injury in emergency 
departments. A growing number of 
researches have emerged in recent date 
literature on playground-related in-
juries. Some studies have researched 
the role of surface materials on safety, 
while different studies have searched 
for falls related to playground equip-
ment. Falls are regarded as 25%-52% of 
all treated child injuries (Migneault et 
al., 2018), and 67% of playground inju-
ries are caused by falls from equipment 
to the ground (Chalmers et al., 1996). 
Out of the 147 children who died from 
playground-related injuries between 
1990 and 2000, 31 of them were a re-
sult of falls to the playground surface 
(Tinsworth & Mcdonald, 2001). 

Playground-related injuries mostly 
depend on fall height and surface area, 
with 2.6-3 injury odds for fall height, 
and 2.3-18.2 injury odds for surfaces 
(Chalmers et al., 1996; Laforest et al., 
2001; Macarthur et al., 2000; Mowat 
et al., 1998). Studies have shown that 
playground equipment higher than 
150 cm has higher injury rates (Ball, 
2002; Phelan et al., 2001; Vollman et 
al., 2009). Another study revealed that 
equipment above 200 cm has a nearly 
2.56 times higher injury rate compared 

to equipment lower than 150 cm (La-
forest et al., 2001).  The same study 
indicates that the injury risk is simi-
lar for play equipment heights of less 
than 1.5 m and 1.5-2 m; however, the 
risk increases 1.5 times for equipment 
higher than 2 m (Laforest et al., 2001). 
Non-impact-absorbing surfaces such 
as asphalt and concrete have a greater 
risk of injury compared to impact-ab-
sorbing surfaces, such as sand, rubber, 
and gravel (Chalmers et al., 1996; How-
ard et al., 2009; Mott et al., 1997; Sosin 
et al., 1993). Although children’s mor-
tality rate due to a fall is unusual, the 
hospitalization ratio is high (Kham-
balia et al., 2006). Almost three million 
children who fall apply to the ED every 
year and related injuries are the second 
major cause of pediatric hospitalization 
(Committee on Injury and Poison Pre-
vention, 2001). Suecoff (1999) showed 
that playgrounds in low-income areas 
host more hazards than high-income 
areas because of rusty play equipment 
and damaged fall surfaces. 

Mott et al. (1997) stated that the risk 
of injury due to a fall from monkey bars 
was 2 times greater than the climbing 
frames and 7 times greater than the 
swings or slides. Bae et al. (2017) in-
dicated that out of 6.110 children who 
were injured in a playground, 40,5% 
were related to slides, and 18% were 
related to swings. Concussions were 
associated with children aged 0-2 and 
swings, while hand and arm fractures 
were associated with children aged 3-7 
years and climbing elements. Horizon-
tal bars, stretched ropes, and trampo-
lines were mostly related to foot and 
leg fractures. 

Critical fall height for a playground 
is the maximum height of fall from play 
equipment to the ground and is mea-
sured through impact testing, which 
evaluates the shock-absorbing prop-
erties of surfacing material. Equip-
ments higher than 60 cm require an 
impact-absorbing surface under them 
and the critical fall height of the sur-
facing must be equal to or greater than 
the play equipment’s fall height, while 
the fall height should not exceed 300 
cm (BS EN 1177, 2018; TS EN 1176-1).

In the United States, ASTM (Amer-
ican Society for Testing and Materials 
Standards) creates playground surfac-
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ing standards for public playground 
surfacing to prevent severe injuries. In 
Public Playground Safety Handbook 
(CPCS, 2015) which complies with the 
ASTM standards, the critical fall height 
of different play equipment is defined. 
The Handbook divides playground 
users into three groups: Toddlers (0-2 
years of age), preschool children (2- 
to 5-years-olds), and school-age chil-
dren (5- to 12-years-olds), and it offers 
maximum heights for age-appropriate 
equipment. In general, the maximum 
height of equipment according to age 
groups is 81 cm high for toddlers, 150 
cm high for 2-5 years old, and 240 cm 
high for 5-12 years old. Pivot points 
of swings should not be more than 
240 cm, the same height is valid for 
slides. According to the handbook, 
some equipment is not recommended 
for some age groups, such as balance 
beams for toddlers.

In Turkey, TS EN 1176 Series stan-
dards have been accepted and pub-
lished as Turkish Standards to de-
termine the safety conditions for 
children’s playgrounds. Accordingly, 
the maximum fall height for the swing 
should be ≤ 1500 mm, for the carou-
sel it should be ≤ 1000 mm, and for the 
seesaw, it should be ≤ 1500 mm. The 
standards indicate that the free fall 
height can be up to 3000 mm with the 
appropriate surfacing thickness (Turk-
ish Standard Institute, 2018). 

In the context of playgrounds, the 
shock absorbance of a surface has 
gained more importance in recent 
years to prevent injuries caused by falls 
from a certain height. Shock absorbing 
refers to impact attenuating, which is 
directed to the reduction of head inju-
ries. The maximum HIC (Head Injury 
Criterion) value is 1000 and the g-max 
value is 200 for impact protection ma-
terials on playgrounds (ASTM Stan-
dards F1292-13). A shock-absorbing 
surface aims to reduce head injuries 
as well as other playground-related ex-
tremity injuries. 

There are different surface materials 
used in playgrounds that are shock-ab-
sorbing. Some of them are loose-fill 
materials such as gravel, sand, rubber 
mulch, and wood chips. Rubber mats, 
tiles, and other poured-in-place mate-
rials are unitary materials. Every ma-

terial has a different shock-absorbing 
ability. The installation depth standards 
of the surfacing and height of the play 
equipment differ according to the abil-
ity. Some of the materials are accepted 
as a good fall-attenuating surface ma-
terial, while others are more dangerous 
if the fall height within the playground 
is greater than a certain number of me-
ters. 

