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Arthroscopic subtalar arthrodesis has recently gained popularity in the treatment of primary subtalar or post-
traumatic arthritis, coalition, or inflammatory diseases with subtalar arthritis. The present study reports the
clinical and radiologic results of 19 patients (19 feet) who underwent posterior arthroscopic subtalar arthrodesis
using 2 posterior portals. A total of 19 posterior arthroscopic subtalar arthrodeses (minimum follow-up of
24 months) performed without a bone graft and with 2 parallel screws were prospectively evaluated. The fusion
rate was 94% (mean time to fusion 9.8 weeks). Modified American Orthopaedic Foot and Ankle Society ankle-
hindfoot scale score (maximum 94 points) improved significantly from 43 to 80 points and the visual analog
scale for pain score improved from 7.6 to 1.2. The 12-item short-form physical and mental scores at the last
follow-up point were 52.5 and 56.4, respectively. One (5.3%) patient underwent open repeat fusion for
nonunion, 2 (10.5%) patients required a second procedure for implant removal, and 1 (5.3%) experienced
reversible neuropraxia. In conclusion, posterior arthroscopic subtalar arthrodesis is a safe technique with a good
union rate and a small number of complications in patients with no or very little hindfoot deformity.

� 2017 by the American College of Foot and Ankle Surgeons. All rights reserved.
Isolated subtalar arthrodesis is a well-documented and accepted
procedure for surgical treatment of subtalar joint pathology pre-
senting with pain, instability, and deformity that does not respond to
conservative treatment (1,2). The most frequent indications are pri-
mary subtalar or post-traumatic arthritis (secondary to talar or
calcaneal fractures), congenital malformations (coalition), or inflam-
matory diseases (3).

In the past, double (subtalar and talonavicular) or triple arthrod-
esis (subtalar, talonavicular, and calcaneocuboid) has been the
preferred treatment of subtalar arthritis with great deformity. It is
known, however, that the function of the talonavicular joint has the
greatest influence on the overall hindfoot function. Therefore, isolated
subtalar arthrodesis has the advantage of preserving some hindfoot
mobility and having a reduced risk of secondary degenerative disease
of neighboring joints (2,4).
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Numerous techniques have been described for the optimal surgical
approach, bone graft, method of fixation, and postoperative care (5).
Open procedures aremost often used but have a greater risk of wound
infection, nonunion, and neurovascular injury (2,6). Posterior
arthroscopic subtalar arthrodesis (PASTA), performed initially in 1992
and first described by Tasto (7) in 1994, allows for preservation of the
blood supply, faster recovery, less pain, preservation of foot proprio-
ception, and fewer complications (2,6). Contraindications to this
procedure are previous failed arthrodesis, deformities needing
correction, and/or associated procedures that cannot be performed
with the patient in the prone position (for posterior portals) (2).

After the advent of arthroscopic subtalar arthrodesis, most sur-
geons used lateral portals (anterolateral, posterolateral, and acces-
sory) (6). In 2000, van Dijk et al (8) described posterior arthroscopy
using posterolateral and posteromedial portals. Since then, these 2
portals (with or without a third portal) have been used for arthro-
scopic subtalar arthrodesis by several surgeons (6,9–11). Although
concerns regarding the safety of these portals have been raised, the
thorough understanding of the ankle anatomy and the relationship of
the arthroscopic portals to neurovascular structures at risk makes this
approach relatively safe (12).
s. All rights reserved.
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The objective of the present report was to describe the operative
technique and clinical and radiologic results of 19 cases of PASTA
using a 2-posterior portal approach with the patient in the prone
position.

Patients and Methods

From January 2008 to September 2012, 19 subtalar arthrodeses were performed in
19 patients in the same Institution by the same surgeon. The data were prospectively
collected. The data from all 19 patients were available for retrospective analysis. All
participants in the present study provided informed consent.

All patients had isolated subtalar arthritis. The exclusion criteria for arthroscopic
arthrodesis were a hindfoot coronal deformity (varus of >5� or valgus of >15�),
previous or active infection, previous failed arthrodesis, and the need for a
concomitant procedure. The main indication for surgery was post-traumatic subtalar
arthritis (8 patients), followed by primary arthritis (7 patients), inflammatory disease
(rheumatoid arthritis in 2 and psoriatic arthritis in 1), and tarsal coalition (1 patient).
Of the 19 patients, 12 were male and 7 were female. Their mean age at surgery was
50.9 (range 35 to 69) years. The mean follow-up period was 42.9 (range 24 to
68) months.

