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Abstract
Purpose  Tibio-talo-calcaneal arthrodesis (TTCA) is considered a safe and valuable option for end-stage tibiotalar and sub-
talar arthritis, and usually is performed with a retrograde intramedullary nail. Although the good results reported, potential 
complications may be related to retrograde nail entry point. Aim of this systematic review is to analyze in cadaveric stud-
ies the risk of iatrogenic injuries related to different entry points and different retrograde intramedullary nail design when 
performing TTCA.
Methods  According to PRISMA, a systematic review of the literature was performed on PubMed, EMBASE and SCOPUS 
databases. A subgroup analysis comparing different entry point location (anatomical or fluoroscopic guided) and different 
nail design (straight vs. valgus curved nails) was performed.
Results  Five studies were included, for a total of 40 specimens. Superiority of anatomical landmark-guided entry points was 
observed. Different nail designs did not seem to influence nor iatrogenic injuries neither hindfoot alignment.
Conclusion  Retrograde intramedullary nail entry point should be placed in the lateral half of the hindfoot in order to mini-
mize the risk of iatrogenic injuries.

Keywords  Tibio-talo-calcaneal arthrodesis · Entry point · Iatrogenic injuries · Cadaveric studies · Surgical tips

Introduction

Despite the increasing popularity of total ankle arthroplasty 
(TAA), literature indicates that ankle arthrodesis (AA) still 
remains the most common surgical treatment for end-stage 
ankle arthritis [1, 2].

Several operative techniques have been reported for 
AA, including arthroscopic or open approaches, and using 
both external and internal fixation systems. Devices used 
for internal fixation include screws, plates and retrograde 
intramedullary nails (RIN).

RIN are typically reserved for arthrodesis of both ankle 
and subtalar joint, also known as tibio-talo-calcaneal arthro-
desis (TTCA).

Indications for TTCA include post-traumatic ankle arthri-
tis with concomitant subtalar arthritis [3], severe ankle 
deformity on the frontal plane, talar avascular necrosis, 
failed TAA [4], associated ankle and hindfoot deformities 
in rheumatoid arthritis and Charcot arthropathy [5].

TTCA is considered an effective procedure, thanks to 
several advantages: it can be performed with a minimally 
invasive surgical approach and theoretically provides mini-
mal periosteal aggression and vascular damage [2, 6].

From a biomechanical perspective, TTCA represents a 
stable internal fixation structure, stiff during all bending and 
torsional stresses; RIN promotes compression and main-
tains the hindfoot alignment during the union process, thus 
increasing fusion rate [7–9].

These features allow for early recovery, mobilization and 
weight bearing, particularly important in elderly patients 
with comorbidities [10].
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TTCA usually requires a retrograde approach, which was 
first performed using a variety of straight devices such as 
Steinmann pins[11], femoral retrograde supracondylar nails 
[10, 12] and long femoral nail [13]. These devices reported 
satisfactory outcomes but were applied to a small series of 
patients.

Although the encouraging results, a few complications 
were associated with straight RIN, such as tibial stress reac-
tion, especially in the region of the tibial isthmus, hindfoot 
malalignment, and neurovascular (NV) injuries [4, 14–17].

In particular, several radiographical and anatomical stud-
ies have shown the critical location of the nail related to the 
bony surfaces and the close proximity of the TTC nail entry 
point to the tendinous and NV structures [18–20].

This led to the development of valgus curved RIN, with 
the aim to obtain better hindfoot alignment and to minimize 
the risk of NV injuries, but with controversial results [21].

Although the popularity of curved nail design has raised 
since then, to our knowledge, no data systematically report-
ing complications related to RIN entry point, either with 
straight or curved nails, were published.

Aim of this systematic review was to analyze in cadav-
eric studies the risk of iatrogenic injuries related to differ-
ent entry points and different RIN design when performing 
TTCA.

