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Efficiency and safety of sliding osteotomy of the lateral femoral condyle in total
knee arthroplasty in patients with fixed valgus deformity (Krackow type IIl)
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Introduction This article is devoted to the problem of total knee arthroplasty in patients with severe valgus deformity (Krackow type
111). Methods We analyzed mid-term results of 12 total knee arthroplasties combined with sliding osteotomy of the lateral femoral
condyle and distalization of the lateral collateral ligament. Treatment results were measured with KSS and WOMAC scores. Results
We had excellent and good results in 11 cases but one was complicated with periprosthetic fracture of the femur. Discussion Up-to-
date, there are various techniques proposed for soft-tissue release in total knee arthroplasty. These techniques differ in the point of
release and the power of effect. However, an adequate balance is not always achievable in severe valgus deformity. Therefore,
implants providing enhanced frontal stabilization are required (CCK/VVC).
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INTRODUCTION

Deforming osteoarthritis of the knee joint
(gonarthrosis), in addition to persistent pain and
contracture, is usually accompanied by frontal
varus or valgus deformity [1]. Statistically, valgus
deformity at the level of the knee joint is much
less frequent than varus, and its frequency ranges
within 10 to 15 % in the general population of
patients undergoing total knee arthroplasty [2].

Valgus symptoms are mechanical axis deviation
of the limb, angled outwards from the center of the
knee joint, and an increased valgus angle between
the femur and tibia for more than 9° [3, 4]. In 5 to 30
% of patients with knee osteoarthritis deformans,
valgus is referred to Krackow type IlI: fixed deform-
ity accompanied by severe frontal instability. It pre-
sents difficulty for surgical correction during the
arthroplasty procedure [5, 6]. This involves consid-
erable destructive changes of the epiphyses of the
femur and tibia, lateral contraction of the "valgus"
knee capsule, ilio-tibial tract, lateral collateral liga-
ment, popliteal muscle and its tendons, and a combi-
nation of intra- and extra-articular components of the
anterior lower limb deformity [7].

Surgery in such patients can be associated with
significant difficulties. Along with adequate selec-
tion of implant component sizes, elimination of

contractures and proper tracking of the patella
during knee replacement surgery, one of the most
important conditions is to provide the proper bio-
mechanical axis of the lower limb and to form
isometric and symmetrical rectangular flexion and
extensor gaps [8].

A complex combination of pathological
changes in the "valgus knee" does not allow a
clear soft-tissue release algorithm which is appli-
cable for osteoarthritis with varus limb deformity.
The above changes, inherent to the "valgus knee",
can make successful arthroplasty difficult to
achieve [9]. Only an adequate filing of the bone
epiphyses forming the knee joint is not enough to
recreate the correct biomechanical axis of the
limb. It is also necessary to perform soft-tissue
release of the contracted lateral compartment of
the knee joint. Therefore, the higher is the degree
of rigidity of the lateral department and frontal
instability, the more difficult it is to achieve ade-
quate balancing of the knee joint and the more
likely is the use of the implant stabilized in the
frontal plane or constrained prosthesis [10]. In this
case, an extensive soft tissue release may also be
ineffective and result in the implantation of
CCK/VVC prosthesis [11].
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The extra-articular valgus deformity compo-
nent also contributes to this situations and has to
be corrected using bone sawlines to increase the
trapezoidal flexion/extension gaps. The presence
of a constitutional varus deformity of the diaphy-
sis or valgus deformity of the distal femur and
valgus deformity of the proximal tibia that aggra-
vate the existing valgus deformity of the limb at
the level of the knee joint leads to the condition in
which it is necessary to carry out an extended re-
lease even if the soft tissue stabilizers are not con-
tracted. It may cause a complete frontal destabili-
zation of the knee joint [12].

An alternative to the use of constrained im-
plants and extensive "extreme soft tissues release"
to correct valgus deformity of type Il according
to Krackow is a sliding osteotomy of the lateral
femoral condyle with distalization of the attach-
ment site of the lateral collateral ligament and the
tendon of the popliteal muscle.

