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1. Introduction

ABSTRACT

Introduction: In total knee replacement surgery, medio-lateral knee balancing is recognized as the key to
achieving satisfactory functional results. But it may not be enough to stabilize the flexion gap using deep-
dished implants. We achieved flexion gap balance by oversizing the femoral component, thus increasing
the posterior condylar offset (PCO). The purpose of this study was to describe the applicability of this
technique and to test whether it produced adverse effects on medium-term outcomes. We hypothesized
that it would not compromise the results if used properly. We therefore asked: (1) at how many cases of
flexion gap balance would require oversizing the femoral component; (2) if femoral components over-
sizing would modify the mid-term results as per forgotten joint score (FJS) scores and whether flexion
gain would be comparable to patients in whom it was not increased.
Materials and methods: Ninety-four patients (120 knees) were operated between September 2009 and
2011 (age 68 £ 9 years) using the cementless Hyperflex version of the Natural Knees (Zimmer, Warsaw,
IN, USA). Postero stabilization was achieved using deep-dished inserts. The Gender configuration has
provided narrow inserts to better adapt the female anatomy. A special navigation system measured
the displacement of the lateral and medial femoro-tibial contact points with infra-millimetric precision.
Adopting a tibial cut first, gap-balancing technique with anterior referencing, the decision to oversize the
femoral component relied on the 90° flexion drawer test, which showed more than 6 mm sagittal laxity
before the femoral bone cuts. Eighty-one (105 knees) patients were reviewed with average 63 + 27-month
follow-up.
Results: Femoral components were augmented by 1 size in 60 cases and by 2 sizes in 7 cases. At final
review, knees with an oversized femoral component (60) achieved the same results as those implanted
with a non-oversized femoral component (n=45) in terms of mean flexion gain (—5° + 34 versus —4° £+ 23,
p=0.78), mean FJS (63 + 26 versus 61 +23; p=0.56).
Conclusion: Balancing the Flexion gap by oversizing the femoral component did not compromise flexion
range and functional results.
Level of evidence: 1V, Retrospective cohort study.

© 2019 Elsevier Masson SAS. All rights reserved.

measured by dual fluoroscopy [1]. In the living knee with CR TKR,
antero-posterior (AP) motion has been shown to occur in para-

The total knee replacement (TKR) gap-balancing technique
relies on adjusting the medio-lateral equilibrium of both exten-
sion and flexion gaps. This procedure was initially proposed for
the implantation of PCL subtituting (PS) implants, later on for
PCL retaining (CR) and also for PCL sacrificing deep-dished (DD)
implants. Frequent persistence of sagittal laxities in the latter was
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doxical directions [2,3]. It has also been noted that conventional
implantation of DD posterior-sacrificing prostheses fails to control
posterior laxity [4], which is found to be greater in PCR and DD
than in conventional PS implants [5], and, among other causes, is
incriminated in mid-term wear as well as osteolysis [6]. In fact,
AP translation is suspected to increase subsurface shear stresses,
subsequently inducing delamination and wear [7].

Thus, minimizing sagittal laxities appears to be important, but
requires specific techniques involving precise intra-operative mea-
surements of AP translation of both medial and lateral femoro-tibial
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contact points throughout the whole range of motion (ROM) [8].
With such navigation, extensive intra-operative recording of knee
kinematics in a small series of patients revealed that it is possible
to stabilize the flexion gap anterior posteriorly by oversizing the
femoral component, and subsequently increasing posterior condy-
lar offset (PCO) [9]. In fact, removing the same thickness of bone
from the distal and posterior femur does not necessarily provide
equal flexion and extension gaps [ 10]. Tibial cuts divide the anterior
fibers of the PCL if a protecting bone island is not preserved, which
also contributes to some flexion gap laxity. Ma et al. [10] observed
that PCL resection significantly enlarges the flexion but not the
extension gap. Consequently, balancing flexion and extension gaps
may require less posterior than distal femoral resection.

However, tightening the flexion gap with an oversized femoral
component remains controversial because it also carries the risk of
provoking flexion stiffness and/or inducing excessive stresses, lead-
ing to aseptic loosening. In particular, Fujimoto et al. [11] discerned
that flexion gap is strongly influenced by PCO and that excessive
flexion gap tightening jeopardizes flexion range in cruciate retain-
ing implants.

