
T otal knee arthroplasty (TKA) is estimated to have 
been performed in more than 612,000 cases in the 

United States and in approximately 82,000 cases in 
Japan in 2013,  primarily for osteoarthritis,  rheumatoid 
arthritis,  and osteonecrosis of the knee.

In TKA,  it is important to accurately cut the distal 
femur and proximal tibia,  and to place the component 
(part of the artificial joint) at the right position and 
angle.  This contributes to adequate load distribution,  
improvement of range of motion,  alleviation of abra-
sion and loosening of parts,  prolongation of the life of 
the prosthesis,  and delay of its replacement.  In addi-
tion,  it is expected to eventually improve the patients’ 
activities of daily living and quality of life.

With the conventional procedure,  components are 

placed based primarily on the experience and intuition 
of the surgeon using 2D information provided by the 
anteroposterior and lateral X-ray images.  However,  it is 
difficult to accurately determine the position and angle 
of installation of the femoral or tibial components 
during surgery,  and some reliable guide is necessary 
[1 , 2].

3D surgery using an assistive robot and navigation 
system is a solution to these problems,  and several 
methods have been developed to facilitate this 
approach.  In navigation surgery in TKA,  it has been 
reported that osteotomy and implant placement are sig-
nificantly more accurate than in conventional surgery 
[3].  However,  the clinical efficacy of navigation surgery 
has rarely been reported.  Moreover,  there are many 
disadvantages,  including large initial installation and 
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maintenance costs,  the invasiveness of additional ma-
nipulations,  such as antenna placement,  the complex-
ity of the procedure due to the necessity of averting the 
eye from the surgical field during the procedure to 
check the monitor,  the prolongation of surgical dura-
tion,  and the wide space occupied by the system in the 
surgical suite.  Therefore,  the adoption rate of 3D sur-
gery still remains low.  In many reports,  it is concluded 
that 3D surgery is not different from 2D surgery,  how-
ever in most cases,  the postoperative evaluation 
method is not 3D evaluation but 2D evaluation by X-ray 
[4-6].

Recently,  along with improvements in performance 
and reduction of the cost of computers,  3D surgical 
planning in a virtual space based on preoperative CT 
data,  and computer simulation of osteotomy and instal-
lation of components of the artificial knee joint have 
become possible.  Coordinating a 3D surgical plan 
based on simulation in a virtual space (preoperative 
planning) withsurgical assistive devices and then using 
this plan in actual surgery (intraoperative assistance) 
may be an effective method for improving the accuracy 
of surgery.  Postoperative CT data can be compared 
with preoperative data in the same virtual space (post-
operative assessment),  and simulation of motion analy-
sis is also possible.  3D surgical assistive software per-
mits the consistent implementation of preoperative 
planning,  intraoperative assistance,  and postoperative 

assessment.  At present,  however,  no extramedullary 
surgical assistive device coordinated with 3D surgical 
assistive software exists.  We therefore developed a novel 
extramedullary universal guide coordinated with the 3D 
surgical assistive software package ZedView (LEXI Co.,  
Tokyo),  and filed a patent application (Fig. 1).  In this 
study,  we evaluated the accuracy of surgery using this 
device on the tibial side.

Several manufaturers have introduced Patient 
Specific Guides (PSGs) based on 3D CT preoperative 
planning to the market as an alternative for conven-
tional methods of navigation.  Precision osteotomy has 
become possible by using these guides,  and the possi-
bility of shortening the surgical duration and reducing 
the volume of hemorrhage has been suggested [7-9].  
However,  there have also been reports that the preci-
sion or duration of surgery has not changed compared 
with the conventional method [10-13].  As the design of 
PSGs varies among manufacturers,  the precision may 
be affected by shapes that are more susceptible to the 
effects of cartilage and bone spurs [14].

