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Abstract

Introduction This study was conducted to determine if the
difference in magnetic resonance imaging (MRI)-based
2nd generation patient-specific instrumentation (PSI)
design affects post-operative restoration of neutral
mechanical alignment in total knee arthroplasty (TKA)
compared with the Ist generation PSI design and conven-
tional surgical techniques. In addition, it is aimed at elu-
cidating whether PSI improves surgical efficiency with
respect to operating room time, estimated blood loss and
the number of instrument trays used intra-operatively.
Materials and methods We report our experience in TKA
using PSI techniques in 234 patients from August 2012 to
March 2015. The patients were divided into 1st (n = 64)
and 2nd (n = 70) generation PSI design. The control group
(n = 100) underwent TKA with the conventional instru-
ment technique.

Results The mean surgical time was significantly shorter in
the 2nd generation PSI design (62.1 &= 12.1 min) than in
the control group (80.6 £ 21.7 min; P < 0.001). A
mechanical axis malalignment of >3° of the lower limb
was observed in 5.7% of the patients in 2nd generation PSI
design compared with 26.0% of the control group
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(P = 0.006). No significant difference in mechanical
alignment on post-operative long alignment radiography
was found between 20.3% of the patients in 1st generation
PSI design and the control group (P = 0.584).
Conclusion The 1st generation PSI design did not have a
shorter surgical time or improved alignment compared with
conventional instrumentation (CI). However, the use of the
perfectly fitted 2nd generation PSI design was associated
with improvements in both of these measurements. This
study emphasizes the importance of PSI design in intra-
operative and post-operative outcomes of TKA.

Keywords Design improvement - Patient-specific
instrument - Total knee arthroplasty

Introduction

Since the concept of knee replacement using ivory implants
was introduced by Gluck in the 19th century [1], total knee
arthroplasty (TKA) has become a reliable treatment for
knee osteoarthritis. Axial alignment of the limb and
mechanical axis restoration are determinants of surgical
outcomes [2]. Several studies have suggested that align-
ment errors of >3° are associated with more rapid failure
and less satisfactory functional results [3, 4].

Alignment accuracy depends on surgical technique
precision and computer-assisted surgery (CAS) was
developed to improve surgical accuracy and avoid outliers.
Numerous CAS studies have demonstrated improved
accuracy in coronal implant positioning in TKA [5-7].
However, the increased cost, surgery time, complications
and steep learning curve have hindered widespread
acceptance of this technique [8, 9].
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Patient-specific instrumentation (PSI) was designed with
similar goals as to computer navigation (limb alignment and
absence of morbidity related to intramedullary instrumen-
tation) and to simplify the procedure. The advantages of PSI
include improving operating room (OR) time management,
reducing preoperative costs, and improving component
alignment, when compared with conventional instrumenta-
tion (CI), although these advantages have not been con-
firmed in published literature to date [10, 11]. Whether PSI
is effective in TKA operation prognosis compared with the
primary CI technique remains controversial [12]. Both sur-
geons and manufacturers have suggested that operative time
can be reduced by eliminating CI, which may translate into
cost savings for the health system and increased volume
capacity for surgeons. However, discussions about operative
time are conflicting [11, 13, 14].In addition, whether PSI
improves the accuracy of post-operative mechanical align-
ment is controversial [15-17].

Therefore, the purpose of this comparative and retro-
spective study was (1) to examine magnetic resonance
imaging (MRI)-based 2nd generation PSI design scans with
respect to OR time, estimated blood loss, and number of
instrument trays used intra-operatively, and (2) to evaluate
the effect of the 2nd generation PSI designs with respect to
post-operative restoration of the mechanical axis using
radiography, in comparison with the results from the 1st
generation PSI designs and the CI technique. It was
hypothesized that the design changes of the 2nd generation
PSI design would translate into improvement in accuracy
for mechanical alignment in TKA.

