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Matched-Pair Specimens

Christopher R. Payette, DPM, PT, Ronald A.

e, DPM, Joseph V., Gonzalez, BS, Mark

Sartori, BS, Avinash Patwardhan, PhD, and Lori Vrbos, MS

Oualitative analyses of micfoot stablization in triple arthrodoses utitzing bone staple versus 4.5-mm
cannulated cancollous screw fixation, with and withou! washers, were poarformed in frash cadivenc
spocimons. Twenty-two trials (11 matched-pair feel) were used lor direct companson. Stfness, delined
as force/displacement, was datermined at each talonavicwar and calcaneocuboid foint, Litimade foad
failurg points of each speciman were also calculated. Trial results showed no statistically sigrificant
diffarance in stiffness or ultimate falure belwoen these two forms of midfool fixation for triple
arthrodeses. (The Joumal of Foot & Anlde Surgeny 37(6)472 — 480, 1998)
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Tripl: arthrodesis is a common podiatric and orthopedic
procedure which involves fusion of the talocalcaneal,
talonavicular, and calcancocuboid joints. It is typically
indicated for intractable pain or deformity of these joints
ansing from trauma, infection, arthnitic conditions, or
congenital defects (1-7).

Early in the history of this procedure, the carilaginous
surfaces of these joints were resected and the paticnils were
immobilized in plaster casts with subsequent postoperative
manipulation and cast changes in order (o maintain appeo-
priate positioning and stabilization (2, 8). Critical reviews
of these carly procedures revealed poor outcomes resulting
from pscudanthrosis, recumrence of deformity, incomplete
cormection, avascular necrosis of the talus, and degenera-
tive changes in the ankle and midfoot (1, 2, 8, 9). Many
authors believe most of these complications are influenced
by technical factors such as blood supply of the involved
segments and joint alignment (2, 3. 7, 10-13).

Ryerson stated that the position of the foot could be
difficult to maintain and recommended chromic suture
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be passed through the bones w0 maintain the reduced
position. He believed comrection was easily lost in the
early postoperative period, particularly duning the cast
chinge (4). Freidenberg believed thut recurmrences were
the result of insufficient control of the Lirsal bones in
plaster, which could be detected within the 1 postoperative
month (11}, The use of intenal fixation principles in
triple anhrodesis developed from its effective use in the
treatment of traumatic disorders and observations from
the literature (1). Many authors believe that recurrent
deformity and incomplete comection could be influenced
by the use of rigid internal fixation (1. 5, 6, 9, 14-18).

In more recent years, with the advent of internal fixation
devices, hardware fixation has become more COmMMON-
place, However, the specific forms of intemal fixation
atilized in triple arthrodesis stabilizations vanies between
individual practitioners. Screw fixation of the subtalar
joint seems to be fairly standard; however, the calca-
neocuboid and talonavicular joints are often fixated with
gither screws {1, 9, 19, 20) or staples (5, 7. 9, 19,
21-26). Swaples provide rigid fixation but do not, by
strict definition, provide compression at the fusion site.
Vogler (27), however, stated that ngidity is the key to
stability in fixation and that compression is one method of
producing rigidity. He also stated that no evidence exisis
confirning that lag screw fixation shortens the fusion
time or improves the fusion rate in tnple arthrodesis,
The amount of rigidity and overall stabilization that cach
method provides, despite the compression, is unknown. [t
is the intent of this study 10 compare the stability of staple
versus screw fixation.



Materials and Methods
Specimens

Fresh-frozen. unembalmed specimens were ulilized for
the scientific trials. Eleven matched-pair feet were eval-
wated in @ total of 22 mals. These were stored st —20°C
until thawed for dissection, at which point the osteotomy
cuts and the articular surfaces were resected from cach
posterioe talocalcancal, talonavicular, and calcaneocuboid
joint. The talocalcancal joint was then fixated wiilizing
Synthes 6.5-mm cancellous screws inserted according to
the Association for Osteosynthesis {AQOVAssociation for
the Study of Internal Fixation (ASIF) rechnique. The
specimens were then reflrozen until the time of the mials
For the first two trials, specimens had 1o be refrozen
because of laboratory scheduling conflicts. Afier that,
all specimens were tested immediately following implant
placement with no refreezing. The remaining calcanco-
cuboid and talonavicular joints were fixaled with their
respected screws or staples immediately prior 10 stressing
the specimens. Specimen age ranges from 58 to 91 years
with no evidence of previous foot surgery or trauma. The
mean age was T6 years old, ranging from 58 to 91 years
old. Six female and five male specimens were ulilized,

