













































































of play. The injuries sustained in the rucks and mauls are however increasing. The most
dangerous phase of play in rugby league was the tackle with the two on one tackle (“gang”
tackle) accounting for half of the acute spinal cord injuries. The Foundation recommends
that appropriate preventative strategies and law changes are implemented with particularly
attention to tackle injuries and players who are expected to play out of position® .

The three main areas that have been highlighted in a review as the main focus for
prevention of neurotraumas and cervical injuries in sport is strength training of the cervical
spine; teaching proper sporting techniques and the use of protective sports equipment™.

A stratified epidemiological study of French rugby players examined the prevalence of
trauma to the lower or middle part of the face and the frequency of the usage of the
mouthguard. This study documented that the prevalence of trauma to the face has
increased for the older forwards. It also increased with the number of yearly competitions
and number of hours of weekly training. It was reported that 64.3% of the players in this
study used mouthguards. It was found that the usage increased with the increase in the
number of yearly competitions and for those who experienced previous trauma and the
forward players who have been playing for a long time®.

2.2.3. Musculo-tendinous injuries

The comparison of various studies with regard to muscle injuries is difficult as different
methodological procedures are used and the definition of injuries and classification of
muscle injuries are often inconsistent.

2.2.3a School rugby:

In a prospective epidemiological study of 25 South African schools in the Western Cape
during 1991 it was reported that 21.5% of all injuries were muscle injuries (26.8 per 1000
player seasons)®. Of these, 72.9% were classified as muscle strains or tears, while 27.1%
were recorded as muscle bruising. 74% of these muscle injuries were sustained during
matches, 26.2% were recurrent muscle injuries of which 60% were hamstring, 50% groin,
40% back and 32% neck muscle injuries. This study reported the risk of muscle injury for
individual player positions to be as follows; hookers 45.1 per 1000 player seasons, wings
43.2 per 1000 player seasons and centres as 30 per player seasons?.
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2.2.3b Club rugby

In the New Zealand Rugby Injury and Performance Project'® of female and male rugby
players ranging from under 18, under 19 and under 21 teams, most strains/ sprains were
sustained to the lower limb. The strains/sprains in games were reported as 46.7% of the
injuries and in practices as 76.1% of the injuries. In games these sprain/strain injuries were
23.9% of the lower limb, 13.1% of the upper limb, 5% neck, 4.3% trunk and 0.4%
unidentified. The lower limb sprains/ strains sustained during games were reported
according to anatomical structure: knee (12% of all injuries); thigh (8% of all injuries); ankle
(5% of all injuries). The lower limb injuries during practices were also reported according to
anatomical structure: ankle (14% of all injuries); thigh (13% of all injuries); and hamstring as
(11% of all injuries)™. The limitation of this study was that there was no random sampling,
and all injuries were reported telephonically. The definition of injury included in this study
differs from other studies (an injury was defined as such when the player received medical

attention even if no rugby time was missed).

In another prospective study the frequency, nature and circumstances of rugby injuries
during the 1993-1994 season in the South of Scotland was examined. It was reported that
strains and sprains of the knee had the highest incidence and prevalence rates®. The lower
limb was the site of 42% of the sprains and strains reported™. In an Argentinean study,
“pulled” muscles of the lower limb was the most common injury with an incidence of
11.7%%. In a South African prospective epidemiological study of 8 adult rugby clubs during
the 1988 rugby season, muscle injuries were reported as 18.6% all injuries. Of these
muscle injuries, 70.2% occurred during match play and were evenly spread between the
forward and backline positions. The wings and props with 16%, centres 14.9% and locks
12.8%. Of these muscle injuries, 27.7% were sustained to the head and neck, 27.7% to the
upper limb, 9.6% to the thigh and 2.2% to the groin. The mechanism of muscle injuries was
reported as tackling (21.3%); ruck /maul (21.3%); scrum (20.2%) and being tackled
(19.1%)".

2.2.3¢ Professional rugby

In a study examining the incidence and nature of injuries during the 1995 World Cup a 14%
incidence of muscle injuries was reported'’. This study failed to provide the mechanism of
injury specific to muscle injuries or the specific anatomical sites affected. A four-year
prospective survey of injuries in English professional rugby league reported the most
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frequent type of injury to be muscular injuries 34 per 1000 player hours)*'. In the Super 12
competition during 1999, musculotendinous strains and tears accounted for 24.2% of the

injuries recorded®*.
2.2.4. Contusions

The terms contusion and haematoma have been used interchangeably in some studies
while in others a distinction between these injuries was made. Contusions and haematomas
were defined as injuries caused by direct contact to a body site resulting in local damage
and bleeding to that site. In one study a contusion was characterised by minimal pain,
tenderness, swelling, and no restriction of movement. This study characterised
haematomas by intense pain, tenderness over a wide area, pronounced swelling, and

severely restricted range of motion®.

In an epidemiological study of rugby sevens, the most common injury recorded was a
contusion (40% incidence of 113.4 injuries per 1000 playing hours). The mechanism of
injury of these contusions was physical collisions and tackles®. The New Zealand Rugby
Injury and Performance project (RIPP) study'® of male and female rugby players found the
incidence of haematomas to be 23.9% of all injuries occurring during games and the
incidence to be 10.7% of all injuries occurring during practices. The site of haematoma
injuries occurring during games was reported as 14.1% of the lower limb, 4.3% of the upper
limb, 2.9% of the head and face; 1.6% of the trunk; 0.6% of the neck and 0.4% unidentified.
The site of haematomas occurring during practices was reported as follows: 6.3% of the
upper limb, 1.8% of the head and face and 1.8% of the lower limb and 1.8% unidentified.

In professional rugby of the Super 12 competition a 9.7% of the injuries recorded were
contusions /haematomas i.e. 8.1 injuries per 1000 game hours.

2.2.5. Fractures
2.2.5a School rugby

In South African schoolboy rugby the seasonal incidence of fractures was 31.1 per 1000
player seasons, accounting for 24.9% of all injuries and being the second most common
injury type in this study. The most common fracture sites were the clavicle (23.4%), forearm

and wrist (22.2%) and fingers (15.3%)%. Most fractures occurred to the upper flimb (71.8%)
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followed by the lower limb (15.3%). Backline players were at a 2.1 greater risk of fracture
injuries than forwards with the wing and centre being the highest risk positions®. Upper limb
fractures was found to be the most prevalent injury in school rugby players (16.4
injuries/1000 player seasons'®. Clavicle and hand fractures were the most common

fracture'®.
2.2.5b Club rugby

In aduit club rugby the seasonal incidence of fractures has been reported as 29.1%". No
incidence rate related to exposure time is provided. In the New Zealand (RIPP) study of
female and male rugby union players the fracture incidence during games was found to be
28 injuries (5.7%) of all game injuries. These fractures were 2.9% of the upper limb; 1.2% of
the head and face; 0.8% of the lower limb; 0.6% of the trunk; 0.2% unidentified’®, During
practices the incidence of fractures was 2.6% of all practice injuries of which 1.8% was of
the lower limb and 0.9% was of the upper limb of all practice injuries.

2.2.5¢ Professional rugby:

In a large-scale comprehensive audit of rugby injuries of the 1993-1994 rugby season in the
South of Scotland it was found that the main site of fractures was the upper limb®.
Fractures accounted for 8.1% of the injuries in a Super 12 competition of which four of the

five fractures occurred during games®*.
2.2.6. Ligamentous injuries
2.2.6a School rugby

The prospective epidemiological studies of schoolboy rugby in South Africa reported a
25.5% seasonal incidence of ligamentous injuries (31.8 per 1000 player-seasons)® and
127 ligament injuries were reported in another study of which 85 were not combined with
other injuries?. In the latter study, the most frequently injured ligaments were the knee
(33.9%), ankle (27.6%), shoulder (11.8%), wrist (7.9%) and neck ligaments (7.1%). There
was a 25.2% recurrence rate of ligamentous injuries in this cohort. The hookers (48.9 per
1000 player-seasons), wings (43.2 per 1000 player seasons) and flanks (35.7 per 1000
player seasons) were at greatest risk of ligament injuries®. It is important to note that 11% of
these ligamentous injuries were sustained when players were substituting an unfamiliar
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position. 68.5% of the 127 ligament injuries occurred during match play, 32 during match
practice, 5 during physical exercises and 2 during skills training®

2.2.6b Club rugby

In a prospective study of 8 South African adult rugby clubs during the 1988 rugby season, a
30% seasonal incidence of ligamentous injuries as recorded’. This incidence was however
not related to exposure time to rugby. There are studies that have used the term strains
/sprains together to identify muscle and ligamentous injuries. In one of these studies
conducted in the south of Scotland during the 1993-1994 rugby season it was found that
the highest incidence and prevalence rates of injuries in rugby union was the dislocation,
strains and sprains of the knee'®. In an epidemiological study of the Croatian-Slovenic
rugby league it was reported that the most frequent injuries were dislocations, strains and
sprains of the ankle and foot?'. In a study of amateur rugby league sevens the incidence of
joint sprains was the second most frequent injury with an incidence rate of 85.0 per 1000
hours*. In the Argentinean study the annual incidence of ankle ligament sprains was the
second most common injury (11.7%)%. Muscular or ligamentous injury of the shoulder had
an annual incidence of 4.6% and muscular or ligamentous injury of the cervical column had

an annual incidence of 3.7%%.
2.2.6¢ Professional rugby

In professional rugby the incidence of ligamentous injuries has been reported as 30% of all
injuries during the 1995 World Cup'” and 25.8% in the 1999 Super 12 competition®.
Ligamentous injuries were the most common injury in the competition. Most of these
ligamentous injuries occurred during games. The injury incidence was reported as 16.2
injuries per 1000 player game hours and 0.8 injuries per 1000 training hours®*,

2.2.7 Lacerations
2.2.7a School rugby
The seasonal incidence of lacerations reported in adult club rugby was 4.9%' and in school

rugby 4% of all injuries at a rate of 5.0 per 1000 player—seasons®. The three phases, which
accounted for 90% of all laceration injuries in school players, were tackling (8 injuries),
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being tackled (3 injuries) and the loose-scrum (7 injuries)®. It was also reported that the
school players in the A-teams were 5 times a greater risk of laceration injuries than players
in lower teams, while under-19 players were 4.8% times at greater risk than lower-team

players?.
2.2.7b Club rugby

The incidence of lacerations in a New Zealand prospective epidemiological study of male
and female rugby union players was reported as 8.8% of all injuries sustained during
matches and 2.6% of all injuries sustained during practices. The site of injury for lacerations
sustained during the matches was reported as 7.8% to the head and face; 0.4% of the
trunk; 0.4% of the lower limb and 0.2% unidentified. All lacerations sustained during
practices were all to the head and face'. The incidence of laceration injuries was reported
as 56.7 per 1000 player hours (third most frequent injury in this study) in a study of amateur
rugby seven league players®. In the Argentinean study lacerations were reported as either
a bleeding wound on the face (8.5%) and cut on the head (4.8%)%.

2.2.7¢ Professional rugby

In professional rugby the incidence of lacerations was reported as 27% of all injuries'’.
Lacerations accounted for 9.7% of all injuries sustained in the 1999 Super 12 competition
(8.1 injuries per 1000 player game hours)®*. The risk of injury has also been reported to be
greatest in the most talented players in the game'” which could explain the higher incidence
of laceration injuries in professional players as opposed to schoolboy and club rugby

players.

2.2.8. Dislocations:

In a South African school rugby study twenty dislocation injuries were reported (4% of all
injuries, 5.0 injuries per 1000 player seasons)?. Three of these injuries were cervical
vertebral dislocations but none resulted in paralysis. Forward players were involved in
thirteen (65%) of these dislocations 8 occurred during tackling, 5 occurred during the loose-
scrums and 4 during scrums?. It is not conclusive that these players had true dislocations
based on there early return to play following injury. In the New Zealand prospective
epidemiological study of male and female union rugby players during the 1993 season, the
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seasonal incidence of dislocations during matches was reported as 3.7% and 0.9% during
practices. The dislocations occurred to the upper limb (3.5%) and to the neck (0.2%) during
the matches and to the upper limb (0.9%) during practices'. During a study of South
African adult club rugby players during the 1988 rugby season, the seasonal incidence of
dislocations was reported as 3.6% of all injuries’. In the Super 12 competition of 1999
dislocations/ subluxations accounted for 6.5% of all the injuries (4 injuries /1000 hours of
player game hours)®*. In an Argentinean study of club rugby players only 22 of the most
common types of injury were reported®. Acromioclavicular joint subluxation and shoulder
subluxation had 1.6% and 1.5% annual incidence respectively®.

2.3. Site of injuries

Most studies report that most frequent site of injury in rugby is the lower limb with the most
common type of injury is muscle and/or ligamentous type injuries. The sites of the lower
limb most commonly affected include the arikle, knee and thighs. In the 1995 World Cup,
42% of all injuries were in the lower limb with 29% in the upper limb and 17% in the face
17%'". In the Super 12 competition it was reported that the pelvis and hip area was the
most commonly injured site accounting for 12 (19.3% or 2.1 injuries/1000 player hours of
total exposure?®. The next most injured sites were the head and knee with 8 injuries (12.9%
or 1.4 injuries/1000 player hours of total exposure) followed by the thigh and ankle with 7
injuries (11.3% or 1.2 injuries /1000 player hours of total exposure each). The conditions
affecting the hip and pelvic area were 3 cases of osteitis pubis, two hip adductor strains and
one “hip pointer” of which all were classified as intermediate or serious in severity®®. All the
head injuries were minor injuries and included lacerations of the face and scalp. The knee
injuries consisted of an anterior cruciate ligament rupture, two medial collateral ligament
sprains, one lateral collateral ligament sprain and one avuision fracture of the tibial plateau.
The thigh injuries consisted of three hamstring tears, one quadriceps tear and one
haematoma in the quadriceps®
reported that the most commonly affected lesion was the lower limb (42.6%) followed by
head and neck (35.1%), upper limbs (15.3%) and trunk (6.8%)”. The results of this study
support the findings of other studies, which involved club rugby players. In the South

. In an Argentinean study of club rugby players it was

African studies that involved club rugby players the lower limb accounted for most of the
injuries followed by the head and neck then the upper limbs and trunk'. The incidence of
injury at different anatomical sites of school, club, and professional rugby players of
different countries are presented in Table 2.1-2.3.
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Table 2.1. Incidence of injury (%) at different anatomical sites of school rugby players

Region Uptor’, 2000 Rowx™, 1987 Lee™, 1996
{South Africa) {South Afvica) {U.K)
Lower limb 316 37 311
Upper limb 323 20 351
Head and Neck 21.7 29 20.3
Trunk 8.4 13 8.1

Table 2.2. Incidence of injury {%) at different anatomical sites of club rugby players

Region Bottini™® Clark” Bird™ Lee™ Babic™
2000 1490 1998 1996 2001

{Argentina) {South Africa) (New Zealand) UK} {Croatia)
Lower limb 4286 44 58.4 41.0 47.62
Upper limb 35.1 27 213 21.7 20.64
Head and Neck 15.3 23 Head 7.1 15.6 23.89

Neck 2.6

Trunk 6.8 7 7.9 14.4 4.76

Table 2.3. Incidence of injury (%) (per 1000 hours rugby exposure) at different anatomical
sites of professional rugby players

Region Garraway = Holtzhausen %, Jakoet'” Targett 2
2000, (U.K) 2001 71998 1998
(injury {South Africa) {1995 World Cup  (New Zealand)
rate/1000hrs) players)
Lower limb Hip and thigh 3.99 43.6 % (excl. Pelvis) 42% 40,8%
Knee 3.99
Ankle and foot 3.98
Upper limb 1.99 11.3% 29% 14,3%
Head and Neck Neck 1.00 Head 12.9% Face 17% 26,5%
Neck 4.8% Neck 6,1%
Trunk Back 0.00 Trunk 4.8% Lower back 6.1%
Lower back 3.2%

2.4. Mechanism of injuries

2.4.1. Being tackled and tackling:

2.4.1a School rugby

South African epidemiological studies of schoolboy rugby players indicate that 29.4% of
injuries occurred while being tackled®. In a later study, 37.6% of injuries occurred while
being tackled with an incidence rate of 39.1 injuries per 1000 player seasons®. In the earlier
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study™ it was reported that 41.2% of the injuries occurred to under-14 players and only
21.4% to under-19 players. The latter study” reported that 59.6% of these injuries were in
under-19, 20.5% were under-15, 10.8% under-14 and 8.9% under-16 age groups. The
earlier finding suggested that more injuries occurred in the younger players due to poor
tackling techniques. The later study found that most of the injuries while being tackled
occurred to A and B teams of all age groups. The players reported to be at the highest risk
of injury while being tackled were the wings, fullbacks and scrumhalves. Most of these
injuries while being tackled (77.6%) occurred during matches. The injuries sustained by
these players while being tackled were as follows: 31.9% fractures, 48.4% of all fracture
injuries sustained during all phases of play and 18.6% were concussion injuries (48.6% of
all concussion injuries sustained during all phases of play). The manner in which a player
can be injured while being tackled is either due to the impact with the other player or
contact with the ground. The site of impact (head and neck, shoulders, hip/waist or legs);
direction of the impact (front-on side-on or behind); and the speed of impact (high speed or
low speed) and the faimess of the tackle are factors that influence the nature of the injury
that will result while being tackled”.

In an epidemiological study in Edinburgh it was documented that most of the match injuries
in school rugby occurred during the tackle, and 40% were associated with tackling and 24%
with being tackled"®,

In a more recent school rugby epidemiological study, 19.3% of the injuries? occurred as a
result of tackling while in an earlier study it was reported as 23.4%*. In the recent study 2
83.8% of the tackling injuries occurred during matches with 37.5% of the players injured
while tackling sustaining head and neck injuries, 35.0% upper limb and 23.8% lower limb
injuries. In this study? the tackler was most commonly injured when impacting the ball
carrier around the hip/waist (47.5%) and legs (38.8%), and while executing the tackle at
high speeds (85.0%).

2.4.1b Club rugby
As early as 1979 a prospective rugby injury survey in New Zealand rugby clubs reported

that 44% of all injuries occurred during the tackle, with set play not contributing significantly
to the incidence of injury™.
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A prospective study of South African club rugby reported that 85% of all injuries occurred
during matches and the most common mechanism was while being tackled accounted for
26% of these injuries’. The type of injuries sustained during this phase of play was not
reported’. In an epidemiological study of the Croatian-Slovenic rugby league it was reported
that the most injuries occurred to forward players while being tackled®'. The details of the
nature of the injuries while being tackled as well as the details of the conditions of the tackle

were not included.

The New Zealand epidemiological study (RIPP)"™ reported that that the most dangerous
phase of play was the tackle, constituting 40% of all injuries that occurred during games. Of
these tackle injuries 49% were while being tackled and 47% were tackling at the time of
injury and 4% were support players during the tackle. The body sites of injuries sustained
during tackling were as follows: head and face (18%), knee (17%), shoulder (14%), arms
and hands (10%), thigh (8%), ankle (8%), other leg (7%), trunk (6%), neck (4%), other
(8%).

In a large-scale epidemiological study of rugby union players in the south of Scotland it was
reported that the tackle was responsible for 49% of the injuries sustained during matches.
The injuries sustained by the players while being tackled was reported as 6 of the 11 lower
limb fractures; 37% of the knee dislocations, ligament and cartilage tears. There was no
significance reported regarding player position with regard to injuries while being tackled or
while tackling®. Another epidemiological study in the South of Scotland found that being
tackled accounted for most of the injuries (28%) followed by tackling (21%)'°.

