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Summary: Ankle injuries are one of the most common orthopaedic
conditions treated in the emergency department. Initial reduction and
splinting techniques of these injuries are variable and can place
undue stress on the physician and cause patient discomfort. Novice
and experienced practitioners have had to repeat splint application
because of poor preparation, variable assistant experience, loss of
fracture reduction, and improper application. We present a modified
Quigley technique for ankle reduction and splinting that simplifies
these issues and reduces stress on the patient and physician. The
technique was used on 51 patients without any major complications.
This technique can be performed entirely by 1 practitioner, by
keeping the patient and physician in a comfortable position and is
applicable to a wide range of lower extremity trauma injuries.
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INTRODUCTION
Quigley1 first described his popular technique for ankle

reductions in 1959. Quigley’s traction is performed by plac-
ing a stockinette over the injured lower extremity and fasten-
ing the stockinette to the upper thigh with either elastic tape or
a compression wrap. Excess stockinette is extended beyond
the toes and suspended from a height to elevate the extremity
(Fig. 1). This method uses gravity and muscle relaxation to
“auto-reduce” a fracture or dislocation. Quigley1 noted this
position allows the ankle and foot, both being of much less
mass than the leg and thigh, to fall into adduction, internal
rotation, and supination.1

Quigley’s method, however, has several limitations
with today’s patient populations and the manner in which
supplies are used. For example, stockinette is not always
available in a hospital or nonhospital setting.2 The suspension

construct is also prone to slide off the patient if the proximal
portion is not properly secured. Large and obese patients put
excessive tension on the stockinette increasing the stress on
the proximal fixation point. If the patient does slip out of
Quigley’s traction, this can be extremely painful and can even
further complicate the lower extremity injury. Additionally,
the stockinette can obscure the foot’s anatomic alignment and
bony landmarks. For example, the stockinette can make it
more difficult to align the patella and second metatarsal in
a reduction because it covers these anatomic structures.

Another common method used for ankle reductions is
to have an assistant flex, the hip and knee, to approximately
90 degrees. This decreases the deforming forces of the
gastrocnemius–soleus complex on the ankle and thereby
positions the ankle in space such that it is suitable for the
practitioner to reduce and splint the extremity (Fig. 2). This
method, however, is open to great variability due to the
requirement of an often untrained assistant. The national obe-
sity epidemic has also led to an increase in the average leg
weight, which can make it difficult for some assistants to hold
the extremity for a prolonged period of time.3

According to National Health and Nutrition Examina-
tion Survey (NHANES) data in 1960, shortly after Quigley
described his technique, only 13% of the American adult
population was obese and ,1% of the population was
severely obese (body mass index .40).3 As of 2006,
NHANES data found that 35% of adults were obese and more
than 6% are severely obese.3 If we assume that a leg is
approximately 15%–20% of a person’s body weight,4

NHANES data from 2006 places the average adult male leg
at approximately 29.1–38.9 lbs.3 This can be challenging for
many assistants to hold during reduction and splint applica-
tion. Additionally, if the reduction is being performed in
a busy emergency room, it may be difficult to find an avail-
able assistant for prompt relocation of a dislocated ankle.

Given these issues, we present a technique developed
for ankle reductions that uses elements of both Quigley’s
traction and assistant-aided reduction that can be performed
by a single practitioner.

METHODS
See Supplemental Digital Content 1 (see Video,

http://links.lww.com/BOT/A217), which demonstrates the
entire reduction and splinting technique.

Patient Evaluation
Clinical evaluation of the patient with an ankle injury

should begin with inspection of the lower extremity taking care
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to inspect circumferentially around the extremity noting any
skin loss, open wounds, burns, or contractures. The practitioner
should then perform their standard neurovascular examination.
Standard radiographs of the ankle, tibia, and knee should be
performed and assessed for associated injuries. The following
technique would be contraindicated with ipsilateral distal femur
fracture, tibial plateau fracture, first or second toe fractures, and
soft tissue wounds around suspension points.

Preparation
With the patient in the supine position, the practitioner

should organize splint materials: sufficient soft roll, appro-
priately sized plaster, compression wraps, and warm water.

Additionally, for this technique, the practitioner needs 1
length of 4-inch or 6-inch width Kerlix (Kendall, Mansfield,
MA) and 1 length of 2-inch width Kerlix. Stockinette (Alba
Health, Rockwood, TN) may also be used in place of the
Kerlix if it is available but the stockinette does not need to be
opened into the tubular form at any time for this procedure.
The length of these materials is patient-specific, but usually at
least 3-feet is required.

Our method places the 4- or 6-inch (depending on
patient size) stockinette under the patient’s affected leg as
a sling just proximal to the popliteal fossa. The 2 ends of
the material are pulled under the knee to flex the hip beyond
90 degrees of flexion while the knee remains relaxed with
only gravity acting on the lower leg (Fig. 3). The 2 ends of
the Kerlix are then pulled over the patient’s ipsilateral shoul-
der for varus deformities of the ankle or over the contralateral
shoulder for valgus deformities. The 2 ends are then tied to
a secure rail or end of the stretcher with 4–6 square knots.

