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Abstract: The restoration of the lower extremity mechanical axis in patients with osteoar-

thritis in knee and extra-articular deformity requires careful pre-operative planning. An extra-

articular deformity may be corrected inside the knee by arthroplasty with intra-articular

correction or outside of the knee by osteotomy alone or by arthroplasty combined with extra-

articular corrective osteotomy. In this study, we described a unique case of simultaneous

femoral and tibial osteotomies at the time of primary total knee arthroplasty in a 45-year-old

woman. To prevent unnecessary bone loss, the intra-articular bone resections were made

parallelly to the preexisting joint obliquity prior to the corrective tibial and femoral osteo-

tomies. After restoration of the mechanical axis and healing of all osteotomies, a successful

clinical and radiological outcome was achieved during the mid-term 5-year follow-up. The

preoperative analysis of patients with an extra-articular deformity is invaluable and should

include long-standing radiographs from the center of the femoral head to the center of the

ankle. Although different osteotomy principles (opening wedge vs closing wedge) and

fixation methods (stemmed revision prosthesis, intramedullary nail, locking plates) have

been reported in the literature, the use of a tapered fluted long stem offers several benefits,

including ease of application, rotational control, and possible early weight bearing. Total

knee arthroplasty in combination with simultaneous extra-articular osteotomy is technically

difficult but effective. This technique helps to preserve bone stock and ligament stability.

A single intervention leads to less recovery time, reduced risk to the patients by avoiding two

separate applications of anesthesia, and reduced costs. Based on the literature search, this is

the first report describing the detailed surgical technique of simultaneous femoral and tibial

osteotomies at the time of primary total knee arthroplasty associated with tibial tubercle

osteotomy, achieving a comprehensive correction.

Keywords: osteoarthritis, extra-articular deformity, total knee arthroplasty, femoral

osteotomy, tibial osteotomy

Introduction
Restoration of the mechanical axis of a lower extremity in patients with osteoarthritis

of the knee and an extra-articular deformity requires careful pre-operative planning.

A one-stage procedure, in which an extra-articular deformity is corrected during total

knee arthroplasty with intra-articular bone resections and soft tissue balancing, avoids

potential complications like nonunion, delayed union, infection, and fixation failure.1
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However, an extra-articular corrective osteotomy performed

in a staged fashion or simultaneously during total knee

arthroplasty should be considered if the line of planned

resection is adjacent to the collateral ligament origins on

the femoral epicondyles.2

There are few available reports of one-stage procedure

in which an extra-articular, either femoral or tibial, osteot-

omy was performed during total knee arthroplasty.1,3,4

However, a case of total knee arthroplasty with combined

femoral and tibial osteotomies has been reported in a post-

polio patient.5 In this study, we present a unique case of

simultaneous femoral and tibial osteotomies at the time of

primary total knee arthroplasty associated with tibial

tubercle osteotomy in a 45-year-old patient. The technique

makes fragment fixation more difficult; regardless, the

performed correction is more comprehensive than in

cases of femoral and tibial corrective osteotomies during

total knee arthroplasty reported in the literature. However,

after restoration of the mechanical axis and healing of all

osteotomies, a favorable clinical and radiological outcome

was achieved nonetheless.

Report of the case
A 45-year-old woman with a history of tarsal resection

performed to correct a congenital club foot deformity that

primarily affected the development of her right lower

extremity leading to lymphedema and leg length inequal-

ity. She underwent a left distal femur stapling epiphysiod-

esis at age 7; however, asymmetric physeal closure led to

bowing deformity in her left knee after removal of the

staples. At age 11 and 17, a valgus femoral osteotomy was

performed for genu varum and the patient did well for

approximately 25 years. However, symptoms of progres-

sive degenerative arthritis developed at age 45. She finally

attended our clinic with severe left knee tri-compartmental

osteoarthritis along with significant extra-articular femoral

and tibial deformity.