Materials and methods
Patient enrollment

This retrospective study (Level of Evidence III) was
approved by the Institutional Review Board of Yonsei
Sarang Hospital, Seoul, Republic of Korea (Protocol No.
PSI-2.0). For this study, 234 patients with end-stage knee
osteoarthritis scheduled to undergo TKA in a single insti-
tution between August 2012 and March 2015 were inclu-
ded in the study. The exclusion criteria were defined as
patients with rheumatoid arthritis, previous osteotomy,
infections, fractures, retained hardware in the limb, or
claustrophobia. The inclusion criteria were defined as
diagnosis of primary knee osteoarthritis and ability to
undergo MRI at our facility. Moreover, patients with
defects on the distal femoral or proximal tibial regions who
required metal or allograft augmentation, or either femoral
or tibial stem extensions were excluded because of its
influence to the radiographic interpretation for alignment
achieved using each surgical technique. All eligible
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patients were offered to choose between operative options
of TKA using PSI and TKA using CI. They were not
recommended any particular surgical technique over the
other by surgeons. No significant differences in preopera-
tive demographic characteristics and clinical and radio-
graphic data were found between the groups (Table 1).

MRI scans were acquired using a 1.5T MRI scanner
(Achieva 1.5T; Philips Healthcare, the Netherlands). The
MRI scans were obtained in 2-mm slice thickness on the
sagittal plane for the tibiofemoral knee joint and in 5-mm
slice thickness on the axial plane for the hip and ankle
joints. For the non-fat saturation condition, the MRI con-
sisted of an axial proton-density (PD) sequence. A high
resolution setting was used for the spectral presaturation
inversion recovery sequence (TE: 25.0ms, TR:
3,590.8 ms, acquisition-matrix: 512 x 512 pixels, NEX:
2.0, field-of view: 140 x 140 mm).

Pre-surgical TKA techniques and PSI design
methods

Three-dimensional (3D) data can be acquired from MRI
scans. Data were transferred via a digital imaging and
communications in medicine (DICOM) and the 3D
reconstruction processes were performed with Mimics
software (version 17.0; Materialise, Leuven, Belgium).
Femoral and tibial bony structures and articular cartilage
were manually segmented. 3D model was developed using
the sectional slices of MRI scan followed by masking via
smart expand function. Using Mimics, the 3D images were
converted to standard tessellation language (STL) files and
loaded into the digital CAD software 3-Matic (Materialise).
3-Matic allows the user to combine the geometry from
mixed sources into one project. PSI guides were designed
in the 3-Matic commercial software (version 9.0; Materi-
alise). Using 3-Matic, the geometry of each patient’s femur
and tibia was regenerated from wrapping function. The 1st
generation PSI design that was assigned to group 1 was
similar to the products that were currently used in PSI-
TKA [10, 18-20]. The potential problem in 1st generation
PSI design could be intra-operative instability in translation
and rotation [18, 21].

Based on the learning curve, a 2nd generation PSI
design was created. 2nd generation PSI differed in move-
ment prevention during drilling using a perfect fit between
the bone and the femur PSI guides (Fig. 1). The femoral
guide in 2nd generation PSI was designed to be perfectly
fitted to the anterior flange. The modified design for the
femoral anterior flange region in 2nd generation PSI design
allowed the expansion of the contact area, which resulted
in rotational stability improvement of the femoral PSI
guide. The only contact points in the tibial guide are at the
proximal tibia and tibial tuberosity in Ist generation PSI
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Table 1 Patient demographics

1st generation

2nd generation

Control group

P value (1st generation:

P value (2nd generation:

(n=64) (n = 70) (n = 100) control group) control group)
Age 70 + 6.8 71 +£73 72 +£ 8.8 0.104 0.420
Gender (F/M) 58/6 63/7 91/9 N/A N/A
BMI 283 £ 45 27.8 £5.1 28.1 £5.2 0.794 0.709
Mechanical tibiofemoral angle  Varus Varus Varus 0.820 0.639

89 + 4.8 9.1 +4.7 8.7+ 64

N/A not available, BMI body mass index

15t generation

2nd generation

Control group

Femur

Tibia

Fig. 1 The PSI guides in each group. PSI patient-specific instrumentation

design. Therefore, the tibial guide in 2nd generation PSI
design has an additional contact point on the posterior
proximal tibia and includes the alignment checker rod after
pinning (Fig. 1). In the control group, a CI system was
applied using an extramedullary guidance rod for the tibia,
and an intramedullary guidance rod for the femur and
spacer blocks [21].