The patients were clinically evaluated at 2, 6, 8 to 9, 12, and 24 weeks and annually
thereafter. Radiographs were taken at all but the first (2-week) appointment. The pa-
tients were clinically evaluated preoperatively and at the last follow-up examination
using the visual analog scale (VAS) for pain and the modified ankle-hindfoot American
Orthopaedic Foot and Ankle Society (AOFAS) score, in which the scoring system was
modified to eliminate points from subtalar motion (maximum possible score of 94
points), as previously described (13). The 12-item short-form questionnaire (SF-12) was
used to record the patient-reported outcomes to assess the patients’ physical and
mental status at the last follow-up examination.

Union was determined at the monthly appointments by clinical (no pain and
no subtalar motion) and radiographic (x-ray and/or computed tomography)
evaluation. When trabecular bridging at the posterior facet was not seen at the
8- to 9-week appointment, a computed tomography scan was ordered to evaluate
for fusion (n ¼ 13). The complications present at the last follow-up visit were
also recorded.

Statistical analysis was performed using the software InStat Prism, version 6.0
(GraphPad, La Jolla, CA). The Shapiro-Wilk test was used to confirm a normal distri-
bution between samples, and a paired Student t test was used to compare the preop-
erative and postoperative AOFAS and VAS scores. A p value < .05 was considered to
represent a statistically significant difference.

Operative Technique

All procedures were performed with the patient under general or regional anes-
thesia. A tourniquet was used, and prophylactic antibiotics were administered. The
patients were placed prone with the foot outside the operating table edge. A 2-portal
posterior arthroscopy was performed, as previously described (8). No traction and no
other portals were used. First, the posterolateral portal was created 1 cm proximal to
the tip of lateral malleolus just lateral to Achilles tendon, after which a 4.5-mm 30�

optic arthroscope was inserted. Next, at the same level and immediately medial to the
Achilles tendon, a posteromedial portal was created. A 4.0-mm shaver was inserted and
angled laterally to touch arthroscope shaft. This angulation avoids injury to the neu-
rovascular structures that would occur if the shaver was introduced in a straight line.
Debridement and synovectomy were then performed, taking care to identify and
preserve the flexor hallucis longus tendon, because the neurovascular bundle is just
medial to the tendon.
Fig. 1. Posterior facet decorticati
Next, the posterior joint capsule was removed to perfectly identify the subtalar
joint. Then, decortication with removal of cartilage and approximately 2 mm of the
subchondral bone was performed using curettes, chisels, and burrs (Fig. 1). Only the
posterior facet was prepared, with the anterior limit the interosseous ligament. Once a
normal bone contour was achieved, fixation was performed with 2 percutaneous 6.5-
mm screws introduced from the calcaneus to the talus (posteriorly and plantarly to
anteriorly and dorsally). The screws were inserted in a parallel configuration under
fluoroscopic guidance. No bone graft or bone substitute was used in any case. The skin
incisions were sutured, and a plaster boot was applied.

Postoperatively, a non-weightbearing plaster boot was used for 4 weeks and was
then changed to a walker boot with partial weightbearing for 2 weeks. At 6 weeks, the
patients were allowed to start full weightbearing, using thewalker boot until unionwas
achieved. The patients were clinically and radiographically followed up for a minimum
period of 24 months.

Results

The Table presents the patient demographics and clinical and
radiographic analysis. All but 1 (5.3%) patient achieved subtalar fusion
at a mean � standard deviation of 9.8 � 1.1 weeks, indicating an
incidence of fusion of 94.7%. The patient with nonunion underwent
open arthrodesis with a bone graft at 15 months after the index
surgery. Therefore, data analysis was performed for the remaining 18
patients.

