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Abstract
Aim—To identify permanent sequelae
after sports injuries in children and
adolescents.
Methods—In 1985, a prospective register
was drawn up of all sports related injuries
reported that year by the residents of
Trieste, Italy aged 6–15 years. Moderate to
severe injuries (scoring > 2 on the abbre-
viated injury scale (AIS)) were the object
of a longitudinal clinical study. In 1988,
30.9% of the 220 subjects enrolled had
sequelae. A further follow up was under-
taken in 1997.
Results—The follow up in 1997 involved 54
subjects (26 girls; average age 24.5 years).
Subjective and objective sequelae, by now
considered to be permanent, were found
in 61.1%, corresponding to 15% of the AIS
> 2 injuries recorded in 1985. The preva-
lence of sequelae was similar in the two
sexes, in relation to the child’s age at time
of injury, and in the diVerent sports prac-
tised. It was higher in relation to the
severity of the lesion (89% of AIS 3 injuries
examined, 56% of AIS 2 injuries) and to
the type of lesion and its location. With
regard to AIS > 2 injuries, permanent
sequelae were found in 50% of ankle frac-
tures, 43% of elbow fractures, 33% of
leg/foot fractures, 25% of knee sprains,
and 23% of ankle sprains.
Conclusions—The frequency of sequelae
in sports injuries in children and adoles-
cents is high. The risk appears to be
connected to certain anatomical and func-
tional age characteristics. Prevention
strategies should include specific assess-
ment of physical fitness and adequate fol-
low up after the accident, particularly
rehabilitation.
(Arch Dis Child 1999;81:324–328)
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Injury is the leading cause of death in children
and young adults and a major cause of
potential lost years of life worldwide.1 Non-
fatal injuries are significant contributors to
acquired disability in European countries,2 but
information is still lacking about the role played
by diVerent injuries. For example, few studies
have been published on sports related injuries
resulting in disability in children and
adolescents.3–9 In Trieste, Italy, a longitudinal
survey revealed sequelae in 30.9% of a group of
220 children followed up for three years after a
moderate to severe sports injury.10 We report

the follow up of these subjects after a further
nine years and compare the permanent seque-
lae found on clinical examination 12 years after
the sports injury with the sequelae found after
three years. To our knowledge, this is the most
prolonged longitudinal study of sports injuries
in children.

Methods
Trieste is a small city (212 km2, 250 000
inhabitants) in the north east of Italy. Resident
children and adolescents aged 0–15 years
(0–17 since 1997) are referred at the family’s
request to our institute, a mother and child
hospital, which includes an emergency room
and an intensive care unit, as well as all the
other medical and surgical departments, with
the exception of neurosurgery. Children with
injuries occasionally taken to other local hospi-
tals for adults are subsequently transferred to
our hospital for care. Therefore, we think that
all children in need of hospital care after injury
are seen by our institute. In many cases, patient
follow up continues until adulthood. These
close links with the city’s residents favours
population studies and longitudinal surveys of
injuries of children and adolescents. For the
purpose of these studies, children referred to
our hospital because of an “accident” but with-
out evidence of injury11 are not considered.

As part of a prospective study, a register was
made for a one year period (1 January to 31
December 1985) of all the sports related inju-
ries sustained by the 26 001 residents in the
Trieste area aged between 6 and 15 years, and
treated in our centre.12 Overuse sports injuries
and play accidents were not included. Infor-
mation collected comprised age; sex; place of
residence; place of accident; circumstances of
accident; whether it occurred in competition or
in training, during spontaneous or supervised
activity; the duration of the sports activity at
the time of the accident; the location, type, and
severity of the lesion measured using the
abbreviated injury scale (AIS); and the type of
medical care given. AIS is an injury severity
rating system that has been widely used since
1971 in the motor vehicle crash investigation
field.13 It assigns a single code number, on a
scale of 1 (minor) to 6 (fatal), to a specific
injury description. In the fourth edition (1990)
over 1200 injuries are listed.14 As far as
extremities are concerned, AIS 1 (minor) inju-
ries are contusion or sprain of acromion, elbow,
etc, fracture of finger; AIS 2 (moderate)
injuries are knee or ankle sprains, finger ampu-
tation, carpal, tarsal, or leg uncomplicated
fractures; AIS 3 (serious) injuries are open or
displaced fractures of long bones, arterial
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lacerations, hand or foot amputation, tendon
ruptures. The highest score for injuries to
extremities (AIS 4, severe) are leg amputation
or crush and pelvic crush. In our experience,
AIS scoring was most suitable for rating the
severity of sports related injuries in children
with injuries at only one location.12 Patients
with multiple injuries would be better assessed
according to the injury severity score (ISS). ISS
is a mathematically derived code number
determined by adding the squares of the high-
est AIS codes in each of the three most severely
injured body regions.13

