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FRACTURES OF THE TIBIA IN CHILDREN
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Department of Orthopaedic Surgery T-2, and Department of Radiology,
Gentofte Hospital, Copenhagen, Denmark.

A total of 102 children, aged 1-15 years, treated for fissures, infractions,
and fractures of the tibia were studied to elucidate the influence of
age, type of fracture, and mechanism of trauma upon the course of
union., In addition, an assessment was made of the possibilities the
child has of correcting deformities of the diaphysis during continued
growth. Eighty-five of the children were followed up clinically and
radiologically, The time taken for union to occur increased with in-
creasing age, The “high energy” injuries were found to be more apt to
cause transverse and comminuted fractures, with injury to the skin,
than the “low energy” fractures. At the time of union, 25 patients had
angular deformities. The mean correction of this deformity up to the
time of follow-up was only 10 per cent. The tendency to correct the
deformity ceased 18 months after the accident, and was independent
of the child’s age at the time of the accident.
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During the period March 1971 to January
1972 a total of 102 children were ad-
mitied to the Gentofte Hospital for the
treatment of fissures, infractions, or
fractures of the tibia. The material does
not include injuries involving either the
proximal or distal tibial epiphysis. Figure
1 gives the age distribution and the sex
ratio.

According to the radiographic appear-
ances the fractures were divided into
(1) fissures and infractions, (2) oblique
fractures, and (3) transverse and com-
minuted fractures. Incomplete fracture
lines were classified as fissures. Infrac-
tions are injuries with displacement, but
without a breach of continuity in the

entire circumference. In an oblique frac-
ture the length of the fracture line is
more than fwice the widih of the bone.
In a transverse fracture the length of the
fracture line is less than twice the width
of the bone. Double fractures and other
multi-fragmented fractures were classi-
fied as comminuted.

As stated by Adams (1964) the nature
of the trauma is assumed to be refiected
in the type of fracture, direct trauma
being associated with transverse frac-
tures and indirect trauma with oblique
fractures. According to Bauer et al.
(1962) the traumas can be divided into
those caused by severe and those caused
by moderate violence. The former com-
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Figure 1. Age distribution and sex ratio. White columns represent number of boys within each age
group; black columns the number of girls.
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Figure 2. Mean times of union for each age group within the three types of fracture.
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prise injuries in which a motor vehicle
has been involved, or the patient has
been hit by a heavy object, or has fallen
from a height of more than 3 metres.
Moderate violence is taken to mean a fall
at ground level or from a low level
(chair, bed, or the like), sport accidents,
run into by bicycles etc. Table 1 lists the
distribution of the fractures by type and
mechanism of trauma.

TREATMENT

All the patients were treated conservatively in
plaster casts, 62 without reduction, 33 after re-
duction, 4 after two or more reductions. Three
fractures had initially been treated abroad and
there was no information as to whether or not
they had been reduced. One patient was briefly
treated with calcaneal traction prior to the
application of plaster.

Table 1. Distribution of the fractures according
to type and mechanism of injury. The relation
between fracture types and trauma is shown
without distinguishing between boys and girls.
Out of 33 patients exposed to severe violence,
22 sustained transverse or comminuted fractures,
and 9 out of the 14 compound fractures were in
this group. Out of 67 patients exposed to mod-
erate violence, 49 sustained fissures, infractions,
or oblique fractures.
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The time of union was assessed on the basis
of clinical and radiological findings. In the pres-
ent retrospective study the time of union was
assumed to coincide with the time of removal of
the plaster cast, which ranged from 2 to 18
weeks after the accident. The times of estab-
lished union for each type of fracture, distrib-
uted according to age, are shown in Figure 2.

