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A B S T R A C T   

Introduction: Kinematic alignment (KA) has increased in popularity in recent years, becoming a viable alternative 
to MA with encouraging short- and mid-term follow-up results. Recently, the concept of restricted kinematic 
alignment (rKA) has been developed to restore native knee kinematics better, avoiding failure of coronal 
alignment. This systematic review aims to examine whether rKA improves outcome scores (PROMs) compared 
with MA and to evaluate the radiographic analysis of the lower limb alignment and the causes of complications 
and reoperations with the rKA approach. 
Methods: A systematic literature search was conducted following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines on the Pubmed/Medline, Scopus, Cochrane Library, and 
Embase databases. The following key terms were used: “restricted kinematic alignment, rKA, kinematic align-
ment, primary total knee arthroplasty, primary total knee replacement, TKA rKA, and TKR rKA.” The initial 
screening identified 328 studies. Each eligible article was evaluated according to the inclusion criteria: studies 
with levels of evidence (LoE) 1 to 4, written in English, published through May 2022, and involving human 
subjects. Criteria from the Methodological Index for Non-Randomized Studies (MINORS) were used to assess the 
methodological quality of the articles. 
Results: Six clinical studies were included in this systematic review. The study was registered in the International 
Prospective Registry of Systematic Reviews (PROSPERO). A total of 574 knees were included. After excluding 
patients due to loss of follow-up or missing data, 475 knees were analyzed. The following rKA-related data were 
evaluated: patient-reported outcome scores (PROMs), radiographic analysis of the lower limb alignment, and 
causes of complications and reoperations. 
Conclusions: The rKA is an improved concept for restoring native knee kinematics, avoiding excessive coronal 
varus/valgus alignment. It provides equivalent or slightly better PROMs than MA without increasing the risk of 
short-middle-term implant failure. Clinical studies with extended follow-up are needed to confirm this trend.   

1. Introduction 

For several decades, mechanical alignment (MA) was considered the 
gold standard technique in total knee arthroplasty (TKA).1 The MA aims 
to reproduce a neutral alignment of the lower limb with a 
hip-knee-ankle angle (HKA) of 180◦ ±1.5◦ through orthogonal cuts on 
the femur and tibia, followed by soft tissue release to reach the desired 
gap in flexion and extension. The goal is to balance load distribution 
between the two knee compartments, medial and lateral, to reduce 
prosthetic components’ wear and risk of loosening.2 Despite good 

overall results with more than 90% implants survival after 15 years, 
nearly 20% of patients remained unsatisfied after surgical treatment 
even if a correct prosthesis positioning was obtained.3,4 Within the last 
20 years, several studies undermined the cornerstones on which knee 
replacement was based in previous decades. Hirschmann et al.5 

described different functional knee phenotypes and underlined that 
neutral mechanical alignment exists preoperatively only in about 5–6% 
of knees. Furthermore, recent clinical and biomechanical studies 
demonstrated that TKA implant survivorship was not precluded in case 
of component alignment greater than 3◦ from the neutral axis.6,7 Based 
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on these postulates, the concept of kinematic alignment (KA), theorized 
by Howell in the early 2010s, spread considerably in recent years, 
becoming a viable alternative to MA with encouraging results in 
short-middle-term follow-up.8–11 KA should be considered as a pure 
“resurfacing technique” in which the natural alignment of the lower 
limb is reproduced, and ligament release should not be performed. First, 
femur cuts are made at the thickness of the implants to correct wear due 
to cartilage loss without changing the degree of deformity.8,9 Subse-
quently, a tibial cut is made to obtain a rectangular space in the 
extension gap and a trapezoidal one in the flexion gap with a mild 

external laxity in the varus knee or a mild internal laxity in the valgus 
knee. Both in extension and flexion, all gap corrections should be per-
formed on the tibia.8,9 

Recently, Vendittoli et al. theorized the concept of “restricted kine-
matic alignment” (rKA) to restore the native knee kinematics, avoiding 
excessive varus/valgus coronal alignment.12 The rKA is based on five 
principles: (1) postoperative HKA should be maintained within ± 3◦; (2) 
lateral distal femoral angle (LDFA) and medial proximal tibial angle 
(MPTA) may be limited to a maximum of 5◦; (3) collateral ligament 
balance should be restored without the gap balancing technique; (4) 