The following hypothesis was put forward in im-
plementation of this study: since the fixed valgus
deformity of type Il according to Krackow has an
extra-articular component, its correction due to ex-

tensive release of soft tissues can fail as it has no
effect on the pathogenetic focus of the deformity. In
this regard, after stages | and Il of the soft tissue re-
lease and leaving the lateral collateral ligament and
the tendon of the popliteal muscle intact, a sliding
osteotomy of the lateral femoral condyle with trans-
position of the fixation point of the lateral stabilizers
was performed. This manipulation, according to the
hypothesis of the study, was to provide a balance of
the flexion/extension gaps of the knee joint by
changing the length of the lateral collateral ligament
and the popliteal tendon to a precise amount in the
absence of an extended soft tissue release. This ap-
proach, in our opinion, was to make an operation of
knee arthroplasty in a fixed valgus deformity of type
111 according to Krackow more predictable.

Purpose To study the efficacy (reconstruction
of the neutral limb axis, formation of symmetric
flexion/extension gaps, restoration of adequate
patellar tracking) of the proposed correction pro-
cedure for fixed valgus deformity of Krackow
type 111 in knee replacement and to follow up the
recovery level of patients’ functional activity in
the postoperative period.

MATERIAL AND METHODS

This prospective study included 10 patients
with deforming osteoarthritis and valgus deformi-
ty of the knee joint of type Ill according to
Krackow who underwent 12 arthroplasty opera-
tions combined with a sliding osteotomy of the
lateral femoral condyle and a transposition of the
fixation point of the lateral ligamentous structures
in the period from 2011 to 2015.

Nine were women and one was male. The
mean age of patients was 66.2 + 11.5 years. Seven
(70 %) patients suffered from rheumatoid arthritis,
and three (30 %) had idiopathic osteoarthritis.

Before surgery, the mean intra-articular valgus
deformity was 24.8 £ 2.7° (minimum — 20°, max-
imum - 299). The average knee joint function on
the KSS scale was 15.5 + 8.9, KSS function was
21.4 £ 125, and WOMAC score was 35.2 + 8.2
points. Statistical analysis of the data was carried
out with the determination of the standard devia-
tion of the parameters studied.

In all the ases, valgus deformity of the knee
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joint was fixed associated with pronounced frontal
instability and the extra-articular component (con-
stitutional varus deformity of the femur, valgus
deformity of the proximal tibia or a combination
of both) and was referred to Krackow type IlI.

In all 12 arthroplasties, a sliding osteotomy of
the lateral condyle of the femur was performed to
eliminate the knee joint imbalance followed by
bringing the slid fragment down and its fixation
with screws. Thanks to this, an adequate balance
was achieved intraoperatively and allowed im-
plantation of a partially constrained prosthesis
with replacement of the posterior cruciate liga-
ment in all our patients.

Statistical processing of data was carried out
using the STATISTICA software program. Most
of the data studied did not correlate with the nor-
mal distribution, so we used nonparametric statis-
tics for processing, in particular the Mann-
Whitney-Wilcoxon test and the Kruskal-Wallis
criterion.
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PREOPERATIVE PLANNING AND KNEE ARTHROPLASTY TECHNIQUE WITH A SLIDING OSTEOTOMY OF THE LATERAL
FEMORAL CONDYLE

Clinical examination of the knee joint

The locomotion function, the degree of lower
limb deformity at the level of the knee joint in the
frontal and sagittal planes, the amount of passive and
active movements in the knee joint, the degree of
frontal and sagittal instability, the presence of con-
tracture of the knee joint (flexion, extension, com-
bined) were examined. When assessing the condi-
tion of the knee joint, attention was paid to the pos-
sibility of passive correction of the anterior deformi-
ty in the knee joint (how much lateral ligamentous
complex was rigid and to what extent is the medial
one was hypermobile). If the valgus deformity was
easily corrected, the intra-operative balance of the
knee joint was easily achievable. Presence of a fixed
valgus deformity was a sign of the need for intra-
operative use of extended release elements or the use
of prostheses stabilized in the frontal plane.