Here, we report the mid-term results in a series of patients who
were followed for an average of 5 years. We investigated if neu-
tralizing sagittal laxity by oversizing the femoral component rather
than by increasing insert thickness would compromise the outcome
using deep-dished implants. We hypothesized that this technique
would not compromise the results if used wisely. We therefore
asked:

e at how many cases of flexion gap balance would require oversiz-
ing the femoral component;

e if femoral components oversizing would modify the mid-term
results as per forgotten joint scores (FJS) and whether flexion gain
would be comparable to patients in whom it was not increased.

2. Materials and methods

All consecutive patients scheduled for standard primary knee
arthroplasty, performed by the senior author between Septem-
ber 2009 and 2011, were included if they agreed to submit to a
protocol involving a new navigation system described elsewhere
[8]. The exclusion criteria were previous knee surgery (apart from
arthroscopy), stiff knees with less than 90° of preoperative flexion,
and patients who declined to participate. Apart from 1 tubercu-
losis, 3 rheumatoid arthritis and 3 chondrocalcinosis, aetiologies
consisted of primary osteoarthritis. Of the 94 enrolled patients
(120 knees), 31 were in neutral alignment, whereas 73 had varus
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deformities (mean hip knee ankle [HKA] angle 1714+4°), and
16 had valgus deformities (mean HKA angle 18644°), as mea-
sured on preoperative long-leg-standing radiographs. According
to Devane et al. scores [12], 66% of patients were sedentary and
31% were semi-sedentary before the onset of osteoarthritis. The
protocol was approved by the institutional ethics committee (No.
IRB00006477). Patients received the hyperflex version of the nat-
ural knee (Zimmer, Warsaw, IN, USA). Cementless porous-coated
tibial and femoral components were used, declined in the Gender
configuration, i.e. with narrow sizes available to better adapt to
the anatomy of the woman. Antero-posterior stability was checked
using a deep-dished ultra-congruent design. Patellae were not
resurfaced.

Prostheses were implanted via a medial subvastus approach
with a gap-balancing technique involving a tibial cut first sequence,
except for knees with a valgus deformity, which were implanted via
a lateral approach. A 9-mm orthogonal cut was made from the less
affected tibial glenoid (medial in valgus deformities, lateral in varus
deformities). Navigation helped contain postoperative femoro-
tibial alignment between 178 and 182°, tibial slopes between 2
and 4°, and ankle knee internal angles (measuring tibial compo-
nent alignment in the coronal plane relative to the tibial anatomical
axis) between 88 and 92°. The PCL was not resected. However, its
anterior fibres were divided as the tibial cut did not preserve a bone
island.

Sagittal laxities were measured and balanced by the just-
mentioned special navigation system (Praxim, La Tronche, Isére,
France) [8]. This gap-balancing technique is based on the kine-
matics tensor concept, which assumes that sound intra-operative
kinematics (defined as the absence of paradoxical movement, i.e.,
contact points in flexion being anterior to their referenced posi-
tion in full extension) testifies to adequate balancing. Moreover,
the kinematics tensor analyzes continuous motion (throughout the
entire ROM) rather than sporadic measurements in these 2 posi-
tions (full extension and 90° flexion) which are not involved in
normal gait. The navigation protocol required a bone-morphing
procedure (i.e., palpating the articular surface to obtain a model
of the patient’s anatomy) and allowed the measurement of instan-
taneous displacements of medial and lateral femoro-tibial contact
points. All displacements were measured in a 3-dimensional tib-
ial reference frame. Thus, measurements of the antero-posterior
drawer in the intermediate and final steps of the operation were
undertaken with this software [8] (Fig. 1).

