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Abstract

Purpose Proximal tibial metaphyseal fractures can be com-
plicated by a late valgus deformity, referred to as Cozen’s
phenomenon. We studied children with such fractures to
determine whether the child’s age at the time of injury influ-
enced the development of Cozen’s as well as the occurrence
of elongation. In addition, we explored whether the deform-
ity resolved at long-term follow-up.

Methods We conducted a retrospective study of 33 patients
(six months to 14 years old). Mean follow-up was 8.8 years
(3 to 25). We measured angulation of the fractured limb
post-treatment, at maximum deformity and final follow-up,
as well as elongation and compared them with the uninjured
limb.

Results Three of the fractures were treated surgically where-
as the rest, nonoperatively. In all, 15 out of 33 fractures de-
veloped late valgus deformity between eight and 19 months
(mean time 12.5 months). A total of 24 fractures developed
elongation. We found no association of either of these with
age. Angulation increased to a statistically significant level,
from post-treatment to maximum deformity, and then de-
creased at final follow-up, leaving no statistically significant
difference from the initial measurement. The difference in
valgus between fractured and uninjured limb increased to a
statistically significant level from post-treatment to maximum
deformity and then decreased, leaving an excess from the in-
itial measurement.

Conclusion In almost half the patients, late valgus deformity
developed within two years post-fracture and corrected to
the initial post-treatment angles. Patients should be warned
of this possibility and reassured of its natural resolution.

Level of evidence: IV
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Introduction

In paediatric orthopaedics it is common practice to advise
long-term follow-up for certain fractures with known late
onset complications. This is for the sake of identifying them
upon their occurrence and subsequently treating them, in
cases where we do not expect correction to ensue.

The incidence of all proximal tibial fractures in children
is 5 to 6/100 000." They can be followed by numerous
complications, such as angular deformity and leg-length
discrepancy and in certain cases, can even lead to com-
partment syndrome and Volkmann’s ischaemia.? In par-
ticular, proximal tibial metaphyseal fractures are known
to result in late valgus deformity. Dr Cozen, in his arti-
cle published in 1953,® was the first to describe a valgus
deformity of the tibia that occurs after a patient sustains
a proximal tibial metaphyseal fracture. We tend to refer
to the complication of late valgus deformity which may
occur as ‘Cozen’s phenomenon’.

In this study we reviewed 33 patients treated for proxi-
mal tibial fractures in order to determine if the child’s age
at the time of the fracture influences the development of
Cozen’s phenomenon as well as the occurrence of elon-
gation. In addition, given the fact that the literature is
unclear as to whether the deformity resolves or whether
it needs to be addressed surgically, we recorded residual
deformity at long-term follow-up.

Patients and methods

We conducted a retrospective study of patients with prox-
imal tibial fractures (z fibula) treated at our institution by
reviewing patients’ records. We did not include patients
with physeal injuries or underlying metabolic disorders.
A total of 34 patients with 35 proximal metaphyseal frac-
tures (one child had a bilateral fracture) who were treated
between January 1990 and 2015, were available for fol-
low-up. We excluded the child with bilateral tibial fractures
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Table 1 Results: patient demographics, angulation (°) post-treatment (first measurement), at maximum deformity (second measurement) and final

follow-up (third measurement) of fractured and uninjured limb

Count Percentage (%) Mean Range

Sex

Male 20 60

Female 13 39
Age, years 6.8 13.5
Fractured limb (first measurement) 3.0 16.0
Fractured limb (second measurement) 5.8 23.0
Fractured limb (third measurement) 3.1 16.0
Uninjured limb (first measurement) 2.5 12.0
Uninjured limb (second measurement) 2.2 12.0
Uninjured limb (third measurement) 1.2 11.0
Elongation, cm .6 1.5

because we assessed angular deformity as well as elon-
gation in comparison with the unaffected side. Informed
consent was obtained from all patients included.

