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Abstract

Purpose Performing kinematically aligned total knee

arthroplasty (TKA) with generic instruments is less costly

than patient-specific instrumentation; however, the align-

ment and function with this new technique are unknown.

Methods One hundred and one consecutive patients (101

knees) treated with kinematically aligned TKA, implanted

with use of generic instruments, were prospectively fol-

lowed. The medial collateral ligament was not released.

The lateral collateral ligament was released in the 17 % of

patients with a fixed valgus deformity. Six measures of

alignment were categorized from a scanogram of the

extremity, an axial scan of the knee, and an intraoperative

measurement. Both the Oxford Knee and WOMACTM

scores were assessed as function. High function was a

mean Oxford Knee score [41.

Results The frequency that patients were categorized as

in-range was 93 % for the mechanical alignment of the

limb (0� ± 3�), 94 % for the joint line (-3� ± 3�), 57 %

for the anatomic axis of the knee (-2.5� ± -7.4� valgus),

4 % for the varus–valgus rotation of the tibial component

(B0� valgus), 98 % for the rotation of the tibial component

with respect to the femoral component (0� ± 10�), and

94 % for the intraoperative change in the anterior–posterior

distance of the tibia with respect to the femur at 90� of

flexion (0 ± 2 mm). The mean OKS score was 42, and

WOMACTM score was 89. For each alignment, the func-

tion was the same for patients categorized as an outlier or

in-range.

Conclusions The authors prefer the use of generic

instruments to perform kinematically aligned TKA in place

of mechanically aligned TKA because five of six align-

ments were accurate and because high function was

restored regardless of whether patients had an alignment

categorized as an outlier or in-range.

Level of evidence IV.

Keywords Total knee arthroplasty � Kinematics �
Alignment � Primary

Introduction

Mechanically aligned TKA strives to achieve a neutral

mechanical alignment of the limb (0� hip–knee–ankle

angle), an anatomic axis of the knee (femoral–tibial angle)

within -2.5� ± -7.4� valgus, and a varus–valgus angle of

the tibial component perpendicular to the tibial mechanical

axis in all subjects [4, 30–32]. Although mechanically

aligned TKA improves function, 20–25 % of patients

remain dissatisfied [1, 5].

The conventional assumption that mechanically aligned

TKA leads to the best implant survival following TKA has

been proved false [4, 17, 30, 34]. The relationship between

in-range and varus and valgus outlier categories of the limb

and implant survival of a primary TKA is weak at 15 years

[4, 30]. Leaving a limb, knee, or tibial component within a

natural range of varus does not reduce implant survival at

3, 5, 7, and 10 years [17, 25, 26, 34]. Because most of the
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normal population has a natural alignment of the limb that

is not neutral, and because in these patients a neutral

mechanical alignment may create dissatisfaction, there is a

need for another technique for aligning a TKA performed

with the goal of improving patient function and restoring

more normal contact kinematics [3, 9, 16].

In contrast to mechanically aligned TKA performed

with patient-specific instrumentation, kinematically aligned

TKA performed with patient-specific instrumentation has

gained interest because both function and contact kine-

matics are better than mechanically aligned TKA per-

formed with manual instruments [8, 16, 17]. The primary

goal of kinematically aligned TKA is to position the fem-

oral and tibial components so that the angles and levels of

the distal and posterior femoral joint lines and the tibial

joint line are each restored to the patient’s natural align-

ment, and not to a neutral limb alignment that is unnatural

for most patients [3, 34]. Resurfacing the knee theoretically

aligns the components with the three kinematic axes of the

knee, lowers the frequency of ligament release, and

restores contact kinematics closer to normal [8, 16]

(Fig. 1).

To eliminate the expenses of patient-specific instru-

mentation, a new technique was developed that uses gen-

eric instruments to kinematically align the TKA. As with

any new technique, the frequency of patients with an

alignment categorized as an ‘outlier’ should be determined

because some surgeons remain concerned that ‘outliers’

have a high risk of implant failure and worse function [4, 7,

21, 24, 31]. Studies suggest that six alignments should be

evaluated: (1) mechanical alignment of the limb, (2) joint

line alignment, (3) anatomic axis of the knee, (4) varus–

valgus alignment of the tibial component, (5) axial rotation

of the tibial component with respect to the femoral com-

ponent, and (6) intraoperative change in the anterior–pos-

terior (A–P) distance of the tibia with respect to the femur

at 90� of flexion [4, 6, 24, 31]. Function should also be

determined with the Oxford Knee score at 6 months

because patients with lower scores at 6 months have a

higher revision rate at 2 years and lower scores at 5 years

[33]. Accordingly, the present study determined (1) the

accuracy for six measures of alignment by determining the

frequency that patients are categorized in-range, (2) whe-

ther high function is restored, and (3) for each alignment

whether the function is the same in patients categorized as

an outlier and in-range.

