Simultaneous Radiographic Technique to Evaluate ®
Ankle Instability

Tiago Oliveira De Aguiar, M.D., Lucas Santos Oliboni, M.D., Victor Macedo Dezotti, M.D.,
Nicholas I. Kennedy, M.D., Marcio B. Ferrari, M.D., and
Joao Luiz Ellera Gomes, M.D., Ph.D.

Abstract: The use of ankle stress radiographs is common to evaluate ankle instability. However, the majority of the
studies report the use of a manual method to apply the stress, increasing radiation exposure to the physician. Furthermore,
as reported in other studies, the force applied during the stress may vary between examiners according the strength and
experience. In this Technical Note, we describe our preferred method to evaluate ankle instability, either using an
inversion or eversion stress, avoiding the necessity of a physician in the radiographic room.

Ankle ligament injuries are common and often
evaluated by general orthopaedic surgeons in
emergency departments.'” The majority of ligament
injuries in the ankle involve the lateral ligament
complex, which lead to significant pain and
instability.”” If not addressed properly in the acute
setting, many lateral ankle injuries lead to chronic
instability and dysfunction. This chronic instability
may cause degenerative damage to the cartilage,
functional limitations, and a decrease in quality of
life.””” For the correct diagnosis, a thorough physical
examination and complementary examinations
including magnetic resonance images (MRIs) and
stress radiographs may be necessary. Although MRI
specifically has been shown to have a high positive
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predictive value for lateral ankle injuries,® it fails to
provide objective information in regards to severity of
the injury.

The purpose of this Technical Note is to describe our
preferred technique to evaluate ankle instability, using
our customized hinge device to apply a controlled and
repeatable stress force and to eliminate radiation
exposure to the physician.

Radiographic Technique

Patient Position

Following the physical examination, the patient is
brought to the radiographic room and placed supine on
the radiographic table (Video 1). Both limbs are
extended and the patient is asked to relax the inferior
limb muscles. Both feet are placed in neutral position,
avoiding rotation of the limbs. The customized wooden
hinge device is brought to the radiographic table.

Application of the Device

To perform our radiographic technique, no expensive
device is needed. We use a customized wooden hinge
device to apply the stress on the ankle. This same device
is used to apply either the eversion (Fig 1) or inversion
(Fig 2) stress. With the patient positioned with the limbs
in neutral position, both feet are secured to the device
using a strap. Each foot is secured individually to the
device, and care must be taken to ensure that the same
position of the strap was made in both ankles. We
suggest placing the strap at the joint line, avoiding the
movement of the strap during the application of the
stress.
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Fig 1. Eversion stress radiographs technique performed simultaneously in both limbs. A wooden hinge device (yellow arrows) is
used to secure both limbs in neutral position. The straps (white arrows) are placed around the ankle (A), at the joint-line level,
and secured in the device (B). Following this, the physician pushes both extremities of the device proximally, and consequently a
eversion stress is applied in both ankles (C). A Velcro strip is then used to secure the hinge device in position, avoiding the need of
a physician inside the radiographic room during the acquisition of the radiographs (D).

Once the feet are secured to the device, the physician
progressively bends the hinge device to simultaneously
apply the same stress force in both feet. Attention must
be taken to avoid rotation of the limbs during this
maneuver. To apply the inversion stress, the physician
must pull both parts of the device distally. As the
plantar aspect of the foot on the hindfoot is in close
contact with the device, the foot will follow the same
direction as the device, and the tibia movement will be
minimal. If the eversion stress is necessary, the ma-
neuver with the device must be the opposite, with the
physician pushing the device proximally. We suggest
applying enough pressure to ensure the same position
the foot would be at if a traditional manual stress were
performed individually to each foot. Care must be taken
to avoid patient discomfort during the application of the
stress, and this maneuver must be slow.

Once both feet are in the desired position, a Velcro
strip connecting both ends of the hinge device is
secured, avoiding the necessity of the physician in the
radiographic room during the acquisition of the radio-
graphic images (Siemens, Munich, Germany). Once the
radiographic image is collected and proper position is
ensured, the Velcro strip is released and the feet will
turn back to the normal position. The radiographic
examination is performed in a standard fashion. Ad-
vantages and disadvantages as well as pearls and pitfalls
associated with the technique are summarized in
Tables 1 and 2, respectively.