Materials and methods

This systematic review has been conducted according to 
the Preferred Reported Items of Systematic Reviews and 
Meta-analyses (PRISMA) guidelines. PubMed, EMBASE 
and SCOPUS databases have been searched for the fol-
lowing keywords: (((anatomic) OR (NV) OR (cadaveric)) 
AND ((structures) OR (considerations) OR (study))) AND 
(((tibiotalocalcaneal) OR (TTC) OR (ankle) OR (hindfoot) 
OR (tibiotalar)) AND ((fusion) OR (arthrodesis))).

The period of time investigated was from 1990 up to Sep-
tember 2022.

The inclusion criteria were: cadaveric studies; TTCA per-
formed with retrograde intramedullary devices; NV damage 
assessed by anatomical dissection and not by radiographic 
imaging only.

The exclusion criteria were: clinical studies; NV dam-
age assessed by radiographic or 3DCT image only; TTCA 
performed with 3D reconstruction of the RIN.

After screening by title, abstract and full-text examina-
tion, the included studies were examined to extract:

•	 Number of specimens
•	 RIN characteristics (diameter, length, straight or valgus 

curved design)
•	 Entry point and reaming technique

•	 RIN distance to the anatomical structures, related lesions 
and criteria of measurement

•	 Relationship between RIN and bone structures

Entry point description was collected and classified as 
anatomical or under fluoroscopic guidance.

All the reported RIN distances from NV and tendinous 
structures were collected as well as the references from 
which the measurement was made.

The neurovascular structures which were considered 
in this review are the lateral plantar artery (LPA), lateral 
plantar nerve (LPN), medial plantar artery (MPA), medial 
plantar nerve (MPN) and nerve to abductor digiti minimi or 
Baxter nerve (BN).

If not otherwise specified, distance of the LPA and LPN 
was considered the same and equated to the lateral NV 
bundle.

If not otherwise specified, distance of the MPA and 
MPN was considered the same and equated to the medial 
NV bundle.

Flexor hallucis longus (FHL) and flexor digitorum longus 
(FDL) tendons were the only tendinous structures consid-
ered, since they were indicated as the closest to the RIN by 
Pochatko et al. [18].

Anatomical structures were considered damaged or 
potentially damaged when appeared visually injured or in 
direct contact with the device (< = 1 mm) during the ana-
tomical dissection.

The results were analyzed by a statistics calculator (Med-
Calc Statistical Software) applying a Chi-squared test as 
recommended by Campbell [22] and Richardson [23]. The 
confidence interval was calculated according to the recom-
mended method given by Altman et al.[24].

Results

Four hundred and eight studies were identified through 
the database search. One of the records was removed after 
searching for duplicates. Records were screened by title, and 
266 of them were excluded. After screening the remaining 
141 studies, thirteen full-text articles were assessed for eli-
gibility. Five records were included for the systematic review 
(Fig. 1).

Number of specimens

A total of 40 specimens were analyzed overall in the five 
studies, which consisted of case series ranging from five to 
ten specimen. Moorjani et al.[25] used the same six speci-
mens for three different entry points.
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RIN characteristics

Different devices were used to perform the retrograde 
intramedullary nailing. Three of them were straight, while 
three were valgus curved.

Only two of the straight devices were commercial ret-
rograde nails: Biomet Ankle Arthrodesis Nail, Biomet, 
Berlin, Germany, 180-mm-long, 11-mm-diameter nail; and 
OrthoFix Ankle Compression Nailing System, OrthoFix, 
150-mm-long, 10-mm-diameter straight nail. The third 
straight device, used by Moorjani [25], was a 5-mm Stein-
man pin of unspecified length.

The three valgus curved devices were all com-
mercial RIN: AAN Ankle Arthrodesis Nail, Stryker, 
Sch¨onkirchen, Germany, FDA approved, 200-mm-long, 
11-mm-diameter nail; Hindfoot arthrodesis nail (HAN) 
DuPuy Synthes (Johnson & Johnson, West Chester, PA) 
or its 13-mm-diameter reamer; and T2™ Ankle Arthrode-
sis Nail, Stryker, Sch¨onkirchen, Germany, 200-mm-long, 
11-mm-diameter nail.

