
advancement in TKA. Factors that determine the success of TKA 
include proper patient selection, implant design, precise surgical 
technique, and pre-and postoperative patient management. In 
particular, the clinical prognosis and long-term longevity of TKA 
are dependent on proper implant location and precise lower limb 
alignment1,2). Bathis et al.3) reported that the use of navigation in 
TKA can be effective in improving the accuracy of the lower limb 
alignment and implant placement, whereas Jenny and Boeri4) 
reported that the navigation assistance was not necessarily related 
to the improved accuracy.

The NexGen (Zimmer Inc., Warsaw, IN, USA) knee implants 
were designed in mid 1990s and have been evolved to enable 
hyperflexion. The NexGen LPS-Flex knee implants allow for 
combination of various implants and greater conformity of 
articulating surfaces with anatomical femoral component design 
and improved patellar tracking, interchangeability of different 
sizes of components, and a variety of surgical equipment 
selection. Some studies have shown promising results of TKA 
using the NexGen LPS-Flex knee implants5,6).

However, mid- or long-term follow-up results of navigation-
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Purpose: To evaluate the clinical and radiological results of patients that underwent total knee arthroplasty (TKA) with a NexGen LPS-Flex implant 
using a Navigation system (Brain Lab).
Materials and Methods: Between January 2001 and December 2005, 55 knees in 46 patients which used the NexGen LPS-Flex implant with a 
Navigation system (Brain Lab) for primary TKA were clinically and radiologically evaluated after a minimum follow-up of 5 years. Evaluation 
included preoperative and postoperative range of motion (ROM), Knee Society Score (KSS), tibio-femoral angle and postoperative complications.
Results: Knee ROM was increased from 118.9o preoperatively to 126.9o at the last follow up. In addition, the preoperative flexion contracture 
improved from 6.5o to 1.8o postoperatively. The mean KSS and functional score were improved from 59.8 and 51.2 to postoperative scores of 86.4 and 
85.2 respectively. The rate of appearance of radiolucency in X-ray was 21.8%. One case of superficial skin infection and one case of aseptic loosening 
were noted as complications but, did not require a revision surgery.
Conclusions: TKA with NexGen LPS-Flex implant using Navigation system (Brain Lab) showed satisfactory improvement in pain and function, but 
more long term follow up will be needed to complete verification.
 
Key words: Navigation system, NexGen, Total knee arthroplasty.

Received January 24, 2012; Revised (1st) April 12, 2012;  
(2nd) July 9, 2012; Accepted July 9, 2012.
Correspondence to: Ki Cheor Bae, MD.
Department of Orthopedic Surgery, Keimyung University School of 
Medicine, 56 Dalseong-ro, Jung-gu, Daegu 700-712, Korea.
Tel: +82-53-250-7729, Fax: +82-53-250-7205
Email: bkc@dsmc.or.kr

Introduction

Total knee arthroplasty (TKA) has been performed for the 
treatment of severe knee arthritis presenting with pain and 
limited range of motion (ROM). With improvements in surgical 
techniques and implant designs, there has been much recent 
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assisted TKA using NexGen LPS-Flex knee implants have not 
been sufficient to evaluate the hyperflexion design prosthesis. In 
the present study, we analyzed the clinical results of TKA with the 
NexGen LPS-Flex implant using a navigation system (Brain Lab, 
Vector Vision, Heirnstettern, Germany).

Materials and Methods

1. Study Population
Of the patients who underwent TKA with the NexGen LPS-

Flex knee implant under the diagnosis of primary knee arthritis 
between January 2001 and December 2005, 46 patients (55 
knees) who were available for ≥5 years of clinical and radiological 
follow-up were included in this study. The surgery was performed 
using the Brain Lab navigation system (Fig. 1). There were 4 
males and 42 females. The mean age of the patients was 67 years 
and 29 of them were in their 60s. The indications for surgery were 
degenerative arthritis in 43 patients (50 knees) and rheumatoid 
arthritis in 3 patients (5 knees). The surgery was bilateral in 9 
patients (18 knees) and unilateral in 37 patients (Table 1).

