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Abstract

Background Although sagittal tibial alignment in total knee arthroplasty (TKA) is important, no landmark exists to achieve
reproducible slope. It is theoretically demonstrated that the preoperative planned distance between the skin surface and the
rod can be a useful guide for the tibial slope in the previous imaging study. We conducted this retrospective study to confirm
whether the results of the study are repeatable in an intra-operative situation.

Methods Fifty-five consecutive TKAs using the distance from the extramedullary cutting guide rod to the skin surface as
a reference guide for the tibial slope were performed and tibial component positioning was compared with 55 knees per-
formed using the accelerometer-based portable navigation. The tibial component alignment was evaluated with a computed
tomography (CT)-based three-dimensional (3D) software.

Results The absolute mean deviation from the targeted slope in the proposed method was significantly smaller than the
portable navigation (1.0° and 1.7°, respectively, p =0.0025). The outlier rate beyond 3° was 0% in the proposed technique
(16.4% in the portable navigation, p=0.0014).

Conclusions The preoperative planned distance between the skin surface and the guide rod is a useful technique to provide

accurate posterior tibial slope in TKA.

Keywords Preoperative planning - Three dimensional (3D) - Total knee arthroplasty (TKA) - Posterior tibial slope -

Accelerometer-based navigation

Introduction

Total knee arthroplasty (TKA) survivorship depends upon
proper alignment of the limb and prosthesis. Several studies
have correlated poor outcomes with coronal malalignment
of the components [1-3]. Proper sagittal tibial alignment is
also important, as the tibial slope affects stability, range of
motion, and contact pressure within the tibiofemoral joint
in total knee arthroplasty (TKA) [4-9]. While numerous
bone and soft-tissue landmarks for coronal tibial alignment
have been advocated and well discussed [10—15], for poste-
rior slope cut, no good anatomic landmark currently exists
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and it has been poorly discussed how to perform the cut
as planned in the literature. It has been demonstrated that
computer-assisted surgery (CAS) has improved the accu-
racy of the alignment of the implant [16-19]. Recently, nav-
igation systems have been developed using accelerometer
electronic components. The KneeAlign 2 (KA2; OrthAlign
Inc, Aliso Viejo, California) system for TKA is a handheld
accelerometer-based navigation device, which seeks to com-
bine the accuracy of CAS techniques with the ease of use of
conventional alignment methods [20]. The previous study
has reported that this device places 95% of components
within +2° of a 3° of posterior slope [21].

It is theoretically demonstrated that the distance between
the skin surface and the guide rod can be a useful guide for
the posterior slope of the tibia [22]. Preoperative CT-based
planning software for TKA (ZedKnee) enables to plan the
distance between the skin surface and the extramedullary
tibial rod to parallelize the rod to the mechanical axis of
the tibia. However, there is a doubt whether the alignment
rod is placed as planned in an intra-operative situation,
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because the soft-tissue depth under the skin may change by
patient’s condition and leg position. Many studies have dem-
onstrated that conventional instrumentation fails to achieve
optimal accuracy in the positioning of the tibial component.
Therefore, we should do something to improve the accu-
racy. Considering the cost and operative time, we decided
to use two different techniques, the accelerometer-based
navigation and the conventional technique with meticulous
three-dimensional planning including preoperative planned
distance between the skin surface and the guide rod for pos-
terior slope of the tibia to achieve proper alignment after
total knee arthroplasty. In this study, we compared these two
techniques in regard to the accuracy of postoperative tibial
component alignment to determine which technique pro-
vides more accurate positioning of the tibial component in
TKA performed by mid-volume surgeons. We hypothesized
that KA2 system is still more accurate method in obtaining
the targeted alignment as compared with the conventional
technique with the preoperative planned placement of the
extramedullary guide rod.

Materials and methods

This study is a retrospective review of the computed tomo-
graphic (CT) results from an institutional review board-
approved database. We had two different teams, one of
them performed TKA with navigation systems and another
performed TKA with preoperative planned TKA technique.
Each team had their own patients and decided to perform
TKA independently. From December 2014 to September
2016, 44 consecutive patients (10 male and 34 female)
received a conventional TKA using the distance from the
extramedullary cutting guide rod to the skin surface as a
reference guide for the tibial slope (preoperative planned
conventional TKA). Eleven patients underwent bilateral
TKAs, for a total of 55 knees in conventional cohort. All
surgeries in this cohort were performed by the senior author
(T.T.) using Persona® CR knee system (Zimmer, Warsaw,
Ind). KA2 TKAs were performed between June 2014 and
August 2015. Forty-eight patients (5 male, 43 female) were
included in this KA2 cohort. Seven patients underwent
bilateral TKAs, for a total of 55 knees in the KA 2 cohort.
In the KA 2 cohort, the surgery was performed by the two
mid-volume (30—60 TKAs per year) surgeons (44 knees by
T.L. and 11 knees by Y.T.) using Vanguard® CR knee sys-
tem (Biomet, Warsaw, Ind). Inclusion criteria were patients
with a history of osteoarthritis or rheumatoid arthritis who
received a primary TKA. Patients were excluded if they had
post-traumatic arthritis or if they required the use of tibial
stem extension.