The decision to oversize the femoral component relied on the
drawer test. It was measured at an intermediate step of the oper-
ation, i.e., with tibial trials in place, with the patella reduced, and
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Fig. 1. The tibio-femoral contact points were defined in a three-dimensional tibial reference frame as the median and lateral condylar points with the smallest vertical
distance from the tibial glenoid corresponding to time t. After a manual test of the 90° - drawer to the front and rear stops (with the foot held in neutral rotation), these
contact points moved from their initial position. The drawer was measured as the distance between their extreme front and rear positions.
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Fig. 2. Intra-operative views showing the knee in an intermediate step of the operation (patella reduced, tibial component in place, femur intact), when the AP drawer was

tested, and then in the final step of the operation with both trial components in place.

before the femoral bone cuts (Fig. 2). Each drawer was repeated
3 times. The variations did not exceed 2 mm and only the high-
est value of the medial contact point displacement was taken into
account. The final goal was to decrease 90° flexion-sagittal laxity
below 6 mm without overtightening the flexion gap (no tilt of the
trial insert in high flexion with the patella reduced). Below 3 mm,
the insert was constantly tilted in high flexion indicating excessive
tightening, which led to the 3-6 mm threshold being defined as
the ideal target, assumed as the residual anterior laxity resulting
from ACL resection. In fact, when the drawer magnitude fell below
6 mm, it was assumed that the posterior laxity was neutralized by
the high anterior edge of the insert. In cases with persistent sagit-
tal laxity of more than 6 mm, the posterior femoral condyles were
undercut and an oversized femoral component was inserted. In the
range 6-10 mm, a single-size increase was sufficient to reduce the
drawer magnitude below 6 mm. In cases with more than 10 mm,
an attempt was made at oversizing twice the femoral component
if this did not provoke lateral overhanging. If it was not possible,
a single-size increase had to be accepted despite some residual AP
laxity in the order of 6-10 mm. At the end of the operation, residual
laxity, if any, was definitively controlled by increasing insert thick-
ness. It was ascertained that increased insert thickness, if needed,
did not compromise full extension.

More than 10° of flexion contracture in 6 patients was associated
with varus deformities. Circumferential release of the deep aspect
of the medial collateral ligament (MCL), linked with resection of the
posterior osteophytes, allowed complete extension at the end of the
operation. In these patients, the distal femoral cut was augmented
by 2 mm. However, flexion gap balance was achieved as in the other
patients.

Patients were followed prospectively with yearly evaluations,
including International Knee Society (IKS) scores [13], manual
measurement of active flexion range, lateral, AP and skyline
views, and 1-year long-leg-standing radiographs. Forgotten joint
scores (FJS) were assigned to patients who were reviewed [14].
Radioscopically-guided AP and lateral views were obtained at 3
years, to scrutinize Ewald [15] zones of the fixation interface.

3. Statistical analysis

The results are reported as means and standard deviations using
the flexion range and the flexion gain as primary assessment crite-
ria and FJS and IKS as secondary criteria. Correlations between the
amount of posterior resection on the medial condyle and flexion
range were assessed by Pearson’s correlation coefficients. Pear-
son’s t-test and the Chi? test with Yates modification respectively
compared quantitative and qualitative variables. When comparing
these patients with an oversized femoral component to the patients
with a non-oversized femoral component, it seemed reasonable to
look for 15° difference from an average of 115° based on 4 5° error
in measuring flexion range. Setting power at 80% and alpha error
at 5% required at least 16 patients.

4. Results

Overall, average posterior cut was 104+ 2 mm for the medial
and 8 +3 mm for the lateral condyles, with replacement by a 12-
mm-thick femoral component. In 53 cases, the drawer test showed
repeatedly a 3-6 mm laxity and there was no need to oversize the
femoral component. In 10 cases, the AP laxity was in the 6-10 mm
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Insert thickness (mm) 9 11 13 16
FC Non-oversized 53

FC Oversized (one size) 10 3 28 12
FC Oversized (two

sizes) 2 5

Total 65 20 23 12

FC: Femoral Component

Fig. 3. This table shows the insert thickness in relation to the femoral component
size. Grey zones indicate these cases with a more than 10 mm-drawer at initial
testing.

range. The femoral component was augmented of one size above to
its native dimensions (PCO + 3 mm), which was sufficient to reduce
the drawer amplitude below 6 mm. In 57 cases there was more than
10 mm of AP laxity and the femoral component was planned to be
augmented by 2 sizes. It was possible in 7 cases only (PCO + 6 mm)
without provoking lateral overhang. In the other cases, a single-
sized increase in femoral component size had to be combined with
substantial increase in insert thickness (11 mm in 20 cases, 13 mm
in 23 cases, and 16 mm in 12 cases) (Fig. 3).

