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Abstract
BACKGROUND
[bookmark: OLE_LINK3276][bookmark: OLE_LINK3277][bookmark: OLE_LINK3247][bookmark: OLE_LINK3248]Nearly 10% of patients undergoing primary total knee arthroplasty (TKA) have valgus deformity (VD) of the knee. For severe VD of the knee, a more lateral structural release is needed to achieve balance between medial and lateral space and neutral femorotibial mechanical axis (FTMA), which is challenging and technical.

AIM
To introduce a new surgical technique of resection, soft tissue release, and FTMA for Ranawat type-II VD with a 5-year follow-up.

METHODS
[bookmark: OLE_LINK3249][bookmark: OLE_LINK3250][bookmark: OLE_LINK3278][bookmark: OLE_LINK3279]A retrospective study was conducted on patients who underwent TKA from December 2011 to December 2014. Hip-knee-ankle (HKA), range of motion (ROM), Oxford knee score (OKS), and knee society score (KSS) were used to assess the joint activity of patients in the new theory TKA group (NT-TKA) and were compared with those of the conventional TKA group (C-TKA). 

RESULTS
A total of 103 people (103 knees) were included in this study, including 42 patients with an average follow-up period of 83 mo in the C-TKA group and 61 patients with an average follow-up period of 76 mo in the NT-TKA group. Six patients had constrained prosthesis, one had common peroneal nerve injury, and two had joint instability in the C-TKA group, but none of these occurred in the NT-TKA group. There were significant statistical differences in constrained prosthesis usage and complications between the groups (P = 0.002 and P = 0.034, respectively). The KSS at 1 mo post-operation for the C-TKA and NT-TKA groups were 11.2 ± 3.8 and 13.3 ± 2.9, respectively, with a significant difference (P = 0.007). However, the data of HKA, ROM, OKS KSS, and prosthesis survival rate were insignificant (P > 0.05) in both the preoperative and follow-up periods.

CONCLUSION
[bookmark: OLE_LINK3251][bookmark: OLE_LINK3252]Adopting 5°-7° valgus cut angle for VD and sacrificing 2° neutral FTMA for severe VD which cannot be completely corrected during TKA can reduce the need for soft tissue release, maintain early joint stability, reduce the use of constrained prostheses, and minimize postoperative complications. 
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[bookmark: OLE_LINK3210][bookmark: OLE_LINK3211]Lv SJ, Wang XJ, Huang JF, Mao Q, He BJ, Tong PJ. Total knee arthroplasty in Ranawat II valgus deformity with enlarged femoral valgus cut angle: A new technique to achieve balanced gap. World J Clin Cases 2022; In press

[bookmark: OLE_LINK3201][bookmark: OLE_LINK3202][bookmark: OLE_LINK3212]Core Tip: This study aimed to provide a new theory of surgical resection, soft tissue release, and femorotibial mechanical axis (FTMA) for Ranawat type-II valgus deformity (VD) of the knee using bone and soft tissue co-balance theory to reduce the complexity of the surgery and to improve postoperative outcomes. Bone and soft tissue balance is equally important in a total knee arthroplasty procedure. Adopting 5°-7° valgus cut angle for VD and sacrificing 2° neutral FTMA for severe VD during surgery can reduce the need for soft tissue release, maintain joint stability, and abrogate the use of constrained prostheses while minimizing postoperative complications. 

