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Abstract
Ankle arthrodesis is a common treatment used for patients with end-stage ankle arthritis (ESAA). The surgical goal of ankle arthrodesis is to obtain bony union between the tibia and talus with adequate alignment [slight valgus (0-5°)], neutral dorsiflexion, and slight external rotation positions) in order to provide a pain-free plantigrade foot for weightbearing activities. There are many variations in operative technique including deferring approaches (open or arthroscopic) and differing fixation methods (internal or external fixation). Each technique has its advantage and disadvantages. Success of ankle arthrodesis can be dependent on several factors, including patient selection, surgeons’ skills, patient comorbidities, operative care, etc. However, from our experience, the majority of ESAA patients obtain successful clinical outcomes. This review aims to outline the indications and goals of arthrodesis for treatment of ESAA and discuss both open and arthroscopic ankle arthrodesis. A systematic step by step operative technique guide is presented for both the arthroscopic and open approaches including a postoperative protocol. We review the current evidence supporting each approach. The review finishes with a report of the most recent evidence of outcomes after both approaches and concerns regarding the development of hindfoot arthritis. 
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Core tip: Ankle arthrodesis is an effective treatment option for end stage arthritis. There is no current consensus on the most optimal approach and fixation method. It is thus important for the surgeon to understand both the open and arthroscopic approach and when each approach is indicated. Joint alignment must be slightly valgus (0-5°), neutrally dorsiflexed and slightly in an externally rotated position. Limb length discrepancies should also be minimal (less than 2.5 cm or 1.0 inch). Failure to address these biomechanical aspects may result in pain and an altered gait pattern. The importance of adequate preoperative forefoot balance cannot be understated to allow for successful postoperative mobility. When performed according to these principles ankle arthrodesis leads to functional improvement and adequate joint fusion in patients with end stage arthritis. 
Yasui y, Hannon Cp, Seow D, Kennedy KG. Ankle arthrodesis: A systematic approach and review of the literature. World J Orthop 2016; In press
INTRODUCTION
Ankle arthrodesis and ankle arthroplasty are the two common operative treatments used in end stage ankle arthritis (ESAA)[1,2]. Recent clinical evidence suggests that ankle arthroplasty leads to superior functional outcomes over ankle arthrodesis[3-7], However, ankle arthroplasty is associated with higher rates of postoperative complications and revision surgeries[3-8]. Despite the increasing popularity of ankle arthroplasty, a large database has indicated that ankle arthrodesis still remains the most common surgical treatment for ESAA[9,10].
There are several operative techniques for ankle arthrodesis including open or arthroscopic approaches[11-15]. Although successful clinical outcome can be achieved following both approaches[11-15], reported outcomes have varied and are conflicted[16]. The differences in techniques, surgeon skill, patient selection and populations, and outcome measurements utilized all contribute to the variability in outcome after arthrodesis. Ankle arthrodesis should be performed judiciously in young patients, highly active patients, and patients with advanced foot and ankle deformity. 
The purpose of this manuscript is to provide: (1) an evidence-based review of ankle arthrodesis for ESAA and (2) to describe a standardized approach to both open and arthroscopic ankle arthrodesis.
INDICATIONS AND GOALS OF ARTHRODESIS
Ankle arthrodesis is indicated for patients with ESAA that failed a minimum of 3 mo of conservative treatment. The goal of ankle arthrodesis is to provide a pain-free plantigrade foot during weightbearing activities[17]. Alignment following ankle arthrodesis must be slight valgus (0-5°), neutral dorsiflexion, and slightly externally rotation. Equinus position of the ankle joint can accompany genu recurvatum and a varus position of hindfoot can develop painful callosities to the lateral forefoot[18], which may cause hindfoot pain[19,20]. Additionally, the surgeon should attempt to minimize limb length discrepancies (less than 2.5 cm or 1.0 inch)[21-23]. Limb length discrepancies can result in a symptomatic malalignment with altered gait pattern[24].

Arthroscopic ankle arthrodesis is typically reserved for patients with little to no joint deformity (less than 15° of varus or valgus in the coronal plane). Open arthrodesis is best utilized for patients with moderate to severe deformity as this allows for better visualization for malalignment correction. Additionally, as fusion of the ankle joint will inevitably lead to a lack of motion, pre-operative balance of the forefoot is essential. Therefore, careful examination of forefoot balance without excessive pronation or supination is needed[25]. Arthroscopic or open debridement with subsequent external fixation would be preferred by the authors in patients with significant malalignment, comprised skin, limbs discrepancies, and active/previous infection.

TYPES OF ANKLE ARTHRODESIS 
Numerous surgical techniques for ankle arthrodesis have been described[11-15]. The technique should be selected based on patient characteristics, function and goal of treatment, as well as the preference of the surgeon.
Approach

The approach to ankle arthrodesis is broadly divided into open and arthroscopic techniques. The open approach is further subdivided into the anterior approach, posterior approach, lateral approach, medial approach, and combined medial and lateral approach. Compared with the arthroscopic approach, the main benefit of an open approach includes less difficulty in correcting malalignment, and ease in applying plates and bone grafts. However, open arthrodesis is associated with higher rates of wound complications due to the extensive amount of soft tissue dissection required[3-7]. This can subsequently lead to longer hospitalization and recovery. Therefore, open approaches are generally reserved for patients with moderate to severe ankle deformities with healthy skin. 

Arthroscopic ankle arthrodesis is as a less invasive procedure enabling shorter operative time with comparable union rates[26-28]. This procedure is most commonly performed using anterior ankle arthroscopy, however recent studies have suggested that posterior ankle arthroscopic arthrodesis may provide better fusion rates[29]. Arthroscopic ankle arthrodesis is indicated for patients with minimal ankle joint deformity (less than 15° of varus or valgus in coronal plane) or patients who are at higher risk of wound complications (e.g., immunosuppressed, diabetics, rheumatoid arthritis patients). Although arthroscopic arthrodesis is increasingly becoming popular, open ankle arthrodesis remains the mainstay procedure for ESAA in the United States of America[9,10].
Fixation methods

Both internal and external fixation may be used in ankle arthrodesis. Each has its unique advantages; successful outcomes having been demonstrated with both fixation methods[11-15].

