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Abstract

Objective: The purpose of this radiological study was to assess the posterior laxity of a single model of a total knee
arthroplasty design (TKA) having a medially constrained (MC) or a Posterior-Stabilized (PS) polyethylene insert using a
well-documented stress x-ray. To the authors knowledge, this is the first report evaluating MC TKA outcomes according
to the “kneeling view.” Materials and Methods: Sixty patients with non-traumatic primary knee osteoarthritis
undergoing TKA were first matched by age, sex, BMI and diagnosis and then divided in two groups: group A (37 knees)
received a MC TKA and group B (23 knees) a PS implant made by the same manufacturer. In all cases the posterior
cruciate ligament (PCL) was resected. All patients underwent the same postoperative “kneeling view” and were also
clinically evaluated according to the Knee Society Score (KSS) and Oxford Knee Score (OKS). Radiographic measure-
ments were taken by tracing a line along the posterior cortex of the tibia and then measuring the perpendicular distance to
a point marked at the posterior corner of Blumensaat’s line. Results: At 12 months minimum FU, no statistically sig-
nificant differences were found between the two groups in all the clinical scores. There was a statistically significant
difference on kneeling view values between the two groups (P = 0.0002): the mean value in the MC group was —1.97 +
3.8 mm while was —5.6 + 3.1 mm in the PS group. In both groups, the average position of the posterior cortex of the tibia
was anterior to the posterior corner of Blumensaat’s line, showing absence of instability in flexion. Conclusion: This
study highlighted that the PCL removal, accompanied by a precise surgical technique, did not increase the instability in
flexion in two groups of patients having the same TKA design but polyethylene inserts characterized by different levels of
constraint.
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Introduction TKA instability is usually due to aseptic loosening of the
components with concomitant moderate to severe bone

Despite being a very successful surgical procedure, total loss. Mid-flexion instability due to flexion/extension gap

knee arthroplasty (TKA) is prone to major complications
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mismatch, represents a well described phenomenon since
the early 1990s® and a major cause for patient dissatisfac-
tion® and implant revision.*?

Pure flexion instability occurs when the flexion gap is
significantly larger than the extension gap: this is usually
due to a technical error at the time of the original surgery or
to the progressive attenuation of the PCL in the setting of a
cruciate retaining implant.

Being a symptom more than a clinical finding, instabil-
ity after TKA is difficult to quantify. In the normal knee, an
antero-posterior (AP) laxity between 5 and 10 mm during
the posterior drawer test at 90 degrees of flexion has been
considered as acceptable.®’” Recently, a posterior transla-
tion of the tibia more than 7 mm, during KT-1000 evalua-
tion, has been considered as pathologic in two consecutive
published series of TKA.*? Unfortunately, the classical
clinical evaluation of posterior knee laxity after TKA is not
a reliable and reproducible measurement due to inter-
operator variability, intra-operator variability and patient
compliance.'® The identification of the optimal, residual
laxity in the sagittal plane, which does not compromise the
postoperative ROM, remains to be clarified and is one of
the research topics currently most investigated in adult
reconstruction. Several radiological views have been pro-
posed to test the stability of the knee after single or multiple
knee ligament injuries''™'* with a minor number of studies
focusing on the subjects who underwent TKA.'

The loading “kneeling view” has been already validated
in previous clinical studies as an accurate diagnostic tool
for the evaluation of the posterior stability of the knee: the
posterior displacement forces produced during that test
reproduced values comparable to the ones produced by the
Telos stress device.'> "’

The purpose of this study was to evaluate two groups of
patients who underwent primary TKA, using the same knee
system but two different polyethylene designs (“medial-
congruent” or MC and “posterior stabilized” or PS) accord-
ing to the weight bearing “kneeling view.”

The null hypothesis was that the main difference
between the two groups would be given by the fact that,
in PS knees, the tibia slightly translated anteriorly respect
to the femur during kneeling because of the cam/post inter-
action while the opposite phenomenon (posterior tibial
translation) was happening when MC implants were tested
at 90 degrees of knee flexion under direct load application.

