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Abstract
A new surgical technique is presented for severe valgus deformity requiring total knee arthroplasty. Before any bone cuts are 

made, soft tissue releases are done to get the correct mechanical alignment that is balanced and stable in extension and flexion. 
Femoral mechanical axis is then determined using an extra-medullary Mechanical Axis Finder (MAF) which was shown to be 93.3% 
accurate in determining the femoral mechanical axis in a pilot study [28].

Eight knees with severe valgus deformity were identified from a total of 100 total knee arthroplasties performed from 2015 - 
2019. Severe valgus was defined as a tibiofemoral angle (TFA) of 20 degrees or more on standing antero-posterior (AP) x-rays at full 
extension or scanogram view (standing full-length X-ray of the lower extremity from the hip to the knee, ankle joint). Pre-operative 
and post-operative measurements of the TFA and mechanical axis deviation (MAD) angle; knee society score (KSSC) for pain and 
function; and the final range of motion of knees were recorded and analyzed.

The mean age was 63.75 (+/- 11.01) years old. The mean pre-operative tibiofemoral valgus angle was 26.87 (+/- 5.94) degrees 
and the mean post-operative tibiofemoral valgus angle was 6.75 (+/- 2.05) degrees. The mean value of Mechanical Axis Deviation 
(MAD) improved from 20.87° (+/- 5.94) preoperatively to 1.37° (+/- 2.26) valgus post-operatively.

KSS pain mean scores improved from 45.12 (+/- 10.19) pre-operatively to 95.63 (+/- 1.99) at two months and two years post-
operatively. KSS functional mean scores also improved from 93.1 (+/- 3.14) pre-operatively to 97.1 (+/- 1.81) post-operatively.

The new surgical procedure used is reliable in correcting a severe valgus knee. It achieves good soft tissue balance in both flexion 
and extension and correcting mechanical alignment with component stability.

Level of evidence: Level IV.

Keywords: Mechanical Axis Finder (MAF); Tibiofemoral Angle (TFA); Antero-Posterior (AP); Mechanical Axis Deviation (MAD); 
Knee Society Score (KSSC)

Introduction
Severe valgus and varus knee deformity present a unique prob-

lem and challenge to orthopedic surgeons doing total knee arthro-
plasty. An estimated 10 - 15% of the cases undergoing total knee 
arthroplasty present with a valgus deformity [1]. It is commonly 

associated with primary osteoarthritis, rheumatoid arthritis, post-
traumatic arthritis, or even correction from a previous high tibial 
osteotomy [2]. Regardless of the etiology, careful analysis of the 
pathologic anatomy and existing deformity with meticulous pre-
operative evaluation and planning is the key to successful surgery.
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The goal of Total Knee Arthroplasty (TKA) is a stable and well-
aligned joint which is important for satisfactory long-term clinical 
results and implant survivorship [3]. Certain principles must be 
applied while taking into account pre-existing anatomic abnor-
malities. Recognizing soft tissue asymmetry and proper soft tissue 
balancing to achieve alignment with the mechanical axis results in 
good load distribution and enhances component stability and lon-
gevity.

Our objective was to correct the alignment of the lower extrem-
ity in 2 steps: (1) sequential soft tissue-releases on the medial side 
that do not sacrifice valgus stability of the knee by preserving the 
medial collateral ligament (MCL) and (2) accurate bone cuts to 
the distal femur and tibia, aided by precise determination of the 
mechanical axis of the lower extremity, using the Mechanical Axis 
Finder (MAF).

Pathologic anatomy in severe valgus knee

De Muylder., et al. (2015) classified deformities of the knee ac-
cording the degree of angulation. Well-aligned or neutral knees 
were those that were within 0 - 3° deviation from the mechani-
cal axis, and important or severe deformities were knees which 
were within 21 - 30° deviation from the mechanical axis. Likewise, 
Ranawat., et al. (2005) classified deformities to Grade 1 if the TFA 
is less than 10 degrees, Grade 2 if the TFA is 10 - 20 degrees and 
Grade 3 for deformities more than 20 degrees.

We defined severe valgus as a TFA deformity of 20 degrees or 
more. The deformity is the result of changes to both the tibiofemo-
ral joint and soft tissue components around the knee.

