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Abstract

A good long-term outcome following a total knee arthroplasty relies on restoration of the mechanical axis and efective soft 

tissue balancing of the prosthetic knee. Arthroplasty surgery in patients with secondary osteoarthritis of the knee with an 

extra-articular tibial deformity is a complex and challenging procedure. The correction of mal-alignment of the mechanical 

axis is associated with unpredictable result and with higher revision rates. Single-staged deformity correction and replace-

ment surgery often result in the use of constraint implants. We describe our experience with staged correction of deformity 

using a Taylor Spatial Frame (TSF) followed by total knee arthroplasty in these patients and highlight the advantage of staged 

approach. The use of TSF ixator for deformity correction prior to a primary total knee arthroplasty has not been described 

in the literature. We describe three cases of secondary osteoarthritis of the knee associated with multiplanar tibial deformity 

treated efectively with a total knee arthroplasty following deformity correction and union using a TSF. All patients had an 

improved Knee Society score and Oxford Knee score postoperatively and were satisied with their replacement outcome. 

Staged deformity correction followed by arthroplasty allows the use of standard primary arthroplasty implants with predi-

cable results and lexible aftercare. This approach may also provide signiicant improvement of patient symptoms following 

correction of deformity resulting in deferment of the arthroplasty surgery.

Keywords Tibial deformity · Tibial non-union · Total knee arthroplasty · Staged surgery · Osteoarthritis

Introduction

A good long-term outcome following a total knee arthro-

plasty relies on restoration of the mechanical axis and efec-

tive soft tissue balancing of the prosthetic knee [1]. Severe 

osteoarthritis of the knee associated with peri-articular 

deformity can be efectively addressed by appropriate bony 

resections during the surgical implantation of a prosthetic 

total knee [2]. Secondary osteoarthritis of the knee with 

an extra-articular tibial deformity or a proximal tibial non-

union presents a surgical challenge to obtain correction of 

alignment or achieve union with a total knee arthroplasty, 

without prior correction of the deformity. We describe our 

experience with secondary osteoarthritis of the knee associ-

ated with multiplanar tibial deformity in two cases and with 

stress fracture non-union in one case, treated efectively with 

a total knee arthroplasty following deformity correction and 

union using a Taylor spatial frame (TSF).

Case 1

A 63-year-old female presented with an established non-

union of a proximal tibial stress fracture and secondary 

osteoarthritis of the knee. The stress fracture had failed to 

unite over a period of 2 years despite attempts at both con-

servative and surgical treatment with proximal tibia plating 

and bone graft augmentation. She had a residual 10 degrees 

of varus proximal tibial deformity and non-union with an 

Oxford knee score of 22 (Fig. 1). 

She underwent correction of deformity and treatment of 

non-union using principles of distraction osteogenesis in a 

TSF ixator. The frame ixator was stabilised with two half 

pins and an olive wire for the proximal ring and three olive 

wires for the distal ring. The two rings were connected with 

six struts, and a computer-generated programme was used 
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for correction. An uneventful deformity correction along 

with proximal tibial union was achieved at 42 weeks.

The lady then had a primary total knee replacement 

18 months following the corrective surgery for symptomatic 

secondary knee osteoarthritis. At 5 years follow-up, she had 

a lexion range of 0–90 degrees in the knee with a Knee 

Society score of 89 (functional score of 90) and the Oxford 

knee score of 38.

Case 2

A 64-year-old male presented with a post-traumatic tibial 

deformity and secondary osteoarthritis of the knee. The 

predominant tibial deformity following the malunion was 

10 mm shortening, 8 degrees of varus and 7 degrees of 

recurvatum and an Oxford knee score of 16. The planning 

for corrective surgery was further strained by the presence 

of an ipsilateral ankle arthrodesis in this patient (Fig. 2). 

