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Introduction  
Although total knee arthroplasty (TKA) is a very frequent surgery, one in five patients is 
not completely satisfied. Mechanical alignment (MA) is the most popular technique for 
implanting TKA. However, to improve clinical outcomes, new techniques that aim to 
rebuild the native alignment of the knee have been developed. 

Objective  
The aim of this study is to perform a systematic review of the available clinical trials and 
observational studies comparing clinical and radiological outcomes of different methods 
of alignment (kinematic, anatomic, functional) to MA. 

Methods  
A systematic review is performed comparing results of patient reported outcome 
measures (PROMs) questionnaires (WOMAC, OKS, KSS, KOOS, FJS), radiological angles 
(HKA, mLDFA, MPTA, JLOA, femoral rotation and tibial slope) and range of motion 
(ROM). 

Results  
Kinematic and functional alignment show a slight tendency to obtain better PROMs 
compared to mechanical alignment. Complication rates were not significantly different 
between groups. Nevertheless, these results are not consistent in every study. Anatomic 
alignment showed no significant differences compared to mechanical alignment. 

Conclusion  
Kinematic alignment is an equal or slightly better alternative than mechanical alignment 
for patients included in this study. However, the difference between methods does not 
seem to be enough to explain the high percentage of dissatisfied patients. Studies 
implementing lax inclusion and exclusion criteria would be needed to resemble 
conditions of patients assisted in daily surgical practice. It would be interesting to study 
patient’s knee phenotypes, to notice if any method of alignment is significantly better for 
any constitutional deviation. 

INTRODUCTION 

Total knee arthroplasty (TKA) involves replacing the knee 
joint with a prosthesis, usually in patients with knee os-
teoarthritis. Its main goals are to restore normal joint func-
tion and alleviate pain.1 

Although the number of knee arthroplasties performed 
is increasing, around 20% of uncomplicated TKA patients 
remain dissatisfied, a relatively high figure compared to 
similar interventions like hip arthroplasty.2,3 

Multiple factors have been described that could explain 
this dissatisfaction rate, including patient-related factors 

(age and outcome expectations), residual pain, residual 
limitation of knee function and range of motion, and surgi-
cal technique. Achieving good long-term clinical and func-
tional outcomes in TKA depends on various factors, with 
proper implant alignment and balanced soft tissues being 
notable among them.4 

Various methods for aligning the prosthesis with respect 
to the knee’s mechanical axis were developed when the 
technique was first introduced. Among them, the mechan-
ical alignment (MA) technique was founded on the theory 
that aligning the knee to neutral, with a hip-knee-ankle 
(HKA) angle within 3 degrees of neutral in the coronal 
plane would ensure longer prosthetic material durability, as 
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Figure 1 . Anatomic axis (left) and mechanical axis        
(right).  

it would distribute the load equally across both knee com-
partments.5 

Although MA remains the most popular technique for 
implanting TKA, in the pursuit of reducing the percentage 
of dissatisfied patients and considering that MA may alter 
the native knee anatomy, laxity, and kinematics, new align-
ment methods have been developed.6 

MECHANICAL ALIGNMENT 

MA (Figure 1) aims to align the femur and tibia components 
perpendicular to their mechanical axes, modifying internal 
and external rotation angles of the components to establish 
parallel extension-flexion gaps for prosthetic knee place-
ment and releasing the medial or lateral collateral liga-
ments as needed to restore medial and lateral tension bal-
ance in the knee.7 This implant positioning was designed to 
attempt to achieve even distribution of loads between tibial 
compartments to avoid accelerated polyethylene wear and 
premature implant loosening.8 

As the first developed method, it has a series of ad-
vantages: familiarity with the technique, long-term known 
outcomes, and equitable load distribution. Additionally, 
commonly used implants are designed for this type of 
alignment. Nonetheless, limitations have prompted the de-
velopment of alternative techniques. Firstly, it oversim-
plifies knee biomechanics, focusing solely on alignment 
around the mechanical axis. Secondly, challenges may arise 
in achieving joint space balance throughout flexion and ex-
tension. Thirdly, establishing a mechanical axis may lead to 
soft tissue imbalance, needing tendon and ligament modi-
fications through release or tension increase.7 Fourthly, in-
sufficient resection of the lateral femoral condyle occurs 
when intervening in varus knees, altering patellar biome-
chanics and causing flexion overload. Thus, there is a hy-
pothesis that patellar instability influences patient dissat-
isfaction.8 

ADJUSTED MECHANICAL ALIGNMENT 

One of the developed techniques involves modifying me-
chanical alignment for patients with severe coronal plane 

Figure 2 . Comparison of femoral osteotomy in       
kinematic alignment (left, parallel to purple and green         
axes) and mechanical alignment (right, in yellow).        
Image modified from Hirschmann et al.     19  

deformities. The tibial component is aligned mechanically, 
while the femoral component allows a slight constitutional 
deformity (maximum of 3°) preservation.8,9 

ANATOMIC ALIGNMENT 

Anatomic alignment (AA) (Figure 1) was introduced in the 
1980s by Hungerford and Krackow.10 It seeks systematic at-
tainment of an oblique joint line, 2-3° valgus relative to the 
mechanical axis of the limb. With its implementation, pros-
theses have been developed with a 3° obliquity included 
in the design, with the surgical procedure being similar to 
MA.8 

KINEMATIC ALIGNMENT 

Kinematic alignment (KA) aims to restore the natural joint 
by preforming a true knee resurfacing. Consequently, 
femoral and tibial implants are aligned on the knee’s three 
kinematic axes.11,12 

To achieve accurate restoration of the native joint line, 
precise resection is essential. Several techniques are uti-
lized for this purpose, such as conventional calipered mea-
surements,13 patient-specific instrumentation (PSI),14 

computer navigation,15 and robotic-assisted surgery.16 Ad-
vocates of KA argue that this approach can enhance pain 
relief, functionality, and patient satisfaction by reducing 
gap imbalances and eliminating the necessity for soft tissue 
release.17,18 

In the Figure 2 we compare the femoral osteotomy in 
kinematic alignment and mechanical alignment. 

