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Purpose: To evaluate the efficacy of intramedullary Kirschner wires for the treatment of unstable tibial
shaft fractures in children.
Methods: This prospective study was conducted at the Department of Orthopaedic Surgery in Maharishi
Markandeshwar Medical College from June 2005 to June 2010. Sixty-six children having closed fracture
of the tibial shaft with a mean age of 7.7 years (range, 2e14 years) were recruited from emergency and
outpatient department. They were treated with percutaneous intramedullary Kirschner wires. The
clinical results of our study were rated on the basis of the criteria of union, nonunion, delayed union or
malunion. All children were followed for one year.
Results: Children achieved union in a mean time of 8 weeks (range, 6e10 weeks). Postoperatively, three
children (4.55%) had delayed union, one (1.52%) valgus deformity of lower leg, three (4.55%) post-
operative knee pain and twelve (18.18%) skin irritation at pin site. Wires were removed after 8e22 weeks
without any complications. No patient was lost to follow-up. The results were excellent in 95.45% and
good in 4.55% children.
Conclusion: This technique is cost-effective, simple, quick to perform, safe and reliable and avoids pro-
longed hospitalization with good results.
© 2016 Daping Hospital and the Research Institute of Surgery of the Third Military Medical University.
Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Tibial shaft fractures are common injuries in children1; however,
very few require surgical stabilization.2,3 Surgical stabilization may
be indicated for children in whom acceptable positioning is not
maintained after closed reduction, and those who are ten years of
age and older.4 Tibial shaft fractures requiring surgical stabilization
are treated differently in children compared with adults. Locking
intramedullary rods are not used in children because of the risk of
physeal injury. Treatment options include external fixation,5,6

elastic stable intramedullary nailing,7,8 and transfixion pins and
casts.9,10 Intramedullary fixation with elastic nails that is placed
percutaneously through the distal femoral metaphysis without
violating the physis has become a popular technique for the
treatment of femoral fractures in children.11,12 Two flexible
tal and the Research Institute
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intramedullary nails, introduced in an antegrade or retrograde
fashion, cross the fracture site and act as internal splints to main-
tain length and alignment while allowing sufficient fracturemotion
to generate callus formation. This technique is commonly referred
to as elastic stable intramedullary nailing or flexible intramedullary
nailing.8 It has been used successfully for the treatment of paedi-
atric fractures of the tibia, femur, humerus and forearm.13e15

Compared with titanium nails, Kirschner wires (K-wires) with the
low cost, universal availability and the short hospital stay are cost
effective and particularly suitable for developing and underdevel-
oped countries. The present study was to evaluate the efficacy of
intramedullary K-wires for the treatment of tibial shaft fractures in
children.
Materials and methods

This prospective study was carried out at Department of Or-
thopaedic Surgery, Maharishi Markandeshwar Medical College
from June 2005 to June 2010. Institutional medical ethics com-
mittee approved it. Sixty-six children with a mean age of 7.7 years
ilitary Medical University. Production and hosting by Elsevier B.V. This is an open
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(range, 2e14 years) having closed unstable fracture of tibial shaft
were included in present study. All children were given above knee
plaster slab prior to operation and preanaesthetic check-up was
done.

Inclusion and exclusion criteria

The inclusion criteria were: displaced fractures; multiple frac-
tures which were found to be unstable in closed reduction; frac-
tures displaced in traction; fractures in patients with polytrauma
and under intensive care to facilitate nursing; Irritable patients
with brain injury.

The exclusion criteria were: undisplaced fractures and fractures
in a good position treated by traction and plaster; age less than two
years and more than fourteen years; open fractures; fractures
requiring open reduction; nonunited fractures.

The goal of this study was to provide rapid healing of the frac-
ture in a correct position, ease of nursing care and early mobi-
lisation. Awritten informed consent was obtained from the parents
of the children. They were followed up after surgery, and were
clinically and radiologically assessed for fracture healing, joint
movements and implant failure. According to the criteria the re-
sults were graded as excellent when the fractures united within 10
weeks (clinically and radiologically) without any complications,
good when union occurred within 16 weeks with treatable com-
plications like superficial infection and knee stiffness and poor
when union occurred before or after 16 weeks with one or more
permanent complications like deep infection, implant failure,
nonunion, limb shortening and permanent knee stiffness. Delayed
union was recorded when the fracture united in more than two to
four months (radiograph showed external callus traversed by a
zone of radiolucency, a typical picture of fibrocartilaginous delayed
union). Nonunion was noted when union had not occurred
following six months of treatment. Follow-up was done for one
year. Inmajority of the patients, percutaneous K-wire fixation of the
tibia was performed within one week of the injury.