He underwent corrective osteotomy to allow adequate 

correction of the deformity and realignment of the tibial 

mechanical axis using a Taylor spatial frame. A cortico-

tomy was performed at 90 mm proximal to the centre of 

rotation of angulation for the deformity (CORA). This 

resulted in 10 mm of posterior translation at the corti-

cotomy site. The corticotomy was stabilised using two 

half pins and a wire for the proximal ring and three olive 

wires for the distal ring. The two rings were connected 

using six struts, and the deformity corrected using a 

Fig. 1  Case 1: a Radiograph showing established proximal tibial non-

union following stress fracture, failed treatment of internal ixation 

and bone graft augmentation. b Radiograph showing frame ixation 

for treatment of proximal tibial non-union and deformity correction. 

c, d Orthogonal radiographs showing union of the stress fracture. e, 

f Orthogonal radiographs showing total knee replacement in situ per-

formed as a staged procedure



181Strategies in Trauma and Limb Reconstruction (2018) 13:179–184 

1 3

Fig. 2  Case 2: a, b Orthogonal radiographs of tibial malunion 

deformity used for deformity correction planning. c, d Orthogonal 

radiographs showing Taylor spatial frame application with corrective 

tibial osteotomy away form the CORA. e, f Orthogonal radiograph 

showing realignment of the mechanical axis and healing of the osteot-

omy site with an established ankle arthrodesis. g, h Orthogonal radio-

graphs showing total knee replacement in situ performed as a staged 

procedure
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computer-generated correction programme. The correction 

and union at corticotomy site were achieved at 38 weeks.

He subsequently underwent an uneventful primary total 

knee arthroplasty 24 months following the deformity cor-

rection for symptomatic secondary knee osteoarthritis. At 

4 years follow-up, he had a lexion range of 0–100 degrees 

in the knee and a Knee Society score of 90 [functional com-

ponent 90] and an Oxford knee score of 41.

Case 3

A 63-year-old female presented with a tibial deformity and 

secondary osteoarthritis of the knee. The tibial deformity 

was multiplanar with a proximal tibial valgus of 12 degrees, 

external tibial torsion of 20 degrees and a distal tibial recur-

vatum of 30 degrees. The proximal tibial deformity was sec-

ondary to lateral tibial plateau fracture, whereas the supra-

malleolar ankle deformity was secondary to distal tibial 

malunion following a road traic accident 20 years earlier. 

She had an Oxford knee score of 18 (Fig. 3).

She underwent correction of external tibial torsion (rota-

tional deformity) and recurvatum at the distal tibial using 

a Taylor spatial frame with supramalleolar corticotomy. 

The corticotomy was stabilised using two half pins and an 

olive wire for the proximal ring and three olive wires for the 

distal ring. The two rings were connected using six struts 

and the deformity correction undertaken using a computer-

generated programme. During the course of correction, this 

patient required a short course of oral antibiotics for pin 

site infection and also had a reoperation for readjustment 

of her frame. Correction of the deformity was achieved at 

40 weeks with removal of the frame. She underwent a total 

knee replacement at 18 months following the deformity cor-

rection for symptomatic secondary osteoarthritis. The peri-

articular valgus deformity of the knee was addressed with 

bony resection intraoperatively. She was also found to have 

an attenuated medial collateral ligament of the knee which 

Fig. 3  Case 3: a, b Orthogonal radiographs showing supramalleolar 

tibial deformity. c, d Orthogonal radiographs showing application of 

Taylor spatial frame and tibial osteotomy for correction of deform-

ity. e, f Orthogonal radiographs showing realignment of mechanical 

axis with healing of the osteotomy site after removal of frame. g, h 

Orthogonal radiographs showing total knee replacement in  situ per-

formed as a staged procedure
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required an intraoperative ligament reconstruction using 

 Mitek® bone anchors and semitendinosus graft. At 4 years 

follow-up, she had a lexion range of 0–90 degrees in the 

knee with a Knee Society score of 81 (functional score 75) 

and an Oxford knee score of 35.

Discussion

Extra-articular deformity of the tibia associated with symp-

tomatic secondary osteoarthritis of the knee requires a total 

knee arthroplasty. The presence of mal-alignment of the 

mechanical axis makes the intervention challenging and its 

result unpredictable with higher revision rates secondary 

to loosening of tibial component [3, 4]. The most common 

causes for extra-articular deformity around the knee are mal-

union, non-union and metabolic bone diseases like Paget’s, 

osteomalacia or rickets.

