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Abstract:

The stainless-steel pin has become an important part of operative orthopaedics over the last several decades. It is used
in all subspecialties as tool to localize a lesion or to effectuate reduction, as a conduit for implant placement (screw or
blade plate), as a guide for making an osteotomy, and as an implant that can stabilize bone whether it is placed in an
open or percutaneous manner. While simple and ubiquitous to the craft of orthopaedics, it has revolutionized the care of
children with orthopaedic conditions. This review highlights the history and the applications of the simple pin that can
assist in obtaining good results in common problems.

Key Concepts:
» Pins can be used as reduction tools and as fixation devices to achieve proper length, alignment, and rotation.

* Pin fixation can often be performed in conjunction with closed reduction and is therefore generally minimally
invasive, decreasing the risks associated with open surgeries.

» Pin fixation is a powerful technique that offers pediatric orthopaedists versatility in both fracture care and
reconstructive surgeries.

* Major risks of pin fixation are infection, loss of reduction, nonunion/ malunion, nerve injury, and growth arrest.
These risks can be mitigated by careful pin placement.

Introduction and History

Pin fixation in children is a relatively recent innovation standard of practice for fewer than 50 years. The rise

that has become an accepted technique and considered of pin fixation of fractures has occurred concurrently
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with the development of fluoroscopy and the move
toward minimally invasive surgical techniques within
orthopaedic surgery. The prominence of pin fixation
has been aided by the general trend away from traction
techniques and inpatient admissions for definitive
fracture management. Pins are also important for
stabilizing bone that has been osteotomized in a variety
of reconstruction procedures.

Several key historic figures pioneered the use of pins

in modern orthopaedics. Fritz Steinmann (1872-1932)
was a Swiss surgeon who developed the eponymous
Steinmann pins for the purpose of applying traction to
an extremity over a prolonged period of time. Steinmann
pins measured 3-5 mm in diameter and were applied with
a hand driver. This new technique allowed fine tuning
of traction not previously permitted by classic plaster
methods. Martin Kirschner (1879-1942) was a German
surgeon who built on Steinmann’s traction principles

but advocated for the use of thinner (0.7 mm diameter)
pins. This technique was determined to be less traumatic
and to reduce risk of infection compared to the larger
Steinmann pins. Tensioning techniques allowed for
thinner wires to be effectively used. These thinner pins
became known as Kirschner or K-wires.!

Adalbert Ibrahim Kapandji (1928-2019) was a French
orthopaedic surgeon who, in collaboration with L.
Sauvé, developed the Sauvé-Kapandji procedure

for management of distal radioulnar joint (DRUJ)
injuries. This procedure utilized pins for the purpose

of arthrodesis for treatment of DRUJ instability and
demonstrated the versatility of pins in orthopaedics.?
Specifically, the Sauvé-Kapandji procedure represented
an early example of the utility of pins for purposes other
than traction. Kapandji also pioneered the Kapandji
technique, which utilized pins as reduction aids to
facilitate closed reduction of injuries.?

Over the past 50 years, the role of pins within general
orthopaedics and, more specifically, within pediatric
orthopaedics, has expanded significantly. Currently, pins
are used for a variety of purposes in both fracture fixation
and in reconstructive procedures. This review highlights

Copyright © 2022 JPOSNA®

some of the important tips, tricks and pitfalls that can be
obtained with the simple pin.

Pin Types

There are two broad categories of pins: smooth and
threaded. Smooth pins can be easily removed in clinic,
though lack of threads results in less bony purchase.
Threaded pins are useful for certain types of fractures,
such as proximal humerus fractures, though these

pins are more difficult to remove in the clinic setting.
Threaded pins are helpful in stabilizing bone that could
potentially distract after fixation. Examples include
closing wedge osteotomies of the foot and pelvic
osteotomies. There are two common pin tip types: trocar
and diamond. No significant differences have been found
with respect to insertion or pull-out between these two
tip types.* Diamond threaded pins potentially slip less
during placement due to sharper points, but ultimately,
tip type is dependent on surgeon preference.

