Knee Surg Sports Traumatol Arthrosc (2017) 25:2567-2572
DOI 10.1007/s00167-015-3803-5

@ CrossMark

KNEE

Outcomes following total knee arthroplasty with CT-based

patient-specific instrumentation

Meng Zhu'! - Jerry Yonggiang Chen” - Hwei Chi Chong? - Andy Khye Soon Yew? -
Leon Siang Shen Foo® - Shi-Lu Chia? - Ngai Nung Lo? - Seng Jin Yeo?

Received: 24 May 2015 / Accepted: 16 September 2015 / Published online: 26 September 2015
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2015

Abstract

Purpose A 24-month prospective follow-up study was
carried out to compare perioperative clinical outcomes,
radiographic limb alignment, component positioning, as
well as functional outcomes following total knee arthro-
plasty (TKA) between patient-specific instrumentation
(PSI) and conventional instrumentation (CI).

Methods Ninety consecutive patients, satisfying the
inclusion and exclusion criteria, were scheduled to undergo
TKA with either PSI or CI. A CT-based PSI was used in
this study, and a senior surgeon performed all surgeries.
Patients were clinically and functionally assessed preop-
eratively, 6 and 24 months post-operatively. Perioperative
outcomes were also analysed, including operating time,
haemoglobin loss, the need for blood transfusion, length of
hospitalisation, and radiographic features.

Results At 24-month follow-up, clinical and functional
outcomes were comparable between the two groups.
PSI performed no better than CI in restoring lower limb
mechanical alignment or improving component position-
ing. There were no differences in operating time, haemo-
globin loss, transfusion rate, or length of hospitalisation
between PSI and CI.
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Conclusion No significant clinical benefit could be dem-
onstrated in using PSI over CI after 24 months, and routine
use of PSI is not recommended in non-complicated TKA.
Level of evidence 1.
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Introduction

Patient-specific instrumentation (PSI) is a novel technique
in total knee arthroplasty (TKA) that potentially permits
more accurate alignment of the components and there-
fore contributes to increased survivorship and satisfactory
long-term outcome [4, 10, 18, 20, 27, 31]. Customised
cutting blocks are fabricated for individual patient from a
three-dimensional (3D) model obtained from a computed
tomography (CT) or a magnetic resonance image (MRI) of
the lower extremity. Additionally, PSI has been shown to
decrease surgical time, allow for greater ease of use than
conventional instrumentation (CI), as well as reduce blood
loss and the amount of embolic fat by eliminating the use
of an intramedullary femoral alignment rod [5, 21, 25].
These benefits come at the cost of increased expenses
and waiting time to surgery [5, 30]. Thus, there is great
scientific and practical interest in the overall advantages
and reliability of PSI systems. At present, there is no con-
sensus in the literature regarding the accuracy and reli-
ability of PSI as many studies have shown controversial
and inconsistent results of various PSI systems [7, 29, 34,
36]. As a new technique, most of the current studies have
focused on perioperative or radiographic outcomes associ-
ated with PSI, while investigations focusing on clinical and
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functional outcome are scarce and limited by short follow-
up periods. There still exists controversy over whether PSI
can provide better clinical, functional, or radiographic out-
comes, especially in the mid or long term.

Therefore, a 24-month follow-up study of two cohorts
of patients who had undergone TKA with either PSI or
CI was carried out to compare clinical and functional out-
comes, radiographic alignment, and perioperative results.
The authors hypothesise that TKA with PSI, compared to
CI, provides patients with comparable clinical, functional,
and radiographic outcomes.

Materials and methods

Ninety consecutive patients who were scheduled for uni-
lateral TKA during 2011 and 2012 at Singapore General
Hospital were prospectively followed up for 24 months.
The inclusion criteria consisted of substantial pain and loss
of function due to osteoarthritis of the knee, any degree of
genu varum deformity, and <15° of genu valgum. Patients
with inflammatory arthritis, post-traumatic arthritis, a genu
valgum deformity of >15°, previous knee surgery that
required the removal of metallic implants, revision total
knee arthroplasty, active knee joint infection, or the need
for bilateral total knee arthroplasty were excluded. Patient
underwent TKA with either PSI or CI after being offered
both options, with the knowledge of their respective ben-
efits and limitations. TruMatch® Personalised Solutions
(DePuy Synthes, Warsaw, IN, USA), a CT-based patient-
specific surgical instrumentation, was used in this study. A
senior surgeon performed all surgeries. Preoperative demo-
graphic and clinical data, including age, gender, body mass
index (BMI), and preoperative functional scores, were col-
lected and compared between the two groups.

