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Background: Open tibiotalocalcaneal arthrodesis (TTCA) is associated to high complication rates, which
led to the development of arthroscopic techniques. Aim was to compare complication rates of open to
arthroscopic TTCA in high-risk patients.

Methods: Single-center, retrospective case-control study. Patients were selected from the authors’ TTCA
database. Eligible were high-risk patients receiving arthroscopic-, or open TTCA retrospectively suitable
for arthroscopic TTCA. Primary outcome were major complications.

Results: Eight open and 15 arthroscopic TTCAs were included. Three open and 4 arthroscopic TTCAs
presented preoperative plantar ulceration. Fusion rates were similar (75% vs. 67%; p=0.679). Major
complications occurred in 63% of open (80% surgical-site-infections (SSI)) and 33% of arthroscopic (100%
non-unions) TTCA. Preoperative plantar ulceration did not affect major SSIin open TTCA (67% vs. 60%) but
resulted in a significant increase of non-union rates for arthroscopic TTCA (75% vs. 18%; p=0.039). In
patients without plantar ulceration the union-rate was 80% for both, open and arthroscopic TTCA.
Conclusion: Arthroscopic TTCA drastically reduced major SSI. Patients without preexisting ulceration had
excellent union-rates for open and arthroscopic TTCA.
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1. Introduction

Various pathologies, such as combined hindfoot osteoarthritis,
Charcot neuro-osteoarthropathy, rheumatoid arthritis, or non-
union in ankle fractures might necessitate tibiotalocalcaneal
arthrodesis (TTCA) [1]. It aims at restoring hindfoot alignment,
eliminating pain, and preserving ambulation [2]. TTCA can be
performed using various implants and operative approaches.
Lately, curved intramedullary nails have becoming increasingly
popular [3]. Up to now, the vast majority of these procedures is
performed by open operative techniques.

Open TTCA often is considered a safe procedure [4]. Yet, several
studies observed a considerable number of complications. Larger
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case series evaluating open TTCA using a retrograde intramedullary
nail reported non-union rates from 0% to 45%, major complications
in 5% to 38%, and minor complications in 1% to 56% [5-12].
Consequently, one has to conclude that open TTCA using an
intramedullary nail is associated with a considerable number of
non-unions and a high-risk for complications [1]. Most of these
complications were surgical site infections (SSI). This might be
attributable to the extensive operative approaches needed for open
TTCA. As many patients undergoing TTCA suffer from co-morbid-
ities such as diabetes mellitus and peripheral arterial occlusive
disease, these might additionally increase the risk for complica-
tions [ 13-15]. Consequently, new operative TTCA techniques had to
be developed to reduce the number of wound related complica-
tions while reliably achieving bony fusion.

One way to reduce the procedure’s invasiveness could be
arthroscopic TTCA. Various studies have reported favorable results
for isolated arthroscopic compared to open arthrodesis of the ankle
or subtalar joint only [16-21]. A recent systematic review
demonstrated superior union-rates rates for arthroscopic ankle
arthrodesis (94%; range: 70%-100%) when compared to open
arthrodesis (89%; range: 64%-100%) [22]. Furthermore, the
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arthroscopic procedure seems to feature a comparable potential to
correct deformities [19]. Therefore, Eric Giza concluded, that
arthroscopic ankle arthrodesis is to become the new gold standard
procedure for ankle arthrodesis [23].

Consequently, arthroscopic TTCA could be a promising strategy
to reduce the number of complications. Currently, only 6 case
series on arthroscopic TTCA are available, reporting the results of
23 patients in total [24-29]. Despite promising results, these
studies are limited to a small number of patients, did not focus on
high-risk patients, and are missing a control group.

As a result of the considerable number of major SSI following
open TTCA, the study group started to utilize arthroscopic TTCA for
high-risk patients in 07/2013 at their institute. Prior to this date,
open TTCA was performed through an extensive lateral approach.
The authors’ hypothesis was, that arthroscopic TTCA would reduce
major complications compared to open TTCA in a high-risk
population. Therefore, the aim of this study was to compare the
results of open to arthroscopic TTCA in high-risk patients.

