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Ligament Strain and Ankle Joint Opening During
Ankle Distraction
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Summary: To determine the efficacy of ankle distraction and to investigate
possible complications of the procedure, the strain on four ankle ligaments and
the tibiotalar joint opening resulting from distraction force and various foot
positions were studied. We mounted strain gauges on the detoid, calcaneofib-
ular, tibiofibular, and anterior talofibular ligaments of six fresh human cadaver
ankles. An Acufex ankle distractor was used to apply forces of 45, 90, 135, and
180 N at 20° dorsiflexion, neutral, and 10° plantar flexion. The ankle distractor
proved to be effective in opening the joint space for better visualization, but
complications of pin bending, excessive ligament strain, and bony destruction
did occur within the clinically recommended range. Based on the observed
results, the safest method of distraction was to use forces < 135 N in the neutra

position. Key Words: Ankle distraction—Ankle joint—Ligament strain.

The purpose of thisstudy wasto determine ankle
ligament drain and tibiotdar joint opening as a
function of distraction force and relative foot posi-
tion.

Ankle arthroscopy has advanced from amedical
curiosity to avauable diagnostic and surgicd pro-
cedure. The ankle joint presents asignificant cha-
lengeto the arthroscopist becauseitisasmdl joint
surrounded by neurovascular sructures.

Digraction during arthroscopic surgery creates
more gpace for visudization and maneuverability of
ingruments Two methods of didraction are the
ample Kerlix gauze ding (1) and the Acufex smdl-
joint distractor, which utilizes atibiaand ca canedl
pinfor fixation. Potentia complications are broken
pins, infection, ligament injury, neurovascular dam-
age, and fractures,

Guhl introduced an invasive distraction tech-
nigue and found that the anklejoint could be dis-
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tracted 7 to 8 mm for 45 to 60 min without signifi-
cant injury to the ankle ligaments (2). Other studies
have addressed the biomechanicd properties of an-
kle ligaments but have not correlated them to ankle
digraction (34).

MATERIALSAND METHODS

Eight fresh foot and ankle specimens were used
for thisstudy. We used two in preiminary andyss
to determine dran gauge placement, digtractor
mounting, and correct foot-ankle orientation for
data collection.

The specimens varied in length and fibular and
tibid shaft diameters. Thelength from the distd to
the proxima end of thefeet ranged from 1810 29.5
cm, and tibiadiametersranged from 2.6 to 3.31 cm.
Thefollowing four ligaments from each specimen
weretested: anterior tibiofibular, anterior talofibu-
lar, and calcaneofibular on the lateral sde; and the
deltoid onthe medid side. The pogterior taofibular
ligament was not tested because it would involve a
technicdly difficult procedurerequiring a larger dis-
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section than the other ligaments, which could have
changed the data.

The strain gauges used in this sudy were liquid
meta strain gauges (LM SG) (Parks Medical Elec-
tronics, Aloha, OR, U.S.A.) with an open length of
0.5cm (5). Each LMSG wasindividudly cdibrated
with the use of adia cdiper (Starrett, Athol, MA,
U.SA.) atached to the train gauge. A bridge am-
plifier (Honeywd| Accudata 218, Denver, CO,
U.SA.) provided gauge excitation voltage and am-
plification of the output voltage of the LMSG. An
andog-to-digital converter (MetraByte, Taunton,
MA, U.SA) inddledinanIBM AT computer was
used to collect and store andog voltages.

Wemade medid and laterd incisonstransverse
to the length of the foot and ~10 cm in length.
Theseincisonswerefor accessto the ligamentsand
for LMSG attachment. Each was securey
attached with a combination of 4-0 Dexon surgica
suture and 22-gauge needle anchors. Care was
taken in orienting the gauges so thet the longituding
gauge direction was paralle to the principle fiber
directions of each ligament. In addition, each gauge
was pregreiched ~1 mm (20% drain) so that
changesin the basdine strain could be measured for
each ligament.

With the use of ahandheld cannulaand power
drill, the ankle distractor (Acufex, Norwood, MA,
U.SA.) was attached 18 cm proximd to the ankle
joint just behind the anterior tibid crest. Another
3/16 in pin was drilled distal to the ankle into the
lateral aspect of the os calcis. This pin was placed
adjacent to the peroneus|ongus tendon and into the
os calcis ~13 mm anterior to its posterior border
and ~13 mm abovetheinferior border. The ankle
was drilled with a20° distal inclination so that the
pinswere nearly parald when digtraction was com-
plete. The pins were drilled only until good pur-
chase was obtained and did not penetrate the media
cortex. The purpose of the cannulawas to protect
the soft tissueswhile drilling the pins. The distrac-
tor was pogtioned and secured with the locking
nuts(Fg. 1).

