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Background: To restore neutral limb alignment in total knee arthroplasty (TKA), the procedure usually

starts with removing osteophytes in varus osteoarthritic knees. However, the exact effect on alignment

correction is unknown. The purpose of this study was to determine the effect of osteophyte removal

alone during TKA for varus knees on correction of limb alignment on the coronal plane.

Methods: Fifteen knees with medial osteoarthritis and varus malalignment scheduled for TKA were

studied. After registration in a navigation system, each knee was tested at maximum extension, and at

30, 40, and 60 degrees of flexion, before and after osteophyte removal. External loads of 10 N・m val-

gus torque at each angle and in both states were applied. Later, the widths of the resected osteophytes

were measured.

Results: The average preoperative hip-knee-ankle angle was -14.2 degrees. The average width of osteo-

phytes was 7.6 mm in the femur and 5.3 mm in the tibia. Angle corrections after osteophyte removal

were 3.4 degrees at maximum extension, 3.4 degrees at 30 degrees flexion, and 3.6 degrees at 60 degrees

flexion; the difference was significant for all angles. There was a positive correlation between osteo-

phyte width and the degree of angle correction at 30 degrees.

Conclusion: At 30 degrees of knee flexion, osteophyte width was correlated with the degree of angle

correction on the coronal plane in TKA. The degree of angle correction per 1 mm of width of removed

osteophytes was 0.4 degrees. (J Nippon Med Sch 2020; 87: 215―219)
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Introduction

In the medial osteoarthritic knee, varus deformity is a

common angular deformity, and total knee arthroplasty

(TKA) is effective in removing pain, improving physical

function, and providing high satisfaction for patients

with advanced knee osteoarthritis1,2. To correct varus de-

formity, osteophytes are usually removed after release of

the deep medial collateral ligament (dMCL)3,4, followed

by release of the superficial medial collateral ligament

(sMCL) and posteromedial capsule, including the poste-

rior oblique ligament (POL)5. However, release of the

dMCL and POL increases rotatory instability of the knee6

and posterior translation of the medial condyle of femur

with flexion in cruciate-retaining TKA (CR-TKA)7. After

TKA, medial pivot motion was associated with good

clinical outcomes8. To obtain normal knee kinematics, me-

dial structures should be preserved to the greatest extent

possible6. However, the precise effects of osteophyte re-

moval without medial release on deformity correction are

unknown. The ability to predict how much correction

can be achieved by osteophyte removal alone, before per-

forming ligament release, would help avoid unnecessary

ligament release. Using intraoperative measurements, we

examined the effect of osteophyte removal alone on cor-

rection of varus deformed knees.

Materials and Methods

Sixty-eight patients underwent primary TKA, performed
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Table　1　Demographic characteristics of patients

Age, y, mean ± SD (range) 77.3 ± 6.54 (64-86)

Gender (male/female) 2 (2 knees)/11 (13 knees)

Side (right/left) 8/7

Preoperative FTA, degrees, mean ±SD (range) 186.9 ± 6.61 (180.1 − 203.4)

Preoperative HKA angle, degrees, mean ±SD (range) -14.2 ± 6.10 (-6.7 − -25.7)

K-L scale (knees) Grade 2: 3

Grade 3: 5

Grade 4: 7

FTA: lateral femorotibial angle, HKA: hip-knee-ankle, K-L: Kellgren-Lawrence

Table　2　Conditions at each step

Osteophyte Valgus force (10 Nm)

Step 1 + -

Step 2 + +

Step 3 - +

Fig.　1　(A) 3D image of knee joint (  : area of osteophyte removal, ＊: width of removed osteophyte ).  (B) Re-

moved osteophytes on femoral and (C) tibial sides. (D) Maximum osteophyte width (＊) on femoral and 

tibial sides was measured with a vernier caliper.  

*

(A) 

(B) 

(C) (D) 

*

by the same surgeon, during the period from January

2015 through October 2017. After excluding patients who

underwent simultaneous bilateral surgery or surgery

with augmentation and those with diabetes, 15 knees

with medial osteoarthritis (OA) were included in the

analysis. Mean patient age was 77.3 (64-86) years, and 2

knees of 2 men and 13 knees of 11 women (8 right and 7

left knees) were studied. Mean preoperative lateral

femorotibial angle (FTA) was 188.7°±6.67° and hip-knee-

ankle (HKA) angle was -14.2°±6.10°. On the Kellgren-

Lawrence classification, 3 knees were Grade 2, 5 knees

were Grade 3, and 7 knees were Grade 4 (Table 1).

