
Introduction: Decreased bone contact has been shown to confer additional biomechanical advan-
tages when intramedullary nails are used. However, for tibiotalocalcaneal arthrodesis, straight 
retrograde intramedullary nails have been shown to have very little purchase in the calcaneus. 
Recent advances in intramedullary nail design have made available a new intramedullary nail that 
incorporates a distal posterior as well as valgus curve. The purpose of this study is to compare the 
surface area of bone contact in the calcaneus obtained with a straight versus curved nail design.  
Methods: Seven pairs of cadaver legs received 2 different intramedullary nail insertion techniques 
under simulated operative conditions: a standard retrograde intramedullary ankle arthrodesis 
nail and a curved tibiotalocalcaneal arthrodesis nail. A 3-dimensional surface digitizer and custom 
surface reconstruction software package were used to calculate the bone contact area of each nail 
between entry and exit points. 
Results: The average surface area of bone contact for the curved nail design (2,364.6 mm2) was sig-
nificantly higher (p=0.004) than the straight nail design (1,426.6 mm2). Greater bone contact could 
lead to better fusion and stability. 
Discussion: Further research is needed to examine whether this curved nail design and in-
creased bone contact surface area leads to improved biomechanics and better clinical outcomes. 
Level of Evidence: Cadaveric experimental study.
Keywords: Tibiotalocalcaneal arthrodesis; Tibiotalocalcaneal nail; Ankle nail fusion.
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ABSTRACT

ficial for subtalar and tibiotalar arthritis, 
posttraumatic injury, as well as a salvage 
technique for previous failed surgery [1]. 
One method of achieving this arthrode-
sis is with the use of an intramedullary 
nail passed in a retrograde fashion. The 
intramedullary nail construct has proven 
to provide biomechanical stiffness in all 
bending and rotational directions [2]. The 
majority of intramedullary nails used for
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Tibiotalocalcaneal arthrodesis has be-
come an increasingly popular procedure. 
The use of intramedullary nailing is bene-
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tibiocalcaneal arthrodesis are straight in 
design. However, it has been documented 
that straight nails often have very little pur-
chase in the calcaneus, often engaging only 
the sustentaculum tali [3]. This limitation 
diminishes the calcaneal bone-to-rod inter-
face and thus the stability.
 Recent advances in nail design have 
produced nails with valgus and posterior 
curves. Previous studies have shown that a 
nail with a single lateral curve occupies more 
volume in the calcaneus than a straight nail 
[4]. However, to our knowledge, there is no 
report comparing a nail with a distal lateral 
and posterior bend with the surface area oc-
cupied by a straight nail. The purpose of this 
investigation is to compare the surface area 
of calcaneal bone contact with a straight 
nail versus a curved nail with a valgus and 
posterior bend. 

MATERIALS & METHODS

Nail Insertion

Seven pairs of embalmed cadaver legs 
stored at -4°C were thawed at room tem-
perature 12 hours prior to preparation and 
dissection. The specimens had no visible pa-
thology or deformity and were selected ran-
domly for nail fixation. Each specimen was 
sectioned at the level of the isthmus to en-
sure the narrowest of diameters in the tibial 
shaft. While in contradiction to clinical prac-
tice, the joint surfaces were not prepared. 
This method follows previous cadaveric 
studies by McGarvey et al. [3] and Pochat-
ko et al. [5]. It is believed that it is easier to 
hold the correct position of the unprepared 
specimen and the relationship between the 
talus and tibia would be unchanged com-
pared to a prepared joint. The foot was then 
placed in 2-5 degrees of valgus, 90 degrees 
of foot-to-tibial shaft dorsiflexion, and ap-