Operative technique

All childrenwere operated upon under general anaesthesia. The
affected limb was cleaned and draped. The appropriate diameter of
the wires depended on the size of the medullary canal of the child.
The size of the implant is selected to be approximately 40% of the
diameter of the medullary canal at the level of isthmus, and two
equally sized implants are used to prevent asymmetric force on
opposite cortices.

Two stainless steel K-wires of 30e45 cm in length and
2.5e3.5 mm in diameter were prepared by bending them at an
approximate angle of 45�, 2 cm from the tip and cutting off the
sharp points to prevent inadvertent penetration of the cortex. The
wires were not pre-bent in a “C” or “S” curve. The wires were
loaded onto a “T” handled introducer with a Jacob's chuck. Two
small skin incisions were made distal to the proximal growth plate
of tibia, one anterolaterally and the other anteromedially. Entry
portals were made into the proximal tibial metaphysis distal to the
growth plate of the proximal tibia with a sharp bone awl ante-
rolaterally and anteromedially. The wires were introduced via
antegrade approach by hand or gentle hammering. The lateral wire
was introduced first. The tips of the wire were placed just proximal
to the growth plates of the distal tibia, with the bends pointing
towards the side of the entry portal. Angular and rotational mala-
lignment spontaneously correct on passage of the wires across the
fracture. Image intensifier screening in two planes perpendicular to
each other confirmed proper placements of the wires. The tail
portions of the wires were bent towards the fracture and cut 1 cm
away from the entry portal in the cortex. The skin wounds were
sutured and dressed. Fracture stability, correct linear and rotational
alignment were assessed on table. All children had received a
preoperative bolus of intravenous antibiotic. Retrograde medullary
Kirschner wiring was carried out in one small child with a single
intramedullary K-wires. The entry portal was on the lateral cortex
proximal to the growth plate of the distal tibia. Above knee slab
supplementations were done in the immediate postoperative
period for a period of four to six weeks. Sutures were removed on
the 10th day after surgery, and then all the patients weremobilised,
non-weight-bearing for 4e6 weeks. Weight bearing in a walking
plaster was permitted when adequate callus was seen at the frac-
ture site.

Evaluations on follow-up were done according to a fixed pro-
tocol. The childrenwere followed up at 2 weeks, 6 weeks, 12 weeks,
6 months and 12 months. The time to weight bearing and to union
were recorded, as well as the range of knee motion and limb length
discrepancy. Union was defined radiographically when bridging
callus was visible on two standard views with partial obliteration of
the fracture line, and clinically when bony tenderness and pain on
weight bearing were absent. Any differences in the limb length
were measured, keeping both lower limbs in identical position
(with pelvis squared) andmeasuring the distance from the anterior
superior iliac spine to the inferior tip of the medial malleolus.
Rotational deformity and any significant varus or valgus angula-
tions at the fracture site were measured radiologically. Fractures
were considered to be united when tricortical callus was visible on
the radiographs and there was no tenderness at the fracture site on
clinical examination. Generally, sufficient callus formation is shown
at 4 weeks in paediatric fractures, and radiological fracture
consolidation has been reported to be achieved at 7e8 weeks.

Follow-up

The children were started on non-weight-bearing crutch
walking and knee physiotherapy 2e3 days after the surgery and
were ready for discharge 3e4 days after surgery. The children with
polytrauma stayed on for a longer period in the hospital because of
associated injuries. Full weight-bearing was allowed after clin-
icoradiological fracture union. Union was defined clinically by the
absence of bony tenderness and abnormal mobility at the fracture
site, and no pain at the fracture site onweight bearing. Radiological
fracture union was defined by the presence of callus bridging the
fracture and partial obliteration of the fracture line in two views
perpendicular to each other. The clinical results of our study were
rated on the basis of the criteria of union, nonunion, delayed union
or malunion.16 The childrenwere assessed for malunion both linear
and rotational, and limb length discrepancy. The wires were
removed between 8 and 22 weeks. These children were assessed
clinically and radiologically for union timing at one year following
surgery. Children were assessed for delayed union (more than two
to four months postoperative) and nonunion (six months following
surgery).17 Functional outcomes were evaluated according to the
Johner and Wruhs criteria.16 As a part of the subjective assessment,
patients were asked in questionnaire if they were very satisfied,
satisfied or not satisfied with the outcome of treatment.