2. Materials and methods

Single-center, retrospective case-control study comparing open
to arthroscopic TTCA using a curved intramedullary nail in a
comparable high-risk patient sample. The local ethics committee
approved the study (#520-15).

2.1. Patient selection

Patient selection was based on the authors’ hindfoot-arthrode-
sis database. In total 43 patients had a primary TTCA using a curved
intramedullary nail. Arthroscopic hindfoot arthrodesis was intro-
duced in 07/2013. From this database, all arthroscopic TTCAs were
identified first (n=15). Second, the database was screened for
patients (up to 07/2013) who underwent open TTCA (n=29). Only
patients retrospectively suitable for arthroscopic TTCA were
included. Suitability was defined based on the degree of deformity
and similar co-morbidities (high-risk population). Further, a
minimum follow-up of one year was required.

15 patients met the inclusion criteria for arthroscopic TTCA. Out
of 29 patients undergoing open TTCA, 8 were excluded because of
gross hindfoot deformity, 6 for large talar bone defects, 2 because
they were not considered high-risk patients, 4 because a straight
hindfoot nail was used and 1 patient missed sufficient follow-up.
Consequently, the final analysis was based on 15 arthroscopic and 8
open TTCAs.

2.2. Treatment strategy

In cases of preoperative, refractory plantar ulceration within
the operative field, osteomyelitis was ruled out. Then precondi-
tioning interventions were conducted. Operative debridement
and negative pressure wound therapy were performed until
repetitive wound swabs showed no bacterial growth. Open and

arthroscopic TTCAs were conducted in a similar standardized
technique. Only the operative approaches differed (Fig. 1). The
entire procedure was conducted in supine position. First, a
percutaneous Achilles tendon tenotomy was performed. In open
TTCA, an extended lateral approach (Fig. 1A) was performed. Then
the distal fibula was resected two centimeters above the tibio-
talar joint line. For arthroscopic TTCA anteromedial and -lateral
portals (Fig. 1B1) were used to approach the ankle and antero-
and posterolateral portals (Fig. 1B2) for the subtalar joint. In this
case the distal fibula was not resected. For both procedures, the
articular surfaces were debrided until the subchondral bone was
exposed, preserving the normal contours of the bones. Once a
proper hindfoot alignment and surface fit were insured, the
subchondral bone marrow was perforated. Then, the hindfoot was
aligned and temporary fixed using 2.0 K-wires. Two different
curved intramedullary nails were used: Expert HAN (Depuy/
Synthes, Oberdorf, CH) and the AFN (Tornier, Montbonnot Sant
Martin, France). Nail insertion was conducted as recommended
by the manufacturer. For both, open and arthroscopic TTCA a
guide wire was placed from the centro-lateral calcaneus to the
center of the tibio-talar joint. To determine the entry point lateral
fluoroscopy views were obtained and the guide wire was placed
in line with the tibial canal. In the coronal plane the guide wire
was positioned at the lateral column of the calcaneus. Then the
guide wire was inserted through the center of the lateral column
of the calcaneus up to the center of the talar dome just
penetrating the tibia. Correct placement of the guide wire was
evaluated in both AP and lateral fluoroscopy views. Then, drilling
was performed to a depth of 1cm beyond the tibial articular
surface. Afterwards the 2.0 K-wires were removed, the hindfoot
was placed in varus and a reaming rod was inserted. Reaming of
the distal tibia was performed until the reamer demonstrated
good bony contact. The diameter of the nail was determined
according to the reaming. Then, the nail was inserted and locked
using the targeting jig. Fig. 2 illustrates a clinical and radiographic
course of a case for each group.

