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Background: Incorrect positioning andmalalignment of total knee arthroplasty (TKA) components
can result in implant loosening. Restoration of neutral alignment of the leg is an important
factor affecting the long-term results of TKA. The aim of our retrospective study was to compare
mechanical axis in patients with conventional and patient-specific TKAs.
Methods: 232 patients who underwent TKA between January 2013 and December 2014 were
included to compare postoperative mechanical axis. 125 patients received a patient-specific TKA
(iTotal CR®, Conformis) and 107 a conventional TKA (Triathlon®, Stryker). Standardized pre-
and postoperative long-leg standing radiographs were retrospectively evaluated to compare the
two patient cohorts.
Results: 113 (90%) radiographs of patient-specific TKA and 88 (82%) of conventional TKA
were available for comparison. The preoperative deviation from neutral limb axis was 9.0°
(0.1–27.3°) in the patient-specific TKA cohort and 8.2° (0.2–18.2°) in the conventional TKA
group. Postoperatively the patient-specific TKA group showed 3.2° (0.1–8.4°) and the conven-
tional TKA cohort 2.3° (0.1–12.5°) deviation. However, the rate of ±3° outliers from neutral
limb axis was 16% in the patient-specific TKA cohort and 26% in the conventional TKA group.
Conclusions: Patient-specific TKA demonstrated fewer outliers from neutral leg alignment
compared to conventional technique. Potential benefits in the long-term outcome and functional
improvement require further investigation.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Total knee arthroplasty (TKA) is a reliable and highly successful treatment for osteoarthritis of the knee [1, 2]. Correct position-
ing of the TKA components with axial alignment of the limb and restoration of the mechanical axis are associated with a better
outcome [3, 4]. Incorrect positioning and malalignment of the TKA components can result in implant loosening, loss of thickness
of polyethylene tibial bearings, eccentric loading, and eventual early revision [5–9]. Previous studies could show that postopera-
tive alignment within the range of 0° ± 3° of the mechanical axis is recommended [3, 4]. Despite various attempts to improve
accuracy of conventional TKA positioning errors may occur due to variations in the bony anatomy, visual misjudgement by the
surgeon or limitations of technique [10]. Computer-assisted surgery (CAS) can improve mechanical alignment over conventional
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instrumentation but did not result in better outcomes [11]. Customized cutting guides (CCGs) are a further modification of surgi-
cal technique in TKA. These are individually manufactured cutting blocks depending on preoperative three-dimensional imaging.

Patient-specific implants (PSI) aim to improve postoperative alignment and positioning using anatomical data obtained
primarily from preoperative axial computed tomography (CT) or magnetic resonance imaging (MRI). Disposable cutting jigs
and implants specific to a patient's unique anatomy are created. One such PSI system is the iTotal CR® (ConforMIS, Burlington,
Massachusetts, USA) which was designed to restore a neutral postoperative mechanical axis, reducing bone resection and
optimize component fit using a CT scan to obtain anatomical data to create individual cutting jigs and individual implant
components.

The aim of our retrospective study was to compare the mechanical axis in patients with conventional and patient-specific TKAs.

2. Methods

We retrospectively compared 232 patients who underwent TKA in our hospital between January 2013 and December 2014.
125 patients received a patient-specific TKA (iTotal CR, Conformis) and 107 a conventional cruciate retaining TKA (conventional
TKA) (Triathlon, Stryker) using a standard instrumentation. Indication for TKA was primary or posttraumatic osteoarthritis, no
signs of a mediolateral instability or a massive varus/valgus deformity. All patients underwent a full-leg radiograph standing on
both legs and lateral knee radiograph and patella tangential pre- and postoperatively. TKAs were performed by different surgeons.
Axial alignment of the limb was evaluated on pre- and postoperative full-length weightbearing radiographs by an independent
orthopedic surgeon (DA). For the mechanical axis of the leg and frontal alignment the following angles were measured: the
hip–knee–ankle (HKA) angle defined as the angle between the mechanical axis of the femur and the mechanical axis of the
Figure 1. Radiological measurement showing the HKA mechanical axis of the leg, the FFC angles and FTC angles on a a) preoperative and b) postoperative long leg
radiographs.
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tibia, with both lines crossing at the center of the knee (mechanical axis of the leg), the frontal femoral component (FFC) angle
and the frontal tibial component (FTC) angle (Figure 1). Descriptive analysis mean ± standard deviation was done using
Microsoft Excel (Microsoft Corporation, Seattle, USA). The Kolmogorov–Smirnov test was used to evaluate axial alignment. For
comparing post-operative alignment of the leg between the two groups, box-and-whisker plots were used and deviations
compared using the Mann–Whitney U-test. The box limits represent the lower quartile (25th percentile) and upper quartile
(75th percentile) and the box height is the interquartile range (IQR). For continuous variables and differences between two
means, 95% confidence intervals (CI) were calculated. Two-tailed values of p b 0.05 were considered to be statistically significant.
Analysis of the data was performed using SPSS v24 (SPSS Inc. Chicago, Illinois).

