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 � KNEE

Current concepts in total 
knee arthroplasty
MECHANICAL, KINEMATIC, ANATOMICAL, AND FUNCTIONAL 
ALIGNMENT

Limb alignment in total knee arthroplasty (TKA) influences periarticular soft- tissue tension, 
biomechanics through knee flexion, and implant survival. Despite this, there is no uniform 
consensus on the optimal alignment technique for TKA. Neutral mechanical alignment facil-
itates knee flexion and symmetrical component wear but forces the limb into an unnatural 
position that alters native knee kinematics through the arc of knee flexion. Kinematic align-
ment aims to restore native limb alignment, but the safe ranges with this technique remain 
uncertain and the effects of this alignment technique on component survivorship remain 
unknown. Anatomical alignment aims to restore predisease limb alignment and knee geom-
etry, but existing studies using this technique are based on cadaveric specimens or clinical 
trials with limited follow- up times. Functional alignment aims to restore the native plane 
and obliquity of the joint by manipulating implant positioning while limiting soft tissue 
releases, but the results of high- quality studies with long- term outcomes are still awaited. 
The drawbacks of existing studies on alignment include the use of surgical techniques with 
limited accuracy and reproducibility of achieving the planned alignment, poor correlation 
of intraoperative data to long- term functional outcomes and implant survivorship, and a 
paucity of studies on the safe ranges of limb alignment. Further studies on alignment in TKA 
should use surgical adjuncts (e.g. robotic technology) to help execute the planned align-
ment with improved accuracy, include intraoperative assessments of knee biomechanics and 
periarticular soft- tissue tension, and correlate alignment to long- term functional outcomes 
and survivorship.
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Introduction
Total knee arthroplasty (TKA) is an effective, 
cost- efficient treatment for patients with 
symptomatic end- stage knee osteoarthritis.1 
The procedure is undertaken in over 90,000 
patients per year in the UK, and over the last 
decade, TKA has become the most commonly 
performed joint arthroplasty procedure 
worldwide.2 Data extracted from various 
national joint registries has shown that TKA is 
associated with excellent long- term implant 
survivorship, with the ten- year revision rate 
for cemented, unconstrained, fixed- bearing 
TKA reported at 3%.1-3 However, several 
recent studies have found that approxi-
mately 20% of patients undergoing an 

uncomplicated primary TKA are unsatisfied 
with the outcome of their surgery.4-6 The aeti-
ology of this is likely to be multifactorial but 
one important surgeon- controlled variable 
is limb coronal alignment, as this directly 
affects periarticular soft- tissue function, knee 
biomechanics through the arc of knee flexion, 
and implant survivorship following TKA.5-12 
Suboptimal limb alignment in TKA may 
lead to altered knee kinematics, increased 
component wear, poor functional outcomes, 
and premature implant failure requiring 
complex revision TKA.5,7,8,13,14 Conceptually, 
an improved understanding and execution 
of the optimal alignment technique may 
help to increase patient satisfaction, improve 
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functional outcomes, increase implant survivorship, and 
reduce complications following TKA.

There is currently no uniform consensus on the 
optimal coronal alignment technique for TKA. Tradi-
tional neutral mechanical alignment facilitates knee 
flexion and symmetrical component wear, but forces the 
limb into an unnatural position that alters knee biome-
chanics.7,8,15,16 Kinematic alignment aims to restore native 
prearthritic alignment, but previous intraoperative tech-
niques for executing this alignment have been limited by 
poor accuracy and reproducibility, and the acceptable 
safe ranges for limb alignment remain uncertain.17-21 
Anatomical alignment aims to restore predisease limb 
alignment and bone geometry, but it remains unknown 
how this technique translates to long- term functional 
outcomes and implant survivorship.9,22 More recently, 
functional alignment has been introduced as a technique 
for providing patient- specific limb alignment within the 
safe ranges of mechanical alignment but the results of 
high- quality studies with long- term outcomes are still 
awaited.23 This narrative review explores the principles of 
the various alignment techniques used for TKA, discusses 
the surgical guides and techniques used to execute each 
alignment method, explores their respective benefits and 
limitations, and identifies important clinical gaps within 
the existing literature for further research.
Mechanical alignment. Since the introduction of TKA 
in the 1970s, neutral mechanical alignment (NMA) has 
remained the most commonly adopted alignment tech-
nique for TKA.24 The principle of NMA in TKA is to dis-
tribute load evenly across the components in the stance 
phase to promote symmetrical component wear, and 
increase component durability in TKA.9 Intraoperatively, 
this is achieved by undertaking bone resections and 
placing implants perpendicular to the femoral and tibi-
al mechanical axes, while externally rotating the femoral 
component, which also secondarily facilitates correct pa-
tella tracking.25,26 Measured resections or gap balancing 
techniques are used to equalize flexion- extension gaps 
and achieve equipoise in mediolateral soft- tissue ten-
sion.27 Traditionally, NMA is undertaken to achieve post-
operative limb alignment to within 3° of neutral to the 
mechanical axis. Many orthopaedic surgeons consider 
this alignment technique as a dichotomous variable, in 
which an “aligned” limb falls within 3° of neutral align-
ment, whereas a “maligned” limb falls outside of this 
safe range.28-30 However, questions pertaining to the safe 
range of NMA remain, and if the ideal alignment target is 
narrow and generic for all patients, or actually wider and 
more patient- specific.

