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Kinematic Alignment May Reduce Opioid
Consumption and Length of Stay Compared to
Mechanically Aligned Total Knee Arthroplasty

Brandon E. Lung, MD, Megan R. Donnelly, BS , Maddison McLellan, BA, Kylie Callan, BS, Arya Amirhekmat, BS,
William C. McMaster, MD, Steven Yang, MD, David H. So, MD

Department of Orthopaedic Surgery, UC Irvine, Orange, California, USA

Objective: Previous studies have sought to determine the effects of total knee arthroplasty (TKA) using kinematic
alignment (KA) versus mechanical alignment (MA) to reproduce the native knee alignment and soft tissue envelope for
improved patient satisfaction. There are limited studies that compare acute perioperative outcomes between KA and
MA patients as it pertains to pain-related opioid consumption and hospital length of stay (LOS). This study aims to
compare early KA and MA in restoring function and rehabilitation after surgery to reduce hospitalization and opioid
consumption.

Methods: A retrospective review of 42 KA and 58 MA primary TKA patients performed by a single surgeon between
2020–2021 was conducted. Demographics were controlled between groups and radiographic measurements and
functional outcomes were compared. Pain was evaluated with inpatient/outpatient morphine milligram equivalents
(MME) and visual analogue scale (VAS) scores. Mobility was assessed using multiple measures by a physical thera-
pist. Mean preoperative and 3-month postoperative flexion range of motion (ROM) were analyzed, and overall complica-
tions, LOS, and non-home discharge between groups compared. Continuous variables were compared using the
Wilcoxon rank-sum test, and categorical variables were compared using the chi-square or Fisher exact test. Statistical
significance was set at P < 0.05.

Results: KA patients had shorter LOS (1.8 vs 3.1 days) and less cumulative opioid requirements compared to MA
patients (578 vs 1253 MME). On postoperative day 0, KA patients ambulated on average twice the distance of MA
patients (20 vs 6.5 feet). KA patients had residual tibia component in varus (1.4� vs �0.3�), femoral component in val-
gus (�1.9� vs 0.2�), and valgus joint line obliquity compared with MA (�1.5� vs 0.2�). There were no significant differ-
ences between 3-month postoperative flexion arc motion, discharge destination, KOOS or SF-12 outcomes, and
surgical complication rates between groups.

Conclusions: By restoring the native joint line obliquity and minimizing the frequency of ligament releases, KA for TKA
may improve pain relief, early mobility, and decreased length of stay compared with traditional methods of establishing
neutral limb axis by MA.
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Introduction

Although total knee arthroplasty (TKA) is a well-
established option for improving patients’ quality of life

through pain alleviation, restoration of function and range of

motion, and correction of deformity, patient satisfaction has
been less predictable with reports of up to a 20% dissatisfac-
tion rate.1–6 This rate of dissatisfaction has remained static
despite significant improvements in surgical technique,
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biomaterials, implant designs, and technology.2,7 While the
use of navigation and computer assisted technology has
resulted in more reliable, accurate bone cuts, the persistence
of dissatisfaction after TKA has led surgeons to question the
reliability and effect of placing components in all patients
according to a neutral mechanical alignment. In fact, Bell-
emans et al. found that around 32% of men, and 17% of
women have a natural constitutional varus alignment of
3 degrees of varus or more, which suggests that for any given
patient there may be patient-specific target values that will
best distribute TKA load that is not universal.8,9 Patients
may have a combination of muscular, skeletal, and neuro-
logic imbalances that impact gait and dynamic loading of the
joint in a patient specific manner which may be different
from the overall mechanical axis.10 Previous studies have
sought to determine the effects of TKA using kinematic
alignment (KA) versus mechanical alignment (MA) to repro-
duce and preserve the native knee alignment and soft tissue
envelope for improved patient satisfaction.