In the CI group, the distal femur was prepared using an
intramedullary rod with the femoral valgus angle set at 5°,
while the proximal tibia was prepared with an extramedul-
lary cutting jig perpendicular to the mechanical axis of the
tibia. For the patients in the PSI group, they had a preop-
erative CT scan of the lower limb according to the manu-
facturer’s PSI protocol. Custom cutting blocks were manu-
factured according to the preoperative plan formulated on
the basis of 3D images, which were reviewed and approved
by the surgeon. Using two anterior and two distal pins,
the patient-specific femoral cutting block was placed on
the distal part of the femur, where the distal femoral oste-
otomy was then made through the slot on the cutting block.
A second femoral cutting block was attached to the distal
femoral pin-site holes for the anterior and posterior con-
dylar femoral resections. Then the tibial cutting block was
positioned on the proximal tibia, with a guide rod attached
to the cutting slot to ensure the alignment with the tibia.
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After confirming the varus/valgus position of the guide,
the proximal tibial osteotomy was performed. All patients
had prostheses from DePuy Synthes Sigma® Fixed Bearing
Knee system (Warsaw, IN, USA), and closure of wounds
was performed in a standard manner.

Primary outcomes were the clinical and functional
recovery at 6 and 24 months post-operatively, which con-
sisted of (1) range of motion (ROM), maximal flexion, and
maximal extension; (2) Oxford Knee Score (OKS); (3)
Knee Society Function Score (KSFS) and Knee Society
Knee Score (KSKS); and (4) Short Form-36 Score (SF-36)
compounded into Physical Component Score (PCS) and
Mental Component Score (MCS). Staff from Orthopaedic
Diagnostic Centre, which includes technicians, clinical out-
come executives, and physiotherapists, who were blinded
to the type of instrumentation used, performed the objec-
tive functional measurements and scoring questionnaires
both preoperatively and at the follow-ups.

In addition, perioperative outcomes were also ana-
lysed to corroborate or oppose the perioperative advan-
tages of PSI as compared to CI. The following outcomes
were analysed: operating time, haemoglobin loss, the
need for blood transfusion, length of hospitalisation,
and radiographic features. Standing coronal long-leg
radiographs taken before discharge were analysed, and
the hip—knee—ankle axis (HKA, or mechanical axis,
the angle subtended by the femoral and tibial mechani-
cal axes; neutral = 180°), coronal femoral angle (CFA,
the angle between the mechanical axis of the femur and
the transcondylar line of the femoral component; neu-
tral = 90°), and coronal tibial angle (CTA, the angle
between the mechanical axis of the tibia and the tibial
base plate; neutral = 90°) were measured. Measurements
were taken to an accuracy of 0.1°. Tibial slope was also
measured from the lateral knee radiographs. Two inde-
pendent, blinded assessors performed the radiographic
measurements using picture archiving and communication
systems (PACS) with high inter-rater reliability [19].

The hospital ethics committee audited and approved the
study protocol (SingHealth CIRB: 2015/2109). The study
was carried out in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki.

Statistical analysis

Power analysis was performed prior to the conduct of this
study. The minimally clinically important difference of
OKS was found to be five points [12]. At 24 months post-
operatively, to detect a difference of five points in OKS
with standard deviation of 8, a sample size of 42 patients
in each arm would be required to achieve a power of 0.80.
This calculation was done for a two-sided test with a type
I error of 0.05. Allowing for a dropout rate of 5 % during
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Table 1 Preoperative demographic and clinical data by type of
instrumentation

Table 2 Improvements of clinical and functional outcomes at 6 and
24 months post-operatively

