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ARTICLE INFO ABSTRACT

Keywords: Background: This study aimed to evaluate the feasibility and clinical results of one stage total knee arthroplasty
Knee for patients with knee osteoarthritis with extra-articular femoral or tibial deformity, treated with intra-articular
Extrarticular deformity bone resections and soft tissue balance for deformity correction.
i:li:;iiw Methods: 28 patients (29 knees) with osteoarthritis of the knee associated with extra-articular deformity >10°
underwent one-stage total knee arthroplasty from 1997 to 2017. The deformity was corrected in all the patients
by mean off the intra-articular bone resections and soft tissue release during the knee arthroplasty. 14 of them
had tibial deformities, 15 had femoral deformities, and the etiology was post traumatic in 14 cases and post
osteotomy in 15. The Knee Society Score was used to evaluate the patient outcome.
Results: One-stage total knee arthroplasty with intra-articular correction of the limbs extra-articular deformity
and soft tissue releases to balance the knee in flexion and extension was performed in all the patients.
The average follow up was of 10.3 years. The average Knee Society Score was of 24.3 points preoperatively and
86 points at one year after surgery. The range of motion improved from 83.7° preoperatively to 107.1°
(86°-125°) postoperatively. The average mechanical axis deviation was restored from 11.8° preoperatively to
0.9° postoperatively, and the postoperative average anatomical axis was 6.3°. Two prosthesis were revised, one
due to deep infection and one because knee instability.
Conclusion: The correction of the extra-articular deformity by intra-articular bone resections performed at the
time of a total knee arthroplasty is indicated if the resections do not affect the femoral or tibial insertions of the
collateral ligaments of the knee, and is the treatment option to avoid performing an osteotomy to correct de limb
axis. This method can be applied to angular deformities up to 20° in the femur and up to 30° in the tibia. Through
this technique we have achieved good results, after more than 10 years of follow up, in 27 of the 29 patients
treated.
This is a retrospective level 2 study.

1. Introduction osteotomies, metabolic bone diseases, Paget’s disease or congenital
malformation, and can occur in the coronal, sagittal, axial planes, or

The long term results of a total knee arthroplasty (TKA) depends on combined.”

the correct prosthesis placement, the restitution of the mechanical axis
of the limb and the joint stability due to an appropriate balancing of the
soft tissue.?

A deformity is considered as extra-articular when is located proximal
to the femoral epicondyles or distal to the fibular neck.” In patients with
knee osteoarthritis associated with extra-articular deformity, a thorough
physical evaluation is mandatory, as well as the consideration of the
different surgical techniques available when planning a TKA.*

Femoral and tibial deformities can result from fractures malunions,

The discussion is open about the most appropriate surgical technique
to correct the limbs axis, and the most accepted options are to perform
an osteotomy at the deformity site or by mean of intra-articular bone
resections (IBR) during the TKA.”

The IBR will result in a secondary translational deformity.” However,
there is certain consensus about that if the femoral deformity exceeds
20° in the coronal or sagittal plane, or if the tibial deformity exceeds 30°,
the correction should not be performed only by means of IBR and soft
tissues release, since it may lead to a complex knee instability.”
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This study presents the level 2 retrospective analysis of a continuous
group of patients operated of TKA with knee osteoarthritis associated to
femoral or tibial extra-articular deformity >10°.

2. Methods

Between 1997 and 2017, 1197 TKA were operated at our institution,
29 of them (28 patients) associated to an extra-articular deformity > 10°
(2.4%).

The inclusion criteria was a TKA with an angular extra-articular
deformity greater than 10° in the middle or distal third of the femur
or in the middle or proximal third of the tibia, with a minimum follow up
of 3 years.

This series includes 19 women and 9 men, with an average age of
64.3 years (47-86 years). 16 patients were operated of the right knee.
The average follow up was of 10.3 years (3-19 years).

The causes of the deformity were: A- Malunion in 14 patients (48%):
Three of femoral shaft fractures, four of femoral supracondylar fractures,
three of the proximal third of the tibia and four of the tibial shaft; B-
Post-osteotomy in 14 patients: of the distal femur in eight patients
(28%), of the proximal tibia in six patients (24%). C- One patient with a

Journal of Orthopaedics 23 (2021) 219-224

terminal fibular Hemimelia and a sequel of a tibial lengthening
treatment.

We must point out that even if the majority of the valgus osteotomies
of the proximal tibia create an extra-articular deformity, only those
exceeding 10° have been included in this study.

The Knee Society Score®’ was used to perform a clinical and func-
tional evaluation.