While KA theoretically improves pain, function, and
recovery by restoring constitutional alignment of the limb
and joint line without large soft tissue releases, there are con-
cerns over varus implantation of tibial components leading
to loosening, increased contact stresses, and polyethylene
wear.11 Outcome studies comparing KA and MA TKA have
mixed results and focus on patient-reported outcome mea-
sures (PROM) and implant survivorship.11–14 There are lim-
ited studies that compare acute perioperative outcomes
between KA and MA patients as it pertains to reported pain-
related opioid consumption, hospital length of stay (LOS),
and functional mobility scores. Previous studies have found
prolonged postoperative use of opioids after TKA to be asso-
ciated with increased rates of stiffness, poor functional out-
comes, and limitations on quality of life.15 With the new
emphasis on enhanced recovery pathways and value-based
health care models, it is important for providers to optimize
pain, improve return to functional recovery, and decrease
hospital LOS.

In this retrospective review, we assess for: (i) inpatient
and outpatient opioid consumption; (ii) rehabilitation mobil-
ity as assessed by a physical therapist; (iii) discharge disposi-
tion; and (iv) subjective functional outcome scores to
understand the dynamics of KA and MA on short and long-
term recovery. By reproducibly restoring the patient specific
joint-line orientation and native soft tissue balance, we pre-
dict that patients undergoing TKA by KA will have
improved functional mobility scores, ambulation distance,
less opioid requirements, and shorter LOS compared to
patients with a neutral mechanical axis.

Methods

Study Design
This study is a retrospective cohort analysis comparing
patients undergoing kinematically aligned TKA with
mechanically aligned TKA from 2020–2021 by a single

surgeon (David H. So). The primary outcomes of the study
were LOS, functional mobility scores, patient reported out-
comes, and opioid analgesics use reported in milligram mor-
phine equivalents (MME). The secondary outcomes were any
kind of complication after surgery. Preoperative and postoper-
ative radiographic measurements of component alignment
and joint line obliquity were compared between groups, and
the correlation between radiographic deformity and functional
outcomes were assessed. The study was performed according
to the strengthening the reporting of observational studies in
epidemiology (STROBE) guidelines.16

Patient Population and Ethical Considerations
A retrospective chart review of 101 patients, with diagnosed
knee osteoarthritis, who underwent primary TKA by a
fellowship-trained orthopedic surgeon (David H. So)
between 2020 and 2021 was performed. Patients with:
(i) knee pain other than a primary diagnosis of osteoarthritis;
(ii) below the age of 18; (iii) pre-existing pain regimen man-
aged by a third-party pain specialist; (iv) missing patient
data; and (v) pregnant patients were excluded from our
study. Forty-four patients underwent KA TKA, and 57 age-
and sex-matched MA patients were chosen for analysis. The
decision for KA was determined by the performing surgeon
and criteria included all patients who did not have: (i) any
prior hardware around the knee; (ii) prior osteochondral
procedures; and (iii) a contralateral mechanically aligned
TKA. The study protocol was reviewed by the University of
California, Irvine Institutional Review Board and approved
under number 20216513. Given the retrospective nature of
the study, the Institutional Review Board granted the study
authors a waiver of informed consent.

Data Abstraction
Demographic variables included age, sex, body mass index
(BMI), American Society of Anesthesiologists (ASA) status,
and history of chronic pain and opioid use before surgery.
Perioperative variables obtained included estimated blood
loss, cumulative MME requirements, LOS, discharge destina-
tion, distance walked inpatient, flexion range of motion, and
Boston AM-PAC scores. Cumulative MME was calculated
using the total dose of opioid analgesics administered nor-
malized to MME. Patients who had subjective visual ana-
logue scale (VAS) pain scores of 0–3 were treated with
acetaminophen, while VAS scores of 4–7 were considered to
have moderate pain and were given 5mg of oxycodone.
Patients with VAS scores of 7–10 were considered to have
severe pain and were given 10mg of oxycodone, and break-
through pain not relieved with oxycodone were treated with
hydromorphone. Total distance walked was a summation of
the reported patient distance traveled with physical therapy
teams. The postoperative outcomes variables collected were
inpatient and outpatient prescribed MME, clinical complica-
tions, and range of motion as reported by the treating pro-
viders. PROMs included 3-month postoperative subjective
pain and functional outcome scores as outlined in Knee
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Injury and Osteoarthritis Scores (KOOS JR) and Short Form
Survey (SF 12), which have been validated by previous
studies.17–19

