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Background: Kinematically aligned (KA) total knee arthroplasty (TKA) has emerged as an alter-
native approach to the intraoperative alignment targets of mechanically aligned (MA) TKA.
While the clinical outcomes of the two philosophies have been investigated, further investiga-
tion is required to quantify exactly how the two philosophies differ in their approach to
correcting the deformities encountered in osteoarthritic knees such as fixed flexion deformities
(FFD) and coronal malalignment. The aim of this paper was to compare MA and KA philoso-
phies in TKA in terms of the intra-operative correction of FFD and coronal malalignment and
quantify the way in which each philosophy achieves a well-balanced knee that can reach full
extension.
Methods: A retrospective review of prospective data collected from 210 consecutive TKAs per-
formed by a single surgeon between March 2015 and May 2017 was undertaken. MA and KA
cases were compared in terms of pre-operative patient deformity and characteristics, intraop-
erative steps taken to correct FFD (including bony resections, soft tissue releases and compo-
nents used) and postoperative alignment achieved.
Results: One hundred twenty MA and 90 KA TKAs were analysed. There was no significant dif-
ference in terms of patient age, gender and preoperative coronal and sagittal deformity be-
tween the two cohorts. KA TKAs were able to achieve the same degree of sagittal correction
as MA TKAs with less total bony resection (16.7 mm vs. 18.9 mm, p b 0.0001), less soft tissue
releases (10% vs. 49.2%, p b 0.0001). This was achieved with a difference in component align-
ment. The femur was in more valgus (−2.5 vs. −0.03°, p b 0.0001), the tibia in more varus
(2.3 vs. 0.3°, p b 0.0001), and the overall alignment slightly more varus in the KA group (1.1
vs. 0.4°, p = 0.007), without significant difference in the proportion of patients within three
degrees of a neutral axis.
Conclusion: This study shows that using a kinematic alignment philosophy in total knee
arthroplasty results in the achievement of extension range-of-motion and soft tissue balance
goals with less bone resection and less soft tissue release. This allows for bone stock preserva-
tion and minimization of trauma due to soft tissue release. Further study is required to corre-
late these results with patient reported outcomes and determine their clinical significance.
Level of evidence: III — retrospective cohort study.
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1. Introduction/purpose

While there are several philosophies for performing total knee arthroplasty (TKA), historically the prevailing approach has been to
create a neutral mechanical axis. This is created by performing bony cuts perpendicular to the long axis of the femur and tibia and
adding soft tissue release of the surrounding ligaments to balance the knee where required [1]. This mechanical alignment (MA)
technique has been considered well performed when the overall limb alignment is within three degrees of neutral, however at
least 10–12% of patients remain dissatisfiedwith the resulting outcome using this technique [2,3], with older papers reporting higher
rates of dissatisfaction at about 20% [4–6].

Kinematic alignment (KA) has recently emerged as an alternative to this traditional philosophy of mechanically aligned total
knee replacement. In KA TKA, the aim is to restore the native joint line anatomy and orientation, preserving the patients' native
soft tissue envelope by balancing the knee with bony resection rather than soft tissue releases. Early studies comparing MA and
KA TKA have demonstrated either equivalent or better clinical outcomes for KA TKA [7–12]. This may be because KA TKA pro-
duces more neutral weight bearing positions and decreased knee adduction moment, a surrogate for medial tibiofemoral joint
loading and thus implant durability when compared to MA TKA [13,14], or it may result from less disruption of the native soft
tissue envelope [15–17]. The KA technique attempts to modify implant position in order to recreate the anatomy of the
prearthritic articular surface for the individual patient. This would theoretically improve ligament balancing and minimise the
need for releases, because component alignment will more closely match each individual patient's anatomy and the correspond-
ing soft tissue envelope of their knee. However, there is a lack of published data regarding how KA total knee replacement can
effectively achieve sagittal plane correction of fixed flexion deformities (FFD) with less soft tissue release and bone resection in
comparison to MA patients. While the clinical outcomes of the two philosophies have been investigated, there is a gap in the lit-
erature around quantifying exactly how the two philosophies differ in their approach to correcting the deformities encountered in
osteoarthritic knees such as fixed flexion deformities and coronal malalignment.

Fixed flexion deformity is an inability to achieve complete extension of the knee in the sagittal plane. As the native knee de-
generates this loss of full extension tends to develop, and increase as the disease advances. Without the ability to fully extend the
knee there is an increased energy requirement for standing and gait, increased incidence of anterior knee pain and overall poorer
knee function [12,18,19]. As a result, restoring full extension is one of the primary objectives when patients undergo total knee
replacement. Traditionally, FFD is addressed via a combination of soft tissue releases and if needed, increased bony resection,
generally from the distal femur [20–27]. In KA TKA, recreating the joint line may allow soft tissues to remain at their “native” ori-
entations, decreasing the need for direct intervention (i.e. bony resection and soft tissue releases) to achieve full range of motion.