Surgery was performed by using a medial parapatellar

approach, and a navigation system (Knee 2.6.0: BrainLab,

Germany) was set and registered. Without soft-tissue re-

lease or removal of meniscus, the first measurement was

performed before removing osteophytes. Measurements

were taken at maximal extension, and at 30°, 40°, and 60°

of knee flexion, without a load (Step 1) and with a 10

N・m valgus load (Step 2) applied with a Ligament Ten-

sioner (Meira Corp., Japan). The parameters measured

with the navigation system were maximal extension an-

gle and the angle created by the thigh axis and lower leg

axis on the navigation system (HKA angle). Next, osteo-

phytes on the femoral and tibial sides were removed to

the extent possible (Fig. 1), while protecting the deep me-

dial collateral ligament (dMCL). A 10 N・m valgus load

was applied at the same angles (Step 3), to measure the

parameters (Table 2). Maximum osteophyte width on the

femoral and tibial sides was measured with a vernier

caliper.

Maximum extension angle before and after osteophyte

removal and HKA at each step were recorded. By using

these data, HKA difference before and after osteophyte

removal (corrected angle) and the association between

maximum osteophyte width and corrected angle were

evaluated. Furthermore, the amount of correction
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Table　3　Width of resected osteophytes (mm, 

mean ±SD (range)) 

Femoral 7.6 ± 2.38 (3.0-11.0)

Tibial 5.3 ± 2.86 (2.1-10.0)

Larger side (femur or tibia) 7.8 ± 2.51 (3.0-11.0)

Table　4　Maximum extension angles

Step 1 Step 2 Step 3

Maximum extension angle, mean ±SD, (range) 9.0 ± 6.60 (-0.5 − 22.5) 8.3 ± 7.20 (-4.5 − 21.3) 6.8 ± 6.54 (-5.5 − 21.7)

There were no significant differences between groups.

p-value: Group A vs. B = 0.31, Group A vs. C = 0.07, Group B vs. C = 0.18

Table　5　HKA (degrees) in relation to knee flexion angle and step.

Step 1 Step 2 Step 3

Maximum extension, 
mean ±SD, (range)

-10.6 ± 6.56 (-20.0 − -1.5 ) -7.7 ± 6.56 (-20.5 − 0.7) * -4.3 ± 5.49 (-15.2 ~1.3) *

30˚ -8.2 ± 6.81 (-20.0 − 1.0) -4.1 ± 5.31 (-16.0 − 2.5) * -0.8 ± 3.92 (-7.5 ~ 4.7) *

40˚ -8.9 ± 7.27 (-20.0 − -0.5) -5.3 ± 6.62 (-16.0 − 3.8) * -1.0 ± 4.58 (-7.8 ~ 5.2) *

60˚ -7.2 ± 6.77 (-14.0 − 3.0) -4.1 ± 6.11 (-14.0 − 5.5) * -0.4 ± 4.67 (-8.5 ~ 7.0) *

* significant difference vs. previous group at same angle

Table　6　Differences between steps

Step 1 to 2 Step 2 to 3 Total (Step 1 to 3)

Maximum extension, mean ±SD, (range) 3.0 ± 1.68 (0 − 6.5 ) 3.4 ± 3.19 (0.7 − 11.5) 6.3 ± 3.02 (2.8 − 14.8)

30° 4.0 ± 2.63 (1.5 − 12.0) 3.4 ± 2.17 (0.5 − 8.5) 7.4 ± 3.84 (3.5 − 17.7)

40° 3.5 ± 1.87 (1.5 − 8.0) 4.3 ± 3.13 (1.0 − 11.0) 7.9 ± 3.41 (4.5 − 13.5)

60° 3.1 ± 1.48 ( 1.0− 6.3) 3.6 ± 3.27 (0.3 − 12.2) 6.8 ± 4.02 (3.5 − 18.5)

achieved by removing 1 mm of osteophyte was calcu-

lated (ie, mean corrected angle/mean osteophyte width).

The paired t-test and Pearson correlation coefficients

were used in statistical analysis with Excel Toukei (To-

kyo, Japan). A P value of <0.05 was considered statisti-

cally significant. This study was approved by the institu-

tional review board of Nippon Medical School (R1-05-

1122).

Results

Mean osteophyte width was 7.6±2.38 mm on the femoral

side and 5.3±2.86 mm on the tibial side (Table 3). Only 2

patients had osteophyte widths that were greater on the

tibial side than on the femoral side. Maximum osteo-

phyte width, on the femoral or tibial side, was 7.8±2.51

mm. There was no difference in maximum extension an-

gle, regardless of load or osteophyte removal (Table 4).