INTRODUCTION
Nearly 10% of patients undergoing primary total knee arthroplasty (TKA) have valgus deformity (VD) of the knee. These deformities are commonly accompanied by the lateral femur and tibia bone defect, lateral soft tissue tightening, and medial soft-tissue laxity. Ranawat et al[1] pioneered the classification of VD of the knee into three types: I, II, and III. TKA is indicated for type I and can be corrected with relative ease. Type II is more challenging and technical, and type III usually requires a constrained prosthesis. 
To improve clinical outcomes, several studies have described the surgical approach, soft tissue balance, and resection. Rossi et al[2] proposed that a valgus cut angle (VCA) of 3° is a favorable approach. However, the femoral condyle requires greater medial than lateral resection to restore the femorotibial mechanical axis (FTMA), which may result in a hypoplastic lateral condyle[3]. Lateral soft tissue releases are required to balance a VD of the knee. Moreover, there are concerns that excessive soft tissue release could result in joint instability, and therefore, reducing the destruction of lateral soft tissue to protect joint stability is of great significance during TKA. Neutral FTMA, as one of the gold standards for TKA, is universally accepted to improve both postoperative knee function and prosthesis survival rate. However, some scholars[4,5] proposed that the alignment position of the FTMA may have little effect on TKA and the prosthesis survival rate. For severe VD of the knee, more soft tissue destruction and even restrictive prosthesis may be required to achieve neutral FTMA. Therefore, the balance between osteotomy, soft tissue release, and FTMA is very critical and valuable.
This study aimed to provide a new theory of surgical resection, soft tissue release, and FTMA for Ranawat type-II VD of the knee using the theory of bone and soft tissue co-balance to reduce the complexity of the surgery and to improve postoperative outcomes.

MATERIALS AND METHODS
Patients
[bookmark: OLE_LINK3255][bookmark: OLE_LINK3256][bookmark: OLE_LINK3292]This retrospectively study reviewed the data of patients who underwent conventional TKA or new technique TKA at the Department of Orthopedics and Traumatology at the First Affiliated Hospital of Zhejiang Chinese Medical University from January 2011 to December 2014. Patients with Ranawat type-II VD caused by either osteoarthritis, rheumatoid arthritis, or hemophilic arthritis were included in this study. There was no age limit for enrolled patients. A basic understanding of the score sheet and consent for physical examination were also required. Ranawat type-II was defined as the femorotibial axis (FTA) > 10° on anteroposterior radiographs upon standing. Patients with combined joint immobilization, infection, old fracture, or a previous resection were excluded from the study. This study was approved by the hospital ethics and review committee of the First Affiliated Hospital of Zhejiang Chinese Medical University (2019-K-207-01). All patients provided informed consent for this study.

Surgical procedure
[bookmark: OLE_LINK3257][bookmark: OLE_LINK3258]All patients were routinely given prophylactic antibiotics within 30 min before surgery. The supine position and tourniquet were used after a general anesthetic. The incision site was at the mid-level knee via a medial patella approach. For the distal femur resection in the new theory TKA group (NT-TKA), VCA was increased by 2° based on the traditional 3°, and the medial femoral condyle determined the resection thickness. A neutral resection was used routinely in the proximal tibia (Figure 1). Next, the surgeon extended the knee joint, evaluated the extension gap through a spacer block, and then performed joint space balance according to the straightening priority. Osteophytes that affect soft tissue balance were resected in a cuff-like manner, releasing soft tissue attachment point. Pie-crusting release was then performed on the lateral collateral ligament (LCL), the iliotibial band (ITB), and the posterolateral capsule (PLC) with a maximum of eight stitches through a 20 mL syringe needle. If the joint space was difficult to balance, the VCA was expanded to 7° with continuous release of soft tissues until the knee joint extension gap was in a rectangular shape (Figures 1 and 2A). External rotation resection and a "4 in 1" guide resection were performed at the 90° position of knee flexion. The external rotation resection angle of the anterior femoral condyle can be appropriately increased, usually 3°-6°, depending on the severity of the knee valgus. If the knee flexion was tense, the cuff-like release of the anterior soft tissue was performed (Figure 2B). For patients with an unsuccessful correction of the neutral FTMA, a 2° valgus FTMA was sacrificed to reduce the risk of ligament failure, joint instability, and consumption of constrained prostheses.
In the conventional TKA group (C-TKA), the distal femur cut bone angle was set to 3°, and the soft tissue was released according to the above steps until the joint space was balanced and the FTMA returned to 0°. Once the resection and the soft tissue balance were done, the posterior stabilized components were inserted. If the knee was unstable, legacy constrained condylar knee (LCCK) components were installed. If there was a femoral or tibial bone defect, remedial measures such as bone cement, small bone blocks, screws, and bone grafting were taken according to the degree of the defect. The patella was not resurfaced, but osteophyte cleaning and denervation were achieved. Finally, the surgeon stitched and bandaged the incision site. All knee prostheses were purchased from Zimmer (Zimmer, NexGen, LPS/LCCK, Warsaw, United States). All procedures were performed by the same orthopedic surgeon with more than 30 years of clinical experience.

