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Component alignment and functional outcome 
following computer assisted and jig based total knee 
arthroplasty

Dnyanesh G Lad, Jai Thilak, Mohan Thadi

abStRact
Background: Incorrect positioning of the implant and improper alignment of the limb following total knee arthroplasty (TKA) 
can lead to rapid implant wear, loosening, and suboptimal function. Studies suggest that alignment errors of	>	3° are associated 
with rapid failure and less satisfactory function. Computer navigated systems have been developed to enhance precision in 
instrumentation during surgery. The aim of the study was to compare component alignment following computer assisted surgery 
(CAS) and jig based TKA as well as functional outcome.
Materials and Methods: This is a prospective study of 100 knees to compare computer-assisted TKA and jig-based surgery in 
relation to femoral and tibial component alignment and functional outcome. The postoperative x‑rays (anteroposterior and lateral) 
of the knee and CT scanogram from hip to foot were obtained. The coronal alignment of the femoral and tibial components and 
rotational alignment of femoral component was calculated. Knee society score at 24 months was used to assess the function.
Results: Results of our study show that mean placement of the tibial component in coronal plane (91.3037°) and sagittal planes 
(3.6058°) was significantly better with CAS. The difference was statistically insignificant in case of mean coronal alignment of the 
femoral components (90.34210° in navigation group and 90.5444° in jig group) and in case of the mean femoral condylar twist 
angle (external rotation 2.3406° in navigation group versus 2.3593° in jig group).
Conclusions: A significantly improved placement of the component was found in the coronal and sagittal planes of the tibial 
component by CAS. The placement of the components in the other planes was comparable with the values recorded in the 
jig‑based surgery group. Functional outcome was not significantly different.
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intRoduction

Total knee arthroplasty (TKA) has been reported as one 
of the most successful procedures with survival rates 
greater than 90% after 15 years.1 Success depends 

on the preoperative condition of the patient, the design 
and materials of the components, surgical technique and 
surgeon’s ability to properly align the extremity and position 

the components.1‑8 It is important to position the femoral and 
tibial components accurately and to balance the soft tissues 
correctly as component mal alignment is the principle cause 
of early failure.9 This has been attributed to instability and 
patello‑femoral complications. It is also a contributing factor 
in later failures due to polyethylene wear or fixation failure.10

Optimal alignment and adequate positioning can be achieved 
using traditional jigs and alignment guides, or by the use of 
computer navigation. It is recommended that in the coronal 
plane, the femoral and tibial components be positioned 
with less than 3° of error.2 Such placement has been 
achieved in 70% to 80% of patients using intramedullary 
or extramedullary alignment guides.3,4 Entry point of the 
intramedullary alignment guide is critical as it can change 
both the coronal and the sagittal alignment.5 For rotational 
alignment of the femoral component, use of the Whiteside 
line, the transepicondylar axis, and posterior femoral 
condyles is recommended to avoid problems of patellar 
maltracking.7 However, the transepicondylar axis can be 
identified visually within 3° in only 75% of arthritic knees 
and there may be errors in its identification when using a 
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mini‑invasive approach.11 A high degree of accuracy cannot 
be expected using conventional techniques for rotational 
alignment by palpating anatomical landmarks. CAS has 
been developed to improve accuracy of the alignment and 
orientation of the components in TKA. Some studies have 
indicated that there was no significant difference between 
CAS and conventional TKA.12 Others found a clear tendency 
toward improved alignment of the limb with CAS.13‑15

The aim of our study was to compare CAS and jig‑based 
TKA with respect to the component alignment in the 
coronal and sagittal plane of tibial component, and to 
assess the accuracy of the rotational alignment of the 
femoral components. We also aimed to study the functional 
outcome after each surgery in both techniques.

mateRialS and methodS

After Institutional Ethical Committee approval and patient’s 
written informed consent, we conducted a prospective study. 
We included 100 consecutive knees meeting the inclusion 
criteria, undergoing primary TKA in a 1 year period, which 
were at random alternately placed into two groups of 50 each. 
In total there were 46 left knees and 54 right knees. Group 
1 consisted of surgeries performed using computer‑assisted 
navigation. Group 2 consisted of surgeries using conventional 
jig‑based methods. The patients who underwent primary TKA 
for tri‑compartmental osteoarthritis were included in the study. 
Exclusion criteria consisted of those knees with more than 30° 
valgus and revision TKA’s.

Implants used included NexGen LPS (Zimmer, USA), PFC 
Sigma DePuy (Johnson and Johnson, USA), and INOR 
Total Condylar System (INOR Orthopedics, Mumbai, India), 
selection of which was determined by the socioeconomic status 
of the patient [Figure 1]. The bilateral TKA’s were performed 
one week apart. Single surgeon (JT) performed all the cases.