We then placed the specimen into aPlexiglas
holder capable of three preset positions: 10° plantar
flexion; 20° dorsd flexion; and neutra position (90°
orientation). The gpecimen was velcro-strgpped to
the holder for stability. The mercury strain gauge
wires were then attached to the bridge amplifiers
and coupled to the IBM computer for data collec-
tion. A 900N load cdl ring (A. L. Desgn, Amherg,
NY, U.SA.) was inserted between the tightening
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ring and bottom face of the force scale onthe dis-
tractor to obtain accurate and reproducible forces
from the ankle distractor. While the specimen was
Srapped to the Plexiglas holder in a90° orientation,
the didractor ring was rotated until 45 N of distrac-
tor force was obtained on theload ring meter. It was
held in this position for 10 s and then brought back
to ON forceand held again for 10 s. This procedure
was repested nine timesto obtain ligament stabili-
zdion asverified from previouswork (4). With the
drain gauges and load ring voltages zeroed, the
computer was programmed to collect datafromthe
mercury strain gaugesfor 60 s. At timeequa to 15
s, the digtractor ring was rotated until 45 N of dis-
tractor force was obtained. The distractor was held
at thisposition for 30 s, and then brought back to O
N. At thispoint, the computer had finished data
collection. The digitizing rate was 167 Hz with a
25-point running average routinefor filtering. For a
digitizing period of 60 s, thisresulted in 100 data
points per collected channdl.

With the specimen in the same orientation as out-
lined above, thedistractor ring was again rotated
until 45N of digractor force was obtained. A series
of pins, incrementally ranging from 1 to 8 mm, were
used asfeder gaugesto determine anklejoint port-
hole opening.

The same procedure as outlined above was per-
formed a 10° plantar flexion, 20° dorsd flexion, and
a 90 and 135 N didraction forces.

REULTS

A totd of 24 ligaments were tested. Strain results
aeaummaizedin Table 1. Straininthe ddtoid was
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TABLE 1. Ligamentousstrain (%)

Dorsflexion 20 Neutral Plantar flexion 10°

45N 90N 135N 45N 90N 135N 45N 90N 135N
Ddtoid -13 -18 - 6.6 04 20 43 -05 0.8 0.8
Cdcaneofibular 52 76 44 42 32 6.6 35 54 6.2
Tibiofibular 12 26 46 03 07 21 14 12 44
Anterior tlofibular —2.2 0.2 25 -02 04 06 -06 -03 0.8

higher at each different forcein the neutral pogition
than in the 10° plantar flexion and 20° dorsiflexion
postions. The drain was least in the dorsflexed
position and actualy produced negeative strain val-
ues because the ankle was inverted and closed
down aong the medid joint space. The differences
inthe gtrain of the deltoid were Satisticaly signif-
icant (p<.02).

The drain in the calcaneofibular ligament pro-
gressively decreased as the ankle went from 20°
dorgflexionto 10° plantar flexion. Astheforcein-
creased at each given postion, the drain on the
cacaneofibular ligament dso increased except in
the 20° dorgflexion position at 135 N. Inthiscase,
the strain went from ahigh vaue of 7.6% to 4.4%,
repectively. In one of the ankles tested, the calca
neofibular ligament reached ahigh sirain of 18.2%
inthedorgflexion postiona 90 N.

Thedrain paternsfor thetibiofibular ligaments
showed adirect relationship to force of distraction
applied. Astheforceincreased, the strain asoin-
creased. The highest mean drain vauesoccurred in
the 20° dorgflexion pogtion; the lowest drans
werein the neutral position. In one specimen, the
maximum drain on the tibiofibular ligament was
103% in 20° dordflexion a 135 N.

The drain in the anterior talofibular ligament
w a S
lowest (- 2.2) inthe 20° dorsiflexion position at 45
N. But when the force reached 135 N, the strain on
the anterior talofibular ligament became the highest
(25).
Table 2 showstheresults of portal openingin
millimeters. The maximum joint Space opening, 4.6
mm, was attained in the neutral position at 135 N.

TABLE 2. Opening (mm)

Neutra Plantar flexion 10°
45N 2.4(0.21) 1.7 (0.55)
90N 3.3(0.67) 2.6(0.31)
135N 4.6 (0.97) 4.1 (0.77)

Standard deviations given in parentheses.

dlowed adatigticaly sgnificant, larger joint space
opening at each given force of didraction when
compared to the dorgflexion and plantar flexion po-
stions. When forces were increased in the neutral
and plantar flexion positions, theincreasesin joint
gpace opening were dso sgnificant (p < 0.05). Ain
bending and bony destruction of the cacaneuswere
conggent complications encountered with forces
3140N.

DISCUSS ON

Ankle arthroscopy isavauable and prevaent
surgical procedure. Ankle distraction is used to en-
hance the efficiency of the arthroscopic procedure.
Different means of distraction, such assmpleding
or invesve pin didraction, can be used. At the
present time, no published studies describe the ef-
fectsand impact of ankle distraction on ankleliga-
ments. This study was designed to determine the
amount of joint space opening and to measure the
grain on four ankle ligamentsin three separate po-
gtionswhile subjected to various forces of distrac-
tion usng the Acufex smdl-joint distractor.