Certain studies have reported results 
for impact attenuation of playground 
surfaces. Over the years, the results of 
the studies differ according to material 
performances that improve over time. 
Ramsey and Preston (1990) focused on 
the Impact Attenuation performance 
of wood mulch, wood chip, sand, and 
gravel, and manufactured mats, as-
phalt, and concrete as playground sur-
facing. Lewis et al. (1993) aim to eval-
uate playground surfaces with respect 
to impact attenuation and resulted that 
wood chips were the best alternative 
rather than sand, grass, gravel, and syn-
thetic mats. Mack et al. (2000) studied 
loose-fill playground surfaces and their 
result indicated that shredded rubber 
was better than sand, wood fibers, and 
wood chips; while pea gravel was the 
poorest. Recent studies show that bark 
surfacing, such as rubber mulch, is the 
safest material for playgrounds with 
high fall risk (CPSC, 2015; Davidson et 
al., 2013). Also, wood chips, sand, and 
pea gravel are no longer appropriate to 
use as playground surfacing because 
they are not accessible in compliance 
with the Americans with Disabilities 
Act. According to Public Playground 
Safety Handbook, grass and dirt are 
not recommended as surfacing under 
playground equipment (CPSC, 2015).

Fractures commonly occur in al-
most one-third of children (Cooper et 
al., 2004), and certain types of fractures 
may unfortunately have negative con-
sequences for children’s future bone 
health. Fractures may result in nerve 
damage, decreased strength, related 
joint suffering, anxiety, and even de-
pression (Morzaria, 2016). It may also 
prevent children from certain activities 
for the rest of their lives, which may re-
sult in developmental delays. A study 
showed that children who suffered 
from forearm fractures had lower bone 
strength compared to other children, 
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and lower bone strength further results 
in future fractures from weakened 
bone (osteoporotic fracture) (Farr et 
al., 2014). Especially children over 10 
years who were injured by fractures 
had long-term negative effects, thus 
suggesting not tolerating such disloca-
tions (Zimmermann et al., 2004). On 
the other hand, younger children may 
have development problems if they 
suffer from growth plate injuries, and 
can have crooked or slightly longer or 
shorter arms or legs (Kruse & Dubowy, 
2018). 

Certain researchers have studied 
the relationship between psychologi-
cal-behavioral characteristics and frac-
tures in children. Stancin et al. (2001) 
examined child and family outcomes 
of pediatric traumatic fractures and 
observed functional limitations in chil-
dren and increased family stress after 
the child injury, especially with lower 
extremity fractures resulting in more 
negative impact. Zheng et al. (2014) 
compared children hospitalized for 
fractures with a control group of chil-
dren without fractures, and found that 
more children displayed more psy-
chological and behavioral problems 
in the fracture group than in the con-
trol group with higher scores for rest-
lessness, aggression, depression, and 
violation of discipline. A recent study 
demonstrated that long bone fractures 
result in fear of falling thus limiting 
participation in physical activities, 
anxiety about aesthetic appearance, 
post-traumatic stress disorder, acute 
stress disorder and depression, and im-
pacting social life by restricting certain 
activities (Singaram & Naidoo, 2019). 
Considering all these long-term nega-
tive effects, it is important to prevent 
playground injuries.

Children’s injuries and fractures 
are important preventable causes of 
morbidity and mortality (Baker et al., 
2015), and long-bone fractures in-
dicate more severe injuries (Cryer et 
al., 1990). Although certain studies 
support risky play for children’s devel-
opment, mental health, and physical 
health (Brussoni et al., 2012; Engelen et 
al., 2013; Sandseter & Kennair, 2011); 
it has also resulted in injury or even 
death (Brussoni et al., 2015). Therefore, 
safety against falls is the primary crite-

rion to be considered in a playground 
design. Studies indicate that even if the 
surfacing material improves, the inju-
ries continue to happen. Apart from 
materials, designers can produce other 
solutions by using design as a tool to 
prevent these injuries.

3. Method and case study
Two important risk factors for 
playground-related injury are the 
height of the play equipment from 
which the children fall, and the surface 
material where they fall (Chalmers 
et al., 1996; Macarthur et al., 2000). 
Therefore, this study focuses on (1) 
the injury type after the fall and (2) the 
surface material where children land. 
It later demonstrates a case study to 
further investigate public playgrounds 
in terms of play equipment and surface 
material. 

3.1. Method
This study focused on cases of children 
with playground equipment and 
surfacing as the cause of injury. In this 
study, 90 children who were injured 
during a play in a public playground 
between June 2019 and December 
2020 and applied to the emergency 
department of a Level 1 trauma center 
were examined retrospectively. The 
data was extracted from ED visits for 
falls in children to 18 years of age, and 
descriptive statistics were used to notify 
the frequencies of injuries. All ED visits 
from June 2019 and December 2020 
were manually reviewed. All children 
who presented with a fall in a public 
playground were included. Subsequent 
visits for the same falls suffered by 
children with a head injury and minor 
bruises were excluded. Injured children 
were retrospectively examined by 
gender, age, injury-inducing factor, 
injury mechanism, injured body part, 
injury-causing playground equipment 
type, and surfacing material. There was 
no 2-year-old child and no children 
older than 14 years of age among 
the patients who were registered as 
playground injuries. 

In the case study research, an obser-
vational technique was used at a total 
of eight public playgrounds present in 
the close neighborhoods of the emer-
gency department. Playgrounds were 
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examined according to equipment type 
and surfacing material in terms of flex-
ibility. The playgrounds in Istanbul are 
not diverse and usually use the similar 
mass-produced play equipment. For 
this reason, the case study playgrounds 
give similar information about the gen-
eral and are selected for observation 
(Figure 2). This study was reviewed 
and approved by the Research Ethics 
Board from the local institution.

3.2. Research area
Istanbul is the most populated 
city in Turkey, and it continues to 
receive migration from all over the 
country due to its economic and 
cultural opportunities along with 
health services. The problems caused 
by rapid population growth and 
unplanned urbanization are intensely 
experienced, and children cannot 

adequately meet their needs because of 
the decreasing amount of public green 
areas. As a result of population growth 
and urbanization, green areas lose 
their characteristics and are assigned 
different land use. An increase in traffic 
load makes the streets of Istanbul more 
dangerous for children. The social and 
cultural development of the child is 
negatively affected by isolation from 
the urban space. 

