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This study aimed to compare two-dimensional (2D) 
and three-dimensional (3D) methods for evaluating 
implant alignment in navigated UKA. Nineteen UKAs 
in 18 subjects (7 men) were performed using an im-
age-free navigation system. Coronal and sagittal im-
plant alignments were assessed using radiographs 
(2D evaluation) and 3D image-matching software. 
The accuracy of 2D evaluation was compared with 
that of 3D evaluation. A deviation > 3° from the 3D 
evaluation was defined as an outlier. In the 2D evalu-
ation, outliers for the femoral component were ob-
served in both the coronal plane (6/19 subjects) and 
the sagittal plane (3/19 subjects). In UKA, assessment 
of the implant position might be misjudged because of 
the design of the implant, especially for the femoral 
component ; 3D methods are ideal for assessment of 
implant alignment. 

Keywords : unicompartmental knee arthroplasty ; 
implant alignment ; three-dimensional evaluation ; 
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INTRODUCTION

Unicompartmental knee arthroplasty (UKA) has 
been performed for the treatment of isolated uni-
compartmental knee disease for more than 3 de-
cades. The long-term outcome of UKA depends on 
patient selection, age, sex, and level of activity (9,12). 
In order to obtain a satisfactory outcome after UKA, 
proper surgical technique and optimal implant posi-

tioning are essential (11,13). Although the optimal 
alignment still remains controversial, it is accepted 
that inaccurate implantation is a factor for early fail-
ure. Thus, it is generally agreed that accuracy of im-
plant positioning and reconstruction of the mechan-
ical leg axis are major requirements for achieving 
good long-term results following UKA (2,3,18).

Recent advancements in computer-assisted sur-
gery (CAS) make it possible to plan the operation 
preoperatively, in detail, in 3 dimensions (3D) ; 
CAS is also used intraoperatively. However, most 
postoperative evaluations of implant positioning are 
still undertaken in 2 dimensions (2D). In fact, most 
studies reporting improved accuracy and decreased 
variability in implant placement position and post-
operative limb alignment following CAS undertook 
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the evaluation using plain radiography (7,8,12,18). 
Only a few studies have assessed implant position 
in 3D, using computed tomography (CT) or mag-
netic resonance imaging (5,16,19). Radiographic 
evaluation has limitations ; radiographs cannot pro-
vide information on component rotation. In addi-
tion, when using radiographs to assess UKA it can 
be difficult to evaluate the coronal and sagittal im-
plant position due to features of the component, in 
contrast to total knee arthroplasty (TKA). Therefore 
it is hypothesized that the radiograph is an inaccu-
rate and inappropriate method for evaluating com-
ponent position in UKA. The aim of the present 
study was to compare 2D and 3D methods of evalu-
ating component alignment in navigated UKA, and 
explore the difficulties involved in evaluating com-
ponent alignment, particularly relating to the femo-
ral component.

MATERIALS AND METHODS

This study included 19 consecutive UKAs, undertak-
en in 18 subjects (7 men, 11 women ; mean age [SD], 73 
(6) years ; range, 61-80 years). Two types of UKA pros-
thesis (Unicompartmental High-Flex Knee System, Zim-
mer, Warsaw, IN (10 cases) ; Triathlon Partial Knee Re-
surfacing System ; Stryker Orthopedics, Mahwah, NJ (9 
cases)) were implanted with measured resection tech-
niques, using an image-free navigation (NA) system 
(Stryker 4.0 image-free computer navigation system ; 
Stryker). After medial parapatellar arthrotomy and place-
ment of the tracker pins, anatomical landmarks were 
digitalized to determine the leg axis. Landmarks for the 
femur (hip joint center, center of distal femur, White-
side’s line (24), articular femorotibial joint surface, and 
anterior surface of femur) and tibia (center of proximal 
tibia, articular femorotibial joint surface, Akagi’s line (1), 
medial and lateral malleolus) were ascertained. The hip 
joint center was calculated kinematically, by tracking the 
position of the femoral reference frame during hip mo-
tion. The rotational axes of the femur and tibia were de-
termined using Whiteside’s line and Akagi’s line, respec-
tively. In general the surgeon attempted to implant the 
tibial component perpendicular to the tibial mechanical 
axis in the coronal plane, sloped 5-7° posterior, toward 
the sagittal mechanical axis, and parallel to Akagi’s line 
in rotation. The surgeon also attempted to implant the 
femoral component perpendicular to the femoral me-
chanical axis in the coronal plane, allowing few degrees 

of sagittal flexion according to the surgeon’s judgment, 
and parallel to the surgical epicondylar axis in rotation.