The postoperative treatment was standardized for both groups,
consisting of non-weightbearing and immobilization in a cast for
8 weeks. Radiographic follow-up using CT-scans was conducted
8 weeks postoperatively and every 6 weeks thereafter until bony
fusion was detected. Custom-made orthopedic shoes were
recommended following bony fusion.

2.3. Outcome parameters

The data collection was conducted at one-year follow-up.
Occurrence of complications was the primary outcome parameter.
Major complications were defined as complications necessitating
surgery or bony non-union. Minor complications included non-
operatively treated SSI, implant failure (with bony union) or
fractures. Secondary outcome parameters were radiographic
evaluation, healing of preexisting ulceration, time to bony fusion
and the time of the in-house stay.

Fig. 1. Illustrations of the two operative approaches.

(A) Open TTCA: extended lateral approach; (B) arthroscopic TTCA; (B1) anteromedial and -lateral portals; (B2) antero- and posterolateral portals.
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Fig. 2. Clinical-radiographic illustration of one patient for each group.

TTCA: tibiotalocalcaneal arthrodesis; ASC: arthroscopic; Pre-OP: before the operation; Peri-OP: intra-/postoperative; fusion: bony fusion verified on CT-scans; (A) clinical
weightbearing images of the ap-foot; (B) lateral weightbearing radiographs; (C) surgical approach; (D) postoperative lateral radiographs; (E) arthroscopic views following
complete removal of the cartilage; (F/G) fully fused ankle and subtalar joint on sagittal (F) and coronal (G) CT-scans.

Fig. 3. Pre- and postoperative alignment assessed on lateral radiographs.

(A) Lateral weightbearing radiograph; /a: talar declination angle (plantar plane and long axis of the talus); /8: calcaneal inclination angle (plantar plane and tangent to the

inferior portion of the calcaneus).

(B) Lateral non-weightbearing radiographs, plantar plane was defined as the plane perpendicular to the axis of the arthrodesis nail: /a: talar declination angle (plantar plane
and long axis of the talus); /p: calcaneal inclination angle (plantar plane and tangent on the inferior portion of the calcaneus).

Radiographic evaluation was conducted pre- and postopera-
tively. The talar declination angle (/a, Fig. 3) and the calcaneal
inclination angle (/B, Fig. 3) were assessed on weightbearing lateral
radiographs preoperatively (Fig. 3A). With no postoperative
weightbearing measurements available, the plantar plane was
defined as the plane perpendicular to the axis of the arthrodesis
nail (Fig. 3B).

Bony fusion was assessed on CT scans (Fig. 4). CT scans were
conducted using identical scan and reconstruction parameters (i.e.

identical scan protocol, bone kernel reconstructions, 1.25 mm axial
slice thickness; Discovery HD 750, GE Healthcare, Waukesha
IL/USA). Scans were performed immediately postoperative,
8 weeks after the procedure and thereafter every 6 weeks until
bony fusion was detected. The tibiotalar joint (Fig. 4.1) and the
talocalcaneal joint (Fig. 4.2) were assessed on frontal (Fig. 4A) and
sagittal (Fig. 4B) reconstructions separately. Bony fusion was
defined as bone trabeculae crossing more than 50% of the joint
with joint line obliteration [3,12,30,31].
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Open TTCA

Peri-OP Pre-OP

Fusion

Fig. 4. Evaluation of bony fusion.

ASC TTCA

(A) Frontal CT image; (B) sagital CT image; (1) tibiotalar joint (2) talocalcaneal joint; bony fusion was defined as bone trabeculae crossing more than 50% of the joint with joint

line obliteration.
2.4. Statistical analysis

The Shapiro Wilks test revealed normal distribution. Conse-
quently, data were given as mean 4 standard deviation, if not
stated differently. Next to descriptive statistics, parametric tests
(paired and independent sample t-test, Chi-Square Tests) were
applied where necessary. The level of significance was set to
p <0.05. No sample size calculation could be conducted due to the
limited data available on arthroscopic TTCA. Statistics were
calculated using SPSS 20.0.0 (SPSS Inc. Chicago, Illinois 60606).