Sancaktepe district has become a 
center of attraction and is one of the 
districts that suffered the most from the 
intense immigration from other cities. 
Sancaktepe is located on the Anatolian 
side of Istanbul, with Çekmeköy in the 
north, Kartal and Maltepe in the south, 
Sultanbeyli and Pendik in the east, and 
Ümraniye and Ataşehir in the west. The 
district was named “Sancaktepe” in the 
2009 local elections and was formed 
by the merging of Samandıra, Sarıgazi, 
and Yenidoğan Districts in 2009. A 
large part of the district is located 
within the boundaries of the Ömerli 
Drinking Water Basin. Its proximity to 
strategic points such as Sabiha Gökçen 
Airport and highways has made the 
district spatially important. 

Sancaktepe has a population density 
above the average of Istanbul, with its 
total population, and almost one-third 
of the population consisting of chil-
dren under the age of 18 (Tepe, 2018). 
The district has 19 neighborhoods with 
80 public parks; some of them have 
public playgrounds. Although public 
playgrounds exist numerically, their 

Figure 2. The flow diagram of the study.

Figure 3. Sancaktepe District in Istanbul.
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quality is debatable. Children cannot 
adequately meet their needs for de-
velopment, and they also experience 
injuries. The emergency department 
of the Level 1 trauma center where the 
study was conducted is located in the 
Emek Neighborhood in Sancaktepe 
District. Meclis, Emek, and Sarıgazi 
Neighborhoods are examined in terms 
of public playgrounds (Figure 3). Eight 
different public playgrounds were used 
for observations of surfacing materials. 
The types of playground equipment 
and surface materials are listed. Each 
playground had a variety of equipment 
different in height. Observations were 
recorded through photographs and 
notes.

4. Results
4.1. Extremity injuries in children 
related to playground equipment 
and surfacing
In total, 90 playground-related 
incidents were examined. Females and 
males equally accounted for 50% of 
playground-related injuries. There was 
one child as a toddler, twenty-three 
children in the 2-5 age group, and fifty-
nine children in the 6-12 age group. 
Two children were 13 years old and five 
children were 14 years old. One male 
child was in a toddler group. In the 2-5 
age group, 69% accounted for females, 
while 66% of children above 5 years old 
were males. %69 of injuries in the 2-5 
age group and 83% of injuries above 
5 years old were classified as an upper 
extremity. 

The playground equipment involved 
in injuries was slides (35.6%), swings 

(18.9%), monkey bars (17.8%), tee-
ter-totters (8.9%), and spinners (4.4%). 
14.4% of all injuries occurred while 
running. The majority of total inju-
ries (80%) were classified as an upper 
extremity (Figure 4). Wrist fractures 
were the predominant injury type, 
accounting for 27.8% of all injuries, 
followed by elbow fractures (22.3%), 
soft tissue traumas (16.7%), forearm 
fractures (10%), fractures of the ankle 
(6.7%), foot fractures (4.4%), shoulder 
fractures (3.3%), hand finger fractures 
(2.2%), thigh fracture (1.1%) and leg 
fracture (1.1%). Also, there are 4 chil-
dren with multiple fractures, two of 
them have a fracture of both wrists 
(2.2%), one of them had elbow and an-
kle fractures (1.1%) and one of them 
had elbow and wrist fractures (1.1%).  

The largest proportion of wrist frac-
tures occurred on slides (36%), fol-
lowed by swings (24%), monkey bars 
(16%), and teeter-totters (8%). 16% 
of wrist fractures occurred while run-
ning. Elbow fractures were the pre-
dominant injury type on slides (40%), 
followed by swings (20%) and monkey 
bars (20%) equally, and teeter-totter 
(5%). 15% of elbow fractures occurred 
while running. Soft tissue traumas are 
distributed more evenly between play 
equipment. They occurred on mon-
key bars (26.7%) and while running 
(26.7%), followed by slides (21%), 
slides (13.3%), monkey bars (6.6%), 
and spinner (6.6%). Forearm fractures 
occurred most frequently on slides 
(22.3%), monkey bar (22.2%), and tee-
ter-totters (22.2%), followed by swing 
(11.1%), spinner (11.1%), and while 

Figure 4. The amount of injuries depending on the play equipment and surfacing.
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running (11.1%). The majority of ankle 
fractures occurred on a swing (33.3%) 
and teeter-totter (33.3%), followed 
by monkey bars (16.7%) and while 
running (16.7%). Foot fractures were 
the predominant injury type on the 
teeter-totter (50%), followed by slide 
(25%) and spinner (25%). Shoulder 
fractures occurred on slides (66.6%) 
and spinner (33.4%). Hand-finger frac-
tures occurred on the slide (50%) and 
swing (50%). A thigh fracture occurred 
on the slide, and a leg fracture occurred 
on the swing. The playground equip-
ment involved in both wrist fractures 
was the slide. The child with elbow and 
ankle fractures is reported to fall from 
the slide; while another child with el-
bow and wrist fractures fell from the 
monkey bar. 

The largest proportion of injuries 
(57 of 90 [63.3%]) occurred on rub-
ber surfaces followed by soil (14 of 90 
[15.6%]), gravel (12 of 90 [13.4%]), 
concrete (5 of 90 [5.5%]), sand (1 of 
90 [1.1%]), and artificial lawn (1 of 90 
[1.1%]) (Figure 5). This also reflects 
distribution of the surface material in 
public playgrounds in Istanbul. The 
largest proportion of wrist fractures 
occurred on rubber (29.9%), followed 
by elbow fractures (21%), soft tissue 
traumas (12.3%), forearm fractures 
(10.6%), ankle fractures (8.8%), foot 
fractures (5.3%), shoulder fractures 
(5.3%), and thigh fracture (1.7%), 
leg fracture (1.7%), hand finger frac-
ture (1.7%) and both wrist fractures 
equally (1.7%). In soil, wrist frac-
tures (28.5%) and soft tissue traumas 
(28.5%) occurred equally, followed by 
elbow fractures (21.4%) and forearm 
fractures (14.2%). Reported multiple 
trauma injuries, including both elbow 
and wrist fractures have occurred on 
soil surface. Wrist fractures (33.3%) 
and elbow fractures (33.3%) were the 

predominant injury type on gravel, 
followed by soft tissue traumas (25%). 
Reported multiple trauma injuries, in-
cluding both elbow and ankle fractures 
have occurred on gravel. On concrete, 
an elbow fracture, a hand finger frac-
ture, a forearm fracture, an ankle frac-
ture, and a soft tissue trauma occurred 
equally. The playground surface mate-
rial involved in poly-trauma with both 
wrist fractures was sand. Lastly, the in-
jury that occurred on the lawn was a 
foot fracture.