Materials and Methods

This study evaluated a cohort of patients prospectively
included and retrospectively evaluated. Sixty patients who
underwent primary TKA were included in two groups
matched by age, sex (all males), BMI and preoperative
diagnosis. All patients underwent primary TKA because
of primary tricompartmental knee OA leading to neutral
alignment or deformity less than 20° on the mechanical
axis. Exclusion criteria included: preoperative diagnosis

of inflammatory osteoarthritis of the knee, presence of
severe bony defects or joint deformity which might require
augmentation with bone graft or a constrained polyethylene
insert, previous patellectomy, body mass index greater than
45, symptomatic hip pathology, previous lower extremity
fractures, previous femoral or tibial osteotomy, previous
knee ligament reconstruction, and neurogenic causes of
knee arthritis. Patients experiencing moderate to severe
pain during the kneeling test were excluded from the study.
An age below 45 and over 85 years old was an additional
exclusion criteria.

Twenty-three patients (Group A) received a Persona
Posterior-Stabilized (PS) TKA while 37 (Group B) had a
Persona Medially Congruent (MC) design (Zimmer Bio-
met, USA). All surgeries were performed by the senior
author (PFI). Group A included 23 men with an average
age of 70.9 years (range 55 to 86) and an average BMI of
30.7 (range 20.4 to 42.7). Group B included 37 men with an
average age of 67.8 years (range 54 to 82) and an average
BMI of 30.8 (range, 22.5 to 44.0).

The surgical technique performed by the same surgeon
(PFI) was identical for both TKA designs: in all knees, the
surgeon aimed to reproduce the proper mechanical axis,
aligning the implants on the coronal plane and resecting
both cruciate ligaments. The surgical technique, the multi-
modal pain control protocol and the postoperative care
were previously described by the senior author.'®

All patients who reached 90 degrees of active flexion
were assessed at 12 months follow-up according to Clinical
and Radiological Knee Society Score (KSS) as an overall
validated measurement instrument:'®! all patients were
questioned regarding any subjective sensation of TKA
instability. Radiological evaluation of the posterior
instability in all patients was performed according to the
weighbearing “kneeling view” as described by Bartlett
and Osti. >

“Kneeling view” technique

A specific kneeling support has been built according to a
model previously described, in order to allow a perpendi-
cular weighbearing load with the knee flexed at 90°: the
tibia was loaded directly on the tibial tubercle leaving the
patella and the distal femur was not in contact with the
support (Figure 1). Proper positioning of the tibia on the
kneeling device and absence of any malrotation was rigor-
ously applied in every case. Before the execution of the
radiograph, each patient was asked to gradually load the
knee on the support.”

The lateral radiograph was taken from lateral to medial,
with the cassette located in a designed slot on the kneeling
jug, the distance from tube to cassette was the standard
1.15 m.

All digital images obtained were measured by one of the
authors (LS) according to Louisia et al.'® using the DICOM
visualization program in use at the authors’ institute
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Figure 1. Set up for assessment of posterior drawer on 90°
flexion stress X-ray (“kneeling view”).

[IntelliSpace Radiology, Philips, Andover, MA]. Two bony
landmarks have been selected: the posterior cortex of the
tibial diaphysis and the most posterior point of the Blumen-
saat line at 90 degrees of knee flexion; these two bone
landmarks are minimally influenced by the rotations, are
constant in all the knees, are not subject to bone resection
during a primary TKA and are not covered by the
implants.'®?*?> Measurements on the radiographs are
taken by tracing a line along the posterior cortex of the
tibia and then measuring the perpendicular distance to the
most posterior point of the Blumensaat line (Figure 2). If
the point on the Blumensaat line is anterior to the straight
line originating from the posterior cortex of the tibia the
measurement assumes a positive value; on the contrary, if
located posteriorly, it assumes a negative value: the dis-
tance was expressed in millimeters.

Statistical analysis

All anonymized data were recorded in a secured Excel file
(Microsoft Corp, Redmond, WA, USA). Statistical analysis
was performed using SPSS, version 24 (IBM Corp,
Armonk, NY) and differences within and between two
groups were evaluated using the Student’s t test. The dif-
ference was considered significantly when P < 0.05.

KNEELING VIEW

Figure 2. Right knee. “kneeling view” radiograph showing the
measurement of the posterior draw. The measurement was taken
by tracing a line along the posterior cortex of the tibia and then
measuring the perpendicular distance to the most posterior point
of the Blumensaat line.