Bone cement was used for femoral and tibial component 
fixation. A posterior stabilized type (PS type) prosthesis was used 
in 35 knees and a cruciate retaining type (CR type) prosthesis in 
20 knees. 

The patella was replaced in 45 knees. Patellar tracking was 
assessed intraoperatively after implant fixation and determination 
of polyethylene thickness using the no thumb technique. A lateral 
release was performed in all knees.

2. Surgical Technique
All surgery was performed through the midvastus approach by 

the same surgeon. The navigation system was used to measure 
the femorotibial alignment and rotation on the anteroposterior 

(AP) and sagittal planes, and assess the lower limb alignment on 
the AP and sagittal planes and soft tissue balance. After implant 
insertion, femoral cutting angle (FCA, the angle between the 
femoral component and the mechanical axis on the AP view), 
tibia cutting angle (TCA, the angle between the tibial component 
and the mechanical axis on the AP view), and tibia cutting slope 
(TCS, posterior tibial slope of the tibial component on the sagittal 
view) were measured using femoral and tibial cutting block 
adaptors as verification tools. PS type or CR type NexGen LPS-
Flex knee prosthesis was implanted. 

Postoperatively, cold compression dressing and anti-embolism 
stockings were used to prevent swelling and deep vein throm
bosis. At 2-3 days postoperatively, passive joint exercises were 
started after removal of the drainage catherter. At 5-7 days 
postoperatively, physical therapy for weight-bearing and walking 
was initiated.

3. Assessments
For clinical assessment, the knee society score (KSS) and 

functional score were evaluated preoperatively and at the last 
follow-up7). For radiological assessment, standing AP and lateral 
radiographs of the affected limb and standing AP radiographs 
of both lower extremities taken preoperatively, postoperatively, 

Table 1. Demographic Characteristics of Study Participants

Characteristic PS type (n=35) CR type (n=20) p-valuea)

Age (yr) 67.6±6.4 65.9±5.1 0.31

Gender

Male 5 (14.3) 0 (-)

Female 30 (85.7) 20 (100.0)

Values are presented as mean±standard deviation or number (%).
PS: posterior stabilized, CR: cruciate retaining. 
a)p-values were calculated by independent t-tests or Fisher’s exact tests.

Fig. 1. Soft tissue balancing under navigation guide in primary total knee arthroplasty. Navigation helps to check the balance of extension gap (A), 
flexion gap (B), and dynamic overview showed the varus deformity and flexion contracture (C).
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and at the last follow-up were evaluated using the knee society 
radiographic evaluation system. Changes in the femorotibial 
angle were measured. To assess the implant position, the valgus 
angle of the femoral component and the varus angle of the tibial 
component (β) were measured on the AP radiographs and the 
flexion angle of the femoral component (γ), and the posterior 
slope of the tibial component were measured on the lateral 
radiographs.

The bone-cement or bone-implant contact area of the femoral 
component was divided into 7 compartments on the lateral 
radiograph, and that of the tibial component was divided into 7 
compartments on the AP radiograph and 3 compartments on 
the lateral radiograph. The width of a radiolucent line in each 
compartment was marked in units of 0.5 mm. The presence of 
a radiolucent line was considered insignificant if the sum of the 
recorded values was ≤4, a constant follow-up was considered 
required if it was between 5 and 9, and fixation failure was 
considered highly probable if it was ≥10 regardless of the 
presence of clinical symptoms8). If a change in implant position 
or severe displacement is observed, fixation was considered to 
have failed regardless of the presence of a radiolucent line.