3. Results

In the patient-specific TKA cohort 113 (90%) patients were included for limb alignment measurement. 12 patients (10%) have
been excluded due to missing pre- or postoperative pictures, radiographs of minor quality or missing femoral head. In the con-
ventional TKA cohort 88 (82%) patients could be included for measurement, 19 (18%) were excluded due to above-mentioned
reasons. The preoperative deviation from neutral limb axis was 9.0° (0.1–27.3°, median 5.7°) in the patient-specific TKA cohort
and 8.2° (0.2–18.2°, median 5.6°) in the conventional TKA group. Postoperatively the patient-specific TKA group showed 3.2°
(0.1–8.4°, median 0.7) and the conventional TKA cohort 2.3° (0.1–12.5°, median 1.7°) deviation. A ±3° deviation from neutral
limb axis could be demonstrated for 16% in the patient-specific TKA cohort and 26% of the conventional TKA group. The preop-
erative FFC showed a mean deviation of 3.3° (0.1–14.3°, median 1.3°) in the patient-specific TKA cohort and 2.6° (0.1–9.2°,
median 0.5°) in the conventional TKA. Postoperatively the patient-specific TKA group demonstrated mean deviation of 2.3°
(0.1–9.3°, median 0.9°) and the conventional TKA of 2.2° (0.1–6.4°, median 1.0°). Preoperative FTC angle was 3.8° (0.1–12°,
median 4.0°) in the patient-specific TKA and 4.2° (0.1–12.7°, median 2.5°) in the conventional TKA cohort. Postoperative FTC
angle was 1.6° (0.1–9.1°, median 0.2°) in the patient-specific TKA group and 1.6° (0.1–9.1°, median 0.3°) in the conventional
TKA cohort indicating no significant change (Table 1).

4. Discussion

Axial alignment of the limb and correct positioning of components are of paramount interest in TKA. Postoperative
malalignment of the mechanical axis of the leg showed to increase incidence of aseptic loosening. Rand and Coventry demon-
strated that deviation of the neutral leg axis less than four degrees is associated with a survival rate of 90% at ten years [12].
They showed that survival rates decreased to 71% in valgus and 73% in varus deviation exceeding four degrees from the neutral
leg axis. CAS was developed to improve surgical accuracy and decrease the number of outliers. Even so CAS proved to restore
postoperative axis of the limb better than conventional intra- or extramedullary guides [10, 13], better outcomes could not be
demonstrated [11, 14]. CCGs are a further modification of surgical technique in TKA. These are individually manufactured cutting
blocks depending on preoperative three-dimensional imaging. Their potential benefits besides improvement of postoperative leg
alignment are ease of use, decrease of operative times and instrument trays [15]. A systematic review of Level I and II studies
concluded that CCGs did not improve coronal alignment in TKA [16]. Furthermore a decrease of blood loss and lowering the
risk of fat embolism not using intramedullary femoral or tibial rods have been stated. Femoral or tibial malrotation due to
inaccurate visual referencing of bony landmarks may be decreased. Patient-specific TKA is of emerging interest promising to
improve postoperative alignment and positioning, reducing bone resection and optimizing component fit by using anatomical
data obtained from preoperative MRI or CT scans. The iTotal CR® is a patient-specific TKA system designed to meet above-
mentioned demands by using a CT scan to obtain anatomical data to create individual cutting jigs and individual implant
components.