Seven patients died and 5 were lost to follow-up. One patient
complained of instability. It was controlled by increasing insert
thickness from 9 to 13 mm. Two other implants were removed
because of osteolysis related to progressive tuberculosis and late
haematogenous infection, respectively. Two re-operations (tibial
tuberosity and medial translation) were required owing to patel-
lar maltracking without femoral malrotation. One obese patient
with major patellar syndrome initially underwent a 1-stage bilat-
eral procedure, and then had both patellae resurfaced secondarily
due to anterior knee pain. At final follow-up, 105 implants were
still in place for evaluation with 63 +27-month average follow-up.

The effect of oversizing the femoral component was investi-
gated by comparing patients with an undersized medial posterior
condylar cut (less than 10 mm) - which necessarily resulted in
implantation of an oversized femoral component (Fig. 4) - to those
with an anatomical (not oversized component), in whom the pos-
terior medial cut was greater than 10 mm (Table 1). While the
maximal tibial cut averaged 9 mm in both groups, mean insert
thickness was lower in the group with oversized femoral com-
ponents (10+2 mm versus 1142 mm) but it was not significant
(p=0.07). The rate of major deformities (varus deformity 10° or
higher) was greater in the group with oversized components but it
was not significant (40% versus 29%; p=0.22). On the other hand,
mean flexion range, mean flexion and IKS score gains, and mean
FJS scores were similar in both groups (p-values respectively 0.19,
0.78, 0.18 and 0.56; Table 1).

Comparing patients with 13- to 16-mm-thick inserts to those
with 9- to 11-mm-thick inserts disclosed that the rate of big defor-
mities (more than 10°) was substantially greater in the former but
it was not significant (48 versus 30%, p=0.07) (Table 2).

Overall, global IKS score was 182428 (Table 3). Fifty-two
patients claimed that they had forgotten their knees (including the
patient who had both patellae resurfaced secondarily). In fact, these
52 patients scored an average of 80 & 6: 44 were rated as Devane 2
(semi-sedentary)and 8 as Devane 3 (leisure activity level). Range of
active flexion was 115 + 16° with average —3° gain. Flexion range
was not correlated with the amount of posterior resection on the
medial condyle (r=0.01).

Radiographically, postoperative HKA angle was 180+2°. No
measurable migration was evident. Thin (<2 mm) and stable radi-
olucencies were observed on AP views below the tibial baseplate
in zones 1 and 4 (15 cases) and on lateral views in zones 1 and 2
(16 cases). There were none around the tibial stem.

Fig. 4. Lateral preoperative and 5-year radiograph of the left knee in a 62-year old patient, showing a 3-mm increase in PCO. Active flexion range was 120°.
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Table 1

Comparison at follow-up of patients with an oversized femoral component to patients with an anatomical femoral component.

1043

Oversized femoral component Anatomical femoral component p-value
(n=60) (n=45) (two-tailed)
Age (years) 69+13 68+ 10 0.27
BMI 29+7 32+8 0.29
2 missing data 1 missing data
Gender (male/female) 16/44 12/33 1
Aetiology (% primary osteoarthritis) 95 92 0.25
Initial HKA (°) —-6+7 -4+7 0.11
Lateral tibial resection (mm) 9+1 9+21 0.61
Medial condyle posterior resection (mm) 8+1 11+1 <0.00001
Insert thickness (mm) 10+2 11+£2 0.07
Deformities > 10° (%) 40 29 0.22
Follow-up (months) 62+21 69 +25 0.11
Final flexion range (°) 117+14 116+18 0.19
Final mean flexion gain (°) —5+34 —4+23 0.78
2 missing data 2 missing data
Final IKS score gain 73 +£47 60+ 36 0.18
2 missing data 2 missing data
FJS 12 63+26 61+23 0.56
2 missing data 2 missing data
Varus/valgus deformities 52/8 37/8 0.5
Lost or deceased or revised 7 8
BMI: body mass index; HKA: hip knee ankle; FJS: Forgotten Joint Score.
Table 2
Comparison of 2 groups in the global patient population with respectively thin and thick polyethylene inserts.
Thick polyethylene Thin polyethylene p-value
(13-16 mm) (9-11mm) (two-tailed)
n=35 n=_85
Gender (male/female) 11/24 25/60 0.87
Initial HKA (°) -7+9 -5+6 <0.3
Lateral tibial resection (mm) 9+1 9+0.5 1
2 missing data
Medial condyle posterior resection (mm) 9+3 942 0.5
2 missing data
Deformity > 10° (%) 48 30 0.07
Valgus/varus deformities (%) 13 16 0.7
HKA: hip knee ankle.
Table 3
Clinical results at final visit.
IKS knee score IKS function IKS total Active flexion (°)