On the rubber surface, the injuries 
occurred most frequently on slides 
(40%), swing (15.9%), and monkey 
bar (%15.9) equally, followed by tee-
ter-totter (14.1%), running (8.8%), and 
spinner (5.3%). On soil, out of 14 in-
juries, they occurred most frequently 
on a swing (28.5%) and monkey bar 
(28.5%) equally, followed by slides 
(21.5%), running (14.3%), and spinner 
(7.2%). Out of 12 injuries, running was 
the main mechanism of injury (33.4%) 
on gravel, followed by swing (25%) 
and slide (25%) equally, and monkey 
bar (16.6%). Running (40%) was most 
commonly involved in a total of 5 inju-
ries reported on a concrete surface, fol-
lowed by swing (20%), slide (20%), and 
monkey bar (20%) equally. Lastly, the 
slide was the only equipment involved 
in injuries on sand and lawn. 

4.2. Case study of playground 
equipment and surfacing
As mentioned in previous chapters, 
injuries are closely related to the 
surfacing materials of the playgrounds. 
After the retrospective observational 
study in the emergency department, 
the purpose of the case study 
documentation was to determine 
the physical characteristics of the 
playgrounds in the close neighborhood, 
as sample public playgrounds in which 

Figure 5. The injury relation between play equipment and surfacing material.
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children were injured in. 
The case study was conducted in 

Emek, Meclis, and Sarıgazi Neigh-
borhoods of the Sancaktepe District. 
Sancaktepe has a population density 
above the Istanbul average and shows 
rapid population growth. Therefore, 
the safety of public playgrounds is im-
portant for densely populated districts. 
In total, there are thirteen parks; eight 
of them have public playgrounds with-
in their boundaries (Figure 6). These 
public playgrounds which are located 
in the neighborhood of the research 
emergency departments are selected 
to examine as example playgrounds in 

order to show the equipments and sur-
facing material.

The emergency department is locat-
ed in the Emek Neighborhood, with 
five public parks; three of them have 
public playgrounds. Meclis Neighbor-
hood has five public parks, and only 
two of them have public playgrounds. 
Sarıgazi Neighborhood has three pub-
lic parks and all of them have public 
playgrounds. 

A total of eight public playgrounds 
were evaluated. All the playgrounds 
had similar mass-produced play equip-
ment; swing, slide, teeter-totter, and 
climbing chain.  All the equipment was 

Figure 6. Case study public playgrounds and photographs.
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made of plastic and iron material. The 
most abundant equipment was swings 
and slides, each park possessed both 
equipments (100%). There was no tee-
ter-totter in one playground (12.5%). 
Five of the playgrounds had climbing 
equipment (62.5%). 

All the playgrounds had rubber sur-
faces under the play equipment. The 
surrounding of the play area was hard 
surface (natural stone and concrete) in 
six playgrounds (75%), and grass (soil) 
in two playgrounds (25%). There was 
no sand, artificial lawn, or gravel in the 
playgrounds. 

All playgrounds have similar equip-
ment and surfacing. A composite 
structure, which is formed by the com-
bination of several play equipment, is 
often observed in case study public 
playgrounds. Apart from these, no ad-
venture playgrounds or large free spac-
es with creative equipment have been 
documented.

5. Discussion
In this study, the primary focus was to 
survey the mechanism and incidence 
of injuries and to show the relationship 
between play equipment, surfacing 
material, and traumatic extremity 
injury types. The safety of children’s 
playgrounds has several factors, most 
importantly the type and height of the 
play equipment, and the ability of the 
surface material to absorb the energy 
of a child’s fall. 

The results show that the most seen 
mechanism of injury is a fall from the 
slide, followed by a swing, monkey 
bar, teeter-totter, and spinner. The play 
equipment with a certain amount of 
height is mostly involved in injuries. It 
is also found that the largest proportion 
of injuries occurred on the rubber sur-
face, followed by soil, gravel, concrete, 
sand, and artificial lawn, respectively. 
The reason for the high rate of a rub-
ber surface is that it is the most used 
surface material under play equipment 
in Istanbul. 

According to previous studies, in-
juries in playgrounds are mostly as-
sociated with climbing equipment, 
swings, and slides; the most common 
injury type was falling, and the most 
commonly affected body part was the 

upper extremities (Bae et al., 2017; Mi-
gneault et al., 2018; Phelan et al., 2001). 
In the present study, the number of 
injuries from slides was nearly equal 
to the sum of the swings and monkey 
bars. The most common injury type 
was upper extremity injuries, similar 
to those shown in previous studies. The 
majority of the injured children had 
fractures due to falling, and all of the 
equipment was somehow involved in 
the injuries. Wrist fractures and elbow 
fractures account for almost half of the 
upper extremity injuries.

Since the majority of injuries were 
caused by falls, the impact-absorbing 
surface is one of the most important 
safety factors. The reason for the high 
risk of fractures among children who 
fall from climbing equipment is due to 
a lack of physical maturity and ability, 
and they may not have enough reflex-
es and muscular systems to play safely 
on these high structures (Migneault 
et al., 2018). Due to these falls, it has 
been studied for many years to make 
the surface have an injury-preventing 
ability. There can also be other design 
solutions to convert the surface from 
material to equipment. The results 
re-emphasize the insufficiency of sur-
facing under high play equipment in 
public playgrounds.