One thousand and forty four subjects
reported sports related injuries (rate, 4015/
100 000 residents aged 6–15 years): 573 boys
(rate 4292/100 000) and 417 girls (rate 3694/
100 000); the percentage of moderate to severe
(AIS > 2) injuries was 24.2% among the boys
and 23.6% among the girls (not significant).12

All cases were followed up for as long as medi-
cal care was necessary.

A longitudinal follow up study was designed
involving the 220 patients with AIS > 2 for
lesions involving the limbs, but without lesions
to the head, face, and trunk. Three years after
sustaining the injury, 30.9% of the 220 patients
had subjective and/or objective sequelae on
clinical examination.10 The study was contin-
ued with a further clinical examination in 1997
(12 years after the initial accident) of those
subjects who had had sequelae after three
years; this paper examines the results of this
latest examination.

Sequelae were classified either as objective
(limited joint mobility, pain on pressure, axial
deviations, weakness, or shortening of a limb)
or subjective (pain at rest or during exercise,

sense of unsteadiness, or paraesthesia). Seque-
lae found during the 1997 follow up were con-
sidered permanent, whereas those found in
1988 were considered to be temporary.

The permanent sequelae were analysed in
relation to the child’s sex and age at the time of
the accident; in addition, they were analysed
according to the type, location, and severity of
the lesion and to the sports activity involved, as
well as to the temporary sequelae present three
years after the accident. Given the percentage
variable of patients in the various categories
with sequelae after three years subsequently
lost to follow up in 1997, the permanent
sequelae were also examined in relation to the
total number of AIS > 2 lesions recorded in
1985.

Results
Of the 68 subjects who presented sequelae at
the first follow up in 1988, 14 were impossible
to trace or did not wish to be examined. Thus,
our study comprised 54 subjects (26 girls). The
average age at the time of the second follow up
was 24 years and six months (range, 18–27).

Sequelae were found in 33 of the 54 subjects
examined; these were objective in 9 cases, sub-
jective in 13, and both objective and subjective
in 11. The subjective sequelae consisted of pain
at rest (17) or during exercise (18), sense of
unsteadiness (9), and paraesthesia (2); objec-
tive sequelae consisted of limited joint mobility
(6), weakness (6), oedema (4), pain on pressure
(3), axial deviations (2), evident scarring (2),
and shortening of a limb (1).

Table 1 shows the permanent sequelae found
in relation to sex and age at time of registration
in 1985, to sequelae three years later, and to the

Table 1 Sequelae after acute sports injuries in children from Trieste according to sex and age at injury registration

Sex and age
AIS > 2 injuries
( n)

1988 follow up 1997 follow up

p Value
Temporary sequelae
(n)

Cases lost
(n)

Controlled cases
(n)

Permanent sequelae

n
AIS > 2 injuries
(%)

Boys 119 32 4 28 17 14.3
0.5757†Girls 101 36 10 26 16 15.8

6–10 years 55 10 1 9 6 10.9

0.202‡
11–13 years 103 31 7 24 15 14.6
14–15 years 62 27 6 21 12 19.4
Total 220 68 14 54 33 15.0

†Two sided Fisher’s exact test; ‡÷2 for trend = 1.275.
AIS > 2, abbreviated injury scale > 2 (moderate to severe).

Table 2 Sequelae after acute AIS > 2 sports injuries in children from Trieste according to lesion location and type

Lesion location and type

AIS > 2
injuries
registered (n)

1988 follow up 1997 follow up

p Value
Temporary
sequelae (n)

Cases
lost (n)

Controlled
cases (n)

Permanent sequelae
Risk ratio of
permanent
sequelae*n

AIS > 2
injuries (%)

Hand, wrist fractures 74 13 4 9 3 4.1 0.20 0.001
Hand, wrist, elbow sprains 26 3 1 2 0 – 0 0.018
Elbow fractures 14 7 – 7 6 42.9 3.27 0.009
Knee sprains 24 10 2 8 6 25.0 1.81 0.22
Tibia fractures 9 4 0 4 3 33.3 2.34 0.14
Ankle fractures 4 2 0 2 2 50.0 3.48 0.11
Foot fractures 6 2 0 2 2 33.3 2.30 0.22
Ankle sprains 43 18 3 15 10 23.2 1.79 0.10
Others 20 9 4 5 1 5.0 0.31 0.32
Total 220 68 14 54 33 15.0 – –