The practitioner then places the smaller 2-inch width
Kerlix or stockinette around the toes to suspend the foot and
ankle (Fig. 4). The middle of the second piece of Kerlix is
placed between the great toe and the second toe and then
pulled over the toes using a tension lock loop technique. This
order of execution is crucial to prevent slippage. The practi-
tioner secures the toes pulling each strand separately to
tighten the loop proximal to the patient’s interphalangeal
joints (Fig. 4). The 2 strands of the second piece of Kerlix
are then tied to an IV pole or ceiling hook so that the foot is
elevated in the same plane as the knee. The IV pole, ceiling
hook, patient, or even stretcher can then be repositioned as
necessary to obtain the desired ankle position. Pain reported
as.6 on a Likert scale is considered severe when 0 = no pain
and 10 = extreme pain. If a patient reported a number in this
range, the procedure should be delayed until pain can be
properly controlled.

Reduction and Splint Application
Once the patient is in the appropriate position, the

practitioner can reduce the joint by recreating the injury
mechanism and applying traction. After the reduction maneu-
ver, the described technique will help maintain reduction with
gravity suspension alone (Fig. 5). The practitioner now has
time to prepare the splint materials, apply the splint, and let
the splint harden to preserve and hold the reduction. We
typically begin by wrapping the extremity with generous
amounts of soft roll to protect boney prominences and then
apply 10 pieces of plaster as a posterior slab and 2 J-slabs of 5
layers of plaster each to the medial and lateral sides. The
posterior slab is applied by placing the plaster on the plantar
surface of the foot and wrapping it with a piece of soft roll
around the foot while letting the remainder of plaster hang
below the foot (Fig. 6). The piece hanging off the foot is then
wrapped with more soft roll to bring it up to the posterior
aspect of the leg. This allows the plaster to be applied without
the need of an assistant. We prefer to apply the posterior slab
with excess length and then cut the wet plaster at the proximal
end with trauma scissors to the desired length instead of
folding the edges. The J-shaped pieces are applied and then
the construct is covered with more soft roll and a compressive

FIGURE 2. Assistant-aided ankle reduction techniques have
the assistant elevate the ankle by flexing the hip and knee to
90 degrees. This requires an assistant to lean over the stretcher
and patient to support the extremity for a period of time for
reduction and splint application.

FIGURE 1. Quigley’s traction places stockinette over the
injured lower extremity. It is secured to the proximal thigh
with tape or a compressive wrap. The excess stockinette ex-
tends over the foot and is tied to a ceiling hook or IV pole.
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wrap. Once the splint is placed, the Kerlix or stockinette can
be removed with trauma scissors from the toes and then from
around the thigh—the reverse order of application.

RESULTS
This technique has been performed at our institution

between 2011 and 2014 on a series of 51 ankle injuries,
including lateral malleolar, bimalleolar, trimalleolar, and
simple pilon injuries without any major complications (Table
1). The average patient age was 45 (range, 11–85) years and
included 25 females (49%) and 26 males (51%). Most pa-
tients were overweight or obese as the average body mass
index was 29 (SD: 5.1). Even if no reduction maneuver
was necessary for the given injury, this technique could still

be used to simplify the splint application process as 3 splints
were for ankle sprains (5.9%), 2 for jones fractures (3.9%),
and 3 for Achilles tendon ruptures (5.9%). Four splints in the
series were revised at the time of placement: 3 (6.0%) for
malreduction and 1 (2.0%) for insufficient padding at the time
of application. The same reduction and splinting technique
was used for 2 of these revisions. No patient had issues with
repeat dislocation, pressure sores, or skin complications. No
patients slipped from the suspension construct. The splint
served as part of the nonoperative treatment in 16 patients
(31.4%) and as a bridge to surgical treatment in 35 (68.6%).
All patients received some type of pain medication before the
reduction and splinting technique (Table 2). Pain score data
were available for 46 patients with 93.5% reporting a score of
5 or less after the reduction and splint application.

FIGURE 4. The smaller 2-inch Ker-
lix or stockinette is tied into a loop
with 4–6 square knots. The tension
lock loop around the toes is created
by first slipping 1 U-shaped end of
the material between the great toe
and second toe. Then the U-sha-
ped end of the loop is pulled up
and over the 2 toes taking care to
ensure that the loop is well secured
and tensioned proximal to the
interphalangeal joints.

FIGURE 3. The 4- or 6-inch Kerlix
or stockinette is placed as a sling
under the patient’s knee and
pulled to flex the hip to 90 de-
grees or greater. The sling is then
tied with 4–6 square knots to
a secure part of the stretcher. The
patient’s affected knee remains in
resting flexion.

FIGURE 5. With the tension lock
loop placed, the loop is hung
from an IV pole or ceiling hook.
The ankle reduction can then be
performed. The gravity suspen-
sion of this setup helps maintain
the reduction while supplies are
prepared or postreduction x-rays
are obtained.
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CASE EXAMPLE
A case example is presented in Figure 7. These images demon-

strate the pre- and post-reduction ankle x-rays and the given suspension
construct postreduction of a patient with a left 44-B2 ankle fracture
dislocation (Fig. 8). The patient received portable x-rays postreduction
to confirm restoration of anatomic alignment before splint application.
This technique suspended the ankle facilitating the process of acquiring
these portable x-rays. The suspension technique also held the reduction
allowing the plaster to be applied in a controlled manner.

