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Summary
Two patients who had non-union of a previous open ankle arthrodesis

were treated with revision arthrodesis using arthroscopic debride-

ment and percutaneous cannulated screw ®xation. The ®rst patient

had no signs of infection on preoperative aspiration and intraopera-

tive cultures of the non-union; the second patient had had lateral

wound breakdown and osteomyelitis after the primary arthrodesis

procedure, which resolved after debridements, intravenous antibiotics

and musculocutaneous free ¯ap coverage. In both cases, arthroscopic

debridement of the non-union was facilitated with ¯uoroscopic gui-

dance for initial placement of instruments. Cancellous bone graft from

the proximal tibia was placed into the non-union site with cannula

and trocar through the arthroscopic portals, and tibiotalar ®xation was

achieved with cannulated 7.3 mm screws. Postoperative electrical

bone stimulation was used. In the ®rst patient, union was complete

12 weeks after surgery; in the second patient, who continued to smoke

against advice, consolidation of some areas in the tibiotalar space was

noted at 6.5 months after surgery and he eventually resumed high

demand work. These cases demonstrate that arthroscopic ankle arth-

rodesis may be used successfully for revision of non-union, with

potentially lower risk of wound complications compared with open

methods.
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Introduction

Ankle arthrodesis is a useful procedure for the

management of mechanical pain in the arthritic ankle

[1]. Open arthrodesis may be an extensive procedure

involving ®bulectomy [1, 2], medial malleolar exci-

sion [1] and bone grafting. The procedure may cause

marked postoperative pain and the major soft tissue

dissection required may contribute to the high rate of

complications, which may include infection, wound

slough, non-union and amputation [3]. Revision

arthrodesis for non-union may have a greater risk

of complications because of disruption of the soft

tissues from previous surgery [4].

In recent years, advances in arthroscopic methods

of joint debridement [5, 6] and cannulated screw

®xation have enabled the development of arthro-

scopically assisted primary ankle arthrodesis

[5, 7±15]. Advantages of this method include the

use of small incisions for arthroscopic debridement

and percutaneous screw placement, which may

reduce the potential for wound slough and infection,

decrease postoperative pain, and increase the rate of

fusion because of less disruption of osseous blood
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supply, obviating the necessity of a bone graft.

Furthermore, absence of ®bulectomy or large bone

cuts on the tibia and talus may facilitate alignment of

the talus to the tibia, thereby reducing the risk of

malunion [14, 15].

However, disadvantages of arthroscopically assis-

ted ankle arthrodesis may include limitations in

correcting deformity [9±11, 13] and the potential

technical dif®culty of the procedure [16]. Further-

more, the procedure has not been used for revision

of non-union, for which the technical dif®culties of

debridement, bone loss and alignment may be

greater, but in which potential bene®ts of decreased

wound dissection may be especially important

because of previous surgical disruption of the soft

tissues.

In this report, the successful use of arthroscopic

debridement and percutaneous screw ®xation in

revision ankle arthrodesis for non-union is des-

cribed.

Materials and methods

Two patients presented with non-union of previous

ankle arthrodesis.

Case 1

A 59-year-old woman had sustained an acute ankle

fracture 14 years earlier and, despite initial treat-

ment with open reduction, she developed post-

traumatic ankle arthritis. In January 1997 she was

treated elsewhere with an open ankle arthrodesis,

including ®bular osteotomy, sparing of the lateral

malleolus, tibial and talar ¯at cut osteotomies, and

internal screw ®xation. Non-union of the arthrodesis

persisted despite electrical bone stimulation. She

had quit smoking 15 years earlier.

On presentation 14 months after the primary open

arthrodesis, she noted pain across the anterior ankle,

associated with walking, decreased with a remov-

able cast boot (PneumaticWalker, Aircast, Summit,

NJ, USA). Examination showed well-healed scars at

the medial and lateral malleoli, plantigrade foot

alignment and limited ankle motion associated with

a painless `clicking' sensation. Radiographs showed

radiolucency at the tibiotalar, ®bulotalar and tibio®-

bular regions, and radiolucency about ®xation

screws (Figure 1). Computerized tomography (CT)

scan con®rmed non-union. The white blood cell

count was 9400 cells per mm3, with no left shift. The

erythrocyte sedimentation rate (ESR) was 48 mm/h.