The modified AOFAS score (maximum 94 points) had significantly
improved in all 18 (94.7%) patients inwhom fusionwas achieved from
amean preoperative score of 42.9� 9.1 to a mean postoperative score
of 80.2� 4.8 (p< .001). Two (10.5%) patients did not complete the VAS
score. For the remaining 16 (84.2%) patients, it improved from a mean
preoperative score of 7.6 � 1.0 to a score of 1.2 � 1.2 at the last follow-
up visit (p < .001). At the last follow-up visit, the SF-12 physical
composite score was 52.5 � 6.7 and the mental composite score was
56.4 � 7.4. Fig. 2 shows typical radiographic and computed tomog-
raphy images obtained 10 months after surgery.

Complications occurred in 4 (21.1%) of 19 patients. Of the 4 patients,
1 (5.3%) developed nonunion, which was revised using an open
approach; 2 (10.5%) required implant removal at 7 and 9 months; and
1 (5.3%) patient developed hypoesthesia in the plantar side of the foot
that had resolved spontaneously 6 months after surgery. No other
complications, such as permanent nerve injury, infection, malalign-
ment, or complex regional pain syndrome, were observed.

Discussion

Since van Dijk et al (8) described the technique for ankle
arthroscopy using 2 posterior portals, foot and ankle surgeons have
had increasing interest in PASTA. Although technically more
demanding than other ankle arthroscopic procedures, subtalar
arthroscopy offers a less-invasive approach with many potential
ons with curette and chisel.



Table
Patient demographics and results

Pt. No. Gender Age (yr) Indication for surgery Follow-Up (mo) AOFAS Score VAS Score SF-12 Score Time to Fusion (wk) Complications

Pre Post Pre Post PCS MCS

1 Female 45 Tarsal coalition 66 33 74 8 2 51.5 61.6 12 None
2 Female 39 Inflammatory 68 56 84 7 0 56.7 60.8 9 None
3 Female 43 Inflammatory 24 39 82 8 1 53.8 55 8 None
4 Male 41 Primary 48 53 71 NA NA 43.8 62.1 9 None
5 Male 49 Traumatic 65 39 78 9 3 61.4 37.3 10 None
6 Male 48 Primary 35 33 78 7 1 56.2 59.8 9 Painful hardware
7 Male 67 Traumatic 27 39 82 8 1 53.8 57.9 11 None
8 Female 58 Primary 60 45 84 7 0 56.6 60.8 11 None
9 Male 59 Traumatic 62 45 85 8 2 54.8 57.1 10 None
10 Male 52 Primary 56 59 78 7 2 56.2 59.8 11 None
11 Female 35 Traumatic 46 53 84 6 1 41.4 59.2 9 None
12 Male 56 Primary 43 39 85 NA NA 55.3 60.7 11 None
13 Male 69 Traumatic 24 33 70 9 4 33.9 52.5 9 Neuropraxia
14 Male 46 Traumatic 34 33 78 8 1 50 58.8 9 Painful hardware
15 Female 47 Inflammatory 36 56 84 6 0 55.9 58.7 10 None
16* Male 54 Traumatic 27 33 NA 8 NA NA NA NA Nonunion
17 Male 45 Primary 31 39 85 9 0 56.8 57.9 11 None
18 Female 61 Traumatic 29 33 78 8 1 50.7 37.2 9 None
19 Male 54 Primary 35 45 84 7 0 55.9 58.7 9 None
Mean NA 50.9 NA 42.9 42.4 80.2 7.6 1.2 52.5 56.4 9.8 None
SD NA 9.2 NA 15.5 9.1 4.8 1.0 1.2 6.7 7.4 1.1 None

Abbreviations: AOFAS, American Orthopaedic Foot and Ankle Society ankle-hindfoot scale; MSC, mental component summary; NA, not applicable; PCS, physical component
summary; Post, postoperative; Pre, preoperative; Pt. No., patient number; SD, standard deviation; SF-12, 12-item short-form questionnaire; VAS, visual analog scale.

* Patient 16 required open arthrodesis with a bone graft 15 months after the index surgery because of nonunion and data analysis was performed only for the remaining 18
patients.
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advantages compared with the traditional open methods (14). These
include preservation of the blood supply, faster recovery, less pain,
preservation of foot proprioception, and fewer complications (2,6).
However, if a significant hindfoot deformity exists, subtalar arthrod-
esis should not be addressed using an arthroscopic procedure.