Pin Fixation in Orthopaedic Trauma

Roles of Pins in Fracture Care

Pin fixation is considered for displaced fractures that
cannot safely be stabilized with immobilization alone.
Pins may be used both to effect reduction and to provide
stabilization. For instance, the Kapandji technique
describes the insertion of pins into fracture sites for the
purpose of dislodging fragments and manipulating them
into reduced positions. Ultimately, once a fracture is
reduced, it can be stabilized percutaneously with smooth
pins that are removed in clinic after initial healing. This
technique was first described in pediatric distal radius
fractures.? Pins can be used in conjunction with casting to
hold fractures out to length. The “pin-in-plaster” method
was described as a blend of casting with percutaneous
pinning and could be considered the original external
fixator for the maintenance of reductions that would
likely fail with plaster alone.> Finally, pins can be
modified and used for internal fixation (Figure 1).

General Principles of Pin Fixation in Fractures
In general, pin fixation should be used for fractures that
heal quickly in children and young adolescents. Fractures
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Figure 1. This 3-year-old with osteopetrosis and a femoral neck fracture was treated with K-wire fixation,

bending the wires to the shaft and wiring.

amenable to pin fixation are typically metaphyseal,
though intraarticular injuries such as lateral humeral
condyle fractures can also be judiciously managed with
pin fixation. Selection of pin size should be based on size
of the patient, location of the fracture, and the number of
pins being used. For example, while 1.6 mm pins may

be sufficient for fixation of a supracondylar humerus
fracture in one patient, 2.0 mm pins may be needed for

a similar injury in a larger, older patient. Pins typically
remain in place for 3-5 weeks depending on patient

age and injury type. Pin removal can frequently occur

in a clinic setting with minimal pain and typically only
moderate anxiety. Most providers do not use any sedation
or pain control for pin removal. Several studies have
found that pain medications prior to pin removal have no
impact on anxiety and suggest other types of distraction
techniques, such as the use of virtual reality.”®

Risks of Pin Fixation and Management

of Complications

Pin site infection is the most common complication of
pediatric fracture percutaneous pinning (Figure 2).

The rate of pin site infections varies widely in the
literature. One study by Battle and coauthors estimates
pin site infection rate in pediatric patients to be 5.9%
for minor infections and 2% for major infections.” A
2016 study of 369 children estimates the rate of pin site

Copyright © 2022 JPOSNA®

Figure 2. A 7-year-old boy who presented to the
Emergency Department complaining of a fever 8
days after closed reduction and percutaneous pinning
of a SCHF. He was taken to the operating room for
management of this pin site infection. Pins were
removed and the fracture was stable under stress. He
was placed in a cast for definitive fixation and given
antibiotics.

infection in supracondylar fractures to be 0.81%.'° If
purulence is noted at pin sites, a pin site infection should
be suspected.!! Most pin site infections are superficial
and can be treated with removal of the pins, oral
antibiotics, and local wound care.'? If a deep infection
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is suspected, the patient should be monitored closely

and should be treated with intravenous antibiotics and/
or a return to the operating room for surgical irrigation
and debridement as indicated. Possible factors associated
with pin site infections include casts that are too loose

or those that have gotten wet.!3 The risk of infection is
small enough that the use of prophylactic antibiotics

at the time of pin placement is being questioned and
actively investigated.

Percutaneous pinning often involves intraarticular pin
placement, and as such, there has historically been
concern that intraarticular pins can be associated with
arisk of the development of septic arthritis. For this
reason, when pins pierce capsule (for example, in lateral
condyle or distal femur fractures), it is reasonable to
consider burying pins for later removal to minimize

this complication. Of note, previous literature has
demonstrated no increased risk of septic arthritis even
in the setting of pin site infections.!* If septic arthritis
does occur, management requires hardware removal and
surgical irrigation and debridement.

Loss of Reduction

Sankar and colleagues identified three categories of

pin fixation errors: the failure to engage both fracture
fragments with at least two pins, the failure to achieve
bicortical fixation with at least two pins, and the failure to
achieve adequate pin separation at the fracture site.! If a
loss of reduction occurs, repeat reduction and percutaneous
pinning should be performed. If the surgeon is unable

to achieve a stable percutaneous fixation construct,

open reduction internal fixation should be considered.
Ultimately, loss of reduction may result in malunion,
which may necessitate corrective osteotomy procedures
and grafting. Sankar and colleagues found 2.9% of SCHF
to have a loss of fixation when treated with CRPP.!>

Nerve Injury

Nerve injury is a known, though rare, complication of
percutaneous pinning. For example, in the management of
supracondylar humerus fractures, ulnar nerve injury can
occur. Na and colleagues found that iatrogenic ulnar nerve
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injury had an increased incidence in patients treated with
crossed pins (4.9%) compared to patients treated with lateral
pins (0.5%).!6 Thus, this risk can be minimized through use
of lateral pin only pin fixation constructs.!” When a medial
pin is used, inserting the pin with the elbow in extension,
using a mini open approach, or using electrical stimulation
can minimize risk to the ulnar nerve.'¥-?* Similar principles
can be applied to percutaneous pinning in other anatomic
locations. Management of iatrogenic neuropraxia is pin
removal and observation. Most cases will resolve within a
few months to years.