Radiographic study of patients

The patients under the study underwent radiog-
raphy of the knee joint in 2 projections, the radio-
graph of the knee joint under stress, and the tele-
metric radiography of both lower extremities. De-
forming arthrosis grade, the nature of destructive
changes, the type of frontal deformity and its se-
verity were assessed.

In the anteroposterior (AP) radiographs of the
lower limbs, the planned distal femoral bone and
the proximal tibia saw lines as well as an expected
trapezoidity of the knee joint were assessed. The
reference angles and lines of the lower limb bones
and the degree of their deviation from normal val-
ues were evaluated. In the study group of patients,
eight patients had constitutional varus deformity
and valgus deformity of the distal femur. Four
individuals had a combination of valgus deformity
of the distal femur and of the proximal tibia. In all
the patients studied, the extra-articular deformities
of the femur and tibia were no more than 7°.
Therefore, none of the patients had a situation that
would require corrective osteotomy of the bones
forming the knee joint before arthroplasty. In the
course of preoperative planning, the correctness of
the distal femur saw line was assessed. In all the
cases, the saw line did not go beyond the attach-
ment points of the collateral ligaments, which
served as a marker for the possibility to imple-

316

ment arthroplasty without any intervention to cor-
rect the limb axis.

The intramedullary guider insertion point was
planned for adequate positioning of the femoral
resection block. Due to a high probability of using
constrained designs during arthroplasty, preopera-
tive planning was performed taking into account
the possibility of performing this option (the pos-
sibility of using intramedullary extension stems,
the need for using metal blocks, etc.).

Surgical technique

An anterolateral approach was used according
to the technique proposed by Keblish [13]. By-
passing the patella from the lateral side and form-
ing a non-free fat flap from the Hoff's body, ar-
throtomy of the knee joint followed (Fig. 1).

Thereby, the fat flap pedicle remained fixed to
the anterolateral part of the joint capsule not to
disturb the blood supply to the flap (due to the
preservation of one of the branches of the poplite-
al artery - the lateral inferior artery) [14] (Fig. 2).

Fig. 1 Lateral ap-
proach by Keblish.
Dotted line is ar-
throtomy line

Fig. 2 Formation of a non-
free fat flap

Next, along the surgical approach, a subperios-
teal detachment of the ilio-tibial tract from the
Gerdy tubiculum and an intersection of the ilio-
tibial tract at the level of the joint gap, and the
section of the posterolateral part of the joint cap-
sule between the tendon of the popliteal muscle
and the lateral collateral ligament were performed.
When performing a lateral soft-tissue release, the
lateral collateral ligament and the tendon of the
popliteal muscle were left intact.

Original Article



The llizarov Journal of Clinical and Experimental Orthopaedics Tom 23, No 3, 2017

Once the standard distal femur and the proxi-
mal tibia sawing (measured resection with an ex-
tramedullary technique), the parameters of the
extensor gap were evaluated using a tensor
(Fig. 3).

In all the cases, a trapezoidal shape of the ex-
tension space was observed in patients with val-
gus deformation of type Il (large space was on
the medial side of the joint). Imbalance by its ten-
siometric evaluation was from 9 to 12 mm in the
studied group of patients (Fig. 4).

In accordance with our concept proposed, the
imbalance revealed intra-operatively on the basis
of tensiometric measurements confirmed the ne-
cessity of correcting the dimensions of the exten-
sion gap with the use of a sliding osteotomy of the
lateral condyle of the femur (Fig. 5).

Next, to correct the extension gap, an osteoto-
my of the femoral epicondyle of the femur was
performed with a bone fragment formed not less
than 1.5 cm wide. The osteotomy line should pass
outside the lateral cortical layer of the femoral
diaphysis. The osteotomized epicondyle with
fixed lateral ligamentous structures was displaced
distally to the amount of the measured tensi-
ometric imbalance. The bone fragment was fixed
with two 6.5-mm screws and then the distal part
of the bone fragment protruded was resected
(Fig. 6).

