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.ABSTRACT

The effect of a preseason conditioning program was

studied to evaluate its influence on the occurrence and:
severity of soccer injuries. Three hundred female soc-.

cer players (ages 14 to'18 years) were studied over a
{-year period. Forty-two of these players participated

'm a 7-week training program before the start of the

season. The type, mechanism, and severity of the
injury, whén the injury occurred, the number of games

or practices missed, and type of shoe wom were re-

corded. All mjunes occurred in the lower extremities,
with 61.2% occurring at the khee and ankle. Student's

ttest evaluations revealed that the trained group ex-
perienced a significantly lower incidence of injury than

the untrained group (P = 0.0085). Although not statis-
_tically significant, the trained group also had a lower "
percentage (2.4%) of anterior cruciate. ligament injuries

compared with the untrained group (3.1%). These re-
sults suggest that this type of conditioning has a Slg
nificant influefice on lowering the" incidence of mjury ln

female adolescent soccer piayers BRI o

Soccer has emerged as the most popular sport in the

world: With a significant increase in participation over 'the
past '2 ‘decades, soccer has become the fastest growmg
team sport in the United States,%2° Along with this in-
crease in popularity. comes ‘an-increase in injuries for
part1c1pants Thus, soccer injuries have come under scru-

tiny in the field of sports medicine. Recent studies have

been performed to evaluate injuries in soccer players as a
group. #10-12.14 Tt has been found that as many as 68%

to 88% of all soccer injuries involve.the lower extremi-
8,5-7.10,13

ty,1+3=7-13*13 most commonly the knee and ankle.
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A few studies have focused on injuries in female soccer
players, ‘and these studies also show that the majority of
mJunes occur in the lower e‘ctremztys ® Brynhildsen et
- al.® performed & retrospective study of 150 female soccer
players and found that injuries to the ankle and knee
accounted for 39.5% and 16.9% of the 248 injuries, respec-
tively. Similarly, Engstrém et al.® examined 41 female.
soccer players and found that 49% of the 78 injuries-oc-
curred in the knee and ankle. = |

StudJes indicate that female soccer players are twice as'
-likely to get injured compared with their male countér--
parts.12-3% Female to male injury rate ratios of 1.1 to
0.51 and 32 to 14 per 1000 hours of participation have -
been found, 2% It has also been noted that femiale players’
- are more likely to sustain a serious injury than are malé.
players, particularly ACL and "patellofemoral joint inju-
‘ rieés.? Similar sex-specific differences have also been con-
firmed by DeHaven and Lintner.*:This information. cou-
pled with the. large increase in female participation in -
sports over recent decades, demands. that more attentmn
be put on injuries to female athletes.

Numerous factors-contribute to soccer injuries.*>~7 7.9.10.16

" These include insufficient training or conditioning, play-

ing surface, event (game or practice), and shoe type. The
purpose of this study ‘was to evaluate the role that pre-
season condmomng had on the occurrence and severity of _

'injury in female soccer p]ayers

MATERIALS AND MET HODS

Three hundred female high school soccer plavers (age
range, 14 to 18 years) were evaluated over 1 year of
competitive soccer participation. The year included two
separate seasons: the school season from Auygust through
November, and the select season that ran March through
August. Before the start of the select season, 42 of these
players were randomly selected to participate in the Frap-
pier Acceleration Training Program (Frappier Acceleration,
. Fargo, North DaLcta) ¥ Th.ls training program combines
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sport-specific cardiovasculer conditioning, plyometric work,
-sport cord. drills, strength training, and .fle-ab:hty gxer-
cises. to improve one’s speed and agxhty ‘It is customized

for each athlete's sport, position, and individual strengths .

and weaknesses. Acceleration training also helps athletes
learn proper techniques in skills that ehable them to rec-
.ognize and avoid movements that place. them at risk for
injury, This type of training has been thought to be most
beneficial at the begibning of the, season, ‘after which the
- acquired gains in strength and speed can be. sustained
“during the season th:rough regular skill ‘exercises.’® In
addition to these gains, it is believed that specific. motor

. units in the neuromuscular system are conditioned to ﬁre N

" 'in a way that. enhances muscular efficiency.

