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Abstract
Background: The aim of this study is to evaluate the accuracy of bone cuts and the resultant alignment, using the
MyKnee patient specific cutting blocks.
Methods: We retrospectively reviewed 132 patients undergoing primary TKR for osteoarthritis by one single surgeon.
The operative time, the preoperative Hip-Knee-Ankle (HKA) axis based on the CT-scan, the postoperative HKA axis
based on long axis standing x-rays, the planned and the actual size of the femoral and the tibial components, and the
number of the recuts which has been made intraoperative were measured.
Results: The average preoperative HKA axis was 177.50 (range 163.50 to 1940), whereas the average postoperative
HKA axis was 179.40 (range 177.10 to 182.70). No outliers were reported in the study (0%). Intraoperatively, 4 femoral
components (3.03%), and 7 tibial components (5.30%) applied to the patients were different than the planned size.
There was no need of recuts in any of our cases intraoperatively.
Conclusion: The MyKnee system evaluated in this study was shown to be remarkable reliable in the coronal plane
alignment, and the prediction of the component size. However, further studies are needed to determine whether there
are any clinically important improvements in outcomes or patient satisfaction when using patient-specific cutting blocks
for TKA.
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Introduction
otal Knee Replacement (TKR) is the gold standard
treatment for degenerative knee joints (1).
During the years, TKR has become one of the most
successful procedures in orthopaedics, with survival
rates greater than 90% after 15 years (2, 3). There are
several factors which are responsible for the success
of a TKR. Preoperative patient characteristics, implant
selection, implantation technique, and the component
and limb alignment are the most important among
those factors (4). It has been clearly documented,
that an error in the coronal positioning of more than
30 significantly increases the rate of the component
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failure (5, 6).
In an attempt to improve implant positioning and
limb alignment, computer assisted navigation systems
have been developed. It is supposed that these systems
improve component positioning and limb alignment
when compared to traditional jigs (7, 8). Computer
assisted navigation systems are accurate to within 1
mm and 1°, thereby justifying their use as a validation
tool for emerging technologies (9). However, the high
cost, the extra surgical time associated with setting
up the navigation system, and the lack of evidence
regarding improved clinical outcome are the main
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disadvantages and barriers, which explains why
computer assisted navigation system is not adopted
universally (10, 11).
Given this situation a new system was developed, with
patient matched cutting blocks created on preoperative
imaging data. Patient-matched technology utilizes
data from preoperative medical imaging enable the
creation of a 3-dimensional model of the distal femur
and proximal tibia. After visualization, proprietary
software is used to virtually map all bone resections
and to accurately size and position the knee implant.
Disposable cutting blocks are then manufactured
to fit the patient’s unique articular deformity (12).
Improved accuracy of component placement as well
as increased efficiency through reduced operating
time, equipment use and patient length of stay, are the
suggested benefits of this method (13).
Despite the purported benefits, there remains a lack
of data regarding the accuracy of patient matched
technology systems. Therefore, the aim of this study is
to evaluate the accuracy of bone cuts and the resultant
alignment, using the MyKnee patient specific cutting
blocks (MyKnee, Medacta International S.A., Castel San
Pietro, Switzerland).
Materials and Methods
We retrospectively reviewed all patients undergoing
primary TKR with the MyKnee technology for
osteoarthritis by one single surgeon (CL) at a single
center (Sky Ridge Medical Center, Lone Tree, Colorado,
USA) between May 2010 and December 2013. During this
period 132 patients received the same cemented total
knee system (GMK Sphere, Medacta), using the patientspecific cutting blocks technology (MyKnee, Medacta).
All patients were evaluated in the outpatient clinic of the
surgeon (CL), and judged good candidates for TKR, while
a non-operative treatment had failed for these patients.
There were no exclusion criteria. All the patients who
were candidates for a primary TKR, and the extra cost of
the implant was not an issue for them, were included in
the study.
All patients underwent preoperative imaging as
per Medacta protocol. This involved Computer
Tomography (CT) imaging of the hip, the knee, and
the ankle of the affected limb. These images were
sent to Medacta International and were used to create
the anatomical cutting blocks that can fit a patient’s
knee morphology without using any alignment jigs to
position them. The goal of the preoperative planning
is to assess the surgical parameters regarding femoral
and tibial implantation in order to manufacture
dedicated single patient use cutting blocks. Parameters
are to be planned by the surgeon and include: Femoral
implant size, Tibial implant size, Femoral resections
(Posterior cut height, on both condyles medial and
lateral, Distal cut height, on both condyles medial
and lateral, Femoral angles (Varus / valgus - Flexion
/ extension), Femoral rotation (Internal / external
rotation vs posterior condyles line and vs epicondylar
axis), Tibial resection (Proximal cut height related
to both plateaus (medial and lateral), Tibial angles
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(Varus / valgus, Posterior slope) [Figure 1].
Along with the cutting blocks, a plastic 3D model
of the patient’s distal femoral and proximal tibial
bone was provided, in order to simulate the correct
positioning of the cutting blocks to the patient’s
bones. During the operation, the correct fitting
between the bone model and the distal cutting block
was initially checked. Afterwards, both distal and
anterior cut depth were checked by using the angel
wing. According to manufacturer guidelines, the block
has to be positioned manually on the distal femur.
Considering the anatomical shape of the block, only
one orientation is allowed. The correct placement
corresponds to the maximum stability position of the
block. The femoral cutting block has 4 contact points
with the femur, and the tibial block has 3 contact
points with the tibia. While CT scan represents the
bony anatomy, it is mandatory to remove the cartilage
and the soft tissues covering the femoral and tibial
contact points. Full exposure of the bone is crucial, in
order to obtain the correct and most stable placement
of the cutting blocks.
Although the manufacturer gives to the surgeon
the capability of choosing a CT or a MRI scan for
preoperative planning, we have used only the CT
scan based protocol. The reason is that we have seen
intraoperative that the cutting blocks based on CT scan
matched much better to the bone after removal of the
cartilage and the soft tissues, than the MRI scan based
cutting blocks.
The operative time, the preoperative Hip-Knee-Ankle
(HKA) axis based on the CT-scan, the postoperative
HKA axis based on long axis standing x-rays, the
planned and the actual size of the femoral and the
tibial components, and the number of the recuts which
has been made intraoperative were measured by the
surgeon (CL). The accepted normal value for HKA was
00±30 (5, 14).