2.4.1c Professional rugby .

In professional rugby, being tackled also constitutes the most dangerous phase of play with
a 46.3% incidence according to a four-year prospective survey of professional English
rugby league players*'. The tackle was also responsible for most of the injuries reported in
a study of professional rugby players in the 1997 Super 12 competition®. During the 1995
World Cup the tackle, was reported as the most dangerous phase of play constituting 56%
of all the injuries. The details of the conditions of the tackies were not investigated'”. A
study that investigated the impact of professionalism on injuries in rugby union found that
the proportion of injured players had doubled from 1993-1994 to 1997-1998. Instead of an
injury episode every 3.4 matches, it was one every 2.0 matches in 1997-1998%. There was
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a tackling injury episode in a professional team every 59 minutes of play. This has been
mainly attributed to the increase in open play resulting in more tackle injuries®

2.4.1d Factors influencing tackle injuries

A study was conducted that examined the influence of selected factors of the player's
lifestyle, personality and other player related factors on injuries sustained during the tackle.
It was found that the following factors did not contribute significantly to injuries sustained
during the tackle: alcohol consumption before the match; feeling “below par” due to minor
iliness; extent of match preparation; previous coaching; practicing tackling. In 52% of
injuries, the tackle occurred from behind the tackied player out of his peripheral vision. A
third of the injuries occurred with players running at differential speeds at the time of impact.
The player with the lower momentum was injured in 80% of the cases. The forceful or
crunching tackles resulted in injuries mostly to the head or within the tackled players side
vision. It was concluded from this study that high speed tackles going in behind the tackled
players line of vision was the most dangerous®.

There is another study that examined 30 tackling injury incidents of provincial and
international teams that have reported that tackles to the trunk from the front were
responsible for nearly 3 times more injuries than either side-on tackles or tackles from
behind. it was found that it was the landing of the tackle that was associated with the injury
rather than any particular action such as crouch, arms out, leg drive or wrap arms®. It has
been suggested that players be coached in falling technique from the front, or that law
changes be introduced to reduce the likelihood of front-on tackies to the trunk®.

The danger of the tackle is evident from the results of these studies. The increase in injuries
due to the tackle could be as a result of law changes that encourage open play at high
speeds to ensure that it remains a flowing spectator sport. There is not sufficient
information regarding the circumstances under which these injuries occur. It is
recommended that the danger of the gang tackle be reviewed by the IRB following the
increase in dangerous play and injuries as a result of this method of tackling during the
2003 World Cup.

The law changes that have occurred with regard to the tackle have been discussed
previously in this chapter with regard to cervical spinal injuries (page 21).
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2.4.2. Ruck maul:

In a South African schoolboy rugby study, 20% of injuries occurred during the ruck/ maul of
which 56.6% were under —19 players, 75.9% were A and B team players from all age
groups and 72.3% were forward players®. The forward players most often injured during the
ruck/maul were the hookers (37.6%), flankers (35.7%), and locks (32%) and the backline
players was the scrumhalf (30.1%). 77.1 % of the ruck /maul injuries were during match
play. The nature of the injuries sustained in the ruck and maul were as follows:

ligamentous (29.4%), fractures (24.5%), and 16.7% muscle injuries. 70.0% of the
ligamentous injuries were of the knees and ankles and the most common fracture site was
the arms and hands.

In professional rugby, the second highest frequency of injuries occurred during the
ruck/maul with it constituting 23% of the injuries in the 1995 World Cup'”. In rugby union in
the south of Scotland, the ruck was also reported the second highest frequency of injury
with 15% and the maul 2% of all injuries sustained'®. In the New Zealand RIPP of rugby
union players rucks and mauls constituted 17% and 12% of the injuries respectively™. In
the 1999 Super 12 competition it was reported that rucks and mauls accounted for 7 (17%
or 23 injuries/1000 player game hours) of game injuries.

2. 4.3. Scrum and line-out:

The scrum is the phase of play, which has undergone the most law changes to ensure
safety with regard to serious cervical injuries. The changes that have taken place with
regard to the scrum are outlined under cervical spinal injuries (page. 21)

in the New Zealand RIPP epidemiological study, it was reported that the scrum was
responsible for 7% of the injuries, which was the least amount of injuries compared to other
phases of play in this study.

The epidemiological study of Scottish rugby union players also revealed a low incidence of

injuries in the scrum phase of play. There were only 8% of injuries that were sustained
during the scrum and 12% in the line-out'®.
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In the 1995 rugby World Cup an incidence of 1% of injuries was reported during the scrum
and line-out. '

2.4.4. Foul play:
There are a few studies that reported on foul play as a mechanism of injury.
2.4.4a School rugby:

In an epidemiological study of 24 schools in the Western Cape™®, South Africa foul play
injuries accounted for 10.1% of all injuries. Foul play was regarded as illegal tackles, illegal
scrummaging techniques, punches and kicks. Of all the foul play injuries 47.6% occurred at
under-19 level; 42.9% in A teams at all levels of play and 90.5% during match play. -
Hookers followed by the props had the highest risk of foul play injuries during loose scrums.
Wings were the next position with the highest risk of foul play while being tackled. It was
reported that 68.0% of the players were involved in situations known as “off the ball
incidents”.

2.4.4b Club rugby:

The incidence of foul play as a mechanism of injury has not been considered in many
epidemiological studies' "%, |n one epidemiological study an increase in the number of
foul play incidents were reported®. In another New Zealand epidemiological study, it was
reported that there was a decrease in the incidence of foul play injuries compared with an
earlier study™. In a more recent New Zealand epidemiological study, it was reported that
13% of the match injuries were as a result of foul play and in 69% of these cases no penaity
was called'. This study compared the site of injuries of foul play injuries and reported that
there were significantly more injuries (p=0.001) to the head (including the face and eye) and
significantly more lacerations (p=0.001) than compared with non-foul play injuries. Of the
injuries to the head as a result of foul play, 65% were lacerations, 17% concussion, 9%
fractures and 9% bruising'®. This study'” also made the following recommendations to
reduce the incidence of foul play injuries: 1) stricter referring of games 2.) players taking
personal responsibility 3.) coaches to instruct players about clean play 4.) administrators
forming judicial committees with prizes for fair play in New Zealand. The aim of these
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recommendations was to reduce the injuries and ensure a cleaner game to increase the
popularity and support of the game.

2.4.4¢ Professional rugby

In the 1999 Super 12 competition of one South African team, foul play accounted for only
one injury sustained during the game i.e.1.4 injuries per 1000 player game hours®*. In the
study of a 1997 New Zealand Super 12 team, players were not asked about foul play as a
possible mechanism of their injuries?. The data on foul play in the professional arena is

lacking.
2.5 Summary

The increase in the incidence of rugby injuries since the inception of professionalism is
cause for concem®2*%, This increase is not limited to professional rugby players but
across all levels (Table 2.1-2.3). It is however difficult to make conclusive statements about
the incidence in rugby due to the differences in study designs. Earlier studies failed to
report injuries expressed as incidence per 1000 hours but merely reported frequency, which
makes interpretation and comparison with other studies difficult. The failure to adhere to the
international Rugby Board (IRB) guidelines in terms of definition of injury remains a
problem®'. The differences in data collection by most studies are either flawed by observer
or recall bias, which further complicates the validity of the data.

There however appears to be a lower incidence of injuries among school rugby players
compared with club and professional rugby players''®2. This could be due to the lack of
medical involvement with school rugby teams. If the injury definition requires a player to
miss a match it could also result in underreporting at school level. At professional level,
players are able to have better medical management and this may result in players not
playing where they may have played if they were club or school level. The confounding
variable with school rugby players is unlikely to be age but rather previous injury history and
differences in the frequency and nature of training. There are limited data available on
school rugby. In terms of professional and club rugby, the increased injury rate could be as
a result of the increased intensity of the game being played at a faster pace with a greater
number of tackles and fewer breaks in play.
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The incidence of concussion still remains a problem, particularly at school level. The lower
incidence of concussion at the professional level could be because professional players
may disguise and deny symptoms in order to play. Professional players also may also be
using better headgear than other players. The incidence of fractures particularly of the
upper limb also appears higher at school level. This phenomenon has not been explained.
It could be lack of skill and also inappropriate anthropometric characteristics for the sport.

This is however speculative.

it has been shown that school and adult rugby players suffer similar rugby injuries in terms
of type of injury, anatomical distribution, and mechanism of injury. The lower limb has been
shown to be the most affected anatomical site in rugby. Muscle and ligamentous injuries
are the most common injuries across all levels of play and across different countries. The
tackle had been confirmed as the most dangerous phase of play for all levels of rugby.

The need for effective prevention programmes is crucial for all levels of play. Prevention

programmes can only be designed with sufficient and accurate data in terms of
epidemiology and risk factors of rugby injuries.
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Chapter Three

The incidence and nature of injuries in club rugby players

during a rugby season.

3.1. Introduction

3.2. Aim of the study
3.3. Method

3.4. Results

3.5. Discussion

3.6. Summary

3.1. Introduction

Injury is the cause of considerable morbidity for rugby players. Rugby is a contact sport

associated with a high risk of injury'>?4%,

Several epidemiological studies have been conducted on club rugby players to determine
the incidence of rugby injuries?' 2"%'° However few of these studies utilize the same
study design, which makes comparison difficult. As a result it is difficult to identify risk
factors for injuries in club rugby players. In the contrast, South African epidemiological
studies are limited to school, provincial and professional rugby with one study related to
club players'2*217_ Scientific data on the incidence, and the nature of injuries in club rugby
players are essential. This information is beneficial to medical professionals, coaching
staff, rugby players, team management and policy makers in ensuring appropriate injury
prevention and management. Injury prevention intervention at club level is essential to
ensure théese players are allowed to develop and progress to a higher level of play at
provincial or national level.

Earlier epidemiological studies have reported a high incidence of rugby injuries at club
level with most injuries occurring during matches?:152%1% There is difficulty in making
comparisons between studies due to differences in definition of injury and in reporting of
injury incidence by player hours or player games. The most common injury reported is
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musculo-tendinous strains and ligament sprains
anatomical sites of injury were the joints of the lower extremity“%!7: 21151:5253:41:2234 The
tackle has been reported as the most dangerous phase of play and that most injuries

occurred in the final phase of the match%40:1:2244:21:24217.41:8513116

There is limited data on the description of injuries sustained by South African club rugby
players. An earlier epidemioclogical study of club rugby players was conducted prior to
1995". This study’ failed to express incidence in relation to exposure time.

Epidemiological data is the basis from which prevention strategies can be designed. It is
important that this data be South African to ensure that our prevention strategies are
appropriate and effective. There are limited data about the types of injury; the seasonal
incidence of injury as well as the mechanism of injuries sustained by South African club
rugby players.

3.2. Aim of the study

The aim of this study was to determine the incidence, nature and mechanism of injuries of

club rugby players in a competitive season.

3.3. Methods

A prospective cohort study consisting of 102 male club rugby players was conducted for
the 2001 rugby season. Players were recruited from four rugby clubs in the Western
Province premier A and Super league division. Clubs were selected from these divisions
as they represent the highest level of play in club rugby. Convenience sampling was used
to select these clubs. There were 12 clubs in the Premier A division and 24 clubs in the
Super league. One of the clubs used in this study was from the Premier A division
(Silvertree Rugby Fooball club) and three were from the Super league division (Collegians
Rugby club; U.C.T Rugby club; Scotteskloof Warmers Rugby club). The inclusion criteria
for participation were that all rugby players were aged between 18 and 35 and were
medically fit to play at the start the season. Rugby players who have sustained any type of
chronic injuries and who would not be starting the season would be excluded from the
study. The Research Ethics Committee of the University of Cape Town approved this

project and all subjects provided written informed consent (Appendix 1).
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All subjects were tested prior to the commencement of the 2001 rugby season. Each
subject completed a pre-season medical questionnaire (Appendix 2) to establish past
injury history and training history with particular reference to strength and flexibility training.
Two subjects were excluded from the cohort; one as he did not play for the season due to
study commitments and another player was advised to stop rugby due to a severe
previous neck injury. The neck injury occurred prior to the commencement of the season.

All players were followed up throughout the season to document their exposure to rugby
and the details of any injury sustained.

The four rugby clubs were involved in 22 matches for the season excluding preseason
games, which accounts for 1971.7 player hours of game time. Training hours were
calculated at 2 sessions of 2 hours each week for two clubs and 2 sessions of 1.5 hours
each week for the remaining clubs. Pre-season training hours were excluded. A total of
5020.8 player-training hours were documented in the study. Injuries sustained during
games were documented as injuries per 1000 player game hours, and injuries during
training as injuries per 1000 player training hours. The sum of injuries sustained during
games and training were documented as injuries per 1000 hours of exposure. Injuries that
had not healed since the previous season were not included.

The diagnosis of all injuries was based on clinical criteria. A physiotherapist was present at
the matches or practice sessions that would identify injuries. The diagnosis was confirmed
by a medical practitioner and/or by diagnostic imaging. All subjects were contacted by
telephone during and immediately after the season to ensure no injuries were missed.
Injury report forms (Appendix 3) were completed for each injury sustained. The following
information was recorded on this form: date, player position, injury during match or
practice session, anatomical site of injury, type and mechanism of injury, first or recurrent
injury to the same structure, and the number of sessions missed as a result of the injury.
An injury was defined as one that prevented the player from participating in a training
session or match. Acute and chronic overuse injuries were included if these criteria were
met. The severity of the injury was assessed by the number of games and training
sessions missed as a result of the injury. A player who was unable to participate for a
week was recorded to have missed three sessions (two training sessions and a game).

43



Injuries were classified as minor if three or less sessions were missed, infermediate if four
to nine sessions were missed and serious if 10 or more sessions were missed.

3.4 Results

The mean (SD) age of the subjects was 23.9 (4.5) years, the mean height was 175.4 (6.2)
m and mean weight was 78.4 (16.5) kg.

3.4.1. Seasonal injury incidence

The injury incidence according to exposure to rugby is shown in Table 3.1. A total of
ninety-seven injuries were recorded in 66 players over a period of 23 weeks. Seventy-four
injuries occurred during matches, which represent 37.5 injuries per 1000 player game
hours. Thirty-six (18.3 injuries/1000 player game hours) were minor injuries while twenty-
two (11.2 injuries/1000 player hours) were of intermediate severity and sixteen (8.1
injuries/1000 player hours) were of a serious nature. Twenty-three injuries occurred during
training, which represent 4.6 injuries per 1000 player training hours. Thirteen (2.6 injuries/
1000 player training hours) were of minor severity while seven injuries (1.4/1000 player
| training hours) and three injuries (0.6/1000 player training hours) were of intermediate and

a serious nature respectively.

Table 3.1. Injury rates [no of injuries (injuries /1000 hours)] of club rugby players during the
2001 rugby season

Hours Mild Injuries  Intermediate Severe Total Injuries
Exposure Injuries Injuries
Games* 1971.7 36 (11.2) 22(11.2) 16 (8.1) 74 (37.5)
Training™ 5020.8 13 (2.6) 7(1.4) 3(0.6) 23 (4.6)
Total *** 6992.5 49 (7.0) 29 (4.1) 19 (12.7) 97 (13.9)
Exposure :

Numbers between brackets:

* Injuries per 1000 player game hours

i Injuries per 1000 player training hours

e Injuries per 1000 hours of total exposure to training and rugby games



3.4.2. Injuries in different player positions

The total number of injuries pe‘rv player position and the severity of injury is shown in Table
3.2. The column indicating the number of injuries was corrected to reflect that two players
in the team represent some player positions, while others have one player. The flank was
the position most commonly injured (27.8% of all the injuries). The flanks recorded the
most intermediate and serious injuries. The wing and centre are the next most injured
positions with 16.5% and 13.4% of all the injuries sustained respectively. The wings
sustained 16 (2.3 injuries/1000 hours of rugby) injuries of which 10 were minor injuries.
The backs comprising 46.7% of the team sustained 52.6 % of the injuries while the
forwards representing 53.3% of the team sustained 47.4% of the injuries. Of the 29
intermediate and 19 serious injuries recorded, 23 (47.9%) were from backline players and
25 (52.1%) were from the forwards. The number 8 player position has the least amount of
injuries 2 (0.3 injuries /1000 of rugby) injuries.

Table 3.2. Injuries [No. of injuries (injuries /1000 hours)] to club rugby players by playing

position _
Position No. in team  No. of injuries Minor Intermediate Serious
(injuries/1000 (No. of (No. of {No. of
hours) injuries) injuries) injuries)
Flank 2 27 (3.9) 13 ) 5
Wings 2 16 (2.3) 10 4 2
Centre 2 13(1.9) 4 4 L
Scrumhalf 1 8.1 5 1 2
Fullback 1 8(1.1) 6 2 0
Lock 2 7{1) 3 3 1
Flyhalf 1 6 (0.9) 3 2 1
Props 2 4 (0.6) 3 0 1
Hooker 1 6 (0.9 1 3 2
No. 8 1 2{0.3) 1 1 0
Total 15 97 (13.9) 4.9(50.5%) 29 (29.9%) 1.9 (19.5%)
No., Number

3.4.4. Injury type

The type of injuries sustained during matches and training sessions are shown in Table
3.3. Ligament sprains (39.2%) and muscle strains (38.1%) accounted for 77.3 % of the
injuries recorded. Thirty-four of the ligament sprains (17.3 injuries /1000 piayer game
hours) occurred during games and four (0.8 injuries/1000 player training hours) occurred
during training. Twenty-six of the muscle strains (13.2 injuries /1000 player game hours)
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occurred during games and 11 (2.2 injuries/1000 player training hours) occurred during
training. The other significant injuries reported were fractures (6.2%), contusions (5.2%)
and concussions (4.1%). Of the 6 fractures that were sustained 4 (66.6%) occurred during
games and 2 (33.3%) occurred during training. All the contusions occurred during games.
Of the 4.1% of concussion episodes, 75% occurred during games and 25% occurred
during training sessions.

Table 3.3. Types of injuries sustained by club rugby players during the 2001 rugby season

Injury type [Total no. of  [No.of match [No.oftraining % of total injuries

injuries injuries injuries {

(injuries /1000 (injuries /1000 injuries /1000

hours)] hours)] hours)]
Ligament Sprain 38 (5.4)™ 34 (17.3 4 (0.8 39.2%
Muscle Strain 37 5.3y 26 (13.2)* 11 2.2y 38.1%
Fractures 6 (0.9)™ 4 (2.0 2 (0.4)* 6.2%
Contusions 5 .7y 5 (2.5 - 52%
Concussion 4 (0.6)** 3 (1.5 1.2 4.1%
Chronic Overuse 3 (0.4)* 1 (0.5)* 2 (0.4 3.1%
Lacerations 2 (0.3)™* 1 (0.5)* 1(0.2)* 21%
Internal Organ 1 .1 - 102 1.0%
Other 1 (0.1 - 1(0.2y= 1.0%
TOTAL: g7 (13.8) 74 23

No., Number '

Numbers between brackets:

* Injuries per 1000 player game hours

b Injuries per 1000 player training hours

bl Injuries per 1000 player hours of total exposure to training and rugby games
(The chronic overuse injuries were 3 cases of patellofernoral pain syndrome)

3.4.5. Injury site

The distribution of injuries according to anatomical site is shown in Table 3.4. The thigh
was the most commonly injured site, accounting for 15 (15.5% or 2.1 injuries/1000 player
hours of total exposure) of all injuries. Ten of the thigh injuries occurred during games and
Nine of the thigh injuries were mild and six of an intermediate nature. Twelve of the thigh
injuries were hamstring injuries of which nine occurred in the player's dominant leg. All of
these hamstring strains were of mild or intermediate severity. Eight of the hamstring
strains occurred in backline players while 4 occurred in forward players. There were 3
injuries to the quadriceps muscle of which 2 were minor quadriceps strains and one was a
haematoma of intermediate severity.
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The ankle was the next most commonly injured site with 14 (14.4% or 2.0 injuries/1000
player hours of total exposure) injuries followed by the knee and arm/hand with 13 injuries
each (13.45 or 1.9 injuries /1000 player hours of total exposure). Thirteen of the ankle
injuries occurred during games (92.8% or 6.6 injuries/1000 player game hours). Eleven of
these injuries were of mild or intermediate severity. There was 13 ankle ligament sprains
and 1 ankle fracture. Three of the 14 were recurrent ankle injuries. Backline players were
involved in 8 of the ankle injuries and 6 forwards sustained arikle injuries.