Various methods of internal fixation have been described, including screws, plates, and retrograde intramedullary nails. Many surgeons prefer to use screw fixation as the primary means of internal fixation, because screws are easy to use, have low morbidity (they only require small percutaneous incisions) and are cheaper compared to most other methods. However, higher nonunion rates of the ankle joint have been reported with screw fixation especially in osteoporotic bone[30,31]. Plates are advantageous for ankle arthrodesis because there are many options when using plates. The surgeon has choices with regard the type of plate needed (e.g., conventional or locking), how many plates and where to place the plates. While some surgeons prefer plates because they are stiffer constructs than screws that may achieve better union rates, the extensive dissection needed to place the plate can lead to a higher risk of infection and morbidity[32-34]. A combination of plates and screws may also be used. A recent biomechanical study found that a combination of plate and screw fixation provided significantly greater stiffness than plates or screws alone. In this study there were no significant difference between 3 compression screws, anterior plate and lateral plate fixation[34]. Retrograde intramedullary arthrodesis is typically reserved for arthrodesis of both the ankle and subtalar joints[35-38]. Patients with ESAA typically have concomitant subtalar arthritis. In these patients, it is difficult to delineate whether the pain is coming solely from the tibiotalar joint, the subtalar joint or a combination of both. The surgeon must determine this preoperatively because it is best to avoid arthrodesis of the subtalar joint whenever possible especially when the ankle will be fused. In the setting of a tibiotalar arthrodesis the subtalar joint is critical for gait stability[20,39,40]. The subtalar joint allows for inversion and eversion of the ankle joint and therefore, this can compensate for a more stable gait when joint motion is permanently reduced post-arthrodesis.
External fixation is typically indicated for complex patients with significant bone defects, limb length discrepancies discrepancies, poor bone quality, and active or previous infection[31]. Overall, union rates and outcomes measures of external fixation are inferior to internal fixation (Table 1).
OPERATIVE TREATMENT 
Two standardized methods of ankle arthrodesis for ESAA is described here: open and arthroscopic. For both methods, the joint is fixed with two or more screws. Patients are placed in a short leg cast and immobilized for 6 wk. Patients have achieved successful outcomes following either approach in our experience[16]. 
Open arthrodesis with screw fixation
Patient positioning and equipment: The patient is placed in the supine position with the feet at the edge of the bed. A tourniquet is typically used at the level of the thigh and applied before the start of the case. All equipment should be confirmed prior to the onset of the case. Osteotomes, a bone saw, and curettes are needed for the osteotomy and debridement of the joint surface. A large fragment cannulated drill set and screws (4.0/6.5/7.3 mm) are required to fuse the ankle joint. Fluoroscopy should be used to confirm ankle alignment and screw positions.
Steps of the procedure: (1) Marking anatomical landmarks: Anatomical landmarks are marked using a sterile surgical marker. In this procedure, the lateral malleolus (LM), medial malleolus (MM), ankle joint line, fourth metatarsal, fifth metatarsal, superficial peroneal nerve, and sural nerve are all identified and marked. Then, a hockey–stick-shaped incision is outlined over the lateral aspect of the LM, starting approximately 7.0 cm above the tip of the LM and extending distally to the base of the fourth metatarsal. Additionally, a longitudinal medial skin incision line is marked over medial gutter of ankle joint; (2) Skin incision and osteotomy of distal fibula: The first skin incision is made over the fibula along the previously described outline. Once distal tibiofibular joint is identified, soft tissues including the anterior inferior talofibular ligament, interosseous ligament, and interosseous membrane are resected. An osteotomy of the distal fibula is then made in a beveled fashion approximately 2.5 cm proximal to the ankle joint using a sagittal oscillating saw. The resected bone block (medial side of fibula) should be kept for local autologous bone grafting later on in the case (Figure 1). After the osteotomy is complete, the lateral aspect of the fibula is retracted posteriorly. It is important to preserve the fibula as best as possible to minimize the risk of non-union; (3) Debridement of joint surface cartilage: After the fibular osteotomy, the ankle joint is distracted using a lamina spreader. Any inflammation or scar tissue within the ankle joint is debrided and/or removed carefully to fully expose the joint surface. Careful attention during exposure of the joint surface is essential to avoid injury to the neurovascular bundle located anterior of the ankle joint capsule. If the full joint surface cannot be visualized at this point, a medial incision with arthrotomy may be needed to reduce the future potential of saphenous nerve damage. After fully exposing the joint surface, cartilage is removed from both the tibia and talus to expose the subchondral bone. The authors prefer to use an osteotome and curette rather than a bone saw or burrs to minimize the risk of thermal necrosis of the subchondral bone. The debridement should also be minimalized to maintain joint congruency; (4) Fusion of tibiotalar joint: The tibiotalar joint is fixed typically using two to three 7.3 mm cannulated screws after adequate alignment is obtained. The alignment of tibiotalar joint should be slightly valgus (0-5°), neutrally dorsiflexed, and slightly external rotated. The talus should be reduced in a posterior position to obtain the largest possible contact area of joint surfaces. This is to reduce the lever arm of the foot on the mechanical construct. The alignment is evaluated using fluoroscopy in two planes. Two to three guide wires are then inserted in the inferolateral aspect of the base of the talar neck. This technique is similar to what was previously described by Mann et al[12]. The positions of the guide wires should be confirmed using fluoroscopy. Three 7.3 mm cannulated screws are then inserted through the guide wires starting at the talus through the ankle joint and into the tibia. The authors believe that two to three screws are optimal to fuse the joint, as too few screws results in the inadequate compression of the bony surfaces and too many screws reduces the availability of bony surface for osseous integration[16]; (5) Fusion of lateral malleolus to tibia (Figure 2): Two 4.0 mm screws are used to fix the lateral malleolus and distal tibia into place. Guide wires may be placed before insertion of the screws to ensure adequate alignment. The position of the screws/guide wires should be confirmed with fluoroscopy. Bone graft may be placed around the fusion site to facilitate union. This is especially recommended when there might be factors that could complicate the union such as osteonecrosis of the talus, previous non-union or bony defects[41-45]. Bone graft can be prepared through the morselization of bone acquired during the distal fibula osteotomy and placed around the site of fusion.
Arthroscopic arthrodesis with screw fixation
Patient positioning and equipment: General arthroscopy equipment is required for an arthroscopic arthrodesis. A 2.7/4.0 mm, 30/70° arthroscope is typically used. Shavers are required for debridement of soft tissue and for bony resection. A non-invasive distractor and irrigation system are both helpful to obtain good visualization. The fluid pressure is usually set at 50 to 60 mmHg with the fluid flow rate at 0.5 L/min. The ankle joint is fixed using equipment from the large fragment cannulated drill and screw set (6.5 mm). For this procedure, fluoroscopy is necessary. 
The patient is placed in the supine position with the ipsilateral hip flexed and supported by a well-padded leg holder. The position of the holder should be proximal to popliteal fossa to avoid constriction of the neurovascular bundle. The ankle and hindfoot is held with a sterile distraction strap. 
Steps of the procedure: (1) Marking anatomical landmarks and establishing portals: The careful identification of anatomical landmarks is critical for any arthroscopic procedure of the ankle. The most commonly injured nerve following anterior ankle arthroscopy is the superficial peroneal nerve (up to 2.9%)[46]. Anterior ankle arthrodesis is performed using anteromedial (AM), anterolateral (AL) and occasionally posterolateral (PL) portals. The lateral malleolus (LM), medial malleolus (MM), peroneus tertius, tibilais anterior tendon (TAT), superficial peroneal nerve, and sural nerve are all identified and marked. At the level of ankle joint, the AM portal is established just medial to the medial border of the TAT and the AL portal is placed lateral to peroneus tertius. The PL portal is marked 1.0 mm anterior to the lateral borders of Achilles tendon with also bring at horizontal level with the inferior pole of the MM and the tip of LM. Arthroscopic portals are created using “nic and spread” technique to decrease the risk of iatrogenic nerve damage. After the skin incision, subcutaneous blunt dissection is performed using a mosquito clamp. A 2.7 mm arthroscope sleeve with a trocar is then carefully advanced. Once the anterior aspect of tibia can be palpated with the trocar, it is switched out for a 2.7 mm arthroscope. The authors prefer the insertion of portals in the following order: AM portal, AL portal and PL portals; (2) Debridement and exposure: Debridement of the synovium and scar tissue is typically required to improve visualization of the ankle joint surface. Any remaining cartilage on the tibia, the talus or in the medial or lateral gutters is then debrided using a shaver, burr, or curette (Figure 3). To fully visualize the posterior aspect of the joint, the PL portal may need to be utilized. In several previous studies, investigators have suggested that poor debridement of the posterior portion of the ankle joint may compromise ankle fusion rates[47,48]. Adequate debridement can be assessed by the visualization of blood arising from the subchondral bone of the talus and tibia when inflow pressure is decreased; (3) Tibiotalar fixation: The tibiotalar joint is fixed typically using two to three large cannulated screws. A Kirschner wire is first inserted 10 to 20° starting at the anterolateral tibia approximately 3 to 4 cm above the joint line and towards the posterior aspect of the horizontal axis of the tibia. A second Kirschner wire is then inserted from the anteromedial aspect of the tibia in a similar orientation aiming toward the central talar dome. These Kirschner wires should be altogether inserted at the tibial joint surface. The location of the Kirschner wires should be confirmed by both arthroscopy (Figure 4A) and fluoroscopy. Following the confirmation of adequate talocrunal joint alignment, the wires are then advanced into talus (Figure 4B). Screws are then inserted over these Kirschner wires (Figure 4C). A countersink may be required to reduce the prominence of the screw heads.
BIOLOGICS