The preoperative knee alignment was assessed by the
Hip—Knee—Ankle angle (HKA angle; positive values
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indicate varus alignment) measured on a full-length weight-
bearing X-ray in the standing position. All patients in both
cohorts were subjected to CT scan of the entire lower
extremity before and after surgery. For CT scans, the patient
was placed in the supine position on a table and the knee was
extended, while the ankle was maintained at 0° of flexion
with a leg holder. Three-dimensional (3D) CT-based preop-
erative TKA planning software (ZedKnee® LEXI Co., Ltd.,
Tokyo, Japan) was used to determine the tibial mechani-
cal axis (MA) and to perform the measurements. The tibial
MA was defined as a straight line from the center of the
appropriate-sized tibial component without the posterior
slope to the center of the distal tibial plafond [14]. The AP
axis of the tibia was defined as a straight line connecting the
mid-posterior cruciate ligament (PCL) attachment with the
medial edge of the patellar tendon attachment (Akagi line
[23]). In the conventional cohort, the digital 3D preoperative
planning software was used in measuring the resection depth
of the medial and lateral tibial plateau, the positional rela-
tionship between the mechanical axis of tibia and the tibial
crest, rotational alignment in tibia. At the same time, the dis-
tance between the simulated extramedullary rod and the skin
surface was also measured for tibial posterior slope (Fig. 1).
The plane including the most anterior point of the predicted
tibial cut surface (10 mm below the unaffected side) and par-
allel to the MA of tibia in the sagittal plane was made (Plane
A, Fig. 1b, c). Then, the distance (D) between skin surface
18 cm distal to the predicted cut surface and the Plane A was
measured (Fig. 1d). The distance between the cutting slit
and the end of the proximal extramedullary tube was 18 cm;
therefore, we choose 18 cm as reference point. The depth of
the cutting block was about 33 mm (32.64 mm). Therefore,
to parallelize the guide rod to the MA of tibia in the sagittal
plane, the guide rod was fixed at a distance of 33 mm-D mm
from the skin (Fig. 1b). This preoperatively planned distance
(33-D mm) was used intraoperatively (Fig. 1a). Our targeted
posterior slope was 7° and we used 7° inbuilt-in cutting slot
block. If there was a gap between the cutting block and the
bone, the gap was measured and the distal distance between
the rod and the skin surface was adjusted considering this
distance.

The coronal positioning of the cutting block was deter-
mined by adjusting the alignment guide to be parallel to the
anterior tibial crest [14] which was confirmed by palpation
and the preoperative planned cutting level of the medial pla-
teau was used for reference as well.

The technique used for implementing the KA 2 system
has been previously described [16]. Targets for the proximal
tibial osteotomy were 0° in the coronal plane (perpendicular
to the mechanical axis of the tibia) and 3° of posterior slope
in the sagittal plane.

The postoperative CT was co-registered to the preop-
erative CT by a surface-matching algorithm to overlap the
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Fig. 1 Plane A including the
most anterior point of the
predicted tibial cut surface and
parallel to the MA of tibia in the
sagittal plane was made (b, c).
Then, the distance (D) between
skin surface 18 cm distal to the
predicted cut surface and the
Plane A was measured (D). The
depth of the cutting block was
33 mm. Therefore, to parallel-
ize the guide rod to the MA of
tibia in the sagittal plane, the
guide rod was fixed at a distance
of 33 mm-D mm from the skin
(a,b)

pre- and postoperative tibia at the same axis of coordinates
in both cohorts by the postoperative alignment evaluation
function of the pre-operative planning software, ZedKnee®
(Fig. 2a). The tibial component positions were obtained
using a CAD-model-based shape-matching technique and
the deviation from the targeted tibial component position
was measured in the coronal and sagittal planes (Fig. 2b).
The relationships between the deviation from the targeted
slope and body mass index (BMI) or height were also
investigated.

Fig.2 Postoperative tibial component positioning measurements. a
Post-operative tibia was overlapped the pre-operative tibia at the same
axis of coordinates. b Digital reconstructed radiographs were used

Cross section

predicted cut surface

18cm distal to the
predicted cut surface

This study was approved by our Institutional Review
Board.