To our knowledge, the current study is thefirst to present radiological results of a patient-specific TKA system. In the patient-specific
TKA groupmean deviation from neutral leg axis changed from 9.0° (0.1–27.3°) preoperatively to 3.2° (0.1–8.4°) postoperatively. In the
conventional TKA cohort preoperative mean deviation was 8.2° (0.2–18.2°) and postoperative 2.3° (0.1–12.5°). A ±3° deviation from
neutral limb axis could be demonstrated for 16% in the patient-specific TKA cohort and 26% of the conventional TKA group (Figure 2).
However the results of patient-specific TKA for outliers and pre- and postoperative leg axis change are better compared to conventional
Table 1
Hip–knee–ankle (HKA) angles, the frontal femoral component (FFC) angles and the frontal tibial component (FTC) angles in the conventional TKA and patient-specific
TKA groups pre- and postoperatively.

Patient-specific TKA Conventional TKA

Mean Median Varus max Valgus max Mean Median Varus max Valgus max

HKA preop 9.0 5.7 27.3 18.9 8.2 5.6 18.2 15.7
HKA postop 3.2 0.7 7.6 8.4 2.3 1.7 10.1 12.5
FFC preop 3.3 1.3 14.3 11.9 2.6 0.5 6.0 9.2
FFC postop 2.3 0.9 9.3 5 2.2 1.0 6.9 7.4
FTC preop 3.8 4.0 12.0 6.7 4.2 2.5 12.7 7.0
FTC postop 1.6 0.2 4.8 9.1 1.6 0.3 4.8 9.1
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Figure 2. Histogram showing the distribution of the post-operative mechanical axis of the leg between the patient-specific and conventional groups.
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TKA, they are showing no significant difference (Figure 3). The rate of outliers for the conventional TKA group is in linewith other stud-
ies, where postoperative axial alignment of the limb outside±3° is pending between 2 and 52% (Table 2). So far there are no studies to
compare our results with other patient-specific TKA cohorts.

Certain limitations of this study should be discussed. A limitation is that it is a retrospective comparative analysis and hence
selection bias cannot be excluded. We assessed only one PSI design and our findings might not be applicable to other patient-
specific implants that currently are commercially available. We did not perform a power analysis before starting this study. Fur-
thermore the results from this study are limited to the coronal plane and do not take into account lateral or rotational component
positioning which may play a role in long-term survivorship of total knee implants. Yet we do not report on clinical outcomes
such as pain, stiffness, range of motion, patient satisfaction, or outcome scoring systems, which may limit the clinical relevance
of the findings in our study.
Figure 3. Distribution of the post-operative mechanical axis of the leg comparing patient-specific and conventional groups. HKA: hip–knee–ankle angle, var: varus,
val: valgus.
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Table 2
Percent of coronal alignment outliers in conventional (manual) instrumentation in prior studies.

Author Year N Percentage of postoperative outliers exceeding ±3° from neutral axis

Tilett et al. [17] 1988 50 14
Hart et al. [18] 2003 60 30
Sparmann et al. [19] 2003 120 13
Stockl et al. [20] 2004 32 6
Matsumoto et al. [21] 2004 30 33
Chauhan et al. [22] 2004 36 28
Bäthis et al. [10] 2004 80 22
Haaker et al. [23] 2005 100 28
Matziolis et al. [24] 2007 28 25
Kim et al. [25] 2007 100 18
Yau et al. [26] 2008 52 25
Bonutti et al. [27] 2008 50 2
Hernandez et al. [28] 2010 40 52
Ng et al. [29] 2011 155 28
Daniilidis et al. [9] 2014 156 21
Marimuthu et al. [30] 2014 185 17
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In conclusion our data suggest that patient-specific TKA may offer an advantage over conventional TKA in terms of restoration
of the mechanical axis. Further studies are needed to confirm our results and to assess clinical outcome. Controlled trials are
needed to critically evaluate if potential benefits of patient-specific TKA will finally result in better survivorship and support
this more expensive technology for use in routine TKAs.

Conflicts of interest and source of funding

We confirm no support or funding for this work. For all authors none were declared. All the authors have finally agreed on the
content and design of the final manuscript.