The length of the screws was selected in such a
way that their end part reached the cortex of the

medial condyle of the femur. After the bone frag-
ment was fixed, the rectangular shape of the ex-
tension gap and its isotonicity was checked using
the tensor (Fig. 7).

Since it is impossible to determine the degree
of external rotation of the femoral component by
the anatomical marks after the sliding osteotomy
of the femoral condyle due to the change in the
trans-epicondylar line, the parameters of the flex-
ion gap and its correction were determined by the
character and the magnitude of the correct rotation
of the femoral component with the help of a ten-
sor. Then, the final stages of distal femur resection
(anterior, posterior and oblique resections), prepa-
ration of the femur notch for the rear stabilizer,
and a final preparation of the bone bed for the tib-
ial component were performed.

Having checked the correctness of the
achieved balance of the extension and flexion
spaces, a trial fitting of the prosthesis was per-
formed: the size of the tibial liner, the axis of the
limb, the volume of movements in the knee joint,
and the tracking of the patella were assessed. Hav-
ing verified the satisfactory position of the im-
plant components and achieving the required bal-
ance of the knee during the trial assembly, the im-
plant components in the femoral and tibial bones
were finally fixed using a single package of bone
cement (40 g). The joint was washed with solu-
tions of an antiseptic and the wound was sutured
layer-by-layer (Fig. 8).

Fig. 3 Tensor for evaluating the
symmetry of the knee joint flexion
and extension spaces

Fig. 4 Trapezoidal extension
space; completed components of omy
the initial soft tissue release did

Fig. 5 Layout of a planned osteot-

not allow for balancing the knee

joint
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Fig. 6 Bone fragment sliding and fixation
with screws

Postoperative management of this group of pa-
tients did not differ from the rehabilitation program
after the standard primary arthroplasty. External
immobilization was not applied. Patients began to
walk with crutches from the first day after the opera-
tion and developed the movements in the operated
knee joint. All patients used compression elastic
knitwear on both lower extremities in the early post-
operative period, received anticoagulant therapy ac-
cording to generally accepted patterns.

Clinical case Patient S., 73 years old, was admit-
ted to department 7 of the Vreden RRITO of the
Ministry of Health of Russia with the diagnosis:
right-side idiopathic gonarthrosis in grade Ill, valgus
deformity, flexion-extension contracture of the right
knee joint (Fig. 9). The patient was examined on
admission. It was revealed that the frontal deformity
at the level of the knee joint was 30°, fixed Il type
according to Krackow (Fig. 10). Seven days later,
the patient underwent total cemented artroplasty of
the right knee and replacement of the posterior cru-
ciate ligament (Fig. 11 and Fig. 15). During the op-
eration, a sliding osteotomy of the lateral condyle of
the femur with a distalization of the fixation point of
the lateral collateral ligament and the tendon of the
popliteal muscle was performed to correct deformity
and for balancing the knee joint. In the postoperative
period, the patient was rehabilitated, trained to walk
with crutches. The postoperative wound healed by
primary tension. The patient continued walking with
crutches for 4 weeks after the operation. She used a

Fig. 7 Rectangular extension gap of
the knee joint formed
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Fig. 8 Defect of the
knee joint capsule is
covered with a fat flap

cane the next 4 weeks and later started to walk with-
out additional supports (Fig. 12).

Radiographic examination revealed varus de-
formity at the level of the femoral diaphysis and
valgus deformity of the distal femoral third (LDFA
(lateral distal femoral angle) 75°) (Fig. 13). The
reference angles and tibial lines did not go beyond
the normal range, although the presence of a deep
defect in the lateral condyle of the tibia and a pro-
nounced lateral osteophyte did not allow an abso-
lutely reliable assessment of the correctness of the
MPTA (medial proximal tibial angle).