Evaluation of implant positioning

Evaluation in 2D with conventional radiography

Four weeks postoperatively, anteroposterior and lat-
eral long leg weight-bearing radiographs (320 mA, 0.03 s 
exposure at 80-100 kV, depending on soft tissue thick-
ness) were obtained, and component alignment was eval-
uated, as described below. In addition to the assessment 
of alignment in TKA, component alignment was defined 
as : femoral coronal alignment (Fig. 1a), the angle be-
tween the femoral coronal mechanical axis and the distal 
line of the femoral component ; tibial coronal alignment 
(Fig. 1b), the angle between the tibial coronal mechanical 
axis and the distal line of the tibial component in coronal 
anteroposterior radiographs ; femoral sagittal alignment 
(Fig. 1c), the angle between the femoral sagittal mechan-
ical axis and the distal line of the femoral component ; 
and tibial sagittal alignment (Fig. 1d), the angle between 
the tibial sagittal mechanical axis and the distal line of 
the tibial component. As there is no rigorous definition of 
the sagittal mechanical axis at present, it was determined 
according to previous reports (6,20,21). The femoral sagit-
tal mechanical axis is the line connecting the femoral 
head and the insertion point of the intramedullary rod, 
when conventional TKA is performed (21). The tibial sag-
ittal mechanical axis is the line connecting the most ante-
rior point on the tibial plateau, and the most anterior and 
most distally available point of the tibia. The longitudinal 
axis of the tibia was assumed to be parallel to the tibial 
sagittal mechanical axis (6,20). 

Evaluation in 3D with 3D templating software

In addition to the 2D evaluation, a 3D evaluation was 
performed using Athena Knee® 3D image-matching 
software (Soft cube, Osaka Japan), again at 4 weeks post-
operatively (15,23). A 3D marker was attached to the sur-
face of the patient’s lower leg, and the silhouettes of the 
marker on the images were used to couple the 2 radio-
graphic images to the 3D. Next, the implanted compo-
nents were matched to the images using a computer- 
aided design program. Preoperative CT images were also 
matched to the coupled radiographic images. In this 
 process, continuous CT data could be divided into femo-
ral and tibial sequencing. Using the matched image, we 
measured the 3D alignment of the femoral component 
(Fig. 2a) and tibial component (Fig. 2b). The same 

ishida-.indd   655 18/01/16   11:35



656 K. ishida, a. Toda, n. shibanuma, T. maTsumoTo, r. Kuroda, m. KurosaKa 

Acta Orthopædica Belgica, Vol. 81 - 4 - 2015

 references points as used in the 2D evaluation were 
 established, and the component alignment was measured. 

We compared the angles measured in the 2D and 3D 
evaluations. The cases in which the angle of the 2D eval-
uation deviated more than 3° from the angle of the 3D 
evaluation were defined as outliers. The measurements 
were repeated at least 3 times, by 2 authors blinded to 
clinical information, and the mean values were used. 
This study was approved by the institutional review 
board at our hospital (identification number : 0057).

STATISTICAL ANALYSIS

Results were analyzed using a statistical software 
package (Stat Mate III ; ATMS Co., Ltd., Tokyo, 
Japan). Differences between 2D and 3D measure-

ments were analyzed using the paired Student t-test. 
The number of outliers in each component align-
ment was analyzed using the chi-square test. When 
the analysis of variance was observed to be signifi-
cant, chi-square post-hoc analysis were performed 
to determine which groups were significantly differ-
ent from one another. Sample size was determined 
based on the results of the pilot study by power 
analysis, using G power 3.1 software (alpha = 0.05 ; 
power level = 80% ; observed effect size = 1.05 ; 
total sample size = 10). The estimated sample size 
was 12 subjects and the post-hoc power analysis 
further confirmed that the power was 0.998. 

RESULTS

The results with intra- and inter-observer reliabil-
ity showed that both the 3D and 2D methods of 
measurement were acceptable for measuring the 
implant position (Table I). 

Comparison of the 2D and 3D measurement 
methods indicated that the measured angles did not 
differ significantly between the 2 methods, for any 
of the component alignments (Fig. 3a-d). 

The numbers of outliers were as follows : coronal 
femoral, 6 ; sagittal femoral, 3 ; coronal tibial, 0 ; 
and sagittal tibial, 0 (Fig. 4a-d). 

Statistical analysis found that the number of out-
liers differed significantly among the 4 measure-
ments (p = 0.003). Further post-hoc analysis to 
compare the measurements found that the number 
of outliers in the femoral coronal measurement was 
significantly larger than that of the tibial coronal 
(p = 0.008) and tibial sagittal (p = 0.008) measure-
ments. 