A standard midline approach with a medial parapatellar 
arthrotomy was used. The tibial cut was made first. The 
posterior slope of the tibial component varied with the 
implant selected as per the implant specific guidelines.

In the CAS group (Group 1), a navigation system (Vector 
Vision CT‑free Knee; Brain LAB, Munich, Germany) with 
an optical tracking unit was used. Bone cuts were made as 
per the image reconstructed by the computer. In the Group 
2, intramedullary jig was used for the distal femoral cut and 
an extramedullary alignment guide was used for cutting the 
proximal tibia.

Postoperative protocol consisted of 3 days intravenous 
antibiotics, deep vein thrombosis prophylaxis of injection 
Fondaparinaux	2.5 ml subcutaneously OD on day of 

surgery, and tablet Aspirin 300 mg OD for 6 weeks at 
discharge. Patients were ambulated the next day post 
surgery and discharged by the fifth day.

Prior to discharge, patients underwent anteroposterior and 
lateral radiographs of the knees and a CT scanogram from 
the hip to the foot [Figure 2]. A protocol for the scan was 
submitted to the radiology department for standardization 
of the images. Anatomical landmarks determined as per 
the Perth protocol included the center of the femoral 
head, the center of the talus, midpoint of the intercondylar 
notch, and center of the polyethylene insert/tibial plateau  
[Figure 3a]. On axial cuts, the lowest point of the sulcus 
between the attachments of superficial and deep medial 
collateral ligaments was marked, as was the tip of lateral 
epicondyle. The mechanical and anatomical axes were 
identified. The alignment of the prosthesis was then 
measured against the mechanical axis in both AP and 
lateral planes. The medial angles thus formed was to yield 
the coronal alignment of the femoral component and tibial 
components [Figures 3b,c]. The coronal alignment angle 

Figure 1: Bar diagram showing depicting the implants used

Figure 2: Postoperative CT scanogram of the lower extremity from hip 
to foot showing implant in situ
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tibia. The Wilcoxon signed rank test was used for the other 
parameters. The error, i.e., deviation away from the acceptable 
limits, was assessed with the Mann–Whitney test. The level of 
significance was set at P	=	0.05 for the radiographic parameters 
and P	=	0.001 for the functional outcome.

ReSultS

In Group 1 (CAS), there were 27 patients–17 women 
(32 knees) and 10 men (18 knees) with a mean age of 
66.84 years (SD 5.912 yrs, range: 56–81 years). A mean 
preoperative deviation of the axis of the leg assessed on 
weight bearing radiographs was 6.17° varus (SD 8.216, 
range 21.37° varus to 24.43° valgus on right and 17.11° 
varus to 6.16° valgus on left).

In Group 2, there were 31 patients–26 women (43 knees) 
and 5 men (7 knees) with a mean age of 64.86 years (SD 
8.204 years, range 56 to 80 years) and a mean preoperative 
deviation of 7.77° varus (SD 12.071, range 34.09° varus 
to 17.99° valgus on right and 43.1° varus to 20.91° valgus 
on left). There is no statistically significant difference in 
the outcomes based on the preoperative axis deviation 
(Fisher’s Exact test; P	=	0.156). No significant inter‑observer 
variability for any of the parameters was observed.

Mean coronal alignment of the femoral component was 
found to lie within the 3°of acceptable deviation from 
midline. In Group 1, the mean angle was 90.34210° (SD: 
94.355° valgus–86.725° varus) while in Group 2 mean 
angle was 90.5444° (SD: 97.15° valgus–86.025° varus). 
Hence, there was greater variability in the component 
positioning in Group 2. However, there was no significant 
difference in the overall coronal femoral component 
alignment (P	=	0.777; Mann–Whitney test). Further, there 

was measured against the target alignment of 90°. An angle 
of	<90° was classified as varus alignment of the component, 
angle of	>90° was classified as valgus. The rotation of the 
femoral component was measured relative to the axis 
between the medial sulcus and lateral epicondyle.

Lateral radiographs were considered satisfactory if 
the knee was well centered without substantial limb 
rotation. The alignment of the femoral pegs on the lateral 
radiograph was used to determine limb rotation when 
such pegs were present. A complete overlap between 
the two pegs denotes no limb rotation relative to the 
radiographic plate. A partial overlap was accepted. 
The posterior angle formed by the undersurface of 
the tibial component and the tibial axis was measured  
[Figure 3d]. The target implantation was set between 3° 
and 7° posterior slope in this study keeping in mind the 
different implants being used. The rotational deviation 
of the femoral component from the referenced axis was 
determined by the angle between the line connecting the 
posterior femoral condyles and the line connecting the 
sulcus and lateral epicondyle [Figure 4].