Results

Totally, 66 children with the age of 2e14 years were included in
this study, and among them 40 were girls and 26 were boys. There
were 30 left-sided and 36 right-sided fractures. Forty-two children
suffered a road traffic accident and twenty-four had a fall from a
height. All were closed fractures. There were transverse fractures in
45 children, oblique in 8, spiral in 5, comminuted in 7 and
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segmental in 1; fractures were at middle one third in 42 children
(30 boys and 12 girls), proximal one third in 11 (7 boys and 4 girls)
and distal one third in 13 (3 boys and 10 girls) of tibia. Out of 66
children, 55 had isolated tibial shaft fractures and 11 had associated
injuries. Two children had ipsilateral forearm fractures, one ipsi-
lateral femoral fracture, two contralateral femoral fractures, two
contralateral forearm fractures, two ipsilateral and one contralat-
eral humeral fractures and one child had head injury. All children
were followed up for one year. None was lost to follow-up. The
clinical results of our study were based on the criteria of union,
nonunion, delayed union or malunion.17 Functional outcomes were
evaluated according to the Johner and Wruhs criteria.16 The chil-
drenwere followed up according to their clinical status. Sixty-three
patients had union within ten weeks. Union was achieved in three
children in sixteen weeks. One child had valgus deformity in lower
tibia more than 5� however child had no difficulty in walking.

Children were allowed to start walking with crutches on the
second day of operation, as they feel comfortable. All children,
except two, started partial weight-bearing on the 6th week and
full weight-bearing on the 12th week. These children had non-
weight-bearing ambulation until the callus became visible on
radiographs. They had comminution at fracture site. All children
had full range of motion of their knees and ankles. Three children
complained postoperative knee pain, which was spontaneously
resolved in two weeks. None of the children in our series devel-
oped migration or sinking of the intramedullary wires. Skin irri-
tation by the protruding wire ends was encountered in 12
patients. In the majority of cases, we noted that the alignment
achieved intraoperatively was maintained at the time of the final
review. However, two patients with significant communition had
some progression of deformity. No patient had any rotational
deformity. Limb lengthening of less than 1.5 cm was found in 3
cases both clinically and radiologically, which was clinically
insignificant. In our study, there were three (4.55%) delayed
unions which were corrected within three weeks. K-wires were
removed between 8 and 22 weeks. The results were excellent in
95.45% and good in 4.55% children. In subjective overall assess-
ment 95.45% patients were fully satisfied and 4.55% were satisfied
with the outcome of treatment (Fig. 1).