DISCUSSION

The most important finding in this study is that 
the number of outliers in the femoral coronal mea-
surements was significantly larger than that of the 
other measured alignments. The results suggest that 
component alignment might be misjudged by radio-
graphic evaluation, especially in terms of the femo-
ral coronal alignment. To the best of our knowledge, 
this study is the first to compare the 2D and 3D 
methods of measurement in UKA.

a c

b d

Fig. 1
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superior method. Although the importance of rota-
tional alignment in UKA with a fixed-bearing insert 
remains unresolved, radiographic methods may not 
be useful for assessing rotational alignment in UKA. 
Indeed, previous reports found that there were rela-

Given the importance of evaluating rotational 
alignment in TKA, the superiority of 3D evaluation 
is well established. Although there are several ra-
diographic methods for the evaluation of rotational 
alignment (10,22), it is generally agreed that CT is a 

Table I. — Measurement of intra- and inter-rate reliability

Intra-rater Reliability Inter-rater
Reliability

Intra-rater Reliability Inter-rater
Reliability

ATHENA (3D) Radiograph (2D)
Observer 1 Observer 2 Observer 1 Observer 2

Femoral
varus/valgus

0.99 0.99 0.99 0.98 0.93 0.91

Femoral
flex/ext

0.99 0.99 0.99 0.99 0.99 0.98

Tibial
varus/valgus

0.94 0.93 0.98 0.97 0.97 0.86

Tibial posterior 
slope

0.93 0.83 0.84 0.91 0.97 0.9

a b

Fig. 2
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As well as the fact that the ideal mechanical 
 coronal and sagittal axes have not been fully identi-
fied, the ideal implant position in UKA is also poor-
ly understood. Implant position alone cannot deter-
mine the mechanical axis, because of the intact 
opposite compartment and surrounding tissues. The 
mechanical axis is affected by multiple factors, 
 including the size of the osteotomy and the insert. 
Although it has been hypothesized that a varus/ 

tively high rates of outliers for both femoral and 
tibial rotational alignment (16,19). Results of unpub-
lished data also found that the ratio of outliers in 
rotational alignment was higher than that of coronal 
and sagittal alignment in navigated UKA, because 
identification of bony landmarks is difficult in the 
context of a small operating field. These results sug-
gested that rotational alignment should be carefully 
assessed in UKA.

Fig. 3

a c
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and surgical technique are necessary to achieve nor-
mal knee kinematics in the future (17). This indi-
cates that precise implant placement is required if 
reconstruction of the normal joint surface and kine-
matic alignment is to be achieved. The present study 
adds to this research, by providing evidence that (i) 
2D evaluation is inappropriate for assessment of 
component alignment ; and (ii) 3D evaluation may 
be more appropriate for use in future UKA studies. 

In contrast to our expectations, the present study 
found that inter- and intra-observer reliability is 
high in 2D evaluation. The 2D measurement evalu-
ation was undertaken using a single radiograph, 

valgus malposition of the implants did not signifi-
cantly affect limb alignment, Kim et al. suggested 
that varying the prosthetic alignment has indirect 
implications for the postoperative mechanical 
axis (14). On the other hand, UKA has the concept of 
surface replacement surgery, and recent reports sug-
gest that the tibia should be cut parallel to the joint 
line, to correct only the intra-articular deformity (4). 
A recent study found that kinematics after UKA are 
not the same as normal, and may be similar to pre-
operative kinematics if the tibial cut is perpendicu-
lar to the tibial mechanical axis (17). The authors 
suggested that improvements to the implant design 

Fig. 4
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thus the results were constant and independent of 
the observer. However, given that the accuracy of 
2D evaluation is dependent on leg position, it is 
likely that the results would be more variable and 
inaccurate if multiple radiographs, taken at different 
times, were assessed in clinical settings.

There are several limitations to this study. The 
main limitation is that we did not seek to identify a 
correlation between the inaccurate measurements 
and clinical outcome. The relationship between 
component position and clinical outcome is not un-
derstood, and future study relating to this issue in 
the field of UKA would be invaluable. However, the 
ability to conduct such work is dependent upon the 
availability of a valid methodology ; the present 
study has identified methodological inaccuracies as-
sociated with the use of 2D imaging, and recom-
mends the use of a 3D method. Another limitation is 
the relatively small number of cases ; however, the 
power analysis indicates that the study had adequate 
power, and as such the results of the present study 
are considered convincing. 

This study is clinically relevant, in that it has 
drawn attention to the risk of misjudging the coro-
nal component alignment when using radiographs 
to evaluate UKA. The results suggest that postop-
erative evaluation should be performed using 3D 
methods. 

CONCLUSION

The 2D evaluations had a significantly greater 
number of outliers from the 3D evaluations in the 
coronal femoral implant alignment, compared with 
either tibial coronal or sagittal alignment. In post-
operative evaluation of UKA, assessment of im-
plant position might be misjudged because of the 
design of the implant, especially in the femoral 
component. Considering the need for assessment of 
the rotational alignment, evaluation with 3D meth-
ods is an  ideal tool for the postoperative evaluation 
of UKA. 
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