In this study, approximately one-
sixth of all injuries were not related to 
any play equipment and occurred while 
running in the playground. This shows 
that not only play equipment but also 
all other furniture and surfaces on the 
playground should be included in the 
safety policies. 

When the injury rate by age group 
is examined, it has been observed that 
most fall-related injuries occur in chil-
dren over 5 years of age (5-14 years 
old). Children playing with equipment 
that is not suitable for their age may 
cause these injuries because public 
playgrounds usually have mass-pro-
duced play equipment where children 
of all ages play. Accordingly, further 
research is recommended on the cause 
of these injuries and the design of play-
ground equipment. As a result of the 
study, design recommendations were 
developed that will provide optimum 
safety.
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5.1. Design recommendations
Although height is significantly 
connected to injuries, it is a part of 
equipment design related to fun, which 
attracts children. Thus, the results 
from multiple viewpoints suggest an 
advanced surfacing to minimize the 
risk of injury. This led to a number of 
following recommendations for public 
playgrounds in relation to safety to 
guide designers and planners (Figure 
7):
• Creating artificial topography, es-

pecially for slides may provide falls 
from height. Embankment slides 
might be a safer alternative for 
multi-age playgrounds. 

• Playgrounds intend to serve chil-
dren of all ages, but the importance 
of age-appropriate equipment in 
playgrounds is revealed in men-
tioned literature. It is highly rec-
ommended to label the equipment 
to give age appropriateness of the 
equipment to the users. 

• Safety standards for play equipment 
that mostly cause injuries, which 
are slides, swings, and monkey bars, 
should be re-evaluated. Especial-
ly the height of the equipment can 
have limitations, and the surfacing 
can be replaced with more flexible 
alternatives. Thus, predominant 
injury types due to falls, especially 
wrist fractures, can be reduced. 

• Rather than selecting similar 
mass-produced play equipment, 
different affordable alternatives can 

be used to support creative play 
with different surface design ideas.

• Rubber mulch is the safest surfac-
ing according to review studies, but 
lead is present in recycled rubber 
and the health safety is still ques-
tionable. Recent work has shown 
that rubber mulch as a surfacing 
material in playgrounds offers min-
imal risks with a reduction in injury 
risk (Fawkes et al., 2021). Howev-
er, there is still increasing concern 
about other chemical components. 
Alternative solutions could be 
healthier for children. 

• Many children are reported to fall 
while running. For this reason, the 
safety of the surface material in the 
rest of the public playground should 
also be discussed along with the 
material under the play equipment.

• Rethinking the surface under high 
play equipment more flexibly may 
slow the fall. The falling space can 
be regarded as designable equip-
ment. 

Most importantly, the observations 
supported the previous studies’ results 
that even if the rubber is used, the se-
rious level of post-fall injuries shows 
the surfacing is not sufficient for safe-
ty. Hence, this study suggests flexible 
equipment, such as a trampoline play 
system and safety net, as an alternative 
surfacing under high play equipment. 
Bouncing systems can be included 
in play equipment or surface design. 
These systems can absorb the energy of 

Figure 7. Artificial topography and nets as prevention through design.
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a fall and can reduce the severity of a 
possible injury.

According to CPSC, the critical fall 
height of 0.2 m-depth loose-fill surfac-
ing are 3 meters for wood chips, 2 m for 
wood mulch, 1.5 m for pea gravel, and 
1.2 m for sand, whereas 3 meters for 
0.15 m-depth shredded rubber (2015). 
Compared to loose-fill materials’ crit-
ical heights by CPSC, trampoline sys-
tems can be an alternative impact-ab-
sorbing surfacing where there is a 
critical fall height higher than 3 meters. 
They can be installed to varying depths 
in order to comply with critical fall 
heights. There are trampoline systems 
that are 30 times more shock absorbent 
than shock pads (Oz, 2022). 

On the other hand, safety nets are 
mash ropes designed to absorb the en-
ergy of a fall, thus preventing a possi-
ble injury. In some public playgrounds 
where the equipment height is greater 
than 2 m, designed surfaces embed-
ded with nets can help slow the fall. 
According to BS EN 1263, safety nets 
can allow a maximum fall height of 6 
meters (2014). The Standard addresses 
that if the fall height is greater than 2 
meters, the safety nets should be larger 
than 35 square meters.

A limitation of the present study is 
that only compiled data from one se-
lected hospital were used, thus it can-
not represent Istanbul metropolitan. 
The number of participants could be 
increased. However, the results of the 
present study are relatively admissible 
as the public playgrounds in Istanbul 
are very similar to each other. It can 
be anticipated that other public play-
grounds may also lack adequate safety 
standards. Istanbul has a population of 
nearly 20 million; therefore, this study 
may show a small part of a large ratio of 
the actual injured children population. 

This study has several strengths. 
First, there is no multidisciplinary 
study that includes Landscape Archi-
tecture and Orthopedics and Trauma-
tology Department, which gives data 
about the accidents that took place in 
playgrounds and their consequences in 
Turkey. This study aimed to make a nu-
merical contribution. Second, it linked 
playground conditions and injuries, in-
cluding equipment and surfacing type. 
Third, the study demonstrated that the 

rubber was not sufficiently safe under 
high play equipment in public play-
grounds. Finally, it offered a different 
perspective and presented the falling 
space as an element that can be de-
signed outside of the material.

Public playgrounds are used by 
more children at the same time, which 
can be a factor in most accidents and 
need further research. Increasing such 
multi-disciplinary studies conducted 
with the trauma department is import-
ant for demonstrating real results, thus 
allowing for other design solutions and 
contributing to the literature. 

6. Conclusion
This work has shown that even with 
impact-absorbent surfacing such as 
rubber, fractures occur in children 
who fall from a certain height. To 
reduce injuries, design can offer a 
new approach to this problem by 
reconsidering the falling space, and 
rethinking the surface as designable 
space under high play equipment to 
help slow the fall. 