Equipment

A compuier-integrated Instron matenals testing mac-
hine' (Fig. 1) was wtilized 1o quantify the forces generated
w0 prodece ultimate load failure. Two lincar vanable differ-
ential transducers (LVDT)Y were also used to measure
distraction/compression across the talonavicular and calca-
neccuboid joints 10 determine a stiffness measurement of
fixation. The resolution of the LVDT is approximately 1 pm
with a range of =5 mm. Computer software consisted of a
data translation analog to digital board” (Fig. 2).

The specimens were potied for tnals in 4 square metal
cup and sccured with polymethylmethacrylate bone cement
and Steinmann pins sumounding the distal third of the
tibiafibula for attachment 1o the Instron. The ankle poants
were locked into neutral position, 907 with respect 1o the
foor, wiilizing twe crossed Steinmann pins. The foot was
then loaded onte a metal force plate which counteracted the
downward weightbearing-simulated forces of the Instron.

Exparimental Technigque

The triphe arthrodeses were performed through a ty prcal
two-incision approach. Talonavicular joint access was

— - m e
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FIGURE 1 Computer-infegrated instron materis testing machung
[l 1122} Wit two inoar vaniabie diflerontial transducers (LYDT)
(ol 55, Uitra Precison, Sensotic, Columbus, OH)

obtained via a S.0-cm linear medial inciion between
the anterior and posterior tibial tendons, while the calca-
neocuboid and posterior subtalar joints were accessed
through a modified Ollier incision at the lateral ankle
joint level and sinus tarsi. The cartilaginous surfaces of
the talocalcaneal, talonavicular. and calcancocuboid joints
were resected by osteotomy cuts made with a power bone

cutting saw following the contours of the subchondral
bone. All cuts and fixation techniques were done either
directly by the senior author or under direct supervision
for consistency purposes.

In one of the matched-pair feet, a Synthes 4.5-mm
partially threaded cancellous screw was insened across the
tabonavicular and cakcancocuboid joints in a dorsal distal
to plantar proximal direction, utilizing AO/ASIF cannu-
lated screw system fixation technigue (Figs. 3 and 4)
After six trials of the specimens fixated with the 4.5-mm
screws, it was noted that the screw head appeared W be
migrating through the cortical bone. Therefore, washers
were introduced for the remaining iive screw specimens [0
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FIGURE 2 Compuler soffware with data translation analog o
digital board (Maribors, MA)L

evaluate il washers produced any effect on the measured
parametcrs, In the other matched-pair specimen. two lurge
Blouni-type barbed bone staples were insened across the
talonavicular and calcancocuboid joints, as described by
Corey ot al. (19) (Figs. 5 and 6). The suaples meatured
22 mm x 19 mm or 16 mm x |9 mm, depending on the
size of ithe fool. The larger sized staples were utilized
whenever possible and were oriented 9" 1o one another
ax much as possible. The staples were insened by hand
utilizing the appropriate staple holder and mallet.

The posterior talocalcancal joint of each specimen was
fixated with a Synthes 6.5-mm partially threaded cancel-
lous screw, oriented in a dorsal medial 1o plantar lateral
direction, from the talar neck into the body of the calca-
ncus, wtilizing proper AQO/ASIF echnique. As previously
mentioned, the ankle joint of cach specimen was fixated
with two crossed 4.0-mm Siwcinmann ping, at 907 1w
the food, in order to negate any saginal plane molion
(Fig. 7). These ankle and subtalar joint fixation parameters
remained constant in every foot. Each foot was also posi-
tiened in approximately 4°=7" of rearfoot valgus, with

474 THE JOURNAL OF FOOT & ANELE SURGERY

FRGURE 3 Domoplantar radiograph of the 4.5-mm scrw Taamson
across lalonavicular and calcanoccubosd joints,

FIGURE 4 Laterad radicograph of the 4. 5-mm scrimy fastion Scnoss
tree tabsrErCulel AN CRMCANGOCROR] [l with B.5-mem Sorew
fimmtion scross tha postenor takocalcarseal e

the forefool rectus 1o the rearfoot, preserving a moderate
amount of medial longinadinal arch height.