Ten of the knee injuries occurred during games (76.9 % or 5.1 injuries /1000 player game
hours). Nine of the knee injuries were of an intermediate or serious nature (69.2% or 5.7
injuries /1000 hours of total exposure). Seven of the knee injuries were medial collateral
ligament sprains of which 1 was serious and 6 of mild or intermediate severity. There were
3 cases of patellofemoral pain syndromes of which 2 were minor and 1 was serious. There
was one lateral meniscus tear that was of a serious nature.

The arm and hand injuries consisted of five thumb injuries, three metacarpal fractures, two
radial fractures, two finger dislocations and one wrist sprain. No pelvic or hip injuries were
reported in this cohort.

Table 3.4. Injuries to club rugby players by anatomical site and severity

Region [Total no.  [No. of [No. of Minor Intermed  Serious % of

of inj. maifch inj. fraining {No. of (No. of (No. of total

(inj. /1000 (inj. /1000 inj. (inj. inj.) inf.) inji.)
hrs)j . hrs)j /1000
hrs)]

Head 6 (0.9 4 2.0y 2 (0.4 0 3 3 8.2%
Neck 2 0.3y 2(1.0p* 0 1 (4] 1 2.1%
Shoulder 11 (1.6  9(46)* 2 (0.4)* 7 3 1 11.3%
Amm/Hand 13 (1.9 10 (5.1)* 3 {06~ 9 1 3 13.4%
Trunk 2 (0.3 1(0.5)* 1 (0.2)= 0 0 2 2.1%
Back 9 (1.3 8 (4.1)* 1 (0.2 4 2 3 9.3%
Groin 6 (0.9~ 5 (2.5)* 1 0.2 4 2 0 6.2%
Thigh 15 2.1~ 10 5.1)* 509~ 9 6 4] 15.5%
Knee 13 (1.9y 10 5.1)* 3 e~ 4 6 3 13.4%
LowerLeg & (0.7)** 2 (1.0)* 3 (0.6)* 4 1 0 5.2%
Ankle 14 2.0 13 6.6y 1 0.2 & & 3 14.4%
Foot 1 @1 0 1(0.2)* 1 0 0 1.0%
Pelvis/ Hip 0 0 0 0 0 0 0
TOTAL: 74 23 49 29 19

Inj., Injury; No., Number
Numbers between brackets:

* Injuries per 1000 players game hours
o Injuries per 1000 player training hours
i Injuries per 1000 hours of total exposure to training and rugby games
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3.4.6. Mechanism of injury

‘Contact between players accounted for 66 injuries (68% of all injuries). Of these 35.1%
were intermediate or serious injuries. The most dangerous phase of play during matches
was being tackled, accounting for 28 of the 74 injuries sustained during games (37.8% of
the game injuries or 14.2 injuries /1000 player game hours). Thirteen were ofan
intermediate or serious nature (46.4 % or 6.6 injuries /1000 player game hours). Tackling
was responsible for thirteen (17.6% or 6.7 injuries/1000 player game hours) game injuries.
Rucks and mauls caused 10 (13.5% or 5.1 injuries/1000 player game hours) of the injuries
sustained during games. Open running was the mechanism of 11 injuries (14.9% of the
game injuries or 5.6 injuries/1000 player game hours) during games. The distribution of
the mechanism of injuries during games is shown in Figure 3.1. Thirteen injuries occurred
with contact training (56.5% of the acute injuries during training or 2.6 injuries/1000 player
training hours). Speed training was responsible for 5 acute injuries during training (21.7%
of the acute injuries during training or 1.0 injuries/1000 player training hours).
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Figure 3.1 Mechanism of injury in club rugby players during matches
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Table 3.5. Mechanism of acute injuries to club level rugby players during matches

Matches No. of mild No. of No. of Total no. of Percentage
injuries intermediate severe injuries
. injuries injuries
Tackled 15 g 4 28 38
Tackling 5 3 5 13 18
Ruck/Maul 4 3 3 10 14
Open Running 5 5 1 11 15
Scrum 0 2 0 2 3
Line-out 1 0 1 2 3
Kicking 4 1 1 6 8
Foul Play 1 0 1 2 3
No., Number

Table 3.6. Mechanism of acute injuries to club level rugby players during training

Training No. of mild No. of No. of severe Total no. of  Percentage

infuries intermediate injuries Injuries

injuries

Speed 2 3 0 _ 5 22
Training
Skills 2 o 1 3 13
Contact 8 4 1 13 57
Endurance 1 0 1 2 9
Strength ] 0 ] 0 0
TOTAL 13 7 3 23 100
No., Number

3.4.7. Time of injury during games and during the season

There were 74 match injuries of which fourteen (18.9%) occurred in the first 20 minutes,
fourteen {18.9%) in the second 20 minutes, twenty one (28.4%) in the third 20 minutes and
twenty-five (33.8%) in the final 20 minutes. This is shown in Figure 3.2. The incidence of
injury at different times in the season is shown in Figure 3.3. The highest incidence of
injury was during the first part of the season i.e. April and May and then again in August
which follows the mid season break.
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Figure.3.3 Injury incidence during the club rugby season

3.5. Discussion

3.5.1. Methodology

Most epidemiological studies of rugby injuries have been conducted at amateur club level.
However, differences in study design with regard to data collection, definition of injury and
differences in expression of injury incidence makes comparison between studies difficult.
A measurement instrument for injury data collection has been validated which allows
comparison of injury data'®. The methodology of this study is consistent with this validation
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and allows comparison with a few studies of club level and professional level rugby players
21;241516.41,22

The classification of injury in this study could have resulted in under-reporting. Many
players are injured but are pressurized to play due to the constraints of their club in terms
of substitute players. Most prospective studies determining rugby injuries used the number
of players in a training squad or the number of players on the field during the game, asa
basis to express player exposure to rugby. In these studies new players joining the team
or squad were included in the cohort while players leaving the team or squad were
automatically excluded. The cohort of players in this study remained fixed. Players who
had not undergone preseason screening were automatically excluded from the cohort. The
rates per time of exposure to rugby in the cohort of players were documented.

3.5.2. Injury Incidence

This study documented 37.5 injuries per 1000 hours of player match hours; 4.6 injuries per
1000 player training hours and an overall incidence of injury showed 13.9 injuries per 1000
hours of exposure. In comparison to other epidemiological studies that utilised similar
methodology, 28.22 injuries per 1000 match hours®! and 25.7 injuries per 1000 match
hours® were recorded. 1t is difficult to compare this study to other South African
epidemiological studies of club rugby players, as the incidence of injury in other studies

was not recorded in terms of player hours'.

A study on professional rugby recorded 120 injuries per 1000 player game hours®. This
New Zealand study of a single Super 12 team had a different definition of injury, which
could explain the higher incidence of injury. If a player had sought medical attention on the
field or after the game it would be classified as an injury. The present study only classified
an injury if the player missed a training session or match. The other explanation that was
given for the high incidence of injuries in the New Zealand study was that the researcher
was the full time medical practitioner of the team, which facilitated injury reporting and
documentation. The most recent South African epidemiological study of professional
rugby reported 55.4 injuries per 1000 player hours; 4.3 injuries per 1000 training hours and
an overall injury incidence of 11 injuries per 1000 hours®*. The present study reports a
lower incidence of injuries during matches, similar incidence during training sessions and a
slightly higher overall incidence of injuries in club rugby players compared to professional
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rugby players. The higher injury incidence in club rugby players compared to professional
rugby players supports the hypothesis held by many that injury rates are related to overall
physical conditioning and fitness i.e the less fit the player the higher the risk of injury.
However this cannot be concluded from the incidence of injuries. The differences between
club and professional rugby in terms of the nature, mechanism and severity of injuries and
playing conditions are factors that need to be considered. The lack of adequate facilities,
poor field conditions, and poor medical care for majority of the players in this cohort could
influence the results of the present study.

This study reported that club rugby injuries were mostly of a mild or intermediate severity.
The epidemiological study of South African professional club rugby players participating in
the Super 12, reported a higher incidence of severe injuries during games?*. The severity
of an injury was determined by the amount of time missed from rugby as a result of the
injury. This could mean that injuries would be classified as severe at a professional level,
which may not have been the case at an amateur level. In the Super 12 competition key
players could be rested with minor injuries to ensure they are match fit for important
games later in the season. There could also be underreporting of injuries as club players
are often forced to play with injury due to pressure from the coach or team players. Most
injuries at club level were of mild or intermediate severity, which could be as a result of the
culture of playing with injury that exists at this level. All studies at school, club or
professional level report a higher incidence of injuries during games compared to training
sessions' 21 1SSISI8242411.2 There are studies that have reported a much higher
incidence of injuries compared to the studies previously discussed i.e 283.5 injuries per
1000 player hours™ and 367.0 injuries per 1000 player seasons'®. The main reason for
this was differences in study design as injuries were reported according to player seasons.

South African club rugby players had a slighter higher overall seasonal incidence of injury
compared to studies of South African professional rugby players?* However, South African
professional rugby players reported injuries of a more serious nature than South African
club rugby players®*. South African club rugby players had a similar seasonal injury

incidence as club rugby players in other countries®?"13,
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3.5.3. Injuries in different player positions

The most commonly injured player positions were flanks, wings and centres. This finding
correlates with the most common mechanism of injury, which is being tackled or tackling.
The flanks and centres have the most contact with the opposition due to their role in
attacking and defence. Wings are required to out play their opposition with their speed and
strength®®. This study reports that the backline players sustained 52.6% of the injuries
while the forwards sustained 47.4% of the injuries. This finding differs from earlier studies
of club rugby players that report a higher incidence of injuries among forwards®"2'. The
epidemiological study of Croatian club rugby players found a higher incidence of injuries
among the forwards of 35 injuries per 1000 game hours and the backs with 20 injuries per
1000 game hours®'. The South African study of club rugby players found the highest
incidence of injury among the hookers 19%, wings 15% and fullbacks 11%'. The
epidemiological study of the senior rugby clubs in the Scottish Rugby Union reported the
highest incidence of injuries among centres and wings as in this study'®. A more recent
study of Argentinean club rugby players found the highest incidence of injuries was the
flanker®. The comparison in this Argentinean study of senior and younger players with
regard to incidence of injury by player position found that senior players in the second row
(p<0.001), at flyhalf (p< 0.01), fullback (p=0.02) and number 8 (p=0.03) had a statistically
higher risk of injury than the younger players®. The findings of the present study, however
correlates with the studies of South African professional rugby players that report the
highest incidence among flanks, centres and wings'’ and centres®. The latter study®*
found a high incidence among fullbacks, which is not found in other studies which could be
related to the style of play where the fullback is used to break the line with fast running. In
a study of a 1997 Super 12 team of New Zealand it was found that positions number 8, full
backs and locks had the highest incidence of injuries followed by flankers and centres®.
Recent studies show a trend that there is a decrease in injuries among the forwards that
could be related to rule changes regarding the scrum'®. It appears that the variable that
has to be considered with position of play would be the amount of physical contact or
tackles the player is involved in.

More recent studies of club and professional rugby players find the most commonly injured
positions to be the flanker, centres and wings®'?%'"2¢ while earlier studies found a high risk

of injury for the forward player positions'#!'°,
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3.5.4. Mechanisms of injury

Being tackled accounted for 37.8%; tackling as 17.6%; open running 14.9% and rucks and
mauls 13.5% of match injuries. This finding supports the findings of all comparable studies
that the tackle is the most dangerous phase of the game2!: 151 M0A2Z1TAUE24.21316 1 4
study that measured the frequency and nature of injuries occurring in competitive matches
since professionalism was introduced in rugby union it was found that more professional
players (37%) were injured while being tackled than amateurs (26%)*>. Most tackie
injuries occurred when tackled players were attacked from behind or within their peripheral
vision. The tackled or tackling player is usually sprinting or running in most injury episodes.
There are occasions where players are in differential speeds (one player traveling much
faster than the other at impact). The player with the lower momentum gets injured.
Information on circumstances of vast majority of tackles in which no injury occurs is
required before any changes are considered to decrease injuries in the tackle®. Fewer
injuries occurred in the set phases of play such as the line out and scrums that are
characterized with more control and low velocity. The rule changes around the scrum have
contributed to a decrease in injuries in this phase of play. Recent law changes have
encouraged open play conducted at higher speeds to enhance the game as a flowing
spectator sport, which may have contributed to the high incidence of tackle injuries. The
factors for that may influence the rugby player would be the frequency of tackles he is
involved in, the intensity of the game and his tactical sense as a player. The challenge
remains to decrease the high-velocity contact in the tackle and still maintain popularity of
the game™®?42,

Most of the hamstring injuries occurred during open running. During running the hamstring
muscles become active in the last third of the swing phase undergoing eccentric
contraction to decelerate the knee extension and oppose the activity of the quadriceps. At
ground contact the hamstrings switch from maximal eccentric to concentric activity and
develop the greatest force of the lower extremity muscles®.

The ruck and maul accounted for 13.5% of all the injuries sustained during games. In the
study of South African Super 12 players it was reported that the ruck/maul accounted for
11.3% of all the match injuries. In the study, which involved the New Zealand Super 12
players the ruck/maul accounted for 35.89% of all the match injuries. Recent law changes
have aimed at making this a safer phase of play (page 24-25). However, the adherence of
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players to these laws is not known. At club level in particular the discipline may be a
problem with regard to this phase of play however this has not been documented.

Most of the injuries sustained in this cohort during the training sessions were during
contact sessions (56.5%) while in the South African Super 12 most of the injuries during
training sessions were speed training (33.3%)** and in the New Zealand Super 12 it was
during team training (40%). The New Zealand Super 12 team failed to provide details of
the activities involved in this type of training session. There were also very few injuries
sustained during this New Zealand's team’s Super 12 season (10 injuries during the
season) to be able to observe trends in training injuries®. It is clear that more preventative
measures need to be considered when players are involved in contact training sessions.
Contact sessions during training may be an integral part of preparation in conditioning the
player for contact sessions. The reduction of contact training sessions may reduce the
number of training injuries but the effect on player performance and the frequency of
match injuries would need to be investigated. Studies which involved club rugby players

failed to provide details of the mechanism of injury during the training sessions.
3.5.5. Injury type and anatomical site

The most common anatomical site of injury was the thigh with 12 of the 15 injuries being
hamstring strains. This was followed by ankle and knee injuries. This study confirms
previous findings that the most common anatomical sites of injury in rugby players are the

joints of the lower limb>21 1S A0ITS2MIZZ The most common injury type is also confirmed

by previous studies as musculo-tendinous strains and ligament sprains?!1:17:9253:2241242

The incidence of muscle strains and ligamentous strains were also the most common type
of injury in South African Super 12 players®. Club rugby players in the present study had a
higher incidence of ligamentous (5.4 /1000 hours of rugby exposure) and muscular injuries
(5.3/1000 hours of rugby exposure) compared to ligamentous (2.8 injuries/1000 rugby
exposure) and muscular (2.7 injuries /1000 hours of rugby exposure) injuries compared
with the Super 12 squad®. The level of physical fitness in terms of flexibility and muscle
strength, and aerobic fitness may be factors that have resulted in a higher incidence of
ligamentous and muscular injuries in club rugby players. The level of physical fitness of
this cohort will be addressed in Chapter 4. The role of environmental factors and medical
care availability are areas that are of poor quality to club rugby players in this cohort that
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may play a role in the incidence of ligamentous and muscle strains. The absence of
medical care could equate the absence of adequate prevention strategies however this is

speculative.

Hamstring strains were the most common muscle strain in this cohort. The risk factors
associated with hamstring strains will be addressed in Chapter 5 and 6. There were 14
ankle injuries sustained in the games of which 13 were ankle sprains and 1 was an ankle
fracture. There was no significant difference between the players who sustained ankle
injuries and those without any ankle injury in terms of demographics, strength, flexibility,
agility or cardiovascular fitness tests or use of protective equipment or strapping. There
was no correlation found between ground conditions in terms of dry or wet grass and ankle
sprains at the time of injury. The ground conditions in terms of potholes was not
determined in this study which could be another factor responsible for the high incidence
of ankle sprains. Two of the clubs of this cohort have training sessions at night without any
proper lighting, which could influence the incidence of ankle injuries. However, only one of
the ankle injuries occurred during a training session.

Contusions and lacerations have a higher incidence in professional players than in club
rugby players with an incidence of 0.7 injuries/1000 hours of rugby exposure and 0.3
injuries/1000 hours of rugby exposure respectively. The professional players had an
incidence of 1.0 injury/1000hours of rugby exposure for contusions and lacerations®®. The
incidence among club rugby may not be an accurate account as very few players rest from
play as a result of contusions or lacerations.

The incidence of fractures among club rugby players has been reported to be lower than
school rugby. Fractures in rugby players mostly affect the upper limb and hand or wrist
across all levels of play. The incidence of concussion in this cohort was 4.1% (0.6/1000
hours of rugby exposure) compared to professional rugby that reported an incidence of
1.4% (0.2/1000 hours of rugby exposure)®*. The incidence of concussion in the New
Zealand Super 12 team was 12.8% of the total game injuries (14.8/1000 game hours)®.
Concern has been expressed regarding the reporting of concussion injuries in professional
players®. Professional player may disguise symptoms or fail to report concussion as
playing rugby is their occupation®. There could be underreporting of concussion at all
levels of senior rugby, as concussion may not be viewed as a serious injury to coaches or
to rugby players. The knowledge and attitude of players and coaches to concussion
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injuries needs to be investigated. There is a need to investigate the management of
concussion at club level.

3.5.6. Time of injury during games and during the season

There were fewer injuries in the first quarter of the game and most of the injuries occurred
in the final half of the game, which correlates with previous findings®<°. Muscle fatigue
has been considered as an important etiological factor that could be responsible for
injuries to occur as the game progresses. Fatigue could result due to decreased physical
fitness, poor hydration or nutrition, or lack of substitute players. Professional rugby studies
do not report a high incidence of injury in the final 20 minutes, which could be due to the
player changes that occur and improved player conditions and fitness. The results of this
study correlates with most studies that the highest incidence of injuries is in the first few

weeks of the season and again after the midseason break'?'°,

3.6. Summary:

There was a high incidence of injuries during the 2001 club rugby season. The tackle was
the most dangerous phase of play affecting the flanks, wings and centres. The most
common site of injury was the thigh of which hamstring strains were the most common.
Ankle sprains were the second most common injury in this cohort. The highest incidence
of injury was at the beginning of the season and most injuries occurred in the final half of

the game.

There is an urgent need for epidemiological studies of similar design at all levels of South
African rugby. The results of the present study need to be compared to studies of South
African club rugby players with better playing conditions. Preventative programmes can
only be instituted once there is clarity on the incidence, nature and risk factors associated

with rugby injuries.
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Chapter Four

- The role of preseason testing in injury prediction in club rugby

players.

