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- © Restoring the constitutional alignment with
Z arestrictive kinematic protocol improves

quantitative soft-tissue balance in total knee
arthroplasty: a randomized controlled trial

Aims

It is unknown whether kinematic alignment (KA) objectively improves knee balance in total
knee arthroplasty (TKA), despite this being the biomechanical rationale for its use. This
study aimed to determine whether restoring the constitutional alignment using a restrictive
KA protocol resulted in better quantitative knee balance than mechanical alignment (MA).

Methods

We conducted a randomized superiority trial comparing patients undergoing TKA
assigned to KA within a restrictive safe zone or MA. Optimal knee balance was defined
as an intercompartmental pressure difference (ICPD) of 15 psi or less using a pressure
sensor. The primary endpoint was the mean intraoperative ICPD at 10° of flexion prior to
knee balancing. Secondary outcomes included balance at 45° and 90°, requirements for
balancing procedures, and presence of tibiofemoral lift-off.

Results

A total of 63 patients (70 knees) were randomized to KA and 62 patients (68 knees) to MA.
Mean ICPD at 10° flexion in the KA group was 11.7 psi (SD 13.1) compared with 32.0 psi in
the MA group (SD 28.9), with a mean difference in ICPD between KA and MA of 20.3 psi

(p <0.001). Mean ICPD in the KA group was significantly lower than in the MA group at
45° and 90°, respectively (25.2 psi MA vs 14.8 psi KA, p = 0.004; 19.1 psi MA vs 11.7 psi KA,
p < 0.002, respectively). Overall, participants in the KA group were more likely to achieve
optimal knee balance (80% vs 35%; p < 0.001). Bone recuts to achieve knee balance were
more likely to be required in the MA group (49% vs 9%; p < 0.001). More participants in the

MA group had tibiofemoral lift-off (43% vs 13%; p < 0.001).

Conclusion

This study provides persuasive evidence that restoring the constitutional alignment with
KA in TKA results in a statistically significant improvement in quantitative knee balance,
and further supports this technique as a viable alternative to MA.

Cite this article: Bone Joint J. 2020;102-B(1):117-124.

Introduction

The causes of dissatisfaction following total
knee arthroplasty (TKA) are likely to be multi-
factorial, with surgical factors such as instability,
malalignment, patellofemoral maltracking, and
stiffness reported to be significant contributors.'
Such dissatisfaction has led some surgeons to
question the focus on creating the theoretically
ideal mechanically aligned environment for the
implant,’® suggesting instead ways to accurately
recreate the constitutional (or pre-arthritic) align-
ment of the knee® with a goal of improving patient
satisfaction.!*'?

The kinematic alignment (KA) method!® aims
to restore the constitutional knee joint by creating
bone resections parallel to the pre-disease surface
of distal femur, posterior femur, and proximal
tibia, as opposed to cuts oriented perpendicular to
the long axis of each bone. The rationale is that a
knee aligned to the patient’s native anatomy will
be better balanced and therefore will require lit-
tle, if any, adjustment of the soft-tissue envelope
to more closely approximate normal knee kin-
ematics.'® It remains unclear whether such kine-
matic techniques improve quantitatively measured
knee balance when compared with mechanical
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alignment (MA), despite evidence that this technique may
contribute to improved patient outcomes. '3’

The aim of this study was to assess whether restoring the
patient’s constitutional alignment during TKA using a restric-
tive KA protocol results in better quantitative soft-tissue
balance when compared with the conventional method of MA.
The null hypothesis was that there would be no difference in
mean intercompartmental pressure difference (ICPD) at 10° of
knee flexion in patients who underwent TKA performed with
a restrictive safe zone KA protocol when compared with those
having surgery using MA. Additionally, we wished to test null
hypotheses that a restrictive KA protocol would result in no dif-
ference in mean ICPDs at higher degrees of knee flexion, on the
proportion of balanced knees, number of balancing procedures,
and number of cases of tibiofemoral lift-off when compared
with MA.

