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Introduction

Due to remarkable developments in the design and materials of artificial knee joints in recent years, there has been an increasing interest in the function of prostheses. In particular, various designs of artificial joints that can minimize instability and improve the range of motions (ROM) after knee replacement have been introduced in the market. Many successful cases in the use of high-flexion artificial knee joints, which provide the same or better stability and function compared with typical artificial knee joints have been reported.1,2,3,4,5,6,7,8,9,10,11,12) Using high-flexion artificial knee joint to improve the ROM could reduce the back side radius of the femoral prosthesis, and increase the offset of the posterior condyle enabling the translation and high flexion of the condyle. Nevertheless, this method has a drawback in that it requires additional resection the posterior condyle, which is a retrogression in bone preservation.13,14) Based on the design of the high-flexion artificial knee joint, the amount of posterior condyle bone resection is decided, which ranges from 12.5 mm to 8.0 mm. The Lospa (Corentec Inc.) artificial knee joint was developed and produced by Korean engineers using Korean technology. The design of Lospa is high-flexion-friendly owing to the 10.0 mm posterior condyle bone resection. Considering the non-excessive posterior condyle bone resection and design features, the performance of Lospa is expected to show results similar to other high-flexion artificial joints. Few studies on Lospa have been reported because the product has been introduced in the market only recently. In this study, total knee arthroplasty was performed using Lospa (Corentec Inc.), and the early clinical and radiologic results were compared with those of Scorpio NRG® (Stryker Inc.), which is a proven artificial knee joint.15)


Materials and Methods

A total of 164 cases in 104 patients who underwent total knee arthroplasty using Lospa (Corentec Inc. Group A), and additional 164 cases in 102 patients who had the same procedure using Scorpio NRG® (Stryker Inc. Group B) by a single surgeon in Sun General Hospital between September 2010 and September 2011 were selected for this study. The subjects in both groups were to be followed-up for over one year. The mean age of Group A was 68.6 (54~82), and that of Group B was 70.5 (56~84). The mean follow-up period of Group A was 17 (12~24) months, while that of Group B was 18 (12~24) months. In all cases of both groups, posterior cruciate-substituting total knee arthroplasty was performed using fixed polyethylene components. The causative disease of all the subjects was Kellgrene-Lawrence16) type Ⅳ degenerative arthritis excluding one rheumatoid arthritis case in each group. The subjects were randomly assigned in sequential manner to both groups.  Cases that required constrained prosthesis with the initial diagnosis of knee joint instability, that were diagnosed with infection, and that required revision replacement were excluded from this study. The prosthesis was randomly selected regardless of the severity of arthritis, age, gender, and surgeon’s preference, and the same preoperative indications were applied to both groups.
All subjects underwent total knee arthroplasty by a single surgeon (ISS), and the knee joint flexion contracture and maximum flexion angle were measured preoperatively using a goniometer. After recording the results of preoperative clinical assessment, a standard medial parapatellar approach was conducted. The medial ligament was then released, and the tibia and femur were resected to obtain the same flexion-extension angle. Patella replacement was selectively performed for the arthritis patients, and then, the prosthesis was inserted into the patella, tibia, and femur in sequence using bone cement. In all subjects, the prosthesis for posterior cruciate-substituting total knee arthroplasty was used, and in cases of bone defect in the medial tibia, the defect was filled with a block or cement. In each of the subjects, a drainage tube was inserted, and removed at 2 days postoperatively. The subjects were encouraged to do continuous passive motions and walking. Additionally, exercises for the quadriceps femoris group were conducted.
As radiologic assessments, pre- and postoperative mechanical axis deviation, and changes in the femoro-tibial angle were measured. To confirm the location of the postoperative prosthesis, the valgus angle (α) of the femoral prosthesis, and the varus angle (β) of the tibia prosthesis were measured using anterior and posterior photos of the knee joint. Using the lateral photos, the flexion angle (γ) of the femoral prosthesis, and the posterior tibial slope (δ) of the flexion angle (γ) were measured (Fig. 1A, Fig. 1B, and Fig. 1C). As radiologic assessments on the postoperative patellar tracking, the axial patella-femur location was expressed as central (<5 degrees), medial tilt (>5 degrees), and lateral tilt (>5 degrees) in the Merchant’s images based on the Bindelglass and Vinced17) classification. As clinical assessments, the American Hospital for Special Surgery and American Knee Society Score were used to compare the pre and postoperative changes in ROM. In both groups, pre and postoperative knee joint flexion contracture, and maximum flexion angle at the final follow-up were measured and compared. The results of the radiologic and clinical assessments of both groups were evaluated using independent t-test and χ2 test. The significance level of SPSS (version 12, 2004, Dae-jeon, Korea) was determined at P<0.05.