4.1. Introduction
4.2. Aim

4.3. Method

4.4. Results
4.5. Discussion
4.6. Summary
4.7. Conclusion

4.1. Introduction

Rugby is a contact sport associated with a high risk of injury. There is extensive
documentation on the nature of rugby injuries however there is limited research on key risk
factors and injury prediction. Injury risk factors can be classified as intrinsic or extrinsic.
Intrinsic risk factors are specific to the individual sportsperson and include age,
anthropometric characteristics, fitness, psychological considerations and injury history>.
Extrinsic factors are external to the individual and include the nature of the sport,
environmental conditions and equipment'®. A prospective cohort study conducted as part
of the New Zealand Rugby Injury and Performance Project (RIPP) identified potential risk
factors in relation to the proportion of the season missed due to injury. A multiple |
regression model identified grade of play and previous injury experience as risk factors for
injury in the season. A second model identified previous injury experience, hours of
| strenuous physical activity, playing position, cigarette smoking status, body mass index,
years rugby participation, stress, aerobic and anaerobic performance and number of push-
ups as risk factors in terms of the proportion of the season missed due to injury™. The
influence of pre-season fitness, existing injury and pre-season rugby training on
subsequent injury has been investigated®®. It was documented that injury risk was more
likely related to rugby training than to overall player fitness. Players who were injured at
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the end of season were more likely to be injured in the following season®. This study failed
to scientifically test the physical fitness of the players. Most rugby teams have a protocol of
physical tests that are used to determine the preseason fitness level and "match fithess” of
players. The accuracy of the fitness tests, as predictors of injury risk in rugby have not
being verified. Preventative strategies and activities are paramount as sports injuries are
costly and time-consuming. In order to develop efficient prevention strategies the
aetiology, risk factors and exact mechanisms of injuries need to be identified before
initiating a programme™.

4.2. Aim of the study

The aim of this study was to determine if preseason clinical factors and tests could be
used to determine potential risk factors for rugby injuries and specifically lower limb injuries
in club players as measured by the injury incidence rate.

4.3. Methods

A prospective cohort design was used in this study. The same rugby players that were
involved in the epidemiology study were involved in this study (Chapter 3). A total of 102
male club rugby players were recruited from four rugby clubs in the Western Province
premier A and Super league division. Convenience sampling was used in the selection of
the clubs that participated in this study. Inclusion criteria for preseason testing were all
rugby players aged between 18 and 35 from these clubs who would start the season.
Rugby players who have sustained any type of chronic injuries and who would not be
starting the season were excluded from preseason testing. The project was approved by
the Research Ethics Committee of the University of Cape Town and all subjects provided
written informed consent.

4.3.1. Preseason measurements

All subjects were tested prior to the commencement of the 2001 rugby season at the
South African Sport Science Institute, Cape Town, South Africa. Each subject completed a
pre-season medical questionnaire (Appendix 2) to establish age, years of rugby
participation, and past injury history. In addition the following physical tests were
conducted. All subjects underwent the tests in the following order.
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4.3.1a The slump test

The slump test combines cervical flexion, trunk flexion and straight leg raise with ankle
dorsiflexion®®'. The Kin-Com System isokinetic dynamometer (Chattanooga Group, Inc.,
Chattanooga, USA) was used as a fixation device. Electromyography (EMG) surface
electrodes (The Prometheus Group, 1 Washington Street, Dover, USA) were placed in
series with their centres 3cm apart, between the center of the innervation zone of the
biceps femoris and its distal tendon. All three electrodes were placed on a line joining the

origin and insertion of the muscle.

The settings of the Kin-Com (Chattanooga Group, Inc., Chattanooga, USA) unit as
described for the isokinetic testing was used. The subject was seated with the backrest
firmly pushed to the sacrum and secured while the subject leans forward. A base level
EMG reading was recorded. The right ankle was secured in 15 degrees dorsiflexion with a
rigid brace (Corflex, Manchester, North America, United States of America). The knee was
secured at the subject’'s maximum tolerable pain limit or full range of extension movement
using the knee piece of the Kin-Com unit (Chattanooga Group, Inc., Chattanooga, USA).
The electromyography (EMG) reading was repeated once the ankle and knee was secure.
The subject was then instructed to ‘slump’. Velcro straps were used to stabilize the patient
in his full range of thoracic flexion at the level of the xiphoid. The EMG reading was
repeated. The subject was then instructed to flex the cervical spine onto the chest, which
was manually maintained. End range cervical flexion was followed by end range
extension. EMG activity was recorded with the cervical spine flexed and extended. The
EMG readings assisted the investigator in determining end range of movement during
testing. The EMG reading would spike at the end of range. The subject was asked to rate
their pain intensity of the posterior thigh at each end range position on a V.A.S (0-10) with
0 = least amount of pain and 10 = the maximal amount of pain. The slump test was
repeated for the left lower limb.

Prior to the onset of the study, a pilot study of 14 subjects (8 females and 6 males mean
age 25.14 years) was conducted to determine the reliability of the slump test. The
subjects were tested on two occasions 2 days apart. The subjects were advised not to
engage in any unusual strenuous physical activity prior to and on the day of testing. The
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mean correlation coefficient for the different variables between tests on day 1 and day 3 of
the slump test was 0.85, indicating good reliability.

The outcome variable for the slump test in this study was the amount of pain experienced
by the subject as measured on the visual analog scale (V.A.S.) in cm. The pain was
recorded for cervical flexion and cervical extension during both right and left leg extension.
The cervical component of the slump has been reported to influence the hamstring muscle

tension®2.
4.3.1b Concentric and eccentric hamstring and quadriceps strength

Quadriceps and hamstrings muscle function was assessed in an upright, seated position
using a Kin-Com System isokinetic dynamometer (Chattanooga Group, Inc., Chattanooga,
USA) at an angular velocity of 60 deg/sec. Subjects were positioned according to the Kin-
Com users’ manual. Subjects were assessed after a thorough warm up which included at
least 5 minutes of low-level aerobic work and stretching. Once the subject was positioned
he performed 4-6 warm-up repetitions using minimal effort. The subject was asked to give
a 60% and subsequent 80% effort before a maximal effort. Three maximal efforts were
then requested. A minimum of a minute’s rest was allowed between maximal efforts. The
effort with the highest peak torque (N.m) was recorded as the final score. The hamstring to
quadriceps ratio that was measured was concentric quadriceps and eccentric hamstring.

4.3.1c The straight leg raise test

This test measured the subjects hamstring flexibility in both legs. The subject was in a
supine position on a plinth. The pelvis was placed in a posteriorly tilted position to allow
the lumbar spine to come into contact with the plinth. This position was maintained using a
belt around the anterior superior iliac spines and the plinth. EMG electrodes (The
Prometheus Group, 1 Washington Street, Dover, USA) connected to a recorder was
placed on the hamstring muscle to measure electrical activity in the muscle as it is
stretched. The electrodes were placed in series with their centres 3cm apart, between the
center of the innervation zone of the biceps femoris and its distal tendon. All three
electrodes were placed on a line joining the origin and insertion of the muscle.

The ankle joint was placed in 15 degrees of plantarflexion and maintained in this position
with a rigid hinge brace (Corflex, Manchester, NA, United States of America). A flexible
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goniometer (South African Sport Science Institute of South Africa, Newlands, Cape Town,
South Africa) was secured to the lateral side of the fibula to measure the angle of hip
flexion. The subject’s leg was lifted into hip flexion with the knee extension being
maintained. The degree of hip flexion was measured at either of these 4 end points: as the
tester felt the knee starting to flex; as the subject reported a feeling of marked discomfort,
but no pain; when the tester determined the end feel of movement and as a spike in the
EMG activity from the electrodes was displayed on the monitor. The values read out by the
tester were recorded®. The subject’s leg was then returned to neutral and the test was
repeated with the ankle in 15 degrees dorsiflexion.

Prior to the onset of the study, a pilot study of 14 subjects (8 females and 6 males mean
age 25.14 years) was conducted to determine the reliability of the straight leg raise test.
The subjects were tested on two different occasions 2 days apart. The subjects were
advised not to engage in any unusual strenuous physical activity prior to or on the day of
testing. The mean correlation coefficient between tests conducted on day 1 and day 3 for
the different variables of the straight leg raise test was 0.97, indicating excellent reliability.

The degree of hip flexion measured at either of the 4 points described in the procedure of
the straight leg raise test was used as an outcome variable. A small degree of hip flexion
would indicate less flexibility.

4.3.1d The sit and reach test

The sit and reach test was used to determine the flexibility of the lower back and lumbar
spine. A research assistant who was a physiotherapist administered this test. The subject
sat with the soles of their feet against a sit-reach box and with their knees fully extended. A
ruler was fixed on top of the sit-reach box, such that the 22.5cm mark is in line with the
vertical line of the feet. The subject was instructed to flex maximally at both hips and lower
back with both hands together and outstretched. The furthermost point reached by the
subject’s fingertips was measured from the ruler. The subject is expected to be able to
maintain the furthermost point for 2 seconds. The best of three attempts was recorded in
centimetres (cm). A test-retest reliability co-efficient of 0.94 and an inter-tester reliability of
0.99 has been documented for this test®.

62



4.3.1e Body composition

The body composition of the subjects was assessed by measuring skinfold thickness of
the following sites: triceps, biceps, subscapular, suprailiac, calf, thigh and abdominal®.

The skinfold caliper reading is a measurement of the compressed thickness of a double
layer of skin and underlying subcutaneous tissue, which is assumed to be adipose tissue.
The skin fold thickness is measured by grasping a fold of skin and the underlying
subcutaneous tissue between the thumb and forefinger, 1-2 cm above the site, which is to
be measured. The fold is pulled away from the underlying muscle and the jaws of the
calipers are placed on either side of the site, at a depth of approximately 1cm. The skinfold
is held firmly throughout the application of the caliper and the reading is taken when the
needle becomes steady after the full pressure of the caliper jaws has been applied. The
calipers must be applied at right angles to the fold at all times. All measurements will be
performed on the subject’s right side except for the abdominal skinfold, which is recorded
on the subject’s left side®™. The measurement is recorded in mm. The body fat of the
subjects will be described as the sum of the skinfold of the following sites: triceps, biceps,
subscapular, suprailiac, calf, thigh and abdominal.

(i) Triceps

The triceps skinfold was measured from the back on the posterior surface of the arm
midway between the top of the shoulder (acromion process) and the elbow (olecranon
process). The upper limb should hang loosely by the side with the subject in the standing
position. The inter-tester and intra-tester technical errors have been documented to vary
from 0.8 to 1.89mm®"® and 0.4 and 0.8mm®"**"° respectively.

(ii) Biceps

The biceps skinfold was measured from the front on the anterior surface of the arm
midway between the top of the shoulder and the elbow. The subject stands as for the
triceps measurement. The standard deviations of differences for repeated measurements
of biceps skinfold thicknesses by one investigator and between three testers was
documented as 1.9mm’". The intra-tester technical errors have been documented as 0.2

to 0.6mm’%">,
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(iii) Subscapular

The subscapular skinfold was measured' just below the inferior angle of the scapula with
the fold in an oblique plane descending laterally (outwards) and downwards at an angle of
approximately 45° to the horizontal. Repeatability reliability of the subscapular skinfold

5

measurement is good with intra-tester errors ranging from 0.887 to 1.16mm’>. Inter-tester

errors range from 0.88¢ to 1.53mm"".
(iv) Suprailiac

The suprailiac skinfold was measured 5cm above the iliac crest with the fold oblique,
descending medially (inwards) and downwards at an angle of about 45° to the horizontal.
The subject should stand erect with the upper limbs by the side and the abdominal
muscles relaxed. A test-retest correlation of 0.97 for the suprailiac skinfold measurements
for testing one day apart in young men has been documented™.

(v) Calf

The calf skinfold was measured on the medial surface of the calf at the level of the
greatest calf circumference. The subject’s weight must be placed on the leg, which is not
measured. A test-retest correlation coefficient of 0.98 has been reported for the calf
skinfold measurement™.

(vi) Thigh

The thigh skinfold was measured at the mid-point on the anterior surface of the thigh with
the fold parallel to the long axis of the thigh. The subject’s weight should be placed on the
leg, which is not measured so that the knee joint of the measured leg forms an angle of
about 120°. Intra-tester reliability coefficients are very high ranging from 0.91 to 0.987%758

(vii}) Abdominal

The abdominal skinfold was measured in a vertical plane 5cm to the left of the subject’s
umbilicus®. A test-retest correlation of 0.979 for abdominal skinfold measurements done
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one day apart in young men has been documented’ and intra-tester errors of 0.89mm has
been reported®.

4.3.1f Vertical jump

This test was to assess the subjects’ instantaneous explosive leg power. The subject
stood in athletic shoes with his right hip against the wall onto which a calibrated measuring
board is mounted. The subject reached with the right hand to touch the board at the
highest point possible with the heels on the ground. This height was recorded as sténding
height. The subject then placed chalk on his fingertips and then from a two-footed take off
position the subject flexed at the hip and knee joints and used his arms as momentum to
extend as high as possible. At the top of the jump the subject touched and marked the
board with his fingertips. The score for the jump is the difference between the standing
height and the jump height. The highest of three separate trials was recorded as the
subjects’ maximum score. If the subject took any step or shuffle prior to the jump the score
was rendered invalid® ®. A coefficient of variation of 2.4% and an intraclass correlation
coefficient of 0.91 has been documented indicating a high test-retest reliability for the
vertical jump test®.

4.3.1g Muscle endurance:
4.3.1g (i) The 2- minute sit-up test

A research assistant administered this test. The sit-ups was performed with the knees
flexed and feet fixed. The subject's hands was expected to touch his ears, and elbows
touched the knees at the end of the sit up and then descended in a controlied manner. The
tester's hand was placed palm side up on the bench such that the wrist makes contact with
the spine in line with the inferior border of the scapulae. If the subject’'s hands were taken
off the ears, or elbows did not touch the thighs or the back did not touch the tester's hand
the sit-up was not counted. The maximum number of sit-ups performed in two minutes was
recorded. The subject could rest within the two-minute period and then re-start®. A
reliability co-efficient of 0.94 has been documented for the sit-up test®.
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4.3.1g {ii) The 1-minute push-up test

The subjects were in a prone position with their thumbs placed on the floor shoulder width
apart. The subjects back and body had to be maintained in a straight posture as he
descended to the tester’s fist, placed below the sternum and then ascend until the elbows
are fully extended. If the subjects did not adhere to these specifications the repetition was
not counted. The maximum number of push-ups performed correctly in one minute was
recorded. The subject could rest within the one-minute period. An objectivity coefficient of
0.99 has been documented for this test® but no reliability coefficient was reported.

4.3.1h Agility testing

The lilinois agility test was used to assess the subject’s agility and speed®™®. A rectangle
measuring 9.14m by 3.65m was clearly marked and divided by half along its length by four
cones positioned at equidistant intervals. On the command "go” the stop watches started
and the subject would rise from the lying position and run as quickly as possible to the end
and back to the starting line. The subject repeated two time trails; and the best time was
recorded. The subject was disqualified if he touched a cone while running, or if he failed to
follow the prescribed course. No reliability tests have been documented for this test.

4.3.1i The multistage shuttle run

The multistage shuttle run or bleep test was used to test the maximum aerobic power of
the subjects®. Two lines were marked 20m away on a non-slippery surface. The subjects
ran between these 2 lines touching each line with their foot and turning quickly at the
moment the sound signal was emitted from an audio- tape .The initial running speed was
8.5 km/hr, and increased at 0.5 km/hr each minute. The subject would continue running
until he could not maintain the prescribed pace. The subject would receive 2 warnings
regarding not reaching the line in time before the test would be ended with his third
warning. At this stage the number of shuttles was recorded. Excellent reliability (r=0.97)
and validity (r=0.84) has been reported for this test”.

The players and their coaches were not given the results of the tests and no specific
rehabilitation programme was implemented on the basis of the deficits detected from the

testing.
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4.3.2. Diagnosis of injuries

Players were monitored throughout the 2001 rugby season from April to October 2001.
The physiotherapist was present at the matches or practice sessions and made the
diagnosis of all injuries. In addition all subjects were contacted by telephone during and
immediately after the season to ensure no injuries were missed. A specific injury report
form was used to standardize clinical examination and diagnosis of the injuries (Appendix
2). The player reported whether the injury occurred during a training session or during a
match and the mechanism of injury was obtained. The player reported on the site of the
injury by anatomical region and the type of injury. The definition of an injury was it had to
be severe enough to cause the player to miss a practice or match. An injury was classified
as minor if less than 3 sessions were missed; intermediate if more than 3 and less than 10
sessions were missed; and severe if more than 10 sessions were missed.

4.3.3. Cutcome measures

The injury incidence rate was used as an outcome measure to examine the influence of
preseason factors. The incidence rate provides a measure of the number of injuries
sustained per unit of exposure to rugby games. The four rugby clubs were involved in 22
matches for the season excluding preseason games, which accounts for 1971.7 player
hours of game time. Training hours were calculated at 2 sessions of 2 hours each week for
two clubs and 2 sessions of 1.5 hours each week for the remaining clubs. Pre-season
training hours were excluded. A total of 5020.8 player-training hours were included in the
study. Injuries sustained during games were documented as injuries per 1000 player game
hours, and injuries during training as injuries per 1000 player training hours. The sum of
injuries sustained during games and training were documented as injuries per 1000 hours
of exposure. Injuries that had not healed since the previous season were not included.

4.3.4. Statistical analysis

The cohort was divided into quartiles for each physical parameter or test. Chi-square
analyses were then used to determine whether there was any significant difference
between the quartiles in respect of injury rate per 1000 hours. In addition logistics
regression analyses were used to identify quartiles that were significantly at risk. These
analyses were used for 1) all injuries sustained and 2) lower limb injuries sustained.
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4.4. Results

4.4.1. Age, years playing rugby, previous injury history

There was no significant difference (p>0.05) between the quartiles with reference to age,

years of playing rugby or previous injury status and their injury incidence for all injuries and
for lower limb injuries (Table 4.1 and 4.2). The logistic analysis of years playing rugby

found that players in the quartile of 8-12 years rugby experience were at greater risk of any
rugby injury (p=0.03 95%CI 0.01-0.77) (Table 4.3). The multivariate regression analysis of

age, and previous injury did not reveal any significant predictors for risk of any rugby injury
or a lower limb injury (p>0.05) (Table 4.3 and Table 4.4).

Table 4.1. Age, years of playing rugby, past injury status with injury incidence for all injuries

Total hours Total Injuries

injury rate per Chi-square Sign.
1000 hours

Age (years)
<1

21— 24

25— 28

28 >
Years Playing
<8

8§12

13-17

17 >

Previous injury
No
Yes

904.60
1351.70
1295.60
819.70

1035.5

975.7

1672.4
778

1280.70
3285.50

23
24
32
15

2543
17.76

24.70 :

18.30 2.32 p > 0.05

24.14
24.60
17.34
21.85 1.51 p > 0.05

23.24
20.25 0.21 p>0.05
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Table 4.2. Age, years playing rugby, past injury status with injury incidence for lower fimb

injuries
Total hours Total Injuries Injury rate per Chi-square Sign.
1000 hours

Age (years)

< 21 661.80 14 21.15

2124 855.50 13 15.20

25-28 855.80 17 19.86

29> 466.30 8 17.16 1.17 p>005
Years Playing

<8 734.30 13 17.70

812 602.2 15 24.91

1317 1087.6 15 "13.78

17 > 5054 10 18.78 338 p>0.05
Previous lower

limb injury

No 129810 30 23.1

Yes 1719.00 24 13.96 2.26 p>0.05

Table 4.3. Logistic analysis of age, years playing rugby and 'previous injuries with injury

incidence of all injuries

N Regression Chi-square p-value Odds ratio 85% CI
coeffcient (B) Lower Upper

Age .