Discussion

Diaphyseal tibial fracture is the second most frequent trau-
matic injury in children requiring hospitalization.18 Clinical re-
sults are good; whichever treatment method is chosen but age is
a consideration to define the best treatment.19e25 Closed reduc-
tion and plaster application is still the gold standard for tibial
Fig. 1. A: Preoperative anteroposterior and lateral radiographs of tibial shaft fracture (left
diographs showing fixation with two Kirschner wires. D: Photograph of the child at final fo
fractures in children. However, this procedure requires prolonged
immobilization and cautious follow-up. Secondary displacement
and nonalignment are not exceptional, particularly in cases of
isolated tibial fracture.26 In order to avoid these complications,
operative treatment can be performed. Elastic stable intra-
medullary nailing is the gold standard for osteosynthesis of un-
stable diaphyseal fractures in children and adolescents.20,27 In
tibial fractures, indications for operative treatment are deter-
mined based on a variety of factors including fracture type,
location, severity and patient age.22,28 The encouraging results of
elastic stable intramedullary nailing in femoral and forearm
fractures led us to use this technique to treat tibial shaft frac-
tures.29,30 There are various advantages of this technique. Three-
point fixation within the medullary canal allows maintenance of
both alignment and rotation for most fractures. Flexible intra-
medullary nails provide fixation that is stable as well as elastic,
allowing micromotion at the fracture site when load is applied.
This encourages abundant bridging callus formation and facili-
tates early union.7,9 Based on the concept of flexible intra-
medullary nails. Some authors recently advocated the use of
intramedullary K-wires fixation for femoral fractures in children
with encouraging results.31,32 Nascimento et al33 advocated
flexible titanium nailing for the treatment of all diaphyseal
fractures in children. The functional outcomes for the intra-
medullary nailing group were significantly better than those for
the external fixation group in the categories of pain, happiness,
sports, and global function.5 In this study, 63 patients underwent
union in 6e10 weeks with a mean of 8 weeks. The principle of
osteosynthesis with intramedullary K-wires is a biomechanical
idea that aims at early bridging callus formation leading to rapid
restoration of bony continuity.33 Just like the titanium nails, the
flexible K-wires allow controlled oscillating micro movements
that permit changing compression on different parts of the
fracture line, leading to early external callus formation. Each K-
wire provides three points of fixation: one at the entry point, a
second at the apex of the curve of the K-wire and a third at the
tip, which is embedded in the cancellous bone of the proximal
metaphysis. Stability is provided not only by the intramedullary
K-wires, but also by the bone itself and surrounding soft
tissues.8,34e36 The bone provides axial stability and each wire
provides three point fixations. The bent tips provide rotational
stability. Increasing the number of K-wires enhances the stability
of fixation.8,34e36 Kiely et al tested the mechanical properties of
different combinations of flexible nails in a model of a paediatric
femoral fracture. They found no difference in the mechanical
properties of paired straight, “S” shaped and “C” shaped nails.
Zachert et al37 advocated that for in vitro adolescent femoral
side) in a five years old child. B and C: Postoperative anteroposterior and lateral ra-
llow-up of one year.
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spiral fracture model, the stability of elastic stable intramedullary
nailing could be significantly improved by two modifications
with additional tension screws. Griffet's study38 involved 86
children (average age 11.8 years). As early as day 30, all patients
had normal knee mobility and symmetrical foot progress angle.
At 2-year follow-up, frontal angulations and leg length discrep-
ancy had decreased and affected 2% of patients. Four patients
suffered from superficial infections. There were no cases of
osteomyelitis or refracture. Swamy39 stated that 14 children
(11 boys and three girls with age of 5e12 years) were treated
with stainless steel K-wires as an intramedullary device in the
treatment of paediatric femoral shaft fractures. Intramedullary K-
wire fixation has a place in the management of paediatric
diaphyseal femoral fractures, because it is technically simple,
quick to perform, safe and reliable and avoids prolonged hospi-
talization. However, cautious attention to surgical technique is of
paramount importance. It is less rigid than the titanium elastic
nails but in the absence of the latter, it affords a cheap and easily
available method of osteosynthesis. In our series, three com-
plained postoperative knee pain, which was spontaneously
resolved in two weeks. None of the patients in our series
developed migration or sinking of the intramedullary wires. In 12
cases, we encountered skin irritation by protruding wire ends at
the entry point. Cutting the wires close to the bone and hairpin
bend of the wire ends minimised this problem. There were three
cases of delayed unions, which were corrected within three
weeks. Distal tibia has smaller growth potential and muscle
traction distribution is a cause of the valgus deformity of the
distal tibia. Valgus deformity of distal tibia more than 5�, which is
not acceptable was seen in one case of my study. Percutaneous K-
wire fixation for tibial shaft fractures in children has distinct
advantages over other conservative and over other operative
techniques. The low cost and universal availability of K-wires as
compared to titanium nails and the short hospital stay make this
treatment cost effective and particularly suitable for developing
and underdeveloped countries. This is a simple technique, and
sophisticated instrumentation is not required. This is a minimally
invasive technique with small stab incisions at the entry point.
The amount of blood loss is small as compared to plating.32

Cosmetic damage is minimal as compared to other open tech-
niques like plating. In contrast with the plaster immobilization,
it affords advantages of easy nursing care, early mobilization
and avoidance of psychological problems due to prolonged
immobilization.8,34e36 As the children are mobilized early on
axillary crutches, they can return to school and play activities
earlier. This technique is of considerable value in head injury and
comatose patients, when compared to traction or a plaster
immobilization. Percutaneous K-wire fixation is a biological
method of fixation, which provides a combination of elastic
stability and mobility. Closed methods leave the fracture hae-
matoma intact, leading to the formation of early bridging callus.
This is an easy to learn technique, with a small learning curve. It
may be adapted to treat other diaphyseal fractures in
children.8,34e36
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