3. Results

In total 23 patients, 8 receiving open and 15 arthroscopic TTCA
were included. The mean age was 59 & 10years, 91% were male.
Patient’s demographics, indications for TTCA, pre-existing medical
conditions and previous operative interventions are summarized
in Table 1. All patients were considered high-risk patients with no
significant group differences.

3.1. Intra- and postoperative period

The Expert Hindfoot Arthrodesis Nail (HAN, Depuy/Synthes,
Oberdorf, CH) was used in all open TTCAs and in 4 (29%) cases of

arthroscopic TTCAs. The remaining 11 arthroscopic TTCAs were
performed using the Ankle Fusion Nail (AFN, Tornier, Montbonnot
Sant Martin, France). Additional procedures were performed in 5
cases of each group (62% vs. 33%; p=0.221). The in-house stay for
patients undergoing open TTCA was 43 +36 days and 19 + 11 days
(p=0.103) for arthroscopic TTCA.

3.2. Radiographic outcomes

Overall, significant improvements for both, the talar declination
angle (43° £ 8° vs. 30° + 8°, p < 0.001) and the calcaneal inclination
angle (6° 4+ 10° vs. 18° + 6°, p < 0.001) were observed between pre-
to post-operative imaging. The talar declination angle improved by
18° 4+ 8°/11.8° + 7° in the open/arthroscopic group (p=0.183). The
calcaneal inclination angel improved by 16°410°/11°£8° for
open/arthroscopic TTCA (p=0.393). Overall, a significant improve-
ment of the hindfoot alignment was seen for both groups, with no
significant differences of the correction (delta) between the two
groups.

3.3. Bony fusion

Following open TTCA bony fusion occurred in 75% (6 patients)
after 15 + 7 weeks. For arthroscopic TTCA bony fusion was achieved
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Table 1

Patient’s demographics, indications for TTCA, pre-existing medical conditions and previous operative interventions.

Open (n=8) Arthroscopic (n=15)
Demographics
Age 63+ 11 56+ 10
Sex (male) 7 (88%) 14 (93%)
Side (left) 2 (25%) 8 (53%)
BMI (kg/m?) 2945 29+7
ASA classification 2.7+05 25+0.5
Indications for TTCA
Charcot neuro-ostoarthopathy 2 (25%) 8 (53%)
Combined posttraumatic osteoarthritis 0 (0%) 4 (27%)
Neurogenic equinus 1(12%) 1(7%)
Equinus following chopart amputation 5 (62%) 2 (13%)
Pre-existing medical conditions
Smoker 4 (50%) 7 (47%)
Alcohol misuse 3 (38%) 3 (20%)
DM type II 8 (100%) 9 (64%)
Peripheral polyneuropathy 6 (75%) 11 (85%)
Peripheral arterial occlusive disease 6 (75%) 6 (43%)
Arterial hypertension 7 (88%) 10 (71%)
Coronary heart disease 0 (0%) 4 (29%)
Atrioventricular block 1(13%) 1(7%)
Atrial fibrillation 1(13%) 2 (17%)
Congestive heart failure 0 (0%) 1 (7%)
COPD 0 (0%) 1(7%)
Chronic kidney insufficiency 3 (38%) 2 (14%)
Cirrhosis liver 1 (13%) 0 (0%)
Previous operative interventions
Previous operative interventions 8 (100%) 11 (73%)
Chopart amputation for plantar ulceration prior TTCA 4 (50%) 0 (%)
Operative preconditioning of plantar ulceration 3 (37%) 4 (29%)
Number of preconditioning interventions 23+£23 3+18
Time Preconditioning to TTCA [days] 23+18 30+10

n: Number of patients; BMI: Body Mass Index; ASA: American Society of Anesthesiologists; DM: diabetes mellitus; COPD: chronic obstructive

pulmonary disease.

in 67% (10 patients; p=0.679) patients after 1144 weeks
(p=0.285). Following open TTCA, 2 patients suffered a symptom-
atic septic non-union, 1 of the ankle and 1 of the subtalar joint.
Following arthroscopic TTCA, 1 non-symptomatic and 1 symp-
tomatic non-septic subtalar non-union as well as 3 symptomatic
septic ankle non-unions were observed.

