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Summary
Background: There is a growing interest in the
use of artificial turf surfaces in rugby. In particular, artificial surfaces may be an useful means of
increasing participation in the sport by allowing
greater usage of a given pitch, especially in regions where natural turf pitches are difficult to
maintain.
Methods: The incidence of site, nature, cause,
and severity of training and match injuries was
prospectively recorded in two professional teams
(one equipped with World Rugby certified third
generation artificial turf and the other with natural
grass over the 2014-2015 season).
Results: A total of 23,840 minutes of exposure
was displayed for the whole sample, 1,440 minutes during matches and 22,400 during training
sessions.
We recorded 37 (48%) traumatic injuries and 39
(52%) overuse injuries. For traumatic injuries, we
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did not find significant differences in the overall
risk injury between grass and artificial turf considering match exposure and training sessions.
For overuse injuries, there were significant differences in the overall risk injury between grass and
artificial turf considering match exposure (p=0.03)
and training sessions (p=0.02).
Conclusion: In elite Italian rugby players, artificial
turf seems to be safe in regards to traumatic injury while it seems to be a risk factor for overuse
injuries.
Level of evidence: II.
KEY WORDS: artificial turf, rugby, sports traumatology.

Introduction

Rugby is becoming one of the most popular worldwide contact sports. In 2015, the total number of registered players in the world increased from 2.56 million to 2.82 million while the total number of non-registered rugby players rose from 4.47 million to 4.91
million. More than one million children were also introduced to the sport during the year1.
Europe is the country with the largest number of participants1 (1,088,654 registered players) and with the
most ancient tradition. In fact, the first teams were
founded at the end of the 1800s.
Over the past 15 years, there was a significant increase in the number of rugby players in Italy. Indeed, in 2015 there were 82,143 athletes and 810
teams registered. This was double of the number of
players for the years before 20001.
For this reason in the last few years there was a
great interest in developing new technologies like artificial turfs to improve the game diffusion in different
areas.
Albeit natural grass is the traditional playing surface
for professional competitions and training, recently,
World Rugby has focused on improving game quality
by permitting the use of synthetic turf at all playing
levels, ensuring a consistent playing surface that
replicates the playing qualities of good quality natural
grass2.
Third generation synthetic turf comprises a stone
base, a shock pad, carpet and rubber infill. Such surfaces are specifically designed to replicate more accurately the mechanical response of natural turf according to the World Rugby Regulation 22 introduced
in 20032.
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Moreover, in the last few years, there was a growing
interest in the use of artificial turf surfaces in different
sports with the increase in publications about the
safety of these surfaces, in particular in European
elite soccer leagues3-6. Despite this interest, only a
few elite rugby teams have used artificial turf for their
matches or training7. Indeed, there are few studies
that analyse the safety of different playing surfaces in
elite rugby championships8-11.
The aim of this study was to investigate the risk of
acute and overuse injuries in elite rugby players in
Italian major league on artificial turf compared with
natural grass. Our hypothesis is that there are differences in the injury incidence on artificial turf and natural grass.

Methods
Subjects (population)
The incidence, site, nature, cause, and severity of
training and match injuries was prospectively recorded in two professional teams (one equipped with
World Rugby certified third generation artificial turf
and the other with natural grass over the 2014-2015
season. All players enrolled were competing in the
first division professional Italian national rugby
League (Eccellenza Championship).
The following player details were completed: normal
playing position, date of birth, height (cm) and body
mass (kg).
Match exposures were calculated based on 15 players (8 forwards and 7 backs) being exposed for 80
minutes. Training exposure was calculated as the total number of players (forwards and backs) attending
each training session multiplied by the number and
length (minutes) of sessions. Each player participated
in four organised field training sessions per week,
with each training session lasting approximately 70
minutes.
Data collection
Baseline data were recorded at the start of the season for each player in two teams that trained and
played matches on third generation artificial turf and
natural grass. Medical history, particularly on previous ligament injuries, was also collected. Individual
players’ exposure to training sessions and competitions was registered. Data were collected by medical
staff records in accordance with the King’s model definition12.
The injury recording involved the match report forms
completed after each competition. After the match
and training session, the examiner collected the injury forms and imported them into a database.
No personal data were recorded on the injury forms
or stored in the injury database and informed consent
was obtained.
We did not include injuries or other medical conditions occurring outside Eccellenza Championship
matches and training sessions.
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The study protocol was approved by the hospital’s
Ethical Review Board and it was conducted in accordance with the principles of the Declaration of Helsinki and its amendments. Subjects were fully informed
of the characteristics of the study and they gave their
consent.
We conducted our research ethically according to international standards and as required by the Journal
as described in Padulo et al.13.
Definitions
A recordable injury was defined as a sprain, strain,
contusion, or concussion and as contact and noncontact. Injury was defined as “any physical complaint sustained by a player during a match or training
that prevented the player from taking a full part in
training or match play activities for one or more days
beyond the day of injury”14.
Secondary outcomes included: i) injury severities that
were reported as mean ± SD values (days), median,
and inter quartile range (IQR) values (days), and
grouped within severity categories as per the international consensus recommendations: minimal (2-3
days), mild (4-7 days), moderate (8-28 days), and severe (> 28 days); ii) injury mechanisms, that were differentiated into traumatic and overuse. Traumatic injuries are caused by an external event, while overuse
injuries are caused by repeated micro‐trauma without
a single, identifiable event being responsible for the
injury14.