RESTRICTIVE KINEMATIC ALIGNMENT 

Restrictive kinematic alignment (RKA) involves applying 
KA while maintaining the outcome within a “precaution 
zone”, before it is clearly known which alignment bound-
aries are safe.8,20 In rare cases where the deformity extends 
beyond the precaution zone, corrective osteotomies are 
performed to subsequently align the prosthesis kinemati-
cally.8 
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FUNCTIONAL ALIGNMENT 

Functional alignment (FA) was developed to reduce lateral 
compartment laxity and attain stability throughout the 
range of motion.21 It aims to position components to min-
imize compromise to the soft-tissue envelope, thus restor-
ing the joint’s plane and obliquity as dictated by the soft 
tissues. Virtual gap balancing can be initiated either from 
a MA or a KA starting point.9,22 However, starting from a 
MA point requires greater external rotation of the femoral 
component to balance the medial flexion-to-extension gap, 
resulting in a more neutral Joint Line Obliquity (JLO). Con-
versely, starting from a KA point is more likely to minimize 
lengthening of the lateral joint line, maintain the stability 
of the medial collateral ligament to support any medial piv-
oting, and restore the native JLO.22‑24 

CLINICAL OUTCOME ASSESSMENT 

To objectively assess clinical outcomes after surgery, col-
lected articles used various evaluation scales or Patient-Re-
ported Outcome Measures (PROMs): 

RADIOLOGICAL OUTCOME ASSESSMENT 

Radiological results were collected through imaging tests 
such as plain radiography, computed tomography, and 
magnetic resonance imaging to determine deviations from 
different limb axes and differences between alignment 
methods. In the coronal plane (Figure 3)31: Hip-Knee-An-
kle angle (HKA), Mechanical Lateral Distal Femoral Angle 
(mLDFA), Anatomic Lateral Distal Femoral Angle (aLDFA), 
Medial Proximal Tibial Angle (MPTA) and Joint Line Obliq-
uity Angle (JLOA). In the sagittal plane: Tibial Slope (TS).32 

Additionally, some articles reported femoral rotation: rota-
tion of the femoral component relative to the epicondylar 
axis (negative values indicate internal rotation). 

JUSTIFICATION 

Despite the existence of meta-analyses and systematic re-
views comparing KA and MA, no superiority of one tech-
nique over the other has been established. Therefore, a 
systematic review of the current literature was conducted, 
focusing on recent outcomes without limiting the search to 
KA and MA exclusively. The PICO (Patient, Intervention, 

Figure 3 . Knee angles in the coronal plane.        

Comparator, and Outcome) strategy was applied to conduct 
the review. 
P: Patients requiring TKA. 
I: TKA using alignment methods other than MA. 
C: TKA aligned mechanically (the current technique of 

choice). 
O: Clinical outcomes. 

OBJECTIVES 

Considering the advantages and disadvantages of each 
technique, the following objectives were investigated: 

METHODS 

We performed a systematic literature search in keeping 
with the Preferred Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA) guidelines. The following 
combination of thesauri and boolean operators was applied 
in Pubmed and Cochrane databases, being the final search 
on the 20th of March 2023: ((((kinematic alignment) OR 
(mechanical alignment)) OR (functional alignment)) OR 
(anatomic alignment)) AND (total knee arthroplasty), with 
the terms present in the article titles. No additional filters 
were applied to the search. This yielded 226 articles. 
Two authors screened the abstracts in order to include 

articles that matched inclusion and exclusion criteria. Eli-
gibility criteria included articles that provided comparative 

• Western Ontario and McMaster Universities Os-
teoarthritis Index (WOMAC).25 

• Knee Society Score, which comprises two parts: Knee 
Society Score original (KSS) and Knee Society Score 
functional (KFS). Combined Knee Society Score 
(CKSS) sums both scores.26 

• Oxford Knee Score (OKS).27 

• Range of motion (ROM), equivalent to the flexion an-
gle’s range.28 

• The Forgotten Joint Score (FJS): The score is based on 
patients forgetting about the replaced joint in daily 
life.29 

• The Knee Injury and Osteoarthritis Outcome Score 
(KOOS).30 

• Comparing implant lifespan between MA and other 
methods. 

• Comparing the percentage of dissatisfied patients be-
tween MA and other methods. 

• Comparing the stability of operated knees, including 
patellar stability. 

• Comparing radiological results of operated knees. 
• Whether any alignment method demonstrates suffi-
cient superiority and safety to be considered better 
than the most common method (MA). 
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Figure 4 . Systematic Review Flowchart.     

data between different alignment methods and reported 
clinical and/or radiological outcomes. Exclusion criteria 
were duplicates, unpublished results, studies limited to the 
description of surgical techniques, studies whose results 
were solely due to robotics, navigation or different brand 
of implants, cadaver studies, virtually performed surgery 
studies, letters, and articles whose full text was not written 
in English or Spanish. Furthermore, meta-analyses and sys-
tematic review were excluded to avoid data duplication. 
From the primary search in Pubmed, 103 entries were 

obtained, while from Cochrane, 123 entries were collected, 
originating from: Embase (n = 53), Pubmed (n = 48), Inter-
national Clinical Trials Registry Platform (ICTRP, n = 26), 
National Institute of Health (NIH, n = 19), and CINAHL (n 
= 2). After applying the inclusion and exclusion criteria and 
eliminating the duplicated articles, we obtained 23 studies. 
Additional records identified from meta-analyses were in-
cluded (n=4), resulting in a total of 27 articles. The article 
selection strategy is illustrated in the flowchart from Figure 
4. 