proximately 10 degrees of external rotation 
[3]. The position was held in place manually 
to simulate standard operative techniques. 
In 1 limb of each pair, a straight nail prepa-
ration design was implanted (Orthofix An-
kle Compression Nail, Orthofix; Verona, Ita-
ly). A 3-mm-diameter Kirschner guide wire 
was placed in an antegrade fashion through 
the center of the tibia, through the talus, 
and into the calcaneus. A rigid 13-mm entry 
reamer was then used to ream the path for 
the nail in an antegrade fashion. In the con-
tralateral limb from each pair, a curved nail 
preparation design was implanted (A3-Ana-
tomic Ankle Arthrodesis System Nail, Small 
Bone Innovations; Berlin, Germany). This 
intramedullary nail design includes a dis-
tal double bend, 1 posterior and 1 lateral. 
Adjustments were required for insertion 
of the curved nail to account for the poste-
rior and lateral curve. First, a 3-mm diam-
eter Kirschner guide wire was placed ante-
grade through the calcaneus, similar to the 
straight nail insertion. An offset guide was 
placed and aligned with the second ray.  Us-
ing the system-aiming design, a second guide 
wire was placed through the offset guide in 
an antegrade fashion to account for the pos-
terolateral curve of the nail. The 13-mm-di-
ameter entry reamer was then passed over 
the second guide wire in a retrograde fash-
ion across the calcaneus and talus. Reaming 
was performed by the same person for each 
paired specimen. The use of a 13-mm ream-
er was used for both nail designs to account 
for the 13-mm standard distal diameter of 
the curved nail design. 

Determining Surface Area Bone Contact

After reaming in both paired limbs, soft tis-
sue dissection was performed and the cal-
caneus was disarticulated from the tibia
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and talus. The diameters of the entry and 
exit sites for each calcaneus were record-
ed and used to calculate the surface area 
of the cylindrical shape created by ream-
ing. A 3-dimensional digitizer (MicroScribe 
3DX, Immersion Corporation; San Jose, CA) 
and 3-dimensional surface reconstruction 
software was used to manually digitize the 
circumference of the entry and exit points 
reamed in the calcaneus. A 3-dimensional 
model of the bone in contact with the hind-
foot nail was accomplished by triangulating 
points between entry and exit points in the 
calcaneus using the digitizer.  Surface area 
was then calculated with a positional accu-
racy of 0.23 mm. Paired t-tests were used 
to determine whether the observed differ-
ences between the straight and curved nail 
were significant, with the level of signifi-
cance set at 0.05.

RESULTS

The entry and exit diameters for each cal-
caneus used to calculate the surface area 
of bone contact are depicted in Table 1. The 
mean surface area for the straight nail de-
sign was 1,426.6 ± 522.23 mm2, whereas 
the mean surface area for the curved nail 
was 2,364.6 ± 290.13 mm2. The differenc-
es between the two groups were statis-
tically significant (p=0.004). There were 
2 straight nail insertions that missed the 
calcaneus and as such had a significantly 
lower surface area of bone contact with-
in the calcaneus (557 mm2 and 951 mm2). 
After completing the measurements, direct 
visualization of the area reamed in the cal-
caneus was determined by cross-section-
ing each specimen. The curved nail showed 
more bone-to-nail contact compared with 
the straight nail (Figure 1). 

  Table 1. Hole Diameter and Contact Surface Area of Curved versus Straight Nail. 

  Straight Nail Curved Nail P value  
                                
 Hole Diameter (mm)  
     Entry Hole    16.86 ± 13.41  40.62 ± 8.09  0.01*      
     Exit Hole     32.43 ± 22.48   51.80 ± 5.04  0.06     
 Surface Area (mm2)    1426.57 ± 522.23     2364.59 ± 290.13    0.004*

*statistically significant difference

DISCUSSION

Retrograde intramedullary nailing has 
increased in popularity with several bio-
mechanical and clinical studies in the lit-
erature reporting the effectiveness of 
intramedullary rods for tibiocalcaneal ar-
throdesis [1,6-10]. Berend et al. [2] com-
pared stiffness of intramedullary nail fixa-
tion versus lagscrew fixation in a cadaveric 
model and found that the intramedullary 

nail construct was significantly (p<0.05) 
stiffer than the crossed lag screw construct 
in all 4 bending directions and both rota-
tional directions, plantarflexion, dorsiflex-
ion, inversion, eversion, internal rotation, 
and external rotation. It was surmised that 
this construct would increase fusion rate 
through increased stability of the internal 
fixation. However, an early cadaveric study 
by McGarvey et al. [3] using an antegrade 
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intramedullary rod insertion to determine 
the risk of entry site to plantar structures 
found that the exit site was in the sustentac-
ulum tali and not the calcaneus. This posi-
tion was thought to reduce the stability of 
the construct due to minimal bone-to-rod 
surface area in the calcaneus. 
 The design of intramedullary nails for 
tibiotalocalcaneal arthrodesis has evolved 
to increase the distance from at-risk plantar 
structures, and to enhance bone coverage of 
the nail given the anatomical alignment of 
the bones involved. It is important that the 
nail has good purchase in the calcaneus and 
not only in the medial calcaneal wall or sus-
tentaculum tali. Poor calcaneal purchase can 
lead to calcaneal fracture, loss of fixation, 
deformity, and lower rate of union [11,12]. It 
has been shown that the quality of fusion is 
not only determined by the stiffness of the 
construct but also by the contact area of the 
bone surfaces [8,13,14]. In the current study, 
we used a nail design that contains both a 
valgus and posterior curve. To our knowl-