Thereaultsof theforcesand dranson theankle
ligamentsareshown in Table 1. Strainin the calca
neofibular ligament increased when the ankle was
dorgflexed to 20°. These findings are conggent
with Colville (6) and Rasmussen (7). An interesting
sgnificant clinica finding was astrain decrease of
3.2% (from 7.6 to 4.4%) whileforcesincreasad from
90 to 135 N. This indicated that the ligament
reached yielding and that aligamentousinjury had
occurred. However, it was not determined whether
thisinjury occurred at the ligament-bone interface
or within the substance of the ligament.

Therefore, it gppearsimportant for the arthros-
copist to avoid digtraction forces>90 N while dis-
tracting the ankle in the 20° dorgiflexion position.

Thedtrain pattern of the anterior tibiofibular lig-
ament was highest in the 20° dorsflexion position.
Thisfinding was consstent with the Kleiger study,
which demondrated digruption of the anterior ti-
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biofibular ligament with dorsiflexion and externd
rotetion of the ankle (8).

Strain in the anterior talofibular ligament was
highest in the dorsiflexed position, just oppositethe
paitern of srain found by Colville (6) but smilar to
the report by Rasmussen (7). Negative Strain pat-
terns in the ddtoid ligament in dorgflexion sug-
gested that the ankle distractor inverted the ankle.
Neutral positions had smilar but higher strain pat-
ternsthan the plantar flexion postions

Thedrain patterns of the four ligamentsindicated
that no damage was donewhile digracting the ankle
inthe three positions a the various forces. The ex-
ception wasthe ca caneofibular ligament, which de-
veloped drains sufficient to produce ligamentous
injury in the 20° dorsiflexion position when forces
applied were between 90 and 135 N. In addition,
because the 20° dorsflexion pogtion resulted inthe
least amount of ankle joint opening, we suggest thet
this position be avoided during arthroscopic proce-
dures

The highest and safest force of digtraction gpplied
was 135 N. Beyond that point, pin bending and
bony failure occurred in the calcaneus. However,
becauise this experiment used cadaver bone, it may
not reflect the possible differencesin bony mechan-
ics that depend on age and qudity of bone. Pin
bending, though, is independent of the specimen

pe.

Thelarger joint space openingsin the neutrd po-
gtion, as compared with dorgflexion and plantar
flexion pogition, were significant using paired sta-
tigtics. The maximum joint space opening obtained
was4.7 mmusing 135 N in the neutral position. A
further increase in the distraction forces did not in-
crease thejoint opening, which was probably dueto
the pin bending and bony falure. The bones of
some gpecimenswere experimentaly supplemented
with cement; however, failure sill occurred at
forces>135 N. In addition, we found that distrac-
tion techniques using lessforce il obtained joint
opening messurements equal to and sometimes
grester than those obtained with Acufex pin distrac-
tion. This happened because manud digraction ap-
pliesagraight longitudinal force; Acufex distrac-
tionisacombination of longitudina and inversond
forces

Basad on these findings, we recommend that the
arthroscopist avoid use of forces> 135 N to prevent
complications. In addition, the ankle distractor cal-
ibration scae was found to be nonlinear—forces
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<220 N were higher than actud readings and forces
were|ower than the actua readings>220 N.

Another important congderation isthe 9ze of the
scope. Thejoint could only be safely distracted to
<5 mm, which indicates that a 2.5-mm arthroscope
would belesslikdly to cause aticular cartilage dam-
agethan a5.5-mm arthroscope. Also, manipulation
of the ankle was difficult with the digractor in
place.

In summary, this study addressed the biomechan-
icd properties of ankle ligaments and correlated
them with the dlinica Stuation of ankle distraction.
Joint digtraction wasfound to be effective, with lim-
itations. Specific parameterswere defined for sefe,
effective joint digraction. This sudy required a
congderableinvesment of time to define each plot-
ted point on the stress-versus-gtrain graph. There-
fore, only three positions and three forces on six
cadaveric specimens were sudied. However, this
sudy provided amethod for further investigation of
ligamentous behavior during ankle digtraction.

CONCLUSIONS

1. The Acufex didtractor was effectivein opening
the tibiotdar joint space for better visudization;
complicationsdid, however, occur.

2. Manua digtraction was as effective asthe
Acufex digtractor without the risks of pin bending
and calcaned bone destruction.

3. When using an invasive pin ankle digtractor,
forces >135 N should be avoided to prevent pin
bending and bony calcaned

4. The neutra pogition of the ankle dlowed sta-
tigicdly sgnificant, larger joint pace openings
than did dorsiflexion or plantar flexion at the same
givenforces.

5. The 20° dorsflexion position dlowed the leest
amount of joint Space opening.

6. Didractor forces>90 N in the 20° dorsflexion
position resulted in strains large enough to damage
the ca canedfibular ligament.

7. Based on the data observed in the study, ar-
throscopes <4 mm should be used in ankle arthros-
copy when usng asmadl joint pin distractor.
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