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Abstract 

Background Previously published 

studies reported benefits of 

computer- assisted surgery (CAS) 

in terms of ra- diographic implant 

position in TKA, but whether these 

improvements result in clinically 

important survival differ- ences or  

functional  differences  that a 

patient might perceive at a 

minimum 10-year followup 

remains largely unknown. 

Questions/purposes  We   

performed a prospective 

randomized trial and asked 

whether CAS (1) improved 

survival free from aseptic 

loosening; and (2) demonstrated 

any clear dif- ference in patient-

reported outcomes at latest 

followup using validated outcome 

measures at minimum 10- year 

followup. 

Methods Between January 2004 

and December 2005, 80 patients 

sched- uled for TKA were 

randomly assigned either to the 

CAS group or to the conventional 

technique group by the Hospital 

Informatics De- partment. The 

patient inclusion cri- teria were 

age 20 to 80 years old, weight < 

100 kg, and consent to re- ceive a 

primary knee arthroplasty 

performed through a medial para- 

patellar approach by the senior 

au- thor.  The  exclusion  criteria  

were a history of prior knee 

surgery, TKA performed for a 

posttraumatic 

 
indication, or revision knee 

surgery. The first 80 patients 

meeting these criteria were 

included in the study. There were 

21 women and 19 men and in 

each group; mean age was 66 

years (range, 58-77 years), and 

mean body mass index was 27 6 

4 kg/m
2
. An initial published study 

using this patient group 

investigated only dif- ferences 

regarding implant position- ing in 

the coronal and sagittal planes. 

This is a secondary analysis of 

patients from the earlier study 

pro- tocol at a minimum of 10-

year fol- lowup with different 

endpoints. Kaplan-Meier 

survivorship was compared 

between groups, and functional 

patient-reported outcome 

measures (PROMs) were 

evaluated using the SF-12, Knee 

Injury and Osteoarthritis Outcome 

Score (KOOS), Forgotten Joint 

Score, and the new Knee Society 

Score. Those PROMs were not 

available at the time of the original 

randomized controlled trial and 

we therefore do not have baseline 

preoperative values demon- 

strating that our two groups were 

comparable. However, our groups 

were created using strict 

randomiza- tion and were similar 

in terms of de- mographic 

parameters and knee deformities. 

Our secondary analysis was not 

powered for survival analysis 
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but had 80% power to detect a 

dif- ference > 6 points on the SF-

12 components and > 6 points out 

of 100 on the KOOS subscores 

(pub- lished minimal clinically 

important difference: 8 points) at 

the p < 0.05 level. 

Results With the numbers 

available, there was no difference 

between the CAS group and the 

conventional TKA group in terms 

of survivorship free from aseptic 

loosening 10 years after TKA 

(97%, 95% confidence  interval 

[CI], 95%-99% versus 97%, 95%  
CI, 
95%-99%; p = 0.98). 

Investigation of the latest 

followup PROM scores showed 

no difference between SF-12 

scores (respectively, for CAS 

and control patients, physical SF-

12: 72 6 12 versus 73 6 13 mean 

difference 0, 95% CI -3 to 3,p=  

0.9; mental SF-12: 75 6 8 versus 

73 6 10, mean differ- 

ence 2, 95% CI 024, p = 0.3) as 

well as for all KOOS subscores 

(all p > 0.1). Forgotten Joint 

Scores were similar in both 

groups with 83 6 4 for CAS and  

82  6 5 for control patients 

(mean difference 1, 95% CI 022, p 

= 0.2). Finally, the new Knee 

Society Scores were not 

statistically different between 

groups with a mean objective 

score  of  82  6  13  for  CAS 

patients 
versus 79 6 12 for control 
patients 

(mean difference 2, 95% CI 025, 

p = 0.5) and a mean subjective 

score of 83 6 11  versus  85  6 

12, respectively 

(mean   difference   2,   95%   CI 
025, 

p = 0.5). 
Conclusions Our observations 

sug- gest that CAS used for TKA 

alignment with restoration of a 

neutral mechani- cal axis as the 

goal did not confer any substantial 

advantage in survivorship, 

function, or quality of life at 10 

years after TKA. Larger studies 

with longi- tudinal collection of 

PROMs for func- tional 

assessment and greater numbers 

to assess survivorship are needed 

to confirm these findings. 