RESULTS 

The results are summarized in the Tables I, II, III, IV, V, VI 
and VII, which include: 

In response to the objectives set at the beginning of the 
review, the first objective was to assess whether MA im-
proves implants lifespan  compared to KA. Articles review-
ing patients over extended follow-up periods (Seon et al. 
2017, Yeo et al. 2019, and Young et al. 2020, with follow-

up times of 8, 8, and 5 years respectively) did not find 
statistically significant differences in terms of early pros-
thetic loosening.39,42,44 Furthermore, Laende et al. specifi-
cally measured prosthetic component wear two years after 
the intervention and found no significant differences be-
tween patient groups operated on with both methods.41 

Regarding patient satisfaction , there were inconclusive 
results, as reflected in Tables III and IV. However, all ar-
ticles that found significant differences in functional as-
sessment scales favoured KA or FA over MA, leading to in-
creased satisfaction. 
Another theoretical advantage of KA was achieving ear-

lier recovery by respecting the patient’s constitutional bio-
mechanics. Some articles attempted to objectively measure 
this improvement in recovery speed by calculating the dis-
tance patients walked on the hospital floor before dis-
charge. One article found no statistically significant differ-
ences between alignment methods,33 but it’s worth noting 
that two other articles indicated a greater distance walked   
by kinematically aligned patients.35,53 

Another objective was to assess postoperative joint sta -
bility (Table V), for which no differences were found be-
tween the two groups (MA and KA) in the number of pa-
tients reporting instability after surgery9,14,35,38,42,49,54 

despite several articles noting that ligament and tendon re-
lease was more pronounced in MA than in KA.18,40,41,43 Ad-
ditionally, three articles reported cases of patellar insta -
bility: Two cases were reported by Dossett et al., one in the 
MA group and one in the KA group; Young et al. also re-
ported one case in each group, and Abhari et al. reported 
only one case in the MA group. Therefore, no differences 
in patellofemoral stability can be concluded.33,40,49 Regard-
ing other alignment methods, McEwen at al. found statis-
tically significant differences in lateral extension gap (LEG) 

• Demographic data. 
• Functional assessment scale outcomes. 
• Radiological outcomes. 
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Table I . Demographic data and characteristics of clinical trials comparing kinematic and mechanical             
alignment.14,33‑45  

Author and 
year 

Follow-up months 
(average) 

Method Number of knees 
operated 

Average age 
(years) 

Women 
% 

BMI 
(kg/m2) 

Dossett 
201233 

6 Kinematic + 
PSI 

41 65 ± 8 5 29 ± 4,2 

Mechanical 41 66 ± 8,2 15 33 ± 6,4 

Yim 201334 24 Anatomic + 
PSI 

61 69 (58-85) 93 25,7 
(18-32,5) 

Mechanical + 
PSI 

56 66,1 (51-84) 86 26,3 
(20-37,2) 

Dossett 
201435 

24 Kinematic + 
PSI 

44 66 ± 7,7 5 29 ± 4,1 

Mechanical 44 66 ± 8,6 12 32 ± 4,9 

Belvedere 
201536 

6 Kinematic + 
PSI 

6 

NO 

Mechanical 11 

Waterson 
201637 

12 Kinematic 36 
NO 

Mechanical 35 

Calliess 
201714 

12 Kinematic + 
PSI 

100 67 ± 8 61 30 ± 4 

Mechanical 100 70 ± 8 57 30 ± 5 

Matsumoto 
201738 

12 Kinematic 30 75,3 (55-85) 88 26,9 ± 
3,9 

Mechanical 30 76,1 (57-86) 90 25,5 ± 
3,2 

Seon 
201739 

96 Kinematic 30 
NO 

Mechanical 30 

Young 
201740 

24 Kinematic + 
PSI 

49 72 ± 6,5 51 30 ± 4 

Navigated 
mechanical 

50 70 ± 7,5 52 31,5 ± 5 

Laende 
201941 

24 Kinematic + 
PSI 

24 64 ± 8 67 36 ± 5,9 

Mechanical 23 63 ± 7 74 34 ± 7,4 

Yeo 201942 96 Anatomical 30 72 ± 5,52 83 26,1 ± 5 

Mechanical 30 74 ± 5,16 90 26,9 ± 
2,1 

McEwen 
202043 

24 Functional 41 
65 (51-78) NO 

31 
(23-39) Mechanical 41 

Young 
202044 

60 Kinematic 49 72 ± 6,5 51 30 ± 4 

Mechanical 50 70 ± 7,5 52 31,5 ± 5 

Sarzaeem 
202145 

3 Kinematic + 
PSI 

32 62,9 ± 6 44 27,1 ± 
3,4 

Mechanical 32 65,3 ± 6,8 47 26,8 ± 
3,4 

Note: “BMI”: Body Mass Index; “NO”: not included, “PSI”: patient-specific instruments. 

in favor of FA.43 In Winnock de Grave et al.'s 2022 study, 
which compared adjusted mechanical alignment with in-
verted kinematic alignment (iKA), no soft tissue release was 
required for any of the patients.9 In Yim et al.'s 2013 study, 
comparing AA and MA, no results of tendon releases were 
reported, but postoperative joint laxity was measured, with 
no differences between the two methods.34 

Regarding radiological results , as seen in Tables VI and 
VII, different alignment methods lead to differences in 
coronal plane knee angles but not in the sagittal plane (ex-
cept for the Young et al. 2017 study). All studies met a mean 
mLDFA > 82° and a mean MTPA > 87°, so the resulting 
mean alignment from all alignment methods in all studies 
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Table II. Demographic data and characteristics of observational studies.      9,17,18,31,46‑55  