<21 28 513 0.16

21~ 24 29 -{.36 0.33 0.57 0.70 0.21 2.37
2528 22 -0.01 0.00 0.99 .99 0.28 3.35
29> ' 17 1.15 240 0.12 315 0.74 13.45
Years Playing

<8 30 6.73 0.08

g§-12 26 -2.44 4.81 *0.03 0.08 0.01 0.77
13-17 30 -1.88 3186 0.08 0.14 0.02 1.23
17 > 11 -1.48 1.68 0.19 023 0.03 2.10
Previous injury -0.11 0.05 0.83 0.89 0.32 2.51

*p<0.05
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Table 4.4. Logistic analysis of age, years playing rugby, previous injury history with
incidence of all lower limb injuries

N Regression  Chi- p-value Odds ratio 95% Ci
coeffcient (B) square Lower Upper

Age

< 21 28 : 1.57 0.67

21~24 28 0.02 0.00 0.98 1.02 0.28 3.59
2528 22 -0.04 0.00 0.96 0.97 0.28 3.39
28> 17 0.61 0.84 0.36 1.83 0.50 6.72
Years Playing

<8 30 3.85 0.27

8-12 26 -1.25 2.89 0.09 0.29 0.07 1.21
13-17 30 -1.37 3.27 0.07 0.25 0.06 1142
17 > 11 -83 1.29 0.26 0.44 0.10 1.82
Previous lower limb

injury 027 - 0.00 0.95 1.03 0.46 2.30

4.4.2 Anthropometric factors

The anthropometric factors that were analyzed include height, body mass, body mass

index, and the sum of skin folds (Table 4.5 - Table 4.8). There was no significant

difference between quartiles for all injuries (Table 4.5) and for lower limb injuries (Table

4.6) for height, body mass, the body mass index, and the sum of skin folds (p>0.05). In the

logistic analysis of anthropometric variables no significant injury predictors were found

(p>0.05)(Table 4.7-4.8).

Table 4.5: Anthropometric factors with injury incidence for all injuries

Total Total Injury rate per Chi-square  sign.
hours Injuries 1000 hours

Height {(m)

<171.03 9326 23 24585

171.03-175.2 1285.1 23 17.80

175.3-177.9 981.3 22 2219

178 > 1163.00 24 2064 1.13 p> 0.05
Body Mass (kg)

<67.9 1249.20 25 20.01

70-75 880.60 20 23.24

75.1-83.1 970.30 23 23.70

832> 1205.00 25 2075 0.45 p>0.05
Body Mass Index (BMI)

<22.65 1308.70 .24 18.32
2266 - 24.10 1021.30 22 21.54
2411~ 27.97 1004.70 24 23.89

27.98 > 1036.30 22 21.23 0.74 p>0.05
Sum of Skinfolds {mm)

<52.55 1193.70 22 18.43
52.56 --69.8 910 23 25.27
69.91-80.40 868.10 21 24 .19

90.41> 1284.2 24 18.54 1.83 p>0.05

70



Table 4.6 Anthropometric factors with injury incidence for lower limb injuries

Total Total Injury rate per Chi-square sign.
hours Injuries 1000 hours

Height (m)

<171.03 523 12 22.94

171.03-1752 886.5 13 14.66

175.3-1771.9 817.7 15 18.34

178 > 87886 11 16.21 2.18 p>0.05
Body Mass (kg)

<67.9 7233 12 16.58

70-75 541.1 8 14.78

75.1-83.1 626.1 14 22386

Bg32> A 948 .4 18 18.98 1.77 p> 0.05
Body Mass index

(BMI)

<22 65 797.6 13 16.30
2266 -24.10 2788 6 21.52

24.11 - 21.97 962.7 15 15.58

27.98 > 866.7 17 19.81 1.29 p>0.05
Sum of Skinfolds

{mm)

<52.55 6583 10 15.17

52.56 - 69.8 5296 11 20.77

£69.91-80.40 780.2 15 19.23

80.41> . 971.7 17 17.50 0.96 p> 0.05

Table 4.7. Logistic analysis of anthropometric variables with incidence of all injuries

Regression Chi- p-value Odds ratio - 95% Ci
N coea;ﬁst)::ent square Lower Upper

Sum of Skinfolds

{(mm)

«52.55 22 4.66 0.18
52.56 - 69.8 23 0.68 1.19 0.28 1.86 0.58 6.62
69.91-90.40 23 1.19 3.32 0.07 3.30 0.91 11.93
90.41> 23 0.00 0.00 1.00 1.00 0.31 3.18
Height (m)

<171.03 23 249 048

171.03-175.2 23 0.07 0.02 0.80 1.07 0.36 3.17
175.3-177.9 17 0.43 0.59 0.44 1.55 0.51 469
178 > 31 098 212 0.15 268 0.7 10.07
Body Mass (kg)

<57.9 28 4.59 0.20

70-75 13 0.61 1.27 0.26 1.85 0.63 5.38
75.1-83.1 28 1.57 3.4 0.07 4.81 .91 2582
83.2> 30 .01 0.00 0.99 1.01 .38 2.84

. |Body Mass Index

(BWMI)

<22.65 24 267 0.45
2266 2410 15 0.20 0.12 0.73 1.22 0.39 3.80
2411 -27.97 29 1.08 2.02 0.18 2.93 0.67 12.95
27.98> 26 ~0.10 0.03 0.85 0.90 0.31 2.63
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Table 4.8. Logistic analysis of anthropometric variables with incidence of all lower limb

injuries
Regression Chi-  p-value QOdds ratio 95% Ci
N coefficient (B) square
Lower Upper

Sum of Skinfolds

{mmy}

«52.58 22 466 0.18

§2.56-69.8 23 0.68 1.19 0.28 1.96 0.58 6.62
68.91-80.40 23 1.19 3.32 0.07 3.30 0.91 11.83
90.41> 23 0.00 0.00 1.00 1.00 0.31 3.18
Height (m)

<171.03 23 4.13 0.25 _
171.03-175.2 23 -0.09 0.02 0.89 D.92 0.29 2.95
175.3-177.9 » 17 0.48 0.71 0.40 1.62 0.53 4.93
178> 31 1.08 3.09 0.08 3.00 0.88 10.21
Body Mass (kg)

<B67.9 28 2.07 0.56

70-75 13 -0.32 0.35 0.55 0.73 0.25 2.09
75.1-83.1 28 042 0.40 0.53 1.53 0.41 5.64
832> 30 -0.48 0.77 0.38 0.62 0.21 1.81
Body Mass Index
(BMI)

<2265 24 1.57 0.67
22.66 - 24.10 15 -0.36 0.38 0.54 0.70 0.23 247
2411 - 27.97 .29 -0.88 1.49 0.22 0.42 0.11 1.69
27.98 > 26 -0.19 0.13 0.72 0.82 0.28 2.39

4.4.3 Flexibility tests

There were no significant differences between the quartiles of the flexibility tests in terms

of injury incidence rate for all rugby injuries and lower limb injuries (p>0.05). These
flexibility tests include the slump test (Table 4.9- 4.10); the straight leg raise test (Table
4.13 - 4.14) and the sit and reach test (Table 4.17- 4.18). The multivariate regression
analysis found no significant predictors for rugby injury or fower limb injury in terms of the

slump test, straight leg raise test or the sit and reach test (p>0.05) (Table 4.11- 4.18).
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Table 4.9 Slump test measurements with injury incidence for all injuries

Total hours Total Injury rate per Chi- sign.
Injuries 1000 hours square
R cervical flexion {(cm)
<1.00 1336.4 31 23.20
1.10-4.89 9425 17 18.04
4.90-8.79 1284.3 28 21.80
68> 967 18 19.65 0.76 p>0.08
R cervical extension
{cm)
<0.40 12041 27 2242
0.41-1.04 1073.5 21 19.56
1.05-2.19 1366.5 27 19.76
220> 905.1 21 23.20 0.48 p>0.05
L cervical flexion (cm)
1 <1.05
1.06 -4.99 12106 30 2478
5.00-7.04 13254 27 20.37
7.05 > 1109.1 22 19.84
L cervical extension 804.1 17 18.80 1.00 p>0.05
{cm)
<0.20 11492 - 27 23.49
0.21-0.79 1342.3 26 19.37
0.80- 1.69 12826 26 20.27
1.70> 775.10 17 21.93 0.47 p>0.05
L left; R right
Table 4.10 Slump test measurements with injury incidence for lower limb injuries
Total hours Total Injury rate per Chi- Sign.
Injuries 1000 hours Sguare
R cervical flexion {cm)
<1.00 1018.1 23 22.59
1.10-4.89 366.6 5 13.64
4.90-6.79 927.2 16 17.26
68> 705.2 10 14.18 2.99 p>0.05
R cervical extension
(cm)
<{.40 727.3 14 19.25
0.41-1.04 886.9 16 18.04
1.05-2.19 936.6 16 17.08
2.20 > 466.3 8 17.16 0.17 p>0.05
L cervical flexion {cm)
<1.05 978.6 22 2248
1.06-4.58 659.2 11 16.69
5.00-7.04 913.5 14 15.33 ,
7.05 > 4658 7 15.03 2.09 p>0.05
L. cervical extension ,
{cm)
«<0.20 720.7 14 19.43
0.21-0.79 837.2 14 16.72
.80-1.69 878.2 16 18.20
1.70 > 580 10 17.24 0.24 p > 0.05
L left; R right
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Table 4.11 Logistic analysis of the slump test results with injury incidence of all injuries

N Regression  Chi- p-value QOdds ratio 95% Ci
coefficient (B) square Lower Upper
R cervical flexion {cm}) '
<1.00 24 2.83 042
1.10-4.88 21 0.96 2.64 0.10 2.62 0.82 8.34
480-6.79 - 27 0.58 0.89 0.34 1.75 0.55 558
68> 27 0.61 1.19 0.28 1.83 0.62 5.43
R cervical extension (cm)
<0.40 26 327 0.35
041-1.04 26 013 0.08 0.82 1.14 0.38 3.55
1.05-2.19 : 24 -0.34 0.35 0.56 071 0.23 2.18
220> 24 0.76 1.48 0.22 2.14 0.63 7.33
L cervical flexion (cm} '
<1.08 24 3.00 0.39
1.06-499 25 0.59 1.03 0.31 1.81 0.58 564
5.00-7.04 26 1.03 293 0.09 2.79 0.88 9.01
7.05> 25 0.55 0.84 0.33 1.73 0.57 5.28
L. cervical extension (cm)
<0.20 25 3.80 0.27
0.21-0.79 25 0.74 1.61 0.20 2140 0.67 660
0.80- 169 _ 26 0.57 0.98 0.32 1.77 0.57 5.51
1.70 > 24 1.17 374 0.05 3.21 089 1045
L left; R right

Table 4.12 logistic analyses of the slump test with injury incidence of all lower limb injuries

N Regression  Chi- p-value Odds ratio 95% CI
coefficient (B) square Lower Upper

R cervical flexion {cm)

<1.00 24 4.86 0.18

1.10-4.89 21 £.86 2.21 0.14 2.36 0.76 7.34
4.90-8.79 27 -0.47 0.52 0.47 0.63 0.17 2.26
68> 27 0.47 0.69 0.40 1.60 0.53 4.82
R cervical extension {cm}

<0.40 : 249 0.48

0.41-1.04 28 0.25 0.17 0.68 1.29 0.39 4.25
1.05-2.19 24 0.58 0.93 0.34 1.78 0.55 577
220> 24 0.89 2.14 0.14 2.43 0.74 7.98
L cervical flexion {(cm}

<1.08 24 4.10 0.25

1.06-4.99 25 1.15 344 0.06 3147 0.84 1070
5.00-7.04 26 0.58 0.85 0.36 1.78 0.52 6.09
705> 25 0.99 287 0.10 2.71 0.82 8.00
L cervical extension {cm)

<0.20 25 1.81 0.61
0.21-0.79 : 25 0.12 0.04 .85 112 0.35 3.865
0.80 - 1.69 26 012 0.04 0.85 1.12 0.35 3.65
170> 24 0.69 1.41 0.24 2.00 064 8.29
L left; R right
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Table 4.13 Straight leg raise measurements with injury incidence for all injqries

Total Total Injury rate  Chi-square Sign.
hours Injuries per 1000
hours
R Dorsiflexion (°)
<67.25 1248.5 22 17.62
67.26-7599 1001.¢ 20 19.96
76.00 - 80.74 11055 30 2714
80.75 > 1183.3 24 20.11 2.40 p>0.05
R Plantarflexion (°)
<71.25 12643 24 18.88
71.26 - 83.99 1056 25 2367
84 - 95.99 1029.7 24 23.31
96 > 1199.2 23 19.18 .92 p>0.05
L Dorsiflexion (°)
<70 1270 21 16.54
70.1-809 1018 27 26.52
81-94.9 969.1 21 21.67 .
85> 12921 27 20.80 2.34 p> 0.05
L Plantarflexion (°) ‘
<72 1373.3 29 21.12
72.1 -82.99 1173.3 27 C 23.01
83-97.74 8206 19 23.15
97.75 > 1182 21 17.77 0.89 p > (.05
R right; L ieft

Table 4.14 Straight leg raise measurements with injury incidence for lower limb injuries

Total hours Total Injury rate  Chi-square sign.
Injuries per 1000
hours

R Dorsiflexion (°)

<67.25 7417 11 14.83

67.26 - 75.99 721.7 11 15.24

76.00 - 90.74 729 17 23.32

80.75 > 824.7 15 18.19 2.57 p>0.05
R plantarflexion (°)

<71.25 824 14 16.99

71.26 - 83.99 803.3 14 1743

84 - 95.99 596.1 13 21.81

96 > 793.7 13 16.38 1.01 p>0.05
L Dorsiflexion ()

<70 745.5 9 12.07
70.1 - 80.9 937.1 21 22 41
81-949 5119 9 17.58

95 > 8226 15 18.23 3.08 p>0.05
L plantarflexion (°)

<72 919.7 15 16.31
72.1 - 82.99 934.5 19 " 20.33
83 -97.74 521.4 9 17.26

97.75 > 641.5 11 17.15 0.53 p>0.05

R right; L left



Table 4.15 Logistic analysis of the straight leg raise test with injury incidence of all injuries

Regression Chi- p-value Odds ratio 95% Ci

coefficient (B) square Lower Upper
R Dorsiflexion {°)
<67.25 28 0.51 0.92
67.26 - 75.99 24 -0.34 0.34 0.56 0.71 0.23 2.22
76.00 -90.74 25 -0.29 0.24 0.63 0.75 0.23 243
90.75 > 23 -0.05 0.01 0.93 0.95 0.29 310
R plantarflexion (°)
<71.25 25 0.48 0.92
71.26 - 83.99 27 0.07 0.01 0.91 1.07 0.33 3.41
84 - 95.99 24 ~{.29 0.25 0.62 0.75 0.24 2.30
96 > 24 0.00 0.00 1.00 1.00 0.31 3.22
L Dorsiflexion (°)
<70 26 2.62 0.46
70.1-80.9 27 -0.12 0.04 0.84 0.88 0.28 2.85
81-949 22 -0.83 2.08 0.15 0.44 0.14 1.35
95 > 25 -0.19 0.09 0.75 0.82 0.25 276
L plantarflexion (°)
<72 25 2.58 0.46
72.1-82.99 27 0.32 0.26 0.81 1.37 0.40 466
83-97.74 25 - -0.41 0.48 0.49 067 0.21 2.06
g97.75> 23 -0.55 0.86 0.36 0.58 0.18 1.85
R right; L left

Table 4.16 Logistic analysis of the straight leg raise test with incidence of all lower

flimb injuries

N Regression Chi- p-value Qdds ratio 95% Ci
. coefficient (B} square Lower Upper

R Dorsiflexion {°)

<B7.25 28 0.82 0.85

67.26 — 75.99 24 -0.48 0.69 0.41 0.62 0.18 1.93
76.00 - 90.74 25 -0.07 0.02 0.80 0.93 0.29 2.85
8075 > 23 -0.14 0.06 0.81 0.87 0.28 273
R plantarflexion (°)

<71.25 25 0.44 0.83

71.26 - 83.99 27 -0.07 0.01 0.91 0.83 0.29 282
84 - 95.99 24 -0.04 0.00 0.95 0.93 D.32 294
86 > 24 -0.36 0.35 0.55 0.70 0.22 2.27
L Dorsiflexion (°)

<70 26 1.28 0.73
70.1 - 80.9 27 -.39 0.47 0.49 0.67 0.22 208
81-94.9 22 0.02 0.00 0.97 1.02 -0.34 3.05
85 > 25 -0.52 0.73 0.39 0.59 0.18 1.96
L plantarflexion (°)

<72 25 ‘ 1.28 0.73 '
72.1-8299 27 0.38 0.42 0.52 1.47 0.46 4.74
83-67.74 25 0.41 0.48 0.49 1.50 0.48 4.72
897.75 > 23 -0.13 0.04 0.84 0.88 0.27 2.93
R right; L left
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Table 4.17 Sit and reach test results and injury incidence for all injuries and lower limb

injuries
Totai hours Total Injury rate per Chi-square Sign.
Injuries 1000 hours
Sit & Reach (cm) (all
injuries)
<23.5 950.6 21 22.09
23.51-29.19 11924 22 18.45
29.2-33.49 9741 21 21.56
33.50 > 14321 32 22.34 0.46 p>0.05
Sit & Reach (cm)
{lower limb injuries)
<23.5 6139 12 19.55
23.51 - 29.1¢ 753.6 12 15.92
29.2 — 33.49 71286 12 16.84
33.50 > 937 18 19.21 0.53 | p > 0.05

Table 4.18. Logistic analysis of the sit and reach test for all injuries and lower limb injuries

N Regression Chi- P-value Odds ratio 95% ClI
coefficient (B) square Lower  Upper
Sit & Reach (cm)
(all injuries)
<23.5 25 4.15 0.25
23.51-29.19 26 -1.25 3.81 .05 0.29 0.08 1.00
29.2 - 33.49 23 -0.87 1.80 0.18 0.42 0.12 1.49
33.50 > 24 -1.07 2.68 0.10 0.34 0.08 1.24
Sit and reach (cm)
(fower limb injuries)
<235 25 1.68 0.64
23.51-29.19 26 075 162 0.20 0.47 0.15 1.50
29.2 - 33.49 23 -0.47 0.67 0.41 0.83 0.20 1.92
33.50 > 24 -0.44 0.56 0.46 . 064 0.20 2.05

4.4.4 Concentric and eccentric hamstring and quadriceps strength

There were no significant differences between the quartiles of all the isokinetic variables of
concentric and eccentric quadriceps and hamstring strength in terms of injury incidence for
all rugby injuries and lower limb injuries (p>0.05) (Table 4.19 and 4.20). In the multivariate
regression analysis the players with a dynamic ratio of the right leg of more than 1.087
were found to be at greater risk of rugby injury (p=0.05 95%CI 1.0-20.5) (Table 4.21). The
logistic analysis found that players with between 159.1 and 187.99 N.m torque (p=0.02
95%CI1 0.05-0.80) and between 188 and 211.58 Nm torque (p=0.01 95%CI 0.05-0.07) of
the right concentric quadriceps contraction had a significantly greater risk of a lower limb
rugby injury (Table 4.22). The players with between 150.1 and 174.9 Nm torque (p=0.03
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95%CI 0.05-0.87) and less than 150 Nm torque (p=0.03) of the right eccentric hamstring

contraction had a greater risk of a lower limb injury (Table 4.22).