Emch specimen was then potted in an aluminum Cyvlinder
via cementing the distal tibia and fibula with polymethyl-
methacrylate. Additional stability was obtained with three




FIGURE 8 Dorsoplantsr radograph of the 22 mm = 19 mm and
18 mm = 19 mm babed staples acr monaicukar and calca-
noacuboid poate, with 6 .5-mm sorgwe Nxaton aoroes (he poshencs
tnlocalcansal jont

FIGURE & Lateral rachograph of the 22 mm = 19 mm  and
16 mim = 19mm  barbasd staples  GOross LAONAvE i
chlcanaoculsskd joenis, with BS-rmm Sordwe fixalion

RS BT oo arasal point

FIGURE T Potbing of the specsmen in the aluminum cyledes
with polymathyimethacrdate and thres croased Stelnmann ping for
stabdity, Motice the ankle jend @ fixated with two crosssd 4.0-mm
Sapirymann ping ol 90" 1o foot and 47 =77 of oo valgua

crossed 4.0-mm Sweinmann pins through the cylinder
(Fig. 7). Variability in specimen age. sex, and bone siock
were confrolled by utilizing matched-pair specimens

The aluminum ¢ylinder was bolted to the force arm of
the Instron, and the specimen was lowered to the metal
force plate until it rested wn a flush position (Fig. 81
The specimen was then stressed with a graduated vertical
speedload rate of 5.0-mm/min until ultimaie failure of
the system (Fig. 8). The pount of ultimate failure was
determined by the drop off in the constantly applied force
(Fig. )

The displacement data of the calcaneocuboid and talon-

avicular joints were collected at 200 Hz (200 samples/sec)
by LVDT monitors to an analog to digital board
device, The wansducer piston mechanism was attached
o the navicular and cuboid by a screw mechanism, and
the LYDT l:-i_v..1_|_r|| targel F:-lql:_'.m were placed !"q'Lr.'1'|]l..'I [ {4
the osteotomy cuts in the talus and calcancus whilizing
screws (Fig. 10A and B). Stiffncss measurements were
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FIQURE 10 A, Positioning of the LVDT tranaducer and target plate
FIGURE 8 Stressing of the specimen with the 100! msting i 8 jor the talonavicular joind, B, Positioning of the LVDT transducer and

fush postion with the metal force plate. tarpot plate kor this calcarsocubid joint
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FIGURE 11 Spacimen T: stapls rmadscal and latoral stiffness.

then generated by accurately approximating the data via
simple fit curves with the appropriate regression coeffi-
cient (Fig. 11).

Results
Uttimate Load

Ultimate load measwrements (Table 1), analyzed via a
paired T test, revealed no statistically significant differ-
ence between screws and staples (p = 4531), or between
screws with washers and staples (p = B619), Further-
more, no statistically significant difference was noted
between the screws with washers and the screws without
washers (p = .2349),

Stifiness

Talonavicular and calcancocuboid stiffness of fixation
were analyzed via multivariate analysis of variance
{MANOVA), and appropriate assumptions for the
multivaniale were met (Banlen-Box p = .04456). Overall
results of the MANOVA proved to be nonsignificam
(W. Lambda 474,36, F =92, p=_4636). Protecied
univariate F tests revealed no significant difference
between fixation groups on talonavicular stiffness (F =
590, df2.19. p=.5620) or calcancocuboid stiffness
(F=2024df219, p=.1601).