Author 
and year 

Study Follow-up 
months 

(average) 

Method Number 
of knees 
operated 

Average 
age 

(years) 

Women % BMI 
(kg/m2) 

Blakeney 
201917 

Case control 
study 

33,5 Kinematic 18 61 ± 8 67 31 ± 6 

Mechanical 18 64 ± 7 67 32 ± 3 

An 
201918 

Retrospective 
cohort study 

0 Kinematic 90 67 ± 12 61 No 
comparison 

Mechanical 120 67,9 ± 
10,7 

63 

Jeremić 
202046 

Case control 
study 

12 Kinematic 24 70,7 ± 
6,7 

No 
differences 

30,6 ± 4,5 

Mechanical 24 72.5 
(5.8) 

30.0 (4) 

Luceri 
202047 

Retrospective 
cohort study 

3 Kinematic 13 70 ± 7,1 54 28,5 ± 4,8 

Mechanical 13 69,1 ± 8 69 27,4 ± 3,4 

Shelton 
2021*48 

Retrospective 
cohort study 

36 ± 16 Kinematic 78 70 ± 8 73 31 ± 6 

120 ± 54 Mechanical 78 NA 73 NA 

Abhari 
202149 

Retrospective 
cohort study 

12 Kinematic 
(1-5º 
varus) 

43 66 ± 1,5 58 34 ± 1 

Kinematic 
(6-10º 
varus) 

56 68 ± 1,2 36 31 ± 0,71 

Kinematic 
(11-14º 
varus) 

16 67 ± 2,7 44 34 ± 1,7 

Mechanical 115 
No differences 

BMI higher 
than in KA 

Alexander 
202250 

Retrospective 
cohort study 

1,5 Kinematic 107 65 ± 8,6 57 34,2 ± 8 

Mechanical 223 64,5 ± 
8,5 

59 32,5 ± 6,6 

Elbuluk 
202251 

Retrospective 
cohort study 

24 Kinematic 
(cutting 
guide) 

100 

No differences in age, sex, BMI or coronal 
plane deviation. 

Mechanical 
(navigated) 

100 

Sappey-
Marinier 
202231 

Case series 32 ± 26 Mechanical 7 70,1 ± 
9,3 

57 27 ± 3 

Kinematic 7 

Winnock 
de Grave 

20229 

Retrospective 
cohort study 

12 Inverted 
kinematic 

40 69,9 ± 
8,3 

60 29,2 ± 4,8 

Mechanical 
(adjusted) 

40 67,4 ± 
9,5 

58 30 ± 5,3 

Choi 
202252 

Retrospective 
cohort study 

24 Functional 
(robotic) 

60 70 ± 5,7 78 26,7 ± 2,6 

Mechanical 
(manual) 

60 70,1 ± 
5,7 

78 27,1 ± 3,5 

Lung 
202253 

Retrospective 
cohort study 

3 Kinematic 44 68,5 ± 
7,5 

63 31 ± 6,6 

Mechanical 57 68,2 ± 
7,7 

65 32,6 ± 5,6 

Ma 
202254 

Ambispective 
cohort study 

6 Restrictive 
kinematic 

48 69,3 86 27,2 

Mechanical 45 67,4 78 25,2 

Wen 
202355 

Retrospective 
cohort study 

30,8 Kinematic 65 70,6 ± 
6,4 

70 27,3 ± 3,4 
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Author 
and year 

Study Follow-up 
months 

(average) 

Method Number 
of knees 
operated 

Average 
age 

(years) 

Women % BMI 
(kg/m2) 

Mechanical 61 71,2 ± 
7,1 

66 27,2 ± 3,7 

Note: “BMI”: Body Mass Index; “NA”: Not available. Data with statistically significant differences are shaded in gray. 
* Prior primary mechanical alignment total knee arthroplasty (TKA) in the contralateral limb. 

falls within the “precaution zone”, outside of which early 
prosthetic component wear is usually observed.56,57 

In the two trials comparing AA with MA, radiological re-
sults differed between the two methods, but no improve-
ments in functional outcomes were observed for either 
method.34,42 

One study comparing FA with MA showed, in addition 
to radiological differences, improvements in WOMAC, FJS, 
and the functional part of the KSS questionnaire in the FA 
group. However, no differences were found in the KSS ques-
tionnaire part related to pain and stability.52 

Another article that used the iKA showed radiological 
differences, but in terms of satisfaction and functional re-
sults, superiority of inverted kinematic alignment was 
demonstrated only in patients with varus deformity (HKA 
<177°) after multivariate analysis.9 

The study comparing RKA with MA showed better func-
tional results for RKA in the WOMAC, KSS, and FJS ques-
tionnaires, with no differences in range of motion.49 

Ultimately, no significant differences in postoperative 
complication rates were found among the analysed meth-
ods. 

DISCUSSION 

Regarding implants lifespan , the results observed in this 
review do not support the theoretical advantage of MA. 
Therefore, this finding provides reassurance when applying 
KA, as it was one of the main concerns raised. The max-
imum follow-up period recorded in the articles of this re-
view is eight years, so future studies with longer follow-up 
periods are necessary to fully support the idea that compo-
nent wear is not greater in KA than in MA. However, in this 
review, this equality of results is observed in terms of pros-
thetic wear-related consultations. The article that quanti-
tatively measured polyethylene wear did so after two years 
of follow-up,41 so the evidence provided in this review re-
garding the equality of component wear between KA and 
MA is limited, and more long-term quantitative results are 
needed to confirm it. Moreover, all studies met a mean 
mLDFA > 82° and a mean MTPA > 87°. These results explain 
the lack of differences in terms of early prosthetic loos-
ening since other studies defined an increased loosening 
rate with a tibial varus deviation of more than 3°56 and a 
femoral valgus deviation of more than 8°.57 