4. Statistical Analysis
SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA) was used for 

statistical analysis. Independent t-test and Pearson chi-square test 
were used for intergroup comparisons. The level of confidence 
was set at 95%. The independent t-test was used for comparisons 
between the PS and CR groups whereas the Fisher’s exact test 
was used for comparisons of the frequency of the appearance 
of radiolucent lines. Pre- and postoperative clinical results were 
compared between the groups using a paired t-test. A p-value 
<0.05 by a two-sided test was considered statistically significant.

Results

1. Clinical Results
The mean ROM was increased significantly from 118.9o (range, 

90o-150o) preoperatively to 126.9o (range, 100o-150o) at the last 
follow-up (p<0.05). The mean flexion contracture was improved 
from 6.5o (range, 0o-25o) preoperatively to 1.8o (range, 0o-10o) 
postoperatively.

A statistically significant improvement was found in the mean 
KSS from 59.8 points preoperatively to 86.3 at the last follow-
up (p<0.05), and in the mean function score from 51.2 points 
preoperatively to 85.2 points at the last follow-up (Table 2).

A PS type prosthesis was used in 35 knees where severe flexion 
contracture or varus/valgus deformity was present, normal 
knee function appeared unattainable with the use of a CR type 
prosthesis due to severe posterior cruciate ligament (PCL) injury, 
or severe asymmetrical extension-flexion gap was observed. 
However, no statistically significant differences were found 
between the PS group and the CR group (Table 3).

2. Radiological Results
The mean mechanical axis that extends from the center of 

the femoral head through the centers of the femoral condyle 
and tibial condyle to the center of the ankle on the standing AP 
radiograph was 12.5o varus (24o varus to 5o valgus) preoperatively 
and 1.2o varus (8o varus to 1o valgus) at the last follow-up. The 
mean femorotibial angle was 5.2o valgus (1o varus to 10o valgus). 
Regarding the implant position, the mean valgus angle of the 
femoral component (α) was 95.2o (range, 91o-99o) and the mean 
varus angle of the tibial component (β) was 92.3o (range, 89o-97o) 

Table 2. Clinical Results 

Variable Preoperative
Immediate 

postoperative
p-value

Mechanical axis -12.5±5.8 1.2±1.6 0.028

Flexion contracture 6.5±5.8 1.8±3.9 0.014

Range of motion 118.9±15.8 126.9±12.3 0.012

Knee Society Score 59.9±3.7 86.4±3.7 0.005

Functional Score 51.2±4.3 85.2±2.8 0.007

Table 3. Means and Standard Deviations for Clinical Results Pre- and 
Postoperation by Treatment

Variable
Posterior stabilized 

(n=35)
Cruciate retaining 

(n=20)
p-valuea)

Range of motion 

Preoperative 121.1±15.9 115.0±15.4 0.17

Postoperative 129.4±11.9 122.5±12.1 0.08

p-valuesb) 0.003 0.015

Knee Society Score

Preoperative 59.6±3.7 60.3±3.8 0.51

Postoperative 86.8±3.7 85.7±3.6 0.28

p-valuesb) 0.003 0.006

Functional Score

Preoperative 51.0±4.4 51.6±4.0 0.63

Postoperative 85.4±2.8 84.9±3.0 0.53

p-valuesb) 0.008 0.005
a)Calculated by independent t-tests in comparison between means by 
treatment group, b)Calculated by paired t-tests in comparison between 
preoperative and postoperative means.



Knee Surg Relat Res, Vol. 24, No. 4, Dec. 2012    211

on the postoperative AP radiographs. The mean flexion angle 
of the femoral component (γ) was 3.24o (range, 0o-6o) and the 
mean posterior slope of the tibial component (δ) was 84.7o (range, 
81o-89o) on the lateral radiographs. The mean valgus angle of 
the femoral component (α) was 95.6o (range, 93o-100o) at the 
last follow-up. The mean varus angle of the tibial component (β) 
was 92o (range, 87o-95o), the mean flexion angle of the femoral 
component (γ) was 3.2o (range, 0o-8o), and the mean posterior 
tibial slope of the tibial component (δ) was 85o (range, 79o-90o) 
at the last follow-up. There was no statistically significant change 
between the postoperative and the last follow-up examinations 
(p>0.05). There was no ≥10o difference between the postoperative 
and last follow-up values, and accordingly, the component 
position and alignment were considered well-maintained (Table 
4).