Biologics may be used to aid in fusion of the ankle in both the open and arthroscopic techniques. Two types of biologics are currently available: Osteoconductive and osteoinductive agents. Osteoconductive agents, e.g., bone allografts, demineralized bone matrix and various apatitic pastes, are agents that serve as a scaffold at the site of fusion. This scaffold acts as a tissue network to facilitate autologous cell interaction for osteogenesis. Osteoinductive agents, e.g., bone morphogenetic proteins, platelet-rich plasma or concentrated bone marrow aspirate, are agents that directly facilitate osteogenesis. This may be in the form of containing growth factors (platelet-rich plasma) or stem cells (concentrated bone marrow aspirate) to stimulate the formation of osteoblasts. Biologics should be placed into the fusion site before and after the final seating of screws.
POSTOPERATIVE REHABILITATION

The ankle joint is immobilized in a non-weightbearing leg cast for six weeks. The cast is then removed and the patient is transferred over to a Controlled Ankle Movement Walker Boot. Radiographs should be taken at intervals of 6 wk, 3 mo, 6 mo and 1 year to assess the position of fusion and adequacy of union. A gradual 10% increase every two weeks in weightbearing is advised. However, as soon as complete union is evident on radiographs, patients may be allowed to fully weightbear. 

OUTOCOMES AFTER ANKLE ARTHRODESIS: A SYSTEMATIC REVIEW
Clinical studies on ankle arthrodesis were searched for on the MEDLINE and EMBASE databases using the terms: (open OR arthroscopic) AND (ankle) AND (arthrodesis OR fusion). The search revealed 463 papers from MEDLINE and 695 papers from EMBASE. The inclusion criteria were: (1) the studies’ intervention included the use of arthrodesis, (2) clinical studies, (3) published in a peer-review journal. Exclusion criteria were: (1) review studies, (2) cadaver studies and (3) animal studies. This resulted in the inclusion of 26 studies on open ankle arthrodesis and 16 studies on arthroscopic ankle arthrodesis (Table 2). 
Union rate has been shown to be a popular outcome measure following arthrodesis, as indicated by its prevalent use in the current literature. Other popular measures included the AOFAS, Duquennoy, Mazur, Takakura, Foot Function Index and Olerud and Molander scoring systems.
The average union rate following open arthrodesis was 89% (range: 64%-100%) and following arthroscopic arthrodesis was 94% (range: 70%-100%). In the cohort of patients in the four comparative studies, the average union rate in the open group was 89% and in the arthroscopic group was 91%. However, in the only comparative study reporting clinical outcomes, Townshend et al[26] demonstrated that clinical outcomes only mildly improved following the use of the arthroscopic technique.
In regards to the effects of ankle arthrodesis on the automobile breaking. Jeng et al[49] demonstrated that ankle arthrodesis can significantly decreased the total break reaction time. However, this delay does not exceed the safe reaction brake timing criteria by the United States Federal Highway. Schwienbacher et al[50] performed comparative case series in a driving simulator and found that patients receiving ankle arthrodesis had less of an ability to brake under emergency circumstances compared to healthy volunteers.

