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Epidemiology of knee injuries in children

We analyzed 91 consecutive metaphyseal fractures, physeal injuries, and
ligament ruptures in children aged 0-14 years. In the younger children,
metaphyseal fractures dominated, whereas teenager had ligament rup-
ture associated with low-energy trauma and physeal injury with high-

energy trauma.
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There are differences between children and
adults regarding frequency, incidence, and
types of lesions about the knee, as has been
documented rather randomly by reports treat-
ing single types of lesions. However, the mu-
tual relations of these lesions have not been
analyzed. We report the age-specific incidence
of the different types of knee lesions in children
from a well-defined population during a 12-
year period.

Patients and methods

Ligament ruptures, metaphyseal fractures, and
physeal injuries of the distal femur and the proximal
tibia in children aged 0-14 years, treated at the De-
partments of Orthopedics at Sgnderborg, Esbjerg,
and Frederiksberg Hospitals in Denmark, 1970-81,
were included. Fractures of the patella, minor avul-
sions of the tibial tuberosity, pathologic fractures,
and nonresidents were excluded. Sex, side, age at the
accident, the type of lesion and trauma, and concomi-
tant injuries were culled out from records and radio-
graphs.

The number of children aged 0-14 years resident in
the areas served by the hospitals fell from 59,088 in
1970 to 48,197 in 1981. The total population was
fairly stable: about 250,000.

The study included all the fractures situated either
in the proximal quarter of the tibia or the distal
quarter of the femur. Buckle fractures were identi-
fied as nondisplaced compression fractures, whereas
greenstick fractures were fractures with intact per-
iosteumn on one side and a small gap of cortex on the
opposite side. Physeal injuries were classified accord-
ing to Salter & Harris (1963). Ligament injuries
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were included only if demonstrated operatively or as
an avulsion fracture or on stress radiographs. Frac-
tures of the tibial spine were classified according to
Meyers & McKeever (1959).

All traffic accident in which a motor vehicle had
been involved and falls from a height more than 3-4
meters were considered high-energy trauma. All the
other accidents were classified as low-energy
trauma.

For statistical calculations the Mann-Whitney and
the chi-square tests were used.

Results

There were 91 injuries in 89 children (Table 1,
Figure 1); 43 lesions were on the right side and
48 on the left side in 47 boys and 42 girls.
Thirty-nine injuries were caused by high-en-
ergy trauma and 52 by low-energy trauma. All
the injuries were closed. One child had a simul-
taneous injury of the tibial physis and the cru-
ciate ligaments. Ten children had other serious
injuries, either major fractures or cerebral con-
cussions.

The metaphyseal fractures of the femur and
tibia, respectively, constituted approximately
10 per cent of all the femoral or tibial fractures
in the children occurring during the period.

The metaphyseal fractures were the pre-
dominant lesion among the younger children
with a median age of 5 years (Table 2). Child-
ren with buckle fractures were younger than
children with other fractures (P < 0.001).
Buckle fractures and complete fractures were
more common in the femur, whereas green-
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Figure 1. The age distribution of metaphyseal fractures &,
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collateral ligaments Wl

stick fractures and fissures were more common
in the tibia. Out of 23 metaphyseal fractures
caused by high-energy trauma, 18 were either
complete or greenstick fractures. Out of 28
metaphyseal fractures caused by low-energy
trauma, 19 were either fissures or buckle frac-
tures (P < 0.001).

Children with physeal fractures (Table 3)
had a median age of 12 years. Eleven fractures
were caused by high-energy trauma and four

Table 1. Knee injuries in children

Type of lesion N  Annual incidence
per 100.000

Distal metaphyseal fracture

of the femur 13 20
Fracture of the distal

femoral physis 7 1.0
Rupture of the collateral

ligaments 5 0.7
Fracture of the tibial

spine 20 3.0
Fractures of the proximal

tibial physis 8 1.2
Proximal metaphyseal fracture

of the tibia 38 56
Total 9 13

Table 2. Metaphyseal knee fractures in children

Number of fractures Median age
Femur Tibia years
Fissures 1 12 4
Buckle fractures 7 4 2
Greenstick fractures 0 15 7
Complete fractures 5 7 7
Total 13 38

by low-energy trauma. The fracture lines in
the tibial Type IV injury engaged the tibial
spine with avulsion fractures of both cruciate
ligaments (Figure 2).