Figures 1A, 1B, 1C. A 72-year-old female showed advanced osteoarthritis on both knees with left knee subluxation. She underwent Lospa total knee arthroplasty and demonstrated well-positioned implants.
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Results

As a result of radiologic assessments, Group A showed a 32.5 mm (9.0~52.5mm) preoperative medial deviation and 1.4 mm (-1.0~4.1mm) postoperative medial deviation (P=0.03), while Group B showed 34.3 mm (10.1~53.3 mm) preoperative medial deviation and 3.1 mm (-1.1~5.2 mm) postoperative medial deviation, indicating a statistically significant correction (P=0.04). No statistical significance was observed between the groups (P=0.14) (Table 1). The preoperative femur-tibia angle of Group A was significantly corrected from preoperative varus 4.1˚ (0.3°~7.9°) to postoperative valgus 6.7˚ (5.1°~8.1°) (P=0.01), and that in Group B was significantly corrected from preoperative varus 4.4˚ (0.1°~10.6°) to postoperative valgus 6.5˚ (5.5°~8.6°) (P=0.03). No statistical significance was observed between the groups (P=0.23) (Table 2). In Group A, the postoperative α, β, γ, and δ angles were 96.3˚, 90.7˚, 1.0˚, and 88.2˚, respectively; and in Group B, 96.9˚, 90.4˚, 1.6˚, and 89.5˚, respectively, showing no statistical significance between the groups (P=0.22 in α, 0.12 in β, 0.11 in γ, 0.07 in δ) (Table 3). In Group A there was 1 case (0.6%) in β angle, and 1 case (0.6%) in γ angle, which had more than 3.0˚ offset18) in the postoperative prosthesis location compared with the guideline (α=96.0°, β=90.0°, γ=0.0°,δ=3.0°). In Group B, there were 3 cases (1.8%) in β angle, and 3 cases (1.8%) in γ angle. In one case (0.6%) of Group B, the mechanical axis deviation was 3 mm or more offset. In Group A, the patella-femur locations in the Merchant’s images based on the Bindelglass and Vinced17) classification were: central, 101 cases (61.6%), lateral tilt, 63 cases (38.4%), and no medial tilt case. In Group B: central, 68 cases (41.5%), lateral tilt, 94 cases (57.3%), and no medial tilt case. No statistical significance was observed between the groups (P=0.14).
As a functional score, the mean HSS in Group A improved from preoperative 39.6 (25~73) to 93.8 (78~98) at the final follow-up (P=0.01), while those in Group B also improved from preoperative 41.4 (22~71) to 88.4 (76~90) at the follow-up (P=0.01) showing a statistical significance in both groups. No significant difference between the groups was observed (P=0.12). The mean KSS in Group A improved from preoperative 55.1 (10-58) to 93.4 (62-98) at the follow-up (P=0.03), while those in Group B also improved from preoperative 55.6 (11~59) to 90.8 (61~92) at the follow-up (P=0.01) showing a statistical significance in both groups. No significant difference between the groups was observed (P=0.09). The flexion contracture of Group A was preoperative 10.3˚ (0~30) and postoperative 4.0˚ (0~10) (P=0.03), while those of Group B were preoperative 13.1˚ (0~35) and postoperative 3.0˚ (0~13) (P=0.01) showing a statistical significance in both groups. No significant difference between the groups was observed (P=0.11). The ROM is the angle between the maximum joint extension and flexion, which a patient can actively move, and is measured with a goniometer. In Group A, the mean ROM increased from preoperative 106.4˚ (90~115) to 123.2˚ (110~130) at the final follow-up (P=0.01), while in Group B, those increased from preoperative 107.1˚ (95~116) to 123.0˚ (105~130) at the final follow-up (P=0.03) showing a statistical significance in both groups. No significant difference between the groups was observed (P=0.16) (Table 4). The number of cases that showed more than 130° maximum flexion angle at postoperative 4 weeks in Group A was 128 (78%), and 36 (22%) in Group B, showing a statistically significant difference between the groups (P=0.02). The mean tourniquet time during the surgery in Group A was 35 minutes (30-75), and that in Group B was 38 minutes (32-78). The mean incision length in Group A was 11.2 cm (9.8-14.2), and that in Group B was 11.1 cm (9.6-14.3). The mean blood loss in Group A was 414.2 cc (250-600), and that in Group B was 437.3 cc (260-620). With regard to complications, Group A reported one case of superficial infection but after marginal resection, the infection was removed at the final follow-up, and a 125˚ maximum flexion angle was obtained. In all cases of Groups A and B, no case of knee joint instability was observed in physical examinations and stress radiologic tests. No case of inexplicable loss of walking rhythm, and no anchylosis case with less than 90˚ ROM was reported.