IM valgus correction angle (IM angle) is the
intramedullary angle of the valgus femoral deflec-
tion which varies from 2° to 9-12° in the popula-
tion, was 9° in the presented X-ray (Fig. 14) [15].
This circumstance could make it difficult to per-
form total arthroplasty without prior radiographic
planning by teleradiography because many ortho-
paedists routinely use the angle of valgus deflec-
tion 6° in the intramedullary guider for the orien-
tation the distal resection unit.

The neutral axis of the limb was restored.

One year after the operation, the patient was fol-
lowed-up and clinically examined. She walks with-
out additional support, does not limp. The axis of the
right lower limb is correct visually, the range of mo-
tion in the knee joint: extension/flexion 0°/0°/110°
(Fig. 15). The KSS score was 86, KSS function
scored 82, and the WOMAC score was 90 points
(Www.orthopaedicscore.com).
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Fig. 9 AP and lateral radiographs of the right knee joint prior
to surgery

Fig. 11 AP and lateral radiographs of the right knee Fig. 12 Patient’s photos after surgery
joint after surgery

Fig. 13 Telemetric image of the Fig. 14 X-rays of the patient Fig. 15 Telemetric image of the
lower limbs taken before surgery showing the planned level of re- lower limbs after surgery
section in the femur and tibia
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RESULTS

All 10 patients who took part in the study under-
went implantation of posterior stabilized prostheses
of one and the same manufacturer, cemented fixa-
tion, with a fixed polyethylene insert. Implantation
of stabilized in the frontal plane or fully constrained
oprosthesis was not needed. The treatment results
were evaluated 12 months after the intervention. The
average of knee joint function KSS score was 82.3 +
6.4, KSS function was 74.5 + 16.4, and the WOM-
AC score was 85.4 +10.1 points (Fig. 16). Eight
surgical interventions (64 %) showed excellent func-
tional results, good were 4 (36 %). There were no
fair or poor outcomes.

In our series of observations after these opera-
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tions, complication happened in one case (8.3 %).
On the 5th day after the operation, a periprosthetic
metadiaphyseal fracture of the femur (type 2 accord-
ing to the Lewis and Rorabeck classification) oc-
curred in one of the patients and femur osteosynthe-
sis was performed with a locking intramedullary nail
[2]. Fracture of the femur was associated with the
patient's fall on the operated limb. The fracture of
the femur was not associated with the migration of
the osteotomized epicondyle of the femur.

We did not observe migration of fixation
screws in the group of examined patients within
the estimated follow-up control. We also did not
perform their removal in the postoperative period.

m Before surgery

After surgery

WOMAC

KSS prior to — 15.5, after surgery — 82.3;
WOMAC prior to — 35.2, after surgery — 85.4
(www.orthopaedicscore.com)

Fig. 16 Functional results of the operated limb in patients with a sliding osteotomy of the lateral femoral condyle evaluated

before the operation and 12 months after arthroplasty

DISCUSSION

Soft tissue release is of the utmost importance by
performing arthroplasty of the knee joint in the pa-
tients with fixed valgus deformity. At the moment,
there are many options for its implementation that
differ in the sequence and extent of soft tissues ex-
posure. However, it is impossible to single out the
only universal technique used that has shown its un-
doubted effectiveness and safety [6, 8, 16].

Krackow and Mihalko conducted an anatomical
study on the evaluation of changes in the flexion and
extension spaces after the release of stabilizing soft
tissue formations in the lateral compartment. The au-
thors found that the early release of the lateral collat-
eral ligament provides a more uniform change in the
flexion and extension gaps. In their opinion, with se-
vere valgus deformity, the release of the lateral collat-
eral ligament should be performed first of all, and of
the tendon of the popliteal muscle and the ilo-tibial
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tract should go after it [17]. In view of this fact, the
benefits of the release of the lateral collateral ligament
are the elimination of a fixed valgus deformity by
lengthening the lateral collateral ligament to an exact-
ly required amount. It allows the precise control of the
change in the flexion and extension space. The most
effective way is a sliding osteotomy of the lateral
condyle of the femur with transposition and distaliza-
tion of the fixation site of the lateral collateral liga-
ment and the tendon of the popliteal muscle.