Children with ligament injuries had a me-
dian age of 12 years; no lesions of the cruciate
ligaments without bony avulsion were diag-
nosed. There were 18 fractures of the tibial
spine indicating avulsion fracture of the tibial
insertion of the anterior cruciate ligament.
Five were Type I, nine Type II, and four Type
III fractures. (Meyers & McKeever 1959). Two
fractures of the tibial spine indicated rupture

Figure 2. Salter-Harris Type IV physeal fracture of the proximal
tibia with avulsion fracture of the insertions of the cruciate liga-
ments (arrow).
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Table 3. Number of physeal injuries according to Salter & Har-
ris

| ] 1] v
Femur 1 5 0 1
Tibia 3 2 2 1
Total 4 7 2 2

of the posterior cruciate ligament (Figure 3).
The most frequent cause of these injuries was
falls. There were 4 patients with injuries of the
medial and 1 of with an injury of the lateral
collateral ligaments. Three injuries were veri-
fied by operation, one as a bony avulsion and
one was diagnosed by a stress radiograph.

Only six of a total of 25 ligament ruptures
were caused by high-energy trauma. High-en-
ergy trauma more often caused physeal injury,
whereas low-energy trauma was associated
with ligament rupture (P < 0.001). Serious
concomitant lesions were accordingly almost
exclusively seen in combination with either
metaphyseal or physeal fractures; most of
these high-energy injuries were due to traffic
accidents. Both types of trauma were amply re-
presented in all age groups, apart from the
very young children, who did not sustain a
high-energy injury.

Discussion

Our results are, with few exceptions, consist-
ent with what has been found by previous in-
vestigators (Stephen & Louis 1974, Lombardo
& Harvey 1977, Burkhart & Peterson 1979.
Shelton & Canale 1979, Hertel 1981, Molander
et al. 1981, van Laer et al. 1982, Skak 1982,
Gronkvist et al. 1984). Landin (1983) found the
same incidence of fractures of the tibial spine.

Peterson & Peterson (1972) and Shelton &
Canale (1979) found that injuries to the distal
femoral physis were more common than to the
proximal tibial physis. According to Weber et
al. (1980) and Rang (1982), this is due to the
different insertions of the collateral ligaments
in relation to the physis and to the different
shape of the epiphysis. However, in our study
the lesions were equally frequent.

ENL

Figure 3. Fracture of the tibial spine indicating avulsion of the
insention of the posterior cruciate ligament.

The remarkable shift in the frequencies of
different lesions taking place between the ages
of 7 to 11 years (Figure 1) suggests a direct re-
lation between low age and metaphyseal frac-
ture: in young children the metaphysis seems
to be relatively weak, with an increased risk of
fractures of all types.

Kennedy (1979) drew attention to simulta-
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neous occurrence of physeal and ligamentous
injury, reporting a case of a concomitant
Salter-Harris Type 11l lesion of the distal femur
and avulsion fracture of the tibial insertion of
the anterior cruciate ligament. Shelton & Ca-
nala (1979) and Gill et al. (1981) reported me-
dial collateral ligament .rupture associated
with Salter-Harris Types II-III injury of the
proximal tibial physis. Salter-Harris Type IV
lesions of the proximal tibia are indeed very
rare, but surprisingly associated avulsion frac-
ture of the tibial spine has not been described,
though the fracture line in these lesions may
pass close to the ligament insertions.

The incidence of fractures in our study, in-
cluding the incidence of bony avulsions of liga-
ment insertions, is likely to be close to the true
incidence in the population, whereas the in-
cidence of tears through the ligament sub-
stance is underestimated. Such tears, particu-
larly partial ones, are probably more common
in children than generally assumed (Bradley et
al. 1979, Clanton et al. 1979), but of minor sig-
nificance because uneventful healing appar-
ently is the rule.
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