All TKA operations based on the surgical pre-planning
were performed by an experienced surgeon (the first
author), and the design and manufacturing were conducted
by co-author and biomedical engineer. In addition, for the
research purpose, it was approved by Ministry of Food and
Drug Safety, Republic of Korea. Furthermore, it was also
approved by Smith & Nephew Korea to use their product in
this study, and our hospital designed and manufactured the

own patient-specific surgical guides using a newly devel-
oped software for the PSL

A computer-generated preoperative plan was created
according to the following surgical preferences: the default
alignment for the femoral component rotation was parallel
to the surgical epicondylar axis, the femoral component
coronal alignment was 90° to the mechanical axis, and the
femoral component sagittal alignment was 3° of flexion
with 9.5 mm distal medial resection. All the patients
received a posterior-stabilized, fixed-bearing implant. The
operation was performed using an anteromedial parap-
atellar approach, without everting the patella. Cement fix-
ation was used in all the patients. The LEGION Total Knee
System (Smith & Nephew, Inc., Memphis, TN, USA) was
used as an implant.
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Intra-operative and post-operative analysis

Surgical time, OR time, number of instrument trays used,
blood loss, and knee alignment outcomes were compared
between the PSI and CI groups. Blood loss was estimated
based on the amount of blood in sponges, drapes, and the
suction canister at the completion of closure and verified by
the anesthesiologist and surgeon [22].

The mean values of the individual measurements pro-
vided the final calculation for each variable measured in
terms of operative efficiency parameters. Post-operative
radiography was compared to determine changes in knee
alignment (mechanical axis), and the angular position of
the femoral and tibial components was measured. All the
assessments were performed by two different authors who
were not directly involved in the surgical procedures. Each
measurement was performed three times at different time
points, and the readers were blinded to the name of the
patient and the treating surgeon. Calculations and mea-
surements were performed on digitized images using pre-
viously validated commercial software from Materialise
[23, 24]. Post-operative alignment of the femoral

Fig. 2 Alignment of the knee:
a HKA (HKA, hip—knee—ankle
angle); b FCA, TCA (FCA
femoral coronal angle, TCA
tibial coronal angle); ¢ FSA,
TSA [FSA femoral sagittal
angle (femoral flexion/extension
angle), 7SA tibial sagittal angle
(tibial posterior slope angle)];
d FRA (FRA femoral rotation
angle)
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component was based on a mechanical axis on the frontal
plane, a distal anatomical axis on the sagittal plane, and a
surgical epicondylar axis on the axial plane in the three
groups. For frontal mechanical alignment, the hip—knee—
ankle angle (HKA) was measured on long-leg radiographs.
The varus/valgus position of the femoral and tibial com-
ponents was determined by measuring the femoral coronal
angle (FCA) and tibial coronal angle (TCA) relative to the
mechanical axis. Femoral component flexion was measured
as the femoral sagittal angle (FSA), and the tibial compo-
nent posterior slope was measured as the tibial sagittal
angle (TSA) on standard lateral radiographs, according to
techniques described in Fig. 2 [25]. Femoral rotation angle
(FRA) was assessed on post-operative computed tomog-
raphy (CT) (Fig. 2). The femoral component rotation was
measured as described in a recent publication [26], fol-
lowing a technique proposed for CT scans by Berger et al.
[27]. The femoral component rotation was determined by
connecting the lateral epicondylar prominence and the
middle sulcus of the prosthetic dorsal condylar surfaces.
To analyze the accuracy of the mechanical axis
restoration and 3D-component positioning between the PSI
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and CI groups, deviations from the neutral mechanical
alignment and targeted 3D-component positioning in
degrees were calculated in degrees. Outliers were defined
as deviations from the intra-operative goals (HKA, £3°;
FCA, £2°; TCA, £2° FSA, £2° TSA, £2° FRA, £+2°)
[16]. All the alignment parameters were recorded preop-
eratively and at the standard 3-month follow-up. Finally,
the increase in the contact area due to the design
improvement in 2nd generation PSI design was compared
with the results in Ist generation PSI design.