3. Results

There were 16 varus knees (average of intra-articular deformity of
9.2°) and 13 valgus knees (average of intra-articular deformity 16.6°).
The extra-articular deformity was situated in the middle third of the
femur in three patients (10%), in the distal third of the femur in 12
(41%), in the proximal third of the tibia in 10 (35%) and in the middle
third of the tibia in 4 (14%).

Regarding the type of extra-articular deformity, all of the patients
had a coronal deformity: 13 in varus (average 13.8°), 15 in valgus
(average 12.4°) and one patient with a medial displacement of the distal
femoral segment of 3 cm. (Fig. 1). In six patients the deformity was also
in the sagittal plane, three in flexion and three in extension, with an

Fig. 1. A & B- A 79 year old man who suffered 27 years ago a bilateral femoral shaft fracture treated non operatively. Right femur with a medial displacement of 3
cm of the distal bone segment and 13° of recurvatum, and left femur with a valgus deformity of 12° and 9° of recurvatum. Note the bilateral obliteration of the
femoral canals precluding the use of long intramedullary guides. C & D- Bilateral non-simultaneous TKA, the left one 13 months after the right one.
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average of 19.7° and 8° respectively. No patients showed a rotational
deformity higher than 5°.

The prosthesis used where 21 PFC Sigma™ (Johnson & Johnson™,
Warsaw, Ind, USA), 14 with metal tibial trays and seven all poly, 4
Scorpio™ (Stryker™, Kennesaw, Ga, USA) and 4 Insall Burstein™
(Zimmer™, Warsaw, Ind, USA). The average number of previous sur-
geries was of 1.5 (0-3) and the time between the cause of the deformity
and the TKA was 13 years in average (10 months-44 years).

The pre-operative average Knee Society Score was 24.3 points
(10-46), and improves to 86 points (69-90) at one year after surgery.
The functional score rises from an average of 34 points pre-operative
(12-53) to 85.3 points (73-91) one year after surgery.

The post-operative average range of motion was 107.1° (86°-125°)
at the last control, with an average improvement of 23.3°. The me-
chanical axis average deviation was restored from 11.8° preoperatively
to 0.9° postoperatively, and the post-operative average anatomical axis
was 6.3°.

There were two mayor complications. One patient with femoral
osteomyelitis and poor soft tissue due to previous surgeries developed a
deep infection and was revised to a cement spacer with antibiotics.
Another patient with a 20° valgus deformity and a sequel of a distal
femoral varus osteotomy, developed 2 years after surgery, a medial knee
instability due to an insufficiency of the medial collateral ligament,
requiring the revision to a constrained prosthesis.

4. Discussion

When performing a TKA the objective is to restore the normal
anatomy of the limb by correcting the mechanical axis, to conserve as
much bone as possible, to preserve the collateral ligaments and the
extensor mechanism intact and to place the prosthesis in a correct po-
sition (and if is possible, using a non-constrained implant).®

TKA proper alignment is considered one of the key factors involved
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in the long-term results.” It is also important to optimize both the me-
chanical and shear stress of the bearing surfaces and the bone-prosthesis
interface. Furthermore, the correct alignment balances the loads trans-
mitted through the soft tissue envelope, wich is an important aspect of
the suitable functioning of the knee joint.

The surgeon’s aim during TKA is to achieve a optimal alignment of
the prosthesis components, restoring the knee joint alignment to be
within 3° of mechanical axis.” Failing to achieve these principles has
been linked with poorer prosthesis survivorship and worsens
outcomes. '’

Most of the extra-articular deformities can be corrected with IBR
associated with soft-tissue balance. Correct pre-operative clinical and
radiographical evaluation and appropriate surgical planning are
mandatory to define the adequate femoral and tibial bone resections and
to anticipate and avoid most of the complications related to the
arthroplasty. Post-operative TKA instability due to a iatrogenic injury of
the collateral ligaments during IBR is one of the most serious ones.'

Several additional aspects must also be evaluated including patients
age, clinical and surgical previous records, activity level and cause and
type of deformity, joint range of motion, stiffness and/or flexion
contracture, combined deformities, neuro-vascular status, previous
osteosynthesis and the quality of the muscles and other soft tissues.
Regarding the surgical approach, in order to prevent skin and soft tissue
necrosis, it is advisable to use one of the previous incisions.'?