Kim et al31 conducted a prospective randomized 
study on 520 patients undergoing bilateral TKA, with 
NMA using computer navigation on one side and a 
conventional jig- based technique on the contralateral 
side. Mechanical axis on postoperative CT coronal 

plane was from 4.5° varus to 4.3° valgus for knees that 
underwent computer- navigated TKA, and from 5.3° 
varus to 5.3° valgus for knees that had conventional 
TKA (p = 0.821). Clinical outcomes were assessed using 
the Knee Society Score (KSS)32 and Western Ontario and 
McMaster Universities Osteoarthritis Index (WOMAC)33 
at three months, one year, and annually thereafter. The 
authors reported no difference between the two treat-
ment techniques in relation to the range of motion, KSS, 
and WOMAC scores at each of the follow- up intervals 
and at mean follow- up of 10.8 years.31 There was also 
no difference in implant survivorship between the two 
treatment techniques, and deviation of greater than 3° 
from the neutral mechanical axis did not increase the 
rate of component loosening or failure.

Bonner et al28 performed a retrospective review of 
501 patients undergoing conventional jig- based TKA 
with NMA, and assessed the effects of postoperative 
limb alignment on implant survivorship. Patients were 
classified as aligned if long- leg radiographs showed limb 
alignment within 3° of NMA and maligned if limb align-
ment deviated by more than 3° from NMA. Patients were 
followed up postoperatively at six months, one year, and 
annually thereafter. A total of 14 patients were excluded 
from the final analysis as postoperative alignment values 
were not recorded. At 15 years follow- up, 33 patients 
underwent revision TKA for aseptic loosening, including 
11 patients (5%) from the aligned group and six patients 
(14%) from the maligned group (p = 0.36). The authors 
concluded that limb alignment greater than 3° outside 
of NMA did not increase the risk of implant loosening or 
failure compared to limb alignment within 3° of NMA 
following TKA.28

Parratte et al29 reviewed outcomes in 292 patients 
undergoing primary conventional jig based TKA with 
NMA and correlated overall limb alignment to implant 
survivorship. The authors found that 27 patients under-
went revision TKA for aseptic loosening, mechanical 
failure, component wear, or patellar maltracking, which 
included 27 patients (9.2%) with alignment within 3° 
of neutral limb alignment, compared to eight patients 
(7.5%) with alignment outside of this safe range (p = 
0.88). The authors also concluded that implant posi-
tioning and limb alignment more than 3° outside of 
neutral alignment did not increase the risk of premature 
implant failure.29

Manjunath et al27 performed a prospective study 
on 120 patients undergoing conventional jig- based 
TKA with NMA and examined the effects of limb align-
ment on functional outcomes. The study found that 
96 patients had limb alignment within the 3° of NMA 
and 24 patients had limb alignment outside of these 
predefined safe ranges for limb alignment. At six weeks 
follow- up, patients within these predefined safe ranges 
had improved KSS scores (p = 0.026) compared to those 



VOL. 2, NO. 6, JUNE 2021

CURRENT CONCEPTS IN TOTAL KNEE ARTHROPLASTY 399

outside of these safe ranges. The authors concluded that 
limb alignment within 3° of neutral alignment enabled 
better restoration of functional outcomes at short- term 
follow- up. However, the authors did not assess how 
this translates to longer- term functional outcomes or 
component survivorship.27