Statistical analysis

Continuous data were presented as mean and standard
deviation (SD). All the statistical analyses were performed
in SPSS (version 20.0; IBM SPSS Statistics, Chicago, IL,
USA). The two-sample # test was used to assess differences
in operating time between the groups. Chi-square or Fish-
er’s exact tests were used to test for significant differences
in alignment (proportions) between the groups. Statistical
significance was set at P < 0.05.

Results

Reductions in surgical and OR time were observed
according to the design type of the patient-specific guides
compared with the control group (Table 2). Compared with
the patients in the control group, those in the 2nd genera-
tion PSI design had remarkably 18.5 min (P < 0.001) and
26.7 min (P < 0.001) shorter mean surgical and OR times,
respectively. There was no statistically significant
improvement in surgical time between the standard PSI
cohort in Ist generation PSI design and the control group
(5.1 min saved; P = 0.093) but observed a significant
improvement in the total time in the OR (10.7 min saved;
P = 0.005). The median number of surgical trays opened
for both the standard and optimum PSI group procedures

was 5 (range 3-5), compared with 11 (range 10-12) for the
control group, which represented a significant reduction of
55% (P < 0.001). No statistically significant differences in
estimated intra-operative blood loss were found between
both 1st and 2nd generation PSI design and the control
group.

Table 3 summarizes the radiological evaluation results
that show significant reductions in the outliers and statis-
tical comparisons between the study groups for the limb
mechanical axes, femoral and tibial component varus/val-
gus alignments, femoral flexion and rotation angles, and
posterior slopes of the tibial component. The proportion of
patients with HKA malalignment of >3° in the post-oper-
ative analysis of frontal alignment was 26.0% among the
CI patients, 20.3% in the lst generation PSI design, and
5.7% in the 2nd generation PSI group 2. The differences in
FCA and TCA alignments between Ist generation PSI
design and the control group were not significant
(P = 0.835 and P = 0.828, respectively). However, the
FCA in 2nd generation PSI design was statistically sig-
nificant (P = 0.031) and statistically to that in the control
group. The differences in FSA between groups 1st gener-
ation PSI design and the control group were not statistically
significant in comparison (P = 0.642).

TSA also decreased in 2nd generation PSI design
compared with that in the control group, and this reduction
in 2nd generation PSI design was believed to be due to the
intra-operative differences in the increase in the contact
points between the PSI guide and bone surface, and not due
to the significant variations in the outliers. Significantly,
more cases of femoral rotation of >2° were found in the
control group (22.0%) than in Ist generation PSI design
(9.4%) and 2nd generation PSI design (4.3%). No signifi-
cant differences were found between 1st generation PSI
design and the control group. Contact areas for the femoral
and tibial PSI in 2nd generation PSI design increased by
139.95 + 32 and 116.01 + 21 mm?, respectively, com-
pared with those in 1st generation PSI design.