DISCUSSION
Quigley1 noted in his original article that it is not nec-

essary to suspend the leg by the great toe. The presented
technique suspends the leg by the 2 largest toes: the great
toe and the second toe. In our experience, no patient com-
plained of significant pain in the toes during this technique.
No leg was too heavy to be supported by an IV pole; however,
discretion should be used when working with larger patients.
The toes may discolor during prolonged suspension, but the

perfusion and color return after removing the tension lock loop.
The reduction and splinting technique takes between 10 and
15 minutes even with complicated injuries. Theoretically, toe
ischemia could occur as a report exists of finger ischemia after
20 minutes of tourniquet time around a single finger.5 This
complication, however, is extremely rare, and the use of 2-inch
material around the 2 toes better distributes the force across the
toes. Similarly, elevating the thigh with the first piece of mate-
rial decreases the load of the leg being suspended by the toes.
The greatest complication from digital tourniquets has been
related to practitioners forgetting to remove the tourniquet after
the procedure allowing it to remain in place for several hours or
days.6–8 Although the toe suspension should be removed
promptly after the splint application, the act of hanging the
extremity from the ceiling makes it unlikely that it would be
overlooked by the medical team.

TABLE 1. List of Injuries Treated With This Reduction and
Splinting Technique

Injury Frequency (n) Percentage (%)

Soft tissue injury 3 5.9

Medial or lateral malleolar 16 31.4

Bimalleolar 13 25.5

Trimalleolar 11 21.6

Jones 2 3.9

Simple pilon 3 5.9

Achilles rupture 3 5.9

Total 51 100

TABLE 2. List of Medications Used at the Time of Reduction
and Splinting

Pain Medication Frequency (n) Percentage (%)

Oral 6 11.8

Intravenous 6 oral 42 82.4

Sedation 2 3.9

Intraarticular 1 2.0

Total 51 100

FIGURE 6. Once the appropriate
reduction has been obtained, the
extremity is wrapped with sufficient
soft roll. The practitioner then places
the posterior slab in the appropriate
plantar position and then uses
a piece of soft roll (located in left
hand) to wrap around the foot and
plaster holding this piece in place.
Successive pieces of soft roll are then
used to bring up the remainder of
the posterior slab hanging below
the extremity. A J-slab of plaster is
applied to both the medial and lat-
eral aspects of the leg, the construct
is wrapped again with soft roll, and then a compressive bandage is wrapped around the construct to complete the splint.

FIGURE 7. Once the splinting procedure is completed and the
splint has hardened, the toes should be cut down using
trauma scissors with 1 hand to support the extremity. The
material holding the hip in flexion can then be cut completing
the procedure. The foot is left in equinus for this image
demonstrating an Achilles tendon injury. Alternatively, the
physician can perform the reduction and dorsiflexion at this
stage for a fracture dislocation injury.
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Suspending the toes, but leaving the foot and ankle
uncovered, also improves visualization of boney landmarks.
Several studies have demonstrated that an intra-articular
lidocaine block provides a similar degree of analgesia and
sufficient analgesia to achieve closed reduction of ankle
fracture dislocations when compared with conscious seda-
tion.9–11 Our technique allows for intra-articular block before
reduction and was performed on 1 patient. The technique also
allows for postreduction application of an intra-articular block
because there is no stockinette obscuring the anatomy. This
may be necessary if the prereduction injury sufficiently alters
the ankle anatomy complicating the appropriate application of
the block. The exposed anatomy also allows for direct visu-
alization of appropriate soft roll between the patient’s skin
and plaster. We use trauma scissors to trim the ends of the
plaster instead of folding the edges over because this has been
shown to increase the risk of thermal injury.12 We have not

experienced any patient thermal injuries or plaster-to-skin
contact while using this technique.

The presented reduction and splinting technique has
proven to be a safe and successful option in the treatment of
ankle injuries. This technique has the advantage of being
performed by a single-person without the need for assistant or
unique supplies. With minimal practice, this method can be
quickly applied to simplify ankle treatment and splinting. In
our experience, this technique can be performed entirely by 1
practitioner, by keeping the patient in a comfortable position,
and is applicable to the wide range of ankle injuries.
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FIGURE 8. Initial injury and post-
reduction and splinting x-rays of
patient with a 44-B2 fracture dislo-
cation of the left ankle. The image of
the patient positioning was taken
after the reduction.
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ERRATUM

Surgical Fixation of Vancouver Type B1 Periprosthetic Femur Fractures: A Systematic Review: Erratum

In the article that appeared on page 721 of the December 2014 issue of the Journal of Orthopaedic Trauma, there is
an error in Table 1 related to Union With Primary Procedure for Group 3. Though it was correctly reported in the text, what
is listed in Table 1 is incorrect. The correct information should be 41/42(98), instead of 1/42(2).
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