Results
The patient characteristics revealed an average age of
65 years. There were 52 men and 80 women. 67 patients
were operated on their right knee (50.8%), and 65
patients on their left knee (49.2%).
The average preoperative HKA axis was 177.50 (range
163.50 to 1940), whereas the average postoperative
HKA axis was 179.40 (range 177.10 to 182.70) [Figure 2].
There was no significant difference between the pre- and
postoperative HKA axis (P= 0.23).
Intraoperatively, 4 femoral components (3.03%), and
7 tibial components (5.30%) applied to the patients
were different than the planned size. The number
of the components which has been changed in size
intraoperatively represents the 8.33% of all cases
[Figure 3]. There was no need of recuts in any of our
cases intraoperatively.
For statistical analysis, IBM SPSS 20.0 was used and the
level of significance was set as 0.05.
Discussion
It is well known that a postoperative malalignment

)285(

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 5. NUMBER 5. SEPTEMBER 2017

RESTORATION OF THE MECHANICAL AXIS IN TOTAL KNEE
ARTRHOPLASTY

Figure 1. Preoperative planning based on CT images.

of the mechanical axis of the leg after a TKR results
to an increased incidence of aseptic loosening and
subsequent failure of the prosthesis. There are several
studies which showed superior results if 30 of varus
/ valgus deviation in the coronal plane were not
exceeded (5, 6, 15).
However, there is a current controversy in

literature concerning limb alignment. The proposal
of a kinematically aligned TKA and the theory of
constitutional varus knee (16, 17). Kinematic alignment
considers the 3D alignment of the components with
respect to the knee instead of the 2D alignment of the
components with respect to the center of the femoral
head and ankle. The intent of kinematic alignment is

)286(

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 5. NUMBER 5. SEPTEMBER 2017

RESTORATION OF THE MECHANICAL AXIS IN TOTAL KNEE
ARTRHOPLASTY

Figure 2. The mean preoperative and postoperative HKA axis.

the restoration of the normal 3D orientation of the
three axes that describe normal knee kinematics.
In that way, the kinematically aligned TKA restores
function by aligning the femoral and tibial components
to the normal or prearthritic joint lines of the knee
(16). On the other hand, Bellemans et al supports
that there are patients with so-called “constitutional
varus” knees who have had varus alignment since
they reached skeletal maturity. Restoring neutral

alignment in these cases may in fact be abnormal and
undesirable and would likely require some degree of
medial soft tissue release to achieve neutral alignment
(17). However, both theories are complicated and
new. More studies and long term results are needed
to establish or not a different gold standard regarding
the alignment in TKA.
In order to improve the alignment of the components,
computer-assisted systems have been developed.