Further examination disclosed moderate valgus laxity

in flexion, but otherwise intact medial and lateral collateral

ligaments with certain endpoints. She had a decreased

range of knee joint flexion (5–85°); regardless, she was

able to actively extend and flex her knee against resistance,

and peripheral pulses were intact. Radiograph, CT scan,

and 3D-CT assessments revealed varus deformity in her

supracondylar femur as well as a valgus deformity in her

proximal tibial diaphysis and patella baja (Figure 1).

A long-standing anteroposterior radiograph confirmed

17° of varus femoral deformity and 14° of valgus tibial

deformity, with the mechanical axis passing just medial to

her tibial plateau (Figure 2). The patient was obese, with

a body mass index of 32 kg/m2. She did not suffer from

any other comorbid diseases, she did not smoke tobacco.

The surgery was performed without tourniquet inflation

through midline incision with a medial parapatellar

approach and with osteotomy of the tibial tubercle to

expose the knee. The deep medial collateral ligament was

dissected off the tibia; the superficial medial collateral liga-

ment, and lateral ligamentous structures were preserved.

Prior to the corrective osteotomies, the intra-articular bone

resections were made parallelly to the pre-existing joint

obliquity to prevent unnecessary bone loss. We used the

Columbus revision total knee system (Aesculap AG,

Tuttlingen, Germany).

Conventional navigation with only a short intramedul-

lary rod placed just anterior to the intercondylar notch was

used to perform a 9-mm distal femoral resection. Once the

distal femur cut was made parallel to the pre-existing joint

line obliquity, the extension gap first technique was con-

tinued by cutting the tibia. The extramedullary rod served

as an approximate guide showing the needed angle to

further correct the mechanical axis during the closing

wedge tibial osteotomy. To confirm the correction degree,

this intra-operative feedback was compared to pre-

operative planning. The extension gap was checked with

spreaders.

After drawing the rotational landmarks on the distal

femur, the sizing of the same was performed with anterior

referencing instruments and a femoral cutting block was

fixed parallel to the surgical epicondylar line. Before per-

forming the anterior, posterior and chamfer cuts, a control

of the proper rotational alignment and sizing of the 4-in-1

cutting block was made. After the femur resections were

completed, reamers were used to prepare the proximal tibia.

Next, the midline incision was extended distally; the closing

wedge osteotomy was made medially based at the apex of

the tibial deformity under C-arm guidance (Figure 3). The

tibial osteotomy was closed with contemporary bending of

the gracile fibula, and the tibial canal distal to the closing

wedge osteotomy was reamed. A stemmed trial was then

provisionally inserted to fix the osteotomy site. The femoral

osteotomy was approached through the midline incision.

After distal femoral reaming, a laterally based closing

wedge osteotomy was performed at the apex of the femoral

deformity under the guidance of a C-arm. The femoral

osteotomy was reduced, and the femoral canal proximal to

the closing wedge osteotomy was reamed, followed by
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stabilizing the femoral osteotomy site using the provisional

stemmed component. The flexion and extension gaps were

evaluated using the articular surface provisionals. The

patella was not resurfaced because of its gracility. The

stemmed tibial and femoral components were assembled

and tried prior to cement mixing. The tibia and femur

were then cemented at the joint surfaces only, allowing

a tapered fluted long stem to fix the osteotomy sites when

impacting the stemmed tibial and femoral component. After

wire fixation of the tibial tuberosity, local autologous bone

grafts were placed at the osteotomy sites, a drain was placed

and closure was routine.

Antibiotic prophylaxis lasted 24 hrs; low-molecular-

weight heparin was used to prevent thromboembolic disease

for 5 weeks after surgery. Post-operative physiotherapy

started at the first post-op day, partial weight-bearing was

allowed after 6 weeks.

At 5 years of operation, the patient required no support

and ambulated without pain. The pre-operative Hospital for

Special Surgery knee score improved from 44 points and

increased to final follow-up of 96 points. The pre-operative

knee range of motion of 80° increased to a final follow-up of

100°. All osteotomy sites were radiographically healed

(Figure 4); limb alignment (weight-bearing full-length

Figure 1 Preoperative 3D-CT.