Under these circumstances,  we developed a novel 
extramedullary patient-specific guide for the installa-
tion of femoral components coordinated with the 3D 
surgical assistive software package ZedView,  and 
referred to sites primarily in the anterior aspect of the 
distal femur not affected by cartilage or bone spurs.  
Nagoya Medical Center and ArthroDesign jointly 
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Fig. 1　 The tibial-side universal guide based on the preoperative component installation plan using 3D support software.  The universal 
guide is installed at the same time on the xyz coordinates of the selected tibial component based on the preoperative installation plan ((A) 
x (coronal)/(B) y (sagittal)/(C) z (axial)-axis)).



applied for a patent for the device.  The devices were 
designed to be mutually coordinated by equipping PSGs 
with one of the relative goniometers as a marker for 
component placement.  In addition,  the surgical device,  
such as the novel extramedullary universal guide coor-
dinated with 3D surgical assistive software,  was 
equipped with another relative goniometer that was 
coupled with the goniometer on the PSG side to more 
readily simulate intraoperative conditions and navigate 
3D surgical plans.  By applying these surgical devices to 
the tibial and femoral sides,  the total alignment of the 
lower extremity was visualized and reconstructed 
during TKA,  and its precision was assessed.

Methods

Study design. This study is a single center open- 
label single-arm trial that was approved by the Clinical 
Research Ethics Committee of Nagoya Medical Center 
(No. 2017-16),  and registered in UMIN-CTR on Sep-
tember 19,  2017 (UMIN000029187).

Eligibility Criteria

Inclusion criteria. (1) Patients with knee disor-
ders due to osteoarthritis,  rheumatoid arthritis,  or 
osteonecrosis.  (2) Patients expected to undergo TKA.  
(3) Patients aged 20 years or older at the time of 
informed consent.  (4) Patients who are able to provide 
written consent based on their free will for participation 
in this study.

Exclusion criteria. (1) Patients deemed unsuit-
able for participation in this study by study inves-
tigators.  (2) Patients who have previously been regis-
tered in this study.  (3) For the purpose of avoiding 
secondary infection,  patients with,  or suspected to have 
Creutzfeldt-Jakob disease.

Endpoints

Primary endpoint: Postoperative precision of 
installation (tibial component/internal-external rota-
tion) compared with the 3D preoperative plan—namely,  
the proportion of cases in which the installation preci-
sion is confirmed to be within ± 3° compared with the 
preoperative plan.  The absolute difference between the 
preoperative plan and postoperative value will be also 
examined.

Secondary endpoints: 1) Postoperative precision of 
installation (the following components other than tibial 
component/internal-external rotation) compared with 
the 3D preoperative plan: femoral components (values 
of varus/valgus [3D functional axis],  flexion/extension 
[3D functional axis] and rotation [Trans Epicondylar 
Axis (TEA)],  distomedial,  distolateral,  medial poste-
rior condyle and lateral posterior condyle values,  and 
differences in x (coronal)/y (sagittal)/z (axial)-axis),  
and tibial components (values of varus/valgus [3D 
functional axis],  anterior/posterior tilting [3D func-
tional axis],  tibial proximomedial and tibial proximo-
lateral values,  differences in x (coronal)/y (sagittal)/z 
(axial)-axis),  and femoral-tibial components (femoro-
tibial angle [FTA],  hip joint extension angle and TEA-
tibial anterior-posterior (AP) axis angle).

The absolute difference between the preoperative 
plan and postoperative value will be evaluated.

2) The incidence of adverse events will also be 
examined.

Preoperative plan. CT scans of patients under-
going knee replacement surgery will be obtained.  Next,  
the CT data will be imported into the 3D surgical assis-
tive software package ZedView,  3D XYZ coordinates of 
the femur and tibia will be set,  and STL data (3D mor-
phology data) will be output.  Based on these CT data 
and 3D data,  the type and size of the femoral and tibial 
components of the artificial knee will be determined.  
After designing the position and angle of installation of 
each component,  installation/adjustment parameters of 
surgical devices of the osteotomy guide will be calcu-
lated.