Furthermore, the main finding of this review is that, 
despite conflicting results, there is a trend towards better 
clinical outcomes  in patients with kinematically aligned 
knee prostheses compared to those using the traditional 
MA approach, with no differences in complication rates ob-

served. Other reviews and meta-analyses support this find-
ing.58‑66 It should be noted that errors have been identified 
in Liu’s meta-analysis regarding the data from HKA and TS 
from Yeo et al. 2019, where MA data were mistakenly as-
signed to AA and vice versa,63 upon comparison with the 
original article.42 

In terms of knee stability , some authors argue that the 
reduced ligament release in KA leads to less inflammation 
and faster recovery.18,35 However, inconclusive results are 
found in the articles included in the review. 
Regarding functional alignment , McEwen’s clinical 

trial found differences in terms of radiological outcomes 
compared to the MA. Additionally, differences in terms of 
LEG are described in the stability assessment.43 Choi et 
al.'s article demonstrates slight functional advantages in 
FA application. However, the FA group underwent robotic 
surgery, while the MA group underwent conventional 
surgery.52 Therefore, in future clinical trials, comparing FA 
with MA should be conducted under similar intervention 
conditions to appreciate the potential improvements of-
fered by alignment type and robotic approach separately. In 
this context, MacDessi et al. propose a protocol for future 
clinical trials to compare two alignment methods and con-
ventional surgery versus robotic surgery in a factorial man-
ner, allowing the interpretation of alignment method and 
robotic results independently.67 

Another important point introduced by Choi et al.'s arti-
cle is the assessment of patient knee phenotypes . In 2019, 
Hirschmann et al. described a new classification of knee 
joint phenotypes, as the conventional classification into 
varus, neutral, or valgus only considers limb deviation from 
the frontal plane without accounting for the orientation of 
the joint line to the ground, which also influences knee and 
limb mechanics. In addition to considering the angle rel-
ative to the mechanical axis (HKA), they consider angles 
between the femoral axis and the joint line (mLDFA) and 
between the tibial axis and the joint line (MPTA, also occa-
sionally abbreviated as TMA). In the case of Hirschmann et 
al., the medial version of mLDFA (Femoral Mechanical An-
gle, FMA) is used instead of mLDFA.68 As a reference value, 
RKA considers HKA values of 180° ± 3°, mLDFA 90° ± 5°, 
and MPTA 90 ± 5° as falling within the “precaution zone”, 
which are considered neutral values. Any deviation greater 
than this is considered valgus or varus (although the limits 
of neutrality vary among authors and there is no definitive 
consensus). In this way, 27 different phenotypes are de-
scribed, depending on the combinations of HKA, FMA, and 
TMA, with all three angles being varus, neutral, or valgus. 
In summary, 9 phenotypes are considered, considering only 
limb deviation from the mechanical axis (HKA) and the an-

Methods of alignment in total knee arthroplasty, systematic review

Orthopedic Reviews 7



Table III . Results of functional assessment scales in clinical trials.        14,33‑45  

Author and year Method WOMAC OKS KSS (Pain) KSS (Function) CKSS KOOS FJS ROM FLEXION 
(º) 

Dossett 201233 Kinematic + PSI 12 ± 14,8 8 ± 9,1 90 ± 14,3 84 ± 1,9 174 ± 31,3 120 ± 9,2 

Mechanical 28 ± 18,5 15 ± 8,9 79 ± 18,2 70 ± 21 149 ± 35,3 115 ± 12,3 

Average 
difference 

16 (8,4-23) 7 (3,1-10,9) 11 (4,6-19) 14 (4-22) 25 
(10-39,3) 

5 

Yim 201334 Anatomical + PSI 19,3 ± 8,6 125 ± 11,5 

Mechanical + PSI 20,4 ± 6,7 129 ± 11,5 

Dossett 201435 Kinematic + PSI 15 ± 20,3 40 ± 10,2 84 ± 17,2 77 ± 19,2 160 ± 31,9 121 ± 10,4 

Mechanical 26 ± 22,2 33 ± 11,1 72 ± 21,2 65 ± 21,1 137 ± 37,9 113 ± 12,5 

Average 
difference 

10,7 
(1,5-19,8) 

6,2 
(1,7-10,7) 

11 
(3,1-19,4) 

12 (3,5-20,6) 23 
(8,4-38,1) 

8,5 

Belvedere 201536 Kinematic + PSI 91 ± 12 90 ± 15 

Mechanical 78 ± 20 80 ± 23 

Waterson 201637 Kinematic 83,5 ± 21,4 77,7 ± 20 118,5 ± 12 

Mechanical 87,8 ± 15,9 76,4 ± 19 118,4 ± 9,4 

Average 
difference 

4,3 1,3 0,1 

Calliess 201714 Kinematic + PSI 13 ± 16 190 ± 18 

Mechanical 26 ± 11 178 ± 17 

Matsumoto 
201738 

Kinematic 92,9 ± 4,4 68,3 ± 13,6 122,3 ± 8,9 

Mechanical 92,5 ± 5,3 64 ± 15,9 116,8 ± 12,6 

Seon 201739 Kinematic NO DIFF NO DIFF 83,7 ± 16,7 NO DIFF 

Mechanical 74,8 ± 16,45 

Young 201740 Kinematic + PSI 88 ± 14 42 ± 6 89 ± 13 83 ± 18 69 ± 26 119 ± 11 

Mechanical 85,5 ± 17 41 ± 6 87 ± 16 79,5 ± 24 66 ± 26 116 ± 11 

Average 
difference 

-3(-9,1 to 3,2) -1(-3,5 to 
1,4) 

-2(-7,8 
to3,9) 

-4(-12 to 5) -3 (-13,3 to 
7,5) 

