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INTRODUCTION

Subtalar joint stability can be affected after higantous
injuries such as an acute ankle sprain. The catfémsar
ligament and the combination of the cervical
interosseous talocalcaneal ligament (ITCL), knoventlze
intrinsic ligaments, are the main stabilizers of #ubtalar
joint [1]. Clinical diagnosis of subtalar joint itadbility
usually involves manually applying inversion whiielding
the foot in a dorsiflexion position to lock the ualin the
ankle mortise to limit ankle joint motion. Currentlit is
unclear if this evaluation technique of isolatitng tsubtalar
joint to test for subtalar instability is valid. &ommon non-
operative treatment for hindfoot instability is thpplication
of an ankle brace. While the main function of anitacing
is to limit motion at the ankle joint, the abilibf braces to
promote stability in the presence of subtalar inifitg is not
well established.

The purpose of this study was to 1) assess therities of
the subtalar joint, ankle joint, and hindfoot iretpresence
of isolated subtalar instability; 2) investigatee thffect of
bracing in a CFL deficient foot and with a totapture of

and B

condition, the foot was manipulated to the end eainf
motion.

Figure 1. Cadaver foot in the ankle brace with the
calcaneus, talus and tibia marker clusters.

the intrinsic ligaments and 3) evaluate how maximum Euler angles were exported directly from the Mokitamitor

inversion range of motion of the ankle and subtgants is
affected by the position of the ankle in the sagjtane.

METHODS

Nine fresh-frozen cadaveric lower extremities weléained
and sectioned at the midpoint of the shank (7 Rftight;
mean age 66 years; 3 female, 6 male). Each specivasn
placed into a custom six degree-of-freedom positipand
loading device [2]. Kinematic data were collecteani the
tibia, talus and calcaneus with a 6 camera Motiolysis
Eagle System (Motion Analysis Corporation, Santsdo
CA) in combination with the MotionMonitor (Innovag
Sports Training, Chicago, IL).

Inversion/eversion at the subtalar joint, the arjkiet and
the hindfoot joint (tibia-calcaneus) with the fgaiaced in
neutral position, dorsiflexion and plantarflexion ens
reported using Euler angles [3]. Motion was applhveth
and without an ankle brace (Active Ankle T2, Cramer
Products, Gardner, KS) on an intact hindfoot anttraf
sectioning the calcaneofibular ligament (CFL) alemel in
combination with the intrinsic ligaments (i.e., thervical
ligament and the interosseous talocalcaneal). Tindea
brace (represented in Figure 1) consisted of a -sigidi
brace with a hinge joint at the ankle. For eachiomoand

and analyzed with a custom program written in Matf@he
Mathworks, Natick, MA). A within-subjects repeated
measure ANOVA ¢=0.05) with a LSD post hoc was used to
analyze the differences in ligament condition amdcing
using SPSS (SPSS Inc., Chicago, IL). The changdkédn
Euler angles were considered significant if p<O0#&&d
Cohen’s effect size d>0.8. Differences in maximum
inversion and eversion between each foot positiorihie
sagittal plane were also assessed using 2 way tezpea
measure ANOVA (condition*motion) with a Bonferroni
correction.

RESULTSAND DISCUSSION

A significant condition effect was detected for edpeated
measures ANOVAs (p<0.05) except for the ankle joint
eversion in all three foot positions. Specificalgybtalar
joint inversion significantly increased after sening the
CFL and the intrinsic ligaments when the foot waséutral
flexion (Table 1a). Ankle inversion increased after
sectioning the CFL in isolation and in combinatieith the
intrinsic ligaments in the neutral, dorsiflexed,daplantar
flexed positions (Table 1b). Hindfoot inversionrieased in

all conditions except following isolated CFL sediingy in
the plantarflexed position. Eversion was generally
unaffected by ligament sectioning at any joint osifion.



After creating instability, the use of a semi-rigidkle brace
significantly limited inversion motion in all joiatand for all
Eversion was generally unaffected b

foot positions.
bracing.