PSI (n = 42) Cl (n =48) p value Variable PSI p value* CI p value®
Age (years) 69.3+7.2 66.8 £5.9 NS Maximal
Gender (male/female) 12/30 11/37 NS extension
BMI (kg/m?) 269+52  27.1+46 NS Pre-op 8.5°+82° - 6.7°+5.0° -
Preoperative maximal 8.5° 4+ 8.2° 6.7° + 5.0° NS 6 months 5.2°£5.5° 0.001 3.8°+4.9° <0.001
extension 24 months 0.9° £4.3° <0.001 0.1° £ 3.6° <0.001
Preoperative maximal 122.9° £ 13.8° 117.7° £ 18.4° NS Maximal
flexion flexion
Preoperative range of 114.4° +£19.5° 111.2° £19.8° NS Pre-op 122.9° + 13.8° - 117.7° £ 18.4° -
motion 6 months 111.7° £ 17.2° 0.001 115.9° £ 13.5° NS
Preoperative Oxford Knee 26 + 8 26+7 NS 24months  118.8°+15.6° 0.029  118.0°+15.1° NS
Score
. . Range of
Knee Society Function 52410 54+ 14 NS motion
KSCor;: e Knee S w6 o4l ) Pre-op 114.4° £195° - 111.2° £ 19.8° —
S;‘e; ;:et,y 1 gee core io 0t 10 is 6 months 106.6° £20.1° 0.041  112.1° £ 15.3° NS
oo e Component 24months  118.0° 4+ 17.9° NS 117.9° 4 17.0° 0.043
SF-36 Mental Component 55 + 9 52+£8 NS Oxford Knee
Score
Score
Pre-op 268 - 267 -
PSI patient-specific instrumentation, CI conventional instrumentation, 6 months 4145 <0.001 40+ 6  <0.001
SF-36 Short Form-36, NS non-significant 24 months 245 <0.001 42+ 4 <0.001
KSFS
the interval between surgery and 24-month follow-up, this Pre-op 52410 - 54414 —
study was designed to include a total of 90 patients. 6 months 68 +21 <0.001 69+ 16 <0.001
Statistical analyses were carried out in consultation with 24 months 72419  <0.001 77416 <0.001
in-house biostatistician, using SPSS® 21.0 (IBM, Armonk, KSKS
NY, USA). For preoperative demographic and clinical data, Pre-op 34+16 - 39+18 -
perioperative outcomes, and radiographic outcomes at 6 months 814+ 16 <0.001 8449  <0.001
24 months post-operatively, Student’s unpaired ¢ test and 24 months 8649  <0.001 82+ 11 <0.001
Pearson Chi-square test were used for continuous and cat-  prg
egorical variables, respectively. For PSI and CI groups, the Pre-op U9 30410 -
chmca.l and functional outcorpes at 6 anq 24 mpnths post- 6 months 4849  <0.001 4T4+9  <0.001
operatively were compared with the baseline using the Stu- 24 months 47411 <0.001 S0+7  <0.001
dent’s paired ¢ test. Multivariate regression analyses were MCS
performed between the two groups for clinical and func- Pre-op 5549 248 -
;10nal outcocines a:i ]2;\/[ T(thhs ;iost—oge(r)z;twely, adj};stlnﬁ 6 months 5748 NS s6+11 NS
or age, gender, an . A p value < 0.05 was considere 24 months S649 NS 749 0.007

significant.

Results

There were 42 patients who underwent TKA with PSI and
48 patients with CI. Preoperative demographic and clini-
cal features of patients from both groups are presented
in Table 1, and there existed no significant differences
between the two groups. In the PSI group, there was one
case in which tibial cutting block was abandoned in view
of excessive valgus of the proximal tibia cutting block,
one case which required recut of the tibial surface to
increase the flexion/extension gap, and one case in which

PSI patient-specific instrumentation, CI conventional instrumentation,
NS non-significant, KSFS Knee Society Function Score, KSKS Knee
Society Knee Score, PCS Physical Component Score, MCS Mental
Component Score

# Statistical significance of each outcome measure compared to pre-
operative baseline

tibial component was down-sized due to excessive over-
hang. No 30-day mortality or revision was observed in
either group.