Growth Arrest

Physeal arrest is a rare complication that can occur

after transphyseal pinning. This complication is rarely
described in case reports in the literature.>! Growth arrest
is more likely a result of the original trauma inflicted to
the chondrocytes as opposed to a one or two smooth pins
that cross the physis. Yet, most surgeons avoid crossing
the physis if at all possible.

Fractures Amenable to Pin Fixation

Supracondylar Humerus

Supracondylar humerus fractures (SCHF) represent the
most common type of elbow fracture in children and are
estimated to affect 60.3 to 71.8 per 100,000 American
children annually.?? Historically, these fractures were
treated with olecranon pin traction or cast immobilization
in hyperflexion, for which the later resulted in cases of
compartment syndrome and later Volkmann’s contracture.
Displaced and/or angulated SCHF are now managed with
closed reduction and percutaneous pinning. Complications
are rare and include superficial infections (1%), nerve
injuries (0.3%), pin migration (1.8%), and malunion.>3->
The development of reduction and pin fixation has

made an enormous difference in reducing Volkmann’s
contracture as well as malunion from lost reduction.

Patients are positioned supine with the affected extremity
on a hand table. Reduction is achieved with longitudinal
traction, correction of medial/ lateral translational
displacement, correction of varus/valgus displacement,
and complete flexion with pronation. Once reduced,
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fixation can be with either 2-3 lateral pins placed in a
divergent pattern or a medial pin and one or two lateral
pins placed in a crossing configuration (Figure 3).2

Three lateral pins are typically sufficient to secure
Gartland-type II1 SCHF. While the crossed-pin pattern

is mechanically advantageous, medial pin placement is
associated with a risk of injury to the ulnar nerve. This
risk can be mitigated with a mini-open approach or by
driving the pin in with the elbow in extension whilst
directly palpating the medial epicondyle. Medial pins are
especially useful when the fracture exits proximally in
the medial metaphyseal flare.

Pins can also be used to effectuate a reduction via the
Kapandji method or with temporary intraoperative
olecranon pin traction (Figures 4 and 5).

General Pin Management

Pins should be bent 8-10 mm from the skin and then cut
8-10 mm from the bend to prevent migration under the
skin (Figure 6A-D).

Figure 3. In addressing a supracondylar
humerus fracture, at least two pins should
engage fracture fragments in a bicortical
fashion. Pins should be separated by at
least 10 mm at the fracture site.

Copyright © 2022 JPOSNA®

Figure 4. This 9-year-old with a supracondylar
humerus fracture was reduced with a posteriorly placed
K-wire as a joy-stick. The medial pin was placed
through a small incision to avoid ulnar nerve injury.

After the pin has been bent and cut, rotate the pin in

the bone to feel for resistance. This resistance suggests
good bone purchase. If there are any doubts about pin
engagement, check the position of the pin and consider
replacement if indicated. Fluoroscopy can be used after
bending and cutting of wires to verify positioning. Local
anesthetic agents may be injected around pin sites.?’

Once the pins have been placed and adequate positioning
has been verified via fluoroscopy, wrap 1 x 2-2/3” strips
of Xeroform around each individual pin 1-1/2 times
(Figure 6E). The purpose of the Xeroform is two-fold:

to prevent pins from migrating into the skin and to lower
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Figure 5. This 12-year-old with a supracondylar humerus fracture required a temporarily
placed olecranon pin to gain traction while a Kapandji wire leveraged the fracture to a reduced
position. Medial pins were placed through an incision and the pins were cut off below the skin.
Adolescent fractures often require more than 3 weeks of pin fixation and are at increased risk of
infection. These pins were buried to prevent pin tract infection and possible joint sepsis.

the risk of infection. Sterile felt padding or split gauze
should be placed between the bent pin and the skin to
ensure adequate padding and to decrease pin loosening as
swelling resolves (Figure OF).

