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Abstract

Background: Valgus deformity (more than 10° valgus on anatomical measurement) is seen in about 10% of patients undergoing
total knee arthroplasty (TKA). Valgus deformity is a challenge for the surgeons both for gap balancing and constraint choice.
Objectives: The aim of this study was to describe a surgical technique to perform TKA in valgus knee.
Patients and Methods: We retrospectively reviewed 32 primary TKA in 27 patients (25 females and 2 males), with valgus knee defor-
mity performed since 2006 to 2014. All procedures have been done by the senior author. In the balancing stage of each procedure,
the iliotibial band has been released completely in the first step, and then step by step pie crusting of other lateral structures has
been done as needed. Preoperative and postoperative data were obtained retrospectively through chart review and review of radio-
graphs. All patients were clinically examined by the senior author. Preoperative and postoperative knee society scores (KSSs) and
functional knee society score (functional KSS) were obtained accordingly.
Results: The patients had an average age of 68 years (range, 52 - 83 years) with an average postoperative follow-up period of 47.5
months (range, 12 - 100 months). The average KSS improved significantly postoperatively from 42 (range, 20 - 69) to 90 (range, 67 -
99) (P < 0.0001). The average functional KSS improved significantly (P < 0.0001) from 51.4 (range, 35 - 70) to 85.5 (range, 45 - 100)
during follow-up. An average preoperative range of motion also improved by 15.6 degrees during the last follow-up visit (P < 0.001).
We had no complication in our patients.
Conclusions: The results of our study show that complete release of the iliotibial band and step by step pie-crusting of other lateral
structures correct valgus deformities in a safe and simple manner with high success rate and less constrained prosthesis.
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1. Background

Valgus deformity (more than 10° valgus on anatomical
measurement) is seen in about 10% of patients undergo-
ing total knee arthroplasty (TKA) (1). This deformity can be
congenital or secondary to osteoarthritis, posttraumatic
arthritis, rheumatic diseases or an overcorrection in a val-
gus osteotomy (2).

One of the primary goals of TKA is a stable and well-
aligned joint, which is important for satisfactory long-
term clinical results and implant survivorship (3, 4). This
goal is achieved by accurate implant positioning and soft
tissue balancing (5-8). Excessive preoperative deformity
predispose to higher risk of unsatisfied results in compar-
ison with less deformed knees particularly if the aim is to
correct the deformity with soft tissue balancing to use the
least amount of constraint (2).

Valgus deformity has two major components, bony
structures and soft tissue. Bony changes are lateral carti-
lage erosion, lateral condylar hypoplasia and metaphysical
femur and tibia remodeling. Soft tissue change is primar-
ily from tightening of lateral structures such as iliotibial

band (ITB), lateral collateral ligament (LCL), popliteus ten-
don, posterolateral capsule (PLC), hamstring tendons and
the lateral head of the gastrocnemius (LHG) (9).

Three types of valgus deformity have been described.
Type1: Less than 10° mechanical valgus, passively cor-
rectable with contraction of lateral structures without
elongation of medial collateral ligament (MCL). Type 2: Me-
chanical valgus between 10° to 20° with contracted lateral
structures and elongated but functional MCL. Type3: More
than 20° mechanical valgus deformity with tight lateral
structures and nonfunctional MCL (2).

For these reasons, valgus deformity is a challenge for
the surgeons both for gap balancing and constraint choice.

2. Objectives

The aim of this study was to describe a surgical tech-
nique to perform TKA in valgus knee and evaluate the re-
sults of this surgical technique.
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3. Patients and Methods

After ethic committee’s approval, we retrospectively re-
viewed documents of 1070 patients who have had TKA per-
formed by the senior author since 2006 to 2014.

We included all patients with valgus deformity in the
study and called them to visit and exam the knee and the
KSS and functional KSS forms were completed for them. We
excluded revision knee surgeries.

Finally, 32 primary TKA in 27 patients (5 patients had
bilateral surgery) had found. Twenty-five patients were fe-
male and 2 were male).

The patients with a preoperative knee valgus angle of <
= 10 degrees were labeled as a group A, while the patients
with valgus values larger than 10 degrees were labeled as a
group B. (In the other words, patients with type 2 and type
3 valgus deformity labeled as a group B.)

Measurement of preoperative valgus angles was car-
ried on using long standing weight bearing 3-joint X-rays
and the preoperative and postoperative knee joint range
of motion (ROM) was measured clinically with the senior
surgeon.