Aspirate of the non-union had no cells or bacteria on

gram stain, and culture was negative.

The patient had minimal pain with a custom-

moulded leather ankle brace with built-in plastic

ankle foot orthosis, but continued to have anterior

ankle pain. Reexamination showed anterior ankle

pain with dorsi¯exion and plantar¯exion of the ankle

region and tenderness at the anterior ankle joint. The

patient elected to have revision ankle arthrodesis

16 months after primary open arthrodesis.

Case 2

A 39-year-old-man had sustained multiple left lower

extremity injuries in a motor vehicle accident

17 years earlier, including left ankle and hip frac-

ture-dislocations. A total hip arthroplasty 7 years

earlier was complicated with deep infection, which

was treated with implant removal, intravenous

antibiotics and revision total hip arthroplasty 5 years

earlier. Left ankle post-traumatic arthritis was trea-

ted elsewhere with open ankle arthrodesis 2 months

before presentation, including distal ®bulectomy,

medial malleolar osteotomy, and internal ®xation

with screws, staples and a calcaneotalotibial pin

which was removed 2 weeks after surgery. Subse-

quently, the lateral wound developed a 1 inch

length of skin necrosis with drainage, and the

patient was treated with hospital admission, debri-

dement, removal of staples, external ®xation and

antibiotics. The operative cultures grew Enterobacter

cloacae and Pseudomonas aeruginosa, and he was

treated with cipro¯oxacin and vancomycin. How-

ever, he developed fever to 103.5 °F; the white

blood cell count was 5600 cells per mm3 and the

ESR was 69 mm/h.

Upon transfer to this service, examination showed

a lateral ankle wound (diameter, 1 inch; depth,

1 inch) with no purulence, and there was serous

drainage from two of the external ®xator pin sites.

An indium-labelled white blood cell scan showed

increased activity in the ankle and hindfoot region,

and CT scan showed non-union of the ankle arthro-

desis.

At initial open debridement, necrotic soft tissue

and bone was excised from the wound margins,
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subcutaneous tissues and ankle non-union site. The

wound extended to the subtalar joint, which con-

tained necrotic articular cartilage and granulation

tissue. After this extensive debridement, treatment

included repeat debridement 3 days later and lateral

ankle musculocutaneous free ¯ap coverage, which

healed well. The intravenous antibiotics were dis-

continued after a 7-week course. Ten days later the

patient was readmitted because of a pin track

infection, which rapidly resolved with removal of

the external ®xator, curettage of the pin sites and

intravenous antibiotics for several days followed by

oral antibiotics for 2 weeks.

The ankle was immobilized in a removable

U-splint, and he continued with non-weightbearing

and external electrical bone stimulation. However,

follow-up magnetic resonance imaging (MRI)

4 months after the primary arthrodesis showed

tibiotalar non-union; marrow oedema in the talus,

calcaneus and distal tibia; and subtalar joint degen-

erative changes. He progressed to full-weightbear-

ing in a removable cast boot with a heel pad. Repeat

white blood cell count was 7000 cells per mm3 and

the ESR was 2 mm/h. With persistence of the non-

union (Figure 2), the patient elected to have revision

ankle arthrodesis 5.5 months after primary open

arthrodesis.

Surgical technique

Revision ankle arthrodesis was done under general

anaesthesia, with a proximal thigh tourniquet. The

patients were placed in the supine position on the

operating table with a ¯at radiography leg extension

board, and had a blanket roll placed behind the

ipsilateral greater trochanter to maintain neutral

lower extremity rotation. Sterile preparation inclu-

ded the foot to the distal thigh to facilitate deter-

mination of correct foot rotation and enable

harvesting of proximal tibial bone graft.