Level of Evidence: Level III, thera- 

peutic study. 

 
 
 

Introduction 

 
omputer-assisted surgery 

(CAS) in TKA was 

developed to improve 

implant positioning 

and restore a neutral mechanical 

axis with the aim of improving 

patient function and implant 

survivorship [22]. However, the role 

that coronal align- ment of TKA 

plays in these areas remains 

somewhat controversial [21]. 

Although several studies have 

indicated that coronal plane 

alignment beyond the range of 0° 6 

3° is a risk factor for impaired 

results, much of the literature on 

alignment and survivorship is his- 

torical and surprisingly weak in terms 

of lower limb alignment definitions 

[1]. In 2008, Parratte et al. [21] 

reported that TKAs that are 

mechanically aligned (0° 6 3°) 

versus those that are outside that 

range have identical survivorship 

15 years after surgery. This 

research opened the debate on 

alternatives to the mechanical axis 

as a target for contem- porary TKAs 

[13]. 

Previously published studies 

dem- onstrated benefits of CAS in 

terms of radiographic implant 

position, partic- ularly with regard 

to outliers [10, 12], but whether 

these improvements result in 

clinically important differences that 

patients might perceive at a 

minimum 10-year followup remains 

largely de- bated [5, 18]. Although 

some series demonstrated clinical 

benefits of TKA performed using 

CAS [3-5], most of them are short- 

to midterm studies with followup < 

60 months [4, 5]. Series with longer 
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followup failed to demon- strate 

clinical benefits or improved 

implant survivorship when 

comparing CAS and 

conventionally instrumented TKA 

[11, 16]. 

We earlier designed a 

randomized controlled trial to 

compare implant positioning 

using CAS versus a con- 

ventional surgical technique [17]. 

Us- ing this same study group, 

we performed a secondary 

analysis 10 years after that study 

and asked whether CAS (1) 

improved implant survival free 

from aseptic loosening; and (2) 

demonstrated any clear differ- 

ence in patient-reported 

outcomes at latest followup using 

validated out- come measures at 

minimum 10-year followup. 

 
 
 

Patients and Methods 

 
Between January 2004 and 

December 2005, we performed 

373 elective TKAs for primary or 

secondary ar- thritis. Of those, 86 

(23%) were per- formed using 

the CAS technique [16]. Between 

April 2004 and April 2005, a 

randomized study was designed 

to assess implant positioning 

using CAS versus conventional 

instrumentation TKA (defined as 

control patients). The patient 

inclusion criteria were age 20 to 

80 years old, weight < 100 kg, 

and consented for primary knee 

arthro- plasty performed through 

a medial parapatellar approach 

by the senior author (J-NA). The 

exclusion criteria were a history 

of prior knee surgery, TKA 

performed for a posttraumatic 

indication, or revision knee 

surgery (Fig. 1). All patients 

provided in- formed consent to 

participate in the study. 

The first 80 patients meeting 

the inclusion criteria of this study 

were randomly assigned to the 

CAS or control group by the 

Hospital In- formatics  

Department  with  use  of a 

systematic sampling method. 

Patients were randomized after 

strat- ification on age and 

gender to try to 
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Fig. 1 This is a flow diagram illustrating patients’ enrollment, allocation, followup, and analysis. 

 

 
ensure comparability of control 

and CAS patients (Fig. 1). The 

study protocol (including the use 

of navi- gation and postoperative 

evaluation) and consent forms 

were approved by the local ethical 

committee, and this study  was  

subsequently   pub- lished [17]. 