HKA at maximum extension angle was -10.6°±6.56° at

Step 1 but was -7.7°±6.56° (a significant difference) with

a 10 N・m valgus load and -4.3°±5.49° at Step 3. The

values at 30° of knee flexion at Steps 1 through 3 were

-8.2°±6.81°, -4.1°±5.31°, and -0.8°±3.92°, respectively; at

60° flexion, the respective values were -7.2°±6.77°, -4.1°±

6.11°, and -0.4°±4.67°. All differences were significant (Ta-

ble 5). Mean HKA difference after osteophyte removal

with a valgus load (corrected angle) was 3.4°±3.19°, 3.4±

2.17°, and 3.6±3.27° at maximum extension, 30°, and 60°

flexion, respectively (Table 6). The correlation between

osteophyte width and corrected angle by osteophyte re-

moval was highest at 30° flexion (r=0.727) (Fig. 2). At 30°

flexion, the correlation was strong, and the mean correc-

tion was 3.4°; thus, 0.4° correction was achieved per 1

mm of osteophyte width.

Discussion

Mean osteophyte removal of 7.8 mm with a valgus load

corrected HKA by a mean of 3.4° at maximal extension

and a mean of 3.4° at 30° of knee flexion. A simple val-

gus load, without osteophyte removal, achieved a mean

of 3.0° at maximal extension and 4.0° of HKA correction

at 30° of knee flexion. Thus, combining osteophyte re-

moval with a valgus load corrected HKA by a mean of

6.3° at an extended position and 7.4° at 30° of knee flex-
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Fig.　2　Correlation between corrective angle and osteophyte width
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ion. Bellmans et al.9 reported that suitable correction was

possible with osteophyte removal alone in patients with

less than 185° of FTA. Ushio et al.10 and Okamoto et al.11

reported that medial structures, including the MCL, are

not shortened in knees with varus deformity. Thus, pre-

sent and past results indicate that osteophyte removal

alone can achieve some degree of correction, at least in

knees with an FTA less than 185°.

Corrected angle was correlated with osteophyte size at

30° of knee flexion in this study, which equated to 0.4° of

correction per 1 mm of osteophyte width. Mullaji et al.12

reported that 2-mm reduction osteotomy is required to

achieve 1° of correction, which is equal to 0.5° for each 1

mm of bone resected. However, this angle may actually

represent a larger angle than the corrected angle in the

present study because the dMCL was consistently re-

leased as well.

Whiteside et al.13 reported that ligament imbalance cor-

rection by osteophyte removal alone improved extension

in many patients. Injury to the posterolateral side or cru-

ciate ligament was reported to be a potential cause of hy-

perextension14. There was no significant pre/post differ-

ence in maximal extension angle after osteophyte re-

moval in the present study, because only medial osteo-

phyte removal was performed; osteophytes at the poste-

rior condyles or intercondylar notch were not removed

and the cruciate ligament was not altered.

Some similar studies applied a manual maximum val-

gus load9,15. In this study, a 10 N・m load was applied, as

in other studies of ligaments in normal knees16 and TKA

knees6. Applying a 10 N・m valgus load at 30° flexion in

normal knees, Griffith et al.16 reported a 6.5° correction.

The present knees were all OA knees; thus, a direct com-

parison is not possible. However, the present study

found a 3.7° correction by applying a 10 N・m valgus

load at 30° flexion. This result was obtained when osteo-

phytes that increased tension to medial structures were

present.

This study has several limitations. First, the sample

size was small. It was not possible to investigate whether

the corrected angle obtained by osteophyte removal was

affected by the severity of varus deformity. Next, only os-

teophytes on the medial side were removed completely.

Because the measurements were made only by applying

a valgus load, the effect on the results was likely insig-

nificant, but it may have affected the results for patients

with insufficient correction after osteophyte removal.

Third, only the relationship between osteophyte width

and correction angle was analyzed. Future studies should

examine the relationship between osteophyte length and
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volume. The last limitation is that the effect of osteo-

phyte removal, without medial release, on knee kinemat-

ics was not measured. These issues will be addressed in

a future study.

Conclusion

A valgus load combined with osteophyte removal

achieved some HKA correction of varus deformity. A cor-

rection of 0.4° was achieved for each 1 mm of osteophyte

removed, as assessed on the coronal plane, in TKA knees

without soft tissue release.
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