There are several limitations of these existing studies 
reporting on predefined safe ranges for limb alignment 
during TKA. Firstly, bone resections targets for achieving 
NMA in these patients were calculated using standard 
short knee radiographs, which may not accurately reflect 
the overall alignment of the limb. Secondly, several 
studies have reported outcomes using rudimentary TKA 
implant designs, and so the findings may not be directly 
transferable to outcomes with more modern condylar 
implant designs for TKA. Thirdly, limited assessments 
were made of implant positions in the axial plane while 
attempting to achieve overall neutral limb alignment. 
NMA remains the most commonly adopted alignment 
technique for TKA, but further research is needed into the 
accuracy with which this is achieved using conventional 
manual techniques, and the safe ranges for limb align-
ment in TKA based on individualized patient anatomy 
and knee kinematics.
Kinematic alignment. NMA offers an alignment target 
for maximizing implant durability but alters natural 
knee kinematics, which may compromise subjectively 
reported clinical and functional outcome scores. Native 
limb alignment within the general population follows a 
Gaussian (normal) distribution, with only 5% to 5.5% 
of patients having natural NMA.24 Consequently, in 
most patients undergoing TKA with NMA, the knee is 
forced into an unnatural position, with changes to na-
tive knee orientation in all three dimensions.7,8,15,16 This 
may lead to modifications in the natural femoral flexion 
axis, periarticular ligament tension, quadriceps func-
tion, patella tracking, and knee kinematics through the 
arc of motion.7,8,34

A recent multicentre study of 661 patients under-
going TKA reported that only 436 patients (66%) felt 
their knee was “normal”, and 357 patients (54%) had 
residual knee symptoms.35 The principles of TKA with 
kinematic alignment (KA) is to restore each patient’s 
own native limb alignment and preserve their normal 
axes of rotation about the knee joint. Preservation of 
individualized limb alignment and knee biomechanics 
may conceptually help to improve these subjectively 
reported functional outcomes, and reduce compli-
cations such as aseptic loosening, instability, patella 
maltracking, stiffness, and common peroneal nerve 
palsy, which are associated with forcing the limb into 
NMA for TKA.7 Some studies have shown improved 
clinical outcomes in TKA with KA compared to mechan-
ical alignment at short- term follow- up, while other 
systematic reviews and meta- analyses have shown no 

difference in clinical or functional outcomes between 
the two alignment techniques for TKA.10,17,19,36–41

Hutt et al36 performed a prospective study on 100 
consecutive patients undergoing TKA with KA. Preopera-
tive long- leg radiographs were used to calculate coronal 
femoral and tibial bone resection angles to restore the 
native joint line obliquity and height, and intraoperative 
computer navigation was used to execute the planned 
implant positioning and limb alignment within each 
patient.36 The authors reported that there was no differ-
ence in the pre- and postoperative lateral distal femoral 
angle and mean proximal tibial angle, suggesting that 
the native femoral flexion axis was preserved. At mean 
2.4 years follow- up, the study found improvements in the 
WOMAC33 and Knee Injury and Osteoarthritis Outcome 
Score (KOOS)42 compared to preoperative values. The 
authors reported that four patients with severe varus 
alignment and one patient with severe valgus alignment 
required additional ligament releases, and two further 
patients with moderate valgus alignment required lateral 
retinacular release for patella maltracking.36

Young et al43 performed a randomized controlled 
trial (RCT) comparing 50 patients undergoing TKA with 
NMA versus 49 patients receiving TKA with KA. NMA 
was achieved using preoperative radiological planning 
and intraoperative computer navigation, while kine-
matic alignment was achieved using preoperative MRI 
planning and intraoperative patient- specific cutting 
blocks. Postoperative limb alignment was assessed 
using CT scans in both treatment groups. At two years 
follow- up, there was no difference between the two 
treatment groups in relation to Oxford Knee Scores 
(OKS),44 Forgotten joint Scores (FJS),45 and WOMAC33 
scores. Postoperative limb alignment was also compa-
rable between patients undergoing NMA versus KA 
(mean 0.4° (standard deviation (SD) 3°) varus vs 0.7° 
(SD 2°) varus respectively; p = 0.6). There was no differ-
ence in complication rates between the two groups 
over this follow- up period.43