Table I. Patients demographic. BMI: body mass index; ROM:
range of motion; KSS: Knee Society Score; KSFS: Knee Society
Functional Score; OKS: Oxford Knee Score.

p-
Variable MC (n = 37) PS (n = 23) value
Age

Mean + DS 678 + 7.6 709 + 7.6 0.12

Median (Min—Max) 69.0 (54-82) 72.0 (55-86)
BMI

Mean + DS 308 + 5.6 307 + 58 0.93
Insert

Median (Min—Max) 10 (10-13) 10 (10-14) 0.95
Delta ROM %

Median (Min-Max) 0.0% (—18.5%; 26.3%) 4.0% (—18.5%; 21.0%) 0.83
Delta KSS %

Median (Min-Max) 76.2% (0.0%; 120.9%) 76.2% (29.8%; 126.2%) 0.34
Delta KSFS%

Median (Min-Max) 66.7% (—9.1%; 128.6%) 66.7% (14.3%; 136.8%) 0.17
Delta OKS %

Median (Min-Max)  45% (0.0%; 119.0%) 41.4% (13.9%:64.3%) 0.79

Spearman’s rank correlation coefficient was used to iden-
tify the relationship between kneeling values and other
parameters.

Results

There were no significant differences in age (P = 0.12),
BMI (P = 0.93), or polyethylene insert size (P = 0.95)
between the two groups (Table 1). Regarding the preopera-
tive alignment of the knee, there was a statistical difference
(p = 0.04) between the two groups in their anatomical
alignment: the mean value for MC group was 2.8° varus
and the mean value for PS group was 9.0° varus (Table 2);
there were seven patients with a preoperative valgus
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deformity in the MC group and 11 in PS group. Calculating
the percentage variation of the parameter between post- and
pre-surgical intervention compared to the pre intervention
value (6Parameter%), the postoperative clinical outcome
for the complete cohort showed an improvement on all
scores (KSS, KSFS and OKS) from preoperative values,
with only the exception of median value of SROM% in
MC group, which registered a variation of 0%; neverthe-
less, no statistically significant differences were found
between study groups. The mean value of kneeling view
in MC group was —1.97 + 3.8 and in PS group was —5.6
+ 3.1: there was a statistically significant difference on

Table 2. Statistical analysis of the correlation between TKA
design and preoperative alignment of the knee.

Varus Alignment (n = 30) (n=12)

Mean + SD 64 + 4.7 6.5 + 3.5 0.93
Median (Min—Max) 4.5 (1-16) 7.0 (0-13)

Valgus Alignment n=7) (n=11)

Mean + SD 28 + 22 9.0 + 6.6 0.04
Median (Min—Max) 2.0 (1-7) 11.0 (1-19)

Table 3. Mean and median values of “kneeling view”
measurements in both groups. MC: medially congruent; PS:
posterior-stabilized.

kneeling view values between the two groups (P =
0.0002) (Table 3) (Figure 3). Analyzing the correlation
between kneeling view value and other parameters (Table
4 and 5), there was a negative correlation between BMI
values and kneeling values in PS group (Figure 4), and a
negative correlation between valgus values and kneeling
values in MC group (Figure 5); nevertheless, both

Table 4. Correlation between kneeling values and other
parameters using Spearman’s rank correlation coefficient.

All cohort
(n = 60) MC (h = 37) PS (n = 23)
r(S) P r(S) P r(S) P
Age —0.182 0.162 —0.166 0325 0.202 0.352
BMI —0.035 0.791 0.067 0.693 —0.380 0.074
Insert —0.084 0521 —-0.089 0597 —0.101 0.644
Delta ROM % —0.054 0.681 —0.103 0540 0.263 0.223
Delta KSS% —0.092 0484 —-0.199 0237 0226 0.217
Delta KSFS% —0.011 0934 —-0.117 0487 0.211 0.330
Delta OKS% —0.084 0.522 -0.129 0445 -0.122 0.574

Table 5. Correlation between “kneeling view” values and
preoperative varus and valgus deformities using Spearman’s rank
correlation coefficient.