Table 2 Comparison of surgical time, OR time, number of tray, and blood loss from each group

Ist generation 2nd generation

Control group

P value (1st generation: P value (2nd generation:

(n = 64) (n=170) (n = 100) control group) control group)
Surgical time (min)* 75.5 £ 16.8 62.1 + 12.1 80.6 £+ 21.7 0.093 <0.001
OR time (min)* 1142 £ 233 98.2 + 16.9 1249 + 24.2 0.005 <0.001
Number of trayb 54,5) 54,5) 11 (11 <0.001 <0.001
Estimated blood loss (mL)* 115.2 £ 57.6 107.9 + 64.2 126.4 + 87.5 0.324 0.113

OR operating room
? Mean =+ standard deviation

® Median (interquartile range)

@ Springer



116

Arch Orthop Trauma Surg (2017) 137:111-118

Table 3 Comparison of outliers and statistical analysis between PSI versus CI after total knee arthroplasty

1st generation (n = 64)

2nd generation (n = 70)

Control group (n = 100)

P value (1st generation:
control group)

P value (2nd generation:
control group)

HKA 20.3% (n = 13) 0.584 57% (n = 4) 0.006 26.0% (n = 26)
FCA 15.6% (n = 10) 0.835 4.3% (n = 3) 0.031 18.0% (n = 18)
TCA 14.1% (n = 9) 0.828 2.9% (n = 2) 0.025 16.0% (n = 16)
FSA 10.9% (n =17) 0.642 2.9% (n = 2) 0.034 15.0% (n = 15)
TSA 172% (n = 11) N/A 2.9% (n = 2) 0.018 17.0% (n = 17)
FRA 9.4% (n = 6) 0.090 4.3% (n = 3) 0.009 22.0% (n = 22)

PSI patient-specific instrumentation, C/ conventional instrumentation, HKA hip-knee—ankle angle, FCA femoral coronal angle, TCA tibial
coronal angle, FSA femoral sagittal angle (femoral flexion/extension angle), 7SA tibial sagittal angle (tibial posterior slope angle), FRA femoral

rotation angle, N/A not available

Discussion

It was hypothesized that a perfect shape-matched design
and the absence of an alignment checker rod can reduce
surgical and OR times, and that improvement in femoral
and tibial guide stabilities leads to enhanced mechanical
alignment in TKA.

With the increasing demand for TKA [1, 28], the
orthopedic community is investigating techniques to pro-
vide high quality and efficient patient care at a reasonable
cost. Recent studies have reported inconsistent findings on
whether PSI is the best approach for this issue [10, 12, 13].
Computer-navigated and robotic systems require an addi-
tional stage of registration, which can be time-consuming
and costly, and PSI systems are advantageous because they
eliminate these steps. In addition, they can be cost effective
by reducing the operating time and number of trays
required during surgery [12, 19, 29, 30]. In addition, the
PSI guide can be customized using the patient’s anatomy
for a more accurate and precise bone resection. However,
opinions on these issues are conflicting, especially
regarding shortened surgical time and post-operative TKA
results [11, 13-16].

The pre-planning and design processes were conducted
using previously validated commercial software from
Materialise [21, 22]. PSI is designed such that the 3D
reconstruction of bone is a key step. Thus, this interob-
server study was completed by two authors (second and
third authors) using the rule-based protocol suggested by
Koo et al. for cartilage reconstruction in MRI scans [31].

In this study, the design used in 2nd generation PSI
design improved the rotation stability in the femoral guide
and the alignment checker rod function in the tibial guide.
The tibia alignment checker rod does not require additional
bony exposure at the tibial site. The most important finding
of this study was the remarkable difference in surgical and
OR times with the use of the PSI guide designs. The

@ Springer

number of trays used in the OR was also reduced with the
PSI system. Reduced surgical and OR times lead to a
considerable difference in cost. During surgery, the sur-
geons used the patient’s anatomy to determine the PSI
guide position with the bone model. Once it was fitted to
the bony surface, the surgeon drilled the cutting block. This
process reduces surgical time using a fit design and a tibial
alignment checker rod to allow the surgeon to ensure
proper alignment with the proximal tibial cut. Ultimately,
the 2nd generation PSI design with an alignment checker
rod had significantly shorter surgical times. However, using
the PSI design without an alignment checker rod in 1st
generation PSI design required alignment confirmation
with an extramedullary rod after tibial drilling, which could
be the reason for the absence of statistically significant in
surgical and OR times in the comparisons with the control
group.