Table 2 details the clinical and functional improve-
ments at 6 and 24 months post-operatively for both
groups. Overall, the range of motion was maintained
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Table 3 Clinical and functional outcomes at 24 months post-operatively
and changes from preoperative baseline by type of instrumentation

Table 4 Perioperative clinical and radiographic outcomes by type of
instrumentation

Variable PSI CI Adjusted p value® PSI CI p value
Oxford Knee Score Operating time, min 85 +25 87 £26 NS
Pre-op 26 £8 267 NS Haemoglobin loss, g/dL 2.6 +09 234+09 NS
24 months 42+ 5 42 + 4 NS Blood transfusion, % 9.5 10.4 NS
Change 16£7 16 £8 NS Length of hospitalisation,d 6.1 £ 5.1 6.3+4.6 NS
KSFS Hip—knee—ankle axis 177.9°+£3.9° 177.8° £3.1° NS
Pre-op 524+ 10 54+ 14 NS Coronal femoral angle 91.8°+£19° 92.7°+2.3° NS
24 months 72+ 19 77+ 16 NS Coronal tibial angle 91.0°£1.6° 90.3°+1.6° NS
Change 20 + 17 23+ 18 NS Tibial slope angle 1.9° £2.0° 2.0°+14° NS
KSKS PSI patient ific inst tation, CI tional inst tati
Pre—op 34+ 16 39+ 18 NS NS n]f:i]{esflgnsl]%ec;;tc mmstrumentation, conventional mstrumentation,
24 months 86+ 9 82 + 11 NS
Change 52+ 18 43 £ 21 NS
PCS improvements post-operatively for both PST and CI groups,
Pre-op 34+9 30£10 NS but there existed no significant differences between the two
24 months 47+ 11 50+7 NS groups at 24 months post-operatively. This is one of few
Change 13+£12 20£13 NS studies on PSI functional outcomes that have followed up
MCS patients for at least 24 months; therefore, it provides further
Pre-op 55+9 52+8 NS clinical insights into choosing surgical instruments when
24 months 56 +9 57+9 NS planning knee arthroplasty in non-complicated cases.
Change 1+9 5+£9 NS There are few clinical outcome studies comparing PSI

PSI patient-specific instrumentation, CI conventional instrumentation,
NS non-significant, KSFS Knee Society Function Score, KSKS Knee
Society Knee Score, PCS Physical Component Score, MCS Mental
Component Score

# Statistical significance adjusted for differences in age, gender, and
BMI between the two groups

for PSI group and marginally improved for CI group at
24 months post-operatively. At 6 and 24 months post-
operatively, there were similarly significant improvements
in the mean scores of OKS, KSFS, KSKS, and PCS of
the SF-36 Health Survey for both groups. At 24 months
post-operatively, no significant differences were detected
between PSI and CI groups in all clinical and functional
outcomes after adjusting for differences in age, gender,
and BMI, as shown in Table 3.

Perioperatively, operating time, haemoglobin loss,
transfusion rate and length of hospitalisation were similar
between PSI and CI groups, as shown in Table 4. Radio-
graphic results showed that the lower limb mechanical
alignment and coronal component positioning were satis-
factory and comparable between the two groups.

Discussion

The most important finding of the current study is
that patients had significant clinical and functional
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and CI in TKA, most of which have shown insignificant
difference between the two groups, and follow-up periods
were less than 1 year [1, 2, 25, 37, 38, 40]. Conversely,
Yaffe et al. [39] found that PSI was associated with a statis-
tically significant improvement in functional scores when
compared to conventional TKA at 6-month follow up.
Anderl et al. [3] using another CT-based PSI also reported
subtle clinical differences between PSI and CI at 2 years
after TKA. A similar study conducted by the authors also
showed that OKS, KSFS, KSKS, and SF-36 Score were
comparable between PSI and CI groups at 2 years post-
operatively, but an MRI-based PSI system was studied [8].
Improved accuracy of component positioning is one of
the main potential advantages of PSI. Neutral mechani-
cal limb alignment and accurate coronal component posi-
tioning are also primary intraoperative goals for satis-
factory long-term outcome after TKA [14, 18, 27]. The
recent literature has revealed controversial results regard-
ing mechanical alignment. Anderl et al. [3] concluded
that CT-based PSI, compared with CI, improves accuracy
of mechanical alignment restoration and 3D component
positioning in primary TKA. Pfitzner et al. [24] com-
pared two types of PSI systems using different imaging
modalities and found that PSI increased accuracy com-
pared with CI and that MRI-based PSI was more accurate
compared with CT-based PSI regarding coronal mechani-
cal limb axis. A better performance was also observed
in the MRI-based system than in the CT-based system
by Ensini et al. [13] Most other studies have failed to
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prove the expected superiority of PSI in restoring neutral
mechanical limb alignment and component positioning,
or have found even higher prevalence of malalignment
with PSI compared to CI [1, 5, 6, 9, 15, 17, 22, 23, 28,
32, 35, 37, 39, 40]. Using the same PSI as this study,
Woolson et al. [38] also found no significant improve-
ments in knee component alignment in patients treated
with PSI as compared with those treated with CI by using
3D CT data. Findings from the current study agree with
most of the recent literature, which shows no signifi-
cant difference of PSI in improving the accuracy of limb
alignment and component positioning compared to CI.

