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A B S T R A C T

Purpose: Physeal fractures in children frequently give rise to concerns about the condition of the growth
plate. Our observations have proven that the dysfunction of the growth plate is less frequent
complication in those cases than misdiagnosed interposition of the periosteum. The aim of this paper is
to familiarize the readers with the issue of treatment of physeal fractures of the distal tibia and fibula in
the growing skeleton.
Materials and methods: We analyzed the group of 75 patients – children and adolescents – with surgically
treated physeal fractures of the lower leg. The analysis included age, sex, circumstances of trauma
infliction, type of sustained damage, employed therapeutic technique, timing of surgical procedure,
duration of hospitalization, complications, duration of follow-up, radiological and functional results
according to the AOFAS scale.
Results: The group consisted of 23 girls and 52 boys. The mean age was 13.6 years. The most frequent
cause of trauma was same-level fall, usually during sports activities (35 cases). The most common type of
damage was Salter-Harris type II fracture (35 cases). Among the employed surgical techniques, open
reduction and stabilization with K-wires was the most often used (52 cases). A group of four patients
attracted our attention, in whom after a closed reduction, signs of periosteum interposition were noted.
These patients required a second procedure. In one patient, the growth plate arrest occurred; it was
directly caused by local osteomyelitis.
Conclusions: With adequately conducted treatment of distal tibia and distal fibula physeal fractures, the
results are good. Misdiagnosed periosteum interposition poses a more serious clinical problem as
opposed to the commonly anxiety-provoking post-traumatic growth plate dysfunction.

© 2017 Medical University of Bialystok. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Physeal fractures of the lower leg do not represent the most
frequent injury among children and adolescents; they are also
rarely considered a clinical challenge. However, as all physeal
fractures, they tend to give rise to concern about the condition of
the growth-plate. The character of these injuries often causes
anxiety among doctors inexperienced in the field of pediatric
orthopedics, which results in abundance of referrals to specialized
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centers – such referrals are frequently excused only by “the lack of
pediatric orthopedist on call”.

Our observations have shown that the growth plate dysfunction
is not the most frequent complication of the therapeutic process.
Misdiagnosed periosteal interposition is observed more often.

The goal of this article is the assessment of the therapeutic
results of the physeal fractures of the lower leg in children and
adolescents; the second objective is to propose a comprehensive
management protocol.

2. Material and methods

The material for our analysis consisted of patients with
fractures of the distal physis of the tibia and/or fibula managed
surgically in the period from June 2009 to December 2015. The
 reserved.
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starting point in data gathering was the list of procedures
performed in the operating room obtained from the OR office.

The initial analysis resulted in a group of 109 cases. In the course
of further selection, the following exclusion criteria were applied:
incomplete medical or radiology files and a follow-up period
shorter than 2 months. The application of the aforementioned
criteria resulted in limiting the study group to 75 patients.

Age at the moment of injury, sex and circumstances of the
injury were listed among the analyzed criteria. Dividing patients
into groups was difficult due to multiple variants of the sustained
injuries, frequently combining Salter Harris fractures of the distal
tibia, fractures of the fibula, damage to the tibiofibular syndesmo-
sis and ligaments. While assessing the method of injury manage-
ment in patients subjected to multiple operations, only the method
employed during the final procedure was taken into account.
Duration of this operation was obtained from the anesthetic files. A
simple scoring system was devised for the assessment of the
radiologic outcome; the system allowed for allocating 1 to 5
points:

5–an image resembling normal anatomy,
4–a slight deviation from normal anatomy – a condition

appropriate for spontaneous correction
3–deviation not appropriate for spontaneous correction, but

without the necessity of corrective surgery,
2–deviation requiring corrective surgery
1–persistent deviation
Any deviation from the normal post-operative course was

considered a complication, with no regard for its impact on the
outcome of the therapeutic process.

The follow-up period was measured in months, starting from
the day of the surgery until the closure of the treatment recorded in
the patient’s clinical files. All the patients who decided to continue
their post-surgical treatment in other medical centers were
excluded from the study group.

The functional result according to the AOFAS scale was based on
the entries in the clinical files [1,2,3]. Although the scale was not in
use during follow-up, the correctly conducted medical records
contained description of each patient’s condition: the function of
the injured limb, post-traumatic deformities and deficits, com-
plaints, physical activity. The descriptions combined with the
aforementioned scale allowed for expressing the functional
outcome as a numerical score.