Intraoperative assistance (femoral side). The 
devices will be adjusted according to the values of  
the installation/adjustment parameters of the surgical 
devices calculated from the results of computer simula-
tion and PSG on the femoral side prepared from a real-
size precut model of the femur.  The devices will be 
sterilized,  used in actual surgery,  and,  after osteotomy 
of the distal part of the femur,  installed and used as 
reference marks for the installation of the femoral com-
ponent.

Intraoperative assistance (tibial side). Osteotomy 
of the proximal part of the tibia will be performed using 
the universal guide coordinated with 3D surgical  
assistive software,  and the tibial component will be 
installed.

Intraoperative assistance (femoral side, tibial side).
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The eventual total femorotibial alignment will be mea-
sured by using a relative goniometer to coordinate the 
PSG and the universal guide that is itself coordinated 
with the 3D surgical assistive software,  measuring the 
position and angle of installation,  and coordinating the 
position and angle with those on the tibial side.  The 
motion range of the joint will be measured by simulta-
neously using the relative goniometers and Mobile 
Motion Visualizer AKIRA (System Friend,  Hiroshima,  
Japan).

Postoperative assessment. After surgery,  CT 
scans will be obtained before discharge,  and the accu-
racy of the position and angle will be assessed by 3D 
matching of the components between before and after 
surgery using the 3D surgical assistive software package 
ZedView.  Kinetic analysis of the artificial joint along the 
time axis will be performed based on the exploratory 
data obtained with the relative goniometers and Mobile 
Motion Visualizer AKIRA.

Prohibited concomitant therapy. Anticoagu-
lation therapy on the day of surgery is prohibited in 
order to avoid major bleeding during surgery.

Statistical Consideration

Statistical analysis. Analysis of primary end-
point: The proportion of cases in which the precision of 
installation in terms of rotation of the tibial component 
is confirmed to be within 3° compared with the preop-
erative plan and its exact 95% confidence interval (CI) 
will be calculated.  Furthermore,  the exact binomial test 
for the null hypothesis that the proportion is less than 
40% will be performed.  As a secondary analysis,  sum-
mary statistics will be calculated for the preoperative 
plan,  postoperative value,  their difference,  and the 
absolute value of the difference.

Analysis of secondary endpoints: Because the preci-
sion of postoperative installation will be compared with 
the 3D preoperative plan,  the absolute values of the 
differences between the preoperative plan and the post-
operative values will be calculated for components other 
than tibial component/internal-external rotation,  and 
their summary statistics and 95% CIs will be calculated.  
Frequencies of adverse events will be also summarized.

Sample size. In the observational study con-
ducted at Nagoya Medical Center from July 2013 to 
December 2016,  29.4% (5/17 limbs) of the patients 
who underwent TKA without the universal guide were 

confirmed to have an installation precision of within 3° 
compared with the preoperative plan,  in terms of rota-
tion of the tibial component.  The threshold value was 
set conservatively at 40%.  On the other hand,  from the 
observational study,  this value was 94.1% (32/34 limbs) 
in patients who underwent TKA using the universal 
guide,  and thus the expected value in this study was set 
at 90%.

Adopting a statistical power of 0.90,  10 cases were 
needed to guarantee that the exact lower limit of the 
95% CI of the proportion of cases in which the preci-
sion of installation was confirmed to be within 3° com-
pared with the preoperative plan would be higher than 
the threshold value.  In consideration of the possibility 
of non-assessable cases and the need to perform an 
exploratory evaluation of secondary endpoints,  the tar-
get number of subjects was set at 20.

Discussion

In this study,  TKA will be performed using an 
extramedullary universal guide coordinated with 3D 
surgical assistive software in patients with knee disor-
ders who are expected to undergo TKA,  and the effi-
cacy and safety will be assessed.  With this procedure,  
the risks of complications associated with intramedul-
lary insertion of the rod,  such as hemorrhage,  embo-
lism,  and infection,  may be reduced,  and the precision 
of surgery may be improved compared with the con-
ventional method of using 2D intramedullary rods.  In 
addition,  compared with a navigation approach,  the 
procedure may make additional invasion due to 
antenna installation unnecessary,  have similar preci-
sion,  shorten the duration of surgery,  and reduce the 
volume of hemorrhage.  It will also make it possible to 
validate the postoperative precision of installation com-
pared with the preoperative plan based on consistent 
preoperative and postoperative CT criteria.

