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Introduction 21 

Osteoarthritis (OA) is a leading cause of disability, affecting more than 30 million adults 22 

in the United States [1]. For hip and knee OA, high rates of success have been reported 23 

for arthroplasty [2-4]. For treatment of severe ankle OA, arthrodesis has been 24 

considered a primary procedure [5]. Recently, total ankle arthroplasty (TAA) has been 25 

considered a good choice for the treatment of ankle OA [6, 7]. However, treatment of 26 

complicated ankle OA such as subtalar OA or severe talar collapse remains challenging. 27 

Herein, we reported a novel technique for such complicated pathology as talar necrosis 28 

with ankle OA and subtalar OA using TAA with total talar prosthesis (combined TAA) 29 

[8].  30 

   31 

Report of the case 32 

A 77-year-old woman with left ankle sprain had been treated with a cast for 2 weeks 33 

followed by a brace by her orthopedist 5.5 years before. After 3.5 years, she began to 34 

experience left ankle pain and was conservatively treated with pain killer alone by 35 

another orthopedist. However, because her symptoms continued and worsened, she 36 

presented to a general hospital and was diagnosed with talar osteonecrosis. She was 37 

admitted to our institution for operative treatment. Her previous medical history only 38 

included appendectomy at the age of 30 years. No other remarkable medical, drinking, 39 

and smoking history were reported. 40 
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 Physical examination revealed swelling of her ankle and tenderness both anteriorly 41 

and in the tarsal sinus, with worsening during movement. The ankle showed 5 degrees 42 

of dorsiflexion, 15 degrees of plantarflexion, 5 degrees of inversion, and 0 degrees of 43 

eversion. Neither an anterior drawer test nor subtalar joint instability was noted. The 44 

American Orthopaedic Foot and Ankle Society (AOFAS) score was 60 points, with 45 

subscores of 20, 35, and 5 points for pain, function, and alignment, respectively. 46 

Radiographs showed joint space narrowing with spur formation and collapse of the 47 

talus (Fig. 1). The anteroposterior tibial anterior surface angle (TAS) was 91 degrees, 48 

the tibial lateral surface angle (TLS) was 88 degrees, and the tibial medial malleolar 49 

angle (TMM) was 23 degrees. Computed tomography (CT) revealed collapse of the 50 

talus. Irregularity, spur formation, and joint space narrowing was observed in the 51 

talocrural, subtalar, and talonavicular joints. A cyst was also observed in the tibia (Fig. 52 

2). T1-weighted magnetic resonance imaging showed a low-intensity area in the whole 53 

talus, indicating severe osteonecrosis (Fig. 3). Therefore, our diagnosis was talar 54 

osteonecrosis (stage Ⅳ according to the classification of Ficat and Arlet [9]) with ankle 55 

OA (stage Ⅲ according to the classification proposed by Takakura Y et al. [10]), and 56 

operative intervention with TAA and total talar replacement was planned.   57 

The patient was placed in the supine position with a thigh tourniquet under general 58 

anesthesia. The operation was performed using an anterior approach to the ankle joint. 59 

After a longitudinal skin and retinaculum incision, the tibialis anterior was retracted to 60 
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the medial side and the other muscles to the lateral side. Tibial osseous membrane was 61 

peeled, and the talonavicular joint was exposed by removing the joint capsule. 62 

Osteotomy of the tibial plafond and medial malleolus was performed using the 63 

extramedullary guiding rod placed through the center of the patella (Fig. 4). An alumina 64 

ceramic talar prosthesis (Kyocera, Kyoto, Japan) designed using CT images of the 65 

healthy side was implanted. The talus was then excised piece-by-piece with a bone saw, 66 

followed by excision of all soft tissues, such as talocalcaneal interosseous ligament, 67 

both anterior and posterior talofibular ligament, deep layer of the deltoid ligament, and 68 

posterior joint capsule at the attached area to the talus. We confirmed that no remaining 69 

talus was noted. Additional osteotomy in the convex portion of the tibial component on 70 

the proximal side was performed using another tibial cutting guide. We placed the total 71 

talar prosthesis and trial tibial component to assess the range of ankle motion. A TNK 72 

tibial component (Kyocera) was fixed using calcium phosphate paste, and the marrow 73 

fluid collected from the iliac bone was placed on the paste to promote bone growth. 74 