Table 4.19 Concentric and eccentric hamstring and quadriceps strength with injury

incidence of all injuries

Total Total Injury rate per  Chi-square sign.
hours Injuries 1000 hours

R Con. Quad (N.m)

<158 8266 16 18.36

159.1 ~ 187.89 1031.2 21 20.36

188-211.58 924.2 22 23.80

211.59> 9567 22 23.00 062 p>0.05
L Con. Quad (N.m) ‘

<156 924 .5 24 25.96

156.1 — 191.99 990.2 17 17.47

192 - 219.89 868.9 18 19.61

220> 855.1 21 24.56 2.34 p > 0.05
R Con. Ham (N.m)

<{07.25 10334 20 18.35

107.26 - 122.99 834.2 18 21.58

123 - 141.24 828.5 22 2655

141.25> 976 20 20.48 1.37 p>0.05
L Con. Ham {N.m) ‘

<102.5 210.9 20 21.98

102.6 ~ 123.89 754.7 14 18.55

124 - 131.99 12024 28 2329

132> 870.7 19 21.82 0.57 p>0.05
R Ecc. Quad (N.m)

<221.5 924 16 17.32
221.6 - 263.99 955.9 18 18.83
264 - 3034 1165.1 27 23.17

3035> 693.7 20 28.83 3863 p>0.05
L Ecc. Quad (N.m)

<214.5 1081.8 22 20.34

214.6 - 277.99 882.1 18 20.41
278 - 308.99 1018.7 24 . 23.56

309> 7561 17 2248 D.35 p>0.05
R Ecc. Ham (N.m}

<150 744 .4 13 17.46

150.1 - 174.99 1061.5 22 2073

175 - 197.99 1163.9 29 24.92

198 > 768.9 17 22141 1.35 p>0.05
L Ecc. Ham (N.m)

<142 g935.4 16 17.11

142.1 ~ 167.99 989.1 23 23.25

168 — 202.99 7181 15 20.86

203 > 1095.1 27 2466 1.52 p>0.05
R dynamic ratio :

<0.80 177 22 18.69

0.81-0.99 658.6 13 18.80

1-1.086 10108 30 29.68

1.087 > 894.3 16 17.89 422 p>0.05
L dynamic ratio

<{.80 1406.8 26 18.48

0.81-0.89 789.2 15 19.01

0.80—-1.09 666.8 22 32.99

1.10> 875.9 18 20.55 6.24 p > 0.05
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Table 4.20. Concentric and eccentric hamstring and quadriceps strength with injury

incidence for lower limb injuries

Total

Injury rate per Chi-square

Total hours sign.
Injuries 1000 hours
R Con. Quad (N.m)
<159 477.2 g 18.86
159.1 — 187.99 542.6 8 14.74
188-211.58 539.3 11 2040
211.58> 8495 16 18.83 0.97 p>0.05
L Con. Quad (N.m}
<156 550.8 11 19.97
156.1 - 191.89 508.5 7 13.82
192 - 219.99 792 14 17.68
220> 559.3 12 21.46 1.82 p>0.05
R Con. Ham (N.m)
<107.25 481.1 7 14.25
107.26 - 122.99 688.7 11 15.97
123 -141.24 571 14 24 .52 .
141.25> 501.2 11 18.61 3.30 p>0.08
L Con. Ham (N.m)}
<102.5 4886 10 2047
1026 - 123.98 4829 7 14.50
124 - 131.998 773.2 14 18.11
132> 663.9 13 19.58 1.14 p>0.05
R Ecc. Quad (N.m)
<221.5 487.3 8 16.42
2216 - 263.99 584.2 g 15.41
264 -303.4 6878 14 20.36
303.5> ) 649.5 13 20.02 1.05 p>0.05
L. Ecc. Quad (N.m) ,
<214.5 830.7 11 1324
2146 - 277.99 2155 5 23.20
278 - 308.99 7331 16 21.83
308> 626.3 12 19.07 3.02 p> 0.05
R Ecc. Ham (N.m)
<150 2819 4 14.19
150.1 - 174.99 5191 .8 17.34
175 - 197.99 952.9 19 16.94
198 > 654.7 12 18.33 1.01 p>0.05
L Ecc. Ham (N.m)
<142 5382 7 12.98
142.1 ~ 167.98 7058 13 18.42
| 168 ~ 202.99 4459 g 20.18
203 > 7176 15 20.90 212 p>0.05
R Dynamic ratio
<(.80 568.5 g 15.83
0.81 - 0.99 4058 & 14.79
1-1.086 714.8 17 23.78
1.087 > 7184 12 16.68 2.81 p>0.05
L Dynamic ratio
<{).80 698.7 11 15.74
0.861-0.88 723.3 12 16.59
0.90-1.08 475.5 12 25.24
1.10 > 511.1 g 17.61 3.04 p>0.05

R, right; L, left; Quad, quadriceps muscle; Ham, Hamstring muscle; Con, concentric torque; Ecc,

eccentric torque

79




Table 4.21 Logistic analysis of concentric and eccentric hamstring and quadriceps strength
with injury incidence of all injuries

N Regression Chi- p-value Odds ratio 95% ClI
coefficient (B) square Lower Upper
R Con. Quad
<159 21 2.28 0.52
159.1 — 187.99 22 -1.00 2.20 0.14 0.37 0.09 1.38
188-211.58 20 -0.73 1.18 0.28 0.48 0.13 1.81
211.59> 20 -0.69 ’ 1.01 0D.32 0.50 0.13 1.63
L Con. Quad ,
<156 22 1.07 0.79
156.1 - 191.99 21 -0.67 1.05 0.31 0.52 0.14 1.84
192 - 219.99 20 -0.36 0.28 0.59 0.69 0.19 2.56
220> 20 -.44 0.44 0.51 0.64 0.17 238
R Con. Ham
<107.25 22 2.76 0.43
107.26 - 122.99 21 -0.08 0.02 0.89 .92 0.25 3.41
123 - 141.24 19 -0.94 2.07 0.15 0.39 0.1 145
141.25> 20 -0.53 0.62 0.43 0.59 0.16 2.22
L. Con. Ham
<102.5 21 2.61 0.46
102.6 - 123.99 22 -0.49 0.54 0.46 0.62 0.178 225
124 — 131.99 21 -0.77 1.41 0.24 0.48 0.13 1.66
432> _ 18 0.14 0.04 084 1145 0.28 4.47
R Ecc. Quad
<221.5 21 3.56 0.31
221.6 - 263.99 22 -0.63 0.97 0.33 0.53 0.15 1.88
264 - 303.4 21 -0.17 0.07 0.79 0.84 0.24 2.98
303.5 > 198 0.62 0.79 0.37 1.87 0.47 7.35
L Ece. Quad
| <214.5 21 0.71 0.87
214.6 — 277.99 22 -0.08 0.01 0.94 0.95 0.26 3.42
278 - 308.99 21 -0.36 0.31 0.58 0.70 0.20 245
308 > . 19 0.15 0.08 0.82 1.47 0.32 4.28
R Ecc. Ham ,
<150 21 3.56 0.31
1501 -~ 174.98 22 -0.63 0.97 0.33 0.53 0.15 1.89
175 - 197.99 21 -0.17 0.07 0.79 0.84 0.24 2.98
198 > 19 062 0.79 0.37 1.87 0.05 7.35
L Ecc. Ham
<142 21 317 0.37
142.1 - 167.99 21 -1.00 2.20 0.14 0.37 0.09 1.38
168 — 202.99 21 ~0.41 .34 0.56 0.67 017 2.59
203 > 20 -1.00 2.20 0.14 0.37 0.08 1.38
R Dynamic ratio :
<{.80 28 4.79 0.18
0.81-0.99 16 0.34 .34 0.56 1.41 0.45 4.41
1-1.086 18 -0.09 3.02 0.89 0.91 0.25 3.34
1.087 > 21 1.51 3.88 *“0.05 4.55 1.04 20.50
L Dynamic ratio :
<{.80 a6 2.87 0.41
0.81-0.89 13 -0.65 1.08 0.30 .52 0.15 1.79
0.80 - 1.08 17 0.33 0.15 0.69 1.39 0.26 7.29
140> 17 -0.76 1.41 0.28 0.47 0.1 1.93

R, right; L, left; Quad, quadriceps muscle; Ham, Hamstring muscle; Con, concentric torque; Ecc,
eccentric torque
*p<0.05
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Table 4.22 Logistic analysis of concentric and eccentric hamstring and quadriceps strength
with injury incidence of lower limb injuries

N Regression Chi- p-value Odds ratio 95% Ci
coefficient (B) square Lower Upper
R Con. Quad
<159 « 21 7.48 0.06
158.1 - 187.99 22 - -1.54 520 *0.02 022 0.06 0.81
188-211.58 20 -1.60 .70 *0.01 0.20 0.05 0.75
211.59> 20 -1.24 3.49 0.06 0.290 0.08 1.08
L con. Quad
<156 22 2.83 0.42
156.1 - 191.99 21 -{.78 1.41 0.24 0.46 0.13 1.66
192 - 219.99 20 -0.49 0.58 .45 0.61 0.17 2.16
220> 20 0.20 0.10 0.75 1.22 0.35 4.24
R Con. Ham A
<107.25 22 1.60 0.66
107.26 — 122.99 21 -0.78 1.41 0.24 0.46 0.13 1.66
123 - 141.24 19 -.29 0.20 0.65 0.75 0.23 2.61
141.25> 20 -0.12 0.03 0.86 0.89 0.25 3.16
L Con. Ham , :
<{102.5 21 4.28 0.23
1026 - 123.99 22 -1.02 2.35 0.13 0.36 0.09 1.33
124 — 131.98 21 -1.08 268 0.10 0.34 0.09 1.24
132> 19 -0.20 0.10 0.75 0.82 0.24 2.84
R Ecc. Quad '
<2215 21 3.59 0.31
2216 - 263.99 22 -1.27 3.38 0.07 0.28 0.07 1.08
264 - 303 .4 21 -0.67 1.09 0.29 0.51 0.15 179
303.5> 19 -0.39 0.38 0.54 0.68 0.19 2.35
L Ecc. Quad ‘ '
<214 .5 21 4.95 0.18
214.6 - 277 .99 ' 22 -0.18 8.08 0.78 0.83 0.24 2.90
278 - 308.99 21 -1.39 . 378 0.05 0.25 0.06 1.01
309> 19 0.01 0.00 0.98 1.01 0.29 3.50
R Ecc. Ham
<150 21 8.66 *$5.03
150.1 - 174.98 22 -1.55 463 *$5.03 0.21 0.05 0.87
175 - 197.99 21 -1.09 2.68 0.10 0.34 0.08 1.24
198 > 19 0.18 0.08 0.78 1.20 0.34 4.18
L Ecc. Ham
<142 21 2.36 0.50
142.1 - 167.98 21 -0.92 1.94 “0.16 0.40 0.11 1.45
168 - 202.98 21 -0.29 0.21 0.65 0.75 0.22 257
203> 20 -0.69 1.16 0.29 0.50 0.14 1.77
R Dynamic ratio
<(.80 28 . 3.7 0.29
0.81-0.99 16 -0.63 1.07 0.30 0.53 0.16 1.76
1-1.086 18 -0.50 0.52 047 0.61 0.16 2.37
1.087 > 21 0.51 0.62 0.43 1.87 0.47 593
L Dynamic ratio
<0.80 38 6.37 0.09
0.81-0.89 13 -(3.59 0.94 0.33 0.55 0.16 1.84
0.80-1.08 17 147 2.26 0.13 3.21 0.70 14.74
1.16 > 17 -0.25 0.12 072 0.78 0.19 3.12

R, right; L, left; Quad, quadriceps muscle; Ham, Hamstring muscle; Con, concentric torque; Ecc,
eccentric torque
*p<0.05
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4.4.5 Strength endurance; agility; aerobic fitness; vertical jump

There were no significant differences between the quartiles for strength endurance in
terms of the sit-ups and push-ups tests in relation to injury incidence for any rugby injury or
a lower limb injury (p>0.05) (Table 4.23-4.24). The multivariate regression analysis found
that a player who performed less than 32 repetitions (p=0.03) or between 32 and 40
repetitions (p=0.01 85%CI 0.04-0.59) on the push-up test were at greater risk of a rugby
injury (Table 4.25). The multivariate analysis found that the player who performed between
48 and 60 repetitions on the sit-up test was found to be at a greater risk of a lower limb
injury (p=0.01 95%CI 0.03-0.62)(Table 4.26). There were no significant differences
between quartiles in terms of agility and injury incidence for any rugby injury or for a lower
limb injury (p> 0.05) (Table 4.23 - 4.24). However, the multivariate analysis did show a
significant predictor for rugby injury for players who had completed the agility test in
between 15.91 and 16.38sec (p=0.01 95%Cl 1.48-18.66) and between 16.4 and 16.89sec
(p=0.03 95%C| 1.16-13.86)(Table 4.25). Players who had completed the agility test
between 16.4 and 16.89 seconds (p=0.04 95%Cl| 1.06-16.03) or more than 16.89sec
(p=0.02 95%Cl 1.29-18.15) were at greater risk of a lower limb injury (Table 4.26). There
were no signiﬁcant differences between the quartiles in terms of the multistage shuttle run
(bleep) test and vertical jump in relation to injury incidence for any rugby injury or for lower
limb injury (p>0.05) (Table 4.23- 4.24). The multivariate regression analysis did not find
any predictors for rugby injury or lower limb injury in terms of the vertical jump and
multistage shuttle run (bleep) tests results (p>0.05) (Table 4.25-4.26).
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Table 4.23 Strength endurance; agility; aerobic fitness; vertical jump with injury incidence

for all injuries

Total hours Total Injury rate per Chi-square Sign.
Injuries 1000 hours

Sit-ups (rep)

<45.75 894.2 18 20.13
4576 - 59.99 1260.9 20 15.86
60 - 68.99 1312.8 28 19.81

70 > g72.3 30 30.85 572 p>0.05
Push ups (rep)

<32 917.4 16 1744

32.1-39.99 1137.6 28 24.61
44 - 46,99 1083.9 18 16.61

47 > 1251 32 25.58 3.143 p>0.05
Agility (sec)

<15.9 1366 30 2196

15.91 - 16.39 1144.5 28 24.48

16.4 - 16.89 1295.9 25 16.29

169> 564.9 10 17.70 1.28 p>0.05
Bleep (no}

<B82.5 870.5 17 19.53
62.51 - 78.99 1185.8 26 21.93

79 - 93.49 866.3 18 20.78

935> 115186 28 2431 0.57 p>0.05
Vertical Jump (cm)

<43.35 946.9 21 22.18
43.36 - 47 .24 1158.5 21 18.13

1 47.25-51.19 929.8 19 2043
51.2> 889.5 23 25.86 147 p>0.05
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Table 4.24 Strength endurance; agility; aerobic fitness; vertical jump with injury incidence

for lower limb injuries

Total hours Total Injury rate per Chi-square sign.
Injuries 1000 hours

Sit-ups (rep)

<4575 282.4 8 21.25

4576 - 59.99 898.9 13 14.46

80 - 68.89 9454 14 14.81

70 > 800.4 20 24.99 419 p>0.05
Push ups (rep)

<32 557.8 7 12.55

3213999 730 17 23.29

40 - 46.99 856.5 i2 14.01

47 > 713.5 16 -22.42 516 p>0.05
Agility (sec)

<15.9 736.8 14 19.00

15.91 - 16.39 847.6 16 18.88

16.4 — 16.88 1122.3 18 16.04

16.9 > 220.4 5 2268 1.16 p>0.05
Bleep (no)

<62.5 533.7 11 20.61

62.51-78.99 767.3 13 16.94

79-93.49 605.5 12 19.82

83.5 > « 794.5 14 1762 0.4¢ p>0.05
Vertical Jump (cm)

<43.35 6115 13 21.26
4336 - 47.24 811.7 14 17.25
47.25- 5118 6108 g 14.74

51.2> 506.7 10 19.74 1.35 p>0.05
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Table 4.25 Logistic analysis of strength endurance, agility, aerobic fitness, vertical
jump with injury incidence of all injuries

N Regression Chi- P-value Odds ratio 95% Cl
coefficient (B) square Lower Upper

Sit-ups (rep)

<4578 25 312 0.37
4576 - 59.99 23 -0.93 2.16 0.14 0.39 012 1.36
60 — 69.99 27 «0.02 0.00 (.98 0.98 0.27 3.61
70 > 20 -0.32 0.25 0.62 0.73 0.21 2.50
Push ups (rep)

<32 28 B8.65 *0.03

32.1-39.99 21 -1.85 7.59 “0.01 0.16 0.04 0.59
40 - 46.98 21 -0.64 0.77 0.38 0.53 0.13 2.21
47 > 23 -1.07 2.28 0.13 0.34 0.08 1.38
Agility (sec)

<15.9 24 7.81 0.08

15.91 - 16.39 23 1.66 6.57 *“0.01 5.25 148 18.66
16.4 ~ 16.89 27 1.39. 478 *0.03 4.00 1.18 13.86
16.9 > 22 1.09 3.35 0.07 2.98 0.93 9.57
Bleep {(no.)

<B2.5 24 4.85 0.18
62.51 - 78.98 26 -1.32 362 0.06 0.27 0.07 1.04
79 —93.49 22 -0.69 0.97 0.33 0.50 0.13 1.98
93.5> 19 -1.32 3.51 0.08 0.27 0.07 1.06
Vertical Jump {cm)

<43.35 20 1.21 075
43.36 - 47 24 20 -0.15 0.05 0.82 0.86 0.23 3.26
47.25-51.19 26 -0.15 0.05 0.82 0.86 0.23 3.26
512> 19 -0.62 0.96 0.33 0.54 0.16 1.86

Table 4.26 Logistic analysis of strength endurance, agility, aerobic fitness, vertical jump
with incidence of all lower limb injuries

N Regression Chi- p-value Odds ratio 95% Cl
coefficient (B) square Lower Upper

Sit-ups {rep)

<4575 25 7.73 0.05

45.76 - 58.99 23 -1.88 6.92 *0.01 0.16 0.04 0.62
60 — 69.99 27 -{.29 0.22 0.64 0.75 0.23 249

70 > 20 -0.42 0.51 0.48 0.66 0.21 2.09
Push ups (rep)

<32 28 3.64 0.30

3213899 21 .84 1.80 0.17 0.43 0.13 1.42
40 - 46.99 21 017 0.08 0.78 1.18 0.36 3.88

47 » 23 017 0.08 0.78 1.18 0.36 3.88
Agility (sec)

<15.8 24 6.1 0.11

15.91 - 16.38 23 0.89 2.04 0.15 2.70 0.69 10.55
16.4 - 16.89 27 142 4.19 *0.04 4.13 1.06 16.03

16.8 > 22 1.58 549 *0.02 4.85 1.29 18.15
Bleep {(no)

<62.5 24 0.94 0.82
62.51~78.99 26 -0.59 0.87 0.35 0.56 0.16 1.92
79 —93.49 22 -0.37 0.36 0.55 0.69 0.21 2.30

936> 18 -0.45 0.51 048 0.64 0.18 2.22
Vertical Jump {cm)

<43.35 20 0.56 0.91
43.36 - 47.24 20 0.13 0.04 0.84 1.14 0.314 4.18
47.25-51.18 26 0.34 0.27 0.61 140 0.39 5.06
51.2 > 18 -0.09 0.02 0.88 0.91 0.26 3.12
*p<0.05
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4.5 Discussion
4.5.1 Age; years playing rugby; previous injury
4.5.1a Age

This study did not find age to be a significant predictor for rugby injury. The quartile with
players aged less than 21 years had the highest injury incidence rate of rugby injuries
(25.43 injuries /1000 hours) (Table 4.1) and for lower limb injuries (21.15 injuries/1000
hours) (Table 4.2). This was however not statistically significant {(p>0.05). This finding may
not be statistically significant but it supports the findings of the prospective New Zealand
study that found that an age between 20 and 22 had greater risk of injury in rugby
(p<0.01)*". This study also found players aged 23 and older were at greater risk of rugby
injury® . These findings are not conclusive and studies with larger samples need to confirm
age as a risk factor for injury in rugby. The confounding variable would be level of
experience and skill and years of participation in rugby. The younger player could be more
at risk to injury due to his inexperience or lack of skill. The younger may also play at a
higher intensity or have a greater “will to win” than more experienced players. The older
player could be at greater risk with previous injury history and physical fitness as
confounding variables. A study that investigated risk factors for training-related injuries
among men and women in basic combat training did not find age to be a significant
predictor for injury (p>0.05)*’. To date, there is no conclusive evidence to suggest age as
a significant predictor for rugby injury.