3.4. Complications

Open TTCA resulted in 63% (5 patients) in one or more major
complications. 4 out of 5 patients suffered a SSI with multiple
revision surgeries. In one of those patients the SSI resulted in a
septic non-union of the subtalar joint, secondary osteomyelitis of
the hindfoot and subsequent below-the-knee amputation. In 25%
(2 patients) minor complications occurred.

Arthroscopic TTCA resulted in 33% (5 patients) in a major
complication, all of which were non-unions (1 non-symptomatic
and 4 symptomatic non-unions). No major SSI were observed.

Table 2
Complications following open and arthroscopic TTCA.

Minor complications occurred in 29% (4 patients). All complica-
tions are outlined in Table 2.

In order to identify possible predisposing factors for major
complications, a subgroup analysis was conducted (Table 3). None
of the assessed parameters, i.E. age, BMI, Diabetes mellitus,
number of complications, and preoperative plantar ulceration,
differed significantly between patients suffering a major compli-
cation and those who did not.

With preexisting plantar ulceration being a known risk factor for
complications [32] patients with plantar ulceration were compared
per procedure to those without (Table 4). Plantar ulceration did not
affect the primary major complication in open TTCA, i.E. SSI (60% vs.
67%). But for arthroscopic TTCA, non-union rates were significantly
lower in patients without- compared to those with preexisting plantar
ulceration (18% vs. 75%; p=0.039). Three out of 4 patients suffering
from a plantar ulceration preoperatively did not achieve bony union
following arthroscopic TTCA, while 9 out of 11 patients without
ulceration achieved bony union.

Complications

Open TTCA (n=8) Arthroscopic TTCA (n=15)

Major Asymptomatic non-union
Symptomatic non-union
SSI requiring reoperation
Major amputation

Minor SSI non-operatively

Screw-loosening
Fracture

0% 7%
25%° 27%¢
50% 0%
13% 0%
13% 20%
0% 7%
13% 0%

n=Number; SSI: surgical site infection.
¢ non-septic subtalar.
b 1x septic ankle and 1x septic subtalar.
¢ 3x septic ankle and 1x non-sept. ankle.
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Table 3
Subgroup analysis for patients suffering major complications.
Procedure Complications Age BMI DM Co-morbidities Ulcus
All (n=23) None (n=13) 57 +11 29+7 9 (69%) 4+2 2 (15%)
Major (n=10) 62+9 29+4 8 (80%) 4+1 5 (50%)
Sig 0.246 0.720 0.560 0.966 0.184
Open (n=38) None (n=3) 58 £17 30+6 3 (100%) 5+1 1(33%)
Major (n=5) 66-+6 28 +4 5 (100%) 5+2 2 (40%)
Sig 0.393 0.517 na 1.000 0.850
Arthroscopic (n=15) None (n=10) 56 +10 2948 6 (60%) 442 1 (10%)
Major (n=5) 57 +9 29+5 3 (60%) 4+1 3 (60%)
Sig 0.867 0.989 0.803 0.568 0.052

n: Number; Co-morbidities: the number of co-morbidities per patient; Complications: the number of patients suffering one or more complications; BMI: Body Mass Index;

DM: diabetes mellitus.

Table 4
Analysis of major complications for patients with a preoperative plantar ulceration.