Figure 3. The number of the planned femoral and tibial components which are changed in size intraoperatively, and the number of the recuts
required.
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Computer-aided surgery has been used for more than
a decade, but continues to have high initial capital
costs, extended surgical time, and although it has
shown some improvement in component positioning,
it has not completely eliminated component outliers
(18, 19).
Patient-specific cutting blocks have many proposed
advantages, including accurate implant positioning, no
intramedullary canal violation, reduction of surgical
steps for bone resection and related time, reduction of
time and cost in washing, assembling and sterilization
procedures, but they impose a considerable cost to
the healthcare system with expensive imaging in the
outpatient setting and additional implant charges to
the hospital (20).
The primary finding of this study was that the mean
postoperative mechanical axis was 178.570, and more
important that none of our patients exceeded a 30 of
varus / valgus deviation. The role of the mechanical
axis of the leg in the TKR is well documented. Rand and
Coventry found a rate of survival of 90% at ten years
for patients with less than 40 of deviation from the
neutral axis. On the other hand, it decreased to 73%
(varus) and 71% (valgus) when the axis of the limb
exceeded 40 (15). In another study, 421 TKAs were
analyzed with regard to the femorotibial angle. In this
study, the highest rate of aseptic loosening was found
in patients with a varus malalignment (6). Jeffrey et al
analyzed the outcome after TKA in 115 patients. They
found a rate of 24% of prosthetic loosening when the
mechanical axis exceeded ±30 varus/valgus deviation,
while it was only 3% in those patients with an axis
within a range of ±30 (5).
Our results regarding the limb alignment are superior
to those from other studies. In the study of Nunley et al,
15 of the 57 patients (26.3%) who received a patientmatched technology TKR were outliers whereas in the
study of Lustig et al the 20.7% of the patients would be
outliers if the alignment was not additionally checked
with a computer navigation system (9, 20). In another
study, Conteduca et al reported that the 16.7% of the
patients who received the patients-specific cutting
blocks were outliers (21). All these studies concluded
that the patients-specific instruments used were
unreliable.
On the other hand, the number of the outliers was smaller
in the study of Ng et al (9%), suggesting that patientmatched technology provides accurate positioning of
the components (22). Additionally, Noble et al showed
that there are significant reductions in the number of
instrument trays used, duration of hospital stay, and skin
to skin time of operation (13).
There are only two studies available in the literature
regarding the MyKnee system. The first one is the study
of Koch et al. A CT scan based preoperative planning
was used in this study as well. The authors reported a
postoperative average HKA angle of 180.10 ± 2.00, and
a 12.4% of outliers in the frontal plane, with more than
30 deviation from the neutral axis (23). The second
study is that of Anderl et al, which also a CT-scan
based study. The aim of the study is the comparison of
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early clinical outcome, radiological limb alignment,
and three-dimensional (3D)-component positioning
between conventional and CT-scan based patient-specific
instrumentation (PSI) in primary total knee arthroplasty
(TKA). 22.2% of patients in the conventional group were
outliers, whereas only 9.6% of patients in the PSI group
where counted as outliers (24).
It is very difficult to explain why we have achieved
a limb alignment in the coronal plane in the 100%
of our patients, whereas all the other authors have
demonstrated malalignment in percentages ranging
from 9% to 26.3%. One reason could be the fact that
we have used a different patient-matched technology
system than the other authors. It is possible that the
differentiation in the manufacturing process between
the companies plays a major role to the final result.
Although we have used the same system as in the
studies of Koch and Anderl, we have reported significant
different results (0% outliers in our study vs 12.4% of
outliers in the study of Koch and 9.6% of outliers in the
study of Anderl) (23, 24).
Another very important factor is that the cutting
blocks used in our study were based on CT images. All
other authors, except the study of Koch et al, have used
MRI based cutting blocks. The reason for our choice
is that at an early stage we have met some difficulties
with the MRI based cutting jigs, regarding the accurate
fitting of the jigs to the bone. While this was not an
issue for the CT based cutting blocks, we decided to
use only CT based instruments. We assume that bone
models obtained from CT images are more accurate
than cartilage models obtained from MRI images. Bone
surfaces generated from manually segmented CT scans
provide accurate models. However, cartilage surface
models segmented from MR tended to over-estimate
cartilage thickness for both femur and tibia by 1.15
mm. Such deviation is significant, considering overall
cartilage thickness between femur and tibia at the joint
is about 6 mm (25).
Another study showed that the accuracy of thickness
measurement of articular cartilage in MRI-derived
cartilage models is affected by its actual thickness.
The thickness of thin cartilage less than 2.5 mm was
significantly overestimated in MRI, whereas the cartilage
thicker than 2.5 mm was accurately estimated in. This
study implies that the accuracy of cartilage thickness
measurements in cartilage models should be considered
in the context of the native thickness of the articular
cartilage specimens. It is expected that the error would
be lower in measuring cartilage thickness of healthy
articular cartilage (26).
Regarding the comparison between the planned and
the actual component size, our results showed that
this patient-matched technology system is accurate in
the 83.6% of cases. Thus, the proposed advantage of
reduction of time and cost in washing, assembling and
sterilization procedures is enhanced.
Our study was subject to certain limitations. First,
there is only one patient-matched technology group,
without a control group, and the comparison of our
results have been made with reference sources. Second,
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we limited our assessment of the mechanical alignment
to the coronal plane and did not include any lateral
measurements or assessments of rotational alignment.
Third, we have not included parameters to determine
the cost effectiveness of this method, and we have not
included patient satisfaction scores as well. Finally, no
blinded observer was used in the study. The surgeon
has made all the measurements.
The MyKnee system evaluated in this study was shown
to be remarkable reliable in the coronal plane alignment,
and the prediction of the component size. However,
further studies are needed to determine whether there
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are any clinically important improvements in outcomes
or patient satisfaction when using patient-specific cutting
blocks for TKA.