The pathological joint changes include gross cartilage and bony 
loss of the distal lateral femoral condyle; gross cartilage loss of the 
lateral posterior tibial plateau; and patellar subluxation with ar-
ticular cartilage loss. Soft-tissue imbalance comes from contracting 
tissues on the concave side and elongated tissues on the convex 
side of the deformity. The soft tissue changes include a contracted 
antero-lateral and postero-lateral joint capsule; damaged or absent 
lateral meniscus; a contracted popliteus tendon, iliotibial band, bi-
ceps tendon; and a contracted and/or in-folded, buckled lateral col-
lateral ligament. The medial structures such as the superficial me-
dial collateral ligament and medial posterior capsule are stretched 
or elongated [30].

Mechanical axis alignment

Mechanical axis alignment of the lower limb is determined by 
the line that passes from the center of the femoral head to the cen-
ter of the ankle joint. In normal conditions, the mechanical axis 
crosses the center of the knee joint [4]. The purpose of correcting 
to neutral alignment is to create an even load distribution on the 
new joint line [6]. Restoration of the mechanical axis to neutral is 
one of the mainstays of a successful TKA [5]. It is one of the most 
commonly used prognostic parameters in TKA due to high repro-
ducibility and accuracy of the measurement. Fang et al. concluded 
that there is an increased rate of survivorship in well-aligned knees 
compared with their outliers (more than 3 degrees varus/valgus) 
[7]. A proper alignment will lead to good load distribution and en-
hance joint stability and longevity.

Mechanical axis finder

The distal femur traces a sphere when it is moved at the hip 
with the center of rotation being the femoral head. Three points 
in space made with the distal femur within the sphere will define 
a circle. A reference line is drawn through the center and perpen-
dicular to the circle. It will pass through the center of the sphere 
and therefore define the mechanical axis of the femur.

The Mechanical Axis Finder (MAF) is an innovative device devel-
oped as part of the Axis Knee System by Orthopaedic International, 
Inc. (OII). It is a purely extra-medullary device used to accurately 
determine the mechanical axis of the femur. The MAF records the 
positions of the three points in space. The three points identified 
by the MAF are used to locate the center of the femoral head and a 
second pin is applied along the mechanical axis path. The position 
of the second pin is compensated to make it perpendicular to the 
mechanical axis. A line connecting the two pins is therefore col-
linear with the mechanical axis when viewed in the coronal plane.

The MAF has been validated by Sherchan., et al. (2020) in 100 
consecutive total knee arthroplasties using the Axis Knee System 
done in Manapla, Negros Occidental, Philippines. By comparing 
pre-operative and post-operative scannogram measurements, it 
was shown that the MAF accurately determined the femoral me-
chanical axis and contributed to the neutral correction of 93.3% 
of patients.
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Surgical considerations in valgus knee

Surgical approach

The medial parapatellar approach is the most commonly used 
approach for TKA in both valgus and varus knees [1]. Patellar dislo-
cation is easy with this approach because of the combination of val-
gus deformity and lateralization of tibial tuberosity [2]. The main 
disadvantage of this approach that it is more difficult to reach the 
posterolateral corner during lateral soft tissue release [8,9]. In this 
series, the medial parapatellar approach was done with the quadri-
ceps splitting technique.

Bone cuts in pathologic joint changes

It is important to use more than one reference when doing the 
distal femoral cuts. Bone loss in the lateral femoral condyle is com-
mon in a severe valgus knee. Therefore, referencing your cut on the 
posterior condylar axis of the femur will lead to malrotation of the 
femoral component. The anteroposterior axis (Whiteside’s line) 
is another reference line that may be used to determine proper 
femoral component rotation [10] however, in the case of severe 
trochlear dysplasia, this axis is unreliable. In such cases, the tran-
sepicondylar axis or parallel to the tibial cut technique should be 
used to assess proper femoral rotation [11]. The tibial cut should 
be perpendicular to the tibial long axis. The amount of resection is 
based on the severity of the deformity.