Radiolucent lines were observed in 12 knees (21.8%) at the 
last follow-up and the mean sum of the values was 0.3 points. 
Regarding the frequency of the appearance of radiolucent lines, a 
radiolucent line was observed anterior to the femoral component 
in 6 knees, posterior to the femoral component in 4 knees, 
medial to the tibial component in 2 knees, and anterior to the 
tibial component in 2 knees. There was no significant relationship 
between the presence of a radiolucent line and clinical results 
(p>0.05).

There was 1 case of skin infection and 1 case of aseptic 
loosening postoperatively. The skin infection was observed in a 
patient who had been medicated for diabetes and hypertension 
and healed with wound dressing in 3 weeks. In the patient with 
aseptic loosening, minor sink down of the tibial component 
was observed. The patient has neither presented with pain 
nor symptoms in the follow-up examinations that have been 
conducted with an interval of 5 months. Reoperation was not 
performed in any cases.

Discussion

As part of an effort to improve the accuracy of TKA, navigation- 
or computer-assisted TKA techniques have been introduced 

recently. Some studies have shown that the recent techniques are 
more effective for precise realignment of the mechanical axis and 
implant positioning1,3,4).

Stulberg9) assessed implant position and lower limb alignment 
using a navigation system after conventional TKA. The 
conventional mechanical instrumentation system had a tendency 
to leave the femoral component in varus, flexion, and internal 
rotation and the tibial component in varus after navitagion-
assisted TKAs. They explained that this tendency occurs when 
the femoral intramedullary alignment rod is short or narrow, 
compared to the medullary cavity or inserted medial to the center 
of the medullary cavity in the presence of severe deformity of 
the femur or tibia. Hart et al.10) compared the radiological results 
of navigation assisted TKAs and conventional TKAs. Although 
there was no significant intergroup difference, the number of 
cases with ≥2o deviation of the femoral or tibial component from 
the ideal value was significantly lower after navigation-assisted 
TKAs. Sparmann et al.11) reported that the use of a navigation 
system improved the accuracy of TKA by maintaining <1o error 
for each stage of the procedure reducing the malalignment error. 
In the current study, we found ≥3o of malalignment in 9 knees 
(16.3%).

Hart et al.10) recommended navigation-assisted TKAs to 
inexperienced surgeons and even to skilled surgeons for the 
purpose of reducing the margin of error, even if the use of a 
navigation system would not make a difference in the results. 

The NexGen LPS-Flex knee implant (Zimmer Inc.) was 
designed to have more bumps on the medial and lateral condyles 
of the femoral component for advanced stability, and a more 
posteriorly and proximally positioned femoral cam to minimize 
the risk of dislocation during knee flexion compared to the 
previous model5,6).

Bertin12) followed 251 knees for 5-7 years after TKA using an 
NexGen posterior cruciate-retaining LPS-Flex implant and the 
mean ROM was 123o, which is similar to 126.9o obtained in our 
patients at the last follow-up. 