A stepwise multiple regression analysis was
carried out on the times of union for each type
of fracture. For fissures and infractions the
union time in weeks was: age X 0.24 4 3.8
(with residual standard deviation = 1.7), For
oblique fractures the time of union in weeks
was: age X 0.48 + 4.8 (with residual standard
deviation = 2.2). Lastly, for transverse and
comminuted fractures in weeks: age X 0.51 4
4.8 (with residual standard deviation = 2.8). In
other words, there is a very limited possibility
of fixing the times of union on the basis of age
and type of fracture,

Complications

The following complications were recorded:
One patient had impaired sensibility in the foot,
one had a peroneus palsy, one developed infec-
tion at the site of skeletal traction, and one
developed a cutaneous necrosis on the heel. Al
these complications were transient and left no
permanent damage.

FOLLOW-UP

Of the 102 patients, 85 (83 per cent),
56 boys and 29 girls, were followed up
clinically and radiologically. All the fol-
low-up examinations were performed by
the authors. Seventeen patients were not
included in the follow-up examinations,
three because of deficient radiographic
material, two because of continued treat-
ment in other hospitals and two because
of previous fractures of the same or the
contralateral limb. The remaining ten
patients failed to respond to the invita-
tion to attend follow-up.

The distribution by fracture type in
the follow-up material is shown in
Table 2.

The follow-up period averaged 24.2
months, range 13-36 months.

Subjective assessment: In six cases the
children and/or parents reported pain
after major exertion; there was no cor-
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Table 2. Distribution of fracture types in the
follow-up material.

Types of fracture No. of pts.
Fissures and infractions 28
Oblique fractures 24
Transverse and comminuted fractures 33
Total 85

relation between the subjective assess-
ment and the clinical/radiological find-
ings.

Objective assessment: There were no
patients with a limp or abnormal toe-off
in walking. In all cases there was a sym-
metrical movement in the hip, knee, aI}d
ankle joints. In two instances there was
restriction of subtalar mobility of one-
third and two-thirds that in the contra-
lateral subtalar joint.

Rotational deformity was assessed
only clinically. This was found in five
patients and was between 10° and 20°.

At the radiographic examination, spot
orthoradiography was done on all 85 pa-
tients.

The material was analysed with a view
to spontaneous correction of angular de-
formities at the fracture site during the
period between union and follow-up. In
measuring the angular deformity we
measured the angle between the axes of
the diaphyseal fragments proximally and
distally to the fracture site without re-
gard to apposition and resorption at this
level. The degrees stated are the sum of
the angulation in the anteroposterior
and lateral views. The measurements are
illustrated in Figure 3 b.

At the completion of treatment 25 pa-
tients had angular deformities between
4° and 19°. The same 25 patients still
had major or minor angular deformity
at follow-up, range 3°-19°. At the time
of union the angular deformity among
the 25 patients was found to total 252°,
at follow-up 218°. Thus, the spontaneous
correction had been 252-217 = 34°, viz.
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3a 3b

Figure 3. Measurement of angular deformity.
(a) Angular deformity measured as the angle of
intersection between a line placed through the
centre of the bone ends and the centre of the
diaphysis. (b) Angular deformity measured as
the angle of intersection between the prolonged
axes of the proximal and distal fragments
(method used in the present study).

a correction of 13.5 per cent. Figure 4
gives the correction for the individual
age groups; Figure 5 that in relation to
the length of follow-up period.

The correction during the follow-up
period was not correlated with the angu-
lar deformity at the time of union.

DISCUSSION

Treatment of fractures of the lower leg
in children is considered to be gratifying,
as they have, as stated by Blount (1955),
a short time of healing, a low complica-
tion rate, and no cases of delayed union
or non-union, if surgery is omitted.
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Figure 4, Correction of angular deformity in the individual age groups. On the ordinate, the mean
correction in degrees, on the abscissa, age. A Spearman rank test (R‘I = —0.08, N = 25) showed no
significant correlation between correction and age (P > 0.5).