Preoperative score
Final score
Average gain

35+13 (13-87)
93412 (63-100)
58 +£17 (0-100)

48420 (5-90)
90+ 18 (25-100)
41425 (=50 to 100)

83 +£28 (18-150)
182 +28 (80-200)
100+ 38 (0-200)

116 +20 (0-150)
115+ 16 (80-135)
~3+27(-50, 120)

IKS: International Knee society.

5. Discussion

Our most surprising finding is that a more-than-6 mm AP resid-
ual laxity was observed in more than half of the cases using a
9-mm-thick tibial component, as shown by the drawer test. In these
cases, we did not follow the conventional technique combining
implantation of an anatomical-sized femoral component with an
increase in insert thickness, but chose to oversize the femoral com-
ponent by decreasing the posterior femoral cuts so as to minimize
joint line elevation. Our second finding was that this last protocol
based on the drawer test (and not the flexion gap height) did not
compromise mid-term flexion range or function. Using this tech-
nique offers the advantage of providing useful information before
performing the femoral bone cuts. In contrast, flexion gap height
measurement supposes the use of spacer blocks, which can be
positioned only once the femoral bone cuts have been done. It is
therefore too late to adapt the size of the femoral component.

This PCO-increasing technique has not been clearly described in
the literature. According to the conventional technique that looks
for equivalent flexion and extension gaps, gap measurements are
subject to substantial variations in relation to tensor force and
position. Moreover, ancillaries are designed to quantify condyle AP
dimensions after cutting the distal femur. This determines the size
of the femoral component, with AP dimensions fitting those of the
native knee. The only possibility, as described by Rosskopf et al.
[16], consists of placing the femoral component in 3° of flexion,
which would increase PCO by only 1.6 mm. Residual laxity is even-
tually controlled by augmenting insert thickness. Several reasons
for not oversizing the femoral component further are commonly
put forward, such as lateral overhanging, which evokes painful
conflict with soft tissues. In the present series, the availability of
narrow Gender configurations was of great help, as they allowed
femoral component oversizing without provoking lateral over-
hanging. Second, it is commonly admitted that excessive flexion
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gap tightening can provoke flexion stiffness [17], while decreased
PCO could increase ROM [18]. In contrast, in living patients, fluoro-
scopic analysis showed that the magnitude of PCO correlated with
range of flexion [19]. In fact, increased PCO was shown to delay
posterior impingement between the posterior insert rim and the
femoral cortex [20]. In our series, mean flexion range was compa-
rable to what is currently observed in other series of PS [21,22] or
DD implants [23,24].

Increased insert thickness was also required in almost 50% of
cases. It was substantial in 35 cases, 17 of them corresponding to
major deformities (more than 10°), in which laxity on the convex
side was associated with laxity of the concave side due to circumfer-
ential release of the deep aspect of the MCL (varus) or of the tensor
facia lata (valgus) that was operated through a lateral approach.
Here, femoral component oversizing prevented excessive elevation
of the joint line. However, additional increase of PCO was not pos-
sible because the size of the femoral component would not have
been compatible with tibial baseplate size.

Adjusting PCL tension and tightening the flexion gap may mod-
ify the flexion range by other ways, because it also modifies knee
kinematics of CR implants. When they used spacer blocks to adjust
the flexion gap, Heesterbeck et al. [25] described a decreased step-
off distance at 90° of flexion (i.e. a posterior translation of the
femoro-tibial contact points). Using our technique of increasing
the PCO displayed the same effect in full extension [8]. Conse-
quently, the posterior migration of contact points starts later in the
course of flexion, and their overall AP translation is decreased [9].
Trying to balance CR prostheses, Yanagisawa et al. [26] made the
same observation and demonstrated that such features improved
ROM.