Materials and methods

One hundred and one patients (101 knees) treated with a

kinematically aligned TKA performed with generic

instruments were prospectively followed from June to

September 2012. The indications for performing TKA were

(1) disabling knee pain and functional loss unresolved with

customary nonoperative treatment modalities; (2) radio-

graphic evidence of advanced arthritic change; and (3) all

severities of varus, valgus, and flexion contracture defor-

mities. There were 56 women and 45 men with an average

age of 67 ± 8.9 years and an average BMI of 30 ± 4.9 kg/

Fig. 1 A right femur (left) and kinematically aligned TKA (right)

show the relationships of the three kinematic axes of the knee with

respect to the joint lines of the distal and posterior femur and the

position of the components. The transverse axis in the femur about

which the tibia flexes and extends is the green line. The transverse

axis in the femur about which the patella flexes and extends is the

magenta line. The longitudinal axis about which the tibia internally

and externally rotates on the femur is the orange line. All three axes

are either parallel or perpendicular to the joint lines. Resecting bone,

after correcting for wear, from the distal and posterior femur equal in

thickness to the condyles of the femoral component kinematically

aligns the femoral component. Resecting bone, after correcting for

wear, from the tibia equal in thickness to the tibial component

kinematically aligns the tibial component
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m2 at the time of surgery (Table 1). The preoperative

diagnoses for patients in this study were degenerative

osteoarthritis (91 knees), traumatic osteoarthritis (9 knees),

and patellofemoral arthrosis (1 knee). The minimum fol-

low-up was 6 months (range 6–9 months). An institutional

review board approved the analysis.

All kinematically aligned TKAs were performed with

generic instruments and a cruciate-retaining, fixed-bearing

implant (Triathlon; Stryker, Inc, Mahwah, NJ, USA) with a

previously described technique [12]. The following steps

are highlighted because of their importance. Measure the

anterior–posterior distance from the tibia to the distal

medial femoral condyle with a calliper with the knee in 90�
of flexion (Fig. 2). Remove cartilage to bone with a curette

on the distal femoral condyle(s) with wear. Place a 2-mm

shim on the extramedullary femoral guide to compensate

for the cartilage wear which averages 2 mm, and then set

the level of resection so the combined thickness of the distal

femoral resection, wear, and kerf equals the thickness of the

condyle of the femoral component (Fig. 3) [12]. Set the

posterior referencing guide to neutral, and make the

chamfer cuts on the femur. Visualize the boundary of the

lateral tibial condyle and mark the A–P axis (Fig. 4). Set the

extramedullary tibial guide to cut the tibia parallel to the

articular surface after correcting for wear. Align the A–P

axis of the tibial trial component parallel to the A–P axis of

the lateral tibial condyle [27]. With the trial components in

place, adjust the posterior slope and thickness of the tibial

liner until the anterior–posterior distance from the tibia to

the distal medial femoral condyle is restored. When the

limb is in excessive valgus, release the lateral collateral

ligament and the popliteus tendon, recut the tibia in 2� more

varus, and insert a thicker liner, which straightens the limb.

On the day of discharge, each patient had an anterior–

posterior rotationally controlled long-leg, nonweightbear-

ing, CT scanogram [15, 17] and 1.25-mm axial images of

the femoral and tibial components [2]. Patient demo-

graphics, preoperative, intraoperative, and postoperative

data were recorded [13] (Table 1).

Alignment was studied in 100 of 101 patients (Table 2)

(Fig. 5). One author (KTK), blinded to the function scores,

categorized five alignments with use of measurements

reported to have high interobserver reliability: (1)

mechanical alignment of the limb as the angle between a

line connecting the mechanical axes of the femur and tibia

[4, 17, 30], (2) joint line alignment as the angle between the

joint line and a line connecting the centres of the hip and

ankle [20], (3) anatomic axis of the knee as the angle

between the anatomic axes of the femur and tibia [17], (4)

varus–valgus alignment of the tibial component as the angle

between the tibial component and the mechanical axis of the

tibia [17], and (5) rotation of the tibial component as the

angle between a line connecting the centre of the lugs of the

femoral component and a line tangent to the posterior

border of the tibial component or liner [24]. In the 83 of 101

knees with an intact ACL, one author (SMH) measured with

a calliper the A–P distance of the anterior tibia with respect

to the distal medial femoral condyle at 90� of flexion at

exposure and after implantation of the TKA, and computed

the change. The in-range category was 0� ± 3� for the

mechanical alignment of the limb [30], -3� ± 3� for the

joint line alignment [20], -2.5� to -7.4� valgus for the

anatomic axis of the knee [31], B0� for the varus–valgus

alignment of the tibial component [31], 0� ± 10� for rota-

tion of the tibial component [24], and ±2 mm for the

change in the A–P distance of the anterior tibia with respect

Table 1 Number of patients,

mean, and range for

preoperative demographics and

clinical characteristics

Preoperative demographics and

clinical characteristics

Number of

patients or knees

Mean (SD) or

numbers (%)