3. Results

After applying the aforementioned criteria, the study group was
limited to 23 girls and 52 boys, giving a total of 75 patients aged 7
to 17 years. The mean age in the study group was 13.6 years. The
most frequent cause of injury was same-level fall, usually during
sports activities, with football and gym-classes appearing to be the
most common, as 35 patients sustained injuries in such circum-
stances. Multi-level falls (six patients) and incidents “involving a
vehicle” (17 patients) were next on the list. A considerable number
of cases lacked the description of the circumstances of the accident
in the medical records (17 cases).

Classification of the injuries was based on X-ray imaging, When
in doubt as to the type of the injury or the character of the
dislocation, CT scans were obtained. Due to multiple variants of the
injury, the classification was based on the type of Salter-Harris
fracture of the distal tibial epiphysis [4]. The following division of
the study group was obtained:

type I �9 patients (in 8 cases � a co-existing fracture of the
lateral malleolus),

type II � 35 patients (in 28 cases � a co-existing fracture of the
fibula),
type III � 9 patients, including two cases of Tilleaux fracture (in
4 cases � a co-existing fracture of the fibula),

type IV � 14 patients, including 8 cases of a “tri-plane fracture”
(in 4 cases � a co-existing fracture of the fibula).

In addition, four patients were diagnosed with type I Salter-
Harris fracture of the distal fibula and another four patients with
the fracture of the tip of the lateral malleolus (just below the
growth-plate).

In four patients with dislocation of the bone fragments of only
2–3 mm, a closed reduction and cast immobilization was
performed. A closed reduction followed by bone fragments fixation
was performed in 19 patients. K-wire was the most frequently used
means of fracture fixation, in only one case was the screw used.

An open reduction and fracture fixation was performed in 52
patients – in nine cases the screw was employed; in the remaining
cases, K-wire fixation was employed. In this group, in 30 cases,
periosteal interposition between the bone fragments of a Salter-
Harris fracture was diagnosed intra-operatively; four patients
should be considered a distinctive sub-group: those patients were
qualified for open revision of the fracture after a previously
performed closed reduction – the X-ray showed widening of the
growth plate, which suggested periosteal interposition (in spite of
satisfactory reduction of the bone fragments) and this suspicion
was confirmed during open revision.

The data concerning the duration of each operation were
obtained through the analysis of the anesthetic files. The majority
of the procedures lasted less than an hour (64 operations). In eight
cases, the time needed for injury management was between 60 and
90 min. Only three patients did require an operation with the OR-
time exceeding 90 min.

The patients with physeal fractures of the lower leg usually did
not require prolonged hospitalization. The minimal recorded
hospitalization time was two days, while the maximal duration
was 14 days and the mean time was 4.65 days. The pre-operative
hospitalization time was measured from the moment of admission
until the final management of the injury; the recorded values
ranged from 0 to 9 days, with the mean value of 0.53 day. The post-
operative hospital care duration ranged from 1 to 13 days, with the
mean value of 3.29 days.

The bone union was obtained in all the patients. The time
required for bone union was measured in weeks from the moment
of the final management of the injury to the moment when X-ray
showed the stage of bone union suitable for hardware removal. In
all the cases of non-surgical treatment, we measured the time
needed for obtaining bone union suitable for full weight-bearing.
The necessary data were obtained through the analysis of
radiologic images and clinical file entries. The time of fracture
healing in our study group lasted from 4 to 16 weeks, with the
mean time of 5.73 weeks.

Any deviation from the normal course of treatment was
considered a complication, with no regard for its impact on the
therapeutic outcome. Problems with wound healing were the most
frequent complication (five cases). The second most common was a
misdiagnosed periosteal interposition that required revision (four
cases). Pressure ulcer over the lateral malleolus – an effect of a
poorly applied plaster splint – occurred in one patient. In three
cases, infection was diagnosed: inflammation in the vicinity of K-
wires (two cases) and osteomyelitis resulting in growth-plate
arrest (one case).

The follow-up time was measured from the day of the operation
until the day of the treatment completion as recorded in the
patient’s clinical files. All the patients who continued their post-
surgical treatment in other medical institutions were excluded
from our study group The shortest follow-up period was nine
months, the longest one – two years. The mean follow-up period
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from the day of the surgery until the treatment completion was
11.5 months.

Both the radiologic and functional outcomes of the therapeutic
process were assessed. The radiologic scores spanned the full
spectrum of the employed scale (see: 2.2), with the average score
of 4.76.

In the assessment of the functional outcome, the data obtained
from the clinical files were expressed in the AOFAS scale [1–3]. The
recorded clinical condition of our patients was analyzed and the
emerging picture was expressed using the aforementioned scale.
With the scores ranging from 82 points to 100 points, the average
score was 98.38 points.

4. Discussion

Among our patients, the most frequent cause of the growth-
plate fractures of the distal tibia and fibula were sports injuries.
The age at the moment of the injury in our study group was nearly
14 years, which is slightly older than the age mentioned in the
contemporary literature, i.e. less than 13 years (11.5 and 12.6 years)
[5–7].