The aim of this paper was to quantify the different implant positions that result from using the KA and MA philosophies, and
compare the amount of bone resection and soft tissue releases required with each respective technique to achieve intra-operative
correction of FFD and thus achieve the primary goal of a well-balanced knee that can reach full extension.

This was undertaken via a retrospective review of prospectively collected data from a single surgeon. We hypothesised that
there would be a difference between the amount and orientation of bone resection from the distal femur and proximal tibia
and degree of soft tissue release required to achieve the same amount of FFD correction and a balanced knee using the KA and
MA alignment philosophies.

2. Methods

This project was approved by the local ethics board (Approval number: LNR/15/HAWKE/478).

2.1. Patient population

A retrospective review of prospective data collected from 210 consecutive TKAs performed by a single surgeon between March
2015 and May 2017 was undertaken. Included patients were those undergoing either mechanically aligned (MA) or kinematically
aligned (KA) robotically assisted total knee arthroplasty performed with computer navigation (Global Orthopaedics, Australia)
who demonstrated preoperative fixed flexion deformity as measured with computer navigation, with any degree of coronal de-
formity. These cases were performed as a consecutive series, with the vast majority of the mechanically aligned knees being per-
formed before the surgeon changed to the kinematic philosophy.

2.2. Surgical technique

All total knee arthroplasties were performed by a single surgeon and all patients received the Omni Apex (Global Orthopae-
dics, Australia) cruciate retaining implant, a single radius implant with spherical posterior condyles. The Omni computer naviga-
tion system was used for all cases, including the Omnibot robotic delivery system for all femoral cuts. Preoperative alignment was
measured with a standardised computed tomography (CT) protocol in all cases. The depth of every femoral cut (posteromedial,
posterolateral, distal medial and distal-lateral) was either validated with a navigation check block (distal and anterior cut) or mea-
sured using a calliper device (posterior cut). Soft tissue releases were recorded in a database by the operating surgeon and clas-
sified by their location: i.e. lateral (iliotibial Band, popliteus, fibular collateral ligament), medial compartment (superficial medial
collateral ligament), posterior (posterior capsule, popliteus tendon) or lateral patellar retinaculum.
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2.2.1. Kinematic alignment technique
A medial parapatellar approach was performed to expose the knee joint and osteophytes were removed. Navigation trackers

were placed, anatomical landmarks registered, and the articular surfaces of the tibia and femur mapped to generate a three di-
mensional (3D) reconstruction of the bony morphology. This reconstruction was used for virtual planning of the desired implant
position in real time. Femoral bony resection was performed first with distal and posterior resections made to match the native
joint line prior to disease by accounting for cartilage loss and implant thickness and making a matched resection. It was assumed
that full thickness cartilage amounted to two millimetres [28,29]. The Apex implant used is nine millimetres thick distally and
11 mm thick posteriorly, and the respective resections were made to account for this. The femoral component coronal alignment
was driven by this matched resection philosophy to a maximum of six degrees of valgus in the coronal plane. Femoral rotation
was driven by a matched resection from the posterior condyles accounting for any cartilage loss as described above (parallel to
the posterior condylar axis when there was no posterior cartilage loss). Sizing was posterior referenced with the goal being
matched resection from the posterior condyles as described, and the anterior flange sitting flush with the anterior cortex of the
femur (no notching). The component was flexed between 0 and four degrees as needed to achieve this, or if necessary upsized
to the next size. In those cases where this KA philosophy would have resulted in the femoral component being in more than
six degrees of valgus, a modification to the philosophy was made to not exceed this value and make a suitable adjustment to
the tibial cut (this was necessary in only one case).

Tibial resection followed femoral resection. The initial tibial resection was made to match the estimated native joint line. This
was generally between 0 and three degrees varus to the long axis of the tibia. Depth of the tibial resection was matched to the
implant thickness (including the thinnest polyethylene insert) removed from the high side except where this would result in
more than seven millimetres from the medial side. In this circumstance the resection depth would be reduced to take a maximum
of seven millimetres from the medial side. Tibial slope was set to match the preoperative slope measured in the preoperative CT
scan. Tibial rotation was set parallel to the long axis of the ellipse of the lateral tibial plateau [30]. In cases where there was sig-
nificant bone loss from the worn side, a point of reference was used that could best approximate the point where that bone loss
began to pass beyond the native bony joint line position.

Posterior tibial slope and coronal and sagittal alignment were confirmed intraoperatively using the navigation system and then
recorded by the surgeon.

Finally trial components were inserted and computer navigation was used to assess the range of motion and laxity throughout
range. Sagittal plane balance was carefully assessed. The goal was full extension under gravity, and a matched flexion gap. Where
full extension was not achieved a posterior capsular release was performed. If the capsular release was not enough to acquire full
extension with the smallest polyethylene insert, a re-resection of the distal femur would be performed (not required in any KA
cases). Any releases or extra resections were recorded. Where the knee was hyperextending thicker polyethylene inserts were
used until this corrected. Tightness in flexion was assessed by the surgeon intra-operatively and addressed by changing the tibial
slope angle (too tight in flexion leading to recutting the tibia with greater slope, and vice-versa). Coronal plane balance was
assessed throughout the range of motion and any imbalance was addressed via recutting the tibia into more varus or valgus as
required (up to a maximum of five degrees tibial varus or three degrees tibial valgus), rather than soft tissue releases wherever
possible. In essence, this KA TKA technique is a kinematically resected femur with a gap balanced tibia with tibial recuts used to
replace ligamentous releases in order to achieve coronal and sagittal balance.