Ten years after initiation of this 

study, we performed a secondary 

analysis of this group. Of those 

who were treated with CAS, three 

patients (7.5%) had died, whereas 

37 patients (37 knees) were 

available for followup at a 

minimum of 10 years (median, 11 

years; range, 11-13 years); no 

patients were lost to followup. Of 

those treated with conventional 

instrumentation, four patients died 

(10%) leaving 36 patients (36 

knees) for clinical and ra- diologic 

evaluation at a minimum of 10  
years (median, 11 years; range, 11-

13 years). 

There were no differences in de- 

mographic data between the two 

study groups with the numbers 

available. There were 21 women 

and 19 men. The median age of 

the patients was 66 years (range, 

40-80 years) in the CAS group and 

64 years (range, 46-78 years) in 

the control conventional technique 

group (p = 0.31). The mean body 

mass index was 27 6 4 kg/m
2
 

(range, 19-41 kg/m
2
) in the CAS 

group and 26 6 5 kg/m
2
 (range, 20-

44 kg/m
2
) in the control group (p = 

0.44). The etiologies were primary 

osteoarthritis in 32 knees and eight 

with secondary arthritis in the CAS 

group and primary osteoarthritis in 

29 knees and 11 with secondary 

arthritis in the control group. 
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One surgeon with subspecialty 

training and interest in TKA (J-

NA) performed all the surgeries. 

Traditional mechanical guides 

were used in the control group. 

Before the beginning of the study, 

the senior author had per- 

formed > 2000 TKAs, which 

included 

> 50 computer-assisted 
procedures. 

NexGen® LPS Flex (Zimmer, 

Warsaw, IN, USA) posterior-

stabilized femoral components 

and NexGen all- polyethylene 

patella components were 

cemented in all patients. All 

TKAs were done without a 

tourniquet using a standard  

paramedian  incision  and a 

medial parapatellar approach. 

The tibial resection was 

performed with an extramedullary 

guide and the distal femoral 

resection with an intra- medullary 

guide. Femoral rotation was set 

according to a previously 

described 
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technique [24]. In the CAS group, 

an imageless femoral and tibial 

implant positioning, computer-

based naviga- tion system was 

used following a pre- viously 

described protocol [17]. Two 

additional skin incisions were 

made to position the rigid bodies 

required for navigation in the CAS 

group. Once the standard 

approach was done and the knee 

exposed, the tibial and femoral 

rigid bodies were implanted 

through separate incisions. After 

calibration of the instruments, the 

first step of the CAS procedure 

was the acquisition of 

predetermined landmarks and 

surfaces on the distal femur and 

the proximal tibia using a bone 

morphing technique. The 

mechanical axis of the limb and of 

the femur and tibia was then de- 

termined with the registration of 

the center of the femoral head 

(circum- duction of the entire limb), 

the center of the trochlear notch, 

the center of the tibial spines, and 

palpation of the me- dial and 

lateral malleoli to determine the 

center of the ankle. After this reg- 

istration process, the tibial cut was 

then made using the specific 

navigated tibial jig following the 

indications of frontal alignment 

and slope given by the software. 

The femoral cuts were then done 

following the same principles. 

Both cuts were then checked 

using the dedicated navigated 

probe. Size of the femoral implant 

was given by the computer, but 

standard instruments were used 

to determine femoral rota- tion. At 

the time of the trial, ROM, frontal 

alignment, and varus/valgus laxity 

were assessed using the soft- 

ware. Using this information, 

comple- 

ligament release was performed 

when needed [24]. Varus and 

valgus stresses were performed to 

assess the stability of the knee at 

the time of the trials. The goal of  

the  surgeon  was  to  obtain  a 

neutral postoperative mechanical 

axis as defined by the center of the 

hip, center of the knee, and center 

of the ankle. Femoral and tibial 

rotations were set according to a 

previously de- scribed technique 

mainly  based  on  a measured 

resection technique. The same 

combination of classic bony 

landmarks was used in both 

groups. CAS was only used to 

determine the frontal and sagittal 

alignment of the implants as a 

result of the limited ac- curacy of 

CAS to determine femoral and 

tibial rotation. The same post- 

operative rehabilitation protocol 

was used for all patients. 