Open

ASK

No ulceration (n=5)

Ulceration (n=3)

No ulceration (n=11) Ulceration (n=4)

60%
20%
60%

% of patients with major comp
% of non-unions
% of major SSI

67%
33%
67%

18% 75%
18% 75%
0% 0%

4. Discussion

Open TTCA is considered a safe but technically demanding
procedure. Nevertheless, when analyzing studies in detail fusion-
rates range from 55 to 100% and complications rates between 1% to
56% [5-12]. Moreover, amputation rates of up to 12% have been
reported following open TTCA [14]. This variability is most likely
attributed to patient specific risk factors which, in most studies, are
not clearly stated. Only few studies have focused on patient specific
risk factors. Wukich et al. [10] (117 open TTCAs) found Diabetes
mellitus (DM) to increase the likelihood of SSI by a factor of 8. In a
cohort of 179 patient, open TTCAs resulted in a major amputation
in 12% [14]. DM again was the highest risk factor for amputation
(odds ratio 7), followed by revision surgery (odds ratio 6) and
preoperative ulceration (odds ratio 3). Mendicino et al. [33]
compared complication rates following open TTCA in patients with
DM to non-DM patients (10 vs. 10). Patients with DM had an overall
complication rate of 80% and a major complication rate of 50%,
compared to 60% overall and 0% major complications for non-DM
patients. Taken together, DM seems to be a major patient specific
risk factor for major complications following extensive surgeries to
the foot and ankle such as a TTCA.

Consequently, it can be hypothesis, that a less invasive
procedure should reduce the number of complications, especially
in high-risk patients. One approach to reduce the invasiveness
could be arthroscopic TTCA. It significantly reduces the wound
surface, minimizes disruption of the extraosseous talar blood
supply [34-36] and increases the bony contact surfaces [24,37]. Up
to now, only 6 case series on arthroscopic TTCA with 23 patients
cumulatively have been published [24-29]. These studies resemble
a proof of principle as they are limited to a low number of patients
in each study, heterogeneous patient samples, lack information on
risk factors and complications. Moreover, the miss a control group.
All but two studies [26,29] were case reports with a maximum of 3
patients [24,25,27,28]. The largest case series was published by
Sekiya et al. [26]. They reported one subtalar non-union in nine
arthroscopic TTCAs with two patients lost to follow-up. Besides the
non-union observed no further information on any other
complication was supplied. Although the authors stated the

diagnosis leading to TTCA (rheumatoid arthritis, osteoarthritis,
drop foot), no further information was provided on the patients’
medical history. Menciére et al. [29] reported no complications
following arthroscopic TTCA in 6 patients (4/6 smokers, 6/6
polyneuropathy, 3/6 venous insufficiency). Taken together, current
evidence on arthroscopic TTCA is limited to small case reports/
series lacking detailed information on complications, patient
specific risk factors, and a control group. Consequently, their value
is limited.

This study is not only the largest cohort of arthroscopic TTCA,
but also the first case-control study comparing arthroscopic to
open TTCA in a larger high-risk patient sample. At one-year follow-
up, 50% of the patients receiving open TTCA had suffered major SSI,
necessitating multiple revision surgeries. One patient even went
on to below-the-knee amputation. On the contrary, patients
undergoing arthroscopic TTCA suffered no major SSI and had a
considerably shorter in-house stay. The union-rate for open TTCA
was 75% compared to 67% for arthroscopic TTCA. Yet it is important
to note, that 3 out of 5 non-unions in the arthroscopic group
occurred in patients with a preexisting plantar ulceration (Table 4).
For patients without preexisting ulceration 9 out of 11 did achieve
bony union, while 3 out of 4 patients with ulceration suffered a
non-union in the arthroscopic group. This difference was signifi-
cant (p=0.039). The high rate of non-unions in patients with
ulceration could be the result of chronic low-grade osteomyelitis
which may not be suggested by radiography, laboratory and
clinical findings. The operative strategy of multiple debridements
and negative pressure wound therapy until wound swabs showed
no bacterial growth, obviously did not sufficiently reduce the risk
for non-union. The influence of preexisting ulcerations on bony-
union following TTCA has not been analyzed sufficiently. On the
contrary, most studies on TTCA either do not report on the
incidence of plantar ulcer [5,7,8,11,12], or do not report on the
correlation between plantar ulceration and complications [9,10].
Woukich et al. [32] just recently reported on the influence of foot
ulceration on the amputation rate of 280 feet with Charcot neuro-
osteoarthropathy. Patients with foot ulceration had an odds ratio of
6.02 (95% CI 2.28-15.91, P<0.0001) to necessity amputation
compared to patients without ulceration. These findings are well in
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line with various other studies [38-40]. They all found the
presence of an ulceration to significantly increase complication
and amputation rates. The authors are only aware of one study,
analysing the interrelation of plantar ulceration and complications
following TTCA [41]. Caravaggi et al. [41] performed open TTCA in
14 patients suffering from DM and Charcot neuro-osteoarthrop-
athy. Four patients presented with a plantar ulceration, which prior
to surgery healed completely by off-loading and immobilization.
Nevertheless, in none of these 4 patients, a complete union was
achieved. One patient even went on to below-the-knee amputa-
tion. Consequently, treatment strategies for patients suffering of
plantar ulceration have to be revisit. One possible approach could
be arthroscopic preparation of the arthrodesis and fixation using
an external fixateur.

