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Evaluation of Compression in Intramedullary Hindfoot Arthrodesis 

Lawrence Berson, M,D.*; William 6. McGarvey, M.D.**; Thomas 0. Clanton, M.D,** 
Nouston, 7-x 

ABSTRACT 

Compression was evaluated in an intramedullary hindfoot 
arthrodesis cadaver model using an externaf fixator and a 
"second generation" intramedullary compression nail. 
Four cadaver specimens were used. Four trials were done 
with each specimen. 
Trial 1: manual compression with the I s t  generation 

nail. 
Trial 2: external fixator for compression with the 1st gen- 

eration nail. 
Trial 3: external fixator for compression with the 2nd gen- 

eration nail. 
Trial 4: nail-mounted compression device with the 2nd 

generation nail. 
In Trial 1 it was not possible to obtain or maintain com- 
pression. In Trial 2 large values of compression were 
obtained with the externaf flxator, however compression 
was not maintained after the first generation nails were 
locked and the fixator was removed. in trial 3 large values 
of compression were obtained with the external fixator, 
but minimal compression was maintained after the sec- 
ond-generation nails were locked and the fixator was 
removed. In Trial 4 large values of compression were 
obtained with the compression device and greater than 
60% of the compression was maintained after the nail 
was locked and the compression device was released. 
The study revealed that both the external fgxator and the 
compression device could produce compression. The 
external fixator is useful as an aid in the O.R. However, in  
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this study significant compression was maintained only 
with utilization of the compression device. 
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Various fixation methods have been utitized for tibio- 
talocalcaneal arthrodesis (TTCA) including: multiple 
s~rews,'~ " pediatric blade plate,' and external fixa- 
tion . 6 ws 29 JohnsonS popularized an inlramedullary hind- 
foot nail in 1994 in conjunction with a posterior 
approach to the hindfoot.' This technique has been 
modified using a lateral transfibular approach. 
Compression can be added to intramedullary hindfoot 
arthrodeses with the utilization of a femoral distractor." 
A "second generation" nail has been recently introduced 
with a nail mounted compression device, (Biomet, 
Warsaw, IN) Compression has been considered an 
essential factor in obtaining a successful ankle 
arthrodesi~.~~ We trypothesire that compression applied 
through a locked compression nail is more effective 
than compression applied either manually or with an 
external fixator at the time of 'ribiotalocalcaneal 
arthrodesis. 

Compression across the ankle was evaluated using 
two different intramedullary hindfoot nails, An external 
fixator and a nail-mounted compression device were 
used to produce compression. Our goat was to apply 
and maintain compression across the ankle joint with 
intramedullary nail fixation, and assess the most reliable 
method to perform this. 

MATERIALS AND METHODS 

Fresh frozen below the knee specimens were 
obtained from four cadavers. The specimens were free 
of pathology at the ankle and subtalar joint, and were 
fully thawed prior to study. A lateral transfibular 
approach was used. The distal 10 cm of fibula was 
resected and flat cuts were made on the tibia1 and talus 
using a oscillating saw. The 1MN was placed across the 
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Fig. 1: Cadaver model with 2nd generation IMN and load washer in 
place. 

ankle with a custom load washer between the tibia and 
talus and around the IMN as a washer (Fig. 1). The load 
washer was attached to a voltmeter calibrated to 1 .I 5 
pounds/mill volt. Initial measurements were obtained 
prior to compression to "zero" on the load washer. All 
measurements were recorded after pausing 10 seconds 
to allow for creep of the tissues. Compression across 
the ankle joint was produced with an EBI (Parsippany, 
NJ) articulating ankle external fixator with 4 DFS (EBI, 
Parsippany, NJ) bone screws or a nail-mounted com- 
pression device from an Ankle Arthrodesis Nail (Biomet, 
Warsaw, IN) (Fig. 2). Compression was applied maxi- 
mally until hardware or bony deformation was noticed 
(Tables). 

Four trials were done on each cadaver. In the first trial 
the Revision Nail was used (Smith & Nephew Richards, 
Memphis, TN) with manual compression, as described 
by Graves et aL5 This was done by locking the nail dis- 
tally and then impacting the nail with a mallet and lock- 
ing proximally. 

Fig. 2: Cadaver model with 2nd generation IMN and external fixator 
in place. 

Trial 2 included the Revision Nail and the external fix- 
ator to provide compression. After the nail was placed 
and locked distally, the surfaces were compressed with 
the external fixator. The nail was locked proximally and 
the fixator was removed. 