All final resection angles and depths were recorded via the navigation system along with final limb alignment, laxity curves,
releases performed and implants used.
2.2.2. Mechanical alignment technique
The same approach and initial preparation with osteophyte removal, navigation pin placement, and anatomic registration were

performed. Virtual planning was performed on the computer generated model but with mechanical alignment parameters (per-
pendicular to the mechanical axis).

The distal femoral cut was performed first, oriented perpendicular to the mechanical axis of the femur. Resection depth was
referenced against the most distal femoral condyle (“high side”), taking the same thickness as the distal implant (nine
millimetres), with the low side resection being driven by the combination of the high side reference and 0° mechanical alignment.
The posterior cut was positioned to take implant thickness (11 mm) from the medial femoral condyle and lateral posterior con-
dyle resection depth being driven by rotation of the component three degrees external to the posterior condylar axis and parallel
to the transepicondylar axis (where these did not match, the surgeon made a best fit between them). Sizing was performed in the
same fashion as described for KA.

Following femoral resection, tibial resection was performed perpendicular to the mechanical axis of the tibia, with resection
depth from the high side made to match the implant thickness.

Trial components were inserted, with laxity and range of motion testing performed. Incomplete extension was addressed
via posterior capsular release and then further distal femoral resection as required to achieve full extension. Any tightness in
flexion was addressed via a posterior cruciate ligament (PCL) release and then increased tibial slope if required. Coronal
plane imbalances were addressed via release of either the medial or lateral capsular and ligamentous structures depending
on which side was too tight and in which part of the flexion–extension cycle. The coronal plane cut of the femur and tibia
was not deviated from perpendicular to the mechanical axis of each bone and balance was achieved by soft tissue releases
and/or more femoral bone resection as described.
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2.3. Data collection and analysis

Pre-operative patient characteristics (e.g. age, sex, date of surgery) were collected from the clinical patient files. Intraoperative
data (e.g. pre- and post-operative range of motion and alignment, resection depths and alignment) was collected from the intra-
operative reports and screenshots taken from the navigation system intra-operatively and cross referenced against the log files
generated by the navigation system. Pre- and post-operative laxity was calculated by subtracting end coronal range of motion
on varus and valgus stress (performed by the senior surgeon) at 0, 30 and 90° of flexion. This measurement was used as a mea-
sure of soft tissue tension.

The amount of implant placed in the joint was compared to the amount of bone resected from each of the medial and lateral
compartments. This was calculated by the formula below:
Difference ¼ 9 mm Femoral component thicknessð Þ þ Poly Thickness in mm− Femoral resectionþ Tibial Resectionð Þ
A positive difference would indicate that on a net level, more implant was placed in the knee than bone resected, and a negative
difference the opposite. The joint line may move depending on where this net difference was most pronounced (femur or tibia).

Statistical analysis was performed using R (R Core Team, New Zealand) and MiniTab Express (Minitab Inc., United States of
America). Continuous variables were presented as means with standard deviations. Comparisons between the MA and KA TKA
groups were made using unpaired Student's T-test with alpha set at 0.05. Proportions between these groups were made using
the chi-squared test with alpha set at 0.05. Population variances were compared using the multiple comparison test with alpha
set at 0.05.

3. Results

3.1. Preoperative patient characteristics

A total of 210 consecutive total knee arthroplasties were analysed consisting of 120 mechanically aligned and 90 kinematically
aligned TKA cases. These were done as a consecutive series, with the vast majority of the mechanically aligned knees being per-
formed before the surgeon changed to the kinematic philosophy.

There was no significant difference between MA and KA groups in terms of age (67.9 ± 10.7 vs. 67.0 ± 12.0, p = 0.58) (Stan-
dard Deviation), proportion of male sex (37.5% vs. 38.9%, p = 0.67) and left side cases (52.5% vs. 62.2%, p = 0.16). There was also
no significant difference between mechanical vs. kinematic alignment in terms of pre-operative coronal deformity (5.3 vs. 5.2°)
(Figure 1), or fixed-flexion deformity (7.3 vs. 8.1°) (See Table 1). The proportion with a significant coronal (N3°, 30.8% vs.
31.1%) or sagittal malalignment (N15°, 5.8% vs. 8.9%) was also the same between the two groups. Pre-operative laxity on
varus–valgus stress testing was similar between the two groups at 0 (1.8 vs. 2.3°) and 30° (4.6 vs. 5.3°). At 90°, knees in the
KA group were more lax (2.7 vs. 4.7°, p b 0.001).
Figure 1. Histogram of preoperative alignment between mechanically aligned and kinematically aligned knees.