Discussion

Ankle and subtalar stress radiographs are used to
provide additional information regarding the joint
instability.”'” However, radiation exposure is a concern
during radiographic evaluation. Although most of the
radiation-induced damage will be repaired with no
further consequences, misrepaired damages in the DNA
can lead to induction of mutation including point mu-
tations, chromosomal translocation, and gene fusions.""
As a consequence of this concern about radiation risks,
changes in the medical practice that decrease or avoid
the radiation exposure to the patient or health care
employees are extremely incentivized and highly
encouraged.

Several studies have reported on the use of stress
radiographs for the diagnosis and evaluation of ankle or
subtalar joint instability.”'%'*'” Many of these studies
used manual stress techniques, exposing the health care
employee to radiation. Ahovuo et al.'® and Sauser
et al."” reported the use of special mechanical devices to
apply the stress force, that we believe to be much more
expensive than our hinge device. According to Sauser
et al.,'” the use of a mechanical device eliminates ra-
diation exposure to the physician and produces a more
constant stress, as manually applied stresses vary
significantly according to the strength and experience of
the surgeon. Furthermore, the authors report that the
ideal stress device should be able to eliminate exposure
to the physician, maintain the applied force, and
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Fig 2. The same wooden hinge (yellow arrows) device can be used to apply an inversion stress to the ankle. The straps (white
arrows) are placed over the ankle joint in the same fashion as the eversion test. However, to apply the inversion stress, the
physician must pull both extremities of the device distally at this time (A and B), and consequently an inversion stress will be
applied. The same Velcro strip is used to keep the device in the desired position (C, D, and E).

gradually apply the stress. All these criteria are present
in our technique, with the benefits of using the same
hinge device to apply either inversion or eversion stress
to the ankle and being low cost.

In this Technical Note, we describe our preferred
radiographic technique to apply either an inversion or
eversion stress to the tibiotalar and subtalar joint. With
this technique, both limbs are evaluated at the same
time, with the same stress force applied to each side.

Table 1. Advantages and Disadvantages of Our Technique

Advantages Disadvantages

Low-cost and reproducible Difficult and may be painful to be
performed in acute cases

Does not require the physician in Not a validated method to apply
room, avoiding radiation stress force
exposure

Can be used to apply inversion or
eversion stress radiographs

Has been used for more than
35 years in our institution with
success

The use of a similar device as the one created in our
service allows a stable and continuous stress force.
Furthermore, the use of the Velcro strip allows the
realization of the radiographs without the need of the
physician in the radiographic room, decreasing the ra-
diation exposure to health care employees. We believe
that the use of a device to apply the stress radiographs
can be reproducible, and a single device can be used for
all the patients, as it does not require sizing match. We

Table 2. Pearls and Pitfalls of Our Technique

Pearls Pitfalls

Ensure that both limbs are in
neutral position

The correct placement of the
straps is essential to avoid
movement of the tibia during
the stress

The stress must be slow and
gradual to avoid pain or
discomfort to the patient

Rotation of the limbs may alter
the radiographic evaluation

The use of this device can increase
the stress strength and cause
pain to the patient




€2190 T. O. DE AGUIAR ET AL.

also acknowledge the description of a similar device by
Louwerens et al.,”’ Brantigan et al.,>' and Rubin et al.*”
However all these authors focused their description
more on the inversion test, and in one study the
physician was exposed to radiation.”’ Although we
recommend the use of our technique, further long-
term studies are necessary to validate this method.

References

1. Boruta PM, Bishop JO, Braly WG, Tullos HS. Acute lateral
ankle ligament injuries: A literature review. Foot Ankle
1990;11:107-113.

2. Polzer H, Kanz KG, Prall WC, et al. Diagnosis and treat-
ment of acute ankle injuries: Development of an
evidence-based algorithm. Orthop Rev (Pavia) 2012;4:e5.

3. Shakked R, Sheskier S. Acute and chronic lateral ankle
instability diagnosis, management, and new concepts. Bull
Hosp Jt Dis (2013) 2017;75:71-80.

4. Valderrabano V, Horisberger M, Russell I, Dougall H,
Hintermann B. Etiology of ankle osteoarthritis. Clin Orthop
Relat Res 2009;467:1800-1806.

5. Harrington KD. Degenerative arthritis of the ankle sec-
ondary to long-standing lateral ligament instability. J Bone
Joint Surg Am 1979;61:354-361.

6. Arnold BL, Wright CJ, Ross SE. Functional ankle insta-
bility and health-related quality of life. J Athl Train
2011;46:634-641.