The purpose of this project was w0 identifly differ-
ences in strength of midfoot fixation between screws and
staples in triple arthrodeses. The study demonstrated no

frg'mm] feg/memy gl
15 0T 5.1 4059
18T a9 646 4262
25 152 35.5 20431
25T 7 43.4 2483
as 500 £5.1 1648
38T 15,6 138 2528
45 bt I 17.4 215.4
45T 15.7 2.4 200.4
&5 0.5 La 3658
BET 15.7 10.4 FaRa
(5 A 20.9 2003
BT b 9re AT R
TEW 134 133 1178
78T 139 159 2234
Bl 4582 ans 500.0
85T 46,8 L ) 3804
EW 158 122 ddd B
) EQ.A L2 313
105w 15.2 216 130.8
105T 122 T16 06,1
115 -1 B.5 b LY
1157 183 11.4 1823

8§, sorea; 5T, staple; SW, sorewwasher

statistically significant difference between the stability of
these two forms of fixation. However, other differences
between the techniques were observed in the course of
this project identifying numerous advantages and disad-
vantages associated with each method.
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Bone quality has an obvious effect on stability. In this
study, staples appeared to hold better in softer bone than
screws; however, no data regarding bone density or bone
quality were available.

Observations
Scrow Fixation

The advantages of screw fixation include compression
al the fusion sitc and fixation in two dimensions (28),
resulting in a better opportunity for primary booe healing.
Furthermore, no banging or jaming is required during
placement.

However, there are many disadvantages to hxating
with screws as opposed to staples for wriple arthrodesis
stabilizations. Screws are technically more difficult and
tume consuming to inser, as well as relatively more
expensive. Furthermore, the comrect angle of fixation is
difficult to achieve and may jeopardize bone imegrity if
maultiple attempts are required. Also, the navicular and
cuboid must be large enough to support screw fixation
without sacrificing the integrity of other adjacent joints.

Three main types of failures were noted with screw
fixation. First, the screw heads tended 10 migrate through
the cortical bone as the load force increased: thus, washers
were ulilized 1w help eliminate this migration. Although
the screws with and without the withers did not show any
statistically significant difference in strengih, the screws
with washers were observed to allow bess apparent migra-
ton through the dorsal conex.

The second type of failure observed was fracturing of
the dorsal cortex. The sharp angle at which the screws
need 1o be placed at the talonavicular and calcaneocuboid
joints often caused the dorsal conex to be extremely thin
and susceptible to fracture.

The third type of failure occurred when the screws
pulled out of the cancellous bone, One possible reason
for no statistical difference in strength between the screws
with and without washers may be this loss of screw
purchase in cancellous bone.

Anather frequent complication noted with screw fixa-
tion was the midtarsal screws running into the subtalar
screw, thus requiring further drilling at a new site or angle
which may have potentially weakened the surrounding
bone and fixation.

Staple Fixation

Staples, on the other hand, are less technically demand-
ing. less time consuming, and less expensive than screws.
They also require less exposure for placcment and rarely
interfere with other fixation. An important consideration
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for triple anthrodesis stabilizations is that they allow for
fixation across joints not to be fused, particularly in cases
involving a small navicular, with potentially decreased
risk of camilage damage.

On the other hand, staples do not provide true
compression and limit motion in only one or two
dimensions, making primary bone healing less likely.
Furthermore, an assistant 18 usually required to provide
manual compression and counter pressare (o ensure proper
positioning of the fragments prior 1o placing the stple.
Any movement of the [ragment may require pulling
the staple and reinsenting. which may compromise bone
integrity. Also, the banging and jarring of the foot and
leg duning staple placement may potentially loosen or
dislodge the previous fixation. In this study, staples
appeared to fail by cither pulling out of the bone or
fracturing the surrounding bone. This was especially
evident in cases where the staples were placed in close
alignment with the screw in the talar neck, resulting
in stress risers and talar neck fractures. Interestingly,
the talonavicular joint fixation remained intact Unlike
the screw fixation, there was little interference with the
sublalar screw while inserting the staples,

Discussion

Power analysis was calculated post hoc by a staff
biostatsitician, at 26% for lateral stiffness. 24% for
medizl stiffoess, and 42% for ultimate Joad. This analysis
suggests the sample size was small, and may be the
explanation for the lack of statistical significance between
groups, Further studics with a larger sample size could
still reveal greater differences between the techniques.