In the present material there were no
cases of delayed union or non-union in
the 99 patients whose treatment was
completed in our department. Complica-
tions were transient. At follow-up six pa-
tients reported pain after major exertion.
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Figure 5. Influence of follow-up period on cor-
rection of angular deformity. Ordinate: Mean
correction of angular deformity in degrees. Ab-
scissa: Follow-up period in months. A Spearman
rank test (R, = 0.45, N = 25) showed a signifi-
cant correlation (P < 0.01) between correction
and follow-up period.

In two of these cases this could possibly
be explained by the severity of anisomelia
and angular deformity present.

At the clinical examination it was dif-
ficult to assess the rotational deformity.
A deformity of between 10° and 20° was
recorded in five patients, but in two of
these the injury was merely a fissure, so
that the measurement must be assumed
to be incorrect. It is unsatisfactory not to
have a practically applicable method for
assessing rotational deformity. In partic-
ular, it would be of interest to check this
displacement after the primary reduc-
tion, as it is generally considered the only
deformity which children do not spon-
taneously correct (Blount 1955).

From the literature Edwards (1965)
collected large series of lower leg frac-
tures in adults. Out of 1558 conservative-
ly treated cases of closed fractures three,
or 0.2 per cent, developed osteomyelitis.
Out of 723 cases of compound fractures
he found 107 cases (15 per cent) of osteo-
myelitis. Moreover, he found the time of
union for compound, transverse frac-
tures to be up to four times that of closed
oblique fractures. In our material pri-
mary union occurred in all 99 children.



FRACTURES OF THE TIBIA IN CHILDREN

Fourteen compound fractures, 10 of
which were in the group ‘trauma result-
ing from severe violence’, posed no special
problems, the union time within this
group being within that expected for the
corresponding age groups with closed
fractures.

As may be seen from Figure 2, the
times of union for fissures and infrac-
tions within the individual age groups
are somewhat shorter than those for ob-
lique and transverse fractures. In con-
trast, there is no difference in the times
of union for transverse and comminuted
fractures on the one hand and oblique
fractures on the other. As demonstrated
by the regression analysis, the time of
union increases with increasing age for
all types of fracture.

In 25 patients the examination on com-
pletion of treatment showed angular
deformity. At follow-up there was still
marked angular deformity, viz. 86.5 per
cent of that measured at the time of
union. The mean deformity at the time
of union was about 10° for each age
group. The correction proved to be in-
dependent of the extent of deformity at
the time of union. From Figure 4 it is
apparent that, unlike Swann & Oppers
(1971) and Moesner et al. (1966), we did
not find decreasing correction of the
angular deformity with increasing age.

As shown in Figure 5, we observed
some correlation between correction of
angular deformity and follow-up period
in all 25 patients with deformity (Spear-
man rank test Rg = 0.45; N = 25; P <
0.01). However, analysis of the 16 pa-
tients followed for more than 18 months
(Spearman rank test Ry = 0.22, N = 16)
no longer showed a correlation between
correction and follow-up period (P >
0.1).

The difference between the findings of
previous authors and the findings in this
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study is presumably due to the measur-
ing method outlined in Figure 3, which
does not take into consideration apposi-
tion or resorption at the fracturesite. This
apposition and resorption must be as-
sumed to influence the static condition
at the fracture level, but remodelling at
the fracture site alone does not alter the
static condition in the knee joint and
ankle joint. Thus, if the deformity is not
corrected in the epiphyseal plates, the
weightbearing on the adjacent joints will
remain faulty.

In conclusion, prognosis of plaster-
treated fissures, infractions, and frac-
tures of the tibia is favourable in chil-
dren up to fifteen years of age. Primary
union may be expected in all cases re-
gardless of the type of fracture, whether
the fracture is compound or closed, and
whether the mechanism of the injury is
a high or low energy force. Complications
are few and transient.

A correct axial reduction has to be
performed, as a correction of the angular
deformity of more than about 10 per cent
of the original deformity cannot be ex-
pected, irrespective of the child’s age at
the time of fracture.
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