As part of our earlier study on 

alignment with these same 

groups, we observed a 

difference in implant positioning 

referenced by the hip- knee-

angle (evaluated on long-axis 

radiographs (CAS: 179° 6 2° 

versus control: 177° 6 4°, mean 

difference 2° 6 3°, 95% 

confidence interval [CI] -2° to 5°, 

p = 0.031) and tibial implant 

position in the coronal plane (CAS: 

89° 6 2° versus control: 87° 6 

3°, mean 

difference 2° 6 4°, 95% CI -1° to 
6°, 

p = 0.044; Table 1). 

Survivorship was compared in 

the two groups using the Kaplan-

Meier method [15] defining the 

endpoint as revision of one or 

more of the compo- nents 

resulting from aseptic loosening 

or mechanical failure (fracture 

excep- ted) defined as substantial 

migration of one or more 

component(s), substantial wear, or 

osteolysis at last followup, 

potentially calling for a revision [8]. 

Septic revision or revision 

resulting from periprosthetic 

fracture was not included in our 

survivorship analysis. 

We also elected to compare the 

subjective functional outcome and 

quality of life of the two groups, 

be- cause they were judged to be 

equiva- lent based on the earlier 

randomization process. However, 

because the original randomization 

had been performed for an 

alignment study, preoperative 

patient-reported outcome 

measures (PROMs) had not been 

obtained. Fur- thermore, the 

PROMs in question were not 

common, available, and/or vali- 

dated in French at the time of the 

original randomization. 

Nevertheless, PROMs of the 

following scores (SF- 12, Knee 

Injury and Osteoarthritis Outcome 

Score [KOOS], Forgotten Joint 

Score [FJS], new Knee Society 

Score [KSS]) were assessed at 

an in- dividual clinical examination 

to offer a general basis of 

comparison be- tween the groups, 

accepting the ob- vious limitation 

of not having preoperative and 

serial scores for comparison. 

Subjective functional outcome 

and quality of life were assessed 

during individual clinical 

evaluation, per- formed by two 

authors not involved in the surgical 

interventions (MO, SP), using 

validated questionnaires (SF-12 

mentary releases were performed 

and a thicker liner was tried when 

needed. At the time of inclusion, the instru- mented ligament tensor was 

not avail- able. A pure measured resection technique was used in both 
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groups. The flexion and extension 

gaps were tested after the cuts 

and appropriate 

Table 1. Summary of postoperative implant position analysis 
 

Groups HKA Gamma Beta Tibial 
slope 

CAS 179 6 2 6 6 2 89 6 2 4 6 3 

Control 177 6 4 6 6 3 87 6 3 3 6 3 

p value 0.031 0.6 0.044 0.2 

Values are mean 6 SD; HKA = hip-knee-ankle angle; CAS = computer-assisted surgery; 

Gamma = femoral sagittal mechanical angle; Beta = tibial frontal mechanical angle. 
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[26], KOOS [23], FJS [25], and the 

new KSS [7]). 

 
 

Statistical Analysis 

 
A comparison of the functional 

out- comes at last followup 

between the two groups  was   

performed using  either a 

parametric or nonparametric test 

(depending on parameter 

distribution). Our initial protocol 

was designed to detect differences 

in terms of lower limb alignment 

between two groups of patients 

undergoing CAS or conven- tional 

TKA. The present research pro- 

tocol aimed to evaluate clinical 

and radiologic outcomes of those 

two groups 10 years after surgery. 

A post hoc analysis confirmed 

that regarding our primary 

outcome with our avail- able 

sample size and postoperative 

score SD, this study had 80% 

power to detect a difference > 6 

points out of 100 on the KOOS 

subscores (published minimally 

clinically important differ- ence 

[MCID]: 8 points) and > 6 points 

on the SF-12 components 

(published MCID: 5 points) at the 

p < 0.05 level [4, 6]. Our study 

was not adequately 

powered for survival analysis. 

Analysis was performed using 

SPSS software (Version 12; SPSS 

Inc, 

Chicago, IL, USA). All calculations 

assumed two-tailed tests. 