The marrow fluid was additionally injected into the interface of the implant with the 75 

bone. AO small cancellous bone screw (DePuy Synthes, West Chester, PA, USA) was 76 

inserted through a screw hole. Although the medial malleolus fracture occurred 77 

accidentally when impacting the tibial component, probably because of thinner than 78 

usual medial malleolus in this osteotomy, we treated it conservatively because the 79 

periosteum remained continuous, and no displacement was observed. After repairing 80 
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the retinaculum, the procedure was completed with skin closure. No special surgical 81 

instrument was required for total talar prosthesis. The patient was instructed to not bear 82 

weight for 3 weeks with a below-knee cast, followed by weight bearing with a cast for 83 

3 weeks, because of the medial malleolus fracture without displacement detected during 84 

the operation. During casting, we encouraged the patient to perform toe exercises. After 85 

the cast was removed, the patient restored muscle strength around the ankle joint by 86 

returning to her usual activities of daily living. At the most recent follow-up 4 years 87 

postoperatively, the patient reported no pain, and no implant failure was found (Fig. 5). 88 

The degree of both plantarflexion and dorsiflexion was the same as that before the 89 

operation, and the AOFAS score improved to 88 points, with subscores of 40, 38, and 90 

10 points for pain, function, and alignment, respectively. The patient provided consent 91 

to publish this case in a journal. 92 

Discussion 93 

Even though the hip and knee are the most commonly studied lower extremity joints 94 

[11, 12], ankle OA can also cause functional impairment and decreased quality of life 95 

[5]. Saltzman et al. reported that the degree of physical impairment associated with 96 

ankle OA is equivalent to that associated with severely disabling medical problems 97 

including end-stage kidney disease and congestive heart failure [13]. Therefore, it is 98 

essential to develop a reliable treatment method for ankle OA, which has remained 99 

challenging, even though total hip and knee arthroplasty have been successful. For 100 
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treatment of severe ankle OA, arthrodesis had been considered the gold standard [5]. 101 

TAA has been reported to be useful for OA as an alternative to arthrodesis, with low 102 

complication rates compared to arthrodesis [5, 14], in addition to good clinical results 103 

[15, 16]. However, it is often difficult to treat ankle OA combined with subtalar OA, 104 

severe talar collapse, or avascular talar necrosis [17, 18]. Such cases have been treated 105 

using TAA with subtalar fusion, but there are few reports of long-term follow-up after 106 

this procedure [18, 19]. Furthermore, the treatment of avascular talar necrosis itself has 107 

been challenging, because of the few available options such as arthrodesis and non-108 

vascularized or vascularized bone-grafting [20-22]. Moreover, such treatments may 109 

affect ankle joint function and cause non-union [20, 21, 23]. Manes et al. reported that 110 

TAA for talar necrosis resulted in functional improvement and pain relief [24]. 111 

Although the clinical results seemed to be satisfactory for short- to mid-term follow-up, 112 

some serious complications, such as loosening and subsidence of the prosthesis were 113 

found [25-28]. In fact, extensive talar necrosis has been considered as the relative 114 

contraindication of TAA because the talar component would more easily subside due to 115 

poor bone quality [28, 29]. Here, we expect that we could cope with such complicated 116 

pathology as extensive talar necrosis with OA without worrying about talar subsidence 117 

by using the total talar prosthesis in this case. To the best of our knowledge, this is the 118 

first report using combined TAA procedures for treatment of extensive talar necrosis 119 

with ankle OA and subtalar OA. A total talar prosthesis has been developed for use in 120 
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avascular talar necrosis (Fig. 6) [30]. The prosthesis is designed for each patient using 121 

a CT image of the unaffected side, following the procedure proposed by Taniguchi et 122 

al. [30]. In brief, relevant dimensions are measured based on the radiographs and CT 123 

scans of the healthy side. CT images are taken within 2-mm intervals in the axial and 124 

sagittal planes, and a three-dimensional wire model and implant are assembled. A 125 

stereolithographic model is then cast, and an alumina ceramic prosthesis is customized. 126 

The curvature of the sliding surface is tailored to the tibial component in this procedure. 127 