Laende 201941 Kinematic + PSI 31 ± 7,8 

Mechanical 30 ± 8,6 

Yeo 201942 Anatomical 19,3 ± 1,9 47,5 ± 5,6 90,1 ± 10,5 125 ± 11,5 
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Author and year Method WOMAC OKS KSS (Pain) KSS (Function) CKSS KOOS FJS ROM FLEXION 
(º) 

Mechanical 20,4 ± 1,8 47,2 ± 7,5 93 ± 9,1 129 ± 11,5 

McEwen 202043 Functional 44,4 ± 4,3 89,6 ± 
12,9 

79,9 ± 23,5 127 ± 10 

Mechanical 44,1 ± 4,1 88,5 ± 
13,7 

79,6 ± 19,4 127 ± 11 

Young 202044 Kinematic 86,1 ± 15,5 41,4 ± 7,2 74,6 ± 12,2 81 ± 18,4 68 ± 28,8 

Mechanical 89,1 ± 15,3 41,7 ± 6,3 74,2 ± 9 86,7 ± 16,8 74,4 ± 23,6 

Average 
difference 

-3 (-9,9 a 3,9) -0,3(-3,2, 
2,5) 

0,5 (-6,1 a 7) -5,7 (-14,5 a 
3,1) 

-5,7 (-14,5 a 
3,1) 

Sarzaeem 202145 Kinematic + PSI 31,2 ± 4,6 

Mechanical 35,5 ± 5,7 

Note: “NO DIFF”: the article does not include the specific data but indicates that there are no significant differences; “PSI”: patient-specific instruments. Data with statistically significant differences are shaded in gray. The Young et al article from 2017 used a version of the 
WOMAC that gives a score from 0 to 100, with 0 being the worst possible score and 100 being the best. 
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Table IV . Results of functional assessment scales in observational studies.        9,17,31,46‑53,55  

Author and year Method WOMAC OKS KSS (Pain) KSS 
(Function) 

CKSS KOOS FJS ROM 

Blakeney 201917 Kinematic 74 ± 17.1 54 ± 
8,7* 

Mechanical 61 ± 18.1 49 ± 
8,7* 

Jeremić 202046 Kinematic 94.0 
(79–98) 

67.0 
(54–74) 

65.0 
(45–75)** 

77 
(58–96) 

Mechanical 75.0 
(61–82) 

60.0 
(46–69) 

40.0 
(20–55)** 

51 
(39–67) 

Luceri 202047 Kinematic 86 ± 3,8 93 ± 10,3 81 ± 7,1 

Mechanical 76 ± 9,6 76 ± 16,2 ERROR 

Shelton 202148 Kinematic 43 
(39-47) 

75 
(51-92) 

Mechanical 42 
(33-45) 

60 
(29-80) 

Abhari 202149 Restrictive kinematic 90 ± 1,5 93 ± 0,9 85 ± 1,6 72 ± 2,7 120 ± 
0,5 

Mechanical 85 ± 1,6 83 ± 1,1 73 ± 1,7 61 ± 3,8 117 ± 
0,7 

Alexander 202250 Kinematic 114 ± 
10,1 

Mechanical 110 ± 
11,9 

Elbuluk 202251 Kinematic (cutting guide) 91 ± 5 92 ± 5,3 

Mechanical (navigated) 84 ± 4 78 ± 7,1 

Sappey-Marinier 
202231 

Mechanical 47 ± 7 49 ± 20 96 ± 
23 

84 ± 35 

Difference after reintervention (Mechanical to 
Kinematic) 

75 ± 
27 

30 ± 23 

Winnock de Grave 
20229 

Inverted kinematic 44,8 ± 
3,5 

Mechanical (adjusted) 42,2 ± 
6,3 
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Author and year Method WOMAC OKS KSS (Pain) KSS 
(Function) 

CKSS KOOS FJS ROM 

Choi 202252 Functional (robotic) 14 ± 12,3 95 ± 6,4 77 ± 15,1 80 ± 
30,1 

Mechanical (manual) 19 ± 10,1 90 ± 12,9 59 ± 1,6 35 ± 
28,4 

Lung 202253 Kinematic 77 ± 16,2 116 ± 
10,8 

Mechanical 83 ± 12,1 114 ± 
11,4 

Wen 202355 Kinematic 85 ± 8,6 81 ± 9,5 86 ± 9,7 

Mechanical 78 ± 9,3 78 ± 10,6 73 ± 
13,8 

Note: The article by Luceri et al in 2020 includes an error in the KOOS data for the mechanically aligned intervention group. In the article by Abhari et al in 2021, although not specified in the text, it is understood that, based on the results presented for WOMAC, the short-
ened version with values ranging from 0 to 100 (from worse to better) was used, as the result is abnormally high compared to the rest of the functional questionnaires. The article by An et al in 2019 does not include functional results, only radiological ones. The article by Ma 
et al in 2023 estimates functional outcomes using equations; they are not reported by the patient themselves, so they are not included. The article by Sappey Marinier et al in 2022 is a comparison between patients who have undergone surgery with mechanical alignment, but 
a reintervention was necessary, and this was performed following a kinematic alignment (using the contralateral knee as the native knee model). Shelton et al in 2019 performed a retrospective study with self-reported outcome measures in patients treated with a calipered 
kinematic alignment TKA that already had a contralateral mechanically aligned TKA. Data showing statistically significant differences are shaded in gray. 
*Blakeney et al in 2018 found statistically significant differences in knee flexion-extension ROM during gait cycle. 
**Jeremić et al in 2020 found statistically significant differences in Sport and Recreation Function section of the KOOS. 
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Table V . Results of stability assessment.    14,35,40,43,46,49  