There were 20 boys and 13 girls. Out of the 33 frac-
tures, 21 involved the left limb and 12 the right. In all, 12
children had sustained a pedestrian injury, having been
hit by bicycle, motorcycle or car. Six children had suffered
a fall. Five children had sustained a bicycle injury. Four
children were injured during sports. Three were injured
in a road traffic accident. Two sustained stress fractures.
One child was injured when its leg was caught in a swing.
The age of the children at the time of injury ranged from
six months to 14 years, with a mean age of 6.8 years (SD
3.96). Two of our patients were younger than 18 months
and, therefore, child abuse had to be ruled out. In one of
these cases the child fell from a couch and in the other,
the child fell from the parent’s grip. No case for abuse was
established in either of the cases.

As far as fracture type is concerned, there were 11
greenstick fractures, nine complete displaced fractures,
seven undisplaced hairline fractures, four torus fractures
and two stress fractures. There were no open fractures.

Patients were examined clinically and radiologically
with plain radiographs of both tibias, anteroposterior and
lateral. Angulation was calculated on the anteroposterior
radiograph by determining the angle between a line per-
pendicular to the upper epiphyseal plate and the axis of
the tibial shaft below the fracture site according to Visser
and Veldhuizen.® Elongation was assessed clinically at
final follow-up with patients standing, using the medial
malleolus tip and the superior surface of the medial con-
dyle as landmarks.

For all patients, post-treatment angulation was
recorded as well as angulation of the unaffected limb (first
measurement). In patients who developed valgus defor-
mity within two years of follow-up, the maximum valgus
value was recorded as well as the angulation at that time
of the unaffected side (second measurement). In addition,
residual valgus deformity at final follow-up and angula-
tion of the unaffected side were calculated (third measure-
ment). Values are recorded in degrees. We also chose to

214

examine tibial elongation as a difference in centimetres
compared with the uninjured side by clinical assessment
at final follow-up (Table 1). Between initial fracture man-
agement and final follow-up, no further surgery was per-
formed.

The Linear Bivariate Correlation method was used to
investigate the relationship between elongation with age.
For normality testing, in order to select the appropriate
correlation index (Pearson or Spearman) the Shapiro-Wilk
test was used.’

For the study of the relationship between the three
valgus values (post-treatment, at maximum deformity,
at final follow-up) of the fractured limb and of the differ-
ence between the fractured and the uninjured limb with
the age of the child, two-way analysis of variance repeated
measures were applied.®’

Statistical analysis was conducted using IBM SPSS Sta-
tistics, Version 25.0 (Armonk, New York). A p-value < 0.05
was considered statistically significant for all tests.

Results

A total of 30 fractures were treated nonoperatively. In
cases with angulation, specifically six complete fractures
and eight greenstick fractures, reduction was performed
under general anaesthesia. In all cases treated conserva-
tively, a long leg cast was applied for four to eight weeks
depending on the child’s age.

The remaining three complete fractures were treated
surgically. In particular, a nine-year-old boy who sustained
a complete displaced fracture during a pedestrian injury,
underwent open reduction and Kirschner-wire fixation.
This boy was at risk for compartment syndrome and,
therefore, fasciotomies were performed as well.

Assix-year-old girl suffered a complete displaced fracture
after falling from the first floor of an apartment block. She
was treated by open reduction and Kirschner-wire fixation.
She was at risk for compartment syndrome and, therefore,
fasciotomies were performed as well. In addition, a seven-
year-old boy who fell from his own height and was then

| Child Orthop 2020;14:213-220
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Fig. 1 Age follow-up graph including: age of the children when treated; age of the patients at final follow-up; and years of follow-up.

Children’s ages have been rounded to the nearest integer.

squashed by an older child, sustained a complete fracture
which was treated surgically with closed reduction and
Kirschner-wire fixation.

All children were followed up until healing of the frac-
ture. They were then re-examined at six months, one year,
18 months and two years post-injury for the detection of
late valgus deformity. Finally, all children were recalled for
follow-up at the time the study was conducted. Final fol-
low-up ranged from three years to 25 years with a mean
time of 8.8 years (sD 5.42) (Fig. 1).