As outlined above, several patients presented with preoperative
ulceration and/or suffered from early onset postoperative SSI.
Consequently, these patients necessitated multiple additional
interventions within their in-house stay. Both aspects explain the
relatively long mean in-house stay of 43 +36days in open and
19 + 11 days in arthroscopic TTCA.

When analyzing patients without preexisting ulceration only, a
union-rate of about 80% for both, open and arthroscopic TTCA was
observed in the present study. Taken together, in high-risk patients
without preexisting ulceration, the rate of revision surgery due to
wound complications was zero and the union rate was 82% with
arthroscopic TTCA. This seems to be an excellent result, especially
when considering the high-risk population. Previous studies have
reported major complication rates of 50% in DM-patients [33].
These numbers compare well to the herein observed 63% major
complications following open TTCA. When analyzing arthroscopic
TTCAs in patients without ulceration, the herein reported fusion
rates compare to non-high-risk patients treated by open TTCA,
while the wound complications were significantly less [1,5-8,
10-12,42,43].

4.1. Limitations

The first limitation might be the limited size of the control
group (open TTCA). In order to ensure comparability of the open
TTCA group, only patients with deformities retrospectively
suitable for arthroscopic TTCA and similar co-morbidities were
eligible. Only 8 patients receiving open TTCA met those criteria.
Still, these strict eligibility criteria for open TTCA patients ensured
the comparability of both groups. Another limitation might be the
radiographic work-up. First, preoperative weightbearing Saltz-
man-views were not available for all patients. Therefore, the pre-
and postoperative hindfoot alignment could not be assessed.
Second, no weightbearing postoperative radiographs were
available. Therefore, the parameters assessed were measured
on non-weightbearing radiographs. As postoperatively the hind-
foot was fixed, talar- and calcaneal inclination should not be
affected by weight-bearing. Further limitations were missing
patient reported outcome measurements and the retrospective
study design.

4.2. Strengths

Despite the above-mentioned limitations, there are several
positive aspects of the study. First, a detailed analysis of 15 patients
treated by arthroscopic TTCA is presented, which resembles by far
the largest cohort published. Second, a comparison group,
although small, treated by open TTCA is presented. Third, in
contrast to most other studies, the co-morbidities and risk factors
are comprehensible reported. Both cohorts presented reflect a
high-risk population. Finally, unlike most other studies bony union

was assessed on CT-scans, which allows a more accurate analysis,
which might increase the number of diagnosed non-unions.

5. Conclusions

Taken together, arthroscopic TTCA drastically reduced wound
related complications necessitating revision surgery when com-
pared to the open procedure in high-risk patients. If no preexisting
plantar ulceration was present, an excellent rate of bony unions of
80% was achieved, comparable to open TTCA.
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