All surgical procedures were done using a straight skin
incision and medial parapatellar approach by the senior
author. The distal femur cut was referenced off an in-
tramedullary guide in the femur. Valgus cut was deter-
mined on the basis of the angle between femoral mechani-
cal and anatomical axis in the weight bearing 3-joint X-rays.
The articular surface of the tibia was resected perpendic-
ular to the anatomic axis using an extramedullary guide.
A lateral release was used in 82% of the cases. It was done
when the lateral structures were tight in extension and/or
in flexion and the gap configuration was trapezoid. Lateral
release started with complete release of ITB in the level of
tibia, if lateral tightness remained; first posterior femur
cut with rotation on the basis of trans-epicondylar axis
was done and then posterior osteophytes were removed.
Extension gap was checked again and if the gap is trape-
zoid pie-crusting of contracted lateral structures (PLC, LCL
and popliteus tendon) was done step by step till the rect-
angular space achieved. Six knees need no lateral release.
Nine knees balanced with ITB release alone. Twelve knees
need ITB release and PLC pie-crusting. One knee needs PLC
and LCL pie-crusting in addition to ITB release. Two knees
need PLC and LCL and popliteus tendon pie-crusting in ad-
dition to ITB release. Two knees need PLC and popliteus ten-
don pie-crusting in addition to ITB release. After balanc-
ing of soft tissue, in all but four cases nonconstrained PS
prosthesis applied. In two cases, the condylar constrained
knee (CCK) prosthesis applied because of unbalanced me-
dial/lateral sides (Figure 1) and also in two other cases be-
cause of mismatch in flexion/extension gap. Three of this

four had type 3 valgus deformities and one had type 2 val-
gus deformity. Also, in two knees with type 3 deformity PS
prosthesis applied. All procedures that need PS prosthesis
were done with Nex-Gen prosthesis (Zimmer, USA).

Preoperative and postoperative data were obtained ret-
rospectively through chart review and review of radio-
graphs. All patients were clinically examined by the senior
author. Knee society scores (KSS) and functional knee soci-
ety score (functional KSS) (10) were obtained accordingly.

Statistical analysis of the preoperative and postopera-
tive data was performed using the SPSS Statistics software
version 17.0 (SPSS Inc., Chicago, USA). The significance level
was defined as P value of less than 0.05. The Mean values of
preoperative and postoperative data were compared using
the paired sample t-test for all cases. The mean values of
variables were compared using the independent samples
t-test between the groups A and B. The variables were cor-
related using the Pearson’s correlation.

4. Results

We had 32 TKA in 27 patients. Twenty-five patients were
female and 2 were male. The patients had an average age
of 68 years (SD: 7.8) with an average postoperative follow-
up period of 47.5 months (range, 12 - 100). The prevalence
of valgus deformity was about 3% of all TKA performed
in this time period by the senior author. The preopera-
tive diagnoses were osteoarthritis in 23 patients, rheuma-
toid arthritis in three patients, and previous high tibia os-
teotomy (HTO) in one patient. The average preoperative
mechanical valgus angle on weight bearing films was 13°
(SD: 8.4) (Table 1).

The average KSS improved significantly postopera-
tively from 42 (range, 20 - 69) to 90 (range, 67 - 99) (Table 2,
P < 0.0001) with 29 (91%), 2 (6%) and 1 (3%) knees having ex-
cellent, good and fair results during the last follow-up visit,
respectively.

The average functional KSS improved significantly (P <
0.0001) from 51.4 (range, 35 - 70) to 85.5 (range, 45 - 100) dur-
ing follow-up (Table 2); with 26 (82%), 4 (12%), 1 (3%) and 1 (3%)
knees having excellent, good, fair and poor results in the
last visit, respectively.

Moreover, an average preoperative ROM improved by
15.6 degrees during the follow-up (Table 2, P < 0.001).

The average preoperative alignment on AP weight bear-
ing radiographs was 13° valgus (range, 2° - 34°) reaching
4.5° anatomic valgus angle (range, 0° - 10°) during follow-
up.