Abbreviations: 3D-CT, three-dimensional computed tomography.
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X-ray measurements) was corrected from a combined 17° of

femoral varus and 14° of tibial valgus deformity pre-

operatively to 6° of femoral varus postoperatively.

The patient was asked if the data concerning her case

could be submitted for publication and she consented.

Discussion
Knee deformity may be caused by a variety of reasons.

Most deformities, such as severe varus or valgus osteoar-

thritis and posttraumatic degenerative disease, are caused

by intra-articular bone loss and are always corrected intra-

articularly. An extra-articular deformity can come from

various sources, including congenital diseases (osteogen-

esis imperfecta, skeletal dysplasia, etc.), fracture malu-

nion, metabolic diseases (rickets), and iatrogenic causes

(overcorrection or undercorrection during high tibial or

distal femoral osteotomies). Although extra-articular mala-

lignment may pose significant challenges during total knee

arthroplasty, the exact amount of deformity that can be

accepted is questionable.6,7 The magnitude of the defor-

mity, the distance from the knee, the location of the defor-

mity in the femur or tibia, and the direction of the

deformity (varus, valgus, flexion, extension, and rotation)

should be considered when choosing between intra- and

extra-articular corrections.4 Mechanical axis corrections

through a large intra-articular resection that jeopardize

the collateral ligaments should be avoided.5 A deformity

closer to the knee causes greater malalignment at the joint

line, whereas the deformities that are farther from the knee

require smaller intra-articular resections to correct the

mechanical axis.8 Large intra-articular resections, both

femoral or tibial, and lateral (in varus deformity) or medial

(in valgus deformity), affect the stability of the knee joint

in a different manner. The pre-operative analysis of the

patients presenting extra-articular deformity is invaluable

and should include long-standing radiographs from the

center of the femoral head to the center of the ankle.9

Bone deformities may be corrected inside the knee by

arthroplasty with intra-articular correction or outside of the

knee by osteotomy alone or by arthroplasty combined with

extra-articular corrective osteotomy. Promising results of total

knee arthroplasty in combination with intra-articular resection

and soft-tissue release have been reported in patients with knee

joint osteoarthritis associated with extra-articular deformity of

less than 20° in the coronal plane of the femur or tibia and up to

15° of recurvatum or 16° of pro-curvatum in the sagittal

plane.10 The approach of the axis correction through intra-

articular resection and soft tissue release has certainFigure 2 Preoperative full-length, weight-bearing lower extremity anteroposterior view.
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advantages, as it requires only a single surgery, allows standard

rehabilitation, and avoids potential osteotomy complications

such as delayed union, nonunion, infection or hardware

failure.2 However, intra-articular correction is not possible

without large soft-tissue release in cases of severe extra-

articular deformity. Regarding femoral deformity, a large

release can balance the knee in extension butwill, unavoidably,

cause laxity on the released side in flexion. This will cause

instability or internal rotational mal-positioning of the femoral

component using a balanced gap technique.11 The intra-

articular correction of a tibial deformity does not cause gap

problems and can be achieved by a larger release of the

collateral ligaments because it acts in both flexion and exten-

sion.Regardless, hinged-type prosthesis or constrained bearing

prosthesis may be required to stabilize the knee.11 However,

increasing component constraint can cause increased forces to

be transmitted to implant-bone interfaces, which may lead to

premature aseptic loosening.12

Whether to perform a corrective osteotomy and total knee

arthroplasty as a single-stage or as a two-stage procedure

remains a controversial topic.13 Careful evaluation of the

extent of osteoarthritis is important because mild to moderate

cases (Ahlbäck grade 2 and 3) can be treated by osteotomy

alone; therefore, a two-stage procedure may postpone the

need of a second procedure, especially in younger patients.14

On the other hand, single-stage surgery is an attractive option

since it revokes the need for a second anesthesia application

and operation, it is cost-effective, and requires less hospitali-

zation time. However, the available literature is limited to only

a few case series of either femoral or tibial deformitymanaged

by concomitant single osteotomy.3,7,15

Different osteotomy principles (opening wedge vs clos-

ing wedge) and fixation methods (stemmed revision prosthe-

sis, intramedullary nail, locking plates) have been recently

published.11,13,16 During total knee arthroplasty, the closing

wedge osteotomy is more stable than opening wedge

Figure 3 Intraoperative radiograph showing the intra-articular bone resections made parallelly to the preexisting joint obliquity (white arrows), osteotomized tibial tubercle