These prostheses are produced in 4 weeks (Fig. 7). The prosthesis can provide 128 

appropriate articulation in the talocrural, subtalar, and talonavicular joints in addition 129 

to avoid the risk of talar subsidence. Good prosthetic alignment can also be reproduced 130 

by proper bone alignment. Harnroongroj et al. reported a stainless steel talar body 131 

prosthesis designed using slit scenography [31]. Subsequently, a Japanese orthopedic 132 

group developed a custom-made artificial talar body implant made of alumina ceramic 133 

and designed with CT; however, some of these resulted in failure due to talar neck 134 

loosening or talar head destruction [32]. Therefore, the same group developed a total 135 

talar prosthesis to avoid these complications, while providing good clinical function 136 

and patient satisfaction [30, 33]. They also reported that alumina ceramic is a suitable 137 

material because of the complexity of the talar joint surface in contact with surrounding 138 

bone, based on comparative studies showing that alumina ceramic exhibited less wear 139 

than 316L stainless steel [30, 34], as well as reports of long-term successful clinical 140 
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results in hip arthroplasty [35, 36].  141 

One study reported that the average range of motion after TAA ranged from 5 degrees 142 

of dorsiflexion to 19 degrees of plantarflexion [6]. In our case, the range of ankle motion 143 

recovered to the initial preoperative level, although the results were not as good as in 144 

other reports [6, 15, 37]. However, the AOFAS score in our case of combined TAA 145 

improved to the average level achieved with TAA alone [15, 37]. When compared to 146 

arthrodesis, TAA alone can provide better self-reported results and gait analysis [38-147 

40]. Therefore, the combined TAA will also be expected to yield better functional 148 

results compared to arthrodesis. Loosening or sinking of the component was reportedly 149 

the main complication leading to revision [5]. Thus far, no complications have been 150 

observed in our case, except for an intraoperative medial malleolar fracture, which can 151 

be found 4 to 11.4% of cases, according to previous reports [6, 37]. Although such 152 

fractures can be fixed with screws or Kirschner wires, we used casting because there 153 

was no displacement and union was successful. Additionally, for the fixation of the 154 

TNK tibial component with calcium phosphate paste, we followed the temporary 155 

cementation technique reported by Bibbo to provide a stable and safe implant interface 156 

with native bone [41]. Thus, TAA with total talar prothesis can be useful for treatment 157 

of talar necrosis with ankle OA and subtalar OA. However, long-term follow-up is 158 

needed to determine the true durability of combined TAA. 159 

 160 
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Figure legends 301 

Fig. 1. Radiographic findings 302 

Radiographs showing joint space narrowing with spur formation and collapse of the 303 

talus. 304 

Black arrows indicate joint space narrowing.  White arrows indicate collapse of the 305 

talus. TAS＝tibial anterior surface angle, TLS=tibial lateral surface angle 306 

1A Anteroposterior radiograph  307 

1B Lateral radiograph  308 

 309 

Fig. 2. Computed tomography (CT) findings 310 

CT scan showing collapse of the talus (black arrows). Irregularity, spur formation, and 311 

joint space narrowing are observed in the talocrural (white arrow a), subtalar (white 312 

arrow b), and talonavicular joints (white arrow c). 313 

2A Coronal CT 314 

2B Sagittal CT 315 

 316 

Fig. 3. Magnetic Resonance Image (MRI) findings 317 

T1-weighted MRI image showing a low-intensity area in the whole talus, indicating 318 

severe osteonecrosis (black arrows). 319 

3A Coronal T1-weighted MRI 320 
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3B Sagittal T1-weighted MRI 321 

 322 

Fig. 4. Intraoperative findings 323 

After osteotomy of the tibial plafond and medial malleolus, the surface of the collapse 324 

of the talus is observed. 325 

 326 

Fig. 5. Postoperative radiographic findings immediately after surgery, at the 2-year 327 

follow-up postoperatively, and at the most recent follow-up. 328 

No implant failure is found at every time point. 329 

5A Anteroposterior radiograph immediately after surgery 330 

5B Lateral radiograph immediately after surgery. 331 

5C Anteroposterior radiograph at the postoperative 2-year follow-up.  332 

5D Lateral radiograph at the postoperative 2-year follow-up. 333 

5E Anteroposterior radiograph at the most recent follow-up. 334 

5F Lateral radiograph at the most recent follow-up. 335 

 336 

Fig. 6. Total talar prosthesis 337 

It is designed for each patient using a CT image of the unaffected side; in addition, the 338 

curvature of the sliding surface is tailored to the tibial component. 339 

 340 



18 

 

Fig. 7. Combined TAA 341 

The sliding surface of total talar prosthesis is tailored to the tibial component. 342 

 343 
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