Muckley et al. [26] were the only authors to compare 
two different nails, a straight one (Biomet Ankle Arthro-
desis Nail, Biomet, Berlin, Germany), and a curved one 

Fig. 1   PRISMA flow diagram
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(AAN Ankle Arthrodesis Nail, Stryker, Sch¨onkirchen, 
Germany, FDA approved).

In the study by Knight et al. [27], since some surgeons 
chose not to advance a nail, a 13-mm-diameter reamer was 
placed in situ for measurement (Table 1).

Entry point and reaming technique

Different techniques were described to identify the correct 
insertion point, based on anatomical or fluoroscopic guided 
landmarks.

Three studies described an anatomical landmark-guided 
entry point.

Moorjani et al. [25] performed the incision along a bisect-
ing line drown across the malleoli. The position in the coro-
nal plane was at 2, 3 and 4 cm from the lateral border of 
the foot. In a larger foot, with a fat pad of 28 mm instead of 
9 mm, the three different position in the coronal plane were 
shifted to 3, 4 and 5 cm from the lateral border. The reported 
heel width was 6 cm in 4 feet, 5.4 cm in one foot and 7.5 cm 
in the 28-mm-thick fat pad foot (average thickness of the fat 
pad was found to be 9 mm [range 3–12 mm].). The applied 
intramedullary device was a 5-mm Steinman pin, and the 
specimen dissection was performed for each entry point.

Muckley et al. [26] employed a 3-cm longitudinal plan-
tar skin incision at the intersection of a sagittal line drawn 
from the tip of the second toe to the center of the heel and a 
coronal line drawn at the junction of the anterior and middle 
thirds of the heel pad. The same entry point was exploited 
for both the straight and the valgus curved intramedullary 
nail.

Knight et al. [27] located the entry point at the intersec-
tion of a line drawn along the tibial canal and a line drawn 
at the center of the lateral column, with the incision in line 
with the longitudinal axis of the foot.

Two studies described a fluoroscopic guided entry point.
De Cesar Netto et al. [21] determined the starting point 

for the skin incision under fluoroscopic imaging guidance 
by the intersection of 2 lines: the axis of the calcaneus in the 
Harris heel view and the axis of the tibia in a lateral view 
of the ankle joint.

Callahan et al. [28], after a 3-cm midline incision, used 
a guidewire to palpate the medial, lateral, and plantar-most 
portions of the calcaneus, confirmed by an anterior–poste-
rior, lateral, and Harris heel views. Although this technique 
can be considered “hybrid,” we defined it as fluoroscopic 
guided since it is mainly based on X-rays imaging.

As regard reaming technique, Knight et al. [27] and De 
Cesar Netto et al. [21] used soft tissue protection for the 
13-mm and a 12-mm reamer, respectively. Callahan et al. 
[28] and Muckley et al. [26] performed the reaming (11 mm 
and 12.5 mm, respectively) without specifying the use of 

soft tissue protection. Moorjani et al. [25] did not ream 
before inserting the intramedullary device (Table 2).

RIN distance to the anatomical structures, related 
lesions and criteria of measurement

All the authors reported the distance of the anatomical struc-
tures from the edge of the RIN, except Moorjani et al. [25] 
who calculated the distance from the center of the inserted 
pin. Since most of the commercial RIN available have a 10- 
to 13-mm diameter, an anatomical structure at a distance 
less than 5 mm from the center of the pin (equals to a 10 mm 
diameter) was considered damaged.

LPA distance was reported by all authors, although 
Knight et al. [27] did not consider the individual NV struc-
tures, but the whole lateral NV bundle (LPA and LPN).

Only in one case out of 52, the RIN was placed medially 
respect to the LPA, which is reported to be the most lateral 
NV structure by all the authors.

LPA was reported injured in a total of 12 out of 40 speci-
mens: 3/6 by Moorjani et al. [25], 7/10 by De Cesar Netto 
et al. [21] and 3/5 by Callahan et al. [28]. No injury was 
reported by other authors.

LPN distance was reported by each author. It was reported 
injured in a total of seven out of 40 specimens: 2/6 by Moor-
jani et al. [25], 2/10 by De Cesar Netto et al. [21] and 3/5 by 
Callahan et al. [28]. No injury was reported by other authors.