Waterson et al10 performed a RCT comparing func-
tional outcomes in 35 patients undergoing TKA with 
NMA versus 36 patients undergoing TKA with KA. 
Preoperative MRI scans were used to guide bone 
resections and implant positioning, and intraopera-
tive computer navigation then executed the planned 
implant positioning and alignment in both treatment 
groups. Postoperative plain hip- knee- ankle radiographs 
showed that the planned alignment was achieved in 28 
patients (78%) undergoing TKA with KA and 27 patients 
(77%) receiving TKA with NMA. The study showed 
that patients undergoing TKA with KA had improved 
American Knee Society Scores (AKSS)32 compared to 
those undergoing TKA with NMA at six weeks (p = 
0.05), three months (p = 0.09), and six months (p = 
0.62) follow- up, but no significant difference at one 
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year (p = 0.84). TKA with KA marginally improved func-
tional outcomes at six weeks for some of the outcome 
measures after surgery compared to NMA, but there 
were no differences between the two groups at one- 
year follow- up, suggesting that there are some compa-
rable short term results between the two groups but no 
significant differences mid- to long- term.10

Dossett et al19 undertook a prospective RCT comparing 
41 patients undergoing TKA with NMA versus 41 patients 

undergoing TKA with KA. NMA was executed using plain 
radiographs and conventional alignment jigs, while KA 
was undertaken using preoperative CT scanograms and 
patient- specific cutting blocks.19 All radiological outcomes 
were assessed using long- leg CT scanograms. The study 
found that TKA with KA was associated with better range 
of knee motion, and improved WOMAC, OKS, and 
combined KSS scores, as compared with TKA using NMA 
at six months follow- up. In patients undergoing TKA with 

Table I. Comparison of different alignment techniques used for total knee arthroplasty.

Author Study design/patients Alignment technique Main findings Complications reported

Kim et al31 Prospective randomized 
study, 520 patients

NMA with computer 
navigation vs NMA using 
conventional jig- based 
technique

No difference in ROM, KSS/WOMAC 
scores, or implant survivorship at a 
mean follow- up of 10.8 years

10 revisions due to aseptic loosening (6 computer 
and 4 with conventional)
26 cases of anterior femoral notching in 
navigation group, 6 in conventional group
5 cases of excessive resection in navigation group
2 deep infections in navigation group

Bonner et al28 Retrospective comparative 
review, 501 TKAs (in 396 
patients)

Jig- based NMA (± 3°) vs 
malaligned group (> 3°)

Weak trend towards improved 
survival with more accurate 
alignment of the mechanical axis at 
15 years follow- up

33 TKAs (7.2%) were revised due to aseptic 
loosening

Parratte et 
al29

Clinical and radiological 
retrospectives study, 292 
patients

Jig- based NMA (± 3°) vs 
malaligned group (> 3°)

After adjusting for age and
BMI, having an outlier beyond 3° 
of the MA was not associated with 
increased risk of revision at 15- year 
follow- up

45 (15.4%) revisions in the NMA group (aseptic 
loosening, mechanical failure, wear, patellar 
problems)
14 (13%) in the outlier group

Manjunath 
et al27

Prospective study, 120 
TKAs in 80 patients

Jig- based NMA (± 3°) vs 
malaligned group (> 3°)

Patients in alignment within 3° of 
NMA has improved KSS scores, but 
no difference in functional scores at 
6 weeks follow- up

Not available

Hutt et al36 Prospective study, 100 
TKAs in 95 patients

KA with computer 
navigation

Preserving the native femoral flexion 
axis resulted in improved mean 
WOMAC and KOOS scores at a 
mean follow- up 2.4 years

5 patients with severe pre- op varus/valgus 
alignment required additional ligament releases
2 patients with moderate valgus alignment 
required lateral retinacular release for patella 
maltracking

Young et al43 RCT, 99 patients NMA vs KA No difference in OKS/FJS/WOMAC 
score or revision rates at 2 years

3 revisions in KA group (including patella 
dislocation, infection, and 2 MUAs for stiffness)
4 revisions in MA (including periprosthetic 
fracture, infection, recurrent haemarthrosis, and 
traumatic patellar dislocation)

Waterson et 
al10

RCT, 71 patients NMA vs KA KA group had improved AKSS at 
6 weeks and 6 months but no 
difference at 1 year

Patients with complications were excluded from 
the assessment of function

Dossett et al19 Prospective RCT, 82 
patients

NMA vs KA KA group had better ROM, WOMAC, 
OKS, and KSS scores at 6 months

4 complications in KA group (including 1 
evacuation of haematoma, 2 MUA, 1 patellar 
subluxation)
3 complications in MA group (including 1 local 
debridement for haematoma and skin sloughing, 
1 evacuation of haematoma, 1 ORIF for patella 
fracture)