All cohort (n = 60)  MC (n = 37) PS (n = 23)

Variable MC (n = 37) PS (n = 23) p-value Varus Valgus Varus Valgus Varus Valgus
Kneeling n 41?2 18 30 7 12 Il
Mean + DS —1.97 + 38 —5.6 + 3.1 0.0002 r(S) -—-0.194 —-0434 -—-0.087 —-0.714 -—-0.411 —0.089
Median (Min—-Max) —2.0 (—10.5;5)  —6 (—13.0;0) P 0.217 0.072 0644 0.069 0.179 0.781
6
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Figure 3. Comparative and statistical analysis of the mean value of the “kneeling view” between the two groups (P = 0.0002). MC:

medially congruent; PS: posterior-stabilized.
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Figure 5. Correlation between “kneeling values” and preoperative valgus deformity value in MC and PS groups (P = 0.07; N.S.).

correlations did not reach a statistically significant differ-
ence (P = 0.07 and P = 0.07). No complications were
observed.

Discussion

This study utilized a well-established'>'” and reproducti-

ble*® radiographic technique to demonstrate a statistically
significant difference between the tibial posterior transla-
tion when two different polyethylene inserts, characterized
by different level of constraint, are used in the same TKA
design.

In our series, the PCL has always been intraoperatively
removed: the reason for this surgical gesture relays on the
fact that few studies confirmed that PCL retaining designs
result in more technical difficulties fine tuning soft tissue
balance, resulting in either stiffness or in flexion instability
due to late PCL deﬁciency;”’28 osteoarthritic knees, on the
other side, often present a PCL characterized by a major
myxoid degeneration leading to loss of its biomechanical
properties.?** Postero-stabilized (PS) implants have been
originally designed to overcome any variable linked to the
presence of the PCL; medial pivot or MC implants have the
theoretical advantage to better reproduce the normal knee
kinematic.*'

The current authors were not able to confirm the null
hypothesis of this study. We demonstrated a statistical dif-
ference between the two particular designs in terms of
tibiofemoral contact point on kneeling X-rays: on the other
side, in the MC design, the high conformity on its medial
compartment prevented posterior translation of the tibia
respect to the femoral component posterior condyles. Our
findings in the MC group differ from the previous literature
showing that, after sacrifice of the PCL, many TKA designs
showed significant posterior tibial translation compared to
normal knees.>” The current authors justified this finding
according to the specific more posterior dwell point on the
MC insert when compared to CR and PS polyethylene (PE)
designs®*: in fact, in the kneeling x-ray, we could detect
that the insert stays congruent with the medial femoral
condyle in a more anterior position thanks to the 1/1 ratio
between the J-curve shaped condyle and the fully congru-
ent insert. In addition to this, even though the tibia and the
baseplate showed a greater posterior draw when compared
to PS, the MC insert might diminish the amount of shear
forces on the PE and by that count avoid conflict between
the elevated posterior lip of the insert and the posterior
cortex of the femur during high flexion; it has also been
demonstrated that more conforming surfaces could dimin-
ish the risk of degradation of the PE.**° Our findings are
similar to those one of Hoffman et al.,>” who showed that
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an ultracongruent insert clinically replicates the function of
an efficient PCL.

The current authors agree with several other authors
suggesting that stress X-rays are more reliable and repro-
ducible to assess the posterior stability than the clinical
exam or the arthrometer. The “kneeling view” has been
proposed as a method to objectively measure posterior knee
laxity during weightbearing,>® both in the sports medi-
cine''** as well as in the adult reconstruction scenario'®
where it can offer an objective, quantifiable and noninva-
sive tool that can be used to augment the diagnosis of TKA
instability.

Historically, PS designs showed a “paradoxical motion”
during active ROM when tested with fluoroscopy*’: this
undesired phenomenon has been linked to several compli-
cations, including anterior knee pain, poor ROM and patel-
lar instability*' The kneeling view has been described by
Louisia and Bartlett'® as a great method to quantify the
amount of this anterior translation under weightbearing
circumstances: patients with a PS implant showed a mean
anterior movement of the tibia between 7 and 10 mm, with
very few patients having a posterior translation compared
to their preoperative status; their findings were similar to
those of the current study, where we showed a mean ante-
rior translation of 5.6 mm in the PS group. The anterior
translation measured in the current study demonstrated that
very high constraints may be applied on the PE post for this
particular design of PS insert, increasing the fear for poly-
ethylene wear even though vitamin E added polyethylene
inserts were used in all patients.***

The current study also confirms that when a precise
surgical technique is combined with a modern polyethylene
design, a satisfactory stability can be obtained without the
need for an increased level of constraint as recently shown
by Meneghini et al.**