If a cast gets wet, the surgeon should have a low threshold
to remove the cast due to risk of pin tract infection. The
pin sites should then be evaluated sterilely. Betadine
should be applied to the pin sites, new dressings applied,

Copyright © 2022 JPOSNA®

and a new cast placed. The clinician should consider
prescribing a short course of oral antibiotics if indicated
by the appearance of the pins, though there is no literature
that has demonstrated the necessity of this practice.

Pins should be removed as soon as possible, but certainly
within 4-5 weeks, to limit risk of infection. Pin removal
generally takes place in the office, and sedation and/or
anxiolytics are typically not needed.® Key tip: It is always
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Figure 6. Pins should be bent 8-10 mm from the skin (A-C) and then cut 8-10 mm from the bend (D).
Wrap 17 x 2-2/3" strips of Xeroform around each individual pin 1-1/2 times (E). Sterile felt padding or
split gauze should be placed between the bent pin and the skin to ensure adequate padding (F).

Figure 7. AP and lateral fluoroscopy images of a 16-year-old girl status post closed
reduction and percutaneous pinning of a left proximal humerus fracture.
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Figure 8. This child with a lateral condyle fracture
underwent percutaneous pin fixation. Afier the first pin is
placed, a cannulated drill bit is reversed and compresses
the fracture while a second K-wire is placed divergently to
hold the fracture compressed.

a good idea to remove medial pins first as an anxious
child will adduct their arm and block access to it.

Supracondylar fracture malunion in children commonly
presents as a cubitus varus deformity. This deformity is
characterized by varus, hyperextension, and internal rotation
of the distal humerus. This deformity is associated with
cosmetic and biomechanical consequences, and treatment is

»

Figure 9. Lateral condyle fractures have a tendency to displace due to pull of extensor

a corrective osteotomy. This is achieved through exposure
of the lateral supracondylar ridge. K-wires are then inserted
as guide pins at the site of the planned closing wedge
osteotomy. After the osteotomy is achieved, two K-wires
are inserted through the lateral epicondyle and across the
osteotomy site; pre-positioning of the fixation K-wires may
facilitate quick stabilization of the distal humerus fragment
after wedge resection. An additional crossing K-wire may
be inserted from medial to lateral.”

Proximal Humerus

Percutaneous pinning with either closed reduction or
open reduction via deltopectoral approach has been
shown to be a safe, reliable method of treating older
pediatric patients with displaced proximal humerus
fractures.?%30 Percutaneous pinning has been shown to
be associated with shorter surgeries, decreased estimated
blood loss, and lower rates of return to the operating
room when compared to intramedullary nailing.3! While
higher rates of complications, including pin site infection
and pin migration, were found in percutaneous pinning,

no differences were noted in loss of reduction.?!

Patients are placed in the modified beach chair position
or supine with elevation of the affected shoulder on

a radiolucent table. Closed reduction is attempted,
frequently prior to prepping the patient, with traction,

»/

Absorbable Suture
Tension Band

mass. Tension band fixation with an absorbable suture can augment pin fixation.

Copyright © 2022 JPOSNA®
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abduction, and rotation with counter-traction; obtaining
appropriate length should be the main focus of the
reduction. If this is unsuccessful, open reduction through
the deltopectoral approach is performed. Two 2.8-4.0 mm
Steinmann pins, threaded or unthreaded, are advanced
from lateral to medial across the fracture site and into the
humeral epiphysis (Figure 7).

Of note, pins are placed distally to avoid the axillary
nerve. Orthogonal views of the proximal humerus to
assure proper pin placement and reasonable fracture
reduction is paramount; when difficult, an axillary view
of the shoulder is most helpful 3> The surgeon may
consider burying pins in the proximal humerus.

Lateral Condyle Humerus

Lateral condyle humerus fracture (LCHF) is the second
most common pediatric elbow injury. These injuries
are intraarticular and are inherently unstable as the
lateral condyle serves as the common extensor origin,
which acts as a deforming force, resulting in nonunion
of these injuries (Figure 8).33 As such, displaced LCHF
are indicated for surgical fixation; percutaneous pinning
is associated with shorter operating room times, lower
risk of avascular necrosis, lower risk of damage to
neurovascular structures, and less soft tissue trauma

compared to open reduction and internal fixation.?*3>

Fractures that are displaced greater than 2 mm or those

with significant intraarticular involvement are indicated

for surgical fixation. Once surgically identified, while
preserving the posterior soft tissue attachments, the
fragment can be reduced with the use of a K-wires as a
joystick while visualizing the joint surface. Once reduced, at
least two K-wires are placed bicortically: at least two lateral-
to-medial column pins, perpendicular to the fracture line,
may be used; alternatively, one may be placed transversely
through the trochlea while the other is placed from the
lateral column into the medial column® (Figure 9).