Postoperative management
Postoperatively, prophylactic low molecular weight heparin (0.4 mL/4100 IU, 1 vial a day) was initiated and maintained for 5 wk for prevention of deep venous thrombosis or VTE. Cefuroxime sodium (1.5 g, twice a day) was given and maintained for 1 wk to prevent infection. In addition, all patients received physiotherapy and rehabilitation training under the guidance of a professional rehabilitation specialist. At day 1 post-surgery, patients were allowed to walk with full weight-bearing under the protection of crutches until the patient was confident walking independently.

Postoperative effect evaluation
Hip-knee-ankle (HKA), range of motion (ROM), Oxford knee score (OKS), and knee society score (KSS) were used to evaluate the joint function of patients before and after surgery. Any adverse events were recorded during the postoperative follow-up period.

Data collection and follow-up
The sample sizing was calculated by KSS. The data of patients enrolled in this study were accessed via an electronic medical record system by two investigators who received standardized training. Main biodata included age, gender, body mass index, diagnosis, FTMA, and operation time.
All patients were discharged from the hospital 2 wk after surgery and were followed by telephone and outpatient clinic visits at 1, 3, and 6 mo for the first year, and then an annual telephone or outpatient follow-up for 3 years. Physical examination and routine radiographs (X-ray) of the surgical site were performed at each follow-up visit by the attending physician. For patients living in far-flung areas, the X-ray results from the local hospital were accepted.

Statistical analysis
Data were analyzed by another researcher who also received standardized training of SPSS for Mac (Version 21; IBM Corp, Armonk, NY, United States). Normally distributed and non-normally distributed continuous variables are presented as the mean ± SD and median (range), respectively. Categorical variables are presented as counts (percentages). Normally distributed and non-normally distributed continuous variables were analyzed by independent-sample t-test and Mann-Whitney U test. Categorical variables were analyzed by the chi-square test. Statistical significance was defined at P < 0.05.

RESULTS
Patient characteristics
A total of 109 patients (110 knees) with knee valgus who underwent primary TKA were included in this study from January 2011 to December 2014. Six patients dropped out from the study, including two patients who died of a cardiovascular event, three patients lost to follow-up, and 1 bedridden patient with cerebral hemorrhage. Finally, 103 patients (103 knees), including 69 females and 34 males with a mean age of 63 years (range, 38 to 79 years), were included in this study with a mean follow-up period of 79 mo (range, 60 to 104 mo). Of the patients included, 42 (42 knees; 15 males and 27 females) with an average follow-up of 83 mo (range, 63-104 mo) were assigned to the C-TKA group, and 61 (61 knees; 19 males and 42 females) with an average follow-up period of 76 mo (range, 60-97 mo) were assigned to the NT-TKA group. There were no statistically significant differences between the two groups with regard to age, gender, body mass index, diagnosis, FTA, and length of follow-up (Table 1). 

Comparison of postoperative outcomes between different groups
The KSS data in clinical stability at 1 mo post-operation for the C-TKA and NT-TKA groups were 11.2 ± 3.8 and 13.3 ± 2.9, respectively, with a significant difference (P < 0.01); however, there was no significant difference in joint stability at the last follow-up (Table 2). The HKA, ROM, OKS KSS, and prosthesis survival rate data had no significant differences in both the preoperative and follow-up periods. In the C-TKA and NT-TKA groups, the last follow-up patient data showed improved HKA, ROM, OKS, and KSS compared to preoperative data (Figure 2C and D).
There were six patients with constrained prostheses, one with common peroneal nerve injury, and two with joint instability in the C-TKA group, but no patients developed such complications in the NT-TKA group. There were significant differences in the constrained prosthesis usage and complications between the groups (P < 0.01 and P < 0.05, respectively) (Table 2). At the last follow-up, the prostheses were all stable, and no patients underwent joint revision in either group.

