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Introduction

The indications for arthroscopic surgery have been increas-
ing over the years. Arthroscopically-assisted techniques have
been widely used in traumatic cases (hip, knee, and wrist) as
well as foot and ankle surgery [1]. Arthroscopically-Assisted
Reduction and Internal Fixation (ARIF) in acute trauma has
gained popularity in foot and ankle surgery [2].

In the management of talar body fractures, the main purpose
is to restore joint anatomy. Although open reduction and inter-
nal fixation (ORIF) is a common gold standard procedure,
arthroscopic management has also been proposed [3]. The
potential benefits of arthroscopic techniques, including less
extensive exposure with minimal soft tissue damage, preserva-
tion of blood supply, better visualization of fracture fragments,
and accurate joint reduction control are broadly described [1-5].
Although arthroscopy is increasingly used in the context of
trauma, the effectiveness of ARIF compared to ORIF for the
management of fractures of the talar body remains yet to be
determined [5].

Although a few case reports and small series have been
published, no systematic review has ever been made. This
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Abstract — Purpose: This study aimed to systematically assess the available literature on the technique and results of
arthroscopic reduction — internal fixation for displaced fractures of the talar body. Methods: A systematic review was
made of the available literature on MEDLINE, EMBASE, and the Cochrane Library database, including studies from
January 1985 to July 2021. The literature search, data extraction, and quality assessment were conducted by two inde-
pendent reviewers. Surgical technique, perioperative management, clinical outcome scores, radiographic outcomes, and
complication rates were evaluated. Results: Out of 37 articles reviewed, 12 studies met the inclusion criteria. The stud-
ies included reported on the results of 22 patients. No complications were observed in any of the patients treated.
Conclusions: The included studies had too many weaknesses to allow the pooling of data or meta-analysis. However,
percutaneous arthroscopic talar internal fixation appears to be a good option for uncomplicated displaced intra-articular
talar fractures. Appropriately powered randomized controlled trials with long-term follow-ups are required to confirm
the effectiveness of this technique. Level of Evidence: Level 1V, a systematic review of Level IV studies.
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systematic review of the literature aims to assess the surgical
technique, results and safety of ARIF for talar fractures.

Materials and methods
Search strategy

A systematic review of the literature in PubMed (MED-
LINE), EMBASE, and the Cochrane database was made until
November 2022. The search terms used were: “talar”, “frac-
ture”, and “arthroscopy”. After the initial Medical Subject
Headings keyword search, additional manual searches were
conducted using the bibliographies of all selected full-text arti-
cles. Forty-one potential titles and abstracts were identified from
the electronic database.

Study selection

The time frame for the literature search was set from Jan-
uary 1985 to November 2021. This time frame was chosen
regarding the beginning of practice and research in arthroscopic
techniques for foot surgery. We decided not to include any
studies published before 1985 as, from that year onwards
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Table 1. Minors scores for each study to assess methodological quality.

Authors Score/16 Risk of bias 1 2 3 4 5 6 7 8
Saltzman et al. [11] 10 High 2 2 0 2 1 1 2 0
Monllau et al. [12] 11 High 2 2 0 2 1 2 2 0
Subairy et al. [13] 8 High 2 2 0 2 0 0 2 0
Ogut et al. [15] 11 High 2 2 1 2 0 2 2 0
Dodd et al. [14] 11 High 2 2 0 2 1 2 2 0
Sitte et al. [16] 10 High 2 2 1 2 0 1 2 0
Wajsfisz et al. [17] 12 Low 2 2 2 2 0 2 2 0
Kadakia et al. [18] 12 Low 2 2 2 2 0 2 2 0
Hama et al. [19] 12 Low 2 2 2 2 0 2 2 0
Wagener et al. [20] 12 Low 2 2 2 2 0 2 2 0
Oliveira et al. [21] 8 High 2 2 0 2 0 0 2 0
Bardas et al. [22] 12 Low 2 2 2 2 0 2 2 0

Numbers signification: 1. A clearly stated aim; 2. Inclusion of consecutive patients; 3. Prospective collection of data; 4. Endpoints appropriate
to the aim of the study; 5. Unbiased evaluation of the study endpoint; 6. Follow-up period appropriate to the aim of the study; 7. Loss to
follow-up less than 5%; 8. Prospective calculation of the study size. The final score comprises the results of 8 items or 12 items in the case of

comparative studies.

publications on ankle arthroscopy began to increase signifi-
cantly. All studies included met the following criteria: investi-
gating humans treated by ARIF, papers published in English,
including at least one patient for a minimum follow-up of 6
months and reporting outcome measures relating to pain or
function outcome, radiographic evaluation and complication
rates. Percutaneous fixation was defined as the use of stab inci-
sions and direct insertion of screws via the skin surface. Exclu-
sion criteria included any papers that did not meet the inclusion
criteria, as well as those that included patients with an extensive
approach. Study selection consisted of first reviewing the titles
and abstracts of studies meeting the inclusion criteria, then
scanning the selected studies with their full text.