An extra-articular deformity with a total knee replace-

ment of more than 10 degrees in coronal plane [Varus/Val-

gus] or more than 20 degrees in sagittal plane [Procurvatum/

Recurvatum] requires a corrective osteotomy to obtain a sat-

isfactory result. Intra-articular techniques using bone resec-

tions and soft tissue releases for signiicant peri-articular 

deformities result in complex ligament imbalances often 

then requiring ligamentous reinforcement, use of constraint 

implants or custom-designed prosthesis to obtain satisfac-

tory soft tissue balance [5]. Correction of extra-articular 

deformity with the use of intra-articular techniques also 

results in such corrections to be away from the centre of 

rotation of angulation (CORA) of the deformity and can 

result in translation at the resection site and make the long-

term outcome of the implant unpredictable.

Deformity correction and total knee replacement can be 

performed as a single-stage procedure or a two-stage proce-

dure. Proponents of single-stage correction and arthroplasty 

allow extensive bone resection and often use a stemmed 

prosthesis to achieve stability at the osteotomy site. The 

literature relects on such techniques with short-term out-

comes, and regular long-term follow-up for these patients 

is routinely advocated. Distal femoral deformities are more 

amenable to such single-stage techniques as opposed to cor-

rection of tibial deformity [6–12].

The use of ring ixator with Ilizarov technique has been 

described for treatment of periprosthetic fractures and 

deformity correction prior to revision knee replacement. In 

our knowledge, the use of Taylor spatial frame ixator for 

deformity correction prior to a primary total knee arthro-

plasty has not been described in the literature. In our senior 

author’s experience, two earlier patients (not included in this 

description) with tibial deformity and concurrent knee osteo-

arthritis treated with initial deformity correction performed 

as a staged procedure experienced a signiicant respite from 

their osteoarthritic symptoms. These two patients continue 

to remain symptomatically well managed and are still await-

ing the need of replacement surgery.

In our irst patient, the proximal tibial non-union was sec-

ondary to a stress fracture. This had failed union at previous 

attempt involving internal ixation and bone graft augmenta-

tion. Proximal tibial non-union is rare and accounts for 3% 

of cases; failed internal ixation with bone graft augmen-

tation of such non-union warrants the use of ring ixator 

to achieve union [13]. We felt it was important to achieve 

union prior to arthroplasty to obtain a predictable outcome. 

A single-stage stemmed approach with an underlying non-

union would have been on course for failure, in turn limiting 

further revision options. Repeat use of internal ixation was 

deemed unsuitable due to previous incisions, soft tissue and 

bony devitalisation, short proximal bone segment with previ-

ous screw holes limiting the purchase of new hardware with 

compromised stability.

In both our second and third patients, the deformity was 

multiplanar and much distal to the knee joint. The use of 

internal ixation would have resulted in a period of immo-

bilisation due to lack of weight bearing stability along with 

awkward incisional planes and risk of devitalisation of soft 

tissue and bony architecture jeopardising the inal outcome 

of our total knee arthroplasty. The stability obtained with 

a TSF allowed early weight bearing and provided an ideal 

environment for new-bone formation and soft tissue healing 

following corrective osteotomies.

Our complications with this technique include one pin 

site infection successfully treated with a short course of 

oral antibiotics and one episode of frame readjustment 

under anaesthetic. We noted an average delay of 20 months 

between removal of the frame and total knee arthroplasty, 

our preference has been to allow approximately 12 months 

between procedures (removal of frame and total knee 

arthroplasty) to minimise our risk of infection and we have 

observed a symptomatic improvement in pain related to sec-

ondary arthritis following alignment of the mechanical axis. 

The longer duration of frame treatment in these cases relects 

our protective attitude towards these patients due to the com-

plex nature of their deformity and a foresight towards a sub-

sequent second stage in terms of a total knee arthroplasty 

to be performed. All patients were extremely satisied with 

the outcome of their arthroplasty with a mean Knee Society 

score of 86 (functional component 85) and a mean Oxford 

knee score of 38.