4.5.1b Years of participation in rugby

There was no significance found between years of rugby participation and injury incidence.
The players with 8-12 years of rugby participation had the highest injury incidence was for
all rugby injuries and for lower limb injuries but it was not significant (p>0.05} in the
univariate analysis (Table 4.1 and 4.2). In the multivariate analysis players with between 8
and 12 years rugby participation were a greater risk of rugby injury (p=0.02) (Table 4.3).
This does not support other findings, as the years of rugby participation was not found to
be a significant predictor of injury incidence in rugby (p>0.05)"". In the New Zealand study
players with 4-5 years of rugby participation missed less play due to injury during the
season than players with 3 or less years of rugby participation (p=0.02)>. This was
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confirmed in the multivariate analysis (p<0.01)”’. It has been postulated that the
experienced player is better conditioned for the game and would therefore return from
injury sooner than the inexperienced player. The confounding variable with the
experienced player would be previous injury status. To date, there is no conclusive
evidence to suggest that the years of participation in rugby is a significant predictor of
injury in rugby.

4.5.1¢ Previous injury history

In this cohort previous injury was not found to be a significant risk factor for injury in rugby
or for a lower limb rugby injury (p>0.05) (Table 4.1 and 4.2). This does not support the
findings of the New Zealand study, which found that players with a preseason injury were
at greater risk (p<0.01) of sustaining injury than players who had no injuries in the previous
12 months® . This was confirmed by the findings of another study that found a 61% relative
increase risk of injury for players who had been injured in the preseason or carried a injury
from the previous season™. The current study did not classify players with injuries at the
time of preseason testing as a previous injury but it was classified as current injuries.
These preseason injuries were not included in this previous injury variable. The theory is
that previous lower limb injuries may be a risk factor for subsequent lower limb injuries.
Inadequate rehabilitation, weakness, inflexibility and changes in the biomechanical factors
could all be related to a previous lower limb injury. The limitation of the New Zealand study
is that muscle strength and flexibility were not tested in this cohort and could therefore not
be confirmed as possible confounding variables in the multivariate analysis. The current
study's failure to identify a history of a previous injury, as a significant risk factor could be
valid or the sample size of this cohort was too small.

it was reported that the history of a previous injury (OR=9.41 95%C12.80-31.58) is a risk
factor for the occurrence of sport injuries in young people®. However, this is influenced by
the personality trait dominance®. it was found that subjects with a high dominance score
had a significantly smaller chance of sustaining an injury as a result of a previous injury
compared to the person who had a less dominant personality®.

There is conflicting evidence with regard to history of a previous injury being a significant
risk factor for rugby injury. There is also evidence to suggest that a dominant personality
trait may reduce an athlete with a previous injury, risk of sustaining another injury.
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4.5.2 Anthropometric factors: height, body mass, BMI, sum of skinfolds
4.5.2a Height

This study supports the findings of the New Zealand study where height was not a
significant risk factor for rugby injury incidence. In another study involving combat trainers
stature of the subjects was not identified as a risk factor for injury®. In the current study
the highest injury incidence was in the quartile of players with a height less than 171.03 cm
for all rugby injuries (24.66 injuries/1000hours) (p>0.05)(Table 4.5) and for lower limb
injuries (22.94 injuries/1000 hours) (p>0.05) (Table 4.6). This could demonstrate that being
too short may increase the chances of sustaining a rugby injury but this was not confirmed.
In club rugby players it was found that the injured forwards were on average taller than the
non-injured forwards (183.0cm versus 181.1cm) but this was not statistically significant®®.
The injured backs were also on average taller than the non-injured backs (180.0cm versus
178.3cm) but it was not statistically significant®. To date there is no conclusive evidence to
suggest that height is a significant risk factor for injury in rugby.

4.5.2b Body mass

The players with a body mass of between 75.1 and 83.1kg had the highest incidence of
injury {22.36 injuries/1000 hours) for lower limb injuries (Table 4.6) and but this was not
statistically significant. In the New Zealand study, players with a body mass of greater than
81kg had a higher injury incidence rate compared with players with a body mass less than
74kg, but it was not statistically significant™. The body mass of combat trainers was not
found to be a significant predictor of injury®”. The players with a body mass of between
75.1and 83.1kg were associated with an increased injury incidence. The confounding
variables would be position of play and physical fitness. The positions of play with a higher
body mass may be involved in more body contact and tackles, which is the most
dangerous phase of play. Physical fitness also plays a role with body mass and the
amount of power the player can generate i.e. the bigger and faster player may have an
increased risk of lower limb injury. The significance of this finding needs to be confirmed
by future studies as it may be due to chance. In club rugby players it was found that the
injured forwards were on average heavier than the non-injured forwards (95.2kg versus
90.8kg) and injured backs were on average heavier than the non-injured backs (83.7kg

88



versus 81.9kg) but these differences were not statistically significant®®. However, there is
no evidence to identify body mass as a significant risk factor for rugby injury.

4.5.2c Body Mass Index {(BMI)

There was no significant relationship between BMI and injury risk. The New Zealand study
found that players with a BMI of greater than 26.5 sustained more injuries than the
reference group with a BMI of less than 23, In multivariate analysis of the New Zealand
study it was found that the players who have a BMI was less than 23 had a higher risk of
missing a proportion of the rugby season due to injury (p<0.01)*. In the study of combat
trainers BMI was not found to influence the time lost to training as a result of injury®
study that investigated the risk factors for sport injuries in young people it was reported that
BMI was not a significant predictor (p>0.05)%. The Croatian study of club rugby players
found the injured forwards to have a larger BMI in comparison to the non-injured forwards
(28.7 versus 27.9) while injured and non-injured backs had the same BMI®. There are other
studies that found that the players who had reported injuries had an age adjusted mean
BMI of 25.4 compared with non-injured players who had an age adjusted mean BMI of
24.6%. However, in this study® the BMI was not measured but self-reported. The
confounding variable for BMI would be the level of play and position of play as it could
indicate the number of tackles the player is involved in. However, there is no conclusive

.Ina

evidence to suggest that BMI is a significant risk factor for rugby injury.
4.5.2d Sum of skinfolds

This study supports the findings of the New Zealand study that did not find the calculation
of sum of skinfolds as a significant risk factor for rugby injury®. The Croatian study of club
rugby players found that injured forwards had on average a greater body fat percentage
(21.0% versus 20.5%) while injured backs had on average a lower body fat percentage in
comparison to non-injured backs®. It has not been confirmed if subcutaneous fat tissue
and other anthropometric characteristics represent risk factors or protective factors in
contact sports®.

4.5.3 Flexibility measurements
4.5.3a The slump test
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The slump test assessed the amount of pain experienced by the player in cervical flexion
versus cervical extension with both the right leg and the left leg. The visual analog scale
results were used in the analysis. No trends were obvious with respect to the visual analog
scale recordings of the slump test and injury incidence in relation to all rugby injuries. The
results with regard to lower limb injuries revealed an inverse relationship between the
visual analog scale results and injury incidence. The players with the least pain during the
slump test had the highest lower limb injury incidence rate (Table 4.10). No other studies
used the slump test to predict risk of rugby injuries. The one study that involved the slump
test found that it might be involved in repeated grade 1 hamstring strains in rugby
players'®. There is however, no conclusive evidence to identify the results of a slump test
as a risk factor for injury in rugby.

4.5.3b The straight leg raise test

There was no significance between range of motion during the straight leg raise test and
injury incidence for all rugby injuries (Table 4.13) and for lower limb injuries (Table 4.14).
There are no studies that have used the straight leg raise test to identify risk factors for

- rugby injury. The straight leg raise was one of the tests that were used to identify risk
factors for muscle injuries in soccer players'!. In this study it was found that soccer players
who had less than 90 degrees of hip range of motion on the straight leg raise test had a
higher risk of sustaining a hamstring strain (p=0.02)"". This finding applied to players who
not had any previous hamstring injuries. There is no evidence to suggest that decreased
range of motion on the straight leg raise test is a risk factor for rugby injury or a lower limb
injury. However, soccer players who had no previous muscle injuries and less than 90
degrees of hip range of motion on the straight leg raise test had a higher risk of sustaining

a hamstring injury.
4.5.3¢ The sit and reach test

This study did not reveal any trends in terms of the sit and reach test results and risk for
rugby injury. The players who could reach the furthest, i.e. greater then 33.5cm had the
highest incidence for rugby injury (p>0.05) (Table 4.17). The players in the quartile with the
least flexibility could reach less than 23cm and had the highest injury incidence for lower
limb injuries but it was not statistically significant (p>0.05). There were no significant
predictors for rugby injury identified in the multivariate analysis. It could be that the sample
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size was too small. The sit and reach test was used to determine risk factors associated
with hamstring injuries in Australian Rules footballers and it was not found to be a
significant predictor test’®. The male combat trainers were found to be at risk of injury if
they had the highest or the lowest results on the sit and reach test®”. The sit and reach had
not been used in a study, which involved rugby players. At present, there is no evidence to
suggest that the resuits on the sit and reach test can be used a predictor for injury in
rugby.

4.5.4 Concentric and eccentric hamstring and quadriceps strength

There was no relationship between the different isokinetic variables as predictors for rugby
injury or lower limb injury. In ali of the variables with the exception of 2 variables (left
concentric quadriceps strength -Table 4.15 and left concentric hamstring strength- Table
4.16) the third quartile had the highest injury incidence rate (p>0.05). In the logistic
analysis the players with a dynamic ratio (concentric quadriceps and eccentric hamstrings)
of greater than 1.087 were found to be at greater risk of an injury in rugby (p=0.05) (Table
4.21). The dynamic ratio was particularly designed to test imbalances between the
quadriceps and hamstrings that could indicate predisposition to injury®'. However the
evidence to indicate validity of this ratio for injury prediction is sparse. It was postulated
that a dynamic ratio less than 1.0 could increase hamstring injury risk’. This will be
discussed in chapter five.

The logistic analysis found that a right concentric quadriceps peak torque of between
159.1- 187.99 Nm (p=0.02) and between 188 -211.58 Nm (p=0.01) was a significant
predictor of a lower limb injury in rugby (p=0.02)(Table 4.22). These were not the strongest
players of the quartiles but rather the weaker players. The logistic analysis also showed
that players who had a right eccentric hamstring contraction of less than 150 Nm or
between 150.1 and 174.99 Nm torque were at greater risk of a lower limb injury in rugby
(p=0.03) (Table 4.22). These findings support the results of some studies that have
identified isokinetic weakness as a risk factor for hamstring injury’®“. The studies that
have identified isokinetic muscle weakness as a risk factor were investigating hamstring
injuries and it was not done on rugby players’®%*. Findings from the present study’s
findings support the hypothesis that weak concentric quadriceps or weak eccentric
hamstring strength or imbalance (as identified by the dynamic ratio) places players at
greater risk of injury of a lower limb injury. Since these findings were not consistently
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shown in all the analyses of the current study future studies with a larger sample are
needed to confirm this.

In conclusion, it can be documented that there is some evidence to suggest that weak
concentric quadriceps or weak eccentric hamstring strength can be used as a predictor for

lower limb injury in rugby.
4.5.5 Strength endurance, agility, aerobic fitness, vertical jump
4.5.5a Strength endurance: the 2- minute sit-up test

There were no significant findings with regard to sit-ups and prediction of injury in rugby. It
was found that the players who performed more than 70 sit-ups had the highest injury
incidence for any rugby injury (Table 4.18) and for lower limb injuries (Table 4.18). This
means that the players who performed the best in the sit-up test had the highest injury
incidence which could once again demonstrate that the players with the better physical
conditioning may be-at more risk of injury but confounding variables have to be
considered. However the multivariate analysis showed that a poor performance of
between 46 and 60 repetitions on the sit-up test placed the player at risk of a lower limb
injury (p=0.01)(Table 4.26). This could indicate that players on either end of the spectrum
i.e. the best physically conditioned or the worst physically conditioned players could be at
risk of injury. There are no other studies that used the (2minute) sit-up test as a predictor
for rugby injury or specifically for lower limb injuries. The sit-up test was included in the
protocol of a study that aimed at identifying risk factors for hamstring injury in Australian
Rules footballers’. The performance of a player on the sit-up test was not found to have
any predictor value for hamstring injury’. The performance of combat trainers on the sit up
test was not found to influence the trainer’s risk of injury or time that might be lost from

training due to injury®’.

There is no conclusive evidence to indicate that the resuits on the sit-up test can be used
as a predictor for rugby or more specifically for lower limb injury. ‘
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4.5.5b Strength endurance: the 1-minute push-up test

It was found that the players who performed more than 47 repetitions during the push-up
test had the highest injury incidence rate for any rugby injury but it was not statistically
significant (p>0.05) (Table 4.23). The players who performed between 32.10 and 39.99
repetitions had a 0.77 higher incidence rate of lower limb injuries than those who
performed more than 47 repetitions (Table 4.23). The multivariate analysis found that
players who performed less than 32 repetitions (p=0.03) or between 32.1 and 39.99
repetitions (p=0.01) on the push-up test were at risk of a rugby injury (Table 4.25). This
finding supports other studies that found poor performance on the push-up test as a risk
factor for injury®™™". In the study, which involved combat trainers it was found that those
who performed less push-ups were at greater risk of losing training time as a result of
injury (p<0.01 )¥”. In the New Zealand study it was found that players who performed
between 20 and 33 push-ups missed a greater proportion of their rugby season than those
who performed fewer than 19 push-ups®. The patterns of association in the multivariate
analysis were not linear, making interpretation difficult. This finding could mean that the
less strength endurance a player has places him at greater risk of a rugby injury or missing
proportion of the season. However, it could also be argued that the more strength
endurance a player has the more at risk he is to sustaining a rugby injury. The fitter
players may alsoc more likely to be involved in more body contact and tackles in the game.

There is however, some evidence to suggest that poor performance on the push-up test
(less than 40 repetitions) can increase injury risk in rugby.

4.5.5¢ Agility

The players that performed the agility test between 15.91 and 16.39 seconds had the
highest injury incidence rate for any rugby injury (24.46 injuries /1000 hours) (Table 4.23.).
The fastest players had an injury incidence of 21.96 injuries/1000 hours indicating a
difference of 2.5 compared with the players with the highest injury incidence rate. In the
univariate analysis of lower limb injuries the players who had the slowest times i.e more
than 16.9 seconds had the highest incidence of lower limb injuries (Table 4.24) but it was
not statistically significant (p>0.05). In the multivariate analysis the fastest players that took
less than 15.9 seconds (p= 0.05) or between 15.9 and 16.39 seconds (p=0.01) and 16.4
and 16.89 sec (p=0.03) were found to be at greater risk of rugby injury (Table 4.25). The
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players with the slowest times on the agility test i.e between 16.4 —16.89sec (p=0.04) and
greater than 16.9sec (p=0.02) were found to be at risk of a lower limb injury (Table 4.26).
This finding does not support the New Zealand study that found the fastest players that
completed a 30 m sprint in 3.76 seconds had the highest injury rate (p=0.05)*". The validity
of agility and 30m sprint test results as predictors of rugby injury needs to be confirmed by
future studies. At present it appears that players at either end of the spectrum i.e. the
slowest and the fastest players are at risk of a higher injury incidence.

4.5.5d Aerobic fitness: the multistage shuttle run test

The players who completed more than 93.5 shuttles of the 20m multistage shuttle run had
the highest injury rate (24.31 injuries/1000 hours) for any rugby injury (p>0.05) (Table
4.18). The players who had completed the least number of shuttles i.e. less than 62.5
shuttles of the 20m multistage shuttle run test had the highest incidence of lower limb
injuries (20.61 injuries /1000 hours) (p>0.05) (Table 4.19). The multivariate analysis did
not reveal the 20m multistage shuttle run as a significant predictor of any rugby injury.
These findings support the results of the New Zealand study that did not find the 20m
multistage shuttle run test as a significant predictor of injury in rugby™. A prospective study
of Australian Rules footballers confirmed that this test could not be a predictor of hamstring
injury’. The results of the current study highlight the possibility that players on either end of
the spectrum may be at risk of a higher incidence of rugby injuries i.e the fittest and the
least fit players.

4.5.5e The vertical jump test

The players who could jump the highest i.e. more than 51.2cm also had the highest injury
incidence for all rugby injuries (25.86 injuries /1000 hours) (p>0.05) (Table 4.23). The
players who jumped the lowest i.e. less than 43.35cm had the highest injury incidence of
lower limb injuries (21.26 injuries/1000 hours) (p>0.05) (Table 4.24). The multivariate
analysis did not show the vertical jump test results as a significant predictor of rugby injury
or lower limb injury. (p>0.05) (Table 4.25 and Table 4.26). The results of the New Zealand
study confirm these findings that the resuits of the vertical jump test cannot be used to
predict risk of injury (p>0.05)>". This was also the finding in the study, which involved basic
combat trainers®.
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The vertical jump test was not identified as a predictor for injury in rugby.

4.6 Summary

The physical tests that demonstrated an association with risk of injury in the multivariate
analysis were the two-minute sit-up test, the one-minute push-up test, the lllinois agility
test and the isokinetic concentric quadriceps and eccentric hamstring strength. A poor
performance of between 46 and 60 repetitions on the two-minute sit-up test placed the
player at risk of a lower limb injury. Players who had performed less than 32 repetitions
(p=0.03) or between 32 and 40 repetitions (p=0.01) on the one-minute push-up test were
at increased risk of sustaining a rugby injury (Table 4.25). Players who completed the
agility test in less than 15.91seconds, between 15.91 and 16.39 seconds and between
16.4 and 16.89 seconds had increased risk of a rugby injury. The players who had
completed the agility test in more 16.4 seconds also had an increased risk of a lower limb
injury. Players with less than 150Nm eccentric hamstring strength and between 159.1 —
211.58 Nm torque concentric quadriceps strength were at greater risk of a lower limb
injury. This would need to be confirmed by studies with a larger sample size.