The other postulated advantages of PSI are reduc-
tion in operating time and less blood loss. While some
studies have validated such advantages [5, 6, 11, 15, 21,
25, 26, 31] associated with PSI, conflicting results have
been reported in others [1, 16, 33, 37, 38]. Both Pietsch
et al. [25] and Chotanaphuti et al. [11] have failed to
observe a lesser haemoglobin loss or lower transfusion
rate with PSI, though blood drainage was reduced. In
this study, no significant advantages have been demon-
strated in the PSI group regarding the operating time,
haemoglobin loss, transfusion rate, or length of hospi-
talisation. Although PSI can reduce the amount of trays
and instruments required and therefore leads to higher
operating room turnover rates, the clinical significance
may remain subtle. In addition, these advantages may
not translate into socio-economic benefits due to the
intrinsic costs of preoperative imaging and production
of the patient-specific guides, and the 6-week additional
time required for manufacturing of the patient-specific
guides [21, 30].

There are a few limitations to this study. Randomisa-
tion was not performed; nevertheless, all patients were
counselled regarding the choice of the two types of surgi-
cal instruments, and there were no differences in patients’
preoperative demographic and clinical data between the
two groups. Another limitation is that long-leg radiographs
were used to measure the mechanical axis and component
alignment in the coronal views, and lateral knee radio-
graphs, instead of sagittal long-leg radiographs, were used
to measure the tibial slope. There is a lack of accurate radi-
ographic data in the sagittal plane, including femoral com-
ponent rotation angle. In this study, the authors emphasised
more on coronal component alignment because it predicted
functional outcomes, earlier loosening, and polyethylene
wear [14].

Conclusion

In summary, CT-based PSI and CI showed comparable
clinical and functional outcomes at 24 months after TKA.

There were no significant differences between the two
types of instruments in achieving alignment restoration,
component positioning, and perioperative clinical out-
comes in terms of operating time and blood loss. Thus, rou-
tine clinical use of PSI in non-complicated cases of TKA is
not recommended in view of the additional cost and wait-
ing time. Future larger-scale randomised studies are crucial
to provide further evidence in the long term.

References

1. Abane L, Anract P, Boisgard S, Descamps S, Courpied JP, Ham-
adouche M (2015) A comparison of patient-specific and conven-
tional instrumentation for total knee arthroplasty: a multicentre
randomised controlled trial. Bone Joint J 97-B(1):56-63

2. Abdel MP, Parratte S, Blanc G, Ollivier M, Pomero V, Viehweger
E, Argenson JN (2014) No benefit of patient-specific instrumen-
tation in TKA on functional and gait outcomes: a randomized
clinical trial. Clin Orthop Relat Res 472(8):2468-2476

3. Anderl W, Pauzenberger L, Kolblinger R, Kiesselbach G, Brandl
G, Laky B, Kriegleder B, Heuberer P, Schwameis E (2014)
Patient-specific instrumentation improved mechanical alignment,
while early clinical outcome was comparable to conventional
instrumentation in TKA. Knee Surg Sports Traumatol Arthrosc.
doi:10.1007/s00167-014-3345-2

4. Bali K, Walker P, Bruce W (2012) Custom-fit total knee
arthroplasty: our initial experience in 32 knees. J Arthroplasty
27(6):1149-1154

5. Barrack RL, Ruh EL, Williams BM, Ford AD, Foreman K, Nun-
ley RM (2012) Patient specific cutting blocks are currently of no
proven value. J Bone Joint Surg Br 94(11 Suppl A):95-99

6. Boonen B, Schotanus MG, Kerens B, van der Weegen W,
van Drumpt RA, Kort NP (2013) Intra-operative results and
radiological outcome of conventional and patient-specific
surgery in total knee arthroplasty: a multicentre, randomised
controlled trial. Knee Surg Sports Traumatol Arthrosc
21(10):2206-2212