Range

Demographics

Age (years) N = 101 67 (8.9) 45–90

Sex (male) N = 101 45 %

Body mass index (kg/m2) N = 101 30 (4.9) 19–42

Anesthesia Society of Anesthesiologists score

(ASA) (1 is best, 4 is worst)

N = 101 1 (0 %), 2 (73 %), 3

(20 %), 4 (8 %)

Preoperative motion and deformity

Extension (�) N = 98 11 (9.3) 0–40

Flexion (�) N = 98 112 (9.8) 80–150

Varus (?)/valgus (-) deformity (�) N = 98 -2 (12.9) -30–20

Preoperative function and mental scores

Oxford Knee score (48 is best, 0 is worst) N = 99 22 (8.4) 0–36

Knee Society score (100 is best, 0 is worst) N = 98 34 (11.7) 8–74

Knee function score (100 is best, 0 is worst) N = 98 53 (18.7) 0–100

SF-12 physical score (50 average) N = 98 29 (6.9) 14–47

SF-12 mental score (50 average) N = 98 53 (10.6) 24–68
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to the medial femoral condyle [6]. Patients with values

outside each in-range category were categorized as either a

varus or a valgus outlier, or an outlier in the case of the

varus–valgus alignment of the tibial component.

Function was studied with both the Oxford Knee Score

(48 best, 0 worst) and WOMACTM questionnaires (100

best, 0 worst) in 101 of 101 patients at a minimum follow-

up of 6 months(range 6–8).

Statistical analysis

The arithmetic mean, frequency, standard deviation (SD),

95 % confidence interval (CI) of the mean, and frequency

distribution were computed for each measured quantity

when appropriate (JMP, 10.02, http://www.jmp.com). For

each alignment, a nonparametric Kruskal–Wallis test

determined whether the Oxford Knee and WOMACTM

Fig. 3 A right knee in 90� of flexion shows the use of the

extramedullary femoral guide on the distal femur. A 2-mm shim is

inserted under the distal medial and lateral pads to compensate for

2 mm of cartilage wear on both distal condyles in this knee with

tricompartmental osteoarthritis from chronic ACL deficiency (a). The

extramedullary rod is visually aligned parallel to the anterior thigh

and femoral shaft. A calliper measures the thickness of the distal

medial condyle, which equals the thickness of the distal medial

condyle of the femoral component after correcting for cartilage wear

(2 mm) and the kerf (1.5 mm) (b)

Fig. 2 A right knee in 90� of flexion shows the use of a calliper on

the medial compartment to measure the anterior–posterior distance

from the tibia to the distal medial femoral condyle at exposure (a) and

after implantation of the TKA (b). Because there is 2 mm of cartilage

wear on the medial femoral condyle in this varus knee, the distance

after the TKA was 2 mm less than at exposure. An increase in the

thickness of the polyethylene insert of 2 mm tightens the posterior

cruciate ligament and moves the distance of the medial femoral

condyle 2.5 mm posterior on the tibia [6]
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scores were different between categories. Significance was

p \ 0.05.

Results

The average surgical time was 42 ± 5 min. No medial col-

lateral or posterior cruciate ligaments were released. One

lateral retinacular release was performed in the patient with

patellofemoral arthritis. In the 17 of 101 patients with a fixed

valgus deformity, the lateral collateral ligament and popli-

teus tendon were released. The posterior capsule was

released in the 33 of 101 patients with a fixed flexion con-

tracture. One patient required a blood transfusion. All

patients were discharged to home, with 56 staying 1 night

and 39 staying 2 nights in the hospital. No patient reported

having further surgery on the knee or seeking consultation

with another orthopaedic surgeon because of dissatisfaction.

The frequency of patients categorized as in-range was

93 % for mechanical alignment of the limb, 94 % for the

joint line alignment, 57 % for the anatomic axis of the

knee, 4 % for the varus–valgus alignment of the tibial

component, 98 % for the rotation of the tibial component

with respect to the femoral component, and 94 % for the

intraoperative change in the A–P distance of the tibia with

respect to the medial femoral condyle (Table 2).