The patient with the longest follow-up of 25 years was
four years old at the time of injury. He sustained a green-
stick fracture due to a pedestrian injury. This was treated
conservatively with reduction under general anaesthe-
sia and cast wedging. There was an 8° angulation post-
reduction similar to the uninjured side. He developed a
maximum valgus deformity of 19° with a 13° difference
from the uninjured side at 18 months. At final follow-up of
25 years, the leftlimb had a remaining 5° valgus angulation
in comparison with the uninjured side. The elongation of
the left limb was 1.5 cm when compared with the right
uninjured side, assessed clinically (Figs 2 to 6).

Out of the 33 patients, 15 developed late valgus defor-
mity (Table 2). Maximum valgus deformity occurred
between eight and 19 months post-fracture (mean 12.5
months, sD 4.17).

Furthermore, 24 out of the 33 fractures developed
elongation. Elongation occurred in all of the patients who
developed Cozen’s phenomenon but also in nine more
patients who did not. In the patients who developed elon-
gation, the fractured tibia was between 0.3 cm and 1.5
cm longer at final follow-up in comparison with the unin-
jured (mean elongation 0.6 cm, sb 0.48). The association

J Child Orthop 2020;14:213-220

Fig. 2 Four-year-old patient, right uninjured limb at time of
injury.
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Fig. 5 Both limbs standing X-ray at 18 months post-injury where
there is a 19° angulation of the left limb.

Fig. 3 Four-year-old patient, left limb greenstick fracture.

Fig. 6 The 25-year follow-up X-rays of right and left limb. Left
injured limb has a remaining angulation of 5° compared with the
right uninjured side.

Fig. 4 Left limb after cast wedging.

between elongation of the fractured limb and the chil- The angulation of the fractured limb was studied,
dren’s age at the time of fracture was studied, however, no beginning from post-treatment angulation, progress-
statistically significant correlation (p Spearman = 0.141;  ing to maximum deformity and reaching final follow-up.
p = 0.435)was identified. Mauchly’s test of sphericity indicated the assumption of
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Table 2 Cozen patients’ characteristics

Age Type of fracture Treatment Fracture angulation Fl1stM UlstM F2nd M U 2nd M F3rd M U3rd M
2 Hairline Cast 5 5 5 13 5 4 0
2 Torus Cast 0 0 0 4 0 2 1
3 Greenstick Cast 10 10 8 16 8 4 0
3 Greenstick Reduction, cast wedging 16 9 8 17 7 8 4
3 Greenstick Cast 7 7 7 1 7 7 3
3 Greenstick Reduction, cast wedging 8 4 4 18 5 9 3
4 Greenstick Reduction, cast wedging 24 8 8 19 6 5 0
5 Greenstick Cast 7 7 5 14 5 5 0
7 Complete Reduction, cast wedging 14 0 5 6 4 4 0
7 Greenstick Reduction, cast 12 0 0 12 2 8 4
7 Complete Cast 4 4 4 6 2 3 3
7 Complete ORIF k-w 25 12 0 15 0 10 6
9 Complete ORIF k-w 10 0 0 7 0 3 0
10 Greenstick Reduction, cast wedging 20 5 3 6 3 3 0
13 Complete Reduction, cast -5% -2% 0 5 0 5 0

*negative values refer to varus angulation, reduction was performed under general anesthetic
F, fractured limb; U, uninjured limb; 15 M, first measurement after treatment; 2" M, second measurement at maximum deformity; 3 M, third measurement at

final follow-up; ORIF, Open Reduction Internal Fixation; k-w, Kirschner-wire.
Children’s ages have been rounded to the nearest integer.
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Fractured limb (1st
measurement)

Fractured limb (2nd
measurement)

Fractured limb (3rd
measurement)

Fig. 7 Box plots of valgus angle of injured limb post-treatment, at maximum deformity, at final follow-up

sphericity was not violated (p = 0.091) and, therefore, a
correction was not used. There was a significant difference
in the total of participants among the three measurements
(F=7.232; p=0.002).