Table 1
Comparison of preoperative patient alignment between mechanically and kinematically aligned total knee arthroplasty (95% confidence intervals in brackets).

n MA KA p-Value

120 90

Pre-op alignment
Coronal deformity (absolute) 5.3 (0.6) 5.2 (0.7) 0.82
Coronal (varus +ve, valgus −ve) 4.3 (0.8) 4.8 (0.8) 0.77
Pre-op within 3° 30.8% (8.2) 31.1% (8.3) 0.97
Max extension 7.3 (0.9) 8.1 (0.5) 0.1
Pre-op more than 15° of FFD 5.8% (4.2) 8.9% (5.0) 0.41

Pre-op laxity on stress testing
0° 2.8 (0.4) 3.0 (0.3) 0.16
30° 7.4 (0.5) 7.9 (0.5) 0.13
90° 4.5 (0.5) 4.98 (0.5) 0.17

Statistically significant result.

Table 2
Comparison of post-operative patient alignment between mechanically and kinematically aligned total knee arthroplasty (95% confidence intervals in brackets).

Post-op alignment MA KA p-Value

Coronal deformity (absolute)a 0.8 (0.2) 1.5 (0.2) b0.0001
Coronala 0.4 (0.2) 1.1 (0.3) 0.0007
Post-op within 3° 99.2% (2.0) 95.6% (0.2) 0.16
Max extension −0.1 (0.3) −0.1 (0.3) 0.99

a Statistically significant result.
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3.2. Post-operative alignment

While there was a tendency for final limb alignment to be slightly more varus in the KA group (1.5 vs. 0.8°), there was no
significant difference between the two groups for the proportion having a final alignment within three degrees of neutral
(95.6% vs. 99.2%) (Table 2, Figure 2). There was no significant difference between the MA and KA knees in terms of post-
operative extension achieved (−0.1 vs. −0.1°) (see Table 2, Figure 3).
Figure 2. Histogram of post-operative alignment between mechanically aligned and kinematically aligned knees.



Figure 3. Histogram of post-operative maximum extension between mechanically and kinematically aligned knees.
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3.3. Bony resection and soft tissue releases

In KA knees the distal femoral resection was significantly more valgus (−2.5° vs. −0.03, p b 0.0001) (Figure 4) with less over-
all resection depth but no difference in flexion while the tibial resection was in more varus (2.3 vs. 0.3°, p b 0.0001) with less
posterior slope (2.8 vs. 3.3°, p = 0.01) and less overall resection depth (8.1 vs. 9.1 mm, p b 0.0001) (Figure 5). The total bone
resection was less for KA than for MA knees (16.7 vs. 18.9 mm, p b 0.0001).

There were less bony recuts of the distal femur required in KA compared to MA knees, but this was not statistically significant
(0% vs. 1.7%). In the KA group, 4.4% (four) of cases required a tibial recut to allow for appropriate balancing, while there were no
tibial recuts in the MA group. Significantly more soft tissue releases were performed in MA knees compared to KA (49.2% vs. 3.3%,
p b 0.0001). This was the case for medial (35.8% vs. 3.3%, p b 0.0001), posterior (18.3% vs. 3.3%, p b 0.0001) and lateral releases
Figure 4. Histogram of coronal alignment of femoral resection between mechanically aligned and kinematically aligned knees.



Figure 5. Histogram of coronal alignment of tibial resection between mechanically aligned and kinematically aligned knees.
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(5.8% vs. 0%, p = 0.02) respectively (see Table 3). To make a measure of total intervention required to balance the knee after the
primary cuts via combined soft tissue recuts, we see 10% in the KA group and 49.2% in the MA group (p b 0.0001).

There was no significant difference between MA and KA knees in terms of polyethylene insert thickness (11.1 vs. 10.9 mm), or
proportion of inserts above 10 mm in thickness (43.3% vs. 37.8%).

3.4. Compartmental changes

In both groups the net result tended to be more positive but compared to MA knees, more implant was added to KA knees in
both the medial and lateral compartments (Figure 6). The variance of the lateral gap change was significantly greater in MA knees
compared to KA knees (p = 0.02). The same was observed in the medial compartment (p b 0.0001).
Table 3
Comparison of intraoperative steps performed between mechanically and kinematically aligned total knee arthroplasty (95% confidence intervals in brackets).