Statistical analysis

The comparison of proportions (expressed as percentage) was performed by Chi-squared test according to Campbell I and Richardson JTE15.
The probability of developing injury within a specified
period of time was calculated as incidence rate (IR)
that was recorded as the number of injuries/1,000
hours per player of total exposure for each injury. Total exposure is athlete-time at risk and it was calculated as the total number of athletes (injured and uninjured) multiplied by their average participation time
(expressed as the number of matches and training
sessions). The matches and training sessions were
added together and referred to as athlete-exposures,
and the injury rates were expressed per 1,000 hours
per player14. IR difference was used to compare the
IRs between artificial turf and natural grass per 1,000
hours per player.
The Mann-Whitney test was used to compare artificial
turf and natural grass according to injury severity.
In accordance with Hopkins et al.16, logistic regression was used to identify risk factors for injury using
the following factors as explanatory variables: age,
BMI, and artificial turf/natural grass.
The Statistical Package for social Sciences (SPSS)
version 18 was used for calculations. All data were
analysed by a single researcher. Computed P values
were 2-sided, and p < 0.05 was used to determine
statistical significance.
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Results

Participants underwent 320 training sessions (each
group was exposed to 160 training sessions of 70
minutes each) and 18 matches (each group was exposed to 9 matches of 80 minutes each). A total of
23,840 minutes of exposure was displayed for the
whole sample, 1,440 minutes during matches and
22,400 during training sessions. Baseline characteristics of the sample are reported in Table I.
A total of 76 injuries were recorded, of which 52
(68%) injuries on artiﬁcial turf and 24 (32%) on natural grass (Difference=36%, 95% CI: 57.2% to 97%,
Chi-squared=8.55, p=0.00035).
The IRs per 1,000 hours per player of exposure were
7.74 (95% CI: 5.78 to 10.16) and 4.02 (95% CI: 1.02
Table I. Baseline characteristics of the sample.
AGE

Artificial
Natural

26.40 ± 3.08
25.14 ± 4.95

BMI

Artificial
Natural

30.11 ± 3.13
29.49 ± 3.33

Matches

Artificial
Natural

N=9, 10.800*

Training session
Artificial
Natural
Injury severity (days)
Artificial
Natural

N= Number; *player-minutes.

N=160, 347.200*
N= 160, 392.000*
22.44 ± 23.83
30.65 ± 59.32

to 10.16) on artiﬁcial turf and natural grass, respectively. The rate ratio of injuries on artificial surfaces to
grass surfaces was 1.92 (95% CI: 1.62-3.26). There
was a signiﬁcant difference in the overall risk injury
between grass and artiﬁcial turf [IR difference=3.72
(95% CI: 1.02 to 6.42), p=0.00069]. According to
match exposure, the IRs per 1,000 hours per player
of expo sure were 3.67 (95% CI: 2.35 to 5.46) and
1.90 (95% CI: 0.94 to 3.40) on artiﬁcial turf and natural grass, respectively. The rate ratio of injuries on artificial surfaces to grass surfaces was 1.93 (95% CI:
0.91-4.37). There was a signiﬁcant difference in the
overall risk injury between grass and artiﬁcial turf [IR
difference=1.77 (95% CI: -0.11 to 3.66), p=0.06.
According to training sessions exposure, the IRs per
1,000 hours per player of expo sure were 155.56
(95% CI: 103.37 to 224.82) and 72.22 (95% CI: 38.45
to 123.502) on artiﬁcial turf and natural grass, respectively. The rate ratio of injuries on artificial surfaces to
grass surfaces was 2.15 (95% CI, 1.07-4.52). There
was a signiﬁcant difference in the overall risk injury
between grass and artiﬁcial turf [IR difference=83.33
(95% CI: 13.61 to 153.05), p=0.019].
Where injury severities are concerned, we did not find
significant differences between artiﬁcial turf and natural grass (p=0.35, Z=0.93) (Fig. 1).
For injury mechanisms, we recorded 37 (48%) traumatic injuries (21 and 16 injuries on artiﬁcial turf and
natural grass, respectively) and 39 (52%) overuse injuries (31 and 9 injuries on artiﬁcial turf and natural
grass, respectively), p=0.62. For traumatic injuries, we
did not find signiﬁcant differences in the overall risk injury between grass and artiﬁcial turf considering match
exposure (p=0.56) and training sessions (p=0.65)
(Tab. II). For overuse injuries, there were signiﬁcant
differences in the overall risk injury between grass and
artiﬁcial turf considering match exposure (p=0.03) and
training sessions (p=0.02) (Tab. II).

Figure 1. Comparison between
artificial turf and natural grass
according to time lost.
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Table II. Injuriy mechanism.