Olecranon

Olecranon fractures are uncommon in the pediatric
population and can frequently be managed nonoperatively
with good results.>” Generally, intraarticular fractures

Copyright © 2022 JPOSNA®

displaced greater than 2 mm are treated operatively, and
options for operative management include tension band
wiring or suturing, screw fixation, plate osteosynthesis, and
percutaneous pinning.*® Tension band wiring is associated

Threaded Steinmann Pin
Needed to Reduce Fracture

Olecranon
Fracture

Figure 10. This four-year-old presented with a fracture
dislocation of her elbow which was irreducible in

the OR. A threaded Steinmann pin in the olecranon
facilitated reduction. The olecranon fracture was
pinned percutaneously with a drill guide compressing
cartilaginous apophysis. Follow-up x-rays showed

an excellent result. Multiple K-wires were placed
divergently to prevent displacement.
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Figure 11. The tip of a 2.4 mm Steinmann pin is bent and used to lever the radial head back. The radius can be
casted or stabilized with a retrograde nail if the reduction is unstable.

most surgeons use parallel partially threaded cannulated
screws. Percutaneous pins are also an option.

With the patient in a supine position, the fracture

is reduced either percutaneously or under direct
visualization through a standard open approach. Two
K-wires are passed percutaneously. The patient is then
immobilized in a cast in 80 degrees of flexion.

Gortzak and coauthors proposed percutaneous pinning

of olecranon fractures in conjunction with tension band
suturing as a technique to address pediatric olecranon
fractures while minimizing hardware complications. In
this technique, an absorbable suture is tied in a figure-
of-eight position, simulating tension band wiring.*!
Percutaneous pins can also be used to treat the proximal
ulna component of a Monteggia-type fracture (Figure 10).

Proximal Radius
Radial neck fractures are rare injuries in children, are
typically minimally displaced and/or angulated, and can

Dorsal Buttress Pin

usually be managed nonoperatively.*> Angulation of
Figure 12. 4 14-year-old snowboarder with displaced greater than 60 degrees is an indication for reduction.
comminuted distal radius and ulna fractures. The
comminuted radius required several pins, including a
dorsal buttress pin that while not crossing the fracture,
is a block to displacement. reduction compared to closed reduction and percutaneous

pinning.** Thus, while open reduction has been shown

Worse outcomes have been found in older children, those
with more severe fractures, and those who undergo open

with high rates of symptomatic hardware, often necessitating to be indicated in the setting of persistent displacement,
reoperation for hardware removal.>*#? In pediatric patients closed reduction alone or closed reduction and
younger than 10, tension band wiring is uncommon, and stabilization is the treatment of choice for this injury.*
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K-wires can be used for both reduction purposes and for
percutaneous fixation in the management of pediatric
radial neck fractures. A K-wire may be inserted into the
fractured portion of the radial neck, and reduction may be
achieved through leverage of the K-wire in conjunction
with direct pressure on the radial head with the elbow in
flexion or with the Métaizeau technique, which utilizes
elastic stable intramedullary nailing (Nancy nailing) for
reduction (Figure 11).434¢ Fracture fixation can then be
achieved with either percutaneous pin fixation or with a
retrograde elastic nail. 474

Distal Radius

Distal radius fractures are the most common pediatric
fracture seen in the emergency department and comprise
nearly one quarter of all pediatric fractures.** Several
randomized controlled trials have demonstrated closed
reduction and percutaneous pinning to be effective and
safe in managing pediatric distal radius fractures with
unacceptable displacement after closed reduction.’%!

Closed manipulation in the operating room followed
by percutaneous placement of 1-2 1.6 mm K-wires

traversing the fracture site is the classic method of
pinning these injuries. The pins are placed from

distal-to-proximal and radial-to-ulnar using an oscillating
driver to minimize risk of injury to the superficial radial
nerve. Placement of wires dorsally is also an option.