DISCUSSION
This study proposed to apply the theory of synergistic balance between bone and soft tissue in TKA surgery, which reduced the need for soft tissue loosening, operation time, and constrained prosthesis while maintaining early stability of the joint.
TKA for VD requires the surgeon to be equipped with experience in dealing with different bone and soft-tissue conditions, positioning of the resection, soft-tissue release, and possible complications. For patients with severe VD, sacrificing 2° of neutral FTMA can abrogate excessive release of the lateral soft tissue and reduce the incidence of joint instability while maintaining joint function. To our knowledge, this is the first study to follow patients for more than 5 years in exchange for soft tissue stabilization at the expense of FTMA. In our opinion, TKA should be pursued with the common balance of bone and soft tissue since both are critical and closely related to preoperative joint function.
TKA for Ranawat type-II VD is challenging due to intra- and extra-articular bony abnormalities. Improper limb and component alignments occur due to distortion of the bony canal and variations in femoral anatomy. Therefore, a conventional system to guide alignment may be inappropriate[1,6]. The VCA can be determined in two ways during distal femur resection: Fixed VCA and individualized angle. Koskinen et al[7] suggested using a 3° VCA of the distal femur instead of a 5°-7° to achieve optimal correction of the underlying deformity for the knee valgus. However, Huang et al[6] found conventional 3° VCA in patients with Ranawat type-II VD knee might be unreasonable because of the coronal femoral bowing deformities. To restore the FTMA, distal femoral resection should be performed with an overcorrection of 2°[8]. Tucker et al[9] believed that a VCA of 5° valgus or more should be applied if the trapezoidal extension gap was unbalanced. However, fixed VCA might result in unexpected results. Some authors[10,11] advocated for an individualized angle, defined by the anatomical and mechanical axes of the femur. However, a hypoplastic lateral femoral condyle in the valgus knee might lead to the offsetting of the central knee joint line; hence, the actual anatomical axis of the femur is not achieved. In this study, the conventional 3° VCA was increased to 5°-7°, which corrected more osseous FTMA and increased the relative length of the lateral soft tissue. Moreover, 7° VCA is relatively safe in the knee valgus, like ordinary TKA, and does not damage the collateral ligament.
Balancing the soft tissue in Ranawat type-II valgus knee is another challenge and might contribute to complications such as peroneal nerve palsy and joint instability. Several surgical techniques have been developed to release the lateral supporting structures in TKA, including cruciform release, Z-plasty, and pie-crust technology. From our experience, the first step is to remove osteophytes, which affect soft tissue tension. We recommend to use the pie-crusting technique with a needle, not a blade, which can reduce the risk of joint instability. 
[bookmark: OLE_LINK3263][bookmark: OLE_LINK3264][bookmark: OLE_LINK3274][bookmark: OLE_LINK3275]Effective restoration of the FTMA mainly depends on the precise resection and soft tissue release in TKA. Poor prosthesis position will increase the failure rate of TKA[12]. A 8-12-year follow-up study of 115 TKA patients by Jeffrey et al[13] found that the rate of joint prosthesis loosening was about 3% with FTMA in a neutral position (within ± 3°) and 24% beyond this range (> 3°) (P < 0.05). Studies have shown that a neutral MA can protect the soft tissue, improve joint function, and prolong prosthesis survival when adapted as a gold standard. However, Stucinskas et al[5] conducted a 1-year follow-up of 91 TKA patients and found that patients with neutral FTMA had no significant results in ROM, KSS, and muscle strength compared with