The data was recorded by two independent observers, 
on two identical master charts, collaborated at the end of 
the study. The mean of two measurements was recorded 
for each evaluated film. 24 month followup Knee Society 
Scores were used.

Data was analyzed using SPSS, using an unpaired t‑test to 
assess inter‑observer variability for the mechanical axis of the 

Figure 3: (a) CT scanogram showing center of the femoral head, talus, 
intercondylar notch, and polyethylene insert as marked, (b) Center of 
femur head is joined with a line to the center of the intercondylar notch. 
A tangent is drawn to the articular surface of the femoral condyles. 
The medial angle thus formed represents the coronal alignment of 
the femoral component, (c) Center of the tibial base plate is joined 
to the center of the AQ4 ankle. A second line is drawn parallel to the 
undersurface of the tibial component. The medial angle thus formed 
represents the coronal alignment of tibial component, (d) Center of the 
talus is joined to the center of the proximal tibia on lateral radiograph. 
The angle formed between this line and the line drawn parallel to the 
undersurface of the tibia gives the posterior slope of tibial component

Figure 4: Axial CT shows angle between the line connecting the 
posterior femoral condyles and the line connecting the medial sulcus 
and lateral epicondyle measures the femoral condylar twist angle

c dba
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were a greater number of outliers in Group 2, but this was 
statistically insignificant (P	=	0.286; Mann–Whitney Test).

Mean coronal alignment of the tibial component in 
Group 1 was 91.3037° (95.69°‑87.62°), while that in 
Group 2 was 90.2663° (98.405°‑86.265°). The variation 
from the mean value was significantly greater in group 2  
(P	=	0.008; two‑tailed t test). This variation from the 3° 
of acceptability was found to be statistically insignificant  
(P	=	0.229; two‑tailed t test). Hence, within the acceptable 
limits, the values in Group 1 were found to be closer to 
the target value of 90°. Statistically, there was significant 
difference in the variability of tibial component alignment 
in the coronal plane with respect to deviation from 90° 
(P	=	0.008; t‑test). We deduced that CAS helps increase 
the accuracy of the tibial component alignment in the 
coronal plane.

Femoral condylar twist angle was ideally set for 3° external 
rotation. Up to 3°of rotation on either side of this value was 
deemed acceptable. Our study showed that the mean value 
for both groups fell within the limits of acceptability–Group 1 
had a mean of 2.3406° of external rotation (10.065°‑0.32°), 
whereas Group 2 demonstrated a mean value of 2.3593° 
of external rotation (6.29°‑0.143°). When the outliers from 
the 3° mark were tested statistically, there was no difference 
between the two groups (P	<	0.157; two‑tailed t test). A 
significant difference in favor of Group 1 was detected with 
respect to variation from the mean of the posterior slope  
(P	=	0.002; two‑tailed t test). The mean was 3.6058°(0.98°–8 
‑ 94°) in Group 1, while it was 4.9491° (0.85°‑9.79°) in Group 
2. When the outliers from the acceptable was compared 
though, there was no significant difference between the two 
groups (P	=	0.571, Mann–Whitney Test). Knee score had a 
mean of 90.94 in Group 1 (82‑98) and 88.90 (80‑100) in 
Group 2 (P	=	0.013; two‑tailed t test). There was no significant 
difference in the functional scores either; Mean: 91.90 (75‑
100) for Group 1 and 89.90 for Group 2 (80‑100) (P	=	0.026; 
Mann–Whitney Test). An average of 90 min tourniquet time 
was observed in both groups.

On followup of 24 months two cases in Group 2 developed 
deep vein thrombosis (DVT) while no Group 1 cases 
presented with DVT. There have been no cases of revision 
TKA for implant loosening or failure in either of the groups. 
There have been two cases of infection, one in each group, 
both of which settled after a debridement and insert change.

diScuSSion

The number of TKAs is increasing annually, while the mean 
age of patients undergoing this procedure is decreasing. 
Thus, attention has been drawn to the longevity of 

the TKA.16 The optimal positioning and alignment of 
prosthetic components are critical to long term success of 
TKA.17,18 Unfavorable outcomes include pain, instability,19 
limited range of motion, polyethylene wear, and implant 
loosening.10 These are perpetuated with improper 
positioning of implants. Postoperative mechanical axis 
within 3° valgus or varus is associated with an improved 
outcome.19 Malalignment of the prosthesis may lead to 
deleterious stresses on implanted components and to 
increased wear rates, which are reflected in poor short 
and long term results and in higher failure and revision 
rates.7,8,20,21