*Compared with all the other injuries combined.
AIS > 2, the abbreviated injury scale > 2 (moderate to severe); Others, fractures of knee, shoulder, clavicle.
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total number of cases with AIS > 2 lesions.
There was a similar distribution of permanent
sequelae among the two sexes, whereas seque-
lae at three years had been more frequent
among the girls, although not significantly so.10

One possible explanation is that more girls
were lost to follow up in 1997 than boys. With
regard to age, permanent sequelae appeared to
be more frequent for injuries sustained by chil-
dren under 10, whereas temporary sequelae
had been seen more frequently above 10 years
(p < 0.05).10 This could occur because of the
high number of cases of older children with
temporary sequelae who were lost to follow up.
In fact, in relation to the total number of AIS
> 2 lesions, permanent sequelae were more
frequent with increasing age, although not sig-
nificantly.

Permanent sequelae were found in nine of 10
AIS 3 lesions examined (seven of seven
fractures, two of three sprains) and in 26 of 45
AIS 2 lesions (nine of 20 fractures, 15 of 23
sprains, two of two other lesions). The type and
location of the lesions was particularly signifi-
cant (table 2). Sequelae were particularly
frequent after fractures of the elbow, tibia,
ankle, and foot, and knee and ankle sprains,
which confirmed the earlier results of the study
in 1988.

Table 3 shows the influence of the specific
type of sport practised. Permanent sequelae
were more frequent after accidents involving
downhill skiing, school physical education, and
basketball than after other sports, but this was
not significant. These results diVer from the
previous study, in which temporary sequelae
were more frequent than the average also in
accidents while playing handball and roller-
skating, and less frequent in downhill skiing.10

There appeared to be no relation between
sequelae and the sport practised.

Table 4 summarises the results of the longi-
tudinal study and the prevalence rates among
the Trieste population of sports related injuries

and their sequelae. It is worth noting the high
prevalence of permanent sequelae resulting
from the sports related injuries occurring in
one year alone.

Discussion
The follow up of individuals who have
sustained an injury can be useful because it
provides information about: (1) the long term
complications and sequelae, and (2) the eVec-
tiveness of the care provided and the possible
need for rehabilitation programmes.15 The dif-
ficulty of carrying out longitudinal follow up
studies16 has meant that attention has been
focused upon the more serious, life threatening
accidents that can result in disability, such as
multiple trauma, and injuries to the head, face,
and viscera.15 17 18

Isolated lower limb injuries are rarely life
threatening but can be associated with pro-
longed periods of disability and handicap.9

Especially in children, it is important to bear in
mind the possible eVect of the injury on
musculoskeletal structures,15 19 as well as the
adverse eVects that even a minor disability can
have on the adolescent’s self image11 20 and on
normal everyday activities.4

However, there are far fewer follow up stud-
ies of sports related injuries in children than
studies of an epidemiological and clinical
nature. They tend to be less serious than simi-
lar injuries in adults,6 21–23 and are rarely fatal,24

but among older children and adolescents,
sports accidents are more frequent and serious
than other types of accident.4 25–30

In the 6–15 year age group studied in
Trieste, when fatalities were excluded, sports
accidents were three times more frequent and
serious than road accidents, and among
children over 10 years, they were second in
terms of frequency, but first in terms of sever-
ity, compared with accidents in the home31; a
quarter of the sports accidents recorded in
1985 were moderate to severe.12 Follow up
three years later revealed that 30.9% of these
220 subjects had sequelae,10 a rate two to three
times higher than that reported by other
authors one to three years after the lesion.3 4 6–8

This diVerence was probably because the
severity of the lesion was one of the inclusion
criteria for the follow up.

Extending the study over the long term
revealed that over 60% of these subjects still

Table 4 Sports related injuries and sequelae in children from Trieste 1985–97

n
Rate/100 000 residents
(6–15 years old)

Sports injuries registered (1985) 1044 4015
AIS > 2 injuries (1985) 250 961
Temporary sequelae (1988 follow up) 68 261
Permanent sequelae 33 126

AIS > 2, abbreviated injury scale > 2 (moderate to severe).