7. Wright CJ, Arnold BL, Ross SE, Ketchum J, Ericksen J,
Pidcoe P. Clinical examination results in individuals with
functional ankle instability and ankle-sprain copers. J Ath/
Train 2013;48:581-589.

8. Kim YS, Kim YB, Kim TG, et al. Reliability and validity of
magnetic resonance imaging for the evaluation of the
anterior talofibular ligament in patients undergoing ankle
arthroscopy. Arthroscopy 2015;31:1540-1547.

9. Lee BH, Choi KH, Seo DY, Choi SM, Kim GL. Diagnostic
validity of alternative manual stress radiographic technique
detecting subtalar instability with concomitant ankle insta-
bility. Knee Surg Sports Traumatol Arthrosc2016;24:1029-1039.

10. Harper MC. Stress radiographs in the diagnosis of lateral
instability of the ankle and hindfoot. Foot Ankle 1992;13:
435-438.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

Brenner DJ, Hall EJ. Computed tomography—An
increasing source of radiation exposure. N Engl J Med
2007;357:2277-2284.

Egol KA, Amirtharajah M, Tejwani NC, Capla EL,
Koval KJ. Ankle stress test for predicting the need for
surgical fixation of isolated fibular fractures. J Bone Joint
Surg Am 2004;86:2393-2398.

Gill JB, Risko T, Raducan V, Grimes JS, Schutt RC Jr.
Comparison of manual and gravity stress radiographs
for the evaluation of supination-external rotation
fibular fractures. J Bome Joint Surg Am 2007;89:994-
999.

Schock HJ, Pinzur M, Manion L, Stover M. The use of
gravity or manual-stress radiographs in the assessment of
supination-external rotation fractures of the ankle. J Bone
Joint Surg Br 2007;89:1055-1059.

Senall JA, Kile TA. Stress radiography. Foot Ankle Clin
2000;5:165-184.

Park SS, Kubiak EN, Egol KA, Kummer F, Koval KJ. Stress
radiographs after ankle fracture: The effect of ankle po-
sition and deltoid ligament status on medial clear space
measurements. J Orthop Trauma 2006;20:11-18.

van den Bekerom MP, Mutsaerts EL, van Dijk CN. Eval-
uation of the integrity of the deltoid ligament in supina-
tion external rotation ankle fractures: A systematic review
of the literature. Arch Orthop Trauma Surg 2009;129:227-
235.

Ahovuo J, Kaartinen E, Slatis P. Diagnostic value of stress
radiography in lesions of the lateral ligaments of the
ankle. Acta Radiol 1988;29:711-714.

. Sauser DD, Nelson RC, Lavine MH, Wu CW. Acute in-

juries of the lateral ligaments of the ankle: Comparison of
stress radiography and arthrography. Radiology 1983;148:
653-657.

Louwerens JW, Ginai AZ, van Linge B, Snijders CJ. Stress
radiography of the talocrural and subtalar joints. Foot
Ankle Int 1995;16:148-155.

Brantigan JW, Pedegana LR, Lippert FG. Instability of the
subtalar joint. Diagnosis by stress tomography in three
cases. J Bone Joint Surg Am 1977,59:321-324.

Rubin G, Witten M. The talar-tilt angle and the fibular
collateral ligaments: a method for the determination of
talar tilt. J Bone Joint Surg Am 1960;42:311-326.


http://refhub.elsevier.com/S2212-6287(17)30285-2/sref1
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref1
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref1
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref2
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref2
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref2
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref3
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref3
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref3
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref4
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref4
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref4
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref5
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref5
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref5
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref6
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref6
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref6
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref7
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref7
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref7
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref7
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref8
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref8
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref8
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref8
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref9
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref9
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref9
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref9
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref10
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref10
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref10
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref11
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref11
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref11
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref11
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref12
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref12
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref12
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref12
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref13
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref13
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref13
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref13
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref13
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref14
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref14
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref14
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref14
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref15
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref15
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref16
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref16
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref16
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref16
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref17
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref17
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref17
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref17
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref17
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref18
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref18
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref18
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref19
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref19
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref19
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref19
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref20
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref20
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref20
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref21
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref21
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref21
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref22
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref22
http://refhub.elsevier.com/S2212-6287(17)30285-2/sref22

	Simultaneous Radiographic Technique to Evaluate Ankle Instability
	Radiographic Technique
	Patient Position
	Application of the Device

	Discussion
	References