7. Cavaignac E, Pailhe R, Laumond G, Murgier J, Reina N, Laf-
fosse JM, Berard E, Chiron P (2015) Evaluation of the accuracy
of patient-specific cutting blocks for total knee arthroplasty: a
meta-analysis. Int Orthop 39(8):1541-1552

8. Chen JY, Chin PL, Tay DK, Chia SL, Lo NN, Yeo SJ (2015)
Functional outcome and quality of life after patient-specific
instrumentation in total knee arthroplasty. J Arthroplasty.
doi:10.1016/j.arth.2015.04.007

9. Chen JY, Yeo SJ, Yew AK, Tay DK, Chia SL, Lo NN, Chin PL
(2014) The radiological outcomes of patient-specific instrumen-
tation versus conventional total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 22(3):630-635

10. Choong PF, Dowsey MM, Stoney JD (2009) Does accurate
anatomical alignment result in better function and quality of
life? Comparing conventional and computer-assisted total knee
arthroplasty. J Arthroplasty 24(4):560-569

11. Chotanaphuti T, Wangwittayakul V, Khuangsirikul S, Foojareo-
nyos T (2014) The accuracy of component alignment in cus-
tom cutting blocks compared with conventional total knee
arthroplasty instrumentation: prospective control trial. Knee
21(1):185-188

12. Clement ND, MacDonald D, Simpson AH (2014) The mini-
mal clinically important difference in the Oxford knee score
and short form 12 score after total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 22(8):1933-1939

@ Springer


http://dx.doi.org/10.1007/s00167-014-3345-2
http://dx.doi.org/10.1016/j.arth.2015.04.007

2572

Knee Surg Sports Traumatol Arthrosc (2017) 25:2567-2572

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ensini A, Timoncini A, Cenni F, Belvedere C, Fusai F, Leardini
A, Giannini S (2014) Intra- and post-operative accuracy assess-
ments of two different patient-specific instrumentation systems
for total knee replacement. Knee Surg Sports Traumatol Arthrosc
22(3):621-629

Fang DM, Ritter MA, Davis KE (2009) Coronal alignment in
total knee arthroplasty: Just how important is it? J Arthroplasty
24(6 Suppl):39-43

Fu H, Wang J, Zhou S, Cheng T, Zhang W, Wang Q, Zhang X
(2014) No difference in mechanical alignment and femoral com-
ponent placement between patient-specific instrumentation and
conventional instrumentation in TKA. Knee Surg Sports Trau-
matol Arthrosc. doi:10.1007/s00167-014-3115-1

Hamilton WG, Parks NL, Saxena A (2013) Patient-specific
instrumentation does not shorten surgical time: a prospective,
randomized trial. J Arthroplasty 28(8 Suppl):96-100

Koch PP, Muller D, Pisan M, Fucentese SF (2013) Radio-
graphic accuracy in TKA with a CT-based patient-specific cut-
ting block technique. Knee Surg Sports Traumatol Arthrosc
21(10):2200-2205

Lotke PA, Ecker ML (1977) Influence of positioning of prosthe-
sis in total knee replacement. J Bone Joint Surg Am 59(1):77-79
Marx RG, Grimm P, Lillemoe KA, Robertson CM, Ayeni OR,
Lyman S, Bogner EA, Pavlov H (2011) Reliability of lower
extremity alignment measurement using radiographs and PACS.
Knee Surg Sports Traumatol Arthrosc 19(10):1693-1698

Ng VY, DeClaire JH, Berend KR, Gulick BC, Lombardi AV Jr
(2012) Improved accuracy of alignment with patient-specific
positioning guides compared with manual instrumentation in
TKA. Clin Orthop Relat Res 470(1):99-107

Noble JW, Moore CA, Liu N (2012) The value of patient-
matched instrumentation in total knee arthroplasty. J Arthro-
plasty 27(1):153-155

Ollivier M, Tribot-Laspiere Q, Amzallag J, Boisrenoult P, Pujol
N, Beaufils P (2015) Abnormal rate of intraoperative and post-
operative implant positioning outliers using “MRI-based patient-
specific” compared to “computer assisted” instrumentation in
total knee replacement. Knee Surg Sports Traumatol Arthrosc.
doi:10.1007/s00167-015-3645-1