Methods

Study design. We conducted a randomized, controlled, parallel-
group superiority trial comparing intraoperative soft-tissue
balance in TKAs implanted using kinematic versus MA with a
1:1 ratio. Participants, assessors and statisticians were blinded
in order to enable unbiased collection and analysis of patient-
reported and functional outcomes. Allocation was performed
via sequentially numbered, sealed opaque envelopes. Rand-
omization was undertaken using computer-generated permuted
blocks of four, with surgeons unaware of block size. Bilateral
procedures were included and randomized once, with both
sides being assigned to the same group. The study protocol was
approved by Bellberry Ethics Committee (#2017-12-911) and
was prospectively registered with the Australian New Zealand
Clinical Trials Registry (#ACTRN12617001627347).
Participants. Between February and August 2018, consecutive
patients listed at our knee clinic to undergo primary TKA were
screened for eligibility resulting in 125 participants and 138
knees (74 males, 51 females; mean age 67.5 years (36 to 89)).
Patients were considered eligible for inclusion if they were
scheduled for primary, unilateral or bilateral TKA for osteoar-
thritis, inflammatory arthritis, or post-traumatic osteoarthritis.
Two knee arthroplasty surgeons (SJM, DBC) performed all
procedures at one private hospital in Sydney, Australia. Each
surgeon has been in clinical practice for 13 years and performs
between 200 and 300 TKAs annually. Both surgeons routinely
performed mechanically aligned TKAs, and prior to com-
mencement of the study performed approximately 20 navigated
KA TKAs to avoid a potential impact of the surgical learning
curve on the study.

Patients were excluded if they had prior grade 3 ligamen-
tous knee injury to posterolateral corner or lateral collateral
ligament. Patients with previous grade 3 medial collateral
ligament injuries treated conservatively were included if they
were deemed by the surgeon to have healed with a maximum of
grade 1 laxity. Patients with prior femoral, tibial, or patellofem-
oral osteotomies, or extra-articular femoral or tibial malunions
with deformity greater than 5° in any plane were excluded.
Preoperative plans and groups. Surgical planning was
undertaken with weight-bearing, long leg alignment radio-
graphs as per Paley.' The hip-knee-ankle (HKA) angle, lateral
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distal femoral angle (LDFA), and medial proximal tibial angle
(MPTA) were measured using a software-based measurement
tool as per Bellemans et al.’

In the control group (MA), initial femoral and tibial bone
resections were positioned perpendicular to the mechanical axis
of each bone and at an HKA angle of 0°.5%! Femoral compo-
nent rotation was set parallel to the surgical transepicondylar
axis with secondary rotational referencing perpendicular to the
anteroposterior sulcus axis and 3° externally rotated to the pos-
terior condylar axis.

In the intervention group (KA), bone resections were under-
taken within a restrictive alignment safe zone of 4° valgus to 3°
varus for recreation of the LDFA, 3° valgus to 4° varus for the
MPTA, and 5° varus to 4° valgus for the HKA. If the preopera-
tive plan required LDFA and MPTA resections that would lead
to an HKA outside the safe zone, then LDFA and MPTA were
incrementally adjusted until the final HKA did not exceed the
boundaries of the safe zone. To reduce the risk of subsidence of
the implant, patients with a history of medically treated osteo-
porosis, insufficiency fractures, or those aged over 80 years had
the safe zones for LFDA and MPTA narrowed to 3° valgus to 3°
varus, and HKA narrowed to 4° varus to 3° valgus. The angles
bounding these safe zones were centred on means describing the
normal distribution of these angles,’ as well as studies examin-
ing implant alignment in the context of survivorship.*** Fem-
oral component rotation was initially set parallel to the native
posterior condylar axis. If the planned tibial resection angle was
reduced in order to bring it within the safe zone, the femoral
component was externally rotated by the same amount in order
to rebalance the flexion gap.

Surgical technique. A posterior-stabilized, fully cemented
total knee prosthesis was used with patellar resurfacing in all
cases (Legion; Smith & Nephew, Memphis, Tennessee, USA).
All TKAs were implanted using computer-assisted navigation
(OrthoMap Precision Navigation; Stryker, Kalamazoo, Michi-
gan, USA) to improve accuracy as well as to ensure consistency
between groups. All implants were aligned according to group
allocation. Trial components were inserted prior to any soft-tis-
sue releases. During trialling, the surgeon determined the most
suitable tibial insert size. The extensor mechanism was approx-
imated using towel clips, and the knee cycled through a range
of motion.?!

ICPD assessments and balance. The pressure sensor insert
(VERASENSE; OrthoSensor, Dania Beach, Florida, USA)
recorded initial knee ICPDs at 10°, 45°, and 90°, confirmed
with computer-assisted navigation. Compartment pressures
were recorded by the operating surgeon and surgical assistant.
The absolute mean ICPD of the two readings constituted the
primary endpoint.