The current authors recognize that their study is a radi-
ological more than a clinical assessment of patients who
underwent primary TKA. Nevertheless, in our study, we
noticed that, despite the very short follow-up, the flexion
of our implants was very satisfactory (mean of 116.5 +
10.4° degrees for in the PS group and mean of 114.9 + 9.9°
in the MC group); this finding is in line with the current
literature.* Since instability is often a subdolous cause of
TKA failure and this study has a short clinical FU, the
authors were not able to predict any difference in survivor-
ship between the two designs; on the other side, MC insert
was contemplated as a mean to diminish shear forces at the
bearing surface and we hypothesize that it would get less
fatigue wear and thus reduce polyethylene wearing

The current study has several limitations. First, although
stress radiography has been shown to provide an objective
measure of posterior instability,>®>? its accuracy can be
influenced by several important components. Patient com-
pliance and pain tolerance, radiographic technique, and
exact landmark identification during measurements, all
represent variables difficult to be quantified and represent

17,38

a potential limitation to the use of kneeling stress radio-
graphy and must be carefully recognized. On the other side,
Osti et al.'” showed that the kneeling view can be consid-
ered, in terms of forces applied, a reliable and reproducible
alternative method for the routine radiographic evaluation
of the posterior knee laxity since the average amount of
forces applied during the test was at least 75% of the body
weight of each subject.

Another potential source of variability in the measure-
ments is imprecise radiography: the identification of the
radiographic landmarks can be influenced by rotation of
the femoral condyles or by imprecise x-ray beam direction.
The current authors optimized the accuracy of kneeling
stress radiographs by carefully reproducing patient posi-
tioning, by overlapping of the posterior femoral condyles
during the exam and by constantly reproducing the same
magnification factor.

Conclusion

This study shows that stress radiography represents an
excellent method to evaluate and quantify the degree of
posterior tibial translation after primary TKA. When com-
paring different designs using this diagnostic technology,
the authors showed that medially congruent TKA repre-
sents a satisfactory PCL substitution alternative without
increasing the risk of implant instability during weightbear-
ing activities at 90 degrees of flexion. Greater number of
patients and long-term follow-up are warranted in order to
validate the findings of the current study.

Authors’ Note

Nicolo’ Bassi, Tommaso Amoroso, and Leonardo Osti are now
Visiting Scholars at Stanford University School of Medicine,
Stanford, CA, USA.

Acknowledgements

We thank Heather Maughan for her review that greatly improved
the manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Pier Francesco Indelli (2 https://orcid.org/0000-0002-4752-8027

References

1. Le DH, Goodman SB, Maloney W/, et al. Current modes of
failure in TKA: infection, instability, and stiffness predomi-
nate. Clin Orthop Relat Res 2014; 472(7): 2197-2200.


https://orcid.org/0000-0002-4752-8027
https://orcid.org/0000-0002-4752-8027
https://orcid.org/0000-0002-4752-8027

Stramazzo et al.

10.

11.

12.

13.

14.

15.

16.

17.

. Martin JW and Whiteside LA. The influence of joint line

position on knee stability after condylar knee arthroplasty.
Clin Orthop Relat Res 1990; 259: 146-156.

. Tsukiyama H, Kuriyama S, Kobayashi M, et al. Medial rather

than lateral knee instability correlates with inferior patient
satisfaction and knee function after total knee arthroplasty.
Knee 2017; 24(6): 1478—1484.

. Rodriguez-Merchan EC. Instability following total knee

arthroplasty. HSS J 2011; 7(3): 273.

. Wilson CJ, Theodoulou A, Damarell RA, et al. Knee instabil-

ity as the primary cause of failure following Total Knee
Arthroplasty (TKA): a systematic review on the patient, sur-
gical and implant characteristics of revised TKA patients.
Knee 2017; 24(6): 1271-1281.

. Warren PJ, Olanlokun TK, Cobb AG, et al. Laxity and func-

tion in knee replacements. A comparative study of three pros-
thetic designs. Clin Orthop Relat Res 1994; (305): 200-208.

. Jones DP, Locke C, Pennington J, et al. The effect of sagittal

laxity on function after posterior cruciate-retaining total knee
replacement. J Arthroplasty 2006; 21(5): 719-723.