PCL preservation in TKA has been controversial. The ad
vantages of PCL preservation include enhanced knee flexion 
through greater femoral rollback, increased resistance to 
posterior shear force for stability, and preservation of the joint 
surface height and proprioception. On the other hand, PCL-
retaining TKA is difficult to perform in knees with severe 
deformity or bone defects, and has been associated with joint 
instability and early polyethylene wear13,14). PCL-substituting 
TKA is easy to perform with minimal tibial resection, facilitates 
deformity correction, and reduces the risk of polyethylene 

Table 4. Radiologic Results 

Variable Immediate postoperative 5 years follow-up p-value

α angle 95.2±2.2 95.6±2.3 0.0003

β angle 92.3±1.9 91.7±1.9 0.0012

γ angle 3.2±1.4 3.2±1.6 0.0001

δ angle 84.7±1.9 84.5±2.4 0.0001
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wear by maximizing the contact area5,15). Jung et al.6) reported 
that the clinical and radiological scores were significantly low 
in patients with severe flexion contracture or deformity after 
PCL-substituting TKA. However, we could not find statistically 
significant differences in radiological results between the PCL-
substituting group (PS group) and PCL-retaining group (CR 
group) (Table 3).

There is disagreement among authors on the patella resurfacing. 
Keblish et al.16) reported that patellar resurfacing did not result in 
significant intergroup difference after bilateral TKA. On the other 
hand, Scott and Reilly17) recommended to resurface the patella 
in knees with inflammatory disorders, including rheumatoid 
arthritis, whereas to consider several factors including the shape 
of the patella and cartilage condition in knees with degenerative 
arthritis. In our study, we selectively performed patella resur
facing on 45 knees by taking the patellar cartilage condition and 
movement of the femoral trochlea into consideration.

The importance of femorotibial alignment after TKA has 
been documented in many studies. Lotke and Ecker18) reported 
that 3o to 7o of valgus after TKA is the most ideal alignment. 
Considering that the mean postoperative femorotibial angle was 
5.2o of valgus in our study, deformity correction was satisfactory 
in our patients.

Kraay et al.19) reported that periprosthetic radiolucent lines 
were most frequently observed under the proximal portion of 
anterior flange of the femoral component. The radiolucency was 
attributed to initial incongruities between the cut surface of the 
anterior femur and the implant, and slight flexion of the implant 
that resulted in increased stress. King and Scott20) observed 
radiographic evidence of femoral component loosening in 15 
out of 1,600 knees after TKA, 13 of which occurred in zone 4 
and a radiolucent line was noted immediately after surgery in 8 
knees. They attributed early loosening to improper resection of 
the posterior condyle, poor cementing technique, and inadequate 
support of the prosthetic posterior condyle due to deficient bone 
stock. In our study, radiolucent lines were more common around 
the femoral component (9 cases) than the tibial component (4 
cases). The presence of radiolucency was seen in zones 2 and 5 
around the femur (anterior femur on the lateral view), in medial 
zones 1 and 2 (on the AP view) and zone 1 (on the lateral view) 
around the tibia, which are similar to the results of Kraay et al.19) 
except for the lower frequency. 

In 12 knees (21.8%) with radiolucency, substantial implant 
migration or loosening was not noted. In 1 knee with severe 
bone defect in the posteromedial aspect of the tibia and severe 
varus deformity, allogeneic femoral head bone graft was fixated 

using screws in the defect and TKA was performed using a PCL-
substituting implant. 

In this study, we did not make direct comparisons with the 
conventional TKA, but the clinical improvement after TKA 
with NexGen LPS-Flex implant using a navigation system 
was relatively similar to that of other studies using NexGen 
implants4,14). The frequency of the appearance of radiolucent lines 
was remarkably lower in our study compared to those studies. 
We attributed this to the use of a navigation system that enabled 
precise posterior bone resection. However, we think a long-term 
follow-up study should be performed to validate the analysis. 
Bae et al.1) reported excellent radiological results of navigation-
assisted TKA, but suggested that the clinical influence of the use 
of a navigation system should be assessed in a long-term follow-
up study.

Conclusions

TKA with NexGen LPS-Flex implant using a navigation system 
resulted in good ROM and functional recovery, low complication 
rates, and satisfactory radiological outcomes at ≥5 years after 
surgery. However, we think periprosthetic radiolucency and 
component loosening should be assessed in further studies 
involving a larger patient population and a longer follow-up 
period. 
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