Ethical approval

This article does not contain any studies with human participants or animals performed by any of the authors.

References

[1] Laskin RS. The Genesis total knee prosthesis: a ten-year follow-up study. Clin Orthop 2001;388:95–102.
[2] Rodriguez JA, Bhende H, Ranawat CS. Total condylar knee replacement: a 20 year follow-up study. Clin Orthop 2001;388:10–7.
[3] Jeffery RS, Morris RW, Denham RA. Coronal alignment after total knee replacement. J Bone Joint Surg Br 1991;73:709–14.
[4] Ritter MA, Faris PM, Keating EM, Meding JB. Postoperative alignment of total knee replacement. Its effect on survival. Clin Orthop Relat Res 1994;299:153–6.
[5] Sharkey PF, Hozack WJ, Rothman RH, Shastri S, Jacoby SM. Insall Award paper. Why are total knee arthroplasties failing today? Clin Orthop Relat Res 2002;404:

7–13.
[6] Sikorski JM. Alignment in total knee replacement. J Bone Joint Surg Br 2008;90:1121–7.
[7] Collier MB, Engh Jr CA, Mcauley JP, Engh GA. Factors associated with the loss of thickness of polyethylene tibial bearings after knee arthroplasty. J Bone Joint Surg

Am 2007;89:1306–14.
[8] Werner FW, Ayers DC, Maletsky LP, Rullkoetter PJ. The effect of valgus/varus malalignment on load distribution in total knee replacements. J Biomech 2005;38:

349–55.
[9] Daniilidis K, Tibesku C. A comparison of conventional and patient-specific instruments in total knee arthroplasty. Int Orthop 2014;38(3):503–8. https://doi.org/

10.1007/s00264-013-2028-9.
[10] Bathis H, Perlick L, Tingart M, Luring C, Zurakowski D, Grifka J. Alignment in total knee arthroplasty. A comparison of computer-assisted surgery with the con-

ventional technique. J Bone Joint Surg Br 2004;86:682–7.
[11] Cheng T, Pan XY, Mao X, Zhang GY, Zhang XL. Little clinical advantage of computer-assisted navigation over conventional instrumentation in primary total knee

arthroplasty at early follow-up. Knee 2012;19:237–45.
[12] Rand JA, Coventry MB. Ten-year evaluation of geometric total knee arthroplasty. Clin Orthop 1988:168–73.
[13] Decking R, Markmann Y, Fuchs J, Puhl W, Scharf HP. Leg axis after computer-navigated total knee arthroplasty: a prospective randomized trial comparing

computer-navigated and manual implantation. J Arthroplasty 2005;20:282–8.
[14] Kamat YD, Aurakzai KM, Adhikari AR, Matthews D, Kalairajah Y, Field RE. Does computer navigation in total knee arthroplasty improve patient outcome at mid-

term follow-up? Int Orthop 2009;33(6):1567–70.
[15] NamD, Park A, Stambough JB, Johnson SR, Nunley RM, Barrack RL. The Mark Coventry Award: custom cutting guides do not improve total knee arthroplasty clin-

ical outcomes at 2 years followup. Clin Orthop Relat Res 2016;474(1):40–6. https://doi.org/10.1007/s11999-015-4216-y.
[16] Sassoon A, NamD, Nunley R, Barrack R. Systematic review of patient-specific instrumentation in total knee arthroplasty: new but not improved. Clin Orthop Relat

Res 2015;473:151–8.
[17] Tillett ED, Engh GA, Petersen T. A comparative study of extramedullary and intramedullary alignment systems in total knee arthroplasty. Clin Orthop Relat Res

1988;230:176–81.
[18] Hart R, Janecek M, Chaker A, Bucek P. Total knee arthroplasty implanted with and without kinematic navigation. Int Orthop 2003;27:366–9.
[19] SparmannM,Wolke B, Czupalla H, Banzer D, Zink A. Positioning of total knee arthroplastywith andwithout navigation support. A prospective, randomised study.