This study had several limitations. First of all, it was a retro-
spective, observational investigation. However, testing a flexion
gap-stabilizing technique comparatively supposes that some con-
trol patients would be deliberately left with some degree of flexion
laxity, which sounds quite critical. Second, long-term results are
wanting, and it is not yet possible to determine the effect on
wear. Third, quality-of-life scores were not considered. Atten-
tion was rather focused on the technical aspects and feasibility.
Fourth, we are aware that variations may eventually occur in
relation to the amount of external force applied on the tibia
during the drawer test. Inter-observer measurement reproducibil-
ity was not tested in this single operator series. However, the
level of force to be applied on the tibia to reach clinical rel-
evance remains unknown. Finally, residual AP laxity was not
precisely measured at final follow-up. Correlations between intra-
operative measurements and active postoperative kinematics are
definitively needed. From a practical point of view, it raises the
problem of conveying a large number of patients to centres
equipped with sophisticated measurement tools (gait analysis plat-
form).

In conclusion, we propose implementation of the balancing
technique to address sagittal laxities. Increasing PCO may con-
tribute to flexion gap stabilization rather than excessively increased
insert thickness, but it requires specific designs, such as narrow
Gender components. So far, it appears not to be detrimental to
mid-term clinical outcomes in terms of flexion range and gain, func-
tion and radiographic results. It may contribute to minimize wear,
which remains to be verified by longer-term observation.

Disclosure of interest

Philippe Massin has received royalties from Microport, Ceram-
concept and Evolutis.
The other authors declare that they have no competing interest.

Funding

None.

Contribution

PM: operator, wrote the paper, examined the patients.
EL and JS: contributed to patient’s review.

Acknowledgements

We think Ovid Da Silva for editing this manuscript.

References

[1] Dennis DA, Komistek RD, Colwell CE, et al. In vivo anteroposterior femorotibial
translation of total knee arthroplasty: a multicenter analysis. Clin Orthop Relat
Res 1998;356:47-57.

[2] Dennis DA, Komistek RD, Hoff WA, Gabriel SM. In vivo knee kinemat-

ics derived using an inverse perspective technique. Clin Orthop Relat Res

1996;331:107-17.

Stiehl JB, Komistek RD, Dennis DA, Paxson RD, Hoff WA. Fluoroscopic analysis

of kinematics after posterior-cruciate-retaining knee arthroplasty. ] Bone Joint

Surg Br 1995;77:884-9.

Louisia S, Siebold R, Canty |, Bartlett R]. Assessment of posterior stability in total

knee replacement by stress radiographs: prospective comparison of two dif-

ferent types of mobile bearing implants. Knee Surg Sports Traumatol Arthrosc
2005;13:476-82.

[5] Appy Fedida B, Krief E, Havet E, Massin P, Mertl P. Cruciate-sacrificing total
knee arthroplasty and insert design: a radiologic study of sagittal laxity. Orthop
Traumatol Surg Res 2015;101:941-5.

[6] Marion B, Huten D, Boyer P, Jeanrot C, Massin P. Medium-term osteolysis with
the wallaby i(r) deep-dished total knee prosthesis. Orthop Traumatol Surg Res
2014;100:403-8.

[7] D’Lima DD, Chen PC, Colwell Jr CW. Polyethylene contact stresses, articular
congruity, and knee alignment. Clin Orthop Relat Res 2001;392:232-8.

[8] Massin P, Boyer P, Hajage D, Kilian P, Tubach F. Intra-operative naviga-
tion of knee kinematics and the influence of osteoarthritis. Knee 2001;18:
259-64.

[9] Donadio ], Pelissier A, Boyer P, Massin P. Control of paradoxical kinematics
in posterior cruciate-retaining total knee arthroplasty by increasing posterior
femoral offset. Knee Surg Sports Traumatol Arthrosc 2015;23:1631-7.

[10] Ma Y, Chen W], Nagamine R. Comparative evaluation of posterior cruci-
ate ligament in total knee arthroplasty. ] Orthop Surg (Hong Kong) 2017;25
[2309499017690976].

[11] Fujimoto E, Sasashige Y, Masuda Y, et al. Significant effect of the posterior tib-
ial slope and medial/lateral ligament balance on knee flexion in total knee
arthroplasty. Knee Surg Sports Traumatol Arthrosc 2013;21:2704-12.

