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Summary

Introduction: Substantial flexion after total knee arthroplasty (TKA) is required for certain
categories of patients who wish to squat or kneel in their daily life. Many factors influence this
postoperative flexion, including the prosthesis design. It is therefore valuable to in vivo analyze
these factors on three knee prosthesis designs through a study of their intraoperative flexion.
Hypothesis: The posterior-stabilized (PS) knee prostheses provide better intraoperative flexion
than the ultracongruent (UC) model. Of the currently available PS models, the high-flexion
ones have better intraoperative flexion than standard models. Our main focus endpoint was the
intraoperative flexion achieved, before soft-tissues closure, during TKA surgical procedure.
Patients and methods: This was a controlled study. Seventy-two osteoarthritic knees requir-
ing TKA were included to compare three selected prosthesis models: the SAL ultracongruent
and two PS models (the standard LPS and the LPS Flex). This was a single-operator study, with
patients divided into three homogenous, comparable groups, in which intraoperative measure-
ment of flexion was performed using computer-assisted navigation. Statistical analysis allowed
comparison of the three models.

Results: Intraoperatively, after prosthesis implantation, before soft-tissues closure, the mean
flexion of the LPS-Flex was 134° versus 124° for the SAL (p=0.0004); the mean flexion of the
standard LPS model was 130° versus 124° for the SAL (p=0.14); the PS Flex model showed
no significant difference (p=0.26) in flexion (134°) compared to the standard model (130°).
The SAL ultracongruent model seemed to be a factor reducing the intraoperative flexion by 8°
compared to the PS models (p<10~%).

Discussion: In this study, the PS designs (standard or Flex) provided better intraoperative flexion
than the SAL ultracongruent design. However, the LPS Prosthesis did not demonstrate superiority
over the standard LPS Prosthesis.

Level of evidence: Level lll, low-power prospective study.
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was intraoperative flexion, knee open, after implantation.
Our secondary objective was to demonstrate the predictive
factors of this intraoperative flexion.

Patients and methods

This was a single-blind, controlled study. All patients under-
going a TKA by a single senior operator (PB) between January
2006 and January 2007 were included in the study. All the
patients provided informed consent before the interven-
tion. The inclusion criteria were invalidating gonarthrosis
of any etiology, resistant to appropriately conducted medi-
cal treatment, with deformation of the limb’s axis less than
20° of varus or valgus. The exclusion criteria were sub-
stantial valgus or varus deformation (>20°) and irreducible
deformations requiring hinge prosthesis, TKA revisions, and
desarthrodesis prostheses.

The series included 70 patients (15males and
55 females), 72 operated knees. The mean age at surgery
was 74.8years (range, 52—86.8years) with a mean body
mass index (BMI) of 28.4 (range, 20.1—46.9) for a mean
height and weight of 162cm (range, 142—182) and 75Kg
(range, 51—120), respectively. The preoperative clinical
axes, +2°, of the operated knees showed varus in 43 cases,
valgus in 15cases, and normal values in 14 cases, with a
mean HKA angle of 176° (range, 160°—197°). The mean
mobility values of the knee to be operated on as evaluated
by the goniometer, during preoperative consultation, were
—7° of extension (range, —40°—10°) and 111° of flexion
(range, 70°—140°). The normal distribution of preoperative
flexions is presented in Fig. 1. Three groups of patients,
depending on the type of prosthesis to implant, were
created. The three groups were homogenous and compa-
rable in terms of age, sex, BMI, the longest axes, and
preoperative mobility measured on the goniometer during
the consultation (Table 1).

Three types of PCL substitution prostheses, all with a
rotatory mobile bearing design were retained for this study:
the SAL UC (Zimmer, Warsaw, IN, USA), the standard NEXGEN
LPS PS (Zimmer, Warsaw, IN, USA), and the NexGen LPS Flex
PS (Zimmer, Warsaw, IN, USA) (Fig. 2).

The SAL (self-aligning mobile bearing knee) UC presents a
relatively flat femoral component in the coronal plane, with
a total congruence between 0° and 75° of flexion; beyond
this, congruence is only partial. The UC tibial insert has a

Ultracongruent plateau type SAL

medial eminence, particularly at the back, designed to pro-
vide mediolateral stability and limit the range of motion in
flexion. It also provides a higher elevation to prevent exces-
sive anterior translation of the tibia given the absence of the
anterior cruciate ligament, without limiting range of motion
in flexion, also with a high anterior elevation.

The standard NexGen Legacy-PS prosthesis has
tibiofemoral conformation such that a wide zone of
contact on the condyles is obtained. In the sagittal plane,
the curve of the femoral component is the same for both
the medial and lateral condyles. The NexGen Legacy-PS
Flex mobile prosthesis has developed posterior femoral
condyles, so that contact between the femur and the tibia
in up to 155° of flexion can be obtained. This requires
increasing the posterior offset with an additional 2-mm
cut from the posterior femoral condyles. The design of the
posterior-stabilization cam and the intercondylar eminence
was modified so as to provide contact, even in hyperflexion,
and to limit the tilt stresses on the tibial component. An
anterior cut on the tibial articular surface reduces stresses
at this level, providing greater freedom for the extensor
apparatus in flexion.