J Bone Joint Surg Br 2003;85:830–5.
[20] Stockl B, Nogler M, Rosiek R, Fischer M, Krismer M, Kessler O. Navigation improves accuracy of rotational alignment in total knee arthroplasty. Clin Orthop Relat

Res 2004;426:180–6.
Please cite this article as: Arbab D, et al, Alignment in total knee arthroplasty— A comparison of patient-specific implants with the
conventional technique, Knee (2018), https://doi.org/10.1016/j.knee.2018.05.017

http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0005
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0010
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0015
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0020
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0025
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0025
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0030
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0035
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0035
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0040
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0040
https://doi.org/10.1007/s00264-013-2028-9
https://doi.org/10.1007/s00264-013-2028-9
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0050
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0050
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0055
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0055
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0060
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0065
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0065
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0070
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0070
https://doi.org/10.1007/s11999-015-4216-y
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0080
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0080
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0085
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0085
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0090
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0095
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0095
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0100
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0100
https://doi.org/10.1016/j.knee.2018.05.017


6 D. Arbab et al. / The Knee xxx (2018) xxx–xxx
[21] Matsumoto T, Tsumura N, Kurosaka M, Muratsu H, Kuroda R, Ishimoto K, et al. Prosthetic alignment and sizing in computer-assisted total knee arthroplasty. Int
Orthop 2004;28:282–5.

[22] Chauhan SK, Scott RG, Breidahl W, Beaver RJ. Computerassisted knee arthroplasty versus a conventional jig-based technique. A randomised, prospective trial. J
Bone Joint Surg Br 2004;86:372–7.

[23] Haaker RG, StockheimM, KampM, Proff G, Breitenfelder J, Ottersbach A. Computer-assisted navigation increases precision of component placement in total knee
arthroplasty. Clin Orthop Relat Res 2005(433):152–9.

[24] Matziolis G, Krocker D, Weiss U, Tohtz S, Perka C. A prospective, randomized study of computer-assisted and conventional total knee arthroplasty. Three-
dimensional evaluation of implant alignment and rotation. J Bone Joint Surg Am 2007;89:236-2.

[25] Kim YH, Kim JS, Yoon SH. Alignment and orientation of the components in total knee replacement with and without navigation support: a prospective,
randomised study. J Bone Joint Surg Br 2007;89:471–6.

[26] Yau WP, Chiu KY, Zuo JL, Tang WM, Ng TP. Computer navigation did not improve alignment in a lower-volume total knee practice. Clin Orthop Relat Res 2008;
466:935–45.

[27] Bonutti PM, Dethmers DA, McgrathMS, Ulrich SD, Mont MA. Navigation did not improve the precision of minimally invasive knee arthroplasty. Clin Orthop Relat
Res 2008;466:2730–5.

[28] Hernandez-Vaquero D, Suarez-Vazquez A, Sandoval-Garcia MA, Noriega-Fernandez A. Computer assistance increases precision of component placement in total
knee arthroplasty with articular deformity. Clin Orthop Relat Res 2010;468:1237–41.

[29] Ng VY, Declaire JH, Berend KR, Gulick BC, Lombardi Jr AV. Improved accuracy of alignment with patient-specific positioning guides compared with manual
instrumentation in TKA. Clin Orthop Relat Res 2012;470(1):99–107. https://doi.org/10.1007/s11999-011-1996-6.

[30] Marimuthu K, Chen DB, Harris IA, Wheatley E, Bryant CJ, MacDessi SJ. A multi-planar CT-based comparative analysis of patient-specific cutting guides with
conventional instrumentation in total knee arthroplasty. J Arthroplasty 2016;29(6):1138–42. https://doi.org/10.1016/j.arth.2013.12.019.
Please cite this article as: Arbab D, et al, Alignment in total knee arthroplasty— A comparison of patient-specific implants with the
conventional technique, Knee (2018), https://doi.org/10.1016/j.knee.2018.05.017

http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0105
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0105
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0110
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0110
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0115
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0115
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0120
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0120
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0125
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0125
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0130
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0130
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0135
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0135
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0140
http://refhub.elsevier.com/S0968-0160(18)30361-2/rf0140
https://doi.org/10.1007/s11999-011-1996-6
https://doi.org/10.1016/j.arth.2013.12.019
https://doi.org/10.1016/j.knee.2018.05.017

	Alignment in total knee arthroplasty — A comparison of patient-specific implants with the conventional technique
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	Conflicts of interest and source of funding
	Ethical approval
	References