(gray arrows), and insertion of Kirschner wire in the area of the planned tibial osteotomy (black arrow).
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technique. The use of a tapered fluted long stem offers

several benefits over other fixation methods, such as blade

plates. These advantages include ease of application, rota-

tional control, and possible early weight bearing.5

Furthermore, delayed bone healing has been observed in

plate application during total knee arthroplasty because it

requires a larger incision and greater disruption of the soft

tissue envelope.16

Total knee arthroplasty in combination with simultaneous

extra-articular osteotomy is technically difficult but effective.

This technique helps to preserve bone stock and ligament

stability. A single intervention leads to less recovery time,

reduced risks to patients by avoiding two separate applications

of anesthesia, and reduced costs. However, performing

a corrective extra-articular osteotomy in addition to total knee

arthroplasty contributes to the complexity and risks of the

procedure.5,17 Therefore, the surgeon should be familiar with

the techniques involved in revision knee arthroplasty, which

should never be attempted without careful pre-operative plan-

ning. Ultimately, this decision should be based on the careful

evaluation of the individual case and consultation with the

patient concerning the risk versus benefit of each approach.
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Figure 4 Postoperative radiograph taken at 5-year follow-up. (A) Anteroposterior view and (B) lateral view.

Sponer and Kucera Dovepress

submit your manuscript | www.dovepress.com

DovePress
Therapeutics and Clinical Risk Management 2019:15602

http://www.dovepress.com
http://www.dovepress.com


Disclosure
Dr. Pavel Sponer and Dr. Tomas Kucera report a grant from

Charles University in Prague during the conduct of the study.

The authors report no other conflicts of interest in this work.

References
1. Xiao-Gang Z, Shahzad K, Li C. One-stage total knee arthroplasty

for patients with osteoarthritis of the knee and extra-articular
deformity. Int Orthop. 2012;36(12):2457–2463. doi:10.1007/
s00264-012-1695-2

2. Wang JW, Wang CJ. Total knee arthroplasty for arthritis of the knee
with extra-articular deformity. J Bone Joint Surg Am. 2002;84
(3):1769–1774.

3. Lonner JH, Siliski JM, Lotke PA. Simultaneous femoral osteotomy
and total knee arthroplasty for treatment of osteoarthritis associated
with severe extra-articular deformity. J Bone Joint Surg Am. 2000;82
(3):342–348.

4. Hungerford DS. Extra-articular deformity is always correctable
intra-articularly: to the contrary. Orthopedics. 2009;32(9).
doi:10.3928/01477447-20090728-23

5. Moyad TF, Estok D. Simultaneous femoral and tibial osteotomies
during total knee arthroplasty for severe extra-articular deformity.
J Knee Surg. 2009;22(1):21–26.

6. Koenig JH, Maheshwari AV, Ranawat AS, Ranawat CS. Extra-
articular deformity is always correctable intra-articularly: in
the affirmative. Orthopedics. 2009;32(9):676–678. doi:10.3928/
01477447-20090728-22

7. Radke S, Radke J. Total knee arthroplasty in combination with a one
staged tibial osteotomy: a technique for correction of gonarthrosis with
a severe (>15 degrees) tibial extra-articular deformity. J Arthroplasty.
2002;17(5):533–537.

8. Wolff AM, Hungerford DS, Pepe CL. The effect of extraarticular
varus and valgus deformity on total knee arthroplasty. Clin Orthop
Rel Res. 1991;271:35–51.