Woon et al47 Meta- analysis of 4 RCTs, 
458 patients

KA with patient specific 
instruments vs NMA with 
conventional jig- based 
technique

No different in WOMAC or KSS 
scores at 1 year

Not available

Incavo et al51 Cadaveric study, 7 
specimens

NMA vs AA NMA balanced throughout flexion Not applicable

Matziolis et 
al52

RCT, 60 patients NMA using traditional 
balancing technique 
vs AA reversed gap 
technique

AA with reverse gap technique 
associated with reduced soft tissue 
tension and significantly lower 
degree of midflexion instability

Not available

AA, anatomical alignment; AKSS, American Knee Society Score; FJS, Forgotten Joint Score; KA, kinematic alignment; KOOS, Knee injury and Osteoarthritis 
Outcome Score; KSS, Knee Society Score; MA, mechanical alignment; MUA, manipulation under anaesthesia; NMA, neutral mechanical alignment; OKS, 
Oxford Knee Score; ORIF, open reduction internal fixation; RCT, randomized controlled trial; ROM, range of motion; TKA, total knee arthroplasty; WOMAC, 
Western Ontario and McMaster Universities Osteoarthritis Index.
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KA, the angle of the femoral component was 2.4° more 
valgus (p < 0.001) and the angle of the tibial component 
was 2.3° more varus (p < 0.001) than in patients under-
going TKA with NMA, but there was no difference in the 
overall hip- knee- ankle angle (0.3° difference; p = 0.69) 
and anatomical angle of the knee (0.8° difference; p = 
0.13) between the two treatment groups. KA was asso-
ciated with a more naturally- aligned TKA, and therefore 
produced better outcome scores compared to NMA at six 
months after TKA. However, follow- up data were limited 
to six months after surgery and the risk of alignment- 
related TKA failures remained similar in both treatment 
groups.19

Woon et al46 performed a meta- analysis comparing 
outcomes in TKA with NMA versus TKA with KA. The 
study included four RCTs with 229 patients under-
going TKA with KA performed using patient- specific 
instrumentation versus 229 patients with NMA under-
taken using conventional jig- based techniques. The 
study found no difference in WOMAC scores, KSS func-
tion scores, or KSS combined scores between the two 
groups at one- year follow- up.46 Subgroup analysis 
showed the there was no correlation in preoperative 
limb alignment and postoperative WOMAC and KSS 
combined scores at one- year follow- up.47

Overall, KA aims to restore individualized predisease 
limb alignment and preserve native knee kinematics 
through the arc of flexion. However, there are a number 
of limitations within existing studies assessing the effects 
of TKA with KA on functional outcomes, component 
survivorship, and long- term complications. Studies 
have used heterogeneity in the preoperative imaging 
methods for surgical planning, and executed the 
planned alignment using techniques with limited accu-
racy and reproducibility such as conventional alignment 
jigs, 3D cutting blocks, patient- specific implants, and 
computer navigation. Furthermore, KA aims to preserve 
native periarticular soft- tissue and restore predisease 
ligamentous tension, but existing studies have not 
objectively assessed intraoperative soft- tissue tension 
or gap measurements with KA. The recent evolution of 
robotic technology may offer an avenue for accurately 
executing KA while helping to record intraoperative 
flexion- extension gaps, mediolateral soft- tissue tension, 
and range of motion in future studies.21,30 This tech-
nology enables improved precision for performing the 
planned bone resections, implant positioning and limb 
alignment, which may help to better define the safe 
ranges for limb alignment in TKA. Future studies should 
focus on the safe thresholds for executing patient- 
specific alignment and restoring individualized knee 
biomechanics to optimize functional outcomes, while 
respecting the boundaries for mechanical alignment 
to preserve long- term implant durability.23,48–51 Table  I 
summarizes individual studies comparing different 