The position of the foot in the sagittal plane, tdapplying
inversion /eversion, did affect the maximum ranfjeotion
over all conditions for all joints (p<0.05). Doigiking the
foot significantly reduced the inversion range dftion in
the ankle (p=0.006) and subtalar joint (p=0.01).wis
predicted that ankle motion would be affected by
dorsiflexing the foot but not for the subtalar joikiolding
the foot in plantarflexion reduces inversion ancersion
significantly in the subtalar joint (p=0.011 and 0p309

respectively) but not the ankle.

Dorsiflexing the foot reduced the range of motidnttee
ankle, as predicted, but it also reduced subtalatiom. In
fact, subtalar instability was not detected, onlykla

inversion was affected by deficiencies of the ligameven

CONCLUSIONS

though the talus was locked in the ankle mortises.
Sectioning the CFL might have changed the positibthe
fibula and thus unlocking the talus from the lattside.

Creating instability at the subtalar joint mosti§eated the
ankle joint inversion motion. The use of a semietignkle
brace helped in limiting inversion at the subtaad ankle
joint whether the foot was placed in neutral, dgzed or
plantarflexed position. Holding the foot in dorsifion

reduces ankle joint and subtalar joint inversion.

Sectioning the CFL, described as the most important

ligament in subtalar stability [1], did not sigwmifintly
increase subtalar joint motion. On the contrarg #mkle
joint was mostly affected by sectioning of the CRihich

Grant program.

has shown to stabilize the ankle along with the ATFhe

significant increase in inversion at the ankle wites CFL
was sectioned and the foot was plantarflexed shoared
increase in ankle instability, which is surprisingcause the
CFL has been described as being slack in plantaofig5].

The use of an ankle brace restored intact mobibtyall
joints. The use of a semi-rigid brace is suitediriit motion

in the presence of subtalar joint instability.
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Table 1: Mean (standard deviation) of the rotation anglthatA) Talocalcaneal joint, B) Talocrural joint) Tibiocalcaneal
joint. (DF = Dorsiflexion, PF = Plantarflexion)

A)
Subtalar joint Intact CFL cu CFL + cervical +ITCL cuL
Barefoo Bracing Barefoo Bracing Barefoo Bracing
Inversion (° 13.46 (3.48 10.2¢* (2.22] 15.18 (3.81 10.11* (2.37 | 17.78(4.29  12.55* (3.21
Eversion (°) 8.55 (3.74) 6.05 (3.48) 9.52 (3.94) 0272.99) 9.12 (3.43) 8.6 (3.43)
DF+Inversion (° 10.31 (2.91 7.74* (2.60 11.78 (4.39 7.68* (1.41 12.42 (3.82 8.53* (3.17
DF+Eversion (° 8.18 (1.84 5.32* (2.30 8.18 (3.30 7.17 (2.68 10.328 (2.57, 8.28 (2.88
PF+Inversion (°) 12.16 (2.94) 7.28* (3.84 12.83Q) 7.91%(2.38) 14.88 (4.11) 8.91* (2.56)
PF+Eversion (‘ 4.31 (1.73 3.90 (1.36 5.40 (2.39 3.99 (1.47 5.57 (1.70 5.08 (2.05
B)
Anklejoint Intact CFL cut CFL + cervical +ITCL cut
Barefoo Bracing Barefoo Bracing Barefoo Bracing
Inversion (° 3.43 (3.08 2.34 (2.36 8.22° (4.68 4.42* (4.02 8.6£ (5.44, 4.61* (3.53
Eversion (° 1.91(1.12 1.48 (0.89 1.83(1.43 1.47 (1.62 1.81(0.79 1.49 (0.87
DF+Inversion (°) 1.85 (1.56) 0.95 (0.93) 4782.90) 2.25* (2.04) 5.244.62) 1.73* (1.65)
DF+Eversion (° 1.04 (0.85 1.20 (0.70 1.06 (0.45 1.31(0.84 1.52 (0.62 1.08 (0.89
PF+Inversion (°) 3.35(1.72) 2.17 (1.90) 6.18.52) 3.48* (2.09) 6.13.75) 3.77 (2.75)
PF+Eversion (°) 2.04 (1.54) 1.54 (1.00 2.67 (2.37) 1.91(1.36) 2.16 (1.34) 1.71 (0.77)

* Significant difference between barefoot and bmgaiondition
a Significant difference between intact and calcdibelar ligament (CFL) cut
§ Significant difference between intact and CFlrymml and interosseous talocalcaneal ligament )Telit