Data extraction

Two reviewers extracted data independently using a prede-
fined data extraction form (visual human reading of papers).
Data included demographic information, the methodology,
Hawkins and Sneppen classifications [6, 7], details on surgeries
protocol and reported outcomes. Reported clinical outcomes
using the Ankle-Hindfoot Scale developed by the American
Orthopaedic Foot and Ankle Society (AOFAS) [8] were
assessed if reported at the last follow-up. Complications
included superficial and/or deep infections, implant removal,
misplaced screw, conversion to an open technique, additional
injury revealed by arthroscopy, nerve injury, pseudarthrosis,
and evolution to subtalar arthrosis were assessed if reported.
Reported preoperative computed tomography (CT) evaluations
made it possible to analyze and classify fractures.

The radiological evaluation of talar body fracture was based
on the Sneppen classification [7]: type I were compression frac-
tures, type Il were coronal, sagittal, or horizontal plane shearing
fractures, type III was posterior tubercula fractures; type IV
were lateral tubercule fractures, and type V was crush fractures.

Neck fracture analysis was based on the Hawkins classifica-
tion [6]: type I fractured without displacement, type II were
fractures with subtalar dislocation, type III with subtalar and

tibiotalar dislocation, and type IV associated with a talonavicu-
lar dislocation. Assessment of bone fracture healing if reported
was made at last the follow-up.

Evaluation of study quality

The methodological quality of each study was assessed via
the MINORS score, a methodological index for evaluating non-
randomized studies [9]. The exact criteria assessed are reported
in Table 1. Studies with a MINORS score over or equal to 75%
were considered as being at a low risk of bias. Studies with a
MINORS score lower than 75% were considered as being at
a high risk of bias.

Data analysis

This systematic review was reported by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [10]. Data were extracted from the papers
by systematic analysis of each article and summarization
(Microsoft Excel version 2010, Microsoft, Redmond, WA,
USA).

Results

The results of the search strategy and study selection criteria
are shown in Figure 1. A total of 12 studies were included in
this systematic review [11-22].

Population characteristics

The twelve studies collected a total of 22 patients. Fifteen of
them were men (68%). The average age ranged from 14 to
61 years. The average follow-up period varied from 12 to 36
months. Ten studies included Sneppen Type II fractures [11,
13, 14, 16-22] and two studies included Sneppen type III
[12, 15]. Eleven studies included Hawkin’s type II fractures
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Figure 1. Search strategy. PRISMA flow diagram. PRISMA, preferred reporting items for systematic reviews and meta-analyses.

[11-13, 15-22] and only one Hawkin’s type III [17]. Demo-
graphic details are shown in Table 2.

Study quality

Using the MINORS scale, the assessment of the method-
ological quality resulted in a mean score of 10.8/16 (maximum
score of 12/16) for non-comparative studies (Table 1). Three
studies were level IV of evidence [16, 20, 22] and nine of level
V [11-15, 17-19, 21].

Surgical techniques (Table 3)

Surgery was usually performed under general anaesthesia.
Patients were always in a supine position. All studies exclu-
sively described a percutaneous approach. The arthroscopy

was performed with a classical anteromedial and anterolateral
portal (Figure 2). An accessory portal was used in some cases
(most of the time directly over the sinus tarsi). A small diameter
arthroscope (2.7-4 mm/0-30°) and a small shaver were used
because of the narrow space in the ankle and subtalar joint.
No distraction devices were used for arthroscopy. If there
was a displaced fracture or interposed fragment in the subtalar
joint on the preoperative radiographs, arthroscopy was per-
formed through a sinus tarsi portal for debridement and/or
reduction. In all patients, a Kirschner wire (K-wire) was placed,
under fluoroscopic control, distal to the fracture in the medial
aspect of the talus head, to facilitate reduction, using the K-wire
as a joystick. The reduction was verified by both fluoroscopy
and arthroscopy (Figure 3) and additional K-wires were used
on more complex fractures. Percutaneous osteosynthesis was
most frequently performed with two cannulated cortical screws
(Figure 4).
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Table 2. Main characteristics of included studies with arthroscopic assisted reduction internal on displaced talar body fractures.