patients with non-neutral FTMA. Bellemans et al[14] also held the same view that restoration of neutral FTMA in all patients may not be befitting and would be unnecessary. Although the mean coronal alignment was almost constant, most patients did not achieve neutral FTMA[14]. Hirschmann et al[4] measured the HKA angle of 308 non-osteoarthritic knees of 160 patients and found that constitutional varus and valgus probabilities were 32.4% and 26.6%, respectively. Similarly, Bellemans et al[14] found an incidence of 48.2% and 4.8%, respectively. Lately, the concept of anatomic restoration or kinematically aligned (KA) has gained traction[15]. This theory does not necessarily restore neutral FTMA but rather the natural alignment of the knee. KA TKA reduces the need for soft tissue release and naturally restores the FTMA more to the pre-arthritic state of the knee. Laende et al[16] conducted a randomized controlled trial with a 2-year follow-up and found no significant differences in the prosthesis fixation and OKS scores between  KA TKA and FTMA TKA. A meta-analysis by Hetaimish et al[17] showed that even if KA TKA did not deliberately pursue the neutral MA, there was no significant difference in the incidence of postoperative complications, hemoglobin level, or hospital stay compared with FTMA TKA. However, there was a benefit trend towards shorter operation time (P = 0.01) and better overall knee function (P < 0.01) in patients with FTMA TKA. Besides, more patients who undergo FTMA TKA might have an outlier varus and valgus alignment when compared to FTMA due to high intraoperative forces in the medial and lateral compartments of the knee[18]. Based on our theory, which was similar to KA, patients with poor preoperative lateral soft tissue status and VD > 20° would be sacrificed a 2° valgus.
The constrained prosthesis was considered a better option when the above strategy did not achieve joint stability. The constrained prosthesis can simplify operation procedures, avoid excessive soft tissue release, and shorten operation time but not without its associated prohibitive cost, more bone loss, and knee pain. Meanwhile, the rate of constrained prosthesis revision was twice as high at 10 years and three times higher at 20 years postoperatively[19]. Therefore, several studies recommend minimizing the use of constrained prostheses under the premise of stability[20]. The balance between bone and soft tissue should be considered during any TKA procedure. If joint space balance cannot be achieved by soft tissue release, the VCA should be increased appropriately. If the joint gap is still unbalanced, a 2° FTMA is sacrificed for the joint stability and unconstrained prosthesis (Table 2). Statistical results show that the probability of peroneal nerve injury is 0.3%-9.5%, which manifests as sagging feet, spanning gait, inability to supinate the foot, muscle atrophy, and loss of cutaneous sensation in the innervated area. In the current study, there were 1 of 42 patients with peroneal nerve injury caused by traction, which recovered fully following VD correction in the C-TKA group but no patient in the NT-TKA cohort developed this injury.
Limitations of this study include possible biases like patient performance bias and lack of independent review of radiographs. In addition, this was a single surgeon case series using the new concept of resection and soft tissue release. Also, our study is a short-term study, and the theory of bone and soft tissue co-balance requires longer follow-up to ascertain its impact on joint function and prosthetic survival. The application of finite element analysis can provide simulated solutions for such clinical conundrums. Future research should focus on the influence of resection on soft tissue release and the critical value of ligament release by finite element analysis, along with mechanical changes in the medial and lateral prosthesis planes post-VD correction.