Statistical analysis

Continuous data were summarized as means with standard
deviations (SD) and ranges, and comparisons between the
two cohorts were performed using a Student’s ¢ test (one
tailed or two tailed). Fisher’s exact test was used to ana-
lyze occurrence of outliers. Pearson’s correlation coefficient
was used to measure the degree of relationship between the

ANECIEIE M

for the coronal and the sagittal component positioning to reduce the
effect of the halation of the implant. Tibial rotation was determined
by the backside structure of the component as references
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Table 1 Preoperative

demographics Preonperative planned con- KneeAlign 2 cohort p value
ventional cohort
Patients (knees) 44 (55) 48 (55)
Age (years) 744+64 73.9+82 0.74
Height (cm) 153.1+8.1 150.5+7.0 0.10
BMI (kg/m?) 27.0+4.5 27.0+4.2 0.96
Preoperative HKA angle (°) 11.3+7.6 8.8+8.2 0.09
All values presented as mean + SD (positive value indicates varus)
BMI body mass index, HKA angle hip—knee—ankle angle
Table2 Coronal alignment Preoperative planned conven-  KneeAlign2 cohort p value
tional cohort
Mean absolute deviation from the 1.3°+1.1° 1.1°+1.0° 0.34
targeted angle
Outlier rate (>2°) 16.4% 20.0% 0.40
Outlier rate (>3°) 3.6% 5.5% 0.5
deviation from the targeted slope and BMI or height. A p 30
value of less than 0.05 was considered significant. A pri- . W preoperative planned conventional M KneeAlign 2
ori sample size analysis with a one tailed Student’s ¢ test
determined that 51 knees were needed to detect a moderate g 20
effect size (d=0.50), with a power of 0.80 and an alpha of e 15
0.05. Statcel 2 (OMS Inc. Japan) was used for all statistical 3
analyses. G¥Power 3 software (Heinrich Heine University, § 18
Dusseldorf, Germany) was used for power analyses. To test 5
intra- and interobserver reliability, each set of postopera- E | m m
tive measurements of the tibial component alignment was R -1 s

repeated three times on 30 randomly selected subjects by
two of the authors (T.T. and K.Y.). The measurements were
considered reliable if the interclass correlation coefficient
(ICC) was calculated more than 0.80.

Results

Measurement reliability was excellent for the postopera-
tive tibial alignment. The intraobserver and interobserver
mean ICC of coronal tibial alignment was 0.93, with a mean
absolute difference of 0.35° (SD 0.262°) and 0.97, with a
mean absolute difference of 0.25° (SD 0.18°), respectively.
The intraobserver and interobserver mean ICC of sagittal
tibial alignment was 0.82, with a mean absolute difference of
0.50° (SD 0.62°) and 0.92, with a mean absolute difference
of 0.41° (SD 0.38°), respectively.

There were no statistical significant differences with
regard to the preoperative patient age, height, body mass
index, preoperative alignment when comparing the preop-
erative planned conventional and KA2 cohorts (Table 1).
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Deviation from targeted coronal alignment (degrees)

Fig.3 Histogram of the deviation from the targeted coronal tibial
component alignment (positive value indicates varus alignment)

Table 2 and Fig. 3 show the postoperative tibial component
alignment in the coronal plane. There was no significant differ-
ence between the preoperative planned conventional and KA2
cohort with regard to the mean deviation from the targeted
angle and outlier rates in the coronal plane. Table 3 and Fig. 4
show the postoperative tibial slope. Contrary to our hypoth-
esis, preoperative planned conventional TKA provided more
accurate sagittal alignment than KA2. We found no significant
relationship between the deviation from the targeted slope and
BMI (r=0.14, p=0.34) or height (r=0.08, p=0.56).

Discussion
The main finding of this study was that the preoperative

planned conventional TKA was highly accurate in achiev-
ing the targeted tibial slope. Surprisingly, the KA2 cohort
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Table 3 Tibial slope Preoperative planned conven-  KneeAlign2 cohort p value
tional cohort
Mean absolute deviation from the 1.0°+0.7° 1.7°+1.5° 0.0025
targeted angle
Outlier rate (>2°) 10.9% 36.4% 0.0015
Outlier rate (>3°) 0% 16.4% 0.0014

M preoperative planned conventional KneeAlign 2

15
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5 |
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Number of knees

Deviation from the sagittal targeted alignment (degrees)

Fig.4 Histogram of the deviation from the targeted sagittal tibial
component alignment. (positive value indicates posterior slope)

was less accurate than the planned conventional TKA cohort
with regard to tibial slope.