MA KA p-Value

Tibial cuts
Primary resectiona 9.1 (0.2) 8.1 (0.3) b0.0001
Varus/valgusa 0.3 (0.1) 2.3 (0.4) b0.0001
Posterior slopea 3.3 (0.2) 2.8 (0.4) 0.01

Femoral cuts
Distal resectiona 9.95 (0.3) 8.6 (0.3) b0.0001
Varus/valgusa −0.03 (0.1) −2.5 (0.4) b0.0001
Flexion 1.6 (0.3) 1.2 (0.3) 0.052
Distal femoral recut 1.7% (n = 2) (0.3) 0% (0) 0.51
Sum of high tibial + high distal femoral resection 18.9 (0.5) 16.7 (0.4) b0.0001

Releases
Release performed at all?a 49.2% (8.9) 3.3% (3.2) b0.0001
Balancing release/recut performed at all?a 49.2% (8.9) 10.1% (5.4) b0.0001
Medial releasea 35.8% (8.5) 3.3% (3.2) b0.0001
Posterior releasea 18.3% (6.9) 3.3% (3.2) 0.002
Lateral releasea 5.8% (4.2) 0.0% (0) 0.02
Tibial recuts N/A 4.4% (3.7) –

Poly insert
Poly thickness 11.1 (0.3) 10.9 (0.3) 0.25
Poly greater than 10 mm used 43.3% (8.9) 37.8% (8.6) 0.42
Medial difference (in vs. out)a 5.1 (0.6) 6.9 (0.6) 0.0001
Lateral difference (in vs. out)a 2.7 (0.7) 3.8 (0.6) 0.03

a Statistically significant result.



Figure 6. Comparison of compartmental change between mechanically aligned and kinematically aligned knees.
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3.5. Pre- and post-operative laxity

MA TKA resulted in significant difference between pre- and postoperative laxity at 0 (2.8 vs. 1.8°), 30 (7.4 vs. 4.6°) and 90°
(4.5 vs. 2.7°) of flexion on varus–valgus stress testing. On the other hand, pre- and postoperative laxity was not significantly dif-
ferent for KA TKA group at 0 and 90°, but was different at 30° (Table 4).

4. Discussion

This study examined the differences in component orientation, amount of bone resection, and need for soft tissue releases or
bony recuts to achieve the goal of a well-balanced knee that can fully extend, using the mechanical and kinematic philosophies.
We found that in the absence of any difference in preoperative deformity, age, gender and side, KA TKA was able to achieve a
similar level of correction in sagittal range of motion with less distal femoral and tibial resection, and much less soft tissue re-
leases, and required a greater net increase in joint space to avoid hyperextension compared to MA TKA. On average, there was
greater increase in terms of difference in implanted and resected joint surface in both the medial and lateral compartments in
KA TKA than MA TKA. KA TKA employed femoral resections placed in a more valgus position and tibial resections placed in a
more varus position compared to MA TKA. However, while KA TKA knees had slightly greater varus final limb alignment com-
pared to MA TKA knees, overall there was no significant difference between them, and more than 95% were within three degrees
of neutral even in the KA group.

KA TKA has been shown to be a viable alternative to MA TKA, with equivalent if not slightly better outcomes published in the
literature overall. Specifically, KA TKA has been shown to result in better functional outcomes and shorter operative times com-
pared to MA TKA [15,31]. The results of our study add to this body of work, showing that KA TKA is able to correct sagittal de-
formities with less bony resection and soft tissue releases to achieve the same amount of correction to full extension compared to
MA TKA.

A lesser requirement for soft tissue release is advantageous for a number of reasons. As the soft tissues around the knee joint
are integral in proprioceptive function and to maintain balance [32], avoiding releasing or interfering with these structures could
Table 4
Comparison of pre- and post-operative laxity on varus–valgus stress testing at 0, 30 and 90° of flexion in mechanically and kinematically aligned knees.

Pre-operative laxity (degrees, SD in brackets) Post-operative laxity (degrees, SD in brackets) p-Value

Mechanical alignment
0°a 2.8 (2.3) 1.8 (1.6) 0.01
30°a 7.4 (2.6) 4.6 (2.1) b0.0001
90°a 4.5 (2.7) 2.7 (1.6) b0.0001

Kinematic alignment
0° 3.0 (1.6) 2.3 (2.0) 0.06
30°a 7.9 (2.2) 5.3 (2.4) b0.0001
90° 4.98 (2.3) 4.7 (3.2) 0.49

a Statistically significant result.
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optimise joint function, accelerate patient rehabilitation and result in a more normal feeling knee with higher patient satisfaction.
Avoiding soft tissue releases is beneficial as the lesser degree of trauma may result in less pain and swelling experienced post-
operatively by the patient, allowing for faster recovery and better outcomes. Additionally, soft tissue releases are difficult to quan-
tify compared to measured bone resections, and therefore minimising soft tissue releases could lead to a more standardised ap-
proach to TKA, with the potential to develop quantified predictive models to guide intraoperative decision making.

The second advantage of the KA philosophy identified by this study is less bone resection being required to achieve the same
goals of full extension and a balanced knee. This results in greater bone stock preservation, which would be advantageous in case
future revision is required. Lesser bony resection would mean a lower risk of changing the native joint line, thereby optimising
range of motion and reducing component wear and postoperative patient pain [33]. Excessive distal femoral resection has also
been associated with dysfunction of the patellofemoral and tibiofemoral articulations and poorer clinical scores, all of which
would be avoided with minimised bony resection [34]. A lower requirement for bony resection would suggest a minimised
need for distal femoral re-cuts required to achieve full extension, which, although not statistically significant, was indeed the
case in this study. This combined with the avoidance of soft tissue releases to balance the knee may have resulted in the de-
creased intraoperative time, which was not studied in this paper but has previously been demonstrated in the literature [15].