Mahaluxmiwala et al.3 have reported that in 25% of 654 
knees, surgeons irrespective of their experience level failed 
to achieve alignment within	±3° of the mechanical axis. 
Petersen and Engh5 have shown that there was a 26% failure 
to achieve alignment to within 3° of varus or valgus. Varied 
reasons have been proposed for the inaccuracy on the 
femoral side such as bowed femora, wide medullary canals, 
and incorrect entry point. Nagamine et al.22 have also shown 
anatomical variations to occur in osteoarthritic patients 
that are generally not considered in conventional TKA. 
These drawbacks can be circumvented with extramedullary 
guide jigs for the tibia. Extramedullary instrumentation 
is less accurate for the femoral side and inaccuracies are 
heightened in obese patients.18

Malalignment of the tibial component alters the distribution 
of tibial loading and can increase shear forces at the 
tibio‑femoral interface, resulting in increased wear. A 
threshold of 3° of varus malalignment has been reported 
to significantly increase the risk of medial bone collapse.23 
Aglietti and Buzzi reported a statistically significant 
increase in radiolucent lines and in probable loosening if 
tibio‑femoral varus or tibial component varus of more than 
2° was present. Vince et al. noted that all cases in their series 
with tibial loosening were aligned in varus, and 80% of the 
knees placed in varus required a revision.24

In this study, the findings for coronal alignment of the 
components were the same as with the findings of Mullaji 
et al.25 and Jean‑Yves Jenny et al.13 On the other hand, 
Anderson et al.26 reported a significant difference between 
the two groups (P < 0.001). Only a few studies have 
demonstrated any advantage of the navigation system 
with respect to rotational alignment. Using the image‑free 
system, it is uncertain whether digitizing the bony landmarks 
is precise, and the accuracy of the rotational alignment is 
still in question.26‑29

Many authors17,30,31 have reported variability in the 
identification of the transepicondylar axis. We have used 
the medial sulcus for the medial landmark in this study.
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In this study, 75% of the femoral components were 
implanted within 3° of the ideal rotational alignment. 20% 
cases in Group 1 were outside the 3° cut‑off mark (mean 
2.3406°), while 30% of cases in the Group 2 fell outside 
the acceptable limit (mean 2.3593°); however, there was 
no statistically significant difference in this condylar twist 
angle when using the navigation technique, which is in 
keeping with most of the studies done for assessing the 
rotational alignment of the components including the study 
by Choong et al.32 In contrast, Chauhan et al.33 and Stockl 
et al.34 have reported improved rotational alignment of the 
components after navigated TKA.

Anderson et al.35 reported that the tibial posterior slope 
was 3.98 in the control group and 3.08 in the navigation 
group (P	<	0.03). Our study, on the contrary, showed a 
significantly improved outcome in those cases treated with 
navigation. Both the groups drew mean values within the 
acceptable range, but the range and deviation from the 
mean were significantly higher in Group 2 (P	 <	0.002, 
Mann–Whitney Test).

It is difficult for a patient who has undergone bilateral 
TKA to separate the function of each knee. Although 
this is a problem when assessing function after bilateral 
TKA, we believe that we were able to obtain fairly 
accurate information after careful assessment of the 
performance of each knee. Since long term implant 
survival of conventional TKA has been shown to be 
excellent, functional assessment and overall quality of 
life are becoming more critical issues in the evaluation of 
success in TKA.12,36 In our study, the knee score in terms 
of measurements, range of movement, and pain levels was 
contrary to the findings in the paper published by Choong 
et al.32 who suggested better function and quality of life 
for patients following navigation surgery.

Limitations of our study are that, due to varying 
socioeconomic status between patients we had to use 
different implants. This may be considered a confounding 
factor.

There were also huge variations in the preoperative 
deformities of the knees ranging from 34.09° varus to 24.43° 
valgus, which may present as a confounding factor in the 
accuracy of placement of components as well as soft tissue 
balancing. However, our results between the final operative 
outcomes showed acceptable degrees of correction in all the 
patients. The preoperative wide range of varus and valgus, 
though present, were equally distributed in both groups. 
And since we were comparing outcome of two techniques, 
and not surgical methods, it was not relevant or beneficial 
to our study to exclude those patients.

We had two cases of complications of DVT in Group 
2. However, since tourniquet time was not significantly 
prolonged in either group, the 2 cases of DVT were 
incidental observations, and cannot be attributed to 
increasing time for venous stasis.

In conclusion, coronal alignment of femoral component is 
comparable in both groups; however, coronal and sagittal 
plane alignment of tibial component is statistically significantly 
better in the CAS group (Group 1). CAS also demonstrates 
its fair share of errors, which however are comparable with 
those made in the conventional jig‑based surgery.
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