9. Scott RD, Schai PA. Tibial osteotomy coincident with long stem total knee
arthroplasty: a surgical technique. Am J Knee Surg. 2000;13(3):127–131.

10. Baldini A, Castellani L, Traverso F, Balatri A, Balato G,
Franceschini V. The difficult primary total knee arthroplasty.
Bone Joint J. 2015;97-B(10 Suppl A):30–39. doi:10.1302/0301-
620X.97B10.36920

11. Veltman ES, van Wensen RJA, Defoort KC, van Hellemondt GG,
Wymenga AB. Single-stage total knee arthroplasty and osteotomy as
treatment of secondary osteoarthritis with severe coronal deviation of
joint surface due to extra-articular deformity. Knee Surg Sports
Traumatol Arthrosc. 2017;25(9):2835–2840. doi:10.1007/s00167-
015-3889-9

12. Morgan H, Battista V, Leopold SS. Constraint in primary total knee
arthroplasty. J Am Acad Orthop Surg. 2005;13(8):515–524.

13. Hazratwala K, Matthews B, Wilkinson M, Barroso-Rosa S. Total
knee arthroplasty in patients with extra-articular deformity.
Arthroplast Today. 2016;2(1):26–36. doi:10.1016/j.artd.2015.11.002

14. Lustig S, Khiami F, Boyer P, et al. Post-traumatic knee osteoarthritis
treated by osteotomy only. Orthop Traumatol Surg Res. 2010;96
(8):856–860. doi:10.1016/j.otsr.2010.06.012

15. Madelaine A, Villa V, Yela C, et al. Results and complications of
single-stage total knee arthroplasty and high tibial osteotomy.
Int Orthop. 2014;38(10):2091–2098. doi:10.1007/s00264-014-2420-0

16. Fan JC, Kwok KB, Hung YW. Total knee arthroplasty in a knee
with triple deformity of femur-tibia-extensor mechanism. J Orthop
Surg (Hong Kong). 2018;26(1):2309499017718911. doi:10.1177/
2309499017718911

17. Ishida K, Tsumura N, Takayama K, et al. Thermal necrosis after
simultaneous tibial osteotomy and total knee arthroplasty using
press-fit extensit-stem. Knee Surg Sports Traumatol Arthrosc.
2011;19(1):112–114. doi:10.1007/s00167-010-1187-0

Therapeutics and Clinical Risk Management Dovepress
Publish your work in this journal
Therapeutics and Clinical Risk Management is an international, peer-
reviewed journal of clinical therapeutics and risk management, focusing
on concise rapid reporting of clinical studies in all therapeutic areas,
outcomes, safety, and programs for the effective, safe, and sustained
use of medicines. This journal is indexed on PubMed Central, CAS,

EMBase, Scopus and the Elsevier Bibliographic databases. The
manuscript management system is completely online and includes
a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: https://www.dovepress.com/therapeutics-and-clinical-risk-management-journal

Dovepress Sponer and Kucera

Therapeutics and Clinical Risk Management 2019:15 submit your manuscript | www.dovepress.com

DovePress
603

https://doi.org/10.1007/s00264-012-1695-2
https://doi.org/10.1007/s00264-012-1695-2
https://doi.org/10.3928/01477447-20090728-23
https://doi.org/10.3928/01477447-20090728-22
https://doi.org/10.3928/01477447-20090728-22
https://doi.org/10.1302/0301-620X.97B10.36920
https://doi.org/10.1302/0301-620X.97B10.36920
https://doi.org/10.1007/s00167-015-3889-9
https://doi.org/10.1007/s00167-015-3889-9
https://doi.org/10.1016/j.artd.2015.11.002
https://doi.org/10.1016/j.otsr.2010.06.012
https://doi.org/10.1007/s00264-014-2420-0
https://doi.org/10.1177/2309499017718911
https://doi.org/10.1177/2309499017718911
https://doi.org/10.1007/s00167-010-1187-0
http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