In our cohort, KA reduces the need for soft tissue release from 49% to 10% and decreases the amount of bony resection. This
minimises the potential for errors to be made performing releases, which are difficult to perform in a reproducible, quantifiable
fashion, and are associated with instability [35]. We hypothesise KA TKA is able to achieve this due to the greater degree of pres-
ervation of the patients' pre-operative anatomy, including the soft tissue envelope, which may be similar to their native, disease-
free state. MA TKA may distort more of the native soft tissues, placing them on stretch or at maximum excursion (tight) in various
positions short of full extension. This is necessary with MA philosophy because of the forced positioning of the implant perpen-
dicular to the mechanical axis even when the patients' native joint line does not share this orientation. A natively valgus knee
with bony resections performed as per mechanical alignment would relatively under-resect the lateral compartment, resulting
in a tight lateral ligament complex (as well as disturbing the physiological laxity of the medial compartment) [36]. This not
only causes coronal imbalance, but also prevents the joint from achieving full extension, therefore necessitating a lateral release
[37]. By maintaining pre-operative articular surface alignment, KA TKA produces conditions which allow the patients' native soft
tissues to maintain tension at a level close to that of their disease-free state and achieve full extension before becoming fully taut,
as well as allowing for native coronal balance.

The rates of soft tissue release encountered in this study in the MA TKA group are higher than other reported rates employing
MA TKA and computer navigation. Previous studies quote collateral ligament release rates in MA TKA of two to 25% [38–40], with
reported rates of 50 to 100% also postulated [39]. This variation may result from the fact that most of these studies, including our
own, were small case series, but may also result due to surgeon preference and practice in fine tuning knee balance. Our study
investigated soft tissue release in a single surgeon's cohort, with a demonstrable reduction in soft tissue release required.

Our comparison of pre- and post-operative laxity on varus–valgus stress of the knee preliminarily supports the notion that KA
TKA preserves the pre-disease soft tissue envelope. We demonstrated that MA TKA significantly alters soft tissue balance at the 0
and 90 degree mark (while KA TKA does not significantly alter laxity at this range), overall resulting in a tighter varus/valgus en-
velope. However, both MA and KA TKAs were associated with less laxity postoperatively at 30°. Future study should further elu-
cidate and validate our findings, preferably with in vivo testing using soft tissue tensometers.
4.1. Limitations

There are a number of limitations which may hinder the validity of our results. Our study was retrospective, and so the iden-
tified relationships in this study need to be further evaluated, preferably in the setting of a randomised controlled trial comparing
MA and KA TKA. We used laxity of the knee on varus/valgus stress as a measure of soft-tissue tension — this is a non-quantified
technique which will have different results depending upon how much force is applied. While we could not measure this force,
having all cases performed by a single surgeon goes some way to standardising this measure across patients, but further studies
may benefit from tensometers or pressure measurements. Furthermore operative time was not available for analysis and would
be useful when comparing MA vs. KA in future study. Future study should aim to quantify soft tissue balance with tensometers.
As only a small proportion of patients had more extreme FFD (N15°), we should be cautious in extrapolating our findings to this
population. Finally, it remains unclear as to whether our findings translate into improved clinical outcome, due to limited patient
follow-up with regard to patient reported outcome measures. However, the main goal of this study was comparing the efficacy
and efficiency of MA and KA philosophies in TKA on the intra-operative correction of FFD. The relationship between these differ-
ences and their effect on patient reported outcome measures (PROMs) needs to be investigated in further study.
5. Conclusions

This study shows that using a kinematic alignment philosophy results in the achievement of full extension with less bone re-
section, less soft tissue release, and no difference in final overall limb alignment compared to mechanical alignment. Future study
should verify this relationship with prospective data and a larger dataset, and should link this relationship to patient reported out-
come measures.



475V.V.G. An et al. / The Knee 26 (2019) 466–476
Conflicts of interest/funding statement

There were no direct conflicts of interest to report with regard to this study. There was no funding for this study. The other
potential conflicts of interests are declared below:

Vincent VG An — None
Joshua Twiggs — Is a paid employee of 360 Knee Systems
Murilo Leie — None
Brett Fritsch

– Holds shares in 360 Knee Systems and Arthrex
– Has not received any royalties
– Has done consulting work for Arthrex.