- Before pa.mmpatmn, informed, written consent was s ob- :

‘tained from all -participants. The athletes in this study
were first given a preparticipation physical and tested on

sport-specxﬁc skills including vertical jump, broad jump,

10-yard dash, and foot agility via plvometncs They par-
ticipated in this 20-session (two treadmill sessions and.
.. .one plyometric session per week except the first week
_ because of an orientation session)training program over a

. T-week period at no cost to them. The treadmill has the
ability to incline to 40°. By elevating the grade, runners
‘automatically learn to maintain forceful knee drive,
proper pelvic position, high foot ‘carry through, and full

- extension with every stride. For the plyometncs sessions,
the athletes progressed through stages during the 7-week -

training program. The progression of the movements in
the sessions went from 1) unidirectional, 2) bidirectional,
3) multidirectional, and 4) 2inch increments using foam
for obstacles. On completion of the program, the partici-
pants were tested on the same sport~spec1ﬁc skills as
during the preseason test.
Discussions of injury rates in any sport are subject to
- bias because of the variability in the interpretation of
injury rate. For the purpose of this study, an injury was

defined as that which caused the athlete to miss a game or

a practice, as in accordance with Keller et al. ® Therefore,
only those injuries resulting in lost time from games or
practices were.included in the statistics. Injury informa-
tion was assessed by the school's athletic trainer and
recorded on an.injury incident report form. These data
included type of injury, mechanism of injury, severity of
injury, event in which the injury occurred, and type of
shoe worn during the injury. The athletic trainers were
blinded as to which athletes participated in the preseason
tralmng program.

Type of injury was recorded with respect to the ana-
tomic region, while the mechanism was noted as contact or
noncontact. Severity of the injury was categorized accord-
ing to the number of games or practices missed and rated

" on a scale from 1 to 6 (Table 1). The event during which
the injury occurred (game or practice) and type of shoe
worn (turf, soccer, running, or gym) were recorded.

Incident report forms were collected at the end of the
year and all data were compiled into a spreadsheet. Sta-
tistical analysis consisted of Student’s ¢-test evaluations

with the level of significance set at P < 0.05.

American Journal of Sports Medicine

TABLE 1
Grading of Injury Severity by Number of “vhssed
Practices and Games -

' Cntenon

Grade
1 Missed 1 game/practice
"2 . Missed 2-3 games/practices
3 Missed4-7 games/pracuces
4 ‘Missed 2+ weeks
: B © " Missed 1-2 months-
6 . Seasop-ending injury- . .
- RESULTS .

Injuries |
"' The occurrence of injury was significantly less in the
“trained group than in the untrained group (P = 0.0085)." "~

Fourteen percent of the athletés ‘who partmpated in the -
preseason training program sustained injuries (7 injuries -
in 6 of the 42 athletes), compared with 33.7% of these who
did not participate (91 injuries.in 87 of the 258 athletes).

The injiries suffered by the trained group included two

ankle sprams, one ACL tear, one medial collateral liga-
ment sprain, one knee -bursitis, one quadriceps muscle .

strain, and one iliotibial band strain. The distribution of

injuries for athletes in the untrained group “included 21
ankle sprains, 8 ACL tears, 7 quadriceps muscle strains, 6
miedial collateral ligament tears, 6 cases of chondromala-
cia patellae, 4 Achilles tendon strains, 4 leg contusions, 3
ankle fractures, 3 hamstring muscle strains, 3 quadriceps

contusions, 8 meniscal tears, 3 knee contusions, -2 hip

flexor sifrains, 9 anlle contusions, 2 posterior tibia strains,

2 hip contusions, 1 knee strain, 1 patellar subluxation, 1

patellar dislocation, 1 gastrocnemius muscle strain, 1
stress fracture, 1 groin strain, 1 foot sprain, 1 heel confu-~
sion, 1 tibia fracture, 1 hip pointer, 1 calf strain,and 1 case

of posterior tibia tendinitis.

Type of Injury A
All injuries occurred in the lower extremities, with most .
(61.2%) involving the knee and ankle. This same pattern
was observed when the sub_)ects were stratified into the
groups, as 71.4% of injuries occurred at the knee and
ankle for the trained group and 60.4% for the untrained

- group. The classification of these injuries by group and

anatomic reguon is summarized in Table 2, and the break-
down of kpee injuries specifically is illustrated in Table 3.

TABLE 2

Location of Injuries for the Trained and Untrained Groups
Total ' Trained Untrained
Area af | (V = 98) (N=" (N =81)
injury .
N % N % N %
Knee 32 32.7 3 42.9 29 31.8
Ankle 28 28.6 2 28.6 26 28.6
Other - 38 38.8 2 28.6 36 39.6
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' TABLE 3
Frequency of Dx.ﬁ'erent K.nee Injunes for the Trained and Unh-amed Groups

. Total (V¥ = 300) Trained (N = 42) " Untrained (N = 258)

Knee injury . - ————

. N % N % N %’

ACL tear 9 3.0 -1 2.4 8 31

MCL sprain or tear . 7 2.3 -1 24 6. 2.3

Chondromalacia’ patellae, . B 2.0 0 N/A 6 2.3
Meniscal tear 3 1.0 0 N/A 3 12 .