Cheng et al. [19] performed a meta-analysis of 41 studies
comparing CAS to conventional techniques in TKA. The
authors found a significantly better coronal tibial alignment
for the CAS group; however, they concluded that further
study is needed to determine whether surgeons could use
CAS to achieve a targeted tibial slope in TKAs. Nam et al.
[20] reported that there was no statistically significant dif-
ference in postoperative tibial component coronal align-
ment between KA2 and CT-free navigation system. Nam
et al. [21] also demonstrated that KA2 provides better tibial
alignment compared to conventional instruments. Although
encouraging evidence has been reported with the use of KA2
in restoration of tibial component positioning [24], there was
a wide range of outliers in the coronal and the sagittal plane
(Table 4 [21, 25-30]). This study demonstrates that good
coronal tibial alignment can be obtained with both the KA2
and the preoperative planned conventional TKA. The use of
the anterior tibial crest and the presumed medial resection
depth was considered to contribute to the accuracy of the
component positioning in the coronal plane in the preop-
erative planned conventional TKA cohort. In the sagittal
plane, the KA2 cohort was less accurate than the planned
conventional TKA cohort. In the preoperative planned con-
ventional TKA, because the proximal cutting block can be
fixed to the bone under direct vision, the error occurs mainly
only at the distal side which has the least soft tissue unlike

Table 4 Studies reporting outlier rate of the tibial component in total
knee arthroplasty using KneeAlign 2 (KA2) system

Coronal out-
lier rate (%)

Number of knees Sagittal out-

lier rate (%)

>2°  >3° >2° >3°
Nam [21] 47 43 NA 5.0 NA
Bugbee [25] 90 NA 6.7 NA 4.5
Torio [26] 50 4 0 6 0
Huang [27] 53 15.1 3.8 NA 5.7
Steinhaus [28] 49 NA 0 NA 18.4
Fujimoto [29] 48 (early group) NA 8.3 NA 14.6
61 (late group) 33 9.8
Gharaibeh [30] 89 112 22 6.7 22

NA not available

other previously reported landmarks such as fibula axis and
the anterior tibial crest which have the soft tissue in both
proximal and distal end. In addition, the depth of the soft
tissue was considered by 3D preoperative planning and a
3 mm difference causes only 1° or less change of the pos-
terior slope (180 mm X tan 1°=3.15 mm). Therefore, the
preoperative planned conventional TKA was highly accurate
in achieving the targeted slope of the tibial component even
in obese patients. In contrast, posterior slope for the KA2
is determined relative to the overall mechanical axis of the
tibia, which is defined by the center of the anterior cruciate
ligament footprint proximally and the center of the tibial
plafond distally, as approximated through weighted inter-
polation between points registered on the medial and lateral
malleoli [21]. Therefore, the registration error can be one
of the causes of the sagittal outlier. Another possible reason
for the relatively high sagittal outlier rate in KA2 cohort was
the cutting error, because KA2 system just provides cutting
block orientation.

The present study has several limitations. First, it was
retrospective and includes a small number of subjects treated
by different surgeons with different implants. However,
patients were matched with similar baseline characteristics,
and no clear learning curve effect was observed regarding
the accuracy of implantation in the sub-analysis in KA 2
cohort. On the contrary, the outlier rate in the late group
was significantly worse than in the early group (Surgeon
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T.L.’s outlier rates beyond 2° in the first 22 knees and next
22 knees were 18.2% and 59.1%, respectively, p=0.006, and
outlier rates beyond 3° were 0% and 31.8%, respectively,
p=0.013). There was no statistically significant difference
in regard to outlier rate between both KA 2 surgeons. Sec-
ond, the cutting error has to be taken into consideration,
because KA 2 system just provides cutting block orienta-
tion. Therefore, our results performed by mid-volume sur-
geons (30-60 TKAs per year) might be difficult to directly
extrapolate to TKA performed by high-volume TKA sur-
geons. Third, CT-based 3D preoperative planning software
was used for the preoperative planning. However, thanks to
the development of the digital imaging technology, we can
find the distinct contour of the skin surface even in the plain
X-ray. Therefore, we believe that preoperative planning for
this technique can be performed in the plain X-ray. Further
studies are needed to confirm whether the same accuracy as
this study can be obtained by the preoperative planning by
the plane X-ray.

Recently, a modified conventional technique of pre-opera-
tively planned placement of intramedullary rod is reported as
an equal to or more accurate method than the accelerometer-
based navigation in positioning the femoral component in
TKA at a mid-volume hospital [31]. Considering the results
of the present study, 3D-planned conventional technique can
be an alternative to the accelerometer-based navigation sys-
tem in the mid-volume hospital.

Conclusion

The preoperative planned distance between the skin surface
and the guide rod is a useful technique to provide accurate
posterior tibial slope in TKA.
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