The Kapandji technique has been shown to be effective
in addressing distal radius fractures that are difficult to
reduce. A K-wire is inserted between fracture fragments
to lever the fracture to achieve reduction while a different
K-wire or two are placed to secure fixation; alternatively,
reduction may be performed with a Freer elevator in this
way.> >3 (Figure 12)

Hand Phalanx

The incidence of pediatric phalangeal fractures spikes

in early adolescence and corresponds with initiation of
participation in contact sports.>* Salter-Harris type II
fractures of the proximal phalanx are the most common
type of phalangeal injury in children due to the intrinsic
weakness of the physis compared to its surrounding
structures.>* Surgical treatment is indicated for displaced
intraarticular or unstable fractures (Figure 13).

In the operating room, closed reduction is attempted. If
successful, stability is then assessed by ranging the finger.
If the fracture is determined to be unstable, percutaneous
fixation can be achieved through two 0.9 mm K-wires,

percutaneous reduction and pinning.

Copyright © 2022 JPOSNA®

Figure 13. A 7-year-old with an intraarticular fracture that required closed reduction and

WWW.jposna.org



OURNAL OF BN

POSNA

Volume 4, Number 2, May 2022

one ulnar and one radial, that are run in an antegrade and
crossed fashion. Patients are subsequently casted.”> Wires
can also be used to osteotomize or reduce phalangeal neck

fractures (Figure 14).

' R
Figure 14. This 5-year-old sustained a phalangeal neck
fracture 10 days prior to clinic appointment. The fracture
was partially healed and closed reduction in the OR was
not possible. He underwent percutaneous leveraging of
the fracture and stabilization with dorsal buttress pin.

Copyright © 2022 JPOSNA®
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Supracondylar Femur Fracture

Though some pediatric distal femur fractures are

purely metaphyseal, those that involve the physis are
associated with a high rate of physeal arrest resulting

in limb shortening and angular deformity.’®3” Closed
reduction and casting are associated with a high rate of
failure.’® Percutaneous pinning is an effective technique
for stabilizing these injuries; fortuitously, transphyseal
pinning is not independently associated with growth
arrest.>’

Closed reduction and percutaneous pin fixation can occur
in either the supine or the prone position.®® Percutaneous
fixation construct consists of two, crossed, transphyseal
3.2-4.5 mm Steinmann pins which may be placed
antegrade or retrograde (Figure 15).

Proximal Tibia Metaphysis

Proximal tibial metaphyseal injuries typically occur
in children between 3 and 6 years of age and can lead
to the development of a valgus deformity.®! Most

of the time, the resulting angular deformity occurs
within the first 12 months following injury and will
generally spontaneously correct within 3 years.%?

Early corrective tibial osteotomy is associated with a
high rate of recurrence; therefore, most deformities

are managed with observation until puberty or with

a epiphysiodesis.®! Closed reduction in the operating
room is indicated for fractures of the proximal

tibial metaphysis with a goal of anatomic reduction.
Percutaneous fixation should be used in unstable injuries
to ensure maintenance of reduction. Pins may be placed
antegrade or retrograde.

Distal Tibia Metaphysis

Distal tibial fractures, especially in older children, are

at risk of nonunion, malunion, and the development of
varus angular deformity.®® There are three equivalent
options for percutaneous pin fixation of pediatric distal
tibia fractures: parallel retrograde pins through the medial
malleolus and exiting laterally, parallel antegrade pins
through the medial tibial cortex and exiting at the fibular
notch, and crossed pins with one retrograde pin through

WWW.jposna.org
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Figure 15. A 9-year-old football player sustained a Salter-Harris 1 distal femur fracture. Closed
reduction and crossed pin fixation were performed. The pins were likely placed through the joint
capsule; thus, to avoid pin tract infection that could lead to septic arthritis, they were cut off below
the skin. These pins were removed in the operating room at 5 weeks after injury.

the medial malleolus and one antegrade pin through the short-leg cast or with buddy taping.®> Similar to hand
medial tibial cortex.%* In general, pins that start in the phalanx fractures, Salter-Harris II type injuries are the
metaphysis are easier to place and position. Pins 2.4-3.2 most common injuries, and surgical treatment should
mm are recommended for fixation using an oscillating be considered for fractures that are unstable. Closed or
technique to reduce the risk of nerve injury (Figure 16). open reduction with percutaneous pinning is indicated
for substantially angulated or intraarticular (involving
Foot Phalanx more than 25% of the articular surface/more than 2 mm
Pediatric toe fractures rarely require operative of displacement) fractures of the proximal phalanx of
management and can generally be managed in a the great toe.® Toe pinning is performed in a retrograde