The diagnosis of the distal tibia growth-plate fractures is based
primarily on the X-ray imaging, which – in diagnostically unclear
cases – can be supported by CT scans.

It is particularly true in the case of potential involvement of the
articular surface, namely in Salter-Harris type III and IV fractures.
This is crucial, because – as a rule – articular fractures must be
anatomically reduced.[8]. Application of CT scanning in the
assessment of the fracture type, range of injury and dislocation
pattern is emphasized in the contemporary literature [9,8]. One of
the published studies described the assessment of the fracture
type based only on X-ray imaging, which was reassessed after CT
[9]. It showed that after CT imaging, in 37% of patients, the
diagnosis concerning the type of the physeal fracture, as well as the
magnitude of the dislocation had to be revised. CT scanning
resulted in the revised decision about the treatment method as
well; the percentage of patients qualified for operation increased
from the initial 28% to 65% [9].

The therapeutic protocol employed in our facility is based on
the commonly recognized treatment methods for physeal fractures
Fig. 1. Therapeuti
[6]. The indications for treatment that are established and
recognized also by other authors are as follows.

If the dislocation does not exceed 2 mm, then immobilization
using plaster of Paris is performed; the plaster should reach up into
the thigh area. Fractures with bone fragments dislocation greater
than 2 mm are qualified for a closed reduction and percutaneus K-
wire fixation[10,11]. In case of a failed closed reduction, when
dislocation exceeding 2 mm persists, an open reduction and
fracture fixation is indicated (Fig. 1).

During radiologic assessment of a closed reduction – especially
in type I and II Salter-Harris fractures – attention should be paid not
only to the correct reduction of the bone fragments, but also to the
width of the growth-plate. In case of any doubts, a comparative X-
ray of the unaffected growth-plate should be obtained (Fig. 2).

If the width of the growth-plate after reduction is greater than
in the unaffected limb, then a high probability of the interposition
of the periosteum should be assumed; in those cases, the
periosteum was most probably ripped by the sharp portion of
the dislocated metaphysis and then interposed between bone
fragments during the attempted reduction of the fracture (Fig. 3).
According to some authors, the growth-plate width of 3 mm or
more visible on the control X-ray indicates a periosteal interposi-
tion and should be regarded as an indication for surgical revision
[12]. We share this view (Fig. 3).

In our opinion, even the difficulty in a closed reduction of Salter-
Harris fracture of the distal tibial epiphysis (and widening of the
growth-plate in spite of an unmistakable successful closed
reduction) should be regarded as an indication for surgical revision
and open reduction. Therefore, we suggest the following manage-
ment algorithm (Fig. 4):

Another problem widely discussed in the literature is the
probability of the growth-plate arrest. The occurrence of this
complication is estimated to be as high as 20%, however, the figure
is debatable [5,13]. In our patients, a premature growth-plate arrest
occurred only once. After the analysis of our experience, as well as
literature reports, we reached a conclusion that it might be caused
by particular caution exercised in patients qualified for surgical
revision in Salter-Harris type II fractures, in whom the periosteal
interposition is not that uncommon and even a correct reduction
with existing interposition can cause the growth-plate arrest. The
c indications.



Fig. 2. Salter-Harris type II fracture of the distal tibial epiphysis. After reduction and casting, widening of the growth plate contour is visible and therefore, periosteal
interposition is suspected.

Fig. 3. Intra-operative photograph: interposition of the periosteal flap between bone fragments is visible.

Fig. 4. The suggested protocol in Salter-Harris fractures of the distal tibial epiphysis.
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following fact should be emphasized: the growth-plate arrest – so
much dreaded and usually listed as the first among potential
complications of Salter-Harris fractures – in our study group was
four times less frequent then the missed periosteal interposition.
Even the team proficient in the field of pediatric orthopedics had to
re-operate patients with misdiagnosed interposition of the
periosteum four times more often than they needed to deal with
the post-traumatic growth-plate arrest – this situation should be
reflected on.

5. Conclusions

Generally speaking, the correctly conducted therapeutic
process in case of the physeal fractures in children and adolescents
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results in good clinical outcomes [14]. Missed periosteal interpo-
sition is a more serious problem than the usually anxiety-
provoking post-traumatic growth-plate dysfunction. Even in case
of an experienced surgical team, it is more frequent than the
growth-plate arrest (with a ratio of 4:1 in our study group). It
should be emphasized, however, that an early diagnosis of this
complication followed by a prompt surgical intervention allow for
avoiding its detrimental effect on the final clinical outcome.
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