It is important to understand the etiology of the deformity and its
location in order to evaluate its real incidence in the mechanical axis of
the limb.'*'* The nearer to the joint the deformity is, it will be more
difficult to correct the axis through IBR (Fig. 2). In the radiological
evaluation it is important that the weight bearing AP radiographs in-
cludes the femoral head and the ankle in standing position (Fig. 3). The
knee must be in extension and in neutral rotation. These images will
allow to evaluate the impact of the deformity in the limb axis, measure
the implant size and define the necessary IBR. It is advisable also to have

& ' D

Fig. 2. A & B- For the distal femoral cut planning, a line at 90° to the femoral mechanical axis is used: If the line passes below both epicondyles, the IBR should be
enough to correct the deformity. If the epicondyle ligament insertions are compromised, a correcting femoral osteotomy at the apex of the deformity is recomended.
C- For tibial planning, the tibial axis distal to the deformity is used. If the line passes inside the tibial plateaus, the correction can be made through IBR, without
compromising the knee stability. D- If it passes outside of the tibial plateaus, a correcting osteotomy is recomended.
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Fig. 3. A, B & C- 35 year old man, with terminal fibular Hemimelia of the left lower limb, homolateral knee osteoarthritis, previous femoral nailing and a 20° varus
and 28° sagittal antecurvatum tibial deformity, as a sequel of a lengthening treatment. D & E- Severe knee osteoarthritis, posterior tibial subluxation and Patella baja.
F & G- AP and lateral view of the TKA. An osteotomy of the tibial tuberosity was performed.

a conventional AP radiograph centered on the joint line.'*

The mechanical axis of the limb is outlined (from the center of the
femoral head to the center of the ankle), and should pass through the
center of the knee. In patients with a varus deformity (intra or extra
articular) the mechanical axis will pass medial to the center of the knee,
and if the deformity is in valgus, it will pass laterally (Fig. 4).

In order to evaluate the extra-articular deformity, the angle formed
by the axis of the shaft at both sides of the deformity is measured (Fig. 4).
Rotational deformities cannot be properly evaluated with radiographs,
so a CT scan is suggested.

In patients with a femoral varus extra-articular deformity, pre-
operative planning will show that a greater resection of the lateral
femoral condyle will be necessary, while in a valgus deformity, there
will be a greater medial condyle resection. Besides, tibial varus de-
formities will need a greater resection of the lateral tibial plateau, and
those in valgus, of the medial plateau.8 These resections, which generate
an asymmetrical gap (of extension in femoral deformities and of all the
range of motion in tibial deformities) produce a ligament disbalance
which must not be underestimated. To avoid joint instability the cor-
responding release of soft tissues in the concave side of the deformity
must be performed (Fig. 4).°
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The distal femoral bone resection must be planned at 90° of the
femoral mechanical axis. The correction of the extra-articular deformity
can be made through IBR of the condyles when the femoral distal cut line
respects the insertions of the collateral ligaments in both epicondyles
(Fig. 2 A & B).” Is important to keep in mind that, when performing IBR
win an femoral extra-articular deformity case, an asymmetrical exten-
sion gap is crated, which must be compensated through the soft tissue
release.’

The proximal tibial bone resection must be made at 90° to the axis of
the tibial shaft distal to the deformity (Fig. 2C & D).'! A difference is that
the tibial bone resection crates an asymmetrical gap in all the range of
motion of the knee, which makes these deformities easier to correct
through the proper soft tissue release.

Nevertheless, there is a lot of controversy about the severity of the
deformity in which the correction must be performed with an extra-
articular osteotomy.® In patients with multiplanar or complex de-
formities, this possibility is more evident.

Mann and col.® treated, through IBR and soft tissue releases, 11 pa-
tients with a femoral deformity with an average varus of 14° in the
coronal plane (5°-22°) and 12° in the sagittal plane (0°-23°), achieving
good results after 2 years of follow up.
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Fig. 4. A- The mechanical axis of the limb is outlined. B & C- Deformity measurement. D- Soft tissue release will be needed to compensate the asymmetric gaps.

Wang and col.'” reported 7 patients with tibial coronal deformity of
20° average in varus (12°-30°), treated through a large medial soft tis-
sues release and resecting a greater quantity of the lateral tibial plateau.
In all cases, posterior stabilized prosthesis were used.

The approach of correcting the axis through IBR and soft tissues
release shows certain advantages, as it requires only one surgery, it al-
lows a fast rehabilitation and avoids the possible complications of a
complementary osteotomy (nonunion, infection and hardware failure)
or of the ligament tightening proposed by Wolff.'® In our experience, the
ligament retightening is not a good option to achieve stability after any
TKA and least of all in these difficult cases.