Copyright © 2022 JPOSNA® 13 WWW.jposna.org
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Figure 16. A 7-year-old boy presenting after a pedestrian verses auto incident
with left open distal tibia and fibula fractures status post open reduction and pin

fixation.

fashion. Manual traction is applied to the toe and a 1.6 Examples of Reconstruction with Pin Fixation
mm K-wire is inserted plantar to the toenail, through the Acetabular Osteotomies

DIP, PIP, and MTP joints and across the fracture site. It Acetabular osteotomies are surgical procedures

is acceptable to place pins through articular cartilage in developed to address hip dysplasia. There are a number
pinning these fractures. of different types of acetabular osteotomies that utilize

Copyright © 2022 JPOSNA® 14 www.jposna.org
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Figure 17. A 17-year-old boy with arthrogryposis has a fixed cavus deformity of 44 degrees. A midfoot
osteotomy was planned and executed by placing two K-wires in the midfoot at 40 degrees to each other.
The trajectory of the pins was measured on PACS prior to osteotomy, and the K-wires were cut off in order
to act as an interosseus guide for the saw blade. Smooth pins maintained alignment until healed.

pin fixation including Salter, Triple, and Ganz. Each of to stabilize the graft to the proximal and distal iliac
these procedures involves making a series of cuts in the fragments. Typically, 2 mm fully threaded K-wires are
acetabulum to achieve better femoral head coverage and used in younger patients and 3.5 mm fully threaded
ensure a more concentric hip joint. K-wires are used in older patients. K-wires are generally

' S . ' . removed 6-12 months postoperatively.®’
Pin fixation is integral in these surgeries. Steinmann

pins are used to provisionally or definitively stabilize Foot Reconstruction

acetabular fragments after osteotomy and re-positioning. Talonavicular pins can be used in pediatric vertical
In osteotomies requiring graft (typically iliac crest talus foot deformity or clubfoot surgery for those
autograft) such as a Salter osteotomy, K-wires are used patients who have failed Ponseti casting. Pin fixation

Copyright © 2022 JPOSNA® 15 WWW.jposna.org
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Figure 18. A five-year-old with a history of clubfoot and with residual metatarsus

adductus underwent opening wedge osteotomy of the first cuneiform with allografi.
A closing wedge cuboid osteotomy was planned with smooth K-wires as interosseus
guides and the osteotomy was held closed with threaded K-wires.

may be used in calcaneal neck lengthening procedures.
In older children, larger pins may be used to yield a
lateral closing wedge valgus-producing osteotomy in
addition to calcaneal neck lengthening. Pins can also be
used as guides to precisely orient cuts by using them as
intraosseous saw guides.

Pins are utilized to a great degree in foot surgery as a
means to effect correction (Figure 17) and to stabilize the
foot while it heals.

In general, smooth pins are used to stabilize opening
wedge osteotomies as they can be removed in clinic
without sedation. Threaded pins are needed for closing
wedge osteotomies as they can keep the bone edges
opposed; unfortunately, these need removal in the
operating room (Figure 18).

Pin fixation lends versatility to many pediatric foot
reconstructive procedures.

Other Intraoperative Uses of Pins
Microfracture is a surgical technique that is used to
address articular cartilage defects in the pediatric
population. In adults, microfracture has been shown to
be effective in management of full thickness chondral

Copyright © 2022 JPOSNA® 16

defects in the long-term.®® This technique has also been
shown to be effective in the pediatric population.®®
Microfracture can be achieved through use of drills, awls,

or K-wires.

Conclusion

Pins can be used in pediatric orthopaedics and

lends versatility to fracture care and reconstructive
procedures. Pin fixation is safe and can be used in
conjunction with closed reduction to minimize the

risks of larger open procedures. Pins are well tolerated
and the incidence of major complications including
infection, loss of fixation, nonunion/ malunion, and
damage to surrounding structures is low. Understanding
the indications for pin fixation and developing the
skillset to perform this technique safely is an essential
skill in pediatric orthopaedic surgery. As orthopaedic
surgery continues to move toward more minimally
invasive procedures, understanding the fundamentals of
pinning will allow surgeons to apply this technique in
novel ways.
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