For all subjects, the mean Oxford Knee score was

42 ± 5.2 (95 % CI 41–43), and the mean WOMACTM

Fig. 4 A top view of a right tibia shows the steps for aligning the

rotation of the tibial component. On the articular surface of the tibial

plateau, the boundary of the oval-shaped lateral tibial condyle is

outlined by a series of partially opaque black dots (a). A vertical blue

line is drawn on the A/P axis that bisects the oval shape. Two parallel

pins were drilled parallel to the A/P line through the articular surface

of the medial tibial condyle with a guide (b). On the cut surface of the

tibial plateau, two A/P lines were drawn parallel to the two drill holes

into which pins have been placed to clarify their location (c). The A/P

axis of the trial tibial component was aligned parallel to these two A/P

lines (d)
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score was 89 ± 11.2 (95 % CI 87–91). For each alignment,

there was no difference in function scores between patients

categorized as an outlier and in-range (Table 3).

Discussion

The most important findings of the present study were that

the use of generic instruments to kinematically align a

TKA accurately aligned five of the six alignments, restored

high function, and high function was restored regardless of

whether patients had an alignment categorized as an outlier

or in-range.

The frequency the mechanical alignment of the limb of

patients treated with kinematically aligned TKA using

generic instruments was in-range was comparable if not

more accurate than reports of patients with mechanically

aligned TKA performed with conventional instruments,

patient-specific instrumentation, or computer-assisted

instruments [4, 8, 17, 19, 30] (Table 4). This accuracy is

due to treatment of the 17 % of patients with a fixed valgus

deformity by releasing the lateral collateral ligament and

the popliteus tendon, recutting the tibia in 2� more varus,

and inserting a thicker liner.

In the present study, the frequency the alignment of the

joint line was aligned in-range parallel to the floor in sin-

gle-leg stance of patients in the present study was more

accurate than reports of patients treated with mechanically

aligned TKA with conventional instruments [8]. Mechan-

ically aligned TKA changes the joint line an average of

2.5� more valgus than normal, which places the joint line

oblique to the floor in single-leg stance, and imbalances

compartmental forces and increases medial and lateral

shear forces across the knee [8, 20].

The frequency the anatomic axis of the knee of patients

treated with kinematically aligned TKA using generic

instruments was in-range was at least comparable if not

more accurate than reports of patients treated with

mechanically aligned TKA performed with conventional

instruments and with patient-specific instrumentation [28,

31] (Table 4). The 11� range (3� to -8�) of the anatomic

axis of the knee in the present study is comparable to

normal extremities and is 66 % narrower than the 32�
range (12� to -20�) reported for mechanically aligned

TKA performed with conventional instruments [10, 31].

Because the varus–valgus alignment of the tibial com-

ponent was aligned to the natural joint line and not per-

pendicular to the mechanical axis of the tibia in the present

study, the frequency of patients categorized in-range was

lower than patients treated with mechanically aligned TKA

performed either with conventional instruments or with

patient-specific instrumentation (Table 4) [8, 28, 31].

Several studies have shown that positioning the tibial

component within a natural range of varus does not reduce

implant survival at 3, 5, 7, and 10 years [17, 25, 26, 34].

One study has shown that function is better when a varus

Fig. 5 Scanograms and axial CT images from one patient show the

lines used to measure limb alignment, joint line alignment, knee

alignment, tibial component alignment, and rotation of the tibial

component on the femoral component. Because the angles measured

on the extremity with the TKA and the contralateral normal knee are

nearly identical, the femoral and tibial components are closely

restored to the joint line of the contralateral knee. Although the limb

and joint line alignments are in-range, paradoxically, the alignments

of the knee and tibial component are categorized as varus outliers

even though they match the normal contralateral knee
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limb is left in mild varus than when overcorrected to ‘in-

range’ [34]. Restoring the natural varus–valgus alignment

of the tibial joint line is the only way to maintain the

normal orthogonal relationships between the longitudinal

kinematic axis in the tibia, the two transverse kinematic

axes in the femur, and the joint lines of the knee (Fig. 1) [8,

9, 11, 14, 16, 18].

In the present study, the frequency the rotation of the

fixed-bearing tibial component with respect to the femoral

component of patients was in-range was comparable if not

more accurate than reported for patients treated with

mechanically aligned TKA performed with a mobile-

bearing component (Table 4) [23, 24]. The new

kinematically aligned technique maintained the rotation in

nearly all patients within 0� ± 10�, which is associated

with better function and more normal contact kinematics

after mechanically aligned TKA [24, 27].