Dimitrios N. Lyras MD DVM MSc PhD
Robert Greenhow MD FRCSC
Craig Loucks MSc MD FRCSC
Sky Ridge Medical Center, Colorado, USA

References

1.
2.
3.

4.
5.
6.
7.
8.
9.

Barke S, Musanhu E, Busch C, Stafford G, Field R.
Patient -matched total knee arthroplasty: does it
offer any clinical advantages? Acta Orthop Belg.
2013; 79(3):307-11.
Rodricks DJ, Patil S, Pulido P, Colwell CW Jr. Press-fit
condylar design total knee arthroplasty. Fourteen
to seventeen year follow-up. J Bone Joint Surg Am.
2007; 89(1):89-95.
Vessely MB, Whaley AL, Harmsen WS, Schleck CD,
Berry DJ. The Chitranjan Ranawat Award: long term
survivorship and failure modes of 1000 cemented
condylar total knee arthroplasties. Clin Orthop Relat
Res. 2006; 452(11):28-34.
Kim SJ, MacDonald M, Hernandez J, Wixson RL.
Computer assisted navigation in total knee arthroplasty:
improved coronal alignment. J Arthroplasty. 2005;
20(7 Suppl 3):123-31.
Jeffery RS, Morris RW, Denham RA. Coronal alignment
after total knee replacement. J Bone Joint Surg Br.
1991; 73(5):709-14.
Ritter MA, Faris PM, Keating EM, Meding JB.
Postoperative alignment of total knee replacement.
Its effect on survival. Clin Orthop Relat Res. 1994;
299(2):153-6.
Hetaimish BM, Khan MM, Simunovic N, Al-Harbi HH,
Bhandari M, Zalzal PK. Meta-analysis of navigation vs
conventional total knee arthroplasty. J Arthroplasty.
2012; 27(6):1177-82.
Mason JB, Fehring TK, Estok R, Banel D, Fahrbach
K. Meta-analysis of alignment outcomes in
computer-assisted total knee arthroplasty surgery. J
Arthroplasty. 2007; 22(8):1097-106.
Lustig S, Fleury C, Goy D, Neyret P, Donell ST. The
accuracy of acquisition of an imageless computerassisted system and its implication for knee