MPN distance was reported by De Cesar Netto et al. [21], 
Moorjani et al. [25] and Muckley et al. [26], while MPA was 
only reported by the two latter authors. No damage to any 
MPN or MPA was reported.

BN was only investigated by Muckley et al. [26] and 
by de Cesar Netto et al. [21]; the latter reported injuries in 
two of the ten specimen, while no damage was reported by 
Muckley et al. [26] or any other authors.

FHL and FDL were only investigated by Muckley 
et al. [26]. They reported no damage in the 12 specimens, 
although the FHL distance from the straight RIN compared 
to the distance of the curved RIN was statistically significant 
shorter (P = 0.041) (Table 3).

Relationship between RIN and bone structures

RIN location relative to bone structures was clearly reported 
only by Knight et al. [27], as they explicitly stated that “the 
nail was correctly placed in the calcaneal body.” No refer-
ence as regard the talar location was found.

Muckley et al. [26] performed a radiographic analysis 
which did not show any significant preoperative to post-
operative changes in the hindfoot axis in relation to the 
nail design. The volumetric portion of the nail completely 
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Table 2   Entry point description

References Entry point Graphic entry point

Moorjani et al. [25] Anatomical guided-along a bisecting line drown across the malleoli

A B C

Medial entry point—4 cm from the lateral border (5 cm in one larger 
foot with a fat pad = 28 mm instead of 9 mm)

Intermediate entry point—3 cm from the lateral border (4 cm in one 
larger foot with a fat pad = 28 mm instead of 9 mm)

Lateral entry point—2 cm from the lateral border (3 cm in one larger 
foot with a fat pad = 28 mm instead of 9 mm)

Mückley et al. [26] Anatomical-guided: A 3-cm longitudinal plantar skin incision at the 
intersection of a sagittal line drawn from the tip of the second toe 
to the center of the heel and a coronal line drawn at the junction of 
the anterior and middle thirds of the heel pad

(for both straight and curved nail)

Knight et al. [27] Anatomical-guided: The entry point is located at the intersection of 
a line drawn along the tibial canal and a line drawn at the center 
of the lateral column. The incision should be in line with the longi-
tudinal axis of the foot

De Cesar Netto et al. [21] Fluoroscopic-guided by the intersection of two lines: (A) axis of the 
calcaneus in the axial heel Harris view and (B) axis of the tibia in 
the lateral view of the ankle joint
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surrounded by bone within the calcaneus did not differ 
significantly between the two devices.

Callahan et al. [28] affirmed that “placing the wire 
1 cm lateral to the perceived starting point offered greater 
purchase in the calcaneus […] but offered less than ideal 
positioning within the tibial canal.” In addition, four of 
the five specimens, after the dissection, had the medial 
aspect of the nail placed in the sustentaculum tali.

No study mentioned RIN positioning relative to the 
tibial shaft (Table 3).

Statistical analysis

For statistical purpose, the results of the three different 
entry points performed in the same specimen by Moorjani 
et al. were independently considered.

An independent sample Chi-squared test was per-
formed between the two subgroups of anatomic-guided 
and fluoroscopic-guided entry point. The anatomical-
guided subgroup reported three injured NV structures, 
in particular three LPA, in the 37 dissected specimens, 
while the fluoroscopic-guided subgroup reported ten out 
of 15 specimens with injured NV structures (five isolated 
LPA, three associated LPA and LPN and two associated 
LPA, LPN and BN). A statistically significative differ-
ence was found, with less risk of injury in the anatomical-
guided entry point compared to the fluoroscopic-guided 
(P < 0.0001) (Table 4).

An independent sample Chi-squared test was also per-
formed between the two subgroups of straight and valgus 
curved intramedullary devices. The straight subgroup 
accounted for six specimens with injured LPA, three of 
which had associated LPN lesions. The valgus curved 
subgroup accounted for seven out of 23 specimens with 
injured LPA, two of which had associated LPN and BN 
lesions.