The surgeon then undertook final balancing by standard sur-
gical techniques, and utilizing the sensor as per Gustke et al.”
All knees were considered balanced if they achieved an ICPD
of 15 psi or less at all three flexion angles.”?* Improved one-
year functional and satisfaction scores have been reported in
patients with ICPDs less than 15 psi.?*?* Further bony resection
was performed if the absolute pressure in one compartment was
greater than 60 psi, or an ICPD was greater than 40 psi. If the
ICPD was between 16 psi and 40 psi, a soft-tissue release was
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Study enrolment flow diagram.

performed. The aim was to achieve a final ICPD of 15 psi or
less, with a single compartmental pressure of 40 psi or less at
the three flexion angles.

Endpoints at surgery and postoperative outcomes. The pri-
mary endpoint with respect to improved knee balance was the
difference of the mean ICPD at 10° of flexion between groups.
This was recorded with trial implants in situ and prior to bal-
ancing procedures. A flexion of 10° was chosen as the primary
endpoint as this is the position in which weight acceptance
occurs during the gait cycle and walking on level ground is
the most common activity after TKA. Additionally, the plan-
ning for KA was performed in the coronal plane to give distal
femoral and proximal tibial resections and resultant extension
gap, as opposed to a posterior femoral resection determining
flexion gap balance. A primary endpoint measured at 10° (near
extension) would therefore better reflect the different surgical
technique in the KA cohort.

Secondary endpoints of mean ICPDs at 45° and 90° corre-
sponded to mid- and high-flexion activities such as stair-climb-
ing and rising from a seated position. We recorded the need for
subsequent balancing procedures (further bony resection or
soft-tissue releases) once pressures were recorded. We deter-
mined the proportions in each group that were balanced and
recorded tibiofemoral ‘lift-off” (no contact in one compartment
with at least 20 psi of pressure in the contralateral compartment,
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agreed by both observers) as an indicator of significant imbal-
ance.’®?’ The requirement for a 20 psi minimum pressure of the
contralateral side was to ensure that the zero reading was not
due to an overall reduced joint tension, and instead reflected
significant tightness of the collateral ligament on the contralat-
eral side of the lift-off.*® Total operative time in minutes from
skin incision to wound closure was recorded.

Radiological assessment of postoperative alignment was
undertaken with CT using the Perth protocol.?** We analyzed
the final postoperative CT alignment in both groups with respect
to neutral MA and final target alignments (+ 2° and =+ 3°) for
HKA, LDFA, and MPTA.

Finally, we recorded preoperative and one-year postopera-
tive patient-reported outcome scores using the Knee Injury and
Osteoarthritis Outcome Score 4 (KOOS4), the aggregated mean
score of the subscales that are most specific to TKA recovery:
pain, symptoms, function in daily living, and knee-related
quality of 1ife**3! along with all five subscales of KOOS. In
addition, we recorded the Forgotten Joint Score-12 (FJS-12),
which focuses on patients’ awareness of their knees in everyday
life,* and the EuroQol five-dimension five-level questionnaire
(EQ-5D-5L) as a standard measure of overall health status.?3*
Sample size. We analyzed the ICPDs of 280 consecutive
mechanically aligned TKAs and found a mean initial 10°
ICPD of 30 psi (SD 30) prior to knee balancing. Given the
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Table I. Patient demographics and radiological characteristics for each group.

Characteristic MA KA p-value
Patients, n 62 63 N/A
Total knee arthroplasty cases, n 68 70 N/A
Bilateral cases, n 6 7 N/A
Mean age, yrs (range) 69.0 (56 to 86) 67.4 (36 to 89) 0.322*
Sex ratio, male:female, n 28:34 23:40 0.2251
Side, left:right, n 26:42 34:36 0.2211
Body mass index, kg/m? 30.1 30.2 0.883*
Mean preoperative HKA angle, ° (range) -3.7 (-17.6 to +14.7) -2.8 (-16.0 to +19.9) 0.505*
Mean preoperative LDFA, ° (range) 87.6 (81.6 to 95.4) 87.5 (80.0 to0 92.2) 0.886*
Mean preoperative MPTA, ° (range) 87.3(81.6t0 91.5) 87.8 (80.1to 94.2) 0.259*

*Independent samples t-test.
TChi-squared test.