In the patients with an intact ACL in the present study,

the intraoperative change in the A–P distance of the tibia

with respect to the medial femoral condyle was accurately

minimized. Several studies have shown the importance but

also the difficulty of adjusting the A–P distance, which is

the key step in adjusting the flexion gap to balance the PCL

in a PCL-retaining TKR [6, 35]. A loose PCL may result in

instability and pain, and excessive tension in the PCL may

restrict flexion [29]. The technique of kinematically

Table 2 Mean Oxford Knee

and WOMAC scores for six in-

range and outlier alignments

a Values given are the number

(N) of TKAs

Six measures of alignment In-rangea 1st outliera 2nd outliera

Mechanical alignment of the limb 0� ± 3�
N = 93

Varus outlier [ 3�
N = 6

Valgus outlier \ -3�
N = 1

Alignment of the joint line -3� ± 3�
N = 94

Varus outlier [ 0�
N = 0

Valgus outlier \ -6�
N = 6

Anatomic axis of the knee -2.5� to -7.4�
N = 57

Varus outlier [ -2.5�
N = 41

Valgus outlier \ -7.4�
N = 2

Varus–valgus angle of the

tibial component

B0�
N = 4

Varus outlier [ 0�
N = 96

Rotation of tibial component with

respect to femoral component

0� ± 10�
N = 98

Outlier ([±10�)

N = 2

Change in A/P distance of tibia with

respect to the medial femoral

condyle (ACL intact)

0 ± 2 mm

N = 77

Outlier ([±2 mm)

N = 5

Table 3 Mean Oxford Knee

Score and WOMAC for patients

categorized as in-range or

outlier for six measures of

alignment

a Values given are the

mean ± standard deviation of

each function score rounded to

the nearest integer

Six measures of alignment In-rangea 1st outliera 2nd outliera Significance

Mechanical alignment of the limb

Oxford Knee score (48 best) 42 ± 5 44 ± 3 38 NS

WOMAC score (100 best) 89 ± 11 95 ± 5 NS

Alignment of the joint line

Oxford Knee score 42 ± 5 39 ± 10 NS

WOMAC score 89 ± 11 83 ± 18 NS

Anatomic axis of the knee

Oxford Knee score 43 ± 5 42 ± 5 38 ± 1 NS

WOMAC score 90 ± 11 89 ± 12 72 NS

Varus–valgus angle of the tibial component

Oxford Knee score 44 ± 3 42 ± 5 NS

WOMAC score 95 ± 3 89 ± 11 NS

Rotation of tibial component with respect

to femoral component

Oxford Knee score 42 ± 5 45 ± 1 NS

WOMAC score 89 ± 11 93 ± 2 NS

Change in A/P distance of tibia with respect

to the medial femoral condyle (ACL intact)

Oxford Knee score 42 ± 5 43 ± 3 NS

WOMAC score 88 ± 12 91 ± 6 NS
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aligning the femoral component and adjusting both the

slope of the tibia and the thickness of the tibial liner while

maintaining an intact PCL without release accurately

minimized the intraoperative change in the A–P distance of

the tibia with respect to the medial femoral condyle.

Finally, for each alignment measured, the function was

comparable if not higher than reports of kinematically

aligned TKA performed with patient-specific instrumenta-

tion, and mechanically aligned TKA performed with con-

ventional instruments, patient-specific instrumentation, or

computer-assisted instruments (Table 4). Because high

function was restored regardless of whether patients had an

alignment categorized as an outlier or in-range, the exer-

cise of categorizing alignment to determine function was

shown to serve no purpose. Resurfacing the knee by

positioning the components to restore the normal joint lines

would be perceived as natural to the patient, and may be

desirable because the release of collateral, posterior cru-

ciate, and retinacular ligaments is rarely needed except in

the knee with a fixed valgus deformity [3].

Two limitations that require further study should be

discussed. First, the results in the present study require

independent confirmation even though they were obtained

independent of the treating surgeon because alignment and

function published by designing surgeons are typically

better than those reported by registries [22]. Second,

although the New Zealand Joint Registry has shown that

the high Oxford Knee score reported in the present study

prognosticates a low revision rate at 2 years and high

function at 5 years, the present study did not determine

long-term survival of the implant and long-term patient

function [17, 33].

Conclusion

The authors prefer the use of generic instruments to per-

form kinematically aligned TKA in place of mechanically

aligned TKA because five of six alignments were accurate

and because high function was restored regardless of

whether patients had an alignment categorized as an outlier

or in-range.
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