[12] Devane PA, Horne ]G, Martin K, Coldham G, Krause B. Three-dimensional
polyethylene wear of a press-fit titanium prosthesis. Factors influencing gen-
eration of polyethylene debris. ] Arthroplasty 1997;12:256-66.

[13] Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the knee society clinical
rating system. Clin Orthop Relat Res 1989;248:13-4.

[14] Behrend H, Giesinger K, Giesinger JM, Kuster MS. The “forgotten joint” as the
ultimate goal in joint arthroplasty: validation of a new patient-reported out-
come measure. ] Arthroplasty 2012;27 [430.e1-436.e1].

[15] Ewald FC.The knee society total knee arthroplasty roentgenographic evaluation
and scoring system. Clin Orthop Relat Res 1989;248:9-12.

[16] Rosskopf ], Singh PK, Wolf P, Strauch M, Graichen H. Influence of inten-
tional femoral component flexion in navigated tka on gap balance and sagittal
anatomy. Knee Surg Sports Traumatol Arthrosc 2017;22:687-93.

[17] Laskin RS, Beksac B. Stiffness after total knee arthroplasty. ] Arthroplasty
2004;19:41-6.

[18] Geijsen GJ, Heesterbeek PJ, van Stralen G, Anderson PG, Wymenga AB. Do
tibiofemoral contact point and posterior condylar offset influence outcome and
range of motion in a mobile-bearing total knee arthroplasty? Knee Surg Sports
Traumatol Arthrosc 2014;22:550-5.

[19] Bellemans J, Banks S, Victor ], Vandenneucker H, Moemans A. Fluoroscopic anal-
ysis of the kinematics of deep flexion in total knee arthroplasty. Influence of
posterior condylar offset. ] Bone Joint Surg Br 2002;84:50-3.

[20] Massin P, Gournay A. Optimization of the posterior condylar offset, tib-
ial slope, and condylar roll-back in total knee arthroplasty. J Arthroplasty
2006;21:889-96.

[21] O'Rourke MR, Callaghan JJ, Goetz DD, Sullivan PM, Johnston RC. Osteoly-
sis associated with a cemented modular posterior-cruciate-substituting total
knee design: five to eight-year follow-up. ] Bone Joint Surg Am 2002;84:
1362-71.

[22] Suggs JF, Kwon YM, Durbhakula SM, Hanson GR, Li G. In vivo flexion and
kinematics of the knee after tka: comparison of a conventional and a high
flexion cruciate-retaining tka design. Knee Surg Sports Traumatol Arthrosc
2009;17:150-6.

3

[4


http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0135
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0140
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0145
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0150
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0155
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0160
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0165
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0170
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0175
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0180
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0185
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0190
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0195
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0200
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0205
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0210
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0215
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0220
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0225
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0230
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0235
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0240

P. Massin et al. / Orthopaedics & Traumatology: Surgery & Research 105 (2019) 1039-1045 1045

[23] Hofmann AA, Evanich ]D, Ferguson RP, Camargo MP. Ten- to 14-year clin-
ical followup of the cementless natural knee system. Clin Orthop Relat Res
2001;388:85-94.

[24] Laskin RS, Maruyama Y, Villaneuva M, Bourne R. Deep-dish congruent tibial
component use in total knee arthroplasty: a randomized prospective study.
Clin Orthop Relat Res 2000;380:36-44.

[25] Heesterbeek PJ, Labey L, Wong P, Innocenti B, Wymenga AB. A new spacer-
guided, pcl balancing technique for cruciate-retaining total knee replacement.
Knee Surg Sports Traumatol Arthrosc 2014;22:650-9.

[26] Yanagisawa S, Sato N, Ohsawa T, et al. Influence of the anterior-posterior
femoral translation on the range of motion in cruciate-retaining total knee
arthroplasty. Knee Surg Sports Traumatol Arthrosc 2014;22:2709-14.


http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0245
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0250
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0255
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260
http://refhub.elsevier.com/S1877-0568(19)30159-8/sbref0260

	Flexion gap stabilization by oversizing posterior condylar offset in deep-dished total knee replacement does not compromis...
	1 Introduction
	2 Materials and methods
	3 Statistical analysis
	4 Results
	5 Discussion
	Disclosure of interest
	Funding
	Contribution
	Acknowledgements
	References