HKA, hip-knee-ankle angle; KA, kinematic alignment; LDFA, lateral distal femoral angle; MA, mechanical alignment;

MPTA, medial proximal tibial angle; N/A, not applicable.

Table Il. Mean intercompartmental pressure difference at 10°, 45°, and 90° of knee flexion for

mechanical and kinematic alignment groups.

Knee angle, °

Intercompartmental pressure difference

Mean MA, psi Mean KA, psi
10 32.0 11.7
45 25.2 14.8
90 19.1 1.7

Mean difference, psi (95% Cl) p-value®
20.3 (12.8 to 27.8) <0.001t
10.3(3.41t0 17.2) 0.004t

7.4 (2.9to0 12.0) 0.002t

*Independent samples t-test.
tStatistically significant.

Cl, confidence interval; KA, kinematic alignment; MA, mechanical alignment.

recommended value of 15 psi in order to consider the knee
balanced, we decided that a reduction of 15 psi would represent
a clinically meaningful difference to achieve using KA prior to
releases being performed. Using a 5% significance, a SD of 30
and an 80% power to detect a mean pressure reduction of 15
psi between groups, a sample size of 125 was required. As the
primary endpoint was an intraoperative measurement, no loss to
follow-up was included in the calculation.

Statistical analysis. Independent-samples and paired #-tests
were used to compare mean differences between continuous
variables and reported with 95% confidence intervals (Cls). The
Mann-Whitney U test was used to compare mean differences for
non-normally distributed data. Chi-squared tests were used to
compare proportions between groups. Intraclass correlation coef-
ficients with 95% ClIs were used to assess absolute agreement
between the two observers with a two-way mixed effects model.
Poor reliability was considered for values under 0.5, moderate
reliability for 0.5 to 0.75, good reliability for 0.75 to 0.9, and
excellent above 0.9. Statistical significance was set at p < 0.05.

Results

A total of 131 consecutive patients were eligible for inclusion.
Two patients refused to participate, one patient did not meet the
inclusion criteria, and three patients were excluded from final
analysis due to inability to assess the primary endpoint. There
were 62 patients (68 knees) in the MA group and 63 patients (70
knees) in the KA group who received the allocated intervention
and were included in statistical analysis (Figure 1). There were
no significant preoperative differences between groups (Table I).

Follow us @BoneJoint]

Intercompartmental sensor pressure agreement between
observers. Intraclass correlation coefficients for ICPD meas-
ures showed excellent agreement between the two observers.
Mean ICCs were 0.970 (95% CI, 0.958 to 0.979), 0.962 (95%
CI, 0.947 t0 0.973), and 0.923 (95% CI, 0.892 to 0.945), at 10°,
45°, and 90°, respectively (p < 0.001 at all angles).

Primary outcome — mean intercompartmental pressure dif-
ference at 10°. The mean ICPD at 10° in the MA group was
32.0 psi (SD 28.9; 0 to 138), which was nearly three times
more than the KA group ICPD of 11.7 psi (SD 13.1; 0 to 63;
p <0.001, independent samples ¢-test).

Intercompartmental pressure difference at all knee flexion
angles. The mean ICPD in the MA group was almost twice that
of patients undergoing the KA protocol at 45° and 90° of flexion
of the knee (Table II).

Proportion of balanced knees between groups. The propor-
tion of knees that were unbalanced in each group was deter-
mined in order to calculate absolute risk, absolute risk reduction,
and relative risk reduction. More than twice as many knees
were balanced in the KA group at 10° (80%; 56/70 knees) when
compared with the MA group (35%; 24/68 knees; p < 0.001,
chi-squared test). The absolute and relative risks of having an
unbalanced knee at each flexion angle are presented in Table
III. In patients undergoing TKA with KA, there was a relative
risk reduction of knee imbalance of 69%, 27%, and 48% at 10°,
45°, and 90°, respectively, when compared with MA group
of patients. There was a significant relative risk reduction by
undertaking a KA procedure at 10° and 90° of knee flexion
compared with MA.

THE BONE & JOINT JOURNAL
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Table lll. The absolute and relative risks of an unbalanced knee when comparing mechanical alignment (MA) and kinematic alignment (KA)

techniques in total knee arthroplasty.

Knee angle, ° MA absolute risk of being KA absolute risk of being Absolute risk Relative risk p-value*
unbalanced, % (n) unbalanced, % (n) reduction, % reduction, %

10° (65) 44 (20) 14 45 69 <0.0011

45° (54) 37 (40) 28 14 27 0.090

90° (47) 32 (24) 17 23 48 0.0051

*Chi-squared test.
TStatistically significant.
KA, kinematic alignment; MA, mechanical alignment.