The design has a role in influencing 
the behavior of the children to reduce 
injury while maintaining the fun and 
risk that is important for their develop-
ment (Wakes & Beukes, 2012). As re-
searches show that the risk of height-re-
lated injury is notably decreased when 
the height of play equipment is below 
1.5 m (Ball, 2002; Phelan et al., 2001; 
Vollman et al., 2009; Wakes & Beukes, 
2012), it is highly recommended to 
include play equipment below 1.5 m 
height in public playgrounds. High-
er equipment needs advanced flexible 
falling spaces, which designers should 
focus on, as illustrated in Figure 7.

In Turkey, local governments are 
not obliged to comply with the stan-
dards in the recruitment of playground 
equipment. The control of the compli-
ance of the equipment with the cur-
rent standards can only be carried out 
during the purchase process, but the 
control of the playground elements in 
terms of safety requirements during 
and after the installation is incomplete. 
This is another factor that endangers 
the safety of playgrounds.

Children are usually brought to the 
hospital without stabilization of in-
jured extremities. Moreover, some of 
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these fractures can be serious and need 
surgery treatment. It is important to 
avoid these falls as much as possible 
because they can lead to permanent 
disability in children. 

In conclusion, the result of this study 
points out that the surface material is a 
key factor in playground safety, and to 
reduce the risk, the surfacing should 
be soft and thick enough to absorb 
the energy of a child’s fall. A series of 
recommendations have been made for 
designers and decision-makers of play-
grounds based on this research. They 
use some already available elements 
that can be interpreted as surfacing 
alternatives with regard to children’s 
falling space. On the other hand, with 
improvements in technology, new ma-
terials could make playgrounds safer 
for children, and designers can also ul-
timately assess the opportunity to see 
the falling space as more flexible play 
equipment. Consequently, it is hoped 
that, with more extensive studies and 
inclusive and descriptive legal frame-
works in the future, these recommen-
dations will reduce injury rates.

Acknowledgement
I would like to thank Dr. Tayfun Aman 
whose full support I received during the 
research, for his help in data collection, 
and for his initial consultancy for the 
study.

References
Andersen, L.B., Hasselstrom, H., 

Gronfeldt, V., Hansen, S.E., & Karsten, 
F. (2004). The relationship between 
physical fitness and clustered risk, and 
tracking of clustered risk from adoles-
cence to young adulthood: eight years 
follow-up in the Danish Youth and 
Sport Study. Int. J. Behav. Nutr. Phys., 
1(6). https://doi.org/10.1186/1479-
5868-1-6

Ashton, B., & Lewis, I. (2001). Cre-
ating opportunity, releasing potential, 
achieving exellence. Department for 
education and skills. Children Play 
Council. <www.playlink.org.uk> 

ASTM International Standard 
F1292-13. Standard specification for 
impact attenuation of surfacing mate-
rials within the use zone of playground 
equipment.

Bae, S., Lee, J.S., Kim, K.H., Park, J., 

Shin, D.W., Kim, H., Park, J.M., Kim, 
H., & Jeon, W. (2017). Playground 
equipment related injuries in pre-
school-aged children: Emergency de-
partment-based injury in-depth sur-
veillance.  Journal of Korean medical 
science,  32(3), 534–541. https://doi.
org/10.3346/jkms.2017.32.3.534

Baker, R., Orton, E., Tata, L.J., & 
Kendrick, D. (2015). Risk factors for 
long-bone fractures in children up to 
5 years of age: a nested case–control 
study. Archives of Disease in Childhood, 
100, 432-437. https://doi.org/10.1136/
archdischild-2013-305715

Ball, D.J. (2002). Playgrounds - risks, 
benefits and choices. HSE Books. 

Barker, R. (1968). Ecological psychol-
ogy. Stanford University Press.

Bechtel, R.B. (1977). Enclosing be-
havior. Dowden-Hutchinson and Ross.

Brussoni, M., Olsen, L.L., Pike, I., 
& Sleet, D.A. (2012). Risky play and 
children’s safety: Balancing priorities 
for optimal child development. Int. 
J. Environ. Res. Public Health, 9(9), 
3134–3138. https://doi.org/10.3390/
ijerph9093134

Brussoni, M., Gibbons, R., Gray, 
C., Ishikawa, T., Sandseter, E.B., Bi-
enenstock, A., Chabot, G., Fuselli, P., 
Herrington, S., Janssen, I., Pickett, W., 
Power, M., Stanger, N., Sampson, M., 
& Tremblay, M.S. (2015). What is the 
relationship between risky outdoor 
play and health in children? A sys-
tematic review. Int J Environ Res Pub-
lic Health, 12(6), 6423-54. https://doi.
org/10.3390/ijerph120606423

Chalmers, D.J., Marshall, S.W., Lang-
ley, J.D., Evans, M.J., Brunton, C.R., 
Kelly, A.M., & Pickering, A.F. (1996). 
Height and surfacing as risk factors for 
injury in falls from play¬ground equip-
ment: A case-control study. Inj Prev., 
2(2), 98-104. https://doi.org/10.1136/
ip.2.2.98

Chamberlin, A.O. (1998). Toplu ko-
nut alanları ile kent parkları içerisinde-
ki çocuk oyun alanlarının karşılaştırıl-
ması (Publication No. 75281) [Master’s 
thesis, Istanbul Technical University]. 
ITU Campus Repository.

Committee on Injury and Poison 
Prevention. (2001). American Acad¬e-
my of Pediatrics: Falls from heights: 
windows, roofs, and balconies. Pedi-
atrics, 107(5), 1188-91. https://doi.