KA Technique
All TKAs were performed by a fellowship trained
arthroplasty surgeon (David H. So) between 2020–2021 at a
single tertiary referral center. In the KA group, surgery was
carried out according to the standard MicroPort Orthopedics
Evolution MP system protocol, and a standard medial par-
apatellar approach was utilized and cruciate ligaments
excised. The depth of the distal femoral condyle was mea-
sured, and appropriate corresponding distal depth re-
section and valgus angle cuts were made. A caliper was used
to verify the thickness of the femoral resections matched the
KA targeted resections. After trial femur impaction, gap
spacers were placed to tension the medial and lateral com-
partments. The tibial varus/valgus cut angle was measured
according to native deformity, and cut angle maintained
within 1–2 degrees of native residual deformity that would
allow for spacer block fit in both extension and flexion. Tib-
ial component rotation was set to the junction of the medial
and middle third of the tubercle, and the patella was then
resurfaced.

MA Technique
The MA technique was performed as previously described in
the literature utilizing computer navigation to guide mea-
sured reaction of bone with the goal of achieving overall neu-
tral coronal limb alignment with femur and tibia cuts
perpendicular to the mechanical axis of each bone.20

Radiographic Measurements
Preoperative and postoperative full length coronal stand-
ing films were utilized to measure the hip knee ankle
(HKA) angle, femoral component relative to the mechani-
cal axis (FCRTMA), tibia component relative to the
mechanical axis (TCRTMA), and joint line orientation
angle (JLOA) of both TKA groups. The HKA angle was

defined as the angle subtended by a line drawn from the
center of the femoral head to the center of the knee and a
line drawn from the center of the knee to the center of the
talus. The FCRTMA and TCRTMA was defined as the
angle between the MA of the femur and tibia compared
with the transcondylar line of the femur and tibia compo-
nents respectively. The JLOA was defined as the angle
formed between the joint line and a line parallel to the
floor.21 Valgus deformity was indicated with a “-” and
varus deformity with “+.”

Statistical Analysis
Continuous variables were described with mean � standard
deviation or median (minimum, maximum), whereas cate-
gorical variables were reported with absolute and relative fre-
quency.22 The Wilcoxon rank-sum test was conducted to
compare continuous variables, while binary outcomes were
compared using the chi-square or Fisher exact test as appro-
priate. For all tests, P < 0.05 was considered statistically sig-
nificant. Stata 17 (StataCorp LLC, College Station, TX, USA)
was used as statistical software for all analyses.

Results

Baseline Demographics and Radiographic Measurements
The study population had a median age of 68 years, and
there were no significant differences in gender, BMI, ASA
status, history of chronic pain or opioid use, and estimated
blood loss between the KA and MA groups (Table 1). The
JLOA of the KA group was significantly more valgus at
�1.5 degrees compared to the MA group at 0.2 degrees of
varus (P < 0.001) (Table 2). Compared to the MA group,
the KA group had a significantly more valgus FCRTMA at
�1.9 degrees (P < 0.001) (Table 2). The KA group also
had significantly more varus TCRTMA at 1.4 degrees
compared to the MA group at �0.3 degrees of valgus
(P<0.001) (Table 2).

TABLE 1 Demographic and medical history characteristics of KA vs MA cohorts

Kinematic axis (n = 44) Mechanical axis (n = 57) Mean difference 95% CI of the difference Chi-square P
Age, median � SD 68.5 � 7.5 68.2 � 7.7 0.268 (�2.770, 3.305) 0.861
Gender, n (%) 0.018 1.000
Male 16 (36.4) 20 (35.1)
Female 20 (63.6) 37 (64.9)

BMI, mean � SD 31.0 � 6.6 32.6 � 5.6 �1.592 (�4.002, 0.818) 0.193
ASA, n (%) 2.186 0.535
0 0 (0) 1 (1.8)
1 0 (0) 0 (0)
2 16 (36.4) 26 (47.3)
3 27 (61.4) 27 (49.1)
4 1 (2.2) 1 (1.8)