 
 
 

Results 

 
With the numbers available, there 

was no difference between the 

CAS group and the conventional 

TKA group in terms of 

survivorship free from aseptic 

loosening 10 years after TKA 

(97%, 95% CI 95%-99% versus 

97%, 95% CI 95%-99%; p = 0.98; 

Fig. 2). 

When investigating latest 

followup scores (improvement of 

those scores was not assessed 

because they were not available 

preoperatively), we found no 

difference between groups 

regarding SF-12 score 

(respectively, for CAS and control 

patients, physical SF-12: 72 6 

12 versus 73 6 13 mean 

difference 0, 95% CI -3 to 3, p = 

0.9; mental SF-12: 75 6 8 versus 

73 6 10, mean differ- ence 2, 95% 

CI 024, p = 0.3) as well as for all 

KOOS subscores (all p > 0.1; Fig. 

3). FJS scores were similar in both 

groups with 83 6 4 for CAS and 

82 6 5 for control patients (mean 

difference 1, 95% CI 022, p = 0.2) 

at last fol- lowup. Finally, the new 

KSS scores were not statistically 

different between 

groups with a mean objective 

score of 82 6 13 for CAS patients 

versus 79 6 12 for control 

patients (mean differ- ence 2, 

95% CI 025, p = 0.5) and 
a mean subjective score  of 83 6 
11 

versus 85 6 12, respectively  
(mean 

difference  2,  95%  CI  025,  p  = 
0.5; 

Table 2). 

 
 
 

Discussion 

 
The premise of CAS in TKA was 

to improve implant positioning and 

re- store a neutral mechanical axis 

with the goal of improving function 

and im- plant survivorship [22]. 

The benefits of CAS to improve 

implant positioning around a 

defined target goal and to 

decrease outliers have been 

demon- strated, but whether 

improved posi- tioning will impact 

these other goals remains 

uncertain [10, 12]. The results of 

our earlier randomized controlled 

trial focusing on postoperative 

implant positioning in these two 

groups of patients randomly 

assigned to CAS or conventional 

TKA showed improved lower limb 

alignment and tibial im- plant 

position in the coronal plane for 

the CAS group [17]. To evaluate 

any potential benefits of this 

improved alignment, in this 

secondary analysis, we compared 

clinical outcomes and implant 

survivorship between the same 

groups with a minimum followup of 

10 years [4, 17]. Specifically, we 

asked whether CAS would 

improve 10-year survivorship and 

certain PROMs as compared with 

conventional in- strumentation. 

Those PROMs were not included 

in our initial study protocol and 

thus the functional scores we 
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assessed in the present study 

were only available at the latest 

followup period. The results of 

our study suggest that 
 
 
 
 
 
 
 
 
Fig. 2 Kaplan-Meier analysis shows survivorship using revision for 

mechanical failure as the endpoint. 

CAS used for TKA placement with 

restoration of a neutral mechanical 

axis 
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Table 2. Clinical score evaluation at last followup 

Clinical outcomes CA
S 

Control Mean diff erence absolute value (SD) p 
value 

New KSS subjective score 83 6 11 85 6 12 2 (3) 0.5 

New KSS objective score 82 6 13 79 6 12 2 (3) 0.5 

KOOS symptoms 94 6 8 95 6 8 1 (2) 0.4 

KOOS pain 92 6 7.8 94 6 4.7 2 (1) 0.1 

KOOS ADL 90 6 5 90 6 3 1 (1) 0.5 

KOOS sport 66 6 12 68 6 11 2 (3) 0.4 

SF-12 physical 72 6 12 73 6 13 0 (3) 0.9 

SF-12 mental 75 6 8 73 6 10 2 (2) 0.4 

FJS 83 6 4 82 6 5 1 (1) 0.2 

Values are mean 6 SD; CAS = computer-assisted surgery; KSS = Knee Society Score; KOOS = Knee injury and Osteoarthritis Outcome 

Score; ADL = activities of daily living; FJS = Forgotten Joint Score. 