Relationship between ankle arthrodesis and adjacent-joint arthritis in the hindfoot
The development of adjacent hindfoot arthritis following tibiotalar arthrodesis remains a concern. A recent systematic review by Ling et al[86] investigated the relationship between ankle arthrodesis and adjacent-joint arthritis and demonstrated that there was insufficient evidence to support either that ankle arthrodesis caused adjacent-joint arthritis or that pre-existing joint arthritis could have already existed in those cohort of patients. As the current postulation include that there may be inherent pre-existing adjacent joint arthritis in the majority of patients requiring fusion, no clear consensus can be made on whether ankle arthrodesis can cause or predispose to hindfoot arthritis.

Recently, Yasui et al[9] published a large retrospective cohort study that investigated the postoperative adjacent-joint hindfoot arthritis following ankle arthrodesis. The authors found there was significant higher rate of subsequent adjacent-joint arthrodesis in the open cohort than the arthroscopic cohort (7322 open procedures vs 1152 arthroscopic procedure, reoperation rate: 5.6% vs 2.6%, odds ratio: 2.17, 95% confidence level: 1.49-3.16). Regardless of whether adjacent hindfoot arthritis is present before or develops after arthroedesis the authors believe that these patients more commonly have open procedures. The authors hypothesized that open ankle arthrodesis leads to degenerative OA of the adjacent joints more frequently than does the arthroscopic procedure; or, patients undergoing open ankle arthrodesis develop concurrent degenerative arthritis in the adjacent joints more frequently than does the arthroscopic group. To address this subject, further investigation is necessary (Table 3). 

CONCLUSION
Ankle arthrodesis is an effective treatment for ESAA that may be achieved through either the open or arthroscopic approach. Several fixation options exist, however the authors prefer two to three screws. It is difficult to generate a clear consensus on whether open or arthroscopic arthrodesis should the mainstay of treatment for ESAA because conflicting evidence currently exists. As the current success of arthrodesis continues to depend on a variety of factors, the current review aims to summarize an up-to-date knowledge for optimizing the outcomes of ankle arthrodesis.

REFERENCES

1 Agel J, Coetzee JC, Sangeorzan BJ, Roberts MM, Hansen ST. Functional limitations of patients with end-stage ankle arthrosis. Foot Ankle Int 2005; 26: 537-539 [PMID: 16045844]

2 Glazebrook M, Daniels T, Younger A, Foote CJ, Penner M, Wing K, Lau J, Leighton R, Dunbar M. Comparison of health-related quality of life between patients with end-stage ankle and hip arthrosis. J Bone Joint Surg Am 2008; 90: 499-505 [PMID: 18310699 DOI: 10.2106/JBJS.F.01299]

3 Haddad SL, Coetzee JC, Estok R, Fahrbach K, Banel D, Nalysnyk L. Intermediate and long-term outcomes of total ankle arthroplasty and ankle arthrodesis. A systematic review of the literature. J Bone Joint Surg Am 2007; 89: 1899-1905 [PMID: 17768184 DOI: 10.2106/JBJS.F.01149]

4 Daniels TR, Younger AS, Penner M, Wing K, Dryden PJ, Wong H, Glazebrook M. Intermediate-term results of total ankle replacement and ankle arthrodesis: a COFAS multicenter study. J Bone Joint Surg Am 2014; 96: 135-142 [PMID: 24430413 DOI: 10.2106/JBJS.L.01597]

5 Krause FG, Windolf M, Bora B, Penner MJ, Wing KJ, Younger AS. Impact of complications in total ankle replacement and ankle arthrodesis analyzed with a validated outcome measurement. J Bone Joint Surg Am 2011; 93: 830-839 [PMID: 21498491 DOI: 10.2106/JBJS.J.00103]

6 Jordan RW, Chahal GS, Chapman A. Is end-stage ankle arthrosis best managed with total ankle replacement or arthrodesis? A systematic review. Adv Orthop 2014; 2014: 986285 [PMID: 25215242 DOI: 10.1155/2014/986285]

7 SooHoo NF, Zingmond DS, Ko CY. Comparison of reoperation rates following ankle arthrodesis and total ankle arthroplasty. J Bone Joint Surg Am 2007; 89: 2143-2149 [PMID: 17908889 DOI: 10.2106/JBJS.F.01611]

8 Schuh R, Hofstaetter J, Krismer M, Bevoni R, Windhager R, Trnka HJ. Total ankle arthroplasty versus ankle arthrodesis. Comparison of sports, recreational activities and functional outcome. Int Orthop 2012; 36: 1207-1214 [PMID: 22173565 DOI: 10.1007/s00264-011-1455-8]

9 Yasui Y, Vig KS, Murawski CD, Desai P, Savage-Elliott I, Kennedy JG. Open Versus Arthroscopic Ankle Arthrodesis: A Comparison of Subsequent Procedures in a Large Database. J Foot Ankle Surg 2016; 55: 777-781 [PMID: 27067198 DOI: 10.1053/j.jfas.2016.03.007]

10 Terrell RD, Montgomery SR, Pannell WC, Sandlin MI, Inoue H, Wang JC, SooHoo NF. Comparison of practice patterns in total ankle replacement and ankle fusion in the United States. Foot Ankle Int 2013; 34: 1486-1492 [PMID: 23774468 DOI: 10.1177/1071100713494380]

11 Mann RA, Van Manen JW, Wapner K, Martin J. Ankle fusion. Clin Orthop Relat Res 1991; (268): 49-55 [PMID: 2060226]

12 Mann RA, Rongstad KM. Arthrodesis of the ankle: a critical analysis. Foot Ankle Int 1998; 19: 3-9 [PMID: 9462906 DOI: 10.1177/107110079801900102]

13 Cameron SE, Ullrich P. Arthroscopic arthrodesis of the ankle joint. Arthroscopy 2000; 16: 21-26 [PMID: 10627341 DOI: 10.1016/S0749-8063(00)90123-3]

14 Wang L, Gui J, Gao F, Yu Z, Jiang Y, Xu Y, Shen H. Modified posterior portals for hindfoot arthroscopy. Arthroscopy 2007; 23: 1116-1123 [PMID: 17916479 DOI: 10.1016/j.arthro.2007.04.015]