CONCLUSION
Bone and soft tissue balance is equally important in a TKA procedure. Adopting 5°-7° VCA for VD and sacrificing 2° neutral FTMA for severe VD of the knee during TKA can reduce the need for soft tissue release, maintain joint stability, and abrogate the use of constrained prostheses while minimizing postoperative complications. 

ARTICLE HIGHLIGHTS
Research background
Total knee arthroplasty (TKA) for Ranawat Type II valgus deformity (VD) of the knee is challenging and technical due to resection and soft tissue balance.

Research motivation
Unreasonable osteotomy and soft tissue release in pursuit of neutral femorotibial mechanical axis (FTMA) will increase joint instability, limited prosthesis use, and complications

Research objectives
This study aimed to provide a new technique of surgical resection, soft tissue release, and FTMA for the VD of the knee during TKA.

Research methods
Sixty-one patients had a valgus cut angle (VCA) of 5°-7° in the new theory TKA group (NT-TKA). We chose to sacrifice the 2° FTMA to reduce the risk of survival failure, joint installation, and consumption of constrained procedures if the FTMA still cannot return to the neutral position after the maximum soft tissue release. Forty-two patients in the conventional TKA group (C-TKA) were treated with a VCA of 3°-5° and pursuit of neutral FTMA.

Research results
The constrained prosthesis usage and complications in NT-TKA were lower than those in C-TKA (P = 0.002 and P = 0.034, respectively). The KSS at 1 mo post-operation for NT-TKA was higher than that in C-TKA (P = 0.007).

Research conclusions
Adopting 5°-7° VCA for VD and sacrificing 2° neutral FTMA for severe VD which cannot be completely corrected during TKA can reduce the need for soft tissue release, maintain early joint stability, reduce the use of constrained prostheses, and minimize postoperative complications.

Research perspectives
This series of surgical technique for VD of the knee during TKA have certain clinical guiding significance.
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Figure Legends
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[bookmark: OLE_LINK3203][bookmark: OLE_LINK3204]Figure 1 Process of total knee arthroplasty. A: Preoperative X-ray of the knee joint in anterior and lateral position; B: The distal femoral valgus osteotomy angle was 7° (red arrow); C: The thickness of the medial femoral condyle osteotomy was more than that of the lateral condyle; D: Tibial plateau osteotomy was taken as the medial tibial plateau reference; E: The osteophyte of the lateral tibial plateau was removed, and the lateral plateau bone defect (black circle) was visible; F: Release of the lateral collateral ligament; G: The thickness of distal femoral osteotomy was increased because the extension space was smaller than the flexion space; H: Postoperative X-ray of the knee joint in anterior and lateral position.
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[bookmark: OLE_LINK3205][bookmark: OLE_LINK3206][bookmark: OLE_LINK3288][bookmark: OLE_LINK3289][bookmark: OLE_LINK3280][bookmark: OLE_LINK3281][bookmark: OLE_LINK3282][bookmark: OLE_LINK3283][bookmark: OLE_LINK3284][bookmark: OLE_LINK3285][bookmark: OLE_LINK3293][bookmark: OLE_LINK3294]Figure 2 The new osteotomy technique, soft tissue balancing technique, and follow-up results of joint function. A: Schematic diagram of the distal femoral valgus osteotomy. Preoperative lower limb mechanical axis (MA) (a1, blackline), 3° (a2), 5° (a3), and 7° (a4) valgus osteotomy in distal femur osteotomy (white line: new MA; green line: anatomical axis of femur; yellow line: bone cutting plane) are shown, and 5° and 7° valgus cut angle can correct more osseous MA and increase the relative length of the lateral collateral ligament compared with 3° (a5); B: A 65-year-old man with 18° of valgus knee deformity in the new theory total knee arthroplasty (NT-TKA) group. The surgical procedure included osteophytes removal (b1), soft tissue release with a 20 mL syringe needle (b2), osteotomy (b3), straightening gap balance (b4), soft tissue cuff-like release (b5), and buckling gap balance (b6); C and D: Comparison of Oxford knee score (OKS), knee society score (KSS), and range of motion (ROM) between pre- and post-operation in conventional total knee arthroplasty (C-TKA) group (C) and NT-TKA group (D), respectively. bP < 0.01, compared with pre-OKS, KSS, and ROM in NT-TKA and pre-KSS clinical stability in C-TKA. aP < 0.05, compared with pre-OKS in C-TKA. C-TKA: Conventional total knee arthroplasty; NT-TKA: New theory total knee arthroplasty; OKS: Oxford knee score; KSS: Knee society score; ROM: Range of motion.