 

as the target goal did not confer 

any substantial advantage in 

survivorship, function, or quality of 

life 10 years after TKA. 

Several limitations can be 

outlined in our study. First, the 

study is un- derpowered to detect 

all but very large differences in 

survivorship. When the study 

protocol was developed, the 

groups were powered for 

radiographic analysis of 

alignment; functional and 

survivorship data were not 

available to calculate sample size 

because all PROMs used in this 

secondary analy- sis were either 

not available or not translated into 

French in the 

preoperative/postoperative period. 

Al- though our groups were 

initially 

comparable in terms of 

demographics and preoperative 

knee deformities, we can only 

suspect that they were also 

comparable in terms of pain and 

func- tion at baseline. However, 

with the numbers available and a 

power of 80%, we could 

demonstrate a clinically im- 

portant difference for the SF-12 and 

the KOOS (minimal clinically 

important 

 
 

 
 

Fig. 3 These results show a comparison of the KOOS score between CAS and control patients. *All p > 0.1. ADL 

= activities of daily living; QOL = quality of life. 



Copyright © 2017 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited. 

 

 

 
 



Copyright © 2017 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited. 

 

 

 
 
 
 
 

Table 3. Level I and II studies reporting clinical and radiologic outcomes for CAS versus conventional 
TKA 

Main clinical 

 

Survivorship or 

 
 

Studies
 Serie
s 

 

Level of 
evidenc
e 

Mean age 
(years; 6 

SD or 
range) 

 

Mean 
followup 
(months) 

outcome 
(CAS versus 
conventional

) 

radiologic 
evaluation (CAS 

versus 
conventional) 

Lü tzner et al. (2010) 

[19] 

 
 

 
Ishida et al. (2011) 

[14] 

 

 
Hernández- 

Vaquero et al. 

38 CAS TKA I 68 (63-74) 70 (clinical) KSS knee score 89 

versus 89 (NS) 

35 conventional TKA 69 (59-76) 20 (radiographic) KSS function 70 

versus 70 points 

(NS) 

27 CAS TKA I 82 (56–89) 72 KSS knee 94 versus 

84 (p < 0.01) 

27 conventional TKA 82 (51–87) KSS function 80 

versus 80 (NS) 

50 CAS TKA II 70.4 (SD 6.9) 99 Global KSS 169 

versus173 (NS) 

No diff erences 

 
 
 
 

No diff erences 

 
 
 

94.7 versus 81% 

survivorship 

(2011) [11] 50 conventional TKA 68.8 (SD 8.5) (no differences p 

= 0.08) 

Kim et al. (2012) 

[16] 

520 CAS I 67.4 (49-88) 129 KSS knee 93 versus 

92 (NS) 

520 conventional 68.7 (50-86) KSS function 81 

versus 83 (NS) 

No differences 

Harvie et al. (2012) 22 CAS I 70 (NA) 60 Global KSS 157    

[9] 24 conventional 70 (NA) (29.8) versus 148 

(37.9) (NS) 

Lü tzner et al. (2013) 

[18] 

34 CAS TKA I NA 60 KSS knee 79.6 

versus 81.3 (NS) 

33 conventional TKA KSS function 66.5 

versus 65.5 (NS) 

No differences 

Cip et al. (2014) [5] 100 CAS TKA I 74.9 (53.1-91.9) 60 IKS knee 96 versus 

93.4 (p = 0.02) 

100 conventional TKA 76 (34.7-89.6) IKS function 96.3 

versus 89.1 (p = 

0.004) 

No differences 

Baumbach et al. 50 CAS III 73.6 (SD 8.9) 120 Global KSS 141 98 versus 87% 

(2016) [3] 46 conventional 68.6 (SD 7) versus 135 (NS) survivorship (p = 0.03) 

Our study (2016) 40 CAS TKA I 64.4 (18-71) 132 SF-12 physical: 72 

versus 73 (p = 0.9) 

No differences 

40 conventional TKA mental: 75 versus 

73 (p = 0.3) 
 

 

CAS = computer-assisted surgery; KSS = Knee Society Score; NS = nonsignificant; IKS = International Knee Society score. 