Trial 3 included the Ankle Arthrodesis Nail and com- 
pression from the external fixator. After the nail was 
placed and locked distally, the surfaces were com- 
pressed with the external fixator. The nail was locked 
and the fixator was removed. 

Trial 4 included the Ankle Arthrodesis Nail using its 
nail-mounted compression device. This nail was insert- 
ed as described by Quill and Miller." The surfaces were 
compressed and the nail was locked. 

In both nails the locking screws were 5 mm diameter 
and the rod locking holes were 5.5 mm in diameter. In 
all trials the nail was locked with four screws, two proxi- 
mal and two distal and the fixator was removed. After 
each trial the load washer was zeroed to account for 
any deformation of the washer. 
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RESULTS 

In the first trial compression was not obtained. The 
compression increased slightly when the jig was struck 
with the mallet but quickly returned to the baseline 
measurernent (Table 1). 

In Trial 2 large values of compression were obtained 
with the externaf fixator, however significant compres- 
sion was not maintained after the nail was locked and 
the fixator was removed (Table 2). 

In Trial 3 large values of compression were obtained 
with the external fixator. A minimal amount of compres- 
sion, average 14%, was maintained after the nail was 
locked and the fixator was removed (Table 3). 

in Trial 4 large values of compression were obtained 
with the compression device. An average of 60% of the 
maximal compression was maintained after the nail 
was locked and the compression device was released 
(Table 4). 

After removing one locking screw the values 
decreased to an average of 26% of maximal compres- 
sion (range, 25 to 33; average 28 Ibs.), a loss of 34% of 
compression. 

The compression maintained after use of the Ankle 
Arthrodesis Naii using its nail-mounted compression 
device (Trial 4) was significantly greater than that main- 
tained after using external fixation with the Ankle 
Arthrodesis Nail (Trial 3) (p=0.004). The compression 
maintained after using external fixation with the 
Revision Nail (Trial 2) and the Ankle Arthrodesis Nail 
(Trial 3) was not significantly different. All statistical 
analysis was done using paired 1 -tailed t-tests. 

DISCUSSION 

Compression has been considered an essential fac- 
tor in obtaining a successful ankle arthrodesisz2 and 
has been showri to enhance bone healing in a fracture 
model.27 The amount of compression necessary for a 
successfut arthrodesis has not been investigated. 
Compression may act favorably on an arthrodesis by 
improving contact of bone surfaces and stimulating 
bony heating. Ctinicat success has been reported with 
a T-plate arthrodesis that produced 25 pounds/inch of 
compression measured with strain gauges.'' 22 An ankle 
arthrodesis technique using plates and a tension 
device to obtain compressiontg has been shown to pro- 
vide excellent stability, rapid union, and a 100% 
arthrodesis rate.'g We used a custom load washer to 
measure compression at the ankle joint during TTCA. 
Similar load washers have been used to measure com- 
pression in biomechanical studies of scaphoid fracture 
screw fixati~n.~', '~ Compression was obtained using two 
devices, an external fixator as described by Donatto3 
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and a nail-mounted compression device (Biomet, 
Warsaw, IN). 

In this study both the external fixalor and the nail 
mounted compression device produced compression 
across the arthrodesis surfaces. The Ankle 
Arthrodesis Nail using the external fixator maintamed 
compression, however this was minimal. Compression 
maintained after the use of the Ankle Arthrodesis Nail 
and the nail-mounted compression device was signifi- 
cantly greater (P=0,004) than that maintained after 
using the external fixation with the same nait. Th~s may 
be because the nail mounted compression device is in 
line with the nail, The external fixator may produce 
angular or rotatory torques as well as compression at 
the arthrodesis site and this could account for the 
large lasses of compression after it was removed. 
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With the Ankle Arthrodesis Nail, a large amount of 
compression was lost after removal of one locking 
screw. This stresses the importance of using at least 
two locking screws at each end of the nail to help main- 
tain compression. This may be due to the design of the 
lMNs with oversizing of the locking holes. 

SUMMARY 

The external fixator is an aid during TTCA, it enables 
the surgeon to position the foot and ankle in the appro- 
priate position, compress the arthrodesis surfaces and 
concentrate on inserting the IMN. However upon 
removal of the external fixator only minimal compres- 
sion was maintained. The Ankle Arthrodesis Nail ("sec- 
ond generation nail"), when used with its nail-mounted 
compression device, maintained significantly more 
compression at the arthrodesis site than when used 
with the external fixator. 
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