Some authors consider that when the deformity exceeds 10° in the
tibial or femoral coronal plane, a complex knee instability must be
considered. Even if there is no consensus, most of the publications point
out that IBR is the first option in patients with femoral deformities in the
coronal and/or sagittal plane of up to 20°, and we agree. Regarding the
tibia, deformities up to 30° in the coronal plane can also be treated this
way.>® When the deformity exceeds such limits, the IBR can affect the
insertions of the collateral ligaments or generate an extension gap too
asymmetric and impossible to compensate through soft tissue release. In
these cases, an extra-articular osteotomy must be evaluated,” and even
the need of a constrained or hinged implant.”

When performing a TKA in a patient with an extra-articular tibial
deformity, the tibial cut should be parallel to the tibio-talar joint. If the
tibial deformity is too close to the ankle, it is advisable to correct this
before the knee replacement, as if this situation is severe, it can be very
badly tolerated.?! Therefore, the suggestion of Wolff'® to use, in patients
with tibial deformity, the mechanical axis of the tibia as a reference for
the cuts is not correct, as this does not correct the obliquity between the
articular lines after the TKA.?!

The weaknesses of this study are its short follow-up period and the
small number of patients considered.

5. Conclusion

Performing a TKA in patients with knee osteoarthritis associated to
an extra-articular deformity exceeding 10° is an uncommon situation
which must be thoroughly evaluated, considering that each patient has
its very own characteristics and challenges, therefore needing a partic-
ular approach by the surgeon. Careful planning is essential to avoid the
multiple possible complications and thus optimizing the outcome of the
TKA, even in the short term.

There are two ways to correct the deformity of the limb. In femoral
deformities up to 20° and in tibial ones up to 30°, IBR should be per-
formed associated to a proper soft tissue release. Otherwise, an osteot-
omy to correct the deformity is necessary.

223

References

=

Ettinger M, Calliess T, Howell SM. Does a positioning rod or a patient-specific guide
result in more natural femoral flexion in the concept of kinematically aligned total
knee arthroplasty? [Internet] Arch Orthop Trauma Surg; 2017 Jan 29 [cited 2019 Sep
25];137(1):105-10. Available from: http://link.springer.com/10.1007/s00402-0
16-2598-2.

Oussedik S, Abdel MP, Cross MB, Haddad FS. Alignment and fixation in total knee
arthroplasty: changing paradigms [Internet] Bone Joint Lett J; 2015 Oct [cited 2019
Sep 25];97-B(10 Suppl A):16-9. Available from: http://online.boneandjoint.org.uk/
doi/10.1302/0301-620X.97B10.36499.

Mann JW, Scuderi GR, Insall JN. Total knee replacement with associated extra-
articular angular deformity of the femur [Internet]. In: Surgical Techniques in Total
Knee Arthroplasty. New York: Springer-Verlag; 2002 [cited 2018 Sep 5]. pp. 635-9.
Available from: http://link.springer.com/10.1007/0-387-21714-2_86.

Krackow KA, Holtgrewe JL. Experience with a new technique for managing severely
overcorrected valgus high tibial osteotomy at total knee arthroplasty [Internet] Clin
Orthop Relat Res; 1990 Sep [cited 2018 Aug 30];(258):213-24. Available from: htt
p://www.ncbi.nlm.nih.gov/pubmed/2394048.

Veltman ES, van Wensen RJAA, 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 [Internet] Knee Surg Sports Traumatol Arthrosc; 2017 Sep [cited 2019 Sep
25];25(9):2835-40. Available from: http://www.ncbi.nlm.nih.gov/pubmed
/26658561.

Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society clinical rating
system. Clin Orthop Relat Res. 1989 Nov:13-14, 248.

Ewald FC. The Knee Society total knee arthroplasty roentgenographic evaluation and
scoring system. Clin Orthop Relat Res. 1989 Nov;(248):9-12.

Lonner JH, Siliski JM, Lotke PA. Simultaneous femoral osteotomy and total knee
arthroplasty for treatment of osteoarthritis associated with severe extra-articular
deformity [Internet] J Bone Joint Surg Am; 2000 Mar [cited 2018 Aug 30];82(3):
342-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/10724226.

Insall JN BRSMM LA. Total Knee Arthroplasty. Vol. vol. 92. p. 13-22.

Xiao-Gang Z, Shahzad K, Li C. One-stage total knee arthroplasty for patients with
osteoarthritis of the knee and extra-articular deformity [Internet] Int Orthop; 2012
Dec 7 [cited 2019 Sep 25];36(12):2457-63. Available from: http://www.ncbi.nlm.
nih.gov/pubmed/23132502.

Papadopoulos EC, Parvizi J, Lai CH, Lewallen DG. Total knee arthroplasty following
prior distal femoral fracture [Internet] Knee; 2002 Dec [cited 2018 Aug 301;9(4):
267-74. Available from: http://www.ncbi.nlm.nih.gov/pubmed/12424033.