The value of other physical tests as predictors for rugby injury needs to be investigated.
These tests used in the current study may not be suited to test the unique combination of
skill, strength, speed and fitness required in rugby. Rugby is a sport that involves short
episodes of power i.e. the ability to develop force at a high rate. It is also important to
address the conditioning of the player to sport specific tasks. The tackie is the most
important aspect that needs to be addressed in training. Most injuries in this cohort (as
described in chapter three) involved being tackled. Tests need to be designed to assess
the ability of the player to withstand the force associated with the tackle. The other factors
that need to be addressed to make tackles safer are the use of protective equipment and
law changes. The tests that were investigated in this study have validity to test one aspect
of the players’ fitness. The risk for injury in rugby may be multifactorial and may be
position specific. It may be necessary to design tests that are specific to position of play
that could be used as predictors for injury in these players. Each position has a certain set
of skills required which usually cumulates into a certain set of anthropometric
characteristics. The tests used may need to reflect this and the norms for various positions
of play need to be validated.
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The present study did not analyze the influence of preseason training on subsequent
injury. It has been documented that players have a 3.9% relative increase in risk of injury
for each additional preseason training week attended. These players were from 25 rugby
clubs in the Scottish Rugby Union and the details of the preseason training were not
provided. It appears that an increased amount of training could increase risk of injury in the
season if the player develops an injury during the preseason. The present study did not
use the proportion of time missed from the season as an outcome variable as in the New
Zealand study™. The reason is that the interpretation of this may be difficult because
injuries that occur in the preseason or early in the season would reflect as causing more
time missed from rugby than injuries that occurred later in the season. The results of the
New Zealand study should be viewed with caution due to the method of statistical analysis.
Each quartile of a particular variable was only compared to one other quartile (the
reference group)”. The statistical significance reflects the comparisons of two quartiles
rather than a comparison of four.

4.7 Conclusion

There were no strong predictors for rugby injury or lower limb rugby injuries. The
comparison of the studies may highlight the possibility that players on either end of the
spectrum may have a greater risk of rugby injury i.e. the fittest versus the most unfit. More
research needs to be conducted to investigate these findings with a larger sample size and

with more rugby and positional specific tests.
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Chapter Five

A review of risk factors associated with hamstring injuries

5.1. Introduction
5.2. Methods
5.3. Resuits

5.4. Discussion
5.5. Summary

5.1. Introduction

Hamstring injuries have been identified as a common injury in sports, that involve
sprinting, changing direction with speed, and kicking®!"®27%%4 | particular, it has been
identified that hamstring injuries are common in a number of sporting codes including
rugby*>®. Previous epidemiological studies of South African rugby players report a
seasonal incidence of 4.3% in school rugby players; 11% in club rugby players and 4% in
professional rugby®"?*. Comparisons between studies are difficult as few studies relate
incidence to exposure time. In Australian Rules football, hamstring injuries account for
16% of missed playing time and have a recurrence rate of 25% in intercollegiate football
players®’. The most common injuries reported during the 1987/1988 soccer football
league season were hamstring strains®. In Australian first class level cricket in 1995/1996
to 2000/2001 hamstring strains was reported as the most common injury®®. The most
common injuriges during the 1987/1988 professional soccer season was hamstring strains
and ankle ligament sprains®. In a study, which investigated the injury patterns among
runners, it was found that hamstring strains were the most common injury in sprinters™.
In Australian football league the most commonly injured body part region was the thigh
and the most common type of injury was a muscle strain. Hamstring had the highest
recurrence rate of all injuries, 34% of the incidence of new hamstring strains in Australian
football league™. Severe injuries of the prox.imal hamstrings have also been associated

with water skiing®.

97



Risk factors of sport injuries can be classified as intrinsic and extrinsic. Intrinsic risk factors
relate to factors specific to the individual such as muscle strength, muscle flexibility,
muscle fibre composition, age, anthropometric characteristics, physical fitness,
psychological considerations and past injury history'. Extrinsic factors are external to the
individual and include the nature of the sport, environmental conditions and use of
protective devices'®. The most common postulated risk factors of hamstring injuries are
muscle weakness and muscle inflexibility”'"®. Appropriate prevention strategies for
hamstring injuries can only be instituted once the modifiable risk factors of hamstring
injuries have been scientifically identified. The aim of this chapter is to review the evidence
available regarding the etiology and risk factors associated with hamstring injuries.
Specific intrinsic factors for hamstring strains that will be reviewed in this chapter are
muscle strength, muscle flexibility, anthropometric characteristics, age, past injury history,
muscle fibre composition, and physical fitness in relation to strength endurance, agility and
aerobic fitness. Extrinsic factors will only be briefly examined and will include the nature of
the sport, environmental conditions and the use of protective devices.

5.2. Methods

5.2.1. Search strategy and study identification

An electronic database search included a Pubmed Medline search to July 2004. All
studies reporting on hamstring injury prevention and hamstring etiology were included
across all sporting codes. The studies involving either sex, from adolescence to middle
age were included. No language restrictions were applied. Animal studies were not
included. Studies involving surgical intervention were excluded. The specific search terms
included hamstring injuries, hamstring strains, hamstring function, intrinsic risk factors,
extrinsic risk factors, muscle strains, soft tissue injuries, running injuries, and sport

medicine.

5.2.2. Assessment of methodological quality

The selection of studies for inclusion involved a number of stages. The first stage involved
assessment of the titles and abstracts to determine if the studies met the criteria. If there
was doubt about the eligibility the full text was reviewed. The full text review was then
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obtained and reviewed to determine if the inclusion criteria were met. If the article was not
excluded it was then formally abstracted. All identified studies were independently
assessed and coded. The following criteria was used to assess the methodological quality
of the studies:

o Was the diagnosis of hamstring injury clearly defined?

e Was the risk factor accurately measured prior to injury?

o Was the diagnosis appropriately applied?

o Was the number of subjects statistically sufficient?
All the relevant studies were then scored according to the system® recorded in Table 5.1.

Table 5.1 Scoring criteria of the studies

Criteria Score
Yes
-11. There was a clearly stated research question 1
1 2. The correct type of study was done to answer the research question 1
3. The study was original 1
4. The subject selection (cases and controls or the cohort of exposed 2
subjects and controls) was free from selection bias '
5. The measures of outcome were clearly described and appropriate 1
6. All the measures of outcome were valid and reliable 1
7. Assessments were, as far as possible, “blind” 1
8. Statistical analysis of data was appropriate and clear 1
9. Was there recognition of the determinants of causation 1
Total 10

5.3. Results

The initial search and examination identified 196 titles and abstracts as relevant. Of these
91 were excluded by their titles and 47 were excluded on the basis of their abstracts as
irrelevant. The full texts of 40 articles were retrieved of which 27 were excluded as
irrelevant and 13 studies met the criteria for inclusion. All these articles were English
publications. Studies were excluded on the basis of not identifying risk factors of
hamstring injuries, being a review article, not being a prospective or retrospective study
and one study was excluded because no hamstring injuries occurred during the study. 17
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full texts could not be located of which 8 were not considered relevant on the basis of
publication in a non-scientific journal.

5.3.1. Characteristics of the studies

Thirteen studies totalling 3892 participants were included in the analysis. Eight of these

893713121114

studies were prospective cohort studies, * three were retrospective®*'® and

two were case control studies®'®. These studies examined the following risk factors of
hamstring injuries: isokinetic muscle strength; muscle flexibility; anthropometric
characteristics; age; past history; physical fitness; environmental factors and the use of
thermal pants.

The total quality scores were calculated for each study based on the sum of the item
scores (Table 5.1). The maximum score was 10 and the range of overall scores varied
between 5 and 9. Tables 5.2 - 5.6 present the characteristics of each of the studies that

were included in this review. Six of the studies involved Australian Rules

14:10

Footballers,%%3713128 wo studies involved rugby players'#'® and two involved runners of

which one was conducted in marathon runners'® and one in sprinters*. There were two

11,88

studies that involved soccer players' ™ and there was one study that involved soccer

players and martial art athletes®. In only one study, female athletes were included and this
was the study involving marathon runners'®. There were 2 studies””® that failed to report

the sex of the subjects, but it could be assumed to be male as the sport was football.

All the studies that were reviewed had a similar definition of a hamstring injury. Hamstring
injury was defined as a muscle strain that had to be severe enough to cause the athlete to
miss a match and/ or training time®%3 7124131188 1 4 few studies, the clinical signs of a
hamstring injury were described as a sudden onset of pain during sprinting or kicking;
pain, localized tenderness and reduced range of motion of straight leg raise and reduced
strength on resisted knee flexion in prone®®*"'*_ Nine studies used a clinical diagnosis of

the hamstring injuries®%3 71341114

while one study used magnetic resonance imaging
(MRI)'? and two studies used soft tissue diagnostic ultrasound to confirm the diagnosis'®

8 In one case control study the following definition for prolonged hamstring pain syndrome
was used: persistent problems such as discomfort and inhibition during athletic activity and
a unilateral hamstring injury confirmed by ultrasound®. The other case control study
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defined the test group as having sustained 2 or more grade 1 hamstring strains in the
same leg in the past two years, which had been confirmed by a doctor or physiotherapist™.

5.3.2. Reduced isokinetic muscle strength

Five of the thirteen studies included in this review, examined isokinetic weakness as a
possible risk factor for hamstring injuries (Table 5.2). All of these studies used different
study designs and the isokinetic testing was done at different angular velocities and
therefore the results could not be pooled. The two prospective studies, which involved
Australian Rules footballers aimed to establish isokinetic muscle weakness as a possible

risk factor for hamstring injuries and had conflicting results”®. The prospective study that

confirmed the association between preseason isokinetic muscle weakness with hamstring
injury involved 37 professional footballers from Australian Football League. The protocol of
isokinetic testing used in this study was at angular velocities of 60, 180 and 300 degrees.
Peak torque relative to body weight (in Newton-meters per kilogram), side- to- side
comparisons and hamstring to quadriceps muscle isokinetic strength ratios were
determined. Six players in this cohort sustained hamstring injuries. All the injuries were
unilateral and the injured hamstring muscles were all weaker than their non-injured leg in
absolute peak torque values and hamstring-to-quadriceps muscle ratios. The injured limbs
had significantly lower hamstring-to-quadriceps at 60deg/sec (p<0.001), hamstring injured
to non-injured hamstring muscle ratios at 60 deg/sec (p=0.005), and hamstring muscle
peak torque at 60 deg/sec (p= 0.011). In the other prospective study of 102 male
Australian Rules footballers these findings were not confirmed. All the players in this
Australian Rules football study were tested for maximal voluntary isokinetic contraction at
the start of the season at angular velocities of 60 and 180 degrees/second through a range
of 5-95 degrees of knee flexion and extension. Twelve of the 102 players sustained one or
more hamstring strains in this study. There was also no significant difference in hamstring
peak torque between the dominant and non-dominant leg and between the injured and
non-injured legs in the injured players. There was no significant difference between the
injured and non-injured players in any of the relative hamstring and quadriceps concentric
and eccentric muscle strength variables®.

in two retrospective studies a possible association between hamstring injury and isokinetic
weakness was reported. In the one retrospective study, the aim was to determine whether

there are any differences in eccentric and concentric hamstring and quadriceps torques
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between sprinters who had suffered hamstring injuries compared to uninjured sprinters®. In
this study 11 male sprinters that had sustained a hamstring injury during one of the two
seasons before the season of the investigation were compared to a control group of 8
sprinters who had never sustained a hamstring strain. A Kincom muscle dynamometer
was used to test the isokinetic muscle strength and subjects had to complete 72 maximum
contractions. Concentric peak torque as tested at three different velocities 30, 180 and 270
deg/sec while eccentric peak torque as tested at 30, 180 and 230 deg/sec. The peak
torque values of concentric and eccentric contractions of quadriceps and hamstrings
muscles at the different angular velocities of the injured group were compared with the
uninjured group values. The main finding of this study was that uninjured sprinters had
significantly higher torques during 30 deg/sec concentric contractions of the hamstrings
and during eccentric contractions of the hamstrings at 30 deg/sec (ps0.01), 180 deg/sec
(p=0.01) and 230 deg/sec (p=0.001) compared to injured sprinters (p< 0.05)*. The finding
of this study supports the hypothesis that there is eccentric and concentric weakness of

the hamstring muscle following a strain.

The second retrospective study was conducted over the period of 1973 to 1882 in 1098
intercollegiate football players that were divided into two groups®. The players in Group |
(534 player-years) from 1973-1877 underwent a supervised training programme, which
consisted of a supervised winter running programme and self-designed year-long
stretching, running and weight lifting. Group |l consist of 564 player-years from 1978-1982.
These players received the supervised programme as group | but in addition had isokinetic
deficits of the hamstrings and quadriceps corrected to a desired ratio of 0.60. It was found
that Group 1 had 41 primary hamstring injuries with 13 recurrences and group |l had 6
primary hamstring injuries with no recurrences®. These retrospective studies provide some
evidence of a possible association between isokinetic strength variables and hamstring
injury. It is important to note that the significant decrease in hamstring injuries in Group I
may be as a result of a number of factors and not conclusively as a result of the isokinetic
deficit correction.

A similar study was conducted on 26 athletes to determine if correction of isokinetic
muscle strength levels and agonist and antagonist ratios could significantly reduce the
incidence of injury when athletes return after their initial injury®. The athletes played soccer
{(n=14) or martial arts (n=7) at a national or international level. All these athletes had
sought medical attention for prolonged hamstring pain syndrome such as discomfort and
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inhibition during athletic activity and difficuity reaching their previous standard of
performance. All injuries were confirmed by soft tissue diagnostic ultrasound. The
assessment protocol consisted of concentric contractions at angular speeds of 60 deg/sec
and 240 deg/sec of both the hamstring and quadriceps muscles. Eccentric contractions of
the hamstrings at angular velocities of 30 deg/sec and 120 deg/sec were conducted. The
quadriceps-hamstring peak torque ratio was established and a combined ratio was

~ determined in which the hamstrings was assessed eccentrically at 30 deg/sec and the
quadriceps at 240 deg/sec concentrically. The subjects (n=18) were given an
individualized rehabilitation programme based on the assessment deficits. Their
programme included hamstring isokinetic strengthening with a standardized warm-up, a
mode of eccentric or concentric contraction or both. The exercise programme was
performed three times a week and included stretching exercises and analgesic electrical
nerve stimulation. The subjects were observed for 12 months after the end of treatment,
which coincided with the correction of the strength deficit of less than 5%. The subjects
were reassessed in terms of pain and discomfort during training and competition, before
rehabilitation, and on return to activity and at 6 and 12 months after treatment by using a
visual analog scale. It was found that none of the subjects that completed the rehabilitation
programme sustained a clinically diagnosed hamstring strain within the year after the
rehabilitation and the pain rating scored were significantly reduced (0.9+0.6)(p < 0.001)°.
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Table 5.2. Characteristics of the studies examining iéokinetic muscle weakness as a risk

factor
Benneilf Jonhagen® Orchard’ Crosie” Heiser’
1998 (n=102) 1994 (n=11) 1997 (n=37) 2002 (n=28) 1984(n=1098)
Method. 9 7 9 6 6
quality score
Study design  Pros. Retro. Pros. Case control Retro.
Sex Male Male Unknown Male Unknown
Age (vears) fMean 22.2 22.0 Mean 22.0 25 Unknown
Population Australian Sprinters Australian Soccer (n=14)  Football
Rules football league  and martial arts  plavers
footballers {n= 8)
Isokinetic Con. and Ecc.  Con. at 30°, Con. and Ecc.  Ratios of Con.  Unknown
testing of torque at 60° 180° and 270°  torque at 60°, at 60° and 240°
ham. & quad. and 180° Ecc. at 30°, 180° and 300°  and Ecc. of 30°
180°, 230° and 120°
injury Clinical Clinical Clinical Clinical Unknown
definition diagnosis; diagnosis diagnosis diagnosis ;
’ ultrasound ultrasound
No.of ham. 12 11 6 26 1098
injuries

Method, methodological; pros., prospective; retro, retrospective; ham, hamstring muscle; quad,
quadriceps muscle; Con., concentric; Ecc, eccentric

5.3.3. Muscle inflexibility
The association between flexibility and hamstring strain was evaluated in six of the thirteen

studies included in this review. Of these four were prospective and two were retrospective
studies (Table 5.3). In the most recent prospective study of 306 football players the

flexibility of the hamstring, adductor, rectus femoris and hip flexor muscles was measured

using markers placed close to the movement axis and photographs were taken with a
digital camera and analysed using the Kineview movement analysis system®. The passive
knee extension test was used to measure flexibility of the hamstring muscle. The flexibility
results of the passive knee exiension test failed show any significance to hamstring injury
in the univariate analysis and was not included in the multivariate analysis™.
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in another prospective study of 146 maie professional soccer piayers the flexibility of the
hamstring, quadriceps, adductors and calf muscles was measured goniometrically before
the start of the season''. None of these players had a previous history of a lower extremity
muscle injury in the preceding two years. The injuries of these players were monitored
throughout the season and a clinical diagnosis was made of the muscle injuries. The
players with hamstring injuries (n=13) were found to have significantly lower preseason
flexibility in these muscles before their injury compared with the uninjured group (p=0.02).
This study concludes that preseason hamstring muscle flexibility can be used to identify
male soccer players at risk of developing their first hamstring muscle injury’".

In an earlier prospective study of 37 professional Australian Rules footballers a protocol
consisting of a number of tests were performed in the preseason. The flexibility of the
lower back and hamstrings was assessed using the “sit and reach” test. Six players
sustained a clinically diagnosed hamstring injury that resulted in them missing playing
time. No significant association was found between the sit and reach results and hamstring

injury’.

In another prospective study that evaluated the association between hamstring and lower
lumbar spine flexibility with hamstring injury, no significance was found®. This study
consisted of 67 male Australian Rules footballers that were tested in the preseason. A
computer analysis of videotape images of toe touching with knees extended from erect
standing was used to measure the toe-touch distance and end range hip and lumbar spine
flexion angles. Clinical diagnoses of hamstring injuries were made throughout the season.
Eight of the 67 players sustained a hamstring injury during the season and six of these
were confirmed on ultrasound. This study confirmed the results of the previous study that
did not find any significant association between toe-touch flexibility and hamstring strain
(p= 0.05)%.

Many studies that examined flexibility as a risk factor for hamstring strain mentioned the
possibility of neural flexibility as a possible risk factor. Neural flexibility can be described
as the ability of the neural structures to move with the correct amount of tension between
anatomical structures. One such study was included in this analysis. This study was a
case control study that investigated the presence of adverse neural tension in currently
asymptomatic rugby union players with a recent history of repetitive grade 1 hamstring
strains and a matched control group with no hamstring injury history'®. The test and control
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groups consisted of 14 male rugby union players with no history of spinal problems and no
major lower limb pathology. The test group in addition had two or more Qrade 1 hamstring
strains in the same leg in the past 2 years as diagnosed by a doctor or physiotherapist.
The subjects had to be asymptomatic for hamstring strain for at least 4 weeks prior to

| testing. Active knee extension in lying and the “slump test” were used to test flexibility and
neural tension respectively. No difference was found in muscular or neural flexibility
between the groups. Eight of the 14 subjects in the test group (57%) had a positive slump
test while none in the control group had a positive slump test. The resuits of this study
provide evidence that players with a history of grade 1 hamstring strains may have

adverse neural tension.

In a retrospective case control study, eleven sprinters with recent hamstring injuries were
compared to nine uninjured runners in terms of flexibility and strength®. The flexibility was
measured in supine lying with straight leg raise performed with the angle between the
bench and the line connecting the greater trochanter and fibular head was measured.
There was a significant decrease in hip joint range of motion in the injured compared with
the uninjured sprinters (p<0.01)*.

This demonstrates that there is conflicting evidence regarding muscle inflexibility as a risk
factor for hamstring injuries.

106





























































































































































