Table 1. Comparison of mean MAD in Group A (Lospa) and Group B (Scorpio NRG).
	
	  Group A (LOSPA)
  (n=164)
	Group B (Scorpio NRG)
  (n=164)
	P-values

	Mean preop* MAD‡
	32.5mm (9.0-52.5)
	34.3mm (10.1-53.3)
	0.12

	Mean postop† MAD
	1.4mm (-1.0-4.1)
	3.1mm (-1.1-5.2)
	0.14

	P-values
	0.03
	0.04
	


*: preoperation
†: postoperation
‡: mechanical axis deviation


Table 2. Comparison of mean T-F  angle in Group A (Lospa) and Group B (Scorpio NRG).
	
	Group A (LOSPA)
    (n=164)
	Scorpio NRG (Group B)
              (n=164)
	P-values

	Mean preop* T-F‡  angle
	Varus 4.1° (0.3-7.9)
	Varus 4.4° (0.1-10.6)
	0.18

	Mean postop† T-F  angle
	Valgus 6.7° (5.1-8.1)
	Valgus 6.5° (5.5-8.6)
	0.23

	P-values
	0.01
	0.03
	


*: preoperation
†: postoperation
‡: tibia-femoral angle


Table 3. Comparison of mean post-operative implant position in Group A (Lospa) and Group B (Scorpio NRG).
	
	LOSPA
 (n=164)
	Scorpio NRG
 (n=164)
	P-values

	Mean  α   angle
	96.3° (94-98)
	96.9° (95-99)
	0.22

	Mean  β   angle
	90.7° (86-91)
	90.4° (91-93)
	0.12

	Mean  γ   angle
	1.0° (0-4)
	1.6° (1-4)
	0.11

	Mean  σ   angle
	88.2° (86-90)
	89.5° (86-91)
	0.07




Table 4. Comparison of mean HSS, KSS, average ROM in Group A (Lospa) and Group B (Scorpio NRG).
	
	  Group A (LOSPA)
  (n=164)
	Group B (Scorpio NRG)
  (n=164)
	P-values

	Mean preop* HSS§ score
	39.6 (25-73)
	41.4 (22-71)
	0.17

	Mean postop† HSS score
	93.8 (78-98)
	88.4 (76-90)
	0.12

	Mean preop KSS¶ score
	55.1 (10-58)
	55.6 (11-59)
	0.12

	Mean postop KSS score
	93.4 (62-98)
	90.8 (61-92)
	0.09

	Average preop ROM*
	106.4° (90-115)
	107.1° (95-116)
	0.08

	Average postop ROM
	123.2° (110-130)
	123.0° (105-130)
	0.16


*: preoperation
†: postoperation
‡: Hospital for special surgery
§: Knee society score
¶: ROM