alignment techniques, highighting the key findings and 
complications reported.
Anatomical alignment. Anatomical alignment (AA) 
aims to recreate native knee anatomy and geometry, 
while accounting for the natural varus angulation of 
the proximal tibial plateau. Initial proponents of AA 
in TKA advocated for 3° of varus in the proximal tibi-
al resection and 3° of valgus in the distal femoral re-
section to restore the natural mechanical axis and joint 
line. TKA with AA has been subsequently modified to 
2° of varus in the proximal tibial resection, instead of 
3°, but the principles of restoring native alignment 
and respecting the native angulation of the joint line 
remain unchanged. Preliminary studies have reported 
AA for TKA improves patella tracking, reduces tension 
in the lateral retinaculum ligament, and facilitates more 
equal load distribution in the tibial component, with 
a reduced incidence of radiolucent lines compared to 
NMA.52,53 However, the main drawback of AA is that in-
advertent over- resection of the 3° proximal tibial varus 
cut may lead to varus tibial implant position and var-
us limb alignment, which is associated with premature 
component failure in TKA.9,22 In order to overcome this, 
several studies on AA in TKA have used robotic technol-
ogy to accurately execute the planned bone resections 
and limb alignment.21,30,54

Incavo et al51 performed a cadaveric study on seven 
lower limb specimens undergoing TKA with NMA on one 
side versus AA on the contralateral side. Each joint was 
stripped at a level 15 cm from the joint line, preserving 
the joint capsule, quadriceps muscle, hamstring tendons, 
and ligamentous structures. Fixed trackers were placed 
in the femur, tibia, and medial and lateral joint spaces 
to assess knee kinematics and periarticular soft- tissue 
tension through the arc of flexion during simulated squat-
ting. The study found that TKA with AA balanced medio-
lateral soft tissue tension at 0° and 90° knee flexion, but 
lateral joint gaps were wider than medial joint gaps at 
60° knee flexion, and medial joint gaps wider than later 
joint gaps at 150° knee flexion. In contrast, TKA with 
NMA produced balanced mediolateral joint gaps though 
the full arc of knee flexion. The findings suggest that TKA 
with AA enables better restoration of the native knee 
pivot movement and more accurate recreation of native 
periarticular soft tissue tension during knee flexion.51

Matziolis et al52 performed a RCT aiming to present 
a soft- tissue- preserving gap technique for AA that opti-
mizes mid- flexion stability. The study included 30 patients 
undergoing TKA with NMA using the traditional gap- 
balancing technique versus 30 patients receiving TKA 
using a reversed gap technique. In the traditional gap- 
balancing technique group, 15 patients (50%) required 
additional soft- tissue releases to balance flexion- extension 
gaps, with nine of these patients (15%) requiring “exten-
sive” soft- tissue releases of more than two knee stabilizers 
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to balance the knee. Appropriate distal femoral resection, 
femoral component size, and rotation were then selected 
to achieve balanced flexion- extension gaps and equal 
mediolateral soft- tissue tension. In TKA with AA using 
the reverse gap technique, preoperative MRI was used 
to determine bone resection, femoral implant size, and 
femoral implant position relative to the transepicondylar 
axis, and an intraoperative computer navigation system 
helped to execute this plan accurately. In this group, 
additional soft tissue releases were performed in 13 cases 
(43%) to balance flexion- extension gaps and only four 
patients (7%) required “extensive” soft- tissue releases. 
Furthermore, 16 patients (53%) with TKA using the 
traditional gap technique with NMA showed instability 
of more than 2 mm at 5°, 30°, or 60°, compared with 
eight patients (27 %) undergoing TKAs using the reverse 
gap technique (p = 0.035).52 The authors concluded that 
TKA with AA achieved using the reverse gap technique 
enables satisfactory balance of flexion- extension gaps, 
with reduced need for intraoperative soft- tissue releases 
and decreased mid- flexion instability compared to TKA 
with NMA using the gap- balancing technique.52

The main limitations of studies reporting on AA for 
TKA include the short- term clinical outcomes, and lack 
of long- term data on functional outcomes and implant 
survivorship. Many studies also exclude patients with 
pre- existing bony deformities, severe arthritis, and valgus 
deformities. AA in TKA has fallen out of favour and is 
not commonly used in routine arthroplasty practice. 
However, these studies have highlighted the importance 
of using 3D preoperative imaging to create patient- 
specific surgical plans when using AA, and that intraoper-
ative robotic technology helps to accurately execute the 
planned implant positions and limb alignment in TKA.
Functional alignment. Functional alignment (FA) has 
been proposed as a novel technique that aims to restore 
the native plane and obliquity of the joint, as dictated by 
the soft- tissue envelope.23 The procedure is preoperative-
ly planned to achieve NMA with component positions 
perpendicular to the axes of the femur and tibia. Surgical 
aids such as computer navigation or robotic technolo-
gy are then used to assess resection thickness, flexion- 
extension gaps, and limb alignment during surgery.23 
Following removal of osteophytes, varus or valgus strains 
are applied to restore native periarticular soft- tissue ten-
sion and correct the coronal plane deformity. Computer 
software is used to virtually adjust the component posi-
tions with potential changes in limb alignment, flexion- 
extension gaps, and range of motion displayed on- 
screen.21,30,51,53,54 Valgus correction may be applied to the 
distal femoral resection and varus correction to the tibial 
resection to restore the native obliquity of the joint line. 
The joint line height is preserved which increases knee 
flexion, aids patella tracking, and improves mid- flexion 
stability. This technique aims to execute individualized 