Author 
and year 

Method Gap (mm) Revision 
for TFJI 

Revision 
for PFJI 

Patella 
instability rate 

MEG LEG MFG LFG 

Dossett 
201435 

Kinematic + 
PSI 

0% 

Mechanical 2,3% 

Calliess 
201714 

Kinematic + 
PSI 

2% 

Mechanical 1% 

Young 
201740 

Kinematic + 
PSI 

2% 2% 

Navigated 
mechanical 

2% 2% 

McEwen 
202043 

Functional 1 1,1 3,2 3,5 

Mechanical 1,1 1,3 3,2 3,6 

Jeremić 
202046 

Kinematic 0% 0% 

Mechanical 0% 0% 

Abhari 
202149 

Restricted 
kinematic 

0% 0% 

Mechanical 0,9% 0,9% 

Note: “MEG”: medial extension gap; “LEG”: lateral extension gap; “MFG”: medial flexion gap; “LFG”: lateral flexion gap; “TFJI”: tibiofemoral joint instability; “PFJI”: patellofemoral 
joint instability. 

gle of the joint line relative to the ground (JLOA).69 (Figure 
5) 
In the ongoing pursuit of personalized medicine, it is 

foreseeable that adapting alignment methods to each pa-
tient’s characteristics will be implemented if it proves su-
perior to conventional methods. For example, KA could be 
advantageous in phenotypes I, II, IV, and V, which are varus 
or neutral deviations supported by clinical trials with KA; 
RKA could be suitable for phenotypes III and VI, as valgus 
deviations often lead to exclusion criteria in KA trials,38,42,
43,45,49,51,55 going beyond the previously mentioned “pre-
caution zone”; and MA might be indicated for phenotypes 
VII, VIII, and IX, which are less common in the population 
and involve more extreme deformities.69 

Although recent articles report results based on pheno-
types,70 future trials should be designed to compare align-
ment method results and phenotypes separately, like the 
previously mentioned MacDessi et al. protocol.67 

In addition to the brief follow-up period to determine 
potential long-term prosthetic wear, another major limita-
tion of this review is the heterogeneity in KA techniques, as 
some studies use patient-specific instruments, others use 
conventional methods, and some employ robotic surgery. 
This limitation is shared with other reviews and meta-
analyses.58,59 

In conclusion, regarding the comparison of the most 
used alignment methods, mechanical and kinematic, while 
not all studies observe functional or patient satisfaction 
differences, those that do find such differences favor KA. 
It should be emphasized that these differences have been 
observed under clinical trial conditions with rigorous in-
clusion and exclusion criteria. As noted earlier, valgus de-
formity was an exclusion criterion in 7 articles,38,42,43,45,49,

51,55 but patients with deviations of more than 10° in the 
coronal plane, BMI greater than 40 kg/m2, or prior knee 
surgeries were also frequently excluded. 
It would be interesting to conduct studies with more 

relaxed inclusion and exclusion criteria, more closely re-
sembling routine surgical practice, and with a longer fol-
low-up period, to fully confirm the advantage of KA in 
terms of functional outcomes. Furthermore, presenting re-
sults based on patients’ knee phenotypes could help deter-
mine whether one alignment method is superior for a spe-
cific knee phenotype. 

CONCLUSION 

• No greater wear or early loosening of components 
in kinematically aligned prostheses was observed two 
years post-surgery compared to mechanically aligned 
prostheses. To objectively assess component wear 
equality between both methods, studies analyzing 
quantitative prosthesis thickness over a longer time 
period are needed. 

• KA is superior in certain cases in terms of patient 
functionality and reduced pain, but it does not seem 
sufficient to explain the 20% of patients dissatisfied 
after TKA. 

• Despite greater ligament and tendon release in MA, 
this does not translate into differences in consul-
tations for femorotibial or femoropatellar instability 
following surgical intervention. 

• Although KA shows superiority in functional and pa-
tient satisfaction results in several included studies, 
it must be considered that study conditions do not 
accurately mirror real-world surgical conditions. Fur-
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Table VI . Radiological results of clinical trials.     14,33‑35,38,40‑43  

Author and 
year 

Method HKA (º) mLDFA 
(º) 

MPTA 
(º) 

JLOA (º) Femoral 
rotation 
(º) 

Tibial 
Slope 
(º) 

Dossett 
201233 

Kinematic + PSI 0,3 ± 2,8 88,6 ± 2 -2,1 ± 
2,1 

5 ± 5,4 

Mechanical 0,0 ± 2,2 91 ± 2,6 0,0 ± 2,4 3 ± 4,7 

Average difference 0,3 (-0,9 
to 1,3) 

-2,4 
(-3,4 to 
-1,4) 

-2,1 
(-3,1 to 
-1,1) 

2 (-4,3 
to 0,1) 

Yim 
201334 

Anatomical + PSI -0,4 ± 2 91,7 ± 
1,9 

87,5 ± 
1,7 

4,6 ± 
1,7 

Mechanical + PSI -0,7 ± 1,7 89,5 ± 
0,4 

90,1 ± 
0,4 

5,9 ± 
0,7 

Dossett 
201435 

Kinematic + PSI 0,1 ± 2,8 88,7 ± 2 87,8 ± 
2,6 

-2 ± 2 

Mechanical -0,1 ± 2,5 90,8 ± 
2,7 

90 ± 2,1 -0,1 ± 
2,7 

Average difference 0,2 (-0,9 
to 1,4) 

-2,2 
(-3,2 to 
-1,2) 

2,1 (1,1 
to 3,1) 

-1,9 
(-2,9 to 
-0,9) 

Calliess 
201714 

Kinematic + PSI -1 ± 3 88 ± 1 88 ± 1 4 ± 3,4 

Mechanical 1 ± 1 89 ± 0 89 ± 0 4 ± 2 

Matsumoto 
201738 

Kinematic 1,8 ± 1,5 
(-1,5 to 6) 