Knee alignment results indicated that all of the results
from 2nd generation PSI design showed better restoration
of the mechanical axis than those from the control group.
All of the mechanical axis alignment results in this study
were all superior to those reported in previous studies.
Victor et al. [19] reported a similar rate of 25%, and
Nunley et al. [10] reported a much higher rate, with 37% of
patients diagnosed as having malalignment. However, the
results for mechanical alignment restoration in 2nd gener-
ation PSI design showed improvement compared with
results from the previous studies because it prevented to
problem caused by intra-operative instability due to the
translation and rotation movement in femoral and tibial PSI
guides, and it also provided alignment checker rod in tibial
PSI guide.

Furthermore, Hommel et al. reported that the novel
surgical technique is allowed to lead femoral alignment
based on ligament tension in TKA with PSI, which had
been verified to be safe in clinical and radiological exam-
inations [32]. In addition, Hommel and Perka reported that
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the gap-balancing technique was successfully performed in
25 patients using PSI. The balancer device allows consid-
eration of individual soft-tissue tension and is beneficial to
surgeons who prefer the gap-balancing technique [33]. In
other words, the post-operative outcome in PSI surgery is
mainly dependent on the surgeons surgical experiences and
accumulation of know-how. They have already treated 500
cases of TKA with PSI.

In the FRA from the control group 22 outliers were >2°.
To date, no technology has been proven effective in
reducing positional outliers of the component rotation
following TKA. PSI was effective in significantly reducing
outliers of optimal rotational femoral component align-
ment, compared with CI for TKA [34]. In the 2nd gener-
ation PSI design, femoral rotation was defined with an
anatomical epicondylar axis and it could lead to good post-
operative outcomes after drilling owing to the improve-
ment in femoral PSI rotational stability. In addition, Heyse
and Tibesku recently reported the improvement of the tibial
component rotation in TKA using PSI [35].

This study had some limitations. First, a single experi-
enced surgeon conducted all of the pre-planning. Confu-
sion can be reduced if the planning work is conducted by
one surgeon rather than by with multiple surgeons [22].
Considering his previous surgical experience, the results
are also not representative of a low volume or inexperi-
enced knee surgeon applying this technology. A future
study with multiple surgeons would provide a more com-
prehensive representation of this technology based on
surgeon experience. Second, the present study had a non-
randomized design as group allocation was based on
patient preference. Third, the study lacks long-term clinical
outcomes. Fourth, the estimation of blood loss was inac-
curate and it should have been evaluated using the formulas
for blood loss calculation reported in the previous studies
[36]. Fifth, the difference in tibial rotation between 1st and
2nd generation PSI design was not evaluated. Sixth,
although 2nd generation PSI design led to shorten opera-
tion time compared to Ist generation PSI design, the
number of patients for PSI has been progressively col-
lected, thus the learning curve could have influenced to
reduce the operation time in retrospective study. Finally,
the comparisons of operating times and medical image
measurements were only included to determine cost-utility,
but not factor in clinical results or patient satisfaction
scores.

In conclusion, this retrospective study measured pre-
operative differences between normal and optimum PSIs,
and CI in TKA. Significant improvements in surgical times
and mechanical alignment restoration were not observed
when the normal PSI designs were used in comparison with
the CI techniques, but they were all enhanced with the
optimum PSI designs. This study emphasized the

importance of PSI design in post-operative clinical out-
comes. Further studies should be conducted with larger
cohorts and longer follow-up periods.

Compliance with ethical standards

Conflict of interest The authors received no funding for this study
and report no conflicts of interest.