The preoperative valgus angle had a moderate inverse
correlation with postoperative ROM (r = -0.432, P < 0.05).
The knee society score change had a strong inverse corre-
lation with preoperative KSS (r = -0.871, P < 0.0001). None
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Figure 1. Preoperative and Postoperative X-ray of a Patient With Type 3 Valgus Deformity

Table 1. Baseline Characteristics of the Subjects

Mean (SD) Range

Age, y 68.3 (7.8) 52 - 83

Preoperative valgus angle, degrees 13 (8.4) 2 - 34

Preoperative knee range of motion 100.6 (23.5) 45 - 140

Table 2. Comparison of Main Variables in All Patientsa

Preoperative Postoperative Mean Difference (SD) 95% Confidence Interval P Value

Knee society score 41.3 90.1 -48.7 (15.0) -54.1 - -43.3 < 0.0001

Knee society functional score 51.4 85.5 -34.1 (11.4) -38.2 - -30.0 < 0.0001

Knee range of motion, degrees 100.6 116.3 -15.6 (24.0) -24.3 - -7.0 0.001

aPaired sample t-test; the significance level: P value < 0.05.

of the postoperative changes in ROM, KSS and functional
KSS were statistically correlated to the preoperative valgus
angle (P > 0.05).

Twelve patients were categorized in the group A, and
the rest (20 patients) belonged to the group B. While there
was a significant difference in the preoperative knee valgus
angle (4.4 vs. 18.1, P < 0.01), there was no statistically signif-
icant difference in age, changes in ROM, KSS and functional
KSS between the two groups.

5. Discussion

Adequate soft tissue balancing in valgus TKA is a chal-
lenging issue. Extensive soft tissue release caused major
complications such as lateral instability and proneal nerve
palsy. The purpose of this study is to verify whether a com-

plete release of the iliotibial band and step by step pie-
crusting of lateral structures can correct the valgus defor-
mity and restore the knee function.

The prevalence valgus knee in our study was about 3%
that was lower than other studies (1). However, a study by
Tahmasebi et al. (11) showed the same result. Our lower re-
sult may be because of missed patients in this long-time in-
terval or may be because of different population specifies
according to similar result in a study in our country (11).

In our study, 29 (91%) and 26 (82%) knees had excellent
KSS and functional KSS, respectively in the last visit (a mid-
term result), which is comparable with short and mid-term
results of other studies with selective lateral release tech-
niques (12-14). All these techniques were common in these
properties: 1) midsubstance release of ligaments in exten-
sion; 2) inside-out release; 3) not all lateral structures re-
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leased, and 4) popliteus tendon was remained intact. In
our technique (pie-crusting technique), the distinguish-
ing property is gradual release of tight lateral structures in
extension under maximum tension with the use of spacer
blocks without complete release of LCL or PLC.

We had no proneal nerve palsy. The risk of proneal
nerve injury is possible when pie-crusting of posterolateral
corner of knee in the level of joint line has done. An MRI
study demonstrates 9 - 22 mm distance of proneal nerve
from the posterolateral corner, which is separate from the
bone with lateral head of the gastrocnemius (15).

Clarke et al. (16) and Elkus et al. (17) studies with 2 and 5
years follow-up respectively had excellent and good results
with no residual instability. In our study, there is no resid-
ual instability too. The iliotibial band and the posterolat-
eral capsule are varus restraints mainly in extension and
are less effective in flexion. The lateral collateral ligament
has a major varus stabilizing effect in extension but acts
as a varus stabilizer in flexion as well. Popliteus tendon
mainly is a flexion stabilizer with minimal effects in exten-
sion. When the cumulative effect of sequential releases is
investigated, when the popliteus tendon is excised, signif-
icant varus instability occurs in flexion. In our study, the
popliteus tendon was released only in two knees and left
intact in all other knees. So, we had no instability in our
last follow-up visits.

All but four cases (which had severe valgus deformity
more than 25 degree) finished with nonconstrained pros-
thesis and this is an advantage for this method to do with
less constrain.

Clinical findings (ROM, KSS and functional KSS) be-
tween the group A and B had no significant differences, in
other words there was no differences in results according
to degree of valgus deformity; so, this is an appropriate
technique in all types of valgus deformities.

The results of the current study show that complete
release of the iliotibial band and step by step release of
other lateral structures by pie-crusting can correct valgus
deformities in a safe and simple manner with high success
rate and less constrained prosthesis and without serious
complications. Thus, this method can be an appropriate
method for TKA in valgus knees.

Footnote
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Qomashi; manuscript preparation and revision: Ho-
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supervision: Mahmoud Jabalameli.
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