Fig. 1. PRISMA (Preferred Reporting Items for Systematic review and Meta-Analysis) flow diagram of articles screened, selected, and included in the systematic 
review and meta-analysis. 
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preservation of native femoral anatomy is recommended over tibial one 
because of its importance in knee biomechanics; (5) resurface resection, 
with a thickness equal to the width of the implant, should be performed 
on the unworn side; cut adjustment may be sought at the worn side.12 

This systematic review aims to provide a balanced view of primary 
TKA performed following rKA principles.12 The following data were 
evaluated: (1) patient-reported outcome scores (PROMs); (2) lower limb 
radiographic analysis; (3) causes of complications and reoperation. 
Finally, in the case of comparative studies, an analysis of the outcome 
between rKA and MA was reported. 

2. Materials and methods 

2.1. Research question 

The research was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.13–15 A systematic literature review was performed inde-
pendently by four authors (GC, SR, FB, FG) to search studies investi-
gating the radiographic and clinical outcomes of patients undergoing 
primary TKA due to end-stage knee osteoarthritis according to the rKA 
alignment concept.12 In case of discordance a fifth author (LS) was 
consulted. 

2.2. Search strategy 

Literature research in several database (Pubmed/Medline, Scopus, 
Cochrane Library and Embase) was performed with the following key 
terms in association with Boolean Operators “AND”, “OR”: restricted 
kinematic alignment, rKA, kinematic alignment, primary total knee 
arthroplasty, primary total knee replacement, rKA TKA, and rKA TKR. 
Research was limited to articles published up to May 2022. A total of 
328 studies were identified through the literature research. After 
duplicate studies were excluded, 189 studies remained, which were 
screened by title and abstract. After record screened, 16 studies were 
assessed for full text evaluation and based on the inclusion and exclusion 
criteria, six clinical studies16–21 investigating radiographic and clinical 
outcomes of patients undergoing primary TKA due to end-stage knee 
osteoarthritis according to rKA alignment were included in the sys-
tematic review. A cross-check was performed in search of additional 
studies to be included in the analysis. The PRISMA flow chart for study 
selection is shown in Fig. 1. 

2.3. Inclusion and exclusion criteria 

The inclusion criteria were original studies published in English 
language with Oxford Centre for Evidence-Based Medicine 2011 Levels 
of Evidence (LoE) 1 to 4,22 in which rKA was used in primary TKA with 
at least thirty patients and almost one year follow-up. No limits were set 
in regard of time of publications. We excluded review articles, surgical 
technique reports, book chapters, editorials, and abstracts from scien-
tific meeting. Studies regarding human subjects were exclusively 
considered. 

2.4. Quality assessment 

Each included study was analyzed according to the Levels of Evi-
dence (LoE) of the Oxford Centre for Evidence-Based Medicine 2011.22 

MINORS criteria23 were used to assess the methodological quality of the 
articles. Regarding statistical analysis, categorical variables were re-
ported as percentages (%), while continuous variables were represented 
as mean values. This systematic review was registered on the Interna-
tional Prospective Register of Systematic Reviews (PROSPERO), 
CRD42022335016 in June 2022.24 

2.5. Data extraction and collection 

During the analysis of the included studies16–21 the following study 
characteristics were inserted in a template: full title, first author, year of 
publication, study design, number of patients, number of knee, patients 
excluded due to missing data and/or lost to follow-up, surgical pro-
cedure (computer navigated, robotic assisted), implant design, average 
age, length of follow-up, complications, reoperations, radiographic data, 
and PROMs. For radiographic analysis we recorded the HKA, defined as 
the angle between the mechanical axis of the femur and the mechanical 
axis of the tibia, the LDFA, defined as the angle between the distal femur 
axis on the coronal plane and the mechanical axis of the femur, and the 
MPTA defined as the medial angle between the tangent to the tibial 
plateau line and the mechanical axis of the tibia line (Fig. 2). 