arthroplasty. Knee. 2011; 18(1):15-20.
10. Harvie P, Sloan K, Beaver RJ. Computer navigation
vs conventional total knee arthroplasty five-year
functional results of a prospective randomized trial. J
Arthroplasty. 2012; 27(5):667-72.
11. Spencer JM, Chauhan SK, Sloan K, Taylor A, Beaver RJ.
Computer navigation versus conventional total knee
replacement: no difference in functional results at
two years. J Bone Joint Surg Br. 2007; 89(4):477-80.
12. Lombardi AV Jr, Berend KR, Adams JB. Patient-specific
approach in total knee arthroplasty. Orthopedics.
2008; 31(9):927-30.
13. Noble JW Jr, Moore CA, Liu N. The value of patient
matched instrumentation in total knee arthroplasty.
J Arthroplasty. 2012; 27(1):153-5.
14. Bathis H, Perlick L, Tingart M, Lüring C, Zurakowski
D, Grifka J. Alignment in total knee arthroplasty. A
comparison of computer-assisted surgery with the
conventional technique. J Bone Joint Surg Br. 2004;
86(5):682–7.
15. Rand JA, Coventry MB. Ten-year evaluation of
geometric total knee arthroplasty. Clin Orthop. 1988;
232(7):168-73.
16. Howell SM, Howell SJ, Kuznik KT, Cohen J, Hull ML.
Does a kinematically aligned total knee arthroplasty
restore function without failure regardless of
alignment category? Clin Orthop Relat Res. 2013;
471(3):1000–7.
17. Bellemans J, Colyn W, Vandenneucker H, Victor J. The
Chitranjan Ranawat award: is neutral mechanical
alignment normal for all patients? The concept of
constitutional varus. Clin Orthop Relat Res. 2012;
470(1):45–53.
18. Blakeney WG, Khan RJ, Wall SJ. Computer-assisted
techniques versus conventional guides for

)289(

THE ARCHIVES OF BONE AND JOINT SURGERY. ABJS.MUMS.AC.IR
VOLUME 5. NUMBER 5. SEPTEMBER 2017

19.
20.
21.
22.

component alignment in total knee arthroplasty: a
randomized controlled trial. J Bone Joint Surg Am.
2011; 93(15):1377–84.
Brin YS, Nikolaou VS, Joseph L, Zukor DJ, Antoniou J.
Imageless computer assisted versus conventional
total knee replacement: a Bayesian meta-analysis of 23
comparative studies. Int Orthop. 2011; 35(3):331–9.
Nunley RM, Ellison BS, Ruh EL, Williams BM, Foreman
K, Ford AD, et al. Are patient-specific cutting blocks
cost effective for total knee arthroplasty? Clin Orthop
Rel Res. 2012; 470(3):889-94.
Conteduca F, Iorio R, Mazza D, Caperna L, Bolle G,
Argento G, et al. Are MRI-based, patient matched
cutting jigs as accurate as the tibial guides? Int
Orthop. 2012; 36(8):1589-93.
Ng VY, DeClaire JH, Berend KR, Gulick BC, Lombardi
AV Jr. Improved accuracy of alignment with patientspecific positioning guides compared with manual
instrumentation in TKA. Clin Orthop Relat Res. 2012;
470(1):99-107.

RESTORATION OF THE MECHANICAL AXIS IN TOTAL KNEE
ARTRHOPLASTY

23. Koch PP, Müller D, Pisan M, Fucentese SF. Radiographic
accuracy in TKA with a CT-based patient-specific
cutting block technique. Knee Surg Sports Traumatol
Arthrosc. 2013; 21(10):2200-5.
24. Anderl W, Pauzenberger L, Kölblinger R, Kiesselbach
G, Brandl G, Laky B, et al. Patient-specific
instrumentation improved mechanical alignment,
while early clinical outcome was comparable to
conventional instrumentation in TKA. Knee Surg
Sports Traumatol Arthrosc. 2016; 24(1):102-11.
25. Bowers ME, Trinh N, Tung GA, Crisco JJ, Kimia
BB, Fleming BC. Quantitative MR imaging using
“LiveWire” to measure tibiofemoral articular
cartilage thickness. Osteoarthritis Cartilage. 2008;
16(10):1167-73.
26. Koo S, Giori NJ, Gold GE, Dyrby CO, Andriacchi TP.
Accuracy of 3D cartilage models generated from
MR images is dependent on cartilage thickness:
laser scanner based validation of in vivo cartilage. J
Biomech Eng. 2009; 131(12):121004.