361

Rethinking the surface design: How to prevent playground related extremity injuries in children

org/10.1542/peds.107.5.1188
Cooper, C., Dennison, E.M., 

Leufkens, H.G., Bishop, N., & van Staa, 
T.P. (2004). Epidemiology of childhood 
fractures in Britain: A study using the 
general practice research database. J 
Bone Miner Res., 19, 1976–81. https://
doi.org/10.1359/JBMR.040902

CPSC (U.S. Consumer Product 
Safety Commission). (2015). Public 
Playground Safety Handbook. https:// 
www.cpsc.gov/s3fs-public/325.pdf

Cryer, P.C., Jarvis S.N., Edwards, P., 
& Langley, J.D. (2010). How can we reli-
ably measure the occurrence of non-fa-
tal injury? Int J Consum Prod Safety, 
6, 183–91. https://doi.org/10.1076/
icsp.6.4.183.7527

Davidson, L.P., Wilson, J.S., Chalm-
ers, J.D., Wilson, D.B., Eager, D., & 
McIntosh, S.A. (2013). Analysis of 
energy flow during playground sur-
face impacts. J. Appl. Biomech., 29(5), 
628–633. https://doi.org/10.1123/
jab.29.5.628

Davison, K.K., & Lawson, C.T. 
(2006). Do attributes in the physical en-
vironment influence children’s physical 
activity? A review of the literature. Int. 
J. Behav. Nutr. Phys. Act., 3, 19. https://
doi.org/10.1186/1479-5868-3-19

Duncan, M.J., Spence, J.C., & 
Mummery, W.K. (2005). Percieved 
environment and physical activity: 
A meta-analysis of selected environ-
mental characteristics. Int. J. Behav. 
Nutr. Phys. Act., 2(11). https://doi.
org/10.1186/1479-5868-2-11

Engelen, L., Bundy, A.C., Naugh-
ton, G., Simpson, J.M., Bauman, A., 
Ragen, J., Baur, L., Wyver, S., Tranter, 
P., Nie¬hues, A., Schiller, W., Perry, 
G., Jessup, G., & van der Ploeg, H.P. 
(2013). In¬creasing physical activity 
in young pri¬mary school children-It’s 
child’s play: A cluster randomised 
controlled trial. Prev. Med., 56(5), 
319–325. https://doi.org/10.1016/j.
ypmed.2013.02.007

Fawkes, L., Gonzales, B.V., Klumb, 
K., Yeboah-Agyapong, C., & Sansom, 
G.T. (2021). Determination of the 
pres-ence and concentration of heavy 
metals found in crumb rubber mulch 
in bryan–college station metropolitan 
area parks. Texas Public Health Journal, 
73(2), 25- 29. 

Farr, J.N., Amin, S., Melton, L.J. 3rd, 

Kirmani, S., McCready, L.K., Atkinson, 
E.J., Müller, R., & Khosla, S. (2014). 
Bone strength and structural deficits in 
children and adolescents with a distal 
forearm fracture resulting from mild 
trauma. J Bone Miner Res., 29(3), 590-
9. https://doi.org/10.1002/jbmr.2071

Hendricks, E.B. (2001). Designing 
for Play. Ashgate Publishing Ltd.

Herrington, S., & Studtman, K. 
(1998). Landscape interventions: New 
directions for the design of children’s 
outdoor play environments. Landscape 
and Urban Planning, 42 (2-4), 191-
205. https://doi.org/10.1016/S0169-
2046(98)00087-5

Howard, A.W., Macarthur, C., Roth-
man, L., Willan, A., & Macpherson, 
A.K. (2009). School playground sur-
facing and arm fractures in children: 
A cluster randomized trial comparing 
sand to wood chip surfaces. PLoS Med., 
6(12).

Humpel, N., Marshall, A.L., Leslie, 
E., Bauman, A., & Owen, N. (2004). 
Changes in neighborhood walking are 
related to changes in perceptions of 
environmental attributes Ann. Behav. 
Med., 27, 60 – 67.

Hüttenmoser, M., & Degen-Zim-
merman, D. (1995). Room for children:  
Empirical studies on the importance of 
living environment for everyday life 
and development of children. Nation-
al Transport and Urban Research Pro-
gram No. 70 (NRP 25), Zurich.

Khambalia, A., Joshi, P., Brussoni, 
M., Raina, P., Morrongiello, B., & 
Macarthur, C. (2006). Risk factors for 
unintentional injuries due to falls in 
children aged 0-6 years: A systematic 
review. Inj Prev., 12, 378-381. 

Koptagel, G. (1978). Yeşil alan gerek-
sinimi ve düzensiz kentleşmenin yarat-
tığı ruhsal sorunla [Conference pre-
sentation]. Büyük İstanbul Yeşil Alan 
Sorunları Sempozyumu, İs¬tanbul, 
Turkey. 

Kruse, R.W., & Dubowy, S.M. (2018). 
Growth plate fractures. Nemours Kid-
shealth. https://kidshealth.org/en/ par-
ents/growth-plate-injuries.html

Laforest, S., Robitaille, Y., Lesage, D., 
& Dorval, D. (2001). Surface char¬ac-
teristics, equipment height, and the 
occurrence and severity of playground 
injuries. Injury prevention: Journal of 
the International Society for Child and 



ITU A|Z • Vol 20 No 2 • July 2023 • D. D. Aman

362

Adolescent Injury Prevention, 7(1), 35– 
40. https://doi.org/10.1136/ip.7.1.35

Lewis, L.M., Naunheim, R., 
Stan¬deven, J., & Naunheim, K.S. 
(1993). Quantitation of impact attenu-
ation of different playground surfaces 
under various environmental condi-
tions using a tri-axial accelerometer. J 
Trauma., 35(6), 932-5. 

Macarthur, C., Hu, X., Wesson, D.E., 
& Parkin, P.C. (2000). Risk factors for 
severe injuries associated with falls 
from playground equipment. Accid 
Anal Prev., 32, 377–82.

Mack, M.G., Sacks, J., & Thompson, 
D. (2000). Testing the impact attenua-
tion of loose-fill playground surfaces. 
Injury Prevention, 6, 141–144.

Migneault, D., Chang, A., Choi, 
E., & Doan, Q. (2018). Pediatric falls: 
Are monkey bars bad news? Cureus, 
10(11), e3548. 

Morzia, R. 2016. 5 Long term impacts 
of fractures. McLeish Orlando Lawyers. 
https://www.mcleishorlando.com/in-
sights/5-long-term-impacts-fractures/

Mott, A., Rolfe, K., James, R., Evans, 
R., Kemp, A., Dunstan, F., Kemp, K., & 
Sibert, J. (1997). Safety of surfaces and 
equipment for children in playgrounds. 
Lancet, 349(9069), 1874-6. https://doi.
org/10.1016/S0140-6736(96)10343-3

Mowat, D.L., Wang, F., Pickett, W., 
& Brison, R.J. (1998). A case-control 
study of risk factors for playground 
in-juries among children in Kingston 
and area. Injury Prevention, 4, 39–43.