History of chronic pain 10 (22.7) 21 (39.6) 3.156 0.085
History of Opioid Use 5 (11.4) 10 (18.9) 1.036 0.402
EBL, mean � SD 105.1 � 65.9 83.6 � 63.0 21.556 (�4.610, 47.722) 0.105
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Hospital Length of Stay, Ambulation, and Opioid
Consumption
Compared to the MA group, KA patients had a statistically
significant shorter LOS (1.8 vs 3.1 days) and triple the post-
operative day 0 median ambulation distance (20 vs 6.5 feet)
(p < 0.005) (Table 3). Although KA patients had significantly
more MME inpatient requirement, the cumulative overall
3-month MME consumption was significantly less compared
to the MA patients (Table 3).

Mobility Scores and Patient Reported Outcomes
There were no significant differences among the groups
in discharge destination, % gait assistance during therapy
gait sessions, Boston AM-PAC scores, and VAS pain
scores. There were no significant differences between
3-month postoperative KOOS or SF-12 outcomes, and
surgical complication rate, including surgical site infec-
tions and cardiac or pulmonary complications, was simi-
lar between groups (Table 3). Postoperative flexion ROM
measurements and interval change compared to the

preoperative measurements were also similar between
alignment groups (Table 4).

Discussion

As previous studies have demonstrated mixed results in
terms of outpatient long-term follow-up PROMs, this

study focuses on the acute perioperative improvements
seen in opioid consumption, ambulation distance, and
LOS between KA and MA patients.23,24 Management of
pain is an important part of patient satisfaction and care,
and identifying techniques to reduce postoperative opioid
dependence improves the physician-patient communica-
tion on expected outcomes and discharge planning. In this
retrospective review, we assess inpatient and outpatient
opioid consumption, subjective functional outcome
scores, and rehabilitation mobility as assessed by a physi-
cal therapist in order to understand the dynamics of KA
versus MA on short- and long-term recovery. While the
consensus on sustained 10 to 15 year subjective knee
functional scores and survivorship of KA TKA is still

TABLE 2 Preoperative and postoperative radiographic measurements in KA vs MA groups

Kinematic axis
(n = 44)

Mechanical axis
(n = 57)

Mean difference 95% CI of the difference Chi- square P

Preoperative HKA angle
Degrees, Mean � SD 0.7 � 8.7 2.6 � 8.3 �1.961 (�5.788, 1.867) 0.311
Degrees, jMeanj � SD 6.9 � 5.2 7.3 � 4.6 �0.349 (�2.558, 1.860) 0.754
Deformity, n (%) 0.462

Valgus 21 (58.3) 27 (65.9) 0.638
Varus 15 (41.7) 14 (34.1)

Postoperative HKA angle
Degrees, Mean � SD �0.7 � 3.1 0.3 � 4.1 �0.965 (�2.584, 0.654) 0.239
Degrees, jMeanj � SD 2.7 � 1.8 3.0 � 2.7 �0.343 (�1.398, 0.712) 0.519
Deformity, n (%) 0.017 1.000

Valgus 13 (37.1) 18 (33.3)
Varus 22 (62.9) 33 (66.7)

ΔHKA Angle (postoperative-preoperative)
Degrees, Mean � SD �1.3 � 8.0 �2.3 � 7.0 1.042 (�2.332, 4.416) 0.540
Degrees, jMeanj � SD 6.3 � 4.9 6.1 � 4.0 0.229 (�1.791, 2.250) 0.822
Deformity, n (%) 0.332 0.619

Maintained 22 (64.7) 27 (71.1)
Opposite 12 (35.3) 11 (28.9)

Postoperative joint line angle
Degrees, Mean � SD �1.5 � 2.0 0.2 � 1.3 �1.630 (�2.390, �0.870) <0.001
Degrees, jMeanj � SD 1.9 � 1.6 0.8 � 1.0 1.045 (0.438, 1.652) 0.001
Deformity, n (%) 8.766 0.007

Valgus 6 (18.2) 12 (57.1)
Varus 27 (81.8) 9 (42.9)