No statistically significant difference was found 
between the two subgroups (P = 0.4268) (Table 4).

Discussion

Aim of this systematic review was to analyze in cadaveric 
studies the risk of iatrogenic injuries related to different entry 
points and different RIN design when performing TTCA.

As a matter of fact, iatrogenic injuries related to TTCA are 
not uncommon and may be underestimated: NV lesions are 
described in 2.5% [29] up to 27% [20]. Bony-related complica-
tions such as fractures and postoperative foot deformities are 
reported to be 2.7% and 3%, respectively [29].

Nail design

Our study included different nail designs.
Valgus curved intramedullary nails have had major success 

in the last years, encouraged by Moorjani et al. who suggested 
that a more lateral placed entry point allows for a major dis-
tance from the NV structures [25].

Despite that to our knowledge none up to date has ever 
shown the superiority of a specific nail in terms of NV com-
plication rate.

Muckley et al. [26] were the only authors to compare differ-
ent nail designs with equal entry point, with no statistical sig-
nificative difference reported in terms of NV or tendon lesions.

Our statistical analysis did not observe any significative dif-
ference in potential NV lesions between straight and valgus 
curved nails. Nevertheless, considering all the papers included 
in the review process, the reported average distance to NV and 
tendon structures measured with the same entry point is larger 
in case of curved nail. This finding can theoretically support 
the greater safety of curved nails.

Entry point

As concerned the entry point, studies were divided in two 
subgroups: anatomical and fluoroscopic guided landmark.

The first authors to account the clinical importance of a 
proper RIN insertion point were Stephenson et al. [20], who 

Table 2   (continued)

References Entry point Graphic entry point

Callahan et al. [28] Fluoroscopic-guided anterior–posterior (A), lateral (B), and axial 
Harris heel views were used to confirm the starting point of the 
guidewire
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described an anatomical landmark applied to a series of 22 
patients. However, the reported complication rate was not 
negligible, accounting for 18% of NV deficit.

In a recent systematic review by Franceschi et al. [29], the 
reported NV complication accounted for 1.8%, although not 
systematically reported in the 21 included studies. Moreo-
ver, a vast group of the population was affected by diabetes 
or Charcot neuropathy, well-known confounding factors to 
perform a valuable postoperative neurologic examination.

Regarding reaming technique, only two authors applied 
soft tissue protection. The highest rate of potential NV 
lesions was reported by De Cesar Netto et al. [21], despite 
applying a soft tissue protection sleeve. This suggests that a 
protection device does not prevent injuries during the ream-
ing procedure if the guide wire is placed in an inaccurate 
position.

When considering cadaveric studies, Moorjani et al. [25] 
were the only authors who reported potential NV injuries 
exploiting an anatomical guided entry point. Both specimens 
were in the medial entry point series, with a remarkable 
injury rate of 33%. According to the entry point description, 
this was the only specimen cohort in which the insertion 
point was located in the medial half of the plantar aspect of 
the hindfoot. On the contrary, no potential NV injuries were 
reported when the entry point was located along the plantar 
midline or centered in the lateral half.

In light of this evidence, we may state that an entry point 
located in the lateral half of the hindfoot plantar aspect could 
minimize the risk of potential NV injuries.

Our analysis has shown that the incidence of poten-
tial NV injuries was statistically significant higher in the 
fluoroscopic guided group. We may suppose that in the first 
subgroup the main focus was on the correct nail placement 
toward the bony surfaces, giving less importance to the soft 
tissues overall, thus causing a higher incidence of potential 
NV lesion.

Tendon injuries

Tendon injuries were investigated only by Muckley et al. 
[26]; although no damage to tendinous structures was 
reported, the straight nail was significantly nearer to the 
FHL and FDL than the valgus curved one (P = 0.041). In 

the literature, McGarvey et al.[30] reported a high incidence 
of FHL injured or in direct contact to the RIN (6/8 speci-
mens). Pochatko et al. [18] also noticed that FHL was within 
5 to 10 mm in five out of six specimens. It should be noted 
that these two cadaveric studies, not included in this review, 
applied an antegrade insertion technique of the intramedul-
lary device, thus not comparable to the normal clinical prac-
tice. Considering the close distance of the FHL to the RIN 
entry point, a careful inspection of the first metatarsophalan-
geal passive dorsiflexion before and after placing the guide 
wire should always be performed, in order to preserve this 
important anatomical structure.