References

1. Boni T (1996) Knee problems from a medical history viewpoint.
Ther Umsch 53(10):716-723
2. Jeffery RS, Morris RW, Denham RA (1991) Coronal alignment
after total knee replacement. J Bone Joint Surg Br 73(5):709-714
3. van der Linden-van der Zwaag HM, Bos J, van der Heide HJ,
Nelissen RG (2011) A computed tomography based study on
rotational alignment accuracy of the femoral component in total
knee arthroplasty using computer-assisted orthopaedic surgery.
Int Orthop 35 (6):845-850
4. Magnussen RA, Weppe F, Demey G, Servien E, Lustig S (2011)
Residual varus alignment does not compromise results of TKAs
in patients with preoperative varus. Clin Orthop Relat Res
469(12):3443-3450
5. Victor J, Hoste D (2004) Image-based computer-assisted total
knee arthroplasty leads to lower variability in coronal alignment.
Clin Orthop Relat Res 428:131-139
6. Mason JB, Fehring TK, Estok R, Banel D, Fahrbach K (2007)
Meta-analysis of alignment outcomes in computer-assisted total
knee arthroplasty surgery. J Arthroplasty 22(8):1097-1106
7. Hetaimish BM, Khan MM, Simunovic N, Al-Harbi HH, Bhandari
M, Zalzal PK (2012) Meta-analysis of navigation vs conventional
total knee arthroplasty. J Arthroplasty 27(6):1177-1182
8. Blakeney WG, Khan RJ, Wall SJ (2011) Computer-assisted
techniques versus conventional guides for component alignment
in total knee arthroplasty: a randomized controlled trial. J Bone
Joint Surg Am 93(15):1377-1384
9. Dutton AQ, Yeo SJ, Yang KY, Lo NN, Chia KU, Chong HC
(2008) Computer-assisted minimally invasive total knee arthro-
plasty compared with standard total knee arthroplasty. A
prospective, randomized study. J Bone Joint Surg Am 90(1):2-9
10. Nunley RM, Ellison BS, Ruh EL, Williams BM, Foreman K,
Ford AD, Barrack RL (2012) Are patient-specific cutting blocks
cost-effective for total knee arthroplasty? Clin Orthop Relat Res
470(3):889-894
11. Renson L, Poilvache P, Van den Wyngaert H (2014) Improved
alignment and operating room efficiency with patient-specific
instrumentation for TKA. Knee 21(6):1216-1220
12. Krishnan SP, Dawood A, Richards R, Henckel J, Hart AJ (2012)
A review of rapid prototyped surgical guides for patient-specific
total knee replacement. J Bone Joint Surg Br 94(11):1457-1461
13. Asada S, Mori S, Matsushita T, Nakagawa K, Tsukamoto I,
Akagi M (2014) Comparison of MRI- and CT-based patient-
specific guides for total knee arthroplasty. Knee 21(6):1238-1243
14. Hamilton WG, Parks NL, Saxena A (2013) Patient-specific
instrumentation does not shorten surgical time: a prospective,
randomized trial. J Arthroplasty 28(8):96-100
15. Ivie CB, Probst PJ, Bal AK, Stannard JT, Crist BD, Sonny Bal B
(2014) Improved radiographic outcomes with patient-specific
total knee arthroplasty. J Arthroplasty 29(11):2100-2103
16. Anderl W, Pauzenberger L, Kolblinger R, Kiesselbach G, Brandl
G, Laky B, Kriegleder B, Heuberer P, Schwameis E (2016)
Patient-specific instrumentation improved mechanical alignment,

@ Springer



118

Arch Orthop Trauma Surg (2017) 137:111-118

20.

21.

22.

23.

24.

25.

26.

while early clinical outcome was comparable to conventional
instrumentation in TKA. Knee Surg Sports Traumatol Arthrosc
24(1):102-111

. Sassoon A, Nam D, Nunley R, Barrack R (2015) Systematic

review of patient-specific instrumentation in total knee arthro-
plasty: new but not improved. Clin Orthop Relat Res
473(1):151-158

. Sloten JV (2015) A crash course on the concept of accuracy.