physiological limb alignment within the 0° to 3° safe 
zone of coronal alignment and achieve patient- specific 
knee kinematics while limiting any soft- tissue releases.23 
Any fixed deformities may require ligamentous releases 
to balance flexion- extension gaps, although the extent 
and frequency of such releases is smaller when compared 
with the standard NMA technique.

Initial studies have shown that robotic TKA with func-
tional alignment reduces the need for controlled soft- tissue 
releases and periarticular soft- tissue injury compared to 
conventional jig- based TKA with NMA. Robotic TKA with 
FA may also enable improved postoperative functional 
rehabilitation, reduced analgesia requirements, and 
earlier time to hospital discharge compared to conven-
tional TKA with NMA.23 However, there are no existing 
studies assessing the effects of TKA with functional align-
ment on long- term functional outcomes, implant survi-
vorship, and complications. A recent protocol has been 
published for a prospective randomized control with 100 
patients comparing robotically aligned mechanical align-
ment versus robotically aligned functional alignment for 
assessing patient satisfaction, clinical outcomes, gait, 
cost- effectiveness, component survivorship, and compli-
cations between these treatment techniques.23 The 
results of further studies comparing TKA with functional 
alignment to TKA with traditional alignment techniques 
are currently awaited.

In conclusion, optimizing limb alignment in TKA is 
important as it affects periarticular soft- tissue tension, 
knee biomechanics, and implant survivorship. Several 
alignment techniques have been proposed for TKA. NMA 
facilitates knee flexion and symmetrical component wear 
but forces the limb into an unnatural position that alters 
native biomechanics through the arc of knee flexion. KA 
aims to restore native knee alignment within predefined 
safe ranges but surgical techniques for assessing and 
executing this alignment have had limited accuracy and 
reproducibility. AA aims to restore predisease alignment 
and knee geometry but existing studies using this tech-
nique are based on cadaveric specimens or clinical trials 
with limited follow- up times. FA aims to restore the native 
plane and obliquity of the joint by manipulating implant 
positioning while limiting soft tissue releases but the 
results of high- quality studies with long- term outcomes 
are still awaited.

There is limited correlation between the planned 
alignment technique and postoperative functional 
outcomes, which is likely to be multifactorial. Firstly, as 
highlighted above, the surgical techniques to execute 
the planned limb alignments have limited accuracy and 
reproducibility. Therefore, we cannot be certain that the 
planned alignment for each patient has been accurately 
achieved. Furthermore, only alignment in the coronal 
plane has been assessed, with very limited data on the 
impact of sagittal and axial alignment on outcomes. 
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Thirdly, several potential confounders such as obesity, 
previous surgery, extent of preoperative deformity, or 
neurological compromise have not been matched or 
accounted for in the statistical analyses. Fourthly, the 
majority of studies do not have a prospectively random-
ized control group undergoing surgery with the same 
implant design, surgical approach, soft- tissue releases, 
or rehabilitation programme. Further studies on align-
ment in TKA should use surgical adjuncts (e.g. robotic 
technology) to help execute the planned alignment with 
improved accuracy, prospectively randomize patients to 
their treatment groups, assess intraoperative knee biome-
chanics, and correlate alignment to long- term patient- 
reported functional outcomes and survivorship. The 
majority of research has been undertaken on alignment 
in the coronal plane, with limited evidence on the impact 
of the planned surgical technique on sagittal or axial 
alignments. Alignment should ideally be considered as a 
triad of all three planes to optimize bone resections and 
implant positioning. Additional research is required on 
the safe ranges of alignment with modern TKA implant 
designs to achieve the balance between restoring patient- 
specific kinematics for improving functional outcomes, 
while respecting the safe boundaries of NMA to optimize 
implant durability.
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