Table IV. Difference in requirements for knee balancing procedures during total knee arthroplasty
using either mechanical alignment (MA) or kinematic alignment techniques.

Knee balancing intervention MA, n (%); n =68 KA, n (%); n=70 p-value
Type of knee balancing intervention

Patients requiring soft-tissue releases only 11 (16) 16 (23) 0.439t
Patients requiring bone recuts only 18 (26) 1(1) < 0.001*t
Patients requiring both bone recuts and 15 (22) 5(7) 0.013*t
soft-tissue releases

Proportion of bone recuts

Patients requiring any bone cuts 33 (49) 6(9) <0.001*t
Tibial recuts only 24 (35) 4 (6) < 0.001*t
Femoral recuts only 5(7) 2 (3) 0.271%
Both tibial and femoral recuts 4 (6) 0(0) 0.056%

*Statistically significant.
TChi-squared test.
FFisher’s exact test.

KA, kinematic alignment; MA, mechanical alignment.

Requirements for subsequent knee balancing procedures.
Additional bony resection to alter the final alignment of the
knee were more likely to be required in the MA group to
achieve optimal knee balance (49% MA group, 9% KA group; p
<0.001, chi-squared test). The majority of such resections were
made on the tibia (Table IV). A higher proportion of resections
required additional soft tissue balancing in the MA group.
Presence of lift-off. Prior to knee balancing, there was a sig-
nificantly higher proportion of patients with lift-off in the MA
group in at least one position (43% MA, 13% KA; p < 0.001,
chi-squared test). The majority of these phenomena were noted
in the lateral compartment (23/29 cases in MA group, 1/9 cases
in KA group). When comparing two or more positions with lift-
off, 27% had lift-off in the MA group compared with 4% in the
KA group (p <0.001, chi-squared test).

Operative time. The mean total operative time was 78 minutes
in the MA group (SD 12.3; 58 to 120) and 79 minutes in the
KA group (SD 17.0; 58 to 160; p = 0.907; independent samples
t-test).

Alignment. The postoperative alignment was within 3° of the
surgically recorded computer-assisted navigation resections in
94% of cases for both groups (Table V). The LDFA in the KA
group had a greater mean valgus angulation (KA 89.2° (SD
1.8°; 85° to 93°), MA 90.6° (SD 1.5°; 86° to 93°); p < 0.001,
independent samples #-test). By contrast, the MPTA in the KA
group had a greater mean varus angulation (KA 88.9° (SD 1.8°;
84° to 95°), MA 90.0° (SD 1.9°; 85° to 94°; p = 0.003, inde-
pendent samples #-test). There was no significant difference
in the mean hip-knee-ankle (HKA) or the percentage of cases
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within + 2° and + 3° of neutral MA when comparing KA with
MA with secondary balancing (including bone recuts).

Clinical outcomes. Table VI presents a summary of patient-
reported outcome scores. There were no statistically significant
differences between groups when comparing baseline with one-
year postoperative scores. It should be noted that a significant
proportion of participants assigned to MA and KA groups under-
went subsequent alignment changes and soft-tissue balancing
procedures based on sensor pressures if required, hence these
outcomes do not represent a direct comparison of MA and KA.

Discussion

This randomized controlled trial confirmed that recreating the
constitutional alignment of the knee within a restrictive safe
zone via kinematic alignment results in a lower mean ICPD
at 10° of flexion compared with mechanical alignment. Sig-
nificantly lower ICPDs were also seen at higher knee flexion
angles in the KA group. At all knee positions, knees were found
to have more equal mediolateral compartmental loads when KA
was used, compared with MA. The ICPD decreased slightly
between groups with increasing knee flexion. This may have
been as a result of the coronal nature of the radiological plan-
ning of kinematic bone resections, leading to more pronounced
differences near full extension than when in flexion.

The high rate of knee balancing noted in the current study
is most likely multifactorial. The sensor may overestimate
the requirement to undertake knee balancing because an opti-
mal ICPD that correlates with patient outcomes has not been
demonstrated by high-quality studies.”>*>3¢ Additionally,
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Table V. Postoperative CT radiological alignment for mechanical alignment (MA) and kinematic alignment
(KA) groups with subsequent knee balancing if indicated. Negative values represent varus and positive
values represent valgus for HKA angle range; + 2° and + 3° alignment range is inclusive of upper and lower

boundaries and centred around neutral MA.