15 Stone JW. Arthroscopic ankle arthrodesis. Foot Ankle Clin 2006; 11: 361-38, 361-38, [PMID: 16798516]

16 Kennedy JG, Hodgkins CW, Brodsky A, Bohne WH. Outcomes after standardized screw fixation technique of ankle arthrodesis. Clin Orthop Relat Res 2006; 447: 112-118 [PMID: 16741477 DOI: 10.1097/01.blo.0000203480.04174.0e]

17 Nihal A, Gellman RE, Embil JM, Trepman E. Ankle arthrodesis. Foot Ankle Surg 2008; 14: 1-10 [PMID: 19083604 DOI: 10.1016/j.fas.2007.08.004]

18 Mazur JM, Schwartz E, Simon SR. Ankle arthrodesis. Long-term follow-up with gait analysis. J Bone Joint Surg Am 1979; 61: 964-975 [PMID: 489661]

19 Morrey BF, Wiedeman GP. Complications and long-term results of ankle arthrodeses following trauma. J Bone Joint Surg Am 1980; 62: 777-784 [PMID: 7391101]

20 Coester LM, Saltzman CL, Leupold J, Pontarelli W. Long-term results following ankle arthrodesis for post-traumatic arthritis. J Bone Joint Surg Am 2001; 83-A: 219-228 [PMID: 11216683]

21 Gross RH. Leg length discrepancy: how much is too much? Orthopedics 1978; 1: 307-310 [PMID: 733195]

22 Moseley CF. Leg length discrepancy. Orthop Clin North Am 1987; 18: 529-535 [PMID: 3313161]

23 Morrissy RT, Weinstein SL. Lovell and Winter’s Pediatric Orthopaedics, 6th edition. Philadelphia (PA): Lippincott Williams & Wilkins; 2006: 1234-1236

24 Gurney B, Mermier C, Robergs R, Gibson A, Rivero D. Effects of limb-length discrepancy on gait economy and lower-extremity muscle activity in older adults. J Bone Joint Surg Am 2001; 83-A: 907-915 [PMID: 11407800]

25 Winson IG, Robinson DE, Allen PE. Arthroscopic ankle arthrodesis. J Bone Joint Surg Br 2005; 87: 343-347 [PMID: 15773643 DOI: 10.1302/0301-620X.87B3.15756]

26 Townshend D, Di Silvestro M, Krause F, Penner M, Younger A, Glazebrook M, Wing K. Arthroscopic versus open ankle arthrodesis: a multicenter comparative case series. J Bone Joint Surg Am 2013; 95: 98-102 [PMID: 23235956 DOI: 10.2106/JBJS.K.01240]

27 O'Brien TS, Hart TS, Shereff MJ, Stone J, Johnson J. Open versus arthroscopic ankle arthrodesis: a comparative study. Foot Ankle Int 1999; 20: 368-374 [PMID: 10395339 DOI: 10.1177/107110079902000605]

28 Myerson MS, Quill G. Ankle arthrodesis. A comparison of an arthroscopic and an open method of treatment. Clin Orthop Relat Res 1991; (268): 84-95 [PMID: 2060232]

29 Nickisch F, Barg A, Saltzman CL, Beals TC, Bonasia DE, Phisitkul P, Femino JE, Amendola A. Postoperative complications of posterior ankle and hindfoot arthroscopy. J Bone Joint Surg Am 2012; 94: 439-446 [PMID: 22398738 DOI: 10.2106/JBJS.K.00069]

30 Thordarson DB, Markolf KL, Cracchiolo A. Arthrodesis of the ankle with cancellous-bone screws and fibular strut graft. Biomechanical analysis. J Bone Joint Surg Am 1990; 72: 1359-1363 [PMID: 2229113]

31 Thordarson DB, Markolf K, Cracchiolo A. Stability of an ankle arthrodesis fixed by cancellous-bone screws compared with that fixed by an external fixator. A biomechanical study. J Bone Joint Surg Am 1992; 74: 1050-1055 [PMID: 1522091]

32 Nasson S, Shuff C, Palmer D, Owen J, Wayne J, Carr J, Adelaar R, May D. Biomechanical comparison of ankle arthrodesis techniques: crossed screws vs. blade plate. Foot Ankle Int 2001; 22: 575-580 [PMID: 11503983]

33 Betz MM, Benninger EE, Favre PP, Wieser KK, Vich MM, Espinosa N. Primary stability and stiffness in ankle arthrodes-crossed screws versus anterior plating. Foot Ankle Surg 2013; 19: 168-172 [PMID: 23830164 DOI: 10.1016/j.fas.2013.04.006]

34 Clifford C, Berg S, McCann K, Hutchinson B. A biomechanical comparison of internal fixation techniques for ankle arthrodesis. J Foot Ankle Surg 2015; 54: 188-191 [PMID: 25116232 DOI: 10.1053/j.jfas.2014.06.002]

35 Pinzur MS, Kelikian A. Charcot ankle fusion with a retrograde locked intramedullary nail. Foot Ankle Int 1997; 18: 699-704 [PMID: 9391814 DOI: 10.1177/107110079701801104]

36 Pinzur MS, Noonan T. Ankle arthrodesis with a retrograde femoral nail for Charcot ankle arthropathy. Foot Ankle Int 2005; 26: 545-549 [PMID: 16045846]

37 Fujimori J, Yoshino S, Koiwa M, Nakamura H, Shiga H, Nagashima S. Ankle arthrodesis in rheumatoid arthritis using an intramedullary nail with fins. Foot Ankle Int 1999; 20: 485-490 [PMID: 10473058 DOI: 10.1177/107110079902000804]

38 Moore TJ, Prince R, Pochatko D, Smith JW, Fleming S. Retrograde intramedullary nailing for ankle arthrodesis. Foot Ankle Int 1995; 16: 433-436 [PMID: 7550958 DOI: 10.1177/107110079501600710]
39 Thomas R, Daniels TR, Parker K. Gait analysis and functional outcomes following ankle arthrodesis for isolated ankle arthritis. J Bone Joint Surg Am 2006; 88: 526-535 [PMID: 16510818 DOI: 10.2106/JBJS.E.00521]