. Dejour D, Deschamps G, Garotta L, et al. Laxity in posterior

cruciate sparing and posterior stabilized total knee prostheses.
Clin Orthop Relat Res 1999; 364: 182—193.

. Mochizuki T, Tanifuji O, Sato T, et al. Association between

anteroposterior laxity in mid-range flexion and subjective
healing of instability after total knee arthroplasty. Knee Surg
Sports Traumatol Arthrosc 2017; 25(11): 3543-3548.

Liow RY, Walker K, Wajid MA, et al. The reliability of the
American Knee Society Score. Acta Orthop 2000; 71(6):
603-608.

Margheritini F, Mancini L, Mauro CS, et al. Stress radiogra-
phy for quantifying posterior cruciate ligament deficiency.
Arthroscopy 2003; 19: 706-711.

Jung TM, Reinhardt C, Scheffler SU, et al. Stress radiography
to measure posterior cruciate ligament insufficiency: a com-
parison of five different techniques. Knee Surg Sports Trau-
matol Arthrosc 2006; 14: 1116-1121.

Schulz MS, Russe K, Lampakis G, et al. Reliability of stress
radiography for evaluation of posterior knee laxity. Am J
Sports Med 2005; 33: 502-506.

Jang SW, Kim MS, Koh 1J, et al. Comparison of anterior-
stabilized and posterior-stabilized total knee arthroplasty in
the same patients: a prospective randomized study. J Arthro-
plasty 2019; 34: 1682-1689.

Hewett TE, Noyes FR and Lee MD. Diagnosis of complete
and partial posterior cruciate ligament ruptures, stress radio-
graphy compared with KT-1000 arthrometer and posterior
drawer testing. Am J Sports Med 1997; 25(5): 648—655.
Louisia S, Siebold R, Canty J, et al. Assessment of posterior
stability in total knee replacement by stress radiographs: pro-
spective comparison of two different types of mobile bearing
implants. Knee Surg Sports Traumatol Arthrosc 2005; 13(6):
476-482.

Osti L, Papalia R, Rinaldi P, et al. The kneeling view: evalua-
tion of the forces involved and side-to-side difference. The
Knee 2009; 16: 463-465.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Indelli PF, Risitano S, Hall KE, et al. Effect of polyethylene
conformity on total knee arthroplasty early clinical outcomes.
Knee Surg Sports Traumatol Arthrosc 2019; 27(4):
1028-1034.

Kamenaga T, Muratsu H, Kanda Y, et al. The influence of
postoperative knee stability on patient satisfaction in
cruciate-retaining total knee arthroplasty. J Arthroplasty
2018; 33(8): 2475-2479.

Insall JN, Dorr LD, Scott RD, et al. Rationale of the Knee
Society clinical rating system. Clin Orthop Relat Res 1989;
1(248): 13.

Ewald FC. The Knee Society total knee arthroplasty roent-
genographic evaluation and scoring system. Clin Orthop
Relat Res 1989; 248: 9.

Bartlett J, Osti L and Porteous A. Stress radiography for
documentation of posterior instability of the knee. Isakos
Knee Committe Meeting, Abstract Book, 2003, pp. 74-80.
Siebold R, Louisia S, Canty J, et al. Posterior stability in
fixed-bearing versus mobile-bearing total knee replacement:
a radiological comparison of two implants. Arch Orthop
Trauma Surg 2007; 127: 97-104.

Farrow LD, Gillespie RJ, Victoroff BN, et al. Radiographic
location of the lateral intercondylar ridge: its relationship to
Blumensaat’s line. Am J Sports Med 2008; 36(10):
2002-2006.

Iriuchishima T, Ryu K, Aizawa S, et al. Blumensaat’s line is
not always straight: morphological variations of the lateral
wall of the femoral intercondylar notch. Knee Surg Sports
Traumatol Arthrosc 2016; 24(9): 2752-2757.

Jackman T, LaPrade RF, Pontinen T, et al. Intraobserver and
interobserver reliability of the kneeling technique of stress
radiography for the evaluation of posterior knee laxity. Am
J Sports Med 2008; 36(8): 1571-1576.