Conclusion

In our experience, an extra-articular tibial deformity with 

secondary osteoarthritis of the knee joint requires correc-

tion of the deformity (mechanical axis realignment) prior 
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to performing a primary total knee arthroplasty. A total 

knee arthroplasty can then be successfully performed using 

standard prosthesis and technique with a much predictable 

outcome. We have observed improvement in patient’s pain 

following the deformity correction allowing us an interval 

of 20 months between the two surgeries. We feel with the 

use of standard prosthetic implants for knee arthroplasty, 

the long-term outcome in these patients should be no dif-

ferent from a standard primary knee joint replacement and 

their follow-up appointments follow standard hospital pro-

tocol. We think these patients would not require follow-up 

aftercare like patients with revision surgery and stemmed 

implants; however, our experience is limited and the condi-

tion itself continues to be an uncommon problem.

Author’s contribution We conirm that each of the above authors have 

contributed fully to the design, collection of data, compilation of initial 

draft and approval of the inal draft of the study.

Compliance with ethical standards 

Conflict of interest There are no conlicts of interest related to the au-

thors involved in the study.

Ethical consideration The study does not contain any identiiable 

patient data. It did not require any ethical committee review.

Informed consent Consent from the patients involved was still 

obtained and documentation made in their case notes.

Open Access This article is distributed under the terms of the Crea-

tive Commons Attribution 4.0 International License (http://creat iveco 

mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-

tion, and reproduction in any medium, provided you give appropriate 

credit to the original author(s) and the source, provide a link to the 

Creative Commons license, and indicate if changes were made.

References

 1. Wolf AM, Hungerford DS, Pepe CL (1991) The efect of extraar-

ticular varus and valgus deformity on total knee arthroplasty. Clin 

Orthop Relat Res 271:35–51

 2. Lonner JH, Siliski JM, Lotke PA (2000) Simultaneous femoral 

osteotomy and total knee arthroplasty for treatment of osteoarthri-

tis associated with severe extra-articular deformity. J Bone Joint 

Surg Am 82(3):342–348

 3. Catonne YRJ, Delattre O (2001) TKR in patients with severe 

extra-articular deformity—a review of 30 cases. J Bone Joint Surg 

Br 83(Suppl II):169

 4. Milner SA, Davis TR, Muir KR, Greenwood DC, Doherty M 

(2002) Long-term outcome after tibial shaft fracture: is malunion 

important? J Bone Joint Surg Am 84-A(6):971–980

 5. Papadopoulos EC, Parvizi J, Lai CH, Lewallen DG (2002) Total 

knee arthroplasty following prior distal femoral fracture. Knee 

9(4):267–274

 6. Anderson SP, Matthews LS, Kaufer H (1990) Treatment of jux-

taarticular nonunion fractures at the knee with long-stem total 

knee arthroplasty. Clin Orthop Relat Res 260:104–109

 7. Moskal JTMJ (2001) Simultaneous management of ipsilateral 

gonarthritis and ununited tibial stress fracture: combined total 

knee arthroplasty and internal ixation. J Arthroplasty 16:506–511

 8. Sawant MR, Bendall SP, Kavanagh TG, Citron ND (1999) Non-

union of tibial stress fractures in patients with deformed arthritic 

knees. Treatment using modular total knee arthroplasty. J Bone 

Joint Surg Br 81(4):663–666

 9. Wang JW, Wang CJ (2002) Total knee arthroplasty for arthritis 

of the knee with extra-articular deformity. J Bone Joint Surg Am 

84-A(10):1769–1774

 10. Karatosun V, Alekberov C (2001) The Ilizarov method in total 

knee arthroplasty with nonunion of the proximal tibia–a case 

report. Acta Orthop Scand 72(4):425–427

 11. Simon RGBM (1999) Use of Ilizarov external fixation for a 

periprosthetic supracondylar femur fracture. J Arthroplasty 

14(1):118–121

 12. Tate RAG, Scotland TR (2008) Use of an ilizarov ixator for 

deformity correction prior to revision knee arthroplasty. Bull 

NYU Hosp Joint Diseases 66(1):65–67

 13. Carpenter CA, Jupiter JB (1996) Blade plate reconstruction 

of metaphyseal nonunion of the tibia. Clin Orthop Relat Res 

332:23–28

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Extra-articular deformity correction using Taylor spatial frame prior to total knee arthroplasty
	Abstract
	Introduction
	Case 1
	Case 2
	Case 3
	Discussion
	Conclusion
	References