40 Zwipp H, Rammelt S, Endres T, Heineck J. High union rates and function scores at midterm followup with ankle arthrodesis using a four screw technique. Clin Orthop Relat Res 2010; 468: 958-968 [PMID: 19763726 DOI: 10.1007/s11999-009-1074-5]

41 Stauffer RN. Salvage of painful total ankle arthroplasty. Clin Orthop Relat Res 1982; (170): 184-188 [PMID: 7127945 DOI: 10.1097/00003086-198210000-00024]

42 Kitaoka HB, Patzer GL. Arthrodesis for the treatment of arthrosis of the ankle and osteonecrosis of the talus. J Bone Joint Surg Am 1998; 80: 370-379 [PMID: 9531205]

43 Kirkpatrick JS, Goldner JL, Goldner RD. Revision arthrodesis for tibiotalar pseudarthrosis with fibular onlay-inlay graft and internal screw fixation. Clin Orthop Relat Res 1991; (268): 29-36 [PMID: 2060221]

44 Levine SE, Myerson MS, Lucas P, Schon LC. Salvage of pseudoarthrosis after tibiotalar arthrodesis. Foot Ankle Int 1997; 18: 580-585 [PMID: 9310771 DOI: 10.1177/107110079701800910]

45 Kitaoka HB. Salvage of nonunion following ankle arthrodesis for failed total ankle arthroplasty. Clin Orthop Relat Res 1991; (268): 37-43 [PMID: 2060224]

46 Deng DF, Hamilton GA, Lee M, Rush S, Ford LA, Patel S. Complications associated with foot and ankle arthroscopy. J Foot Ankle Surg 2012; 51: 281-284 [PMID: 22188904 DOI: 10.1053/j.jfas.2011.11.011]

47 Hendrickx RP, de Leeuw PA, Golano P, van Dijk CN, Kerkhoffs GM. Safety and efficiency of posterior arthroscopic ankle arthrodesis. Knee Surg Sports Traumatol Arthrosc 2015; 23: 2420-2426 [PMID: 24807231 DOI: 10.1007/s00167-014-3040-3]

48 Malekpour L, Rahali S, Duparc F, Dujardin F, Roussignol X. Anatomic Feasibility Study of Posterior Arthroscopic Tibiotalar Arthrodesis. Foot Ankle Int 2015; 36: 1229-1234 [PMID: 26048588 DOI: 10.1177/1071100715587232]

49 Jeng CL, Lin JS, Amoyal K, Campbell J, Myerson MS. Driving brake reaction time following right ankle arthrodesis. Foot Ankle Int 2011; 32: 896-899 [PMID: 22097166 DOI: 10.3113/FAI.2011.0896]

50 Schwienbacher S, Aghayev E, Hofmann UK, Jordan M, Marmotti A, Röder C, Ipach I. Driving and emergency braking may be impaired after tibiotalar joint arthrodesis: conclusions after a case series. Int Orthop 2015; 39: 1335-1341 [PMID: 25947900 DOI: 10.1007/s00264-015-2789-4]

51 Charnley J. Compression arthrodesis of the ankle and shoulder. J Bone Joint Surg Br 1951; 33B: 180-191 [PMID: 14832316]

52 Boobbyer GN. The long-term results of ankle arthrodesis. Acta Orthop Scand 1981; 52: 107-110 [PMID: 7211309 DOI: 10.3109/17453678108991769]

53 Kenzora JE, Simmons SC, Burgess AR, Edwards CC. External fixation arthrodesis of the ankle joint following trauma. Foot Ankle 1986; 7: 49-61 [PMID: 3091461 DOI: 10.1177/107110078600700108]

54 Sowa DT, Krackow KA. Ankle fusion: a new technique of internal fixation using a compression blade plate. Foot Ankle 1989; 9: 232-240 [PMID: 2731835 DOI: 10.1177/107110078900900505]

55 Helm R. The results of ankle arthrodesis. J Bone Joint Surg Br 1990; 72: 141-143 [PMID: 2298774]

56 Kitaoka HB, Anderson PJ, Morrey BF. Revision of ankle arthrodesis with external fixation for non-union. J Bone Joint Surg Am 1992; 74: 1191-1200 [PMID: 1400548]

57 Wang GJ, Shen WJ, McLaughlin RE, Stamp WG. Transfibular compression arthrodesis of the ankle joint. Clin Orthop Relat Res 1993; (289): 223-227 [PMID: 8472421 DOI: 10.1097/00003086-199304000-00034]

58 Chen YJ, Huang TJ, Shih HN, Hsu KY, Hsu RW. Ankle arthrodesis with cross screw fixation. Good results in 36/40 cases followed 3-7 years. Acta Orthop Scand 1996; 67: 473-478 [PMID: 8948253 DOI: 10.3109/17453679608996671]

59 Patterson BM, Inglis AE, Moeckel BH. Anterior sliding graft for tibiotalar arthrodesis. Foot Ankle Int 1997; 18: 330-334 [PMID: 9208289 DOI: 10.1177/107110079701800603]

60 Dereymaeker GP, Van Eygen P, Driesen R, De Ferm A. Tibiotalar arthrodesis in the rheumatoid foot. Clin Orthop Relat Res 1998; (349): 43-47 [PMID: 9584365 DOI: 10.1097/00003086-199804000-00006]

61 Ben Amor H, Kallel S, Karray S, Saadaoui F, Zouari M, Litaiem T, Douik M. [Consequences of tibiotalar arthrodesis on the foot. A retrospective study of 36 cases with 8.5 years of followup]. Acta Orthop Belg 1999; 65: 48-56 [PMID: 10217002]

62 Takakura Y, Tanaka Y, Sugimoto K, Akiyama K, Tamai S. Long-term results of arthrodesis for osteoarthritis of the ankle. Clin Orthop Relat Res 1999; (361): 178-85 [PMID: 10212611 DOI: 10.1097/00003086-199904000-00023]

63 Bertrand M, Charissoux JL, Mabit C, Arnaud JP. [Tibio-talar arthrodesis: long term influence on the foot]. Rev Chir Orthop Reparatrice Appar Mot 2001; 87: 677-684 [PMID: 11845071]

64 Anderson T, Montgomery F, Besjakov J, Verdier H, Carlsson A. Arthrodesis of the ankle for non-inflammatory conditions--healing and reliability of outcome measurements. Foot Ankle Int 2002; 23: 390-393 [PMID: 12043981]