Table 3 Sequelae after acute AIS > 2 sports in children from Trieste according to sports activity

Activity

AIS > 2
injuries
registered (n)

1988 follow up 1997 follow up

Temporary
sequelae (n)

Cases
lost (n)

Controlled
cases (n)

Permanent sequelae
Risk ratio of
permanent
sequelae* p Valuen

AIS > 2
injuries (%)

School physical education 43 14 3 11 8 18.6 1.31 0.48
Basketball 27 13 4 9 6 22.2 1.34 0.43
Football 43 13 3 10 6 13.9 0.77 0.66
Downhill skiing 34 6 1 5 5 14.7 0.83 0.81
Volleyball 14 4 – 4 2 14.3 0.90 0.89
Rollerskating 15 5 1 4 2 13.3 0.84 0.79
Handball 7 3 – 3 1 14.3 0.95 0.96
Others (18 activities) 37 10 2 8 3† 21.6 0.49 0.31
Total 220 68 14 33 33 15.0 – –

*Compared with all the other sports combined.
†Wrestling two of three; motor cross one of one.
AIS > 2, abbreviated injury scale > 2 (moderate to severe).
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had sequelae 12 years after the accident. Leav-
ing aside the 14 subjects with temporary
sequelae lost to follow up, 15% of the 220
subjects who sustained moderate to severe
sports injuries in 1985 had permanent seque-
lae. This prevalence rate, which relates to the
accidents occurring in one year alone, is higher
than that reported by Barker et al in a study of
accident related disability in the 0–16 age
group.9 At 23 years of age, 6.3% of the 287
subjects admitted to hospital with a sports
injury reported a permanent disability, with a
similar incidence in men and women: only
accidents in the workplace and on the roads
caused a higher rate of sequelae. In 2208 other
subjects not hospitalised, 1.9% of the boys and
4.4% of the girls reported disabilities with a
frequency inferior only to that of road
accidents. Comparison between our results
and those of Barker is possible only with
regard to the more serious lesions, because in
Trieste these patients were hospitalised; we
have no data regarding the minor lesions
because follow up was not performed. How-
ever, it should be stressed that in the study of
Barker et al, more than half of the disabilities in
the boys and two thirds of those in the girls
resulted from minor lesions receiving ambula-
tory care.

The results of our study show that the most
important factors influencing the likelihood of
permanent sequelae are the characteristics and
severity of the lesion. The child’s sex, the age at
the time of the accident, and the type of activ-
ity involved were not significant.

The influence of the severity of the lesion is
clear: there was a higher prevalence of perma-
nent sequelae after AIS 3 lesions than after AIS
2 lesions, despite the fact that the AIS is not a
significant predictor of sequelae, as we have
already reported in a previous study.32

Apart from the severity, it was the type and
location of the lesion that most influenced the
likelihood of sequelae. At the anatomical level,
one example is the elbow fracture in which the
bone callus of the humerus occupies the
olecranon fossa, thus obstructing the capitu-
lum of the ulna. At the functional level,
mention should be made of the ankle sprains in
which unsteadiness can cause subsequent
re-injuries resulting in permanent disability.

The absence of any relation between seque-
lae and the sports activity practised indicated
that it is the child’s specific anatomical and
functional characteristics that influence the
frequency of sequelae.

The sequelae resulting from sports accidents
merit our attention because even if they are not
seriously disabling they can still impair every-
day life and activity.4 7 We did not try to meas-
ure the impairment caused by the permanent
sequelae that we found in our subjects. We
know that subjective reporting has an impor-
tant role to play in defining disability,16 33 and
that in the study of Barker et al it was the sub-
jects themselves who reported the disability
resulting from the accident.

In conclusion, it would seem wise to
reconsider the idea of the benign nature of
sports accidents in children.4 The gradual

increase in supervised sports activity in many
countries makes it necessary to adopt a specific
approach for children who practise sports,
beginning with the preliminary assessment of
physical fitness and aptitude34 and strict adher-
ence to the guidelines for properly supervised
sports activity.35 As much attention should be
paid to rehabilitating a child after a sports
injury as to rehabilitating an adult athlete.36–38

Longitudinal follow up studies of sports related
injuries are another essential aid to prevention.
The risk of sequelae seem to be connected
more to the anatomical and functional charac-
teristics of the child than to the specific sport
practised. It is the paediatrician’s task to ensure
that the schools and sports clubs where
children do supervised physical activity are as
well informed as possible about the factors
involved.

Part of this paper was presented at the fourth world conference
on injury prevention and control, Amsterdam, 17–20 May
1998.
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