Figure 1
A 59-year-old woman with non-union of a left ankle arthro-
desis. (A) and (B) Radiography 14 months after the primary
arthrodesis which demonstrates radiolucency at the tibiotalar,
®bulotalar and tibio®bular regions. Radiolucency is noted
about the tibiotalar screws. The foot is aligned in mild
plantar¯exion. (C) Placement of cancellous bone graft using a
large arthroscopic cannula and trocar, with direct arthroscopic
visualization. (D) and (E) Radiography after consolidation of
the ankle arthrodesis. Alignment of the foot is in neutral
dorsi¯exion±plantar¯exion.
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For arthroscopic debridement, accurate portal

placement was imperative because of the absence

of a joint space or mobility, which would cause

dif®culty in placing debriding instruments into and

across the non-union. Therefore, prior to commen-

cing surgery, lateral ¯uoroscopic radiography, with

a straight surgical instrument at the anterior ankle,

was done to determine accurate position of the

arthroscopic portals directly anterior to, and in the

plane of, the non-union. After making the anterolat-

eral and anteromedial arthroscopic portals with skin

incision and subcutaneous spreading, curettes were

accurately placed into the non-union site with direct

¯uoroscopic guidance, and initial ¯uoroscopically

guided curettage was done to open up the non-

union and enable subsequent placement of the

arthroscopic instruments. In case 1, retained screws

were removed with ¯uoroscopic guidance; in case 2,

there was no retained hardware.

Subsequently, arthroscopic debridement was done

with direct visualization using a 4.0-mm, 30° arth-

roscope [7, 10, 13] connected to gravity saline in¯ow

and videocamera; an accessory third portal was not

required. Debridement was initially performed with

straight and angled curettes, and then with a

motorized 4.5 mm shaver and 5.5 mm burr, inter-

changing the arthroscope and debriding instruments

between medial and lateral portals [9±11, 13]. The

surfaces of the talar dome, tibial plafond, medial and

lateral talar walls, and malleoli were debrided. With

progressive debridement from anterior to posterior,

the non-union space was widened adequately to

enable complete debridement [13], facilitated with

plantar¯exion of the foot and manual distraction

alone [12]; neither external weight strap [7, 9] nor

external ®xator was required. Debridement of

®brous tissue and dense sclerotic bone was done

until healthy-appearing cancellous bony surfaces

Figure 2
A 39-year-old man with non-union of a left ankle arthrodesis (A) and (B) Radiography after debridement, intravenous antibiotics, muscle
¯ap coverage and removal of external ®xator. Radiolucency is noted at the tibiotalar region and at the site of previous medial malleolar
osteotomy. Degenerative changes are also noted at the subtalar joint. The foot is aligned in mild plantar¯exion. (C) Preoperative appearance
of the lateral ankle showing the healed free muscle ¯ap graft and alignment in mild plantar¯exion. (D) Placement of cancellous bone graft
using a plastic cannula and trocar, with direct arthroscopic visualization. (E) CT scan 6.5 months after revision surgery showing areas of
tibiotalar fusion and some areas of persistent radiolucency. Degenerative changes of the subtalar joint are noted. (F) and (G) Radiography at
13 months after arthroscopic revision ankle arthrodesis. Solid union is noted at the central and anterior tibiotalar region. (H) Postoperative
clinical alignment of the foot in neutral dorsi¯exion±plantar¯exion.
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were exposed throughout the ankle, and multiple

small drill holes were made on the talar dome and

tibial plafond; bleeding from the cancellous surfaces

was con®rmed by direct arthroscopic visualization

after de¯ation of the tourniquet (tourniquet time,

2.5 h in case 1 and 2.3 h in case 2), which then

remained de¯ated for the duration of the procedure.

In case 2, non-union of the medial malleolus oste-

otomy (Figure 2) was debrided percutaneously with

curette and ¯uoroscopic guidance.

Cancellous bone graft was harvested from the

proximal tibia with a modi®cation of the previously

described method [17, 18], by removing a rectangu-

lar anteromedial metaphyseal cortical window (2 cm

by 1 cm) medial to the tibial tubercle, curetting out

cancellous bone from the proximal tibia and repla-

cing the cortical window. The cancellous bone graft

was then placed into the arthrodesis site using a

cannula and trocar [5, 19, 20] through the arthro-

scopic portals with direct arthroscopic visualization

(Figures 1C and 2D).