Fig. 2. Radiographs showing the measurements of hip-knee-ankle angle (HKA), 
lateral distal femoral angle (LDFA) and medial proximal tibial angle (MPTA). 
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3. Results 

3.1. Included studies and demographic data 

After applying inclusion and exclusion criteria, a total of six studies 
were included in the final analysis.16–21 The number of knees initially 
included was 574. After excluding patients due to loss of follow-up or 
missing data, 475 patients were analyzed in this systematic review. The 
average age was 68.2 years (range, 67.4 to 70), and there were 314 
women (66.1%) with an average BMI of 31.1 kg/m2 (range, 29.2 to 
32.2). The average follow-up was 2.3 years (range, 1 to 4.1). Studies 
descriptions and demographic data are listed in Table 1. The average 
MINORS score for non-comparative studies was 11.1 (range, 9–14), 
while the average MINORS score for comparative studies was 20.8 
(range, 19–23). Due to the average low quality of the included studies, 
we decided not to perform a meta-analysis. 

3.2. Clinical scores 

Knee society score (KSS): two studies reported the outcome based on 
the KSS score.19,20 Abhari et al.19 reported an increase in both subscales 
of KSS. For “clinical KSS,” they reported a statistically significant in-
crease (p < 0.001) from an average of 41.9±9.4 to an average of 93±9.4. 
For “function KSS,” they reported a statistically significant increase from 
an average of 51±10 preoperatively to an average of 85±16 post-
operatively. Sappey-Mariner et al.,20 reported an average increase of 52 
±30.4 points, increasing statistically (p < 0.001) reaching an average of 
173.2±19.6. 

WOMAC score: three studies reported the outcome based on WOMAC 
Score.16,17,19 Abhari et al.19 reported an increase in the WOMAC score 
from an average of 43±15 preoperatively to an average of 90±11 
postoperatively. LaForest et al.17 reported an average postoperative 
WOMAC score of 20.1±21. Similarly, Hutt et al.16 reported a better 
postoperative WOMAC score in their case series. They reported values 
from an average of 49.4± 12.8 preoperatively to an average of 24.7±
16.5 postoperatively. 

Knee Injury and Osteoarthritis Outcome Score (KOOS) score: three 
studies reported the outcome based on the KOOS Score.16,17,19 Abhari 
et al.19 reported an increase in KOOS score from 46±1.1 preoperatively 
to 86±1.5 postoperatively. LaForest et al.17 reported the postoperative 
KOOS score only, with an average of 71.5±19.8. Lastly, Hutt et al.16 

reported a statistically significant (p < 0.001) increase for each subscale 
of the KOOS score. Specifically, the values for pain increased from an 
average of 38.5±17 to 74.6±18.8, for symptoms from 39.4±12.7 to 54.8 

±26.7, for activities of daily living from 41.2±18.7 to 76±19.3, and 
finally for sport from 14.2±22.7 to 46.4±30.6. 

Forgotten Joint Score (FJS): Three studies evaluated the joint func-
tion after rKA TKA using the FJS.17–19 Abhari et al.19 reported an 
average FJS of 72±27. MacDessi et al.18 reported a statistically signifi-
cant increase from an average of 15.9±13.2 preoperatively to an 
average of 63.9±29.6. Lastly, LaForest et al.17 reported an average 
postoperative of 65.9±29.6. 

Other Scores: One study reported the OKS,21 with a statistically 
significant increase from an average of 28.3 preoperatively to an 
average of 44.8±4.4 (p < 0.001). The authors themselves reported the 
EQ-5D-5L questionnaire to assess the quality of life. The reported values 
increased from an average of 75.3 preoperatively to an average of 84.1 
postoperatively.21 

Patient satisfaction: Two studies reported the rate of satisfaction 
after surgery with an rKA TKA.19–21 DeGrave et al. reported satisfaction 
in 98% of patients.21 Abhari et al.19 reported postoperative satisfaction 
in 92% of patients. 