Authors Study design/ Nb Mean age  Follow-up Hawkins/ Clinics scores at ~ Complications
Level of evidence  patients (years) (month) Sneppen type last follow-up
Saltzman et al. [11] CR, V 1 25 6 1/ NR 0
Monllau et al. [12] CR, V 1 29 12 /1 NR 0
Subairy et al. [13] CR, V 1 15 NR iviie NR 0
Ogut et al. [15] CR, V 1 24 12 /111 NR 0
Dodd et al. [14] CR, V 1 19 12 NR/I NR 0
Sitte et al. [16] v 2 29 6 /11 AOFAS (75) 0
Wajsfisz et al. [17] CR, V 1 17 29 /I AOFAS (97) 0
Kadakia et al. [18] CR, V 1 29 12 1/ FADI (85.6) 0
Hama et al. [19] CR, V 1 14 12 /1 JOA (95) 0
Wagener et al. [20] v 7 39 30 v VAS (0.1) 0
Oliveira et al. [21] CR, V 1 22 6 /11 AOFAS (85) 0
Bardas et al. [22] v 4 38 18 1/ AOFAS (92.8) 0

Abbreviations: AOFAS, American Orthopaedic Foot and Ankle Society; CR, case report; FADI, Foot and Ankle Disability Index; JOA,
Japanese Orthopaedic Association; NR, not recorded; VAS, Visual analogue scale.

Table 3. Surgical techniques on studies with arthroscopic assisted reduction internal on displaced talar body fractures.

Authors Time from Optic Portals Operative Immobilization Duration of Mean
injury to (mm) times (min) (week) non-weight postoperative
surgery (day) bearing (week)  hospital stay (day)
Saltzman et al. [11] 1 2.7 AM/AL NR 2 12 10
Monllau et al. [12] NR NR AM/AL NR 2 12 NR
Subairy et al. [13] 1 NR AM/AL NR NR NR NR
Ogut et al. [15] NR 4 PL/PM NR 7 10 NR
Dodd et al. [14] NR NR AM/AL NR 8 8 NR
Sitte et al. [16] 45-270 2.7/4 PL/PM/C/AL 98 0 8 NR
Wajsfisz et al. [17] NR NR AM/AL/ST NR 6 6 NR
Kadakia et al. [18] NR 4 PL/PM NR 6 6 NR
Hama et al. [19] NR NR NR NR 12 12 NR
Wagener et al. [20] 1-47 4 C/ST 59 8 6 2-9
Oliveira et al. [21] NR 4 AM/AL NR 8 8 NR
Bardas et al. [22] 1 NR AM/AL/ST NR 12 12 NR

Abbreviations: AARIF, Arthroscopic assisted reduction internal; AL, antero-lateral; AM, antero-medial C, central; NR, not recorded; PL,

postero-lateral; PM, postero-medial; ST, subtalar.

Hospital stay and post-operative instructions

The mean postoperative hospital stay was reported in three
studies and ranged from 2 to 10 days. Early passive mobiliza-
tion was performed on the first postoperative day. Some authors
allowed partial weight-bearing during the first 6 weeks associ-
ated with an extensive physiotherapy program including active
range of motion (ROM) exercises and passive mobilization.
Some authors reported the use of elastic dressing [11, 12, 16]
or a simple cast [15, 18, 20-22]. Full weight-bearing was gen-
erally allowed 6-8 weeks after surgery.

Clinical scores

Only four studies [16, 17, 21, 22] reported AOFAS scores
[8]. The average ranged from 75 to 97 at the last follow-up. One
study [18], reported the foot and ankle disability index score
(85.6/100) [23], one [19] the Japanese orthopaedic association
score (96/100) [24], and one a visual analogue scale (mean
value 0.1/10) [20] at last follow-up.

Radiological evaluation

Most of the studies performed a postoperative X-ray control
and two studies reported the use of magnetic resonance imaging
(MRI) to assess the talus vascularization 3 months after surgery.
Two studies reported Hawkins® signs seen in anterior-posterior
(AP) view that described the subchondral lucency of the talar
dome secondary to subchondral atrophy 6-8 weeks after a talar
neck fracture. This sign indicates sufficient blood supply to the
talus, making it less probable that it will develop into avascular
necrosis [6, 25].

Complications

No wound dehiscence or superficial infection was
described. No postoperative soft tissue complications have been
linked to this technique. No studies mentioned any nerve dam-
age and no surgical revisions were reported. The bone healing
rate noticed in this review was 100% with no pseudarthrosis
but only one study [12] described a second-look arthroscopy
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Figure 2. Installation, approaches, and incision for anterior-posterior cannulated screw osteosynthesis.

at 3 months postoperatively and showed complete consolida-
tion. However, no systematic CT scan or MRI monitoring to
assess fusion was performed. No avascular necrosis of the talus
was reported and no subtalar fusion was required at the end of
the follow-up period in the studies [4, 11-22]. Regarding
osteoarthritis, no data was collected. That can be explained
by a too-brief follow-up of the studies in this review. In fact,
the development of post-traumatic arthritis of the ankle or
subtalar occurs after more than 30 months. The longest fol-
low-up was reported by Wagener et al. [20] at 30 months.