Postoperative Fem component to Fem axis
Degrees, Mean � SD �1.9 � 2.6 0.2 � 2.2 �2.066 (�3.124, �1.007) <0.001
Degrees, jMeanj � SD 2.5 � 1.9 1.3 � 1.7 1.176 (0.373, 1.979) 0.005
Deformity, n (%) 5.625 0.022

Valgus 9 (23.7) 15 (51.7)
Varus 29 (76.3) 14 (48.3)

Postoperative Tib component to Tib axis
Degrees, Mean � SD 1.4 � 1.8 �0.3 � 1.2 1.644 (0.963, 2.325) <0.001
Degrees, jMeanj � SD 1.8 � 1.3 0.7 � 1.1 1.108 (0.571, 1.646) <0.001
Deformity, n (%) 13.092 0.001

Valgus 7 (18.9) 15 (65.2)
Varus 30 (81.1) 8 (34.8)
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unknown, this study aims to highlight the benefits of KA
in terms of reducing hospital costs and faster rehabilita-
tion in a time where it is important for surgeons to iden-
tify ways to shorten LOS.

Inpatient and Outpatient Opioid Consumption
Although KA patients had increased inpatient opioid
requirements, the cumulative 3-month postoperative opioid
consumption among KA patients was less than MA patients.

TABLE 3 Postoperative outcomes KA vs MA cohorts

Kinematic axis
(n = 44)

Mechanical axis
(n = 57) Mean difference

95% CI of
the difference Chi-square Mann–Whitney U P

Objective outcomes
Discharge POD, mean � SD 1.8 � 1.1 3.1 � 2.2 �1.259 (�1.988, 0.530) 0.001
Morphine equivalents

inpatient, mean � SD
128.4 � 141.1 32.5 � 24.0 95.936 (52.564, 139.309) <0.001

Morphine equivalents 1st
postop Visit, mean � SD

405.1 � 317.3 661.6 � 383.1 �256.527 (�402.922, �110.132) 0.001

Morphine equivalents 2nd
postop Visit, mean � SD

44.9 � 118.6 432.5 � 559.2 �387.589 (�550.329, �224.850) <0.001

Morphine equivalents 3rd
postop visit, mean � SD

21.7 � 85.8 216.0 � 433.4 �194.325 (�325.534, �63.117) 0.005

Cumulative morphine
equivalents, mean � SD

578.1 � 397.3 1252.8 � 998.0 �675.692 (�970.573, �378.811) <0.001

POD0 distance, median (min,
max)

20.0 (0, 300) 6.5 (0, 160) 801.5 0.039

% Gait assistance, median
(min, max)
POD0 25.0 (0, 100.0) 25.0 (0, 75.0) 805.5 0.748
POD1 25.0 (0, 37.5) 25.0 (0, 37.5) 933.0 0.774
POD2 25.0 (0, 75.0) 25.0 (0, 37.5) 388.5 0.510

Discharge destination, n (%) 0.109 0.743
Home 40 (90.9) 51 (92.7)
Not Home 4 (9.1) 4 (7.3)

Complications
Surgical site infection,

median (min, max)
0 (0, 0) 0 (0, 1) 1166.0 0.367

Postop pulmonary
complication, median (min,
max)

0 (0, 0) 0 (0, 1) 1122.0 0.358

Postop cardiac complication,
median (min, max)

0 (0, 0) 0 (0, 1) 1100.0 0.191

Subjective outcomes
Boston PAC score,

mean � SD
POD0 15.9 � 3.0 16.3 � 2.8 �0.391 (�1.597, 0.815) 0.521
POD1 17.2 � 3.0 17.2 � 2.5 0.044 (�2.792, 2.880) 0.975
POD2 16.9 � 2.8 18.5 � 0.7 �1.630 (�5.862, 2.601) 0.434

VAS pain score, median (min,
max)
POD0 5.0 (0, 9) 4.0 (0, 10) 1169.5 0.662
POD1 5.5 (0, 10) 5.0 (0, 9) 1151.5 0.859
POD2 5.0 (0, 9) 6.0 (0, 10) 562.0 0.985