3.3. Lower limb alignment 

The average values of the several radiographic measurements 
regarding the lower limb alignment of the included studies16–21 were 
calculated and recorded. The average preoperative HKA was 176.6◦

(range, 176◦–178.6◦), while the average postoperative HKA angle was 
178.6◦ (178◦–179.5◦). The average preoperative LDFA was 90.6◦ (range, 
88◦–92.1◦), while the average postoperative LDFA was 91.3◦ (range, 
88.8◦–92.3◦). The average preoperative MPTA was 87◦ (range, 
86.7◦–87.8◦), while the average postoperative MPTA was 87.7◦ (range, 
87.1◦–90◦). Detailed information about the radiographic analyses is 
listed in Table 2. 

3.4. Complications and reoperations 

The overall complication rate was 3.4% (16 knees). Three 
studies16,18,21 reported no postoperative complications. The follow-up 
was limited to one year only in two of them.18,21 Sappery-Mariner 
et al.20 reported a higher complication rate. A reoperation was per-
formed in eight cases (16%) at an average follow-up of 3.6 years. Abhari 
et al.19 and Laforest et al.17 reported a 4.3% and 3% reoperation rate, 
respectively. 

Aseptic loosening of the tibial component was the most frequent 
cause of reoperation, with an incidence of 2.3% (11 knees), followed by 
pain related to tibial component mispositioning (0.4%) and delayed 

Table 1 
Main demographic characteristics of patients collected in clinical studies included in the systematic review.  

Author and 
publication year 

Study design N◦ of knees, initial 
cohort/final 
cohort 

TKA Design Surgical technique Age Gender 
female 

BMI Follow-up   

N◦/N◦ y.o., Mean ±
SD/(Range)* 

(%) Kg/m2 y.o., Mean ±
SD/(Range)* 

Winnock de 
Grave et al. (21) 

Retrospective, 
comparative (MA vs rKA) 

50/40 Triathlon, CR 
(Stryker) 

Robotic assisted 69.9 ± 8.3 25 (60%) 29.2 
±4.8 

1 

Sappey-Mariner 
et al. (20) 

Retrospective, 
comparative (MA vs rKA) 

50/50 GMK, PS 
(Medacta) 

Non robotic or 
navigation assisted 

70 ± 8.5 58 (58%) 29.7 
±5.2 

3.6 (3.1–3.9) 

Abhari et al. (19) Restrospective, 
comparative (MA vs rKA) 

121/115 Triathlon, CR 
(Stryker) 

Robotic assisted 68 (43–85) 52 
(45.2%) 

32 
(21–51) 

1.5 (1–2.2) 

MacDessi et al. 
(18) 

Prospective, comparative 
(MA vs rKA) 

70/70 Legion, PS 
(S&N) 

Computer 
navigation 

67.5 (36–89) 40 
(63.5%) 

30.2 1 

Laforest et al. 
(17) 

Retrospective, non- 
comparative (rKA) 

133/100 Triathlon 
(Stryker) 

Computer 
navigation 

67.4 ± 10 76 (76%) 32.2 
±6.3 

4.1 (2.7–5) 

Hutt et al. (16) Retrospective, non- 
comparative (rKA) 

100/100 Triathlon 
(Stryker) 

Computer 
navigation 

68 ± 11 63 (63%) 31±6 2.4 ± 0.8 

N◦: numbers of knees, TKA: Total Knee Arthoplasty, BMI: Body Max Index, y.o: years old, SD: Standard Deviation, %: percentage, KG/m2: kilogram/meter2, MA: 
mechanical alignment, rKA: restricted kinematic alignment, CR: cruciate-retaining, GMK: Global Medacta Knee, PS: Posterior-stabilized, S&N: Smith & Nephew, *: if 
SD was not reported, values range were recorded. 
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flexion deficit (0.4%). In one case, a revision due to a deep periprosthetic 
joint infection was reported (0.2%). 