After removal of arthroscopic instruments, the

foot and ankle was placed in the desired position of

neutral dorsi¯exion±plantar¯exion, 0±5° heel valgus

position and 0±5° foot external rotation. Plantar¯ex-

ion deformity at the arthrodesis site was corrected

by sequentially dorsi¯exing the foot during arthro-

scopic debridement, with removal of anterior osteo-

phytes and more anterior bone until neutral ¯exion

had been achieved. Internal ®xation was accom-

plished percutaneously with two cannulated 7.3 mm

screws: one from posterior distal tibia to the talus

and one from medial distal tibia to the talus. In case

2, the medial malleolus non-union was ®xed to the

distal tibia with one 4.5 mm cannulated screw.

Accurate placement of screws was facilitated by

¯uoroscopic evaluation with guide pins outside the

ankle to determine direction and position, provi-

sional ®xation with percutaneously placed guide

pins, and ¯uoroscopic con®rmation of guide pin

length and position. After placement of the screws,

lateral, AP, oblique and Broden ¯uoroscopic views

were done to con®rm that satisfactory bony align-

ment was achieved, screw threads completely

crossed the arthrodesis site, and the screw tips were

in the talus and not the subtalar joint [10, 11].

Postoperative management included external

electrical bone stimulation (EBI Medical Systems,

Parsippany, NJ, USA), non-weightbearing and immo-

bilization with a well-padded plaster U-splint that

was changed 1 day after surgery to a univalved

®breglass short leg cast. Sutures were removed after

2 weeks. The patients were advanced to touchdown

weightbearing (case 1, removable walker boot

[PneumaticWalker, Aircast, Summit, NJ, USA]; case

2, ®breglass short leg cast) after 4±5 weeks and full

weightbearing after 8 weeks (removable walker

boot). In case 1, the removable walker boot was

changed to a stirrup brace (Aircast Stirrup, Aircast) at

16 weeks, which was tapered to regular footwear at

21 weeks. In case 2, the removable walker boot was

continued for 6 months and, subsequently, the

patient used the removable walker boot and a

moulded leather ankle brace with prolonged weight-

bearing.

Results

In both cases, operative deep tissue cultures at the

time of arthroscopic debridement and revision

arthrodesis were negative, and there were no clinical

signs of active infection. In both cases, ®brous non-

union was present. In case 1, histological examina-

tion of debrided non-union tissue showed necrotic

trabeculae, cartilaginous changes, medullary ®bro-

sis, and fragments of degenerative ®brocartilage and

articular cartilage. In case 2, the previous deep

infection was clinically resolved, and histological

examination of debrided non-union tissue showed

remodelling bone, acellular trabeculae, medullary

®brosis and rare plasma cells.

In both cases, postoperative radiographs showed

maintenance of alignment and position of internal

®xation hardware. In case 1, progressive radiographic

consolidation was complete at 12 weeks after revision

surgery; at 6 months and 9 months after revision

surgery, the patient was walking pain-free with

normal ¯at shoes (Figure 1). In this patient, AOFAS

Ankle±Hindfoot Score (maximum 92 points for ankle

arthrodesis) [21] improved from 8 points before

surgery to 77 points at follow-up evaluation.

In case 2, radiography showed progressive con-

solidation but persistence of radiolucency. The

patient continued to smoke cigarettes despite being

advised of the documented association between

smoking and non-union [22]; he eventually quit

smoking 5 months after revision surgery. CT scan

6.5 months after revision surgery showed areas of
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tibiotalar fusion, with persistent areas of non-union

anteriorly and at the medial malleolus (Figure 2E);

degenerative changes of the subtalar joint were

noted. Eight months after revision surgery, he noted

mild, occasional pain at the medial malleolus and

medial and lateral subtalar region, but no pain when

using a removable walker boot. At 13 months after

revision surgery, he had returned to high-demand

work directing an asphalt pavement company, 14 h

per day on his feet, against advice, using a heavy

work boot worn inside a removable walker boot; he

used a moulded leather ankle brace when not at

work. He noted some pain at the medial subtalar

and dorsal Chopart areas, but deferred on further

surgery. Radiography at 13 months after revision

surgery showed consolidation of the ankle arthro-

desis centrally and anteriorly, with some residual

posterior radiolucency, and consolidation of the

medial malleolus (Figures 2F and G). In this patient,

AOFAS Ankle±Hindfoot Score [21] improved from 5

points before surgery to 58 points at follow-up

evaluation.