KOOS interval, mean � SD 76.5 � 16.2 83.0 � 12.1 �0.425 (�13.557, 12.708) 0.261
PCS-12, mean � SD 33.9 � 9.5 40.8 � 10.7 �6.872 (�15.110, 1.366) 0.098
MCS-12, mean � SD 52.2 � 7.5 48.5 � 10.4 3.710 (�3.735, 11.156) 0.315

TABLE 4 Preoperative and postoperative range of motion KA vs MA cohorts

Kinematic axis (n = 44) Mechanical axis (n = 57) Mean difference 95% CI of the difference P
Preoperative ROM, mean � SD 103.9 � 22.0 105.9 � 16.6 �2.049 (�9.772, 5.675) 0.600
1st Postop Visit ROM, mean � SD 92.7 � 10.4 90.3 � 14.2 2.392 (�2.816, 7.599) 0.364
2nd Postop Visit ROM, mean � SD 107.2 � 14.3 108.0 � 11.8 �0.814 (�6.293, 4.665) 0.769
3rd Postop Visit ROM, mean � SD 116.2 � 10.8 114.3 � 11.4 1.911 (�3.088, 6.910) 0.449
ΔROM (1st postop-preop), mean � SD �11.3 � 22.8 �14.1 � 17.0 2.753 (�5.592, 11.098) 0.514
ΔROM (2nd postop-preop), mean � SD 3.1 � 20.2 2.4 � 18.9 0.635 (�7.650, 8.919) 0.879
ΔROM (3rd postop-preop), mean � SD 8.6 � 13.6 8.4 � 16.3 0.225 (�6.676, 7.125) 0.948
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The decreased MME requirement is clinically significant
since fewer opioids overall decreases the risk of respiratory
complications, falls, nausea, vomiting, urinary retention, and
cognitive impairment, which are side effects that can signifi-
cantly prolong the rehabilitation process and increase medi-
cal costs.25 No prior studies have evaluated pain after KA
TKA as a function of opioid consumption, and our results
may reflect the ability of KA to reestablish more normal
native knee kinematics with preserving the soft tissue enve-
lope and minimizing the frequency of ligament release.26,27

By restoring the knee to the more normal pre-arthritic align-
ment that the patient has been accustomed to throughout
the years, our patients may have had fewer overall instances
of moderate and severe pain requiring opioid relief within
the 3-month follow-up.28 Perhaps the reason why our
cohorts had no significant difference in average overall VAS
pain scores may be explained by the generally low pain at
rest for both groups, as the daily VAS score for each group
was recorded as an average mostly while resting in bed
rather than during therapy.

Rehabilitation Mobility
In fact, the KA patients ambulated nearly twice as much
compared to the MA patients on the same day of surgery.
Perhaps by restoring the natural laxity of the knee with mini-
mal ligament releases, KA patients were able to recover faster
and had improved gait endurance.29 By reproducing the
patient-specific femoral-tibial joint line orientation and
native soft tissue balance and physiologic strain, it is possible
our KA patients had improved postoperative day 0 ambula-
tion by reducing the occurrence of knee-balance related
complications and poor kinematics that traditionally affect
MA TKA.30 Similarly, Dossett et al. found KA patients wal-
ked on average 50 feet further than MA patients prior to
hospital discharge, suggesting the role of maintaining native
alignment for better pain relief and function.13 It is possible
the increased exertion and faster clearance of ambulating
150 feet in our KA group may be related to the increased
inpatient opioid consumption in our KA group compared to
MA. The MA patients were slower to clear physical therapy
and thus may have exerted themselves less than the KA
group and had less moderate–severe pain requiring opioid
relief. In addition, although we predicted the KA group to
have significantly improved % gait assistance when ambulat-
ing with physical therapy due to proposed restoration of
native kinematics, there was no significant difference com-
pared to MA patients. However, the reason why our cohorts
had no significant difference in % gait assistance may be
explained by the generally minimal gait assistance <25% in
both groups as evaluated by a therapist. Furthermore,
although the Boston AM-PAC scores, which evaluate
amount of dependence needed to complete activities of daily
living, were not significantly improved in the KA group, the
Boston AM-PAC scores evaluate tasks such as bed mobility
and upper body grooming, which may not necessarily reflect
functional recovery after TKA.