Discussion

Arthroscopy has been used for many indications in trau-
matic surgery, to diagnose and monitor the reduction of many
types of joint fractures [1]. The use of arthroscopic techniques
for ankle and subtalar displaced fracture treatment avoids the
large surgical approaches, wound dehiscence and infection
often encountered with open surgical techniques. It also allows
assessments of the accuracy of reduction. The decrease in over-
all morbidity related largely to smaller and sparing approaches
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Figure 3. Preoperative view before and after reduction, without compression.

has led to an expanded role for arthroscopy in the treatment of
foot and ankle injuries with the use of dedicated arthroscopic-
assisted open reduction internal fixation [1].

Most talar fractures are articular and the prognosis is related
to anatomical reduction. Changes in physiological foot geome-
try are poorly tolerated [26]. This type of failure is usually
related to poor preoperative radiographic evaluation of the frac-
ture and its poor reduction and/or stabilization. The surgical
treatment of talar neck fractures is associated with a high com-
plication rate, including malunion, nonunion, and avascular
necrosis [27, 28]. The good clinical results of this review could
be related to better fracture reduction and joint congruency
thanks to the use of dual-modality imaging (fluoroscopy and
arthroscopy). No post-traumatic talar avascular necrosis was
found in this review. Arthroscopic soft tissue preservation
may be a protective factor [29].

There are several factors to consider in determining whether
arthroscopic management is appropriate or not. Characterization
of the fracture is one of the main points to consider [18]. Thus,
this review highlights the viability of the arthroscopic-assisted
reduction with a percutaneous fixation for the treatment of
Hawkins type II or III talar neck fractures. Most of the reported
patients presented a Hawkins type II fracture. Wagener et al.
[20] conclude that the most appropriate lesion for treatment
by percutaneous fixation with dual-modality imaging is Haw-
kins type Il fractures with limited comminution. No information
and cases were reported for the other type of fracture in order to
evaluate the viability of the arthroscopic assistance in the other
specific cases. Nevertheless, the use of arthroscopy for talar
fracture is case-specific and surgeon-dependent as discussed
in Bonasia et al.’s study [4].

A further benefit of arthroscopic treatment is the detection
of additional injuries that may have been missed with percuta-
neous or open techniques. These concomitant injuries can be
addressed in the same operation. Sadamasu et al. [30] published
an incidence of 30% of peroneal tendon dislocations in their
series of 30 talar fractures detected on a pre-operative CT scan.
It is not possible to diagnose and treat these lesions with only an
ankle arthroscopy procedure.

The ARIF technique can be used on patients with surgical
risk factors (smokers, diabetics, etc), probably for open frac-
tures and for patients with soft tissue damage like general swel-
ling or diffuse hematoma. This type of surgical technique must
be performed early on after the injury to allow percutaneous
mobilization of the fracture.

Some authors [4, 19] have emphasized the difficulty of
managing tibiotalar and subtalar arthroscopies without iatro-
genic chondral lesions. For those authors, the use of a small
diameter arthroscope (2.4 mm) was necessary, without a dis-
traction system. In the learning curve, temporary use of an
external fixator has also been reported. When percutaneous
methods fail or if there are substantial bone impactions, addi-
tional portals or reverting to a small incision (sinus tarsi
approach) may be considered [16-18, 20, 21]. None of the stud-
ies reported reverting to open surgery.

We attempted to conduct a systematic review looking at the
role of arthroscopic-assisted reduction in the surgical fixation of
fractures of the neck and body of the talus. This is a reasonable
clinical question, because fractures of the talus are associated
with high rates of long-term morbidity, even with expert fixa-
tion. Previous literature suggests that poor clinical results are
associated with malreduction, and to a lesser extent avascular
necrosis.

This systematic review has some limitations, including
insufficient literature to support definitive conclusions. All of
the studies included are case reports or case series with a low
level of evidence and a small number of patients. There is
too much heterogeneity in fracture types, post-operative treat-
ment, outcome measures, duration of follow-up with an average
of 14.1 months and radiological assessment. Therefore, it seems
difficult to conclude mid-term complications or the reliability of
consolidation or avascular necrosis rate. The only real conclu-
sion is there is a need for good-quality outcomes research,
but with such a rare injury this is unlikely to be possible at a
single centre. Suggesting a randomized controlled trial is use-
less because it is impossible to perform under these conditions.
More likely it would need to be a registry-based project, and
there needs to be a comparison group of patients who under-
went “standard” open reduction and internal fixation.
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Figure 4. Preoperative scan assessment (A), intraoperative fluoroscopy (B, C, D).

Conclusion

The use of arthroscopic assistance seems to be a fair option
to consider for the treatment of displaced talar fractures with a
low complication rate. Appropriately powered trials and long-
term follow-up are required to assess the effectiveness of ARIF
techniques compared to open reduction and internal fixation.
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