References

[1] Luo CF. Reference axes for reconstruction of the knee. Knee 2004;11:251–7.
[2] Van Onsem S, Van Der Straeten C, Arnout N, Deprez P, Van Damme G, Victor J. A new prediction model for patient satisfaction after total knee arthroplasty. J

Arthroplasty 2016;31:2660–7 [e1].
[3] Harris IA, Harris AM, Naylor JM, Adie S, Mittal R, Dao AT. Discordance between patient and surgeon satisfaction after total joint arthroplasty. J Arthroplasty 2013;

28:722–7.
[4] Baker PN, van der Meulen JH, Lewsey J, Gregg PJ, National Joint Registry for E, Wales. The role of pain and function in determining patient satisfaction after total

knee replacement. Data from the National Joint Registry for England and Wales. J Bone Joint Surg Br 2007;89:893–900.
[5] Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD. Patient satisfaction after total knee arthroplasty: who is satisfied and who is not? Clin Orthop

Relat Res 2010;468:57–63.
[6] Noble PC, Conditt MA, Cook KF, Mathis KB. The John Insall Award: patient expectations affect satisfaction with total knee arthroplasty. Clin Orthop Relat Res 2006;

452:35–43.
[7] Calliess T, Bauer K, Stukenborg-Colsman C, Windhagen H, Budde S, Ettinger M. PSI kinematic versus non-PSI mechanical alignment in total knee arthroplasty: a

prospective, randomized study. Knee Surg Sports Traumatol Arthrosc Jun. 2017;25(6):1743–8.
[8] Dossett HG, Estrada NA, Swartz GJ, Le Fevre GW, Kwasman BG. A randomised controlled trial of kinematically andmechanically aligned total knee replacements:

two-year clinical results. Bone Joint J 2014;96B:907–13.
[9] Dossett HG, Swartz GJ, Estrada NA, LeFevre GW, Kwasman BG. Kinematically versus mechanically aligned total knee arthroplasty. Orthopedics 2012;35:e160–9.

[10] Nogler M, HozackW, Collopy D, Mayr E, Deirmengian G, Sekyra K. Alignment for total knee replacement: a comparison of kinematic axis versus mechanical axis
techniques. A cadaver study. Int Orthop 2012;36:2249–53.

[11] Waterson HB, Clement ND, Eyres KS, Mandalia VI, Toms AD. The early outcome of kinematic versus mechanical alignment in total knee arthroplasty: a prospec-
tive randomised control trial. Bone Joint J 2016;98-b:1360–8.

[12] Young SW, Walker ML, Bayan A, Briant-Evans T, Pavlou P, Farrington B. The Chitranjan S. Ranawat Award: no difference in 2-year functional outcomes using ki-
nematic versus mechanical alignment in TKA: a randomized controlled clinical trial. Clin Orthop Relat Res 2016;475(1):9–20.

[13] Matsumoto T, Takayama K, Ishida K, Hayashi S, Hashimoto S, Kuroda R. Radiological and clinical comparison of kinematically versus mechanically aligned total
knee arthroplasty. Bone Joint J 2017;99-B:640–6.

[14] Niki Y, Nagura T, Nagai K, Kobayashi S, Harato K. Kinematically aligned total knee arthroplasty reduces knee adduction moment more than mechanically aligned
total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc 2017;26(6):1629–35.

[15] Yoon JR, Han SB, Jee MK, Shin YS. Comparison of kinematic and mechanical alignment techniques in primary total knee arthroplasty: a meta-analysis. Medicine
(Baltimore) 2017;96:e8157.

[16] Howell SM, Papadopoulos S, Kuznik K, Ghaly LR, Hull ML. Does varus alignment adversely affect implant survival and function six years after kinematically
aligned total knee arthroplasty? Int Orthop 2015;39:2117–24.

[17] Hutt JR, LeBlanc MA, Masse V, Lavigne M, Vendittoli PA. Kinematic TKA using navigation: surgical technique and initial results. Orthop Traumatol Surg Res 2016;
102:99–104.

[18] Waters RL, Mulroy S. The energy expenditure of normal and pathologic gait. Gait Posture 1999;9:207–31.
[19] Ritter MA, Lutgring JD, Davis KE, Berend ME, Pierson JL, Meneghini RM. The role of flexion contracture on outcomes in primary total knee arthroplasty. J

Arthroplasty 2007;22:1092–6.
[20] Bellemans J, Vandenneucker H, Victor J, Vanlauwe J. Flexion contracture in total knee arthroplasty. Clin Orthop Relat Res 2006;452:78–82.
[21] Berend KR, Lombardi Jr AV, Adams JB. Total knee arthroplasty in patients with greater than 20 degrees flexion contracture. Clin Orthop Relat Res 2006;452:83–7.
[22] Meftah M, Blum YC, Raja D, Ranawat AS, Ranawat CS. Correcting fixed varus deformity with flexion contracture during total knee arthroplasty: the “inside-out”

technique: AAOS exhibit selection. J Bone Joint Surg Am 2012;94:e66.
[23] Mihalko WM, Whiteside LA. Bone resection and ligament treatment for flexion contracture in knee arthroplasty. Clin Orthop Relat Res 2003:141–7.
[24] Whiteside LA, Mihalko WM. Surgical procedure for flexion contracture and recurvatum in total knee arthroplasty. Clin Orthop Relat Res 2002:189–95.
[25] Jain JK, Sharma RK, Agarwal S. Total knee arthroplasty in patients with fixed flexion deformity: treatment protocol and outcome. Curr Orthop Pract 2013;24:

659–64.
[26] Krych AJ, Pagnano MW. Flexion contractures: getting it straight. Semin Arthroplasty 2009;20:38–9.
[27] Firestone TP, Krackow KA, Davis IJD, Teeny SM, Hungerford DS. The management of fixed flexion contractures during total knee arthroplasty. Clin Orthop Relat

Res 1992;284:221–7.
[28] Nakamura S, Tian Y, Tanaka Y, Kuriyama S, Ito H, Furu M, et al. The effects of kinematically aligned total knee arthroplasty on stress at the medial tibia: a case

study for varus knee. Bone Joint Res 2017;6:43–51.
[29] Howell SM, Papadopoulos S, Kuznik KT, Hull ML. Accurate alignment and high function after kinematically aligned TKA performed with generic instruments.

Knee Surg Sports Traumatol Arthrosc 2013;21:2271–80.
[30] Nedopil AJ, Howell SM, Rudert M, Roth J, Hull ML. How frequent is rotational mismatch within 0 degrees ± 10 degrees in kinematically aligned total knee

arthroplasty? Orthopedics 2013;36:e1515–20.
[31] Courtney PM, Lee GC. Early outcomes of kinematic alignment in primary total knee arthroplasty: a meta-analysis of the literature. J Arthroplasty 2017;32:

2028–32 [e1].
[32] Attfield SF, Wilton TJ, Pratt DJ, Sambatakakis A. Soft-tissue balance and recovery of proprioception after total knee replacement. J Bone Joint Surg Br 1996;78:

540–5.
[33] Fornalski S, McGarry MH, Bui CN, Kim WC, Lee TQ. Biomechanical effects of joint line elevation in total knee arthroplasty. Clin Biomech (Bristol, Avon) 2012;27:

824–9.
[34] Bengs BC, Scott RD. The effect of distal femoral resection on passive knee extension in posterior cruciate ligament-retaining total knee arthroplasty. J Arthroplasty

2006;21:161–6.

http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0005
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0010
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0010
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0015
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0015
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0020
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0020
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0025
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0025
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0030
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0030
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0035
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0035
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0040
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0040
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0045
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0050
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0050
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0055
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0055
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0060
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0060
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0065
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0065
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0070
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0070
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0075
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0075
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0080
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0080
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0085
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0085
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0090
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0095
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0095
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0100
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0105
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0110
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0110
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0115
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0120
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0125
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0125
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0130
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0135
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0135
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0140
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0140
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0145
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0145
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0150
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0150
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0155
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0155
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0160
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0160
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0165
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0165
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0170
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0170


476 V.V.G. An et al. / The Knee 26 (2019) 466–476
[35] Kim MS, Koh IJ, Choi YJ, Kim YD, In Y. Correcting severe varus deformity using trial components during total knee arthroplasty. J Arthroplasty 2017;32:1488–95.
[36] Tokuhara Y, Kadoya Y, Nakagawa S, Kobayashi A, Takaoka K. The flexion gap in normal knees. An MRI study. J Bone Joint Surg Br 2004;86:1133–6.
[37] Nagai K, Muratsu H, Matsumoto T, Takahara S, Kuroda R, Kurosaka M. Influence of intraoperative soft tissue balance on postoperative active knee extension in

posterior-stabilized total knee arthroplasty. J Arthroplasty 2015;30:1155–9.
[38] Goudie S, Deep K. Collateral soft tissue release in primary total knee replacement. Comput Aided Surg 2014;19:29–33.
[39] Hakki S, Coleman S, Saleh K, Bilotta VJ, Hakki A. Navigational predictors in determining the necessity for collateral ligament release in total knee replacement. J

Bone Joint Surg Br 2009;91:1178–82.
[40] Picard F, Deakin AH, Clarke IV, Dillon JM, Kinninmonth AW. A quantitative method of effective soft tissue management for varus knees in total knee replacement

surgery using navigational techniques. Proc Inst Mech Eng H 2007;221:763–72.

http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0175
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0180
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0185
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0185
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0190
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0195
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0195
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0200
http://refhub.elsevier.com/S0968-0160(18)30676-8/rf0200

	Kinematic alignment is bone and soft tissue preserving compared to mechanical alignment in total knee arthroplasty
	1. Introduction/purpose
	2. Methods
	2.1. Patient population
	2.2. Surgical technique
	2.2.1. Kinematic alignment technique
	2.2.2. Mechanical alignment technique

	2.3. Data collection and analysis

	3. Results
	3.1. Preoperative patient characteristics
	3.2. Post-operative alignment
	3.3. Bony resection and soft tissue releases
	3.4. Compartmental changes
	3.5. Pre- and post-operative laxity

	4. Discussion
	4.1. Limitations

	5. Conclusions
	Conflicts of interest/funding statement
	References