edge, there are no previous investigations 
examining the impact of nail design on this 
variable. 
 In this study, our aim was to com-
pare bone contact surface area in the calca-
neus between a straight tibiotalocalcaneal 
nail and a tibiotalocalcaneal nail with a pos-
terior and lateral curve. We found that the 
tibiotalocalcaneal nail with a posterior and 
lateral curve had significantly more bone 
contact surface area than a straight tibio-
talocalcaneal nail. The average surface area 
of bone contact for the curved nail was sig-
nificantly greater than the straight nail de-
sign. One previous report compared the vol-
ume of the calcaneus occupied by a straight 
nail with that of a lateral curved nail. Mück-
ley et al. [4] used computerized tomography 
to calculate the volume of the intracalcaneal 
portion of a tibiotalocalcaneal nails. They 
found that the portion of the nail complete-
ly surrounded by bone within the calcane-
us did not differ significantly between the 
2 devices, a straight nail (3.21 cm3) and 1

Figure 1. Comparison of calcaneus bone surface contact areas of straight versus curved 
tibiotalocalcaneal nails. 
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with a valgus curve (3.67 cm3). However, 
the curved nail used in that study only con-
tained a 5 degree valgus curve in the hind-
foot area. The advantages of the curved nail 
design used in the current study are aimed 
at providing better bone contact within the 
calcaneus. The lateral bend of the curved 
nail design respects the physiological hind-
foot valgus. Hindfoot valgus results in a lat-
erally shifted position of the calcaneus in 
relation to the tibia axis. The lateral bend 
in the nail provides more length inside the 
calcaneus compared to a straight nail. The 
additional posterior bend of the nail is de-
signed to account for the posterior shift of 
the calcaneus in relation to the tibial axis. 
This posterior bend also allows for more 
bone contact within the calcaneus while 
still having an entry point that is located far 
from tendons and nerves at risk. The distal 
end of the nail is oblique in relation to the 
nail axis and parallel to the caudal surface of 
the calcaneus. This shape allows for the nail 
to be more in contact with the bone surface 
of the calcaneus. 
 There were several limitations of our 
study. The specimen joint surfaces were not 
prepared in the usual manner of standard 
operative technique. However, previous ca-
daver studies have also excluded preparing 
the joint surfaces with the reasoning that it 
does not change the anatomic relationship 
and the positioning is easier to hold in ca-
daveric specimens [4,5]. Usually, the guide 
wires are passed in retrograde fashion us-
ing fluoroscopy to verify placement of the 
wire as well as alignment. However, we 
did not use fluoroscopy during our study. 
Instead, we used a method previously de-
scribed to pass the guide wire in an ante-
grade fashion [3]. Reaming in an antegrade 
fashion and using the level of the isthmus 
would centralize the nail and allow opti-

mal position within the tibial canal [11]. It 
is likely that the limitations above contrib-
uted to 1 of the straight nail specimens not 
having complete bone contact in the calca-
neus. Guide wires inserted down the center 
of the tibial canal in an antegrade fashion 
are more likely to enter lateral to the mid-
line of the talus and miss the medial portion 
of the body of the calcaneus. McGarvey et 
al. [3] showed that all specimens involved 
in the first portion of their study revealed 
an exit point in the sustentaculum tali or at 
the junction of the sustectaculum and me-
dial calcaneal wall. The second portion of 
their study showed better bone contact but 
required medialization of the hindfoot and 
resection of the medial malleolus. Use of a 
curved nail eliminates the potential of the 
nail not having adequate bone contact and 
the need to medialize the talus. 
 The goals of tibiotalocalcaneal ar-
throdesis are to provide stable fixation, cor-
rect hindfoot alignment, and achieve good 
contact between bone surfaces to obtain 
union. A nail design that can improve com-
pression and bone contact will likely lead to 
higher fusion rates and stability. The results 
of this cadaveric study demonstrated that 
tibiotalocalcaneal nails with a posterior 
and lateral curve provide significantly more 
bone contact surface area.
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