Discussion

To improve ROM, the high-flexion artificial knee joint is designed with a reduced back side radius in the femoral prosthesis, an extended posterior condyle length, and an enlarged offset of the posterior condyle to increase the rollback and translation of the condyle. Theoretically, over 125 degrees knee joint flexion is possible.1,19) Daily activities are known to be managed with knee joint flexion ranging from 100 degrees to 110 degrees, and the ROM of typical standard artificial joints has been reported to range from about 100 degrees to 110 degrees.2,3,20) These days more and more young patients undergo artificial joint replacements, and senior patients are expected to have limitless social activities after the surgery. The cross-legs position and squatting are possible with about 110 to 130 degrees maximum knee joint flexion. Many surgeons recently have performed high-flexion total knee arthroplasty reportedly allowing a maximum flexion angle up to 130 degrees (Fig. 2A, Fig 2B).2,4,19,21,27) Many studies reported no significant difference between standard artificial joints and high-flexion artificial joints, but some studies reported that the high-flexion artificial joints showed significant joint movements in the early stage without developing complications, like those of the standard artificial joints.3,6,7,8,9,13) Nevertheless, the high-flexion artificial joints require additional posterior condyle bone resection, and these excessive bone resection was reported in previous studies to have caused an early dissociation of the artificial joints. In particular, the dissociation of the femoral prosthesis significantly develops during the intermediate-term follow-up due to the repeated high-flexion stress. 4,10,14) In addition, bone preservation is challenging in cases of revision surgeries, and prosthesis survival is also significantly affected after the revision surgery. 11) LPS Flex® (Zimmer Inc.) which is one of the high-flexion artificial knee joints that we, the authors, used in this study requires up to 12.5 mm  posterior condyle bone resection, and Scorpio NRG® (Stryker Inc.), another artificial knee joint used in this study requires 8.0 mm. Lospa (Corentec Inc.) that  was also used in this study requires 10.0 mm posterior condyle bone resection, which is thought appropriate.22,23,24,25) In typical artificial joints, the anterior-posterior length of the femur, and its width often do not match with the patient’s knee joints, particularly among Asian patients. In case of Lospa artificial knee joint, the discrepancy in size was rare, and further studies on this issue may be necessary. 26,27,28)  Moreover, Lospa  artificial knee joint improved patellar tracking and enhanced the articular surface contact through the anatomical design of femoral prosthesis. Additionally, knee joint instability in the middle of flexion was minimized with the design of single-radius femoral prosthesis; thus, the movements such as walking, standing up, and sitting down look more natural with its use. 15) In addition, polyethylene components were designed with double radius and hind-leg cut-off for high flexion allowing some degree of knee joint rotation with a fixed prosthesis, which enables the subjects to do the cross-legs position. The purpose of this study was to analyze and compare the early radiologic and clinical outcomes of the new prosthesis, which is new in the market, with those of typical ones whose functions and designs have already been known. Therefore, their intermediate- and long-term outcomes such as dissociation and abrasion could not be described. 23,24,29) In other words, the purpose of this study was to prospectively find out the peri- and postoperative differences in the groups of Lospa and Scorpio®. The radiologic prosthesis locations in the Lospa group showed 96.3˚, 90.7˚, 1.0˚, and 88.2˚ postoperative α, β, γ, and δ angles, respectively, and no significant differences from the mean values suggested by Edwald, 30)  and those in Scorpio® group were observed. The Scorpio NRG® artificial knee joint has not been reported to have shown significantly better results than other high-flexion artificial joints. However, the result of Scorpio NRG® artificial joint has been proven by many studies, so these comparisons may be meaningful. 12,23,24,29) One-year follow-up may not be sufficient for comparing the ROM and maximum flexion angle, but within the extent that the patient conditions did not significantly change, the period might be long enough for assessing the efficiency of the artificial joints. The mean maximum flexion angle in Lospa  group significantly increased from preoperative 106.4˚ (90°~115°) to 123.2˚ (110°~130°) at the final follow-up, and the angle reached even up to 130 degrees, thus the design is considered advantageous for high flexion. This result is similar to or better than those in the Scorpio® group: preoperative mean of 107.1˚ (95°~116°) to follow-up mean of 123.0˚ (105°~130°). In particular, the Lospa group reported 128 (78%) cases of 130˚ or greater maximum flexion angle at postoperative 4 weeks, showing a better early recovery of joint movements than that in the Scorpio® group that reported 36 (22%) cases under the same condition. This implies that Lospa artificial knee joint is a more favorable design for early joint movements than Scorpio.® In this study, no statistically significant difference in radiologic and clinical results were observed between the Lospa  group and the Scorpio® group. In the Lospa  group, a greater frequency of the central of the patella was observed in the axial patella-femur photos. The patella-femur locations in the Merchant’s images based on the Bindelglass and Vinced classification were 101 central cases in Group A, and 68 cases in Group B, showing no significant difference between the groups. In the Lospa  group, the patella-femur joint was less sensitive to patellar tracking, and this may be the factor that could reduce the patella subluxation that may occur when the prosthesis is inserted into an inappropriate location. Considering similar operation time and the postoperative amount of bleeding between the groups, other surgical conditions may be expected to be the same. The limitations of this study include the very short follow-up period for assessing the performance of the artificial joints, and the limited number of samples to expect accurate results. In addition, problems that may develop on a long-term basis, such as the dissociation, abrasion, instability, and long-term survival rate of the artificial joints could not be investigated in this study. Despite these limitations, the early outcomes of the newly introduced artificial joints were prospectively compared with those of the typical prostheses, and these are considered meaningful.

Figures 2A, 2B. A 74-year-old female underwent Lospa total knee arthroplasty and was able to do cross-legs position and squatting without pain.
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Conclusion

In this study, total knee arthroplasty was performed by a single surgeon using Scorpio NRG®       and Lospa, which was designed with high flexion and single radius.  Their radiologic and clinical results were compared. No statistically significant radiologic and clinical differences were observed between the groups. Both groups showed excellent early radiologic and clinical outcomes, but the Lospa  group showed more favorable results in obtaining the maximum flexion angle at the early follow-up, and in maintaining the patella-femur joint. In future studies, investigations on the survival rate of prostheses, and intermediate- and long-term monitoring of clinical and radiologic results using more samples may be necessary.
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