 

difference > 6 points) if one indeed 

were present [4, 6]. 

Second, the target used in this 

study was based on the 

mechanical align- ment 

philosophy. Controversy sur- 

rounds the ideal alignment goal 

in TKA. Historically “restoring” 

mechanically neutral alignment 

through bone cuts aligned to the 

limb’s mechanical axis has been 

suggested to offer patients the 

best chance for long- term 

prosthetic knee function and 

survival [1, 2]. More recently, 

ques- tions have been raised as to 

whether these targets should shift 

to achieve more patient-specific 

alignment goals, restoring the 

individual’s premorbid alignment 

and thus restoring knee 
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kinematics [13, 21]. We might 

have chosen the wrong target in 

our series; however, to date no 

scientific evidence of a better 

“systematic option” has been 

demonstrated [27]. 

With the numbers available, we 

found no survivorship advantage 

in patients treated with CAS TKA 

10 years after surgery. Although 

our results are consistent with the 

results from others authors [3, 9, 

11, 14, 16, 

19, 20] (Table 3), our series was 

not adequately powered for 

survival anal- ysis. Because we 

found the same im- plant 

survivorship between the groups 

(if aseptic loosening was defined 

as the endpoint), a post hoc 

analysis evalu- ated that 1500 

patients would be needed in each 

group to be able to de- tect a 2% 

survivorship difference 10 years 

after surgery. Those numbers 

demonstrate the difficulty in 

planning a controlled trial powered 

to distin- guish such survivorship 

improvement. Parratte et al. also 

showed that the restoration of a 

neutral mechanical axis is perhaps 

not the best predictor of 

survivorship [21]. More specific 

tar- gets of alignment may be 

required and several new 

concepts have emerged recently 

such as kinematic alignment or 

constitutional alignment [1, 2]. 

These techniques are too recent to 

have long-term survivorship; and 

if some clinical improvements 

have been shown at midterm 

followup [13], a re- cent 

randomized controlled study 

failed to demonstrate any clinical 

benefit of the kinematic alignment 
concept 2 years after TKA [27]. 

The results of the clinical 

evaluation showed no benefit for 

navigated patients. This is in 

agreement with other publications 

with at least 5 years of followup [9, 

11, 16, 18, 19]. Harvie et al. [9] 

found no differences in patient 

satisfaction 5 years 

postoperatively and Kim et al. 

[16] did not find any 

differences in KSS or Hospital for 

Special Surgery score evaluation 

at 10 years. Similar KSS scores 

were repor- ted  by  Lü tzner  et  al.  

[18,  19]  and Hernández-Vaquero  

et  al.  [11]  at,  re- spectively, 5 

years and 7 years of fol- lowup. We 

did not find any long-term report 

demonstrating a clinically im- 

portant difference between CAS 

and conventional TKA. However, 

Ishida et al. [14] found superior KSS 

scores at 60 months (94 versus 

84), but they found no differences 

in KSS function scores between 

CAS and conventional 

instrumented TKA. Cip et al. [5] 

demonstrated higher KSS pain and 

function scores 60 months after 

navi- gated TKAs, but the observed 

differ- ences were below the MCID, 

suggesting that patients are 

unlikely to perceive the differences 

as clinically important. In our 

series, we aimed to evaluate 

patients based on self- reported 

and validated questionnaires [7, 

23, 25, 26]. It is difficult to compare 

our results with some of those 

earlier reported because many 

were based on surgeon-reported 

scoring systems (eg, prior version 

of the KSS). 

In conclusion, our series failed to 

demonstrate either long-term survival 

or clinical benefits of CAS-performed 

TKA over conventional implantation 

techni- ques designed to restore the 

neutral me- chanical axis. Because 

CAS is associated with added costs 

and surgical time, fu- ture studies 

need to identify what clini- cally 

relevant advantages it offers to 

justify its continued use in TKA. 
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