Parratte S, Blanc G, Boussemart T, Ollivier M, Le Corroller T,
Argenson JN (2013) Rotation in total knee arthroplasty: no dif-
ference between patient-specific and conventional instrumenta-
tion. Knee Surg Sports Traumatol Arthrosc 21(10):2213-2219
Pfitzner T, Abdel MP, von Roth P, Perka C, Hommel H (2014)
Small improvements in mechanical axis alignment achieved with
MRI versus CT-based patient-specific instruments in TKA: a ran-
domized clinical trial. Clin Orthop Relat Res 472(10):2913-2922
Pietsch M, Djahani O, Zweiger C, Plattner F, Radl R, Tschauner
C, Hofmann S (2013) Custom-fit minimally invasive total knee
arthroplasty: effect on blood loss and early clinical outcomes.
Knee Surg Sports Traumatol Arthrosc 21(10):2234-2240
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

Ritter MA, Faris PM, Keating EM, Meding JB (1994) Postopera-
tive alignment of total knee replacement. Its effect on survival.
Clin Orthop Relat Res 299:153-156

@ Springer

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Roh YW, Kim TW, Lee S, Seong SC, Lee MC (2013) Is TKA
using patient-specific instruments comparable to conventional
TKA? A randomized controlled study of one system. Clin
Orthop Relat Res 471(12):3988-3995

Sassoon A, Nam D, Nunley R, Barrack R (2015) System-
atic review of patient-specific instrumentation in total knee
arthroplasty: new but not improved. Clin Orthop Relat Res
473(1):151-158

Slover JD, Rubash HE, Malchau H, Bosco JA (2012) Cost-effec-
tiveness analysis of custom total knee cutting blocks. J Arthro-
plasty 27(2):180-185

Spencer BA, Mont MA, McGrath MS, Boyd B, Mitrick MF
(2009) Initial experience with custom-fit total knee replacement:
intra-operative events and long-leg coronal alignment. Int Orthop
33(6):1571-1575

Stronach BM, Pelt CE, Erickson JA, Peters CL (2014) Patient-
specific instrumentation in total knee arthroplasty provides
no improvement in component alignment. J Arthroplasty
29(9):1705-1708

Thienpont E, Grosu I, Paternostre F, Schwab PE, Yombi JC
(2015) The use of patient-specific instruments does not reduce
blood loss during minimally invasive total knee arthroplasty?
Knee Surg Sports Traumatol Arthrosc 23(7):2055-2060
Thienpont E, Schwab PE, Fennema P (2014) A systematic
review and meta-analysis of patient-specific instrumentation for
improving alignment of the components in total knee replace-
ment. Bone Joint J 96-B(8):1052-1061

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

Voleti PB, Hamula MJ, Baldwin KD, Lee GC (2014) Current
data do not support routine use of patient-specific instrumenta-
tion in total knee arthroplasty. J Arthroplasty 29(9):1709-1712
Vundelinckx BJ, Bruckers L, De Mulder K, De Schepper J,
Van Esbroeck G (2013) Functional and radiographic short-term
outcome evaluation of the visionaire system, a patient-matched
instrumentation system for total knee arthroplasty. J Arthroplasty
28(6):964-970

Woolson ST, Harris AH, Wagner DW, Giori NJ (2014) Compo-
nent alignment during total knee arthroplasty with use of stand-
ard or custom instrumentation: a randomized clinical trial using
computed tomography for postoperative alignment measure-
ment. J Bone Joint Surg Am 96(5):366-372

Yaffe M, Luo M, Goyal N, Chan P, Patel A, Cayo M, Stulberg
SD (2014) Clinical, functional, and radiographic outcomes fol-
lowing total knee arthroplasty with patient-specific instrumen-
tation, computer-assisted surgery, and manual instrumentation:
a short-term follow-up study. Int J Comput Assist Radiol Surg
9(5):837-844

Yan CH, Chiu KY, Ng FY, Chan PK, Fang CX (2014) Com-
parison between patient-specific instruments and conventional
instruments and computer navigation in total knee arthroplasty:
a randomized controlled trial. Knee Surg Sports Traumatol
Arthrosc. doi:10.1007/s00167-014-3264-2


http://dx.doi.org/10.1007/s00167-014-3115-1
http://dx.doi.org/10.1007/s00167-015-3645-1
http://dx.doi.org/10.1007/s00167-014-3264-2

	Outcomes following total knee arthroplasty with CT-based patient-specific instrumentation
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