References

 1. Fehring TK,  Odum SM,  Troyer JL,  Iorio R,  Kurtz SM and Lau EC:  
Joint replacement access in 2016: a supply side crisis.  J Arthro-
plasty (2010) 25: 1175-1181.

 2. Werner FW,  Ayers DC,  Maletsky LP and Rullkoetter PJ: The 
effect of valgus/varus malalignment on load distribution in total 
knee replacements.  J Biomech (2005) 38: 349-355.

 3. Kim YH,  Park JW and Kim JS: 2017 Chitranjan S. Ranawat Award:  
Does Computer Navigation in Knee Arthroplasty Improve 
Functional Outcomes in Young Patients? A Randomized Study.  

444 Kida et al. Acta Med.  Okayama　Vol.  72,  No.  4



Clin Orthop Relat Res (2018) 476: 6-15.
 4. Bauwens K,  Matthes G,  Wich M,  Gebhard F,  Hanson B,  

Ekkernkamp A and Stengel D: Navigated total knee replacement.  
A meta-analysis.  J Bone Joint Surg Am (2007) 89: 261-269.

 5. Slover JD,  Tosteson ANA,  Bozic KJ,  Rubash HE and Malchau H:  
Impact of hospital volume on the economic value of computer navi-
gation for total knee replacement.  J Bone Joint Surg Am (2008) 
90: 1492-1500.

 6. Chauhan SK,  Scott RG,  Breidahl W and Beaver RJ: Computer-
assisted knee arthroplasty versus a conventional jig-based tech-
nique.  A randomised,  prospective trial.  J Bone Joint Surg Br 
(2004) 86: 372-377.

 7. Lombardi AV Jr,  Berend KR and Adams JB: Patient-specific 
approach in total knee arthroplasty.  Orthopedics (2008) 31: 927-
930.

 8. Ng VY,  DeClaire JH,  Berend KR,  Gulick BC and Lombardi AV Jr:  
Improved accuracy of alignment with patient-specific positioning 
guides compared with manual instrumentation in TKA.  Clin Orthop 
Relat Res (2012) 470: 99-107.

 9. Howell SM,  Hodapp EE,  Kuznik K and Hull ML: In vivo adduction 

and reverse axial rotation (external) of the tibial component can be 
minimized.  Orthopedics (2009) 32: 319.

10. Hamilton WG,  Parks NL and Saxena A: Patient-specific instru-
mentation does not shorten surgical time: a prospective,  random-
ized trial.  J Arthroplasty (2013) 28: 96-100.

11. Nunley RM,  Ellison BS,  Ruh EL,  Williams BM,  Foreman K,  Ford 
AD and Barrack RL: Are patient-specific cutting blocks cost-effec-
tive for total knee arthroplasty? Clin Orthop Relat Res (2012) 
470: 889-894.

12. Krishnan SP,  Dawood A,  Richards R,  Henckel J and Hart AJ: A 
review of rapid prototyped surgical guides for patient-specific total 
knee replacement.  J Bone Joint Surg Br (2012) 94: 1457-1461.

13. Victor J,  Dujardin J,  Vandenneucker H,  Arnout N and Bellemans J:  
Patient-specific guides do not improve accuracy in total knee 
arthroplasty: a prospective randomized controlled trial.  Clin Orthop 
Relat Res (2014) 472: 263-271.

14. Kwon OR,  Kang KT,  Son J,  Choi YJ,  Suh DS and Koh YG: The 
Effect of Femoral Cutting Guide Design Improvements for Patient-
Specific Instruments.  Biomed Res Int (2015) 2015: 978686.

August 2018  Novel Extramedullary Guide for 3D TKA 445