In order to investigate this, the linear contrast was used.
From the first to the second measurement (post-treatment
to maximum deformity) there was a statistically signifi-
cant difference (F = 8.455; p = 0.007) and, in particular, an
increase in the valgus angle. From the second to the third
measurement (maximum deformity to final follow-up),

J Child Orthop 2020;14:213-220

there was a statistically significant difference (F = 9.779; p
=0.004) and, in particular, a decrease in the valgus angle.
Among the first and third measurement there was no statis-
tically significant difference (F=0.055; p=0.816) indicating
that that valgus angle of the fractured limb had decreased
to post-treatment values by final follow-up (Fig. 7).

Regarding the relationship between the valgus angle of
the fractured limb with age, the probability value was not
< 5% (F = 1.912; p = 0.156), meaning there is no interac-
tion between the two variables.
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Fig. 8 Box plots of difference in the valgus angle between injured and uninjured limb post-treatment, at maximum deformity, at final

follow-up

The difference in angulation between the limbs was
studied, post-treatment, at maximum deformity and at
final follow-up. Mauchly’s test of sphericity indicated that
the assumption of sphericity was not violated (p = 0.051)
and, therefore, a correction was not used. There was sig-
nificant difference in the total of participants among the
three measurements (F = 9.329; p< 0.001).

In order to investigate this, the linear contrast was used:
from the first to the second measurement there was a sta-
tistically significant difference (F = 12.745; p = 0.00) and,
in particular, an increase in the difference of valgus angle
between the fractured and uninjured limb. From the sec-
ond to the third measurement, there was a statistically
significant difference (F = 9.670; p = 0.004) and, in partic-
ular, a decrease. Between the first and third measurement
there was a statistically significant difference (F = 2.869;
p =0.010) and, in particular, an increase indicating that at
final follow-up there remained an excess of valgus of the
injured limb compared with the uninjured (mean 1.9°, sD
2.53) (Fig. 8).

A clinical examination at final follow-up was conducted
for all patients. The range of movement of the knee was
compared with the uninjured side and no differences were
identified. No patients had been adversely affected by the
elongation of the injured side and none had needed to use
a shoe insert. No patients complained of remaining pain.
No patients mentioned restrictions in either movement or
activities.
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Discussion

Since the original paper by Cozen,® several theories
have been proposed to explain the phenomenon of val-
gus deformity. A recent article® attempted to categorize
the articles according to theory. One of the most popu-
lar theories suggests that increased vascular response to
the fracture causes asymmetric stimulation of the medial
proximal tibial growth plate.*'® Another theory is that
the soft-tissue interposition at the fracture site causes the
valgus deformity.*'”-** Some authors have attributed the
deformity to loss of reduction or initial malreduction of the
fracture.>'2.22 Other authors have argued that the teth-
ering by the fibula or the iliotibial band causes the defor-
mity.>"2324 In addition, early weight-bearing after fracture
and/or native valgus angulation has been blamed for the
deformity before rigid callus formation.?2¢

We postulated that the development of Cozen’s phe-
nomenon could be influenced by the child’s age at the time
of the fracture. This assumption was based on the known
fact that there is a physiological genu valgum in children
after the age of two years, which reaches its peak at the age
of four years and usually resolves by the age of seven years,
as is portrayed in the Salenius curve.?” However, we found
no association between the valgus angulation of the frac-
tured limb and the age of the child at the time of fracture.

By reviewing the literature, we found that it was unclear
whether Cozen’s phenomenon resolves on its own. Skak

J Child Orthop 2020;14:213-220
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et al?® published a case series of 40 children aged from nine
months to 12 years, with fractures of the proximal metaph-
ysis, who were followed up between three and 14 years of
the injury. He concluded that 15% of greenstick and com-
plete fractures developed valgus deformity whereas it was
not recorded either in buckle or in fissure fractures. Pre-
disposing factors were young age and persistent valgus
at the fracture site union. The authors recommended that
the only indication for operative treatment was a persist-
ing medial gap after closed manipulation.