4. Discussion 

The KA aims to restore the anatomy of the pre-arthritic knee without 
ligamentous release. Liu et al.,10 in their recent meta-analysis, analyzed 
that KA results in better functional outcomes than MA in 
short-to-medium-term follow-up. However, the KA in patients with 
extreme pathologic anatomies is highly debated. In these outlier pa-
tients, rKA may be the appropriate compromise because, on the one side, 
it provides good restoration of the patient’s anatomy by avoiding sig-
nificant ligamentous release compared to MA, and, on the other side, it 
excludes extreme prosthetic implant positioning, avoiding deleterious 
effects on TKA biomechanics and wear patterns.25 

Restricted KA results reported in the literature are encouraging,12 

but currently, only a few low-quality studies have provided early out-
comes of this novel technique for lower limb alignment.16–21 

4.1. PROMs 

The most important finding of this systematic review is the optimal 
PROMs of patients undergoing primary TKA according to the principles 
of rKA, with a statistically significant improvement between preopera-
tive and postoperative PROMs in all studies analyzed. 

Sappey-Marinier et al.20 and Abhari et al.19 reported a postoperative 
KSS score, sum of clinical and functional score, of 173.2 and 178, 
respectively, in line with the average KSS score of patients undergoing 
primary TKA with KA or MA. 

Winnock de Grave et al.21 described a mean postoperative OKS score 
of 44.8, while LaForest et al.17 and Hutt et al.16 reported an average 
postoperative WOMAC score of 20.1 and 24.7, respectively. 

Discordant results are described in comparative studies between rKA 
and MA. Winnock de Grave et al.21 reported significantly better post-
operative OKS (p < 0.025) and patient satisfaction (p < 0.002) in pa-
tients with varus knees undergoing rKA compared with MA. Abhari 
et al.19 described a significantly better postoperative WOMAC, FJS, and 
KSS in patients treated with rKA and overall satisfaction of 96%, higher 
than the 80% satisfaction of patients undergoing MA TKAs. Conversely, 
Sappey-Marinier et al.20 and MacDessi et al.18 reported no statistically 
significant differences in postoperative PROMs between MA and rKA. 
Nevertheless, the mean postoperative PROMs reported in rKA are not 
inferior to the clinical results obtained with MA. 

4.2. Lower limb postoperative alignment 

The differences between preoperative and postoperative values in 
lower limb alignment are probably related to “restoring” degrees of 
varus caused by wear of the medial femoral-tibial joint cartilage.12 

Hutt et al.16 performed a navigated TKA rKA to achieve more precise 

coronal plane cuts and planned alignment. In their postoperative anal-
ysis, the authors observed that 12 knees, three valgus and nine varus, 
exceeded the safe range of ± 3◦ in the coronal plane. Although one of the 
key principles of KA alignment is that no corrections should be made on 
the femoral side, Hutt et al. performed femoral cuts on 15 knees with an 
LDFA >5◦ preoperatively to keep the HKA in the desired range. In 20 
knees, however, the authors performed correction on the tibial side 
because of an MPTA angle >5◦. 

LaForest et al.17 reported a change in HKA (from 4.9◦ preoperative 
varus to 1.9◦ postoperative varus), LDFA (from 91.8◦ preoperative to 
92.2◦ postoperative), and MPTA (from 86.7◦ preoperative to 86.8◦

postoperative), reflecting cartilage restoration due to arthritic changes 
in the joint. 

MacDessi et al.18 reported lower limb alignment within 3◦ in 94% of 
navigated TKA rKA, describing a postoperative LDFA in rKA with more 
valgus (89.2◦ SD 1.8) than in MA (90.6◦ SD 1.5◦). Similar data on 
postoperative lower extremity alignment were also described by 
Sappey-Marinier et al.20 The authors also reported that the femoral 
component was slightly valgus in patients treated with rKA compared 
with MA (91.3◦SD 2.4◦ and 89.8◦ SD 1.3◦, respectively), and the tibial 
component was slightly more varus (88.6◦ SD 1.4◦ and 89.5◦ SD 0.9◦, 
respectively). 

Winnock de Grave et al.21 analyzed patients with varus and valgus 
knees before surgery, reporting the difference in lower limb alignment 
between these two categories of patients. The authors described that the 
net change in constitutional varus for HKA was less than that for 
constitutional valgus knee (3.8◦ SD 0.9 and 5.2◦ SD 1.4◦, respectively). 