[bookmark: OLE_LINK3290][bookmark: OLE_LINK3291][bookmark: OLE_LINK3295][bookmark: OLE_LINK3296]Table 1 Baseline characteristics of 103 cases in conventional total knee arthroplasty group and new theory total knee arthroplasty group
	Characteristic
	C-TKA group (n = 42 case)
	NT-TKA group (n = 61 case)
	P value

	Knee number (n)
	42 
	61
	

	Age (yr)
	62.9 (39-77)
	63.5 (38-79)
	0.083

	[bookmark: OLE_LINK3220][bookmark: OLE_LINK3221]Gender, n (%)
	
	
	0.628

	Male
	15 (35.71)
	19 (31.15)
	

	Female
	27 (64.29)
	42 (68.85)
	

	BMI (kg/m2)
	24.0 ± 2.2
	25.1 ± 2.8
	0.091

	Diagnosis, n (%) 
	
	
	0.770

	Primary osteoarthritis
	30 (71.43)
	44 (72.13)
	

	Rheumatoid arthritis
	11 (26.19)
	14 (22.58)
	

	Hemophilic arthritis
	1 (2.38)
	3 (4.92)
	

	[bookmark: OLE_LINK3297][bookmark: OLE_LINK3298]FTA (°)
	26.8 ± 5.7
	26.3 ± 5.2
	0.784

	Operation time
	105.6 ± 17.7
	99.2 ± 11.0
	0.031

	Follow-up (mo)
	83.4 ± 10.1
	75.6 ± 10.0
	0.907


[bookmark: OLE_LINK3299][bookmark: OLE_LINK3300]Continuous data are shown as the mean ± SD or median (range), and categorical data are presented as n (%). BMI: Body mass index; FTA: Femorotibial axis; C-TKA: Conventional total knee arthroplasty; NT-TKA: New theory total knee arthroplasty.

Table 2 Comparison of surgery-related results between conventional total knee arthroplasty group and new theory total knee arthroplasty group
	Parameter
	C-TKA group (n = 42 case)
	NT-TKA group (n = 61 case)
	P value

	HKA (°)
	
	
	

	Pre-
	17.2 ± 5.9
	16.0 ± 4.5
	0.076

	Post-
	0.5 ± 1.0
	0.8 ± 1.1
	0.225

	P value
	< 0.001
	<0.001
	-

	ROM (°)
	
	
	

	Pre-
	[bookmark: OLE_LINK63]73.0 ± 18.7
	75.0 ± 20.1
	0.369

	Post-
	93.5 ± 13.6
	102.9 ± 11.8
	0.781

	P value
	0.074
	< 0.001
	-

	OKS
	
	
	

	Pre-
	42.0 ± 4.5
	42.8 ± 4.5
	0.654

	Post-
	[bookmark: OLE_LINK62]17.4 ± 3.3
	17.8 ± 3.6
	0.854

	P value
	0.038
	0.173
	-

	KSS
	
	
	

	[bookmark: OLE_LINK61]Pre-clinical
	14.9 ± 12.1
	13.9 ± 9.7
	0.077

	Post-clinical
	78.9 ± 6.4
	81.3 ± 5.0
	0.655

	P value
	0.010
	< 0.001
	-

	Pre-functional
	34.2 ± 19.4
	25.7 ± 20.9
	0.530

	Post-functional
	69.9 ± 17.1
	60.0 ± 12.1
	0.172

	P value
	0.117
	< 0.001
	-

	KSS clinical stability
	
	
	

	Preoperative
	9.3 ± 4.4
	10.0 ± 4.0
	0.378

	1 mo (post)
	11.2 ± 3.8
	13.3 ± 2.9
	0.007

	Last follow-up
	14.3 ± 1.8
	14.5 ± 1.5
	0.132

	Complications
	3
	0
	0.034

	Instability
	2
	0
	

	Nerve injury
	1
	0
	

	Prosthesis
	
	
	0.002

	Posterior stabilized
	36
	61
	

	Constrained prosthesis
	6
	0
	

	Survival rate
	42/42
	61/61
	


Continuous data are shown as the mean ± SD. HKA: Hip-knee-ankle; ROM: Range of motion; OKS: Oxford knee score; KSS: Knee society score; C-TKA: Conventional total knee arthroplasty; NT-TKA: New theory total knee arthroplasty.
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