Del Sel H, Pablo Vedoya S, Garabano G, Jorge Viale Gabriel Nazur G. Reemplazo
total de rodilla en gonartrosis asociada a deformidad extraarticular. Rev AAOT. 2013;
77:178-184.

Cameron HU, Welsh RP. Potential complications of total knee replacement following
tibial osteotomy [Internet] Orthop Rev; 1988 Jan [cited 2018 Aug 30];17(1):39-43.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/3174194.

Jeffery RS, Morris RW, Denham RA. Coronal alignment after total knee replacement
[Internet] J Bone Joint Surg Br; 1991 Sep [cited 2018 Aug 30];73(5):709-14.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/1894655.

Wang J-W, Wang C-J. Total knee arthroplasty for arthritis of the knee with extra-
articular deformity [Internet] J Bone Joint Surg Am; 2002 Oct [cited 2018 Aug 30];
84-A(10):1769-74. Available from: http://www.ncbi.nlm.nih.gov/pubmed
/12377906.

Wolff AM, Hungerford DS, Pepe CL. The effect of extraarticular varus and valgus
deformity on total knee arthroplasty [Internet] Clin Orthop Relat Res; 1991 Oct [cited

N

w

EN

w

o))

N

®

el

11

12

13

14

17

18


http://link.springer.com/10.1007/s00402-016-2598-2
http://link.springer.com/10.1007/s00402-016-2598-2
http://online.boneandjoint.org.uk/doi/10.1302/0301-620X.97B10.36499
http://online.boneandjoint.org.uk/doi/10.1302/0301-620X.97B10.36499
http://link.springer.com/10.1007/0-387-21714-2_86
http://www.ncbi.nlm.nih.gov/pubmed/2394048
http://www.ncbi.nlm.nih.gov/pubmed/2394048
http://www.ncbi.nlm.nih.gov/pubmed/26658561
http://www.ncbi.nlm.nih.gov/pubmed/26658561
http://refhub.elsevier.com/S0972-978X(21)00007-6/sref6
http://refhub.elsevier.com/S0972-978X(21)00007-6/sref6
http://refhub.elsevier.com/S0972-978X(21)00007-6/sref7
http://refhub.elsevier.com/S0972-978X(21)00007-6/sref7
http://www.ncbi.nlm.nih.gov/pubmed/10724226
http://www.ncbi.nlm.nih.gov/pubmed/23132502
http://www.ncbi.nlm.nih.gov/pubmed/23132502
http://www.ncbi.nlm.nih.gov/pubmed/12424033
http://refhub.elsevier.com/S0972-978X(21)00007-6/sref12
http://refhub.elsevier.com/S0972-978X(21)00007-6/sref12
http://refhub.elsevier.com/S0972-978X(21)00007-6/sref12
http://www.ncbi.nlm.nih.gov/pubmed/3174194
http://www.ncbi.nlm.nih.gov/pubmed/1894655
http://www.ncbi.nlm.nih.gov/pubmed/12377906
http://www.ncbi.nlm.nih.gov/pubmed/12377906

S.P. Vedoya and H. Sel Journal of Orthopaedics 23 (2021) 219-224

2018 Aug 30];(271):35-51. Available from: http://www.ncbi.nlm.nih.gov/pubme 21 Feng-Chen K, Kuo-Yao H, Yuan-Kun T, Ming-Chih C. Surgical planning and

d/1914313. procedures for difficult total knee arthroplasty [Internet] Orthopedics; 2009 Nov 9
20 Pour AE, Parvizi J, Slenker N, Purtill JJ, Sharkey PF. Rotating hinged total knee [cited 2018 Aug 30];32(11):810. Available from: http://www.ncbi.nlm.nih.gov/pub

replacement [Internet] J Bone Jt Surg; 2007 Aug [cited 2018 Aug 30];89(8):1735-41. med/19902898.

Available from: http://insights.ovid.com/crossref?an=00004623-200708

000-00010.

224


http://www.ncbi.nlm.nih.gov/pubmed/1914313
http://www.ncbi.nlm.nih.gov/pubmed/1914313
http://insights.ovid.com/crossref?an=00004623-200708000-00010
http://insights.ovid.com/crossref?an=00004623-200708000-00010
http://www.ncbi.nlm.nih.gov/pubmed/19902898
http://www.ncbi.nlm.nih.gov/pubmed/19902898

	Total knee arthroplasty and extra-articular deformity: Deformity correction with intra-articular bone resections. 10 years  ...
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusion
	References