Matches exposure

Training sessions

N

IRs (CI 95%)

RR (CI 95%)

N

IRs (CI 95%)

RR (CI 95%)

Artificial turf
Natural grass

15
12

83.33 (46.64-137.44)
66.66 (34.48-116.45)

1.25 (0.54-2.92)

6
4

0.91 (0.34-1.99)
0.69 (0.18-1.76)

1.33 (0.31-6.40)

Artificial turf
Natural grass

11
2

61.11 (30.56-109.34)
11.11 (1.34-40.14)

5.5 (1.20-51.06)

20
7

3.06 (1.86-4.72)
1.21 (0.48-2.49)

2.53 (1.03-7.08)

Direct
-!
-!
Indirect
-!
-!

N= number; IRs=Incidence Rate; RR= Rate Ratio.

Finally, logistic regression analysis revealed that artificial turf/natural grass was associated with the occurrence of injury in rugby players (p=0.0037).

Discussion

The most important finding of this study is an increased risk of overuse injury on artificial turf playing
surfaces in Italian rugby elite players.
However, there are no significant differences in traumatic injury risk in matches or in training.
This is the first study to evaluate the risk of injury
considering several risk factors (age, BMI and artificial turf/natural grass) as independent variables in a
logistic regression analysis.
Analyzing the current literature: Fuller et al.9 conducted a two-season investigation comparing match injuries sustained on artificial turf and natural grass by
six Rugby Union teams competing in the Hong Kong
Division 1 and training injuries sustained by two
teams in the English Premiership. The Authors reported no significant differences in the incidence of
match and training injuries between the two surfaces,
but the Authors did not analyse traumatic and
overuse injuries separately.
Williams et al.8 investigated the influence of an artificial playing surface on injury risk and perceptions of
muscle soreness in elite English Premiership Rugby
Union players. Also, in this paper, the Authors reported no significant differences between surfaces.
However, the Authors showed that muscle soreness
was consistently higher over the days following a
match on artificial turf in comparison with a match
played on natural grass.
Our results, according to current literature show that
there were no significant differences in the overall
risk of traumatic injury for rugby union played on artificial turf versus grass pitches.
This could be due to the fact that traumatic injuries,
unlike the overuse injuries, are often caused by player-to-player contact, and are not dependent on the
playing surface.
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However the size of the sample population precluded
obtaining strong statistical evidence about specific diagnoses such as ankle and knee ligament injuries,
which have been identified in previous studies of other sports to have higher rates on artificial turf17-19. For
this reason, further studies are needed to analyse
specific injuries.
Instead, comparing our results to other sports with a
larger study population, some differences were noticed. The risk of injury from playing soccer on artificial turf has been investigated in both the professional3,17 and non-professional5, 20 soccer games with no
significant differences in the overall risk of injury identified in any of the studies, although some minor differences were observed for some specific injuries.
However, comparing rugby and soccer would not be
appropriate because of the different nature and features of these sports and the different influence of the
playing surface.
In fact, comparing our data with a more comparable
sport, the results are in accordance with those of previous studies on elite male American Football. Despite the fact that Orchard19, in some epidemiological
studies of American Football, reported similar overall
incidences of injury on artificial turf and grass, others
identified specific injuries, such as knee and ankle ligament injuries, for which the incidence was higher on
artificial turf.
In fact, different Authors reported that the overall rate
of football injuries has been reported to be significantly higher on artificial surfaces compared with natural
grass21-25.
However, the strength of our study is to analyse the
difference between traumatic and overuse injury risk
on natural grass and artificial turf (p=0.02).
In fact, the most interesting finding of our study is the
presence of an increased risk of overuse injuries in
artificial turf.
Although this finding, in our opinion, should be supported by further studies with a larger simple size, it
can be justified by a different elasticity and adherence of the pitch that could lead to an increase in this
type of injuries.
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In fact, overuse injuries are more likely to be linked to
the playing surface due to the effects of the different
traction and cushioning characteristics of the two surfaces26. It has been speculated that foot-surface traction will impact on the translational and rotational
forces transmitted through the lower-limb joints during cutting and turning activities and foot-surface
cushioning effects may impact on the vertical forces
transmitted through the lower-limb bones and soft tissues27. It has also been suggested that differences in
playing surface characteristics affect athletes’ movements, which may impact on the incidence and severity of injury. Meyers and Barnhill 18 even postulated
that different playing surfaces had their own characteristic injury patterns.
Limits
Therefore, the type of grass on natural playing surfaces may affect the risk of injury, even if multiple risk
factors should be considered to estimate the real incidence of athlete injuries. Indeed, the present study
has some limitations: field moisture, precipitation,
ambient temperature, player position, type of play,
period in the game, timing of game within the season,
and type of footwear have not been incorporated simultaneously to determine their interaction and significance.
Moreover, because of the size of the sample population, further surveillance is required before inferences
regarding specific injury diagnoses can be made.
Despite these limitations, the strength of the present
study is that it is based on the Ecological approach.
In conclusion, in elite Italian rugby players, artificial
turf seems to be safe in regards to traumatic injury
while it seems to be a risk factor for overuse injuries.
However continued surveillance is required to allow
analyses of specific injury diagnoses and smaller
overall differences in injury risk to be carried out.
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