Discussion

The cases demonstrate that arthroscopic ankle

arthrodesis may be successfully applied to non-

unions of previous open ankle arthrodesis, even

with history of previous infection, free muscle ¯ap

coverage and bone loss. Previous studies had used

this method for primary arthrodesis of arthritic

ankle joints [7, 9±13, 19, 23] and the current report

extends the indications of this procedure to more

complex revision cases.

The technical dif®culties of performing arthro-

scopic revision ankle arthrodesis included those of

primary arthroscopic ankle arthrodesis, such as

equipment demands, longer operating time and

laborious effort in performing a thorough arthro-

scopic debridement [7]. The revision procedures

were more dif®cult than primary arthrodesis

because of the presence of distorted bony anatomy

and dense scar tissue at the non-union site. The

presence of normal bony contours, which may

facilitate primary arthroscopic ankle arthrodesis

[9], may be absent if the primary case was done

with techniques involving bone excision such as

tibiotalar ¯at-cut or chevron resection and ®bulecto-

my [1] (Figures 1 and 2). Previous experience with

ankle arthroscopy and primary arthroscopic ankle

arthrodesis facilitated the performance of the revi-

sion procedure [11].

The use of ¯uoroscopic guidance in the initial

percutaneous placement of the curettes facilitated

the opening of the non-union site, enabled accurate

placement of the straight instruments all the way

from the front to the back of the ankle non-union

plane, and decreased the risk of erroneous place-

ment of arthroscopic instruments in normal bone

outside the non-union (`false pass'). The use of

curettes to open the non-union site enabled the

procedure to be accomplished with manual distrac-

tion alone [11, 12], and neither external ®xator [7, 10,

13, 19] nor external weight strap [7, 9] was required.

Fluoroscopic con®rmation of depth of curette posi-

tion at the end of debridement was available to

con®rm that complete debridement to the posterior

part of the ankle had been accomplished. Further-

more, no posterior portal was used in these cases [9],

and suf®cient visualization was achieved with

gravity in¯ow of ¯uid [10], which may potentially

reduce the risk of pressurization of ¯uid out the non-

union site into the compartments of the leg or foot if

a ¯uid pump is used.

The potential advantages of the arthroscopic

method for revision of ankle non-union included

the marked reduction in soft tissue dissection com-

pared with open arthrodesis [5, 7, 9, 11±13, 15]. This

is a major potential advantage in revision cases with

soft tissues at high risk for wound problems [12]

such as the patient with a previous free ¯ap

coverage [9, 24], extensive soft-tissue scarring, pre-

vious deep infection or venous stasis disease. Addi-

tional advantages of the arthroscopic method

included the lower levels of postoperative pain than

with open arthrodesis [11, 13, 14] and the apparently

faster fusion rate [9, 13]. Furthermore, the use of

bone graft from the proximal tibia [17, 18] obviated

the potential morbidity of an iliac crest bone graft

[25, 26], and the use of a cannula enabled the

percutaneous delivery of the bone graft [5, 19, 20]

without the necessity of an open procedure [13].

In both cases described, preoperative alignment

was neutral varus/valgus position, but both cases

had plantar¯exion deformity which was able to be

corrected. The presence of greater deformity may

make it more dif®cult to achieve the desired align-

ment [7]. However, complete bone-to-bone contact
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might not be required with an arthroscopic method

[11] in which cancellous bone is exposed with

extensive burring, and the use of a cancellous bone

graft may be helpful. In one case (Figure 2), an

apparent ®brous union was, on follow-up radiogra-

phy and CT scanning, shown to represent a partial

bony union which, as shown with some ®brous

unions following primary ankle arthrodesis [19],

may provide satisfactory pain relief and functional

result.
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