65 Fuchs S, Sandmann C, Skwara A, Chylarecki C. Quality of life 20 years after arthrodesis of the ankle. A study of adjacent joints. J Bone Joint Surg Br 2003; 85: 994-998 [PMID: 14516034 DOI: 10.1302/0301-620X.85B7.13984]

66 Buchner M, Sabo D. Ankle fusion attributable to posttraumatic arthrosis: a long-term followup of 48 patients. Clin Orthop Relat Res 2003; (406): 155-164 [PMID: 12579015 DOI: 10.1097/00003086-200301000-00025]

67 Kopp FJ, Banks MA, Marcus RE. Clinical outcome of tibiotalar arthrodesis utilizing the chevron technique. Foot Ankle Int 2004; 25: 225-230 [PMID: 15132930]

68 Trichard T, Remy F, Girard J, Soenen M, Duquennoy A, Migaud H. [Long-term behavior of ankle fusion: assessment of the same series at 7 and 23 year (19-36 years) follow-up]. Rev Chir Orthop Reparatrice Appar Mot 2006; 92: 701-707 [PMID: 17124454 DOI: 10.1016/S0035-1040(06)75931-1]

69 Smith R, Wood PL. Arthrodesis of the ankle in the presence of a large deformity in the coronal plane. J Bone Joint Surg Br 2007; 89: 615-619 [PMID: 17540746 DOI: 10.1302/0301-620X.89B5.18109]

70 Colman AB, Pomeroy GC. Transfibular ankle arthrodesis with rigid internal fixation: an assessment of outcome. Foot Ankle Int 2007; 28: 303-307 [PMID: 17371653 DOI: 10.3113/FAI.2007.0303]

71 Ogilvie-Harris DJ, Lieberman I, Fitsialos D. Arthroscopically assisted arthrodesis for osteoarthrotic ankles. J Bone Joint Surg Am 1993; 75: 1167-1174 [PMID: 8354675]

72 Dent CM, Patil M, Fairclough JA. Arthroscopic ankle arthrodesis. J Bone Joint Surg Br 1993; 75: 830-832 [PMID: 8376451]

73 De Vriese L, Dereymaeker G, Fabry G. Arthroscopic ankle arthrodesis. Preliminary report. Acta Orthop Belg 1994; 60: 389-392 [PMID: 7847088]

74 Turan I, Wredmark T, Felländer-Tsai L. Arthroscopic ankle arthrodesis in rheumatoid arthritis. Clin Orthop Relat Res 1995; (320): 110-114 [PMID: 7586812 DOI: 10.1097/00003086-199511000-00018]

75 Corso SJ, Zimmer TJ. Technique and clinical evaluation of arthroscopic ankle arthrodesis. Arthroscopy 1995; 11: 585-590 [PMID: 8534301 DOI: 10.1016/0749-8063(95)90136-1]

76 Crosby LA, Yee TC, Formanek TS, Fitzgibbons TC. Complications following arthroscopic ankle arthrodesis. Foot Ankle Int 1996; 17: 340-342 [PMID: 8791081 DOI: 10.1177/107110079601700608]

77 Glick JM, Morgan CD, Myerson MS, Sampson TG, Mann JA. Ankle arthrodesis using an arthroscopic method: long-term follow-up of 34 cases. Arthroscopy 1996; 12: 428-434 [PMID: 8864000 DOI: 10.1016/S0749-8063(96)90036-5]

78 Jerosch J, Steinbeck J, Schroder M, Reer R. Arthroscopically assisted arthrodesis of the ankle joint. Arch Orthop Trauma Surg 1996; 115: 182-189 [PMID: 8861587 DOI: 10.1007/BF00434550]

79 Zvijac JE, Lemak L, Schurhoff MR, Hechtman KS, Uribe JW. Analysis of arthroscopically assisted ankle arthrodesis. Arthroscopy 2002; 18: 70-75 [PMID: 11774145 DOI: 10.1053/jars.2002.29923]

80 Cannon LB, Brown J, Cooke PH. Early weight bearing is safe following arthroscopic ankle arthrodesis. Foot Ankle Surg 2004; 10: 135-139 [DOI: 10.1016/j.fas.2004.06.001]

81 Saragas N. Results of arthroscopic arthrodesis of the ankle. Foot Ankle Surg 2004; 10: 141-143 [DOI: 10.1016/j.fas.2004.06]

82 Ferkel RD, Hewitt M. Long-term results of arthroscopic ankle arthrodesis. Foot Ankle Int 2005; 26: 275-280 [PMID: 15829210]

83 Gougoulias NE, Agathangelidis FG, Parsons SW. Arthroscopic ankle arthrodesis. Foot Ankle Int 2007; 28: 695-706 [PMID: 17592700 DOI: 10.3113/FAI.2007.0695]

84 Dannawi Z, Nawabi DH, Patel A, Leong JJ, Moore DJ. Arthroscopic ankle arthrodesis: are results reproducible irrespective of pre-operative deformity? Foot Ankle Surg 2011; 17: 294-299 [PMID: 22017906 DOI: 10.1016/j.fas.2010.12.004]

85 Nielsen KK, Linde F, Jensen NC. The outcome of arthroscopic and open surgery ankle arthrodesis: a comparative retrospective study on 107 patients. Foot Ankle Surg 2008; 14: 153-157 [PMID: 19083634 DOI: 10.1016/j.fas.2008.01.003]

86 Ling JS, Smyth NA, Fraser EJ, Hogan MV, Seaworth CM, Ross KA, Kennedy JG. Investigating the relationship between ankle arthrodesis and adjacent-joint arthritis in the hindfoot: a systematic review. J Bone Joint Surg Am 2015; 97: 513-520 [PMID: 25788309 DOI: 10.2106/JBJS.N.00426]

P-Reviewer: Schwienbacher S, Shah NS, Vallejo RBD, Zhang X 
S-Editor: Qiu S L-Editor: E-Editor:

Table 1 Open ankle arthrodesis
	Investigator
	Year
	Method
	No. of patients
	Union rate (%)
	Outcome(s)

	Charnley et al[51]
	1951
	Charnley compression
	19
	79
	N/A

	Boobbyer[52]
	1981
	Internal and external fixation
	37
	84
	N/A

	Kenzora et al[53]
	1986
	Extermal fixation
	26
	69
	N/A

	Sowa et al[54]
	1989
	Compression blade plate
	17
	94
	10 excellent; 2 good; 2 fair (out of 14; Mazur)