Angle MA group alignment KA group alignment p-value
HKA angle

Mean angle, ° (SD; range) -0.6 (2.3; -6 to 4) -0.2 (2.3;-5to 5) 0.322*
Within + 2° of zero mechanical alignment, % 71 71 0.913t
Within + 3° of zero mechanical alignment, % 84 86 0.757t
Within + 2° of final navigation alignment, % 87 83 0.679t
Within + 3° of final navigation alignment, % 94 94 0.9661
LDFA

Mean, ° (SD; range) 90.6 (1.5; 86 to 93) 89.2 (1.8; 85 to 93) < 0.001*%
Within +2° of zero mechanical alignment, % 85 80 0.412%
Within + 3° of zero mechanical alignment, % 99 96 0.324%
Within + 2° of final navigation alignment, % 94 83 0.039t%
Within + 3° of final navigation alignment, % 100 97 0.160t
MPTA

Mean, ° (SD; range) 90.0 (1.9; 85 to 94) 88.9 (1.83; 84 to 95) 0.003*%
Within + 2° of zero mechanical alignment, % 84 79 0.430t
Within + 3° of zero mechanical alignment, % 96 87 0.078t
Within + 2° of final navigation alignment, % 87 89 0.747t
Within + 3° of final navigation alignment, % 97 99 0.542t

*Independent samples t-test.
TChi-squared test.
$Statistically significant.

HKA, hip-knee-ankle; KA, kinematic alignment; LDFA, lateral distal femoral angle; MA, mechanical align-

ment; MPTA, medial proximal tibial angle.

surgeon-defined assessment of knee balance is a poor predic-
tor of the true soft-tissue balance compared with sensor data.’’
Generally, it is likely that a high proportion of knees are left
unbalanced despite surgeon assessment of appropriate balance.

Severe knee imbalance in this study was evidenced by the
presence of lift-off, which indicates significant collateral lig-
ament tightness on the contralateral side of the tibiofemoral
joint separation and secondary unicompartmental load bear-
ing.2627383 Although some degree of lateral tibiofemoral lax-
ity is recognized to occur normally in flexion,* the lift-offs
recorded using our pre-defined criterion of high sensor pres-
sures in the opposite compartment, particularly in extension,
indicate that this phenomenon was most likely pathological.
The rate of lift-off in our MA group using sensors was similar
to that in other studies using different measures. The major-
ity were noted to occur in the lateral compartment. This may
suggest that iatrogenic overtightening of the medial collateral
ligament results when a knee with constitutional varus devel-
ops relative valgus when positioned in neutral MA. Dennis et
al*® fluoroscopically examined 40 successful TKAs and noted
lift-off in 70% of cruciate-retaining and 80% of posterior-stabi-
lized designs. Insall et al”’ noted fluoroscopically demonstrated
lift-off in 40% of TKAs in flexion, and Kim et al*® reported
lift-off with axial radiographs in 18% of navigated and 45% of
non-navigated TKAs.

Vandekerckhove et al*' examined 95 retrieved polyethylene
inserts and noted more insert wear laterally in varus knees,
which they felt may be due to lateral condylar lift-off inducing
impact and shear loading. Li et al** also reported that postopera-
tive varus alignment predisposes to wear of both medial and lat-
eral sides of retrieved polyethylene inserts, which may support
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the theory of lateral condylar lift-off as a cause of impaction
wear. Although there is a concern regarding increased alignment
outliers with KA,* it is possible that the technique may actually
reduce polyethylene wear through reduced incidence of lift-off.
Our study did not find an increase in outliers with KA when
compared with MA, despite KA significantly reducing lift-off.
The current study has several limitations. First, the one-year
clinical results do not represent a true comparison of the two
methods as both groups underwent balancing if indicated, due
to the ethical conflict inherent in failing to address a knee con-
firmed by instrumentation to be unbalanced. Nearly half of all
mechanically aligned knees subsequently underwent further
bony resections that likely aligned them closer to their consti-
tutional alignment. The results do indicate that both alignment
strategies with subsequent knee balancing using sensor tech-
nology may produce similar early clinical outcomes. Kinematic
alignment may, however, provide a potential surgical efficiency
advantage in the absence of sensor technology as initial balance
was achieved more readily and required significantly fewer
balancing procedures. We used only one type of knee pros-
thesis with a posterior-stabilized design. As such, the results
of this study may not be applicable to other implant designs,
especially those with differing levels of stability or more ana-
tomical articulations, as it is known that flexion laxities are
altered with resection of the posterior cruciate ligament.*
Although patient blinding was undertaken, the surgeon was not
blinded when sensor measures were recorded, and hence we
cannot exclude measurement or treatment bias. For this reason,
a second observer was used and intraclass correlations showed
high levels of agreement between measures, thereby reducing
the risk of measurement bias. Knee balancing procedures were
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Table VI. Patient-reported outcome scores for mechanical alignment and kinematic alignment groups comparing preoperative and one-year
postoperative scores.
Score Preoperative mean, Postoperative mean, Mean score change, Mean difference p-value*