Soft tissue balancing in soft tissue changes

To achieve proper bony alignment with the planned femoral and 
tibial cuts, optimal soft tissue balancing is necessary [12]. Failure to 
balance the soft tissues within the joint will lead to a high incidence 
of postoperative instability [13]. Lateral soft tissue releases should 
be performed in a fully extended position with laminar spreader 
to bring the medial and lateral tissues to length. After each release, 

Figure 1: Mechanical axis finder.

evaluate the alignment and stability of the knee to achieve rectan-
gular extension and flexion gaps [10]. The structures most com-
monly released area: (1) Patella lateral retinaculum; (2) iliotibial 
band above the joint line; (3) posterolateral capsule; (4) popliteus 
tendon; (5) lateral tibia collateral ligament; (6) rarely biceps ten-
don and lateral head of gastrocnemius muscle.

Essential features of surgical correction of the severe valgus 
knee

1. Perform soft tissue releases in a stepwise manner to achieve 
the correct mechanical alignment (hip - knee - ankle).

2. Determine the correct mechanical axis using the mechanical 
axis finder (MAF).

3. Perform more soft tissue releases as needed to achieve the 
correct mechanical axis.

4. Determine the size of the implants (femur, tibia, patella) and 
thickness of the polyethylene insert with a knee in full exten-
sion and flexion with stability.

5. Proceed to bone preparation of the femur, tibia and patella 
only after soft tissue releases have achieved a neutral me-
chanical axis.

6. Insert the measured trial implants and examine for mechani-
cal alignment and stability in extension and flexion.

7. Observe patellar tracking thru range of motion - extension - 
flexion.

8. Cement implants simultaneously.

Materials and Methods 
Patients were identified as having severe valgus malalignment 

if tibiofemoral angulation (TFA) was 20 degrees or more on stand-
ing x-rays at zero degrees flexion or scannogram view of the pa-
tients’ lower extremity [29]. The tibiofemoral angle (TFA) is the 
angle formed by the intersection of the anatomic axis of the femur 
and the anatomic axis of the tibia. Eight (8) out of one hundred 
(100) total knee arthroplasties done from 2015 - 2019 had severe 
valgus malalignment pre-operatively. The Mechanical Axis Devia-
tion Angle (MADA) is the angle that is formed by the intersection 
of the mechanical axis of the femur and the mechanical axis of the 
tibia at the center of the knee joint.

The preoperative TFA, MADA, Knee Society Score for pain and 
function, and range of motion of the patients were gathered. These 
were then compared to post-operative measurements in two (2) 
months and one (1) year after surgery.
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Results
A total of seven (7) patients with eight (8) severe valgus knees 

underwent TKA using the Axis Knee System. There was one (1) 
male and six (6) female patients in the study population. The mean 
age was 63.75 (+/-11.01) years old. The mean pre-operative (tibio-
femoral) valgus angle was 26.87 (+/- 5.94) degrees and the mean 
post-operative (tibiofemoral) valgus angle was 6.75 (+/- 2.05) 

degrees. The mean value of Mechanical Axis Deviation (MAD) im-
proved from 20.87° (+/- 5.94) preoperatively to 1.37° (+/- 2.26) 
valgus post-operatively (Table 1).

KSS pain mean scores improved from 45.12 (+/- 10.19) pre-op-
eratively to 95.63 (+/- 1.99) at two months and two years post-op-
eratively. KSS functional mean scores also improved from 93.1 (+/- 
3.14) pre-operatively to 97.1 (+/- 1.81) post-operatively (Table 2).

Patient Age Sex Diagnosis Grade R/L Preoperative Val-
gus (Tibiofemoral)

Postoperative Val-
gus (Tibiofemoral)

Preop MAD)

angle

Postop (MAD)

angle
1. RP 51 M Rheumatoid IV L 30° 10° 24° 5° valgus
1. RP 51 M Rheumatoid IV R 30° 5° 24° N
2. SP 79 F Rheumatoid IV L 20° 5° 14° N
3. LD 68 F Degenerative III L 35° 6° 29° N
4. EL 67 F Degenerative IV L 20° 6° 14° N
5. AA 75 F Degenerative IV R 30° 10° 24° 5° valgus
6. LR 49 F Degenerative III R 30° 6° 24° N
7. CM 70 F Degenerative IV R 20° 6° 14° 1° valgus

Table 1: List of patients with severe valgus deformity.