Tuten et al® re-evaluated seven patients aged 11 months
to 6.3 years with proximal tibial metaphyseal fractures,
who had developed a valgus deformity within 12 months
after healing of the fracture. They were followed up for
an average of 15 years and three months. In all patients,
the affected tibia was longer than the uninjured tibia. The
authors concluded there was spontaneous improvement
of the deformity.

Zionts and MacEwan?®° reviewed the cases of seven chil-
dren aged 11 months to six years and four months with
post-traumatic tibia valga. The children were followed up
for an average of 39 months. All patients exhibited over-
growth of the injured tibia. Adequate correction occurred
spontaneously in six of the patients and, therefore, the
authors recommended a conservative approach of both
the acute fracture and the valgus deformity.

Burton and Hennrikus® reviewed 14 children with non-
displaced tibial fractures. They were aged one to six years
and followed up for 16.2 months. They developed a val-
gus deformity at an average of 8.8 months. In all, 50% of
patients developed a 5° valgus difference from the unin-
jured side. The authors recommended treatment in long
leg cast with knee in extension and valgus mould.

Nenopoulos et al*' followed up 31 children (32 frac-
tures) with proximal metaphyseal tibial fractures aged
up to 14 years, for an average of 4.8 years. In all, 90.3%
developed post-traumatic tibia valga. In addition, 27
patients developed lengthening. A total of 11 patients
with a valgus angulation > 5° were re-evaluated at an
average of 7.4 years from initial injury. Partial remodel-
ling (2° to 3°) was observed in 54.5% of patients and
total in 25%. The authors also noted that undisplaced
fractures developed valgus deformity to a smaller degree
compared with those affecting only the medial cortex
and displaced fractures. They recommended against
aggressive treatment and advised follow-up during skel-
etal development.

Our data analysis provided similar findings to those of
Nenopoulos et al.3' The mean valgus angle of the frac-
tured limb at maximum deformity was 5.8°. This reduced
to 3.1° (mean value) at final follow-up. In comparison
with the uninjured limb, there was as excess of 1.9° valgus
(mean value) of the fractured limb. None of our patients
were clinically affected by this.

J Child Orthop 2020;14:213-220

However, notall authors suggesta waitand see approach.
Muller at al*> published a case series of seven children
aged from two years and ten months to ten years and two
months who were followed up for an average of 34 months.
They observed valgus deformity occurring in all cases and
partial remodelling seen only in children up to the age of
five years. Therefore, they recommended surgical correction
and osteosynthesis as a preferred method of treatment.

In fact, in a most recent paper, Morin et al*® treated 19
patients with proximal tibial fractures who developed val-
gus deformity by guided growth at 18 months post-frac-
ture. In this paper it is stated that the philosophy of
“expectant management” was based upon the misguided
hope for spontaneous remodelling.

Conclusion

We reached two interesting conclusions. In almost half of
our patients, late valgus deformity of the fractured limb
developed within two years post-fracture and corrected
to the initial post-treatment angles until final follow-up
(mean follow-up 8.8 years). However, when compared
with the uninjured limb, there was an excess of valgus
(mean 1.9°) of the fractured limb at final follow-up. This
could explain the controversy in the literature as to whether
the deformity resolves. In addition, about three-quarters
of the patients developed elongation (mean 0.6 cm).

Neither valgus angulation nor elongation were influ-
enced by the child’s age at the time of the fracture.

Advantages of our study are that all children’s ages were
represented and that there was a long-term follow-up.
Disadvantages include the limited number of patients
(however, to our knowledge, no large case series exists in
the literature), the fact that some patients were adults at
the time of final follow-up and the lack of a patient ques-
tionnaire completion.

This study indicates thatin cases of proximal tibial metaph-
yseal fractures, patients and their parents should be warned
of the possibility of late valgus deformity and reassured of its
natural resolution. Emphasis should be given at adequate
initial management by achieving acceptable reduction,
either by nonoperative means, or by surgical means when
needed. Secondary surgery would be the exception in cases
in which there remains a marked difference between the
limbs, provided the patient is symptomatic.
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