4.3. Complications 

The overall revision rate of rKA was 3.4% (16 TKAs, after an average 
follow-up period of 2.3 years). The revision rate aligns with data re-
ported in MA TKAs and KA TKAs.9,26–29 Three studies reported no 
complications.16,18,21 Sappey-Marinier et al.20 reported the highest 
complications rate, with eight TKAs (16%) revised at an average 
follow-up of 3.6 years, all due to tibial component loosening. The au-
thors observed that the revision rate due to aseptic loosening as the 
endpoint was significantly higher in the rKA than in the MA group (84% 
versus 98%, p < 0.001). Sappey-Marinier et al. reported no statistically 
significant differences in lower limb alignment between patients 
managed with rKA alignment with and without tibial component loos-
ening. Abhari et al.19 reported no statistically significant differences in 
revision rate between patients managed by rKA and MA. The authors 
revised three TKAs due to tibial component loosening within one year 
from primary TKA (4.3%). Laforest et al.17 performed TKA revisions 
(3%) in three cases: tibial component shift after a fall due to persistent 
pain, periprosthetic joint infection, and persistent pain secondary to 
flexion instability. 

Table 2 
Radiographic analysis of lower limb alignment before and after TKA rKA implantation.  

Author and publication year HKA (◦) LDFA (◦) MPTA (◦) 

Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative 

Value SD/Range Value SD/Range Value SD/Range Value SD/Range Value SD/Range Value SD/Range 

Winnock de Grave et al. (21) 176.3 4.3 178.3 2.1 88 1.4 88.8 1.4 86.7 1.3 87.1 1.4 
Sappey-Mariner et al. (20) 176 165/195 178.6 171/178 91.3 2.4 91.3 2.4 87 3 88.6 2.6 
Abhari et al. (19) 176 N/A 178 N/A N/A N/A N/A N/A N/A N/A 87 N/A 
MacDessi et al. (18) 177.2 161/191 177.8 173/192 87.5 3 90.6 1.5 87.8 1.8 90 1.9 
Laforest et al. (17) 178.6 4.1 179.1 1.8 91.8 2.7 92.3 1.8 86.7 2.6 86.8 1.5 
Hutt et al. (16) 175.4 5.9 179.5 2.3 92.1 2.5 91.8 2 87 3.2 87.6 2.2 
Average values 176.6 / 178.6 / 90.6 / 91.3 / 87 / 87.7 / 

HKA = Hip-Knee-Angle; LDFA = lateral distal femoral angle; MPTA = medial proximal tibial angle, N/A: not available. All value is expressed in ◦ (degree) with mean 
and SD. If SD was not reported, values range were recorded. 
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4.4. Limitations 

Several limitations should be analyzed in this systematic review. 
First, this is a novel kinematic concept developed in 2016, and there are 
only a few studies with a small sample size and short follow-up period. 
Second, one of the main concerns ascribed to KA and rKA is the 
increased risk of aseptic loosening at mid-term and long-term follow-up 
that could not be evaluated in a short period as reported in the included 
studies (average follow-up 2.3 years). Third, different surgical protocols 
were used. In some cases, TKAs were performed with robotic assistance, 
while in others, with computer-assisted navigation. Fourth, different 
implants and fixation types that may play a key role in TKA survival 
were used in the studies. For instance, it has been demonstrated that new 
polyethylene insert designs could result in better knee kinematics, better 
clinical scores, and longer life of TKA.30–34 Lastly, there was no stan-
dardization in the PROMs used to evaluate patients (WOMAC, KOOS, 
and FJS were used in three studies, KSS in two studies, OKS and 
EQ-5D-5L in one study). 

5. Conclusion 

This systematic review highlighted that rKA provides equivalent or 
slightly improved PROMs reporting no increased risk of implant failure 
at a short follow-up period. More studies with a greater number of pa-
tients and a longer follow-up period need to be performed to confirm this 
tendency. Finally, considering low-quality studies included, randomized 
controlled trials may be useful to compare rKA outcomes with KA or MA. 
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