Patient Preop KSSC Pain Score Postop KSSC Pain Score Preop KSSC Function Score Postop KSSC Function Score
1(L) 36 98 94 98
1(R) 36 98 94 98
2 38 94 88 93
3 53 94 93 98
4 44 94 91 96
5 46 95 91 98
6 42 94 98 98
7 66 98 96 98

Table 2: Pre-operative and post-operative KSSC pain and function score.

Patient Flexion Contracture Preop ROM Postop ROM
1(L) 5° 5 - 90° 0 - 110°
1(R) 5° 5 - 100° 0 - 120°
2 (-) 0 - 90° 0 - 110°
3 (-) 0 - 120° 0 - 120°
4 (-) 0 - 100° 0 - 110°
5 (-) 0 - 120° 0 - 120°
6 5° 5 - 110° 0 - 110°
7 (-) 0 - 120° 0 - 120°

Table 3: Pre-operative flexion contracture and pre-operative/
post-operative knee ROM.
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Of the seven (7) patients included, one (1) developed a common 
peroneal nerve palsy, which eventually resolved spontaneously 
with close follow-up after 4 months. No other complications were 
noted in the study population.

Sample of cases of severe valgus knee before and after surgery

Figure 2: Case sample 1.

Figure 3: Case sample 2.

Figure 4: Case sample 3.
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Discussion
Successful treatment of severe valgus deformity of the knee is 

based on proper ligamentous balancing in both flexion and exten-
sion. Lateral soft tissue releases are necessary, however, there re-
mains an open debate on the sequence of structures to be released.

Whiteside LA described soft tissue releases based on the ob-
served imbalance and anatomic function of the ligaments in flexion 
and extension. A ligament attached to the femur near the epicon-
dyles, therefore close to the axis of rotation of the tibia is important 
for flexion stability. On the other hand, a ligament attached far from 
the femoral epicondyle is more important in stability of the knee 
in extension. This concept must be remembered to ensure stability 
in both flexion and extension. When flexion is tight on the lateral 
side, the popliteus tendon may be released. For knees that are tight 
in extension, the release of the iliotibial band (ITB) is needed. For 
knees that are tight in both flexion and extension, the lateral col-
lateral ligament (LCL) and popliteus tendon are released. The pos-
terolateral capsule (PLC) is released for persistent lateral ligament 
tightness [19].

Krackow., et al. [20] classified valgus deformities according to 
bone loss in the lateral compartment and soft-tissue contracture 
with medial soft tissues intact (Type I); obvious attenuation of the 
medial capsular ligament complex (Type II); and severe valgus de-
formity with valgus mispositioning of the proximal tibial joint line 
after an overcorrected proximal tibial osteotomy (Type III). They 
recommend the release of the following structures in sequence for 
Type I valgus knees: iliotibial band (ITB), lateral collateral ligament 
(LCL), posterolateral corner (PLC), popliteus tendon and gastroc-
nemius muscle if necessary. In type II valgus deformities, a medial 
ligamentous reconstruction was also proposed.

Boyer., et al. [21] used the lateral parapatellar approach for 
knees with fixed valgus deformities. The ITB is released first from 
Gerdy’s tubercle. Afterwards, if the PLC is tight, it is detached from 
the posterior condyles or transected at the tibial cut level from PCL 
insertion to PLC. If these releases are still insufficient, they recom-
mend gastrocnemius and biceps tendon release.

Brilhault., et al. [22] also used the lateral parapatellar approach 
in their description. Advancement of the lateral collateral ligament 
was done by means of a lateral femoral condylar advancement os-
teotomy.

Bremer., et al. [23] described a similar technique with distaliza-
tion of the insertion of the LCL and popliteus tendon with a sliding 
osteotomy of the femoral condyle for fixed valgus deformities. This 
was performed likewise through a lateral parapatellar capsuloto-
my.

Mullaji and Shetty [26] combined soft-tissue releases (LCL and 
Popliteus tendon release) with a sliding osteotomy of the lateral 
femoral epicondyle using computer navigation and a posterior sta-
bilizing implant. No complications were noted in their study of 10 
patients.

Buechel [24] suggested soft tissue lateral releases with tibial tu-
bercle osteotomy to achieve both correction of a valgus deformity 
of up to 90 degrees, and to correct a fixed external tibial rotation 
deformity.