Waslewski GL, Marson BM and Benjamin JB. Early, inca-
pacitating instability of posterior cruciate ligament-retaining
total knee arthroplasty. J Arthroplasty 1998; 13(7): 763-767.
Pagnano MW, Hanssen AD, Lewallen DG, et al. Flexion
instability after posterior cruciate ligament retaining total
knee arthroplasty. Clin Orthop 1998; 356: 39—46.

Kleinbart FA, Bryk E, Evangelista J, et al. Histologic com-
parison of posterior cruciate ligaments from arthritic and age-
matched knee specimens. J Arthroplasty 1996; 11(6):
726-731.

Martins GC, Camanho G, Rodrigues MI, et al. Histopatholo-
gical analysis of the posterior cruciate ligament in primary
osteoarthritis. Eur J Orthop Surg Traumatol 2018; 28(4):
691-699.

Banks SA, Deckard EW, Hodge AR, et al. Rationale and
results for fixed-bearing pivoting designs in total knee arthro-
plasty. J Knee Surg 2019; 32(7): 590-595.

Kayani B, Konan S, Horriat S, et al. Posterior cruciate liga-
ment resection in total knee arthroplasty: the effect on
flexion-extension gaps, mediolateral laxity, and fixed flexion
deformity. Bone Joint J 2019; 101-B(10): 1230-1237.
Siggelkow E, Sauerberg I, Benazzo F, et al. Prediction of
TKR function using specimen specific robotically calibrated



Journal of Orthopaedics, Trauma and Rehabilitation XX(X)

34.

35.

36.

37.

38.

39.

knee models. In: ASME 2012 summer bioengineering confer-
ence, SBC 2012, Fajardo, Puerto Rico, USA. 20-23 June
2012, pp. 177-178. DOIL: 10.1115/SBC2012-80293.

Fregly BJ, Marquez-Barrientos C, Banks SA, et al. Increased
conformity offers diminishing returns for reducing total knee
replacement wear. ASME J Biomech Eng 2010; 132(2): 021007.
Wimmer MA, Laurent MP, Haman JD, et al. Surface damage
versus tibial polyethylene insert conformity: a retrieval study.
Clin Orthop Relat Res 2012; 407(7): 1814-1825.

Shiramizu K, Vizesi F, Bruce W, et al. Tibiofemoral contact
areas and pressures in six high flexion knees. Int Orthop
2009; 33(2): 403-406.

Hofmann AA, Tkach TK, Evanich CJ, et al. Posterior stabi-
lization in total knee arthroplasty with use of an ultracongru-
ent polyethylene insert. J Arthroplasty 2000; 15(5): 576-583.
Hewett TE, Noyes FR and Lee MD. Diagnosis of complete
and partial posterior cruciate ligament ruptures, stress radio-
graphy compared with KT-1000 arthrometer and posterior
drawer testing. Am J Sports Med 1997; 25(5): 648—655.
James EW, Williams BT and LaPrade RF. Stress radiography
for the diagnosis of knee ligament injuries: a systematic review.
Clin Orthop Relat Res 2014; 472(9): 2644-2657.

40.

41.

42.

43.

44,

45.

Indelli PF: Is normal knee biomechanics reproduced by mod-
ern TKA designs? The role of fluoroscopy. Osteol Rheumatol
Open J 2016; 1(1): 6-9.

Dennis DA, Komistek RD, Mahfouz MR, et al. A multicenter
analysis of axial femorotibial rotation after total knee arthro-
plasty. Clin Orthop 2004; (428): 180-189.

Dolan MM, Kelly NH, Nguyen JT, et al. Implant
design influences tibial post wear damage in posterior-
stabilized knees. Clin Orthop Relat Res 2011; 469(1):
160-167.

Grupp TM, Fritz B, Kutzner I, et al. Stabilised polye-
thylene for total knee arthroplasty evaluated under highly
demanding activities wear simulation. Acta Biomater 2017;
48: 415-422.

Meneghini RM, Stefl MD, Hodge WA, et al. A cam-post
mechanism is no longer necessary in modern primary total
knee arthroplasty. J Knee Surg 2019; 32(8): 710-713.
Indelli PF, Morello F, Ghirardelli S, et al. No clinical differ-
ences at the two-year follow-up between single radius and
J-curve medial pivot total knee arthroplasty in the treatment
of neutral or varus knees. Knee Surg Sport Traumatol
Arthrosc 2020; 28:3949-3954.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