	Helm et al[55]
	1990
	Charnley compression
	47
	85
	N/A

	Mann et al[11]
	1991
	Screws from talus to tibia
	18
	94
	N/A

	Kitaoka et al[56]
	1992
	External fixation and bone graft
	26
	77
	N/A

	Wang et al[57]
	1993
	T plate on lateral side
	11
	91
	N/A

	Chen et al[58]
	1996
	Cross screws
	40
	95
	N/A

	Patterson et al[59]
	1997
	Anterior sliding graft with screws
	27
	93
	N/A

	Levine et al[44]
	1997
	Internal fixation and bone graft
	22
	92
	N/A

	Mann et al[12]
	1998
	Internal fixation and fibular graft
	81
	88
	74 (AOFAS)

	Dereymaeker et al[60]
	1998
	Internal and external fixation
	14
	64
	N/A

	Ben-Amor et al[61]
	1999
	80% internal fixation, 20% external fixation
	36
	97
	56.2 (Duquennoy)

	Takakura et al[62]
	1999
	Anterior sliding graft with screws
	43
	93
	77.9 (Takakura)

	Coester et al[20]
	2001
	Internal or external fixation
	23
	N/A
	27 limiation, 38 pain, 47 disabiity (Foot Function Index)

	Bertrand et al[63]
	2001
	84% internal fixation, 16% external fixation
	23
	87
	69.7 (Duquennoy)

	Anderson et al[64]
	2002
	Internal and external fixation
	29
	89
	N/A

	Fuchs et al[65]
	2003
	22% internal fixation, 78% external fixation
	18
	95
	59.4 (Olerud and Molander)

	Buchner et al[66]
	2003
	38% internal fixation, 62% external fixation
	45
	92
	73.6 (AOFAS)

	Kopp et al[67]
	2004
	Internal fixation with staples and screws
	41
	93
	72.8 (Mazur)

	Kennedy et al[16]
	2006
	Internal fixation with screws
	41
	95
	80.6 (AOFAS)

	Thomas et al[39]
	2006
	Internal fixation with transfibular approach
	26
	100
	74 (AOFAS)

	Trichard et al[68]
	2006
	60% internal fixation, 40% external fixation
	25
	N/A
	64.7 (Duquennoy)

	Smith et al[69]
	2007
	Internal fixation
	25
	96
	43.7 (AOFAS)

	Colman et al[70]
	2007
	Transfibular approach with grafting
	48
	96
	69 (AOFAS)


Table 2 Arthroscopic ankle arthrodesis
	Investigator
	Year
	Method
	No. of patients
	Union rate (%)
	Outcome(s)

	Ogilvie-Harris et al[71]
	1993
	Tibiotalar and fibulotalar screws
	19
	89
	N/A

	Dent et al[72]
	1993
	Crossed tibiotalar, charnley clamp
	8
	100
	N/A

	De Vriese et al[73]
	1994
	Arthroscopic arthrodesis
	10
	70
	N/A

	Turan et al[74]
	1995
	Arthroscopic arthrodesis
	8 (10 ankles)
	100
	N/A

	Corso et al[75]
	1995
	Tibiotalar and fibulotalar screws
	16
	100
	N/A

	Crosby et al[76]
	1996
	Arthroscopic arthrodesis
	42
	93
	N/A

	Glick et al[77]
	1996
	Cannulated screws
	34
	97
	N/A

	Jerosch et al[78]
	1996
	Tibiotalar and fibulotalar screws
	26
	85
	N/A

	Cameron et al[13]
	2000
	Arthroscopic arthrodesis
	15
	100
	N/A

	Zvijac et al[79]
	2002
	Arthroscopic arthrodesis
	21
	95
	N/A

	Cannon et al[80]
	2004
	Arthroscopic arthrodesis
	36
	100
	N/A

	Saragas[81]
	2004
	Arthroscopic arthrodesis
	26
	96
	63.9 (modified AOFAS out of 78 points)

	Winson et al[25]
	2005
	Arhroscopic arthrodesis
	116 (118 ankles)
	92
	N/A

	Ferkel et al[82]
	2005
	Arthroscopic arthrodesis
	35
	97
	73.9 (Mazur)

	Gougoulis et al[83]
	2007
	Arthroscopic arthrodesis
	74 (78 ankles)
	97
	N/A

	Dannawi et al[84]
	2011
	Arthroscopic arthrodesis
	55
	91
	81.5 (Mazur)


	Table 3 Open vs arthroscopic ankle arthrodesis

	 
	Investigator
	Year
	Method
	No. of patients
	Union rate (%)
	Outcome(s)

	Open
	Myerson et al[28]
	1991
	Screws from tibia to talus
	16
	100
	N/A

	Arthroscopic
	
	
	Cannulated screws
	17
	94
	

	
	
	
	
	
	
	

	Open
	O'Brien et al[27]
	1999
	Open technique
	17
	82
	N/A

	Arthroscopic
	
	
	Arthroscopic technique
	19
	84
	

	
	
	
	
	
	
	

	Open
	Nielsen et al[85]
	2008
	Open technique
	49
	84
	N/A

	Arthroscopic
	
	
	Arthroscopic technique
	58
	95
	

	
	
	
	
	
	
	

	Open
	Townshend et al[26]
	2013
	Open technique
	30
	N/A
	AOS = 29.2 ± 17.2; SF-36 physical = 38.2 ± 11.8; SF-36 mental = 52.2 ± 12.0

	Arthroscopic
	
	
	Arthroscopic technique
	30
	
	AOS = 17.2 ± 17.9; SF-36 physica l= 45.0 ± 9.3; SF-36 mental = 55.1 ± 8.1
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Figure 1 Lateral transfibular approach.
[image: image2.png]



Figure 2 Anteroposterior scheme shows the placement of screws.
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Figure 3 Any remaining cartilage on the tibia, the talus or in the medial or lateral gutters is debrided.
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C
Figure 4 Kirschner wires should be altogether inserted at the tibial joint surface. A: Arthroscopic view shows the location of the Kirschner wires; B: Fluoroscopic view shows location of Kirschner wires; C: Screw fixation.
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