~ Contusion 3 1.0 .0 . -N/A. . 3. 1.2

Bursitis | 1 0.3 1 2.4 0 N/A
Strain 1 0.3 0 N/A I 04

Patellar subluxation 1 0.3 0 N/A- 1 0.4

Patellar dislocation o1 0.3 0 N/A 1 04

~ Mechanism of Injury (Contact Versus Noncontact)

Thirty-seven percent of the injuries (36 of the total 98). '

occurred as a result of contact with another player. Three
of the seven (42.9%) injuries sustamed by the-trained
group were caused by contact. The remaining 33 contact

injuries happened to the players in the untrained group’

(88.3% of their 91 injuries were caused by contact with
another player).

Severity -
The average sevent:y score for the tramed athletes was

. 2.86, with one athlete susta.Lmng a season-endmg injury.
(ACL tear). The average severity score for the untrained -
athletes was 3.23. Eleven of these athletes. expenencedi

season-ending injuries. The breakdown of i m_)unes by se-
venty is ﬂlust:rated in Figure 1.

Pracﬁce Versus Game

Overall, more mJunes occurred during practice sessions -

. (52%, 51 of 98) than during games (44.9%, 44 of 98). The
other three injuries were either chronic or not soccer re-
lated. However, examination 'of the two groups md.mdu—

.ally yielded conflicting results. Similar to the group as a
whole, less than halfof the i 1nJunes in the untrained group
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Figure 1. Breakdown of severity of injuries by grade.

(42:9%, 89 of 91) océurred during a game.: “This is in con-

trast to the 71.4% (5 of 7) suffered by the trained cr:mup"
_during a game. .

“~

DISCUSSION

Ekstrand and G—ﬂlqu;st5 state that soccer injuries occur as
a result of several factors. These include player factors
(joint instability, muscle tightness, condmomng, and re-
habilitation), equipment (type of shoe and shin guards),

playing surface (grass versus artificial turf), rules (sports-
manship and adherence to rules), as well as other miscel-
laneous factors. Manipulation of one or more of these
factors in a posmve way should decrease the incidence of
injury. With the rise of female participation in athletics

" and the concurrent rise in number of injuries, it is imper-
.ative to ascertain ways to mm.mnze the rate and seventy

of these injuries.
The ‘most significant ﬂndmg in this present mvesuga-

tion was that subjects in the untrained group had a sig-
nificantly higher (P < 0.05) incidence of injury. commpared

 with the trained group (83.7% versus 14.3%, respectively).
- For the group as & whole, 31% of the athletes sustained an

m_]ury with 5 of the total 800 athletes experiencing two
injuries. In comparison,. Engstrom et al.® found:a much

. higher injury-incidence of 80% in 41 female soccer. players

One possible explanation for the difference in resilts is -
that patients were elite soccer players participating at a '
‘higher level of intensity with more frequent games and

pracnce sessions, therefore they had a greater cha.nce of "
injury. In another study that.reported injury rate in terms
of percent. injured per total.number of participants, a

rémarkably low injury Tate of 4.38% was found.*® How-

ever, it must.be noted that this partmular study observed
youth soccer players for a period of only 4 months.

As previously established, ‘the most common injuries in
soccer are to the lower extremity, espemally to the knee
and ankle.®-*"1%1° The present study supports. these
findings, as the majority of injuries (61.2%) were to the
knee and ankle (82.7% and 28.6%, respectively). Schmidi-
Olsen et al.’® observed 496 youth soccer players for 1
year and found that 49.1% of their 312 injuries were t0

* the knee and ankle. Of the total injuries, 26% occurred

at the knee and 28.1% at the ankle. In a similar report,
examination of 124 male soccer players over a l-year
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penod demonstrated the incidence of knee and ankle
injuries to be 87%, based on 256 injuries.® Engstrém et
al.® showed an incidence ofinjury to the knee and ankle
of 49% (38 of 78 injuries), while a retrospective study of
150 female soccer players by Brynhildsen et al.® yielded
a frequency of 56.4%, based on 248 injuries.

In.cur study, 9 of the 12 season-ending injuries involved
the ACL, and 8 of these injuries were experienced by
athletes in .the untrained group. Considering the preva-
lence of knee injuries and the severity of ligament involve-
ment, the fact that the untrained group was found to have
a higher percentage of ACL injuries than the trained
group (3.1% versus 2.4%) was an important finding. Al-
though statistical significance was not found, we can the-
orize that this was due to the small sample size of the
trained group and that signiﬁcance could be established
with a larger group.

" The objective of this study was to deter.rnme the role of
a pieseason conditioning program on the occurrence and
‘severity of injury in adolescent female soccer players. This
study demonstrated a significantly lower incidence of in-
_ jury in female soccer players who underwent preseason

conditioning through the Frappier Acceleration Training
Program. Although soccer injuries cannot be prevented
completely, it is possible to avoid some types and minimize
the overall number and severify, Prevention of soccer in-
juries should focus primarily o conditioning of the lower

extremity in sport-specific activities. -
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