Keblish [25] recommends a lateral approach in valgus knees as 
this is more direct, anatomical and a more physiologic surgical ap-
proach that maintains the soft tissue integrity and medial blood 
supply.

Ranawat., et al. [27] described their technique of valgus soft-
tissue balancing which involved an inside-out release of the PLC 
with pie-crusting of the ITB. This was combined with resection of 
the proximal part of the tibia and distal part of the femur to provide 
a balanced, rectangular space. Cemented, posterior stabilized im-
plants were used in all knees. They showed improved mean Knee 
Society Scores from 30 points pre-operatively to 93 points post-
operatively. The mean range of motion was 110 degrees both pre-
operatively and post-operatively. The mean coronal alignment was 
corrected from 15 degrees of valgus preoperatively to 5 degrees of 
valgus postoperatively.

The surgical technique employed by the Axis knee system is a 
new and effective approach that can effectively address a severe 
valgus knee. Sequential soft-tissue release involves first releasing 
the lateral capsule from its anterior to posterior attachments to 
the tibia. The lateral meniscus is also taken out if still present. The 
anterior and posterior cruciate ligaments are then excised by oste-
otomy of the tibial spine. The amount of correction achieved is then 
tested using varus stress. If the deformity remains uncorrected, an 
oblique incision of the ITB above the joint line may be done. If the 
deformity still persists, further correction may be achieved with 
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release of the LCL and biceps tendon but this is rarely needed in 
our experience.

Of the seven (7) patients included, one (1) developed a common 
peroneal nerve palsy, which eventually resolved spontaneously 
with close follow-up after 4 months.

Peroneal nerve palsy is uncommon in TKA. It has a worldwide 
incidence of 0.3% - 2% after total knee arthroplasty [14] with the 
possible causes being: (1) direct traction on the nerve; (2) vigorous 
retraction on the surrounding tissues resulting in vascular compro-
mise to the nerve; (3) direct pressure on the nerve from the postop-
erative dressing; or any combination of these factors [15].

Risk factors in developing peroneal nerve palsy include pre-
operative valgus > 20 degrees; pre-operative flexion deformity; 
intra-operative tourniquet time > 120 minutes; post-operative use 
of epidural anesthesia; aberrant retractor placement and pre-oper-
ative diagnosis of neuropathy [14]. More severe initial injury to the 
peroneal nerve pre-operatively was a negative prognostic factor for 
spontaneous recovery of palsy [15]. Epidural anesthesia for post-
operative control of pain leads to decreased proprioception and 
sensation postoperatively. It is postulated that positioning of the 
limb in this unprotected state may be a factor in the late develop-
ment of palsy. The concept of the so-called double-crush phenom-
enon may partially explain the palsy seen in patients who had had 
a lumbar laminectomy and asymptomatic peripheral neuropathy 
[16].

Steps for the prevention of the development of peroneal nerve 
palsy include the use of well-padded postoperative dressings like 
Xeroform (vaselinize gauze) over the fibular head and maintaining 
the knee flexed in the first postoperative night to reduce tension 
over the nerve.

Intraoperative dissection and mobilization of the nerve does 
not decrease the incidence of peroneal palsy in a valgus knee [17]. 
Management of palsy includes the use of an ankle - foot orthosis 
and range of motion exercises of the ankle joints to prevent equi-
nus foot contracture.

Surgical decompression of the peroneal nerve is indicated 
if there is no neurologic improvement after three (3) to four (4) 
months. Krakow et al described a method of surgical decompres-
sion with external neurolysis of the peroneal nerve at the level of 
the fibular head. The nerve and its branches need to be freed from 

its adherence from a region 4 cm proximal to the fibular head ex-
tending 7 - 15 cm distally [17]. As stated in their study, all of their 
patients recovered after surgical decompression of the peroneal 
nerve [18].

Conclusion
A systematic and stepwise approach to lateral soft-tissue releas-

es is recommended in total knee replacement of a severely valgus 
knee. The Axis Knee System combines such a systematic soft-tissue 
release with accurate bone cuts determined by the extramedullary 
Mechanical Axis Finder to effectively correct even severe valgus de-
formities of the knee.
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