Discharge Disposition
Overall reduced opioid intake combined with faster return to
baseline ambulation may contribute to greater overall participa-
tion during therapy sessions that leads to earlier and safer dis-
charge to home.31 In our study, KA patients were discharged
on average 1.3 days sooner than MA patients, which is clinically
significant as the extended stay is important to consider from a
billing, hospital bed space, and hospital quality metrics perspec-
tive.32 In our patients, a combination of safe ambulation as
deemed by a therapist and well-controlled pain on oral medica-
tions are major requirements for discharge to home after TKA.
Compared to MA, our KA patients were able to reach criteria
for discharge faster which is in alignment with recent emphasis
on enhanced recovery after surgery protocols to improve the
efficiency of postoperative care, reduce the risk of nosocomial
infections, and limit hospital complications.

Functional Outcomes
Although previous studies found KA patients to have better
knee ROM by minimizing the need for complex ligament
releases, our study did not show any significant inpatient or
3-month follow-up differences in knee arc ROM.13,14,33 Our
findings are in alignment with Waterson et al. who found no
statistically significant differences in ROM, timed up and go,
and two-minute distance tolerances between alignment
groups.12 While previous studies suggested early functional
recovery in the KA group with significantly improved peak
torque in quadriceps and hamstrings, the sustained improve-
ments were not significant at 1-year follow-up, which may
reflect our findings of only early significant benefit in func-
tional recovery from KA.12,20 In fact, even with PROMs,
there are conflicting results in terms of 1, 2, and 5 year
follow-up of KA patients in terms of KOOS, EQ-5D,
WOMAC, and OKS scores between KA and MA.11,13,14,20

Similar to prior studies, KA patients on postoperative
radiographic measurements had statistically significant residual
TCRTMA in varus, FCRTMA in valgus, and JLOA in valgus
compared with MA patients.13,21 While this study suggests KA
may help shorten inpatient LOS, reduce opioid consumption,
and improve postoperative day 0 ambulation distance, this
study does not evaluate the long-term outcome and survivability
of implants. Although our KA patients had tibial components
inserted in varus, surgeons should be cautious in potential long-
term concerns over loosening as biomechanical evidence sug-
gests varus tibial alignment increases contact stresses and bone-
implant loads.34 Despite concerns over residual varus implanta-
tion resulting in increased polyethylene wear and stresses, the
orientation of the joint line remains relatively parallel to the
floor on a long-leg weight bearing radiograph despite the range
of obliquity to the mechanical axis.35

Strengths and Limitations
There are several limitations to consider in this study, includ-
ing its retrospective design, nonrandomized nature, and lack
of blinding of patients which may limit the generalizability of
our results. Due to the relatively new implementation of the
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technique performed in a single surgeon cohort, there were
limited number of patients in the analysis and many PROMs
were not fully completed. The patients were not blinded to
the planned alignment technique performed and determined
by the operating surgeon which may influence patient
reported satisfaction outcomes. It is possible that many out-
comes deemed not statistically significant may not have been
powered to elucidate associations due to the small sample size.
In addition, although outpatient opioids prescribed may have
been used for other sources of pain and may not truly reflect
the actual use of the narcotic, prescribed amounts of MME at
clinic visits were used in this study as reflective of opioid
requirements. Strengths of the study include surgeries per-
formed by a single surgeon within a short time frame and the
uniformity of postoperative ROM measurements by the same
provider, which help decrease variations of surgeon specific
techniques and postoperative protocols.

Conclusion
With the emphasis on enhanced recovery protocols and
return to early functional recovery, a KA TKA may help

facilitate out of bed mobilization, reduce overall opioid
consumption, and shorten LOS. By restoring the native
joint line obliquity and minimizing the frequency of liga-
ment releases, KA for TKA may improve pain relief and
rehabilitation compared with traditional methods of esta-
blishing neutral limb axis by MA. KA may contribute to
greater early participation during therapy sessions that
lead to shorter inpatient hospitalization and reduced
costs.
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