Relationship between RIN and bone structures

Regarding RIN location relative to bone structures, Callahan 
et al. [28] affirmed that it should be a compromise among 
a good purchase in the tibial, talar and calcaneal bones; a 
more lateral entry point in the calcaneus often leads to sub-
optimum purchase in talus and tibia and vice versa. Knight 
et al. [27] explicitly stated the nail was correctly placed in 
the calcaneal bone, but did not mention RIN location toward 
the tibia. Furthermore, no radiographic examination was 
performed by the authors to confirm the correct location of 
the nail inside the calcaneal bone. Muckley et al. [26] were 
the only authors to perform a radiographic analysis of the 
RIN; although no statistically significative difference was 
found in the two different nails, curved ones had a slight 
trend to increase hindfoot valgus. RIN purchase toward the 
calcaneus was evaluated by determining the volumetrically 
portion of the nail completely surrounded by bone within 
the calcaneus, but the quality and the thickness of the bony 
structures surrounding the nail were not taken into account.

Pochatko et al. [18] and McGarvey et al. [30], with an 
antegrade insertion of the intramedullary nail, referred that 
the exit point was either at the junction of the medial wall of 
the calcaneus with the sustentaculum tali, or directly through 
the sustentaculum itself. This placement could potentially 
cause a failure of the calcaneal bone and lack of bony sup-
port when placing the calcaneal interlocking screw.

A better placement in the calcaneal bone could be poten-
tially achieved by a more lateral entry point. However, a 

Table 4   Subgroup statistical 
analysis

Number of 
injured NV struc-
tures

Sample size 
(specimens)

Proportion Statistical analysis

Anatomical-guided entry point 3 37 8.1% P < 0.0001
(Chi-squared = 19.11)Fluoroscopic-guided entry point 10 15 66.6%

Straight IMN 6 29 20.7% P = 0.4268
(Chi-squared = 0.631)Curved IMN 7 23 30.4%
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nail inserted through the body of the calcaneus may result 
in poor bony contact and hindfoot deformity, since the nar-
row tibial isthmus forces the nail into varus position. As 
suggested by McGarvey et al. [30], a short, slightly valgus-
placed nail could be the solution, at the cost of a suboptimal 
placement relative to the tibial axis.

To better assess the exact placement of the RIN inside the 
calcaneal bone, Callahan et al. [28] suggested a modification 
of the Harris heel view, obtaining good results with a 30° 
internally rotated leg.

Limitations

This review presents some limitations. It was conducted 
on a small sample group, and anatomical variations were 
not taken into consideration. The included studies did not 
perform the TTCA on a pool of specimens with arthritic 
degenerative changes and, when specified, the specimens 
were in generally good condition [27], thus far distant from 
the typical clinical patient undergoing TTCA.

Moreover, when specified [21, 26], the joint surfaces were 
left unprepared, although this is not the accepted method in 
the clinical practice.

However, cadaveric studies allowed visual inspection 
of the anatomical structures at risk, with greater accuracy 
in identifying NV or tendon injuries compared to clinical 
examination.

Conclusion

Although the potential risk of iatrogenic injuries enlightened 
in different cadaveric studies, TTCA is still considered a safe 
and valuable option for end-stage concomitant ankle and 
subtalar arthritis.

Different nail designs did not seem to influence iatrogenic 
injuries neither hindfoot alignment.

Our study suggests a superiority of anatomical landmark-
guided entry points.

It should be recommended to place the RIN entry point in 
the lateral half of the plantar hindfoot in order to minimize 
the risk of iatrogenic injuries.

Care must be taken to obtain a good bony support during 
RIN and interlocking screw placement.

Despite these findings, further clinical studies are 
requested to better detect and reduce iatrogenic injuries 
linked to TTCA with RIN.
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