psi (SD) psi (SD) psi (SD) (MA - KA), psi (95% ClI)

KOOSs4 -1.2 (-8.5t0 6.0) 0.735
MA 40.0 (16.7) 79.6 (14.7) 39.6 (20.6)
KA 41.5 (13.5) 82.2 (16.4) 40.8 (21.2)
KOOS Symptoms -5.5 (13.6 to 2.6) 0.180
MA 45.9 (21.6) 77.0 (14.6) 31.2(23.2)
KA 43.8 (16.2) 80.5 (16.5) 36.7 (23.1)
KOOS Pain 0.8 (-7.0 to 8.6) 0.845
MA 41.8 (19.6) 85.4 (16.0) 43.6 (22.9)
KA 43.9 (13.8) 86.7 (16.1) 42.8 (21.7)
KOOS ADL 1.4 (-6.6 to 9.4) 0.736
MA 46.9 (18.8) 84.5 (16.4) 37.6 (23.6)
KA 50.3 (16.9) 86.5 (15.2) 36.2 (22.2)
KOOS Sports -9.8 (-21.1to 1.5) 0.088
MA 23.8 (27.4) 57.4 (29.1) 33.6 (36.7)
KA 18.9 (17.8) 62.3 (25.4) 43.4 (27.3)
KOOS QoL -1.6 (-10.9 t0 7.7) 0.733
MA 25.5(16.1) 71.5(21.8) 46.0 (26.1)
KA 27.5 (17.5) 75.1 (22.6) 47.6 (27.2)
FJS-12 -6.8 (-16.2 to 2.6) 0.155
MA 15.5 (16.4) 56.8 (26.0) 41.2 (28.1)
KA 15.9 (13.2) 63.9 (26.6) 48.0 (25.8)
EQ-5D-5L -1.4 (-6.8 to 4.0) 0.610
MA 75.0 (14.5) 82.3(13.3) 7.4(16.3)
KA 75.3 (18.4) 84.1(15.2) 8.8 (14.6)

*Independent samples t-test.

ADL, function in activity of daily living subscale; Cl, confidence interval; EQ-5D-5L, EuroQol five-dimension five-level questionnaire; FJS-12,
Forgotten Joint Score-12; KA, kinematic alignment group with subsequent knee balancing; KOOS, Knee injury and Osteoarthritis Outcome Score;
KOOS4, aggregated mean score of subscales of pain, symptoms, function in daily living, and knee-related quality of life; MA, mechanical alignment

group with subsequent knee balancing; QoL, quality of life subscale.

performed based on the predefined sensor pressures, aiming to
reduce the risk of treatment bias. The cost of the sensor tech-
nology used to determine and undertake knee balancing may
prohibit widespread adoption. For the purposes of this study,
however, the sensors provided an objective, quantifiable meas-
ure of knee balance.

The results of this study provide persuasive evidence that
restoration of the patient’s constitutional alignment within a
restrictive kinematic safe zone significantly improves knee bal-
ance, reduces knee balancing procedures, and may more closely
restore native soft-tissue tension when compared with MA.
Further high-quality randomized trials with long-term follow-up
to evaluate efficacy, safety, and subsequent revision risk are
needed to confirm the validity and efficacy of this approach.

=

Take home message

- Restoring the constitutional alignment of the knee using
a restrictive kinematic protocol improves quantitative knee
balance when compared to mechanical alignment.

- Twice as many patients undergoing kinematic alignment will have an
optimally balanced knee when compared to mechanical alignment.

- Kinematic alignment significantly reduces the rate of tibiofemoral lift-off
and the requirement for knee balancing procedures.
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