Although strength of fixation could not be demonstrated
10 favor screws or staples, several technical recommenda-
tions evolved from this study. General considerations in
choosing fixation include: surgeon experience and pref-
erence, techaical skill, cost, equipment availability, and
time consumption. Some authors believe that technical
considerations, such a5 joint access and visualization,
make it extremely difficult for screw placement at the
madiarsal joints (27). Specific grafiing procedures and
previous use of one type of fixation may also preclude
the use of one fixation type versus another.

The mass of bone available for fixation may also
dictae which fixation a surgeon will utilize. Oceasionally,
the navicular andior cuboid may be small or deformed,
thus causing difficulty with fixation. This leads 10 the
consideration of breaching other joints that are not 1o be
fused, such as the naviculocuneiform or metatarsal - cuboid
articulations. Breaching these joints with a staple may
oot damage other articular surfaces and thus allow for
the possibility of removing the staple after bony union is
achieved.



A literature review of tniple arthrodesis stabilizations
reveals a wide range of pseudarthroses (2, 3, 11-13,
16, 29). Most agree that the wlonavicular appears to
be the most frequent joint where non-unions are secn
(7, 15, 27), followed by the calcaneocuboid joint and
rarely by the talocalcaneal joint (27). There have been
many ressons proposed for the high incidence of taloa-
avicular pseudarthrosis. The convex/concave relationship
makes the articular surfaces difficult 10 resect and closely
reapproximate, Also, gaining adequate exposure and the
proper angle to insert fixation can be technically difficult.
These difficulties may lead to poor apposition of the bone
edges intraoperatively, which is frequently correlated with
postoperative complications (1, 7, 9, 27). Another cause
of talonavicular nonunion may be excessive motion at the
joint, especially with weightbearing causing distraction
andfor rotation.

A technique which may improve the stability/rigidity
of fixation at the talonavicular joint might be placement
of a screw and a staple across the talus and navicular,
The screw provides compression while the staple limits
distraction and rotation at the joint, thus preventing the
screw head from migrating through the corex or the
screw from pulling out of the cancellous bone, Such a
fixation method would require further study to evaluate
its efficacy.

Although the utilization of washers on the screws did
not prove to be statistically significant, by increasing the
surface area at the bone-screw inlerface, the screw heads
clinically appeared 10 migrate bess into the cortex. There-
fore, utilization of wathers is recommended particularly
where decreased bone densaty is & concemn,

Staples should be offset with each other and the talar
peck screw, in particular, to prevent stress risers and
subsequent fractures. Stress risers in the talar neck region
could also be preventad by placement of the talocalcaneal
screw from the inferior lateral aspect of the calcaneus in
a superomedial direction into the talar body, as described
by Sangeorzan et al. (1), This allows more room for
hardware placement dorsally at the talonavicular joint.

Furthermore, staple width should be as large as possible.
The staple posts should remain at least a few millime-
ters away from the cut or curetted surfaces in order o
prevent the posts from paulling through the thin cortices,
as supported by Corey et al. (19).

Although no scientific data were obtained, prestudy
tnals demonstruted that barbed staples rarely backed out
compared to smooth staples. Therefore, barbed swaple
utilization is also recommended.

Study Limitations

Several arcas for addiional investigation were iden-
tified. First, the specimen number 15 relatively low, as

suggested by the power analysis. Additional work with
more specimen may reveal differences in strength not
identified in this project. Furthermore, this study did not
pinpoint the exact location of failure in the specimen whea
the ultimate load was determined. Instead, the failure
point was determined from the graph when the constantly
increasing load fell off. Such graphic evaluation does not
identify which joints may have failed or which bones
may have fractured. Lastly, this study did not measure
shear forces or rotational forces at the talonavicular and
calcaneocuboid joints. Evaluation on the effect of such
forces individually may lead to development or utilization
of fixation techniques which may address the destructive
forces most cfficiently.

Conclusion

This rescarch project provides basic scientific data
which support the notion that staple and screw
fixation in triple arthrodesis stabilizations may be used
interchangeably in regards to strength or stability of
fixation. The research wials revealed no statistically
significant difference between screw versus staple fixation
in fresh cadaveric matched-pair specimens. However, the
study is able 1o point out many important considerations,
advantages, and disadvantages involved with wutilizing
each type of fixation.
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