Several investigators have used this technique and reported high
union rates and few complications. Amendola et al (9) reported on a
series of 11 patients who underwent PASTA using bone graft, with
only 1 nonunion and amean fusion time of 10weeks. The AOFAS score
improved from 36 to 86 (9). Carro et al (15) and Beimers et al (10)
reported a 100% fusion rate in 2 small series of 4 and 3 patients,
respectively. El Shazly et al (16) also reported a 100% fusion rate in 10
patients after a mean interval of 11 weeks and an improvement in the
AOFAS score from 38 to 74. More recently, Lee et al (6) reported on a
series of 16 patients, with a 94% fusion rate after 11 weeks. In a series
of 10 patients, using a bone graft, Albert et al (14) reported a 100%
fusion rate and a mean fusion time of only 7 weeks.

All these studies showed an improvement in the interval to union
and the union rate compared with open procedures. Easley et al (3)
Fig. 2. Pre- and postoperative radiographs of a case of subtalar arthritis treated by posterior art
radiograph 10 weeks postoperatively, showing screw positioning and bone apposition. (C) Co
fusion with 2 screws.
performed a review of a large series of 148 isolated open subtalar
arthrodesis procedures and found a fusion rate of 84% after primary
arthrodesis at an average time of 10 to 15 weeks postoperatively.

When ankle arthroscopy using posterolateral and posteromedial
portalswas initiallydescribed, concernswere raised about the safetyof
this procedure. However, an anatomic study investigating the re-
lationships between the portals and neurovascular structures found
that the sural nerves are a relatively safe distance (9.7 mm) from the
posterolateral portal (12). The structures closer to the posteromedial
portal were the posterior tibial nerve and artery, at 7.27 mm and
11.46 mm, respectively, from that portal (12). Sitler et al (17) also
analyzed the distance to the medial calcaneal nerve, which was, on
average,17.1mm from the posteromedial portal. However, because the
patient is prone, the neurovascular structures will drift anteriorly,
reducing the riskof injury (6). These results demonstrate thatwhen the
portals are placed close to the Achilles tendon, the instruments are
introduced in the correct direction (pointing toward the midline
middle), and, using the flexor hallucis longus as a medial boundary
marker, the posterior portals will be safe to use (6,12,17).
hroscopic subtalar arthrodesis. (A) Lateral radiograph showing subtalar arthritis. (B) Lateral
mputed tomography scan, coronal view, at 10 months postoperatively, showing subtalar
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One controversial aspect of this approach is related to the number
and orientation of the fixation screws. DeCarbo et al (18) compared
the use of a single- versus a 2-screw construct and found no differ-
ences in the union rate. However, different 2-screw fixation tech-
niques have been reported. In a cadaver study, Chuckpaiwong et al
(19) compared single-screw, double-parallel screw, and double-
divergent screw configurations and found that double-divergent
screws conferred the greatest compression, greatest torsional stiff-
ness, and the least amount of joint rotation. However, controlled
clinical trials are necessary to substantiate this finding.

To the best of our knowledge, the present study is the largest series
of patients with longer follow-up who underwent PASTA. The AOFAS
modified ankle-hindfoot scale score was used for clinical assessment,
together with the VAS score. The AOFAS score, although not fully
validated, has been widely used in the field, and a recent study pro-
posed it as the ideal score for clinical assessment of foot and ankle
pathology, as it has been used in 55.9% of studies (20). It should be
noted that the subjective component of the AOFAS score has been
shown to produce valid information (21). A significant improvement
from 42.4 to 80.2 of 94 points was seen, with improvement in the VAS
score from 7.6 to 1.4, demonstrating a substantive decrease in pain
intensity after arthroscopic fusion in this cohort of patients.

Patient-reported outcomemeasures are being increasingly used to
assess patient outcomes after medical and surgical procedures (22),
and SF-12 has been widely studied to assess the clinical results after
foot and ankle procedures (23–25). In the present study, the SF-12
physical and mental component scores at the last follow-up visit
were 52.5 and 56.4, respectively. No major complications were found.
The fusion rate was 94% at 9.9 weeks, without a bone graft, and with a
2-parallel screw configuration used for fixation.

In conclusion, the results of the present study add strength to
previous early reports of PASTA but with a larger cohort of patients
and longer follow-up period. We found PASTA to be a reliable and safe
technique to achieve fusion with a small complication rate in patients
with no or very little hindfoot deformity.
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