National Program for Playground 
Safety. (1996). Age-appropriate design 
guidelines for playgrounds. National 
Program for Playground Safety. http:// 
playgroundsafety.org/safe/age-ap-
pro¬priate-design 

Norton, C., Nixon, J., & Sibert, J.R. 
(2004). Playground injuries to chil-
dren. Arch Dis Child, 89, 103-108.

Oz, D. (2022). Are springless trampo-
lines better? Performer Palace. https://
performerpalace.com/are-spring-
less-trampolines-better/

Phelan, K.J., Khoury, J., Kalkwarf, 
H.J., & Lanphear, B.P. (2001). Trends 
and patterns of playground injuries in 
United States children and adolescents. 
Ambul Pediatr., 1(4), 227-33. https://
doi.org/10.1367/1539-4409(2001)001<
0227:TAPOPI>2.0.CO;2

Presscott, E. (1987). The physical 

en¬vironment and cognitive develop-
ment in child-care centers. In: Wein-
stein, C.S., David T.G. (Eds.), Spaces 
for Children. Springer. https://doi.
org/10.1007/978-1-4684-5227-3_3

Ramsey, L.F., & Preston, J.D. (1990). 
Impact attenuation performance of 
playground surfacing materials. Wash-
ington, DC: US Consumer Product 
Safety Commission.

Saelens, B.E., Sallis, J.F., & Frank, 
L.D. (2003). Environmental correlates 
of walking and cycling: findings from 
the transportation, urban design, and 
planning literatures. Ann. Behav. Med., 
25(2), 80 – 91. https://doi.org/10.1207/
S15324796ABM2502_03

Singaram, S., & Naidoo, M. (2019). 
The physical, psychological and social 
impact of long bone fractures on adults: 
A review.  African journal of primary 
health care & family medicine,  11(1), 
e1–e9. https://doi.org/10.4102/phcfm.
v11i1.1908

Sosin, D.M., Keller, P., Sacks, J.J., 
Kresnow, M., & van Dyck P.C. (1993). 
Surface-specific fall injury rates on 
Utah school playgrounds. Am J Public 
Health, 83, 733-5.

Stancin, T., Kaugars, A.S., Thomp-
son, G.H., Taylor, H.G., Yeates, K.O., 
Wade, S.L., & Drotar, D. (2001). Child 
and family functioning 6 and 12 
months after a serious pediatric frac-
ture. J Trauma., 51(1), 69-76. 

Suecoff, S.A., Avner, J.R., Chou, K.J., 
& Crain, E.F. (1999). A comparison of 
New York City playground hazards in 
high- and low–income areas. Archives 
of Pediatrics and Adolescent Medicine, 
153, 363-6.

Tandoğan, O., & Ergun, E. (2008). 
Kentsel mekanda çocuk. Yapı Dergisi, 
319, 102-107.

Tepe, A.C. (2018). Açık ve yeşil alan-
ların kentsel yaşam kalitesine etkisinin 
belirlenmesi: Sancaktepe Örneği (Pub-
lication No. 507235) [Doctoral disser-
tation, Duzce University]. Council of 
Higher Education Thesis Center.  

Tinsworth, D., & McDonald J. 
(2001).  Special study: Injuries and 
deaths associated with children’s play-
ground equipment. Washington (DC): 
U.S. Consumer Product Safety Com-
mission.

Turkish Standard Institute (2018). 
Oyun alanı elemanları ve zemin düzen-



363

Rethinking the surface design: How to prevent playground related extremity injuries in children

lemeleri – Bölüm 1: Genel güvenlik 
kuralları ve deney yöntemleri (TS EN 
1176-1). Ankara: 8-101.

UNICEF. (2012). The state of the 
world’s children 2012: Children in an 
urban world. http://www.unicef. org/
sowc/index_61804.html

UNDP (2000). Jordan Human Devel-
opment Report. United Nations Devel-
opment Programme. http://www.un-
dp-jordan.org/jor¬danhdr/jhdr2000.
html

Vollman, D., Witsaman, R., & Com-
stock, R. (2009). Epidemiology of play-
ground equipment-related injuries to 
children in the United States, 1996- 
2005. Clinical Pediatrics, 48, 66-71.

Wakes, S., & Beukes, A. (2012). 
Height, fun and safety in the design 
of children’s playground equipment. 
International Journal of Injury Control 
and Safety Promotion, 19(2), 101-108.

Wicker, A.W. (1979). An introduc-
tion to ecological physiology. Wad-
sworth Inc.

Yazıcı, S. (2004). Sosyal ve kültürel 
mekanların çocuk gelişimi üzerinde et-

kileri (Publication No. 151364) [Mas-
ter’s thesis, Istanbul Technical Univer-
sity]. ITU Campus Repository. http:// 
hdl.handle.net/11527/11449

Yılmaz, S., & Bulut, Z. (2003). Kent-
sel mekanlarda çocuk oyun alanlarının 
yeri ve önemi: Erzurum örneği. Milli 
Eğitim Dergisi,158, 63-73. 

Zengin, F. (2001). İlköğretim okul-
larında açık alan performansının 
değerlendirilmesi ve okul oyun alan-
ları için tasarım kriterleri (Publication 
No. 104033) [Master’s thesis, Istan-
bul Technical University]. ITU Cam-
pus Repository. http://hdl.handle. 
net/11527/10397

Zheng, P., Ju, L., Ma, X., & Lou, Y. 
(2014). Psychological-behavioral char-
acteristics and fractures in children 
are closely related. J Pediatr Orthop B., 
23(6), 560-565. 

Zimmermann, R., Gschwentner, 
M., Kralinger, F., Arora, R., Gabl, 
M., & Pechlaner, S. (2004). Long-
term results following pediatric 
distal forearm fractures. Arch Or-
thop Trauma Surg., 124(3),179-86.   