-0,9 ± 
2,3 

Mechanical 0,1 ± 1,4 
(-3 to 3) 

-4,3 ± 
1,9 

Young 
201740 

Kinematic + PSI 0,4 ± 3,5 88 ± 2,5 87 ± 3 -0,5 ± 2,5 -4 ± 2,5 

Mechanical 
(navigated) 

0,7 ± 2 89,5 ± 
1,6 

89,3 ± 
1,8 

1,5 ± 2,5 -1,3 ± 2 

Average difference -0,3 (-1,4 
to 0,8) 

-1,6 
(-2,5 to 
-0,7) 

-1,9 (-3 
to -0,8) 

2 (1 to 3) 2,3 (1,3 
to 3,3) 

Laende 
201941 

Kinematic + PSI 2,3 ± 2,6 86,7 ± 2 

Mechanical 2,1 ± 2,1 89,2 ± 
1,7 

Average difference 0,2 (-1,55 
to 1,15) 

-2,5 
(-3,6 to 
-1,4) 

Yeo 
201942 

Anatomical 0,1 ± 2 88,3 ± 
1,9 

87,5 ± 
1,7 

7,5 ± 
2,8 

Mechanical -0,3 ± 1,7 90,5 ± 
0,4 

90,1 ± 
0,4 

6,4 ± 1 

Average difference 0,4 (-0,5 
to 1,34) 

-2,2 
(-2,9 to 
-1,5) 

-2,6 
(-3,2 to 
-2) 

1,1 (0 
to 2,2) 

McEwen 
202043 

Functional 1 ± 2,4 91,8 ± 2 87,5 ± 
1,3 

0,9 ± 2,6 -1,3 ± 3,1 3,1 ± 
1,8 

Mechanical 0,2 ± 2,1 89,9 ± 
0,6 

89,7 ± 
0,4 

-0,8 ± 
2,1 

1,1 ± 2,5 3,2 ± 
1,8 

Average difference 
between knees 

2,1 ± 1,8 2,1 ± 1,7 2,3 ± 1,3 2,7 ± 1,9 4 ± 2,8 1,5 ± 
1,2 

Note: Data showing statistically significant differences are shaded in gray. The articles by Belvedere et al in 2015, Waterson et al in 2016, Seon et al in 2017, and Sarzaeem et al in 2021 
do not include radiological results. Additionally, the radiological results from Young et al in 2020 are the same as those published in 2017, so they are not included in the table to 
avoid duplicating information. 

ther studies are necessary to ascertain the repro-
ducibility of the promising clinical outcomes docu-
mented by these articles. 
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Table VII . Radiological results of observational studies.     9,17,18,31,46,49,52‑55  

Author and 
year 

Method HKA 
(º) 

mLDFA 
(º) 

MPTA 
(º) 

JLOA 
(º) 

Femoral 
rotation 
(º) 

Tibial 
Slope 
(º) 

Blakeney 
201917 

Kinematic 0 ± 
3.3 

1 ± 
2.8 

Mechanical − 0.5 
± 2.3 

−2 ± 
2.0 

An 201918 Kinematic 1,5 ± 
0,2 

Mechanical 0,8 ± 
0,2 

Jeremić 
202046 

Kinematic −0.2 
± 3.6 

88.5◦ ± 
3.5 

88.4 ± 
2.1 

Mechanical −0.3 
± 2.7 

89.9 ± 
2.8 

89.0 ± 
2.1 

Abhari 
202149 

Kinematic (1-5º varus) 2 ± 
0,2 

88 ± 
0,12 

Kinematic (6-10º varus) 3 ± 
0,2 

88 ± 
0,1 

Kinematic (11-14º varus) 4 ± 
0,2 

87 ± 
0,2 

Mechanical NA 

Sappey-
Marinier 
202231 

Mechanical 1 ± 4 90 ± 2 90 ± 1 -0,3 
± 3 

Difference after reintervention 
(Mechanical to Kinematic) 

-1 ± 
2 

88 ± 3 88 ± 2 1 ± 3 

Winnock de 
Grave 20229 

Inverted kinematic -1,7 
± 2,1 

88,8 ± 
1,4 

87,1 ± 
1,4 

-0,7 ± 2,1 4,2 ± 
1,2 

Mechanical (adjusted) -0,4 
± 1,9 

90 ± 
1,6 

89,6 ± 
0,9 

2,2 ± 2,5 4,1 ± 
1,6 

Choi 202252 Functional (robotic) 1,1 ± 
1,8 

83,7 ± 
2,1 

89,2 ± 
1 

2,6 ± 
2 

Mechanical (manual) -0,2 
± 2,5 

83,3 ± 
2,2 

89,6 ± 
1,7 

3,1 ± 
2,1 

Lung 202253 Kinematic -0,7 
± 3,1 

88,1 ± 
2,6 

88,6 ± 
1,8 

-1,5 
± 2 

Mechanical 0,3 ± 
4,1 

90,2 ± 
2,2 

90,3 ± 
1,2 

0,2 ± 
1,3 

Ma 202254 Restrictive kinematic 0,8 ± 
2,7 

90,5 ± 
1,8 

89,7 ± 
1,9 

Mechanical 2 ± 4 91,5 ± 
3,3 

89,4 ± 
2,5 

Wen 202355 Kinematic -2,7 
± 1,9 

Mechanical -2,2 
± 1,4 

Note: Data showing statistically significant differences are shaded in gray. The articles by Luceri et al in 2020, Alexander et al in 2022, and Elbuluk et al in 2022 do not include radio-
logical results. The article by Sappey Marinier et al in 2022 provides results comparing the knees that underwent mechanical alignment intervention with the contralateral non-inter-
vened knee. 
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Figure 5 . Schematic representation of knee phenotypes based on HKA and JLOA.          69  
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