Materialise world conference Brussels, Belgium

. Victor J, Dujardin J, Vandenneucker H, Arnout N, Bellemans J

(2014) Patient-specific guides do not improve accuracy in total
knee arthroplasty: a prospective randomized controlled trial. Clin
Orthop Relat Res 472(1):263-271

Seon JK, Park HW, Yoo SH, Song EK (2014) Assessing the
accuracy of patient-specific guides for total knee arthroplasty.
Knee Surg Sports Traumatol Arthrosc (Epub ahead of print)
Stockmans F (2015) Forget just seeing bone, start reading bone
with CBCT. Materialise world conference, Brussels

Stronach BM, Pelt CE, Erickson J, Peters CL (2013) Patient-
specific total knee arthroplasty required frequent surgeon-directed
changes. Clin Orthop Relat Res 471(1):169-174

Hafez MA, Chelule KL, Seedhom BB, Sherman KP (2006)
Computer-assisted total knee arthroplasty using patient-specific
templating. Clin Orthop Relat Res 444:184-192

Brown GA, Firoozbakhsh K, DeCoster TA, Reyna JR, Jr.,
Moneim M (2003) Rapid prototyping: the future of trauma sur-
gery? J Bone Joint Surg Am 85-A(Suppl 4):49-55

Tigani D, Busacca M, Moio A, Rimondi E, Del Piccolo N,
Sabbioni G (2009) Preliminary experience with electromagnetic
navigation system in TKA. Knee 16(1):33-38

Heyse TJ, le Chong R, Davis J, Boettner F, Haas SB, Potter HG
(2012) MRI analysis for rotation of total knee components. Knee
19(5):571-575

@ Springer

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Berger RA, Crossett LS, Jacobs JJ, Rubash HE (1998) Malrota-
tion causing patellofemoral complications after total knee
arthroplasty. Clin Orthop Relat Res 356:144-153

Kurtz S, Ong K, Lau E, Mowat F, Halpern M (2007) Projections
of primary and revision hip and knee arthroplasty in the United
States from 2005 to 2030. J Bone Joint Surg Am 89(4):780-785
Slover JD, Tosteson AN, Bozic KJ, Rubash HE, Malchau H
(2008) Impact of hospital volume on the economic value of
computer navigation for total knee replacement. J Bone Joint
Surg Am 90(7):1492-1500

Tibesku CO, Hofer P, Portegies W, Ruys CJ, Fennema P (2013)
Benefits of using customized instrumentation in total knee
arthroplasty: results from an activity-based costing model. Arch
Orthop Trauma Surg 133(3):405-411

Koo S, Gold GE, Andriacchi TP (2005) Considerations in mea-
suring cartilage thickness using MRI: factors influencing repro-
ducibility and accuracy. Osteoarthritis Cartilage 13(9):782-789
Hommel H, Perka C, Pfitzner T (2016) Preliminary results of a
new surgical technique in total knee arthroplasty (TKA) using the
native ligament tension for femoral implant positioning in varus
osteoarthritis. Arch Orthop Trauma Surg 136(7):991-997
Hommel H, Perka C (2015) Gap-balancing technique combined
with patient-specific instrumentation in TKA. Arch Orthop
Trauma Surg 135(11):1603-1608

Heyse TJ, Tibesku CO (2014) Improved femoral component
rotation in TKA using patient-specific instrumentation. Knee
21(1):268-271

Heyse TJ, Tibesku CO (2015) Improved tibial component rota-
tion in TKA using patient-specific instrumentation. Arch Orthop
Trauma Surg 135(5):697-701

Charrois O, Kahwaji A, Vastel L, Rosencher N, Courpied JP
(2001) Blood loss in total hip arthroplasty for rapidly destructive
coxarthrosis. Int Orthop 25(1):22-24



	Patient-specific instrumentation development in TKA: 1st and 2nd generation designs in comparison with conventional instrumentation
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Patient enrollment
	Pre-surgical TKA techniques and PSI design methods
	Intra-operative and post-operative analysis
	Statistical analysis

	Results
	Discussion
	References