This manipulation provides a good functional re-
sult in arthroplasty performed in patients with severe
valgus deformity of the knee joint. Hadjicostas and
Soucacos evaluated the results of 15 knee joint ar-
throplasties with computer navigation and a sliding
osteotomy of the lateral condyle. The researchers
used posteriorly stabilized cemented fixation im-
plants with a fixed platform in all their cases and
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achieved the following results: mean KSS scores
increased from 37 to 90 points after surgery. Sliding
osteotomy of the lateral femoral condyle resulted in
the neutral limb axis in all the patients and the stabil-
ity of the joint was preserved by flexion and exten-
sion. There were no recorded cases of patellar dislo-
cation or peroneal nerve injury [18].

Mullaji and co-authors also used computer
navigation while performing sliding osteotomy of
the lateral condyle of the femur. This technology
allowed them to exclude the implementation of an
extensive soft tissues release in the lateral joint
compartment and at the same time achieve similar
results [19]. In our study, a tensiometric technique
was used to assess the symmetry of the flexion
and extension spaces. It enabled to achieve a good
balance of the knee joint with the precision not
inferior to computer navigation.

In the opinion of several authors, the results of
arthroplasty with the implementation of sliding oste-
otomy of the lateral condyle of the femur do not
fundamentally differ from the results of primary
knee joint arthroplasty without it [11]. This coin-
cides with the data obtained by us. In the group of
patients studied, the KSS score increased from 15.5
to 82.3 and the KSS function score from 21.4 to 74.5
points after arthroplasty combined with the sliding
osteotomy of the lateral condyle of the femur.

According to some authors, the sliding osteot-
omy of the lateral condyle of the femur can be
associated with a number of complications, and
namely, with a possible nonunion in the zone of
osteotomy. To prevent this, great attention should
be paid to achieving the absolute stability with

gualitative internal fixation. Thus, Brillhaut rec-
ommends the use of a bone plate to fix the bone
fragment to prevent such a complication [20].

In the patients operated by us, there were no cas-
es of the lateral condyle nonunion, but there was one
case of periprosthetic fracture of the femur.

In conclusion, | would like to note that the slid-
ing osteotomy technique is easy to reproduce, al-
lows avoiding the implantation of a constrained
implant and reduces the expenditures for patient
treatment. Moreover, it is a highly effective means
of correcting valgus deformity. However, there
are not so many works at the moment that high-
light the effectiveness and safety of this proce-
dure, as well as there is no generally accepted
technique for its implementation.

It is possible that the reason for the rare appli-
cation of the procedure described is a relatively
low occurrence of this knee joint pathology. Thus,
according to Vreden RRITO register, 1437 knee
joint arthroplasties were performed in patients
with valgus deformity during the recent 5-year
period. Implantation of constrained implants of
CCK/\VVC type was performed in 114 cases
(7.933 %). Sliding osteotomy of the lateral con-
dyle with transposition of the fixation point of the
lateral collateral ligament during the procedure of
knee joint arthroplasty was required in only 12
cases. Therefore, there is absence of conventional
indications and a limited use of sliding osteotomy
as a highly effective method for achieving balance
in total knee arthroplasty in patients with fixed
valgus deformity. There is no convincing evi-
dence of this manipulation safety.

CONCLUSIONS

Sliding osteotomy of the lateral femoral con-
dyle performed to distalize the attachment point of
the lateral collateral ligament and the popliteal
tendon during knee joint arthroplasty due to oste-
oarthritis with a pronounced fixed valgus deformi-

ty of type Il according to the Krakow classifica-
tion allows balancing the joint and achieving good
and excellent functional results using a standard
knee arthroplasty protocol. However, the safety of
this procedure requires further study.
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