The surgical technique was identical for all patients and
all prosthesis models implanted. The anesthesia was either
general anesthesia without curare or spinal anesthesia. A
femoral block was always associated. All interventions were
conducted without a tourniquet so as not to disturb intra-
operative flexion measurements. The medial parapatellar
approach was used in 55cases and the lateral approach
in 17cases. All interventions took place with navigation
(Navitrack-Orthosoft). The navigation pins were placed per-
cutaneously. The femoral pins were placed through the
quadriceps, the knee in maximum flexion, in the femoral
diaphysis at mid-thigh to facilitate the intraoperative tests.
On the tibia, the pins were placed on the anteromedial side
of the diaphysis. This atypical positioning of the naviga-
tion pins made it possible to preserve the pins at the end
of the intervention so that the navigation measurements of
the operated knee could be taken even after skin closure.
The bone cuts were made with the ancillary instruments of
the chosen prosthesis guided by the navigation system. In
all cases, a system of independent bone cuts was used. The
femoral cuts were made first, with a distal cut such that
the joint space was perpendicular to the femur’s mechan-
ical axis and the cutting thickness was calculated on the
healthy compartment; then the posterior and anterior cuts

LPS-Flex
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Figure 2

The polyethylene of the SAL Ultracongruent presents an anterior lip developed without a central stud (left). The LPS-

Flex femoral implant (right) has larger posterior condyles than those of the standard LPS (middle) as well as a polyethylene insert
with an anterior bevel (right). Implantation of the LPS-Flex requires cutting an additional 2 mm of bone in the posterior femoral

condyles (right).
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Figure 3

Methodology of intraoperative mobility measurement.

Measurement 1 is taken using the goniometer, under anesthesia. Measurements 2, 3, and 4 are taken during the surgery using the

navigation system. Measurement 3 is the main endpoint.

were made. The reference of the anteroposterior cut was
posterior. The external rotation of the femoral compart-
ment was based on a preoperative CT analysis of distal
torsion of the femur [3]. The distal cut was also guided by
the navigation system, perpendicular to the tibial axis and
resecting the thickness of the tibial implant on the nonworn
side. When the trial femoral component and tibial baseplate
were placed, increasingly thick polyethylene tibial plateaux
were tested until the best coronal balance was obtained,
usually the plateau corresponding to the thickness of the
tibial cut. In case fixed flexion deformity persisted, releas-
ing the posterior capsula was always sufficient to obtain the
desired extension without ever having to resort to additional
femoral cutting. The patella was systematically resurfaced
and the final implants sealed to the tibia and femur. The
skin was closed plane by plane using separated stitches on
a Redon drain catheter.

Four flexion measurements were taken during surgery
with the patient under anesthesia (Fig. 3) and in the dor-
sal decubitus position, with no tourniquet, on the knee in
maximum flexion against gravity:

e before implantation, knee closed, with the goniometer;

e before implantation, knee open, with the navigation sys-
tem;

¢ after implantation, knee open, with the navigation system
(main endpoint);

o after implantation, knee closed, with the navigation sys-
tem.

Statistical analysis

The quantitative variables were reported as means, range,
and interquartile range (IQR); the qualitative variables were
reported as proportions. A difference between the flexion
measurements was sought between the three groups using
analysis of variance with a significance level of 0.05; if the
overall difference between the three groups was significant,
two-by-two comparisons using the Wilcoxon rank test were
carried out at a significance level of 0.01.

Linear regression models were constructed searching for
predictive variables of the different flexion values after
prosthesis implantation. The linearity of the effects was

verified using splines. Multivariate analyses with a descend-
ing step-by-step selection procedure based on the Akaike
information criterion (AIC) were used to identify a set of
independently prognostic variables of these different flex-
ions.

All of the analyses were carried out using R software [4];
all the tests were bilateral formulations.

Results

Mobility measurements

A difference was found in intraoperative flexion between
the three knee prosthesis models, with better flexion for
the LPS-Flex prosthesis compared to the SAL UC; however,
there was no difference in intraoperative flexion between
the LPS Flex and the standard LPS.

For the overall series, measured intraoperatively on the
goniometer with the patient under anesthesia, the mean
flexion before implantation, knee closed, was 115° (IQR,
80°;140°); with the navigation system, before implantation,
knee open, it was 126° (IQR, 121°;133°); with the navigation
system, after implantation, knee open, it was 129° (IQR,
123°;136°); and with the navigation system, after implanta-
tion, knee closed, it was 120° (IQR, 115°;128°).

Since there was a significant difference in flexion
between the three groups (p<0.05), we were able to com-
pare the models two by two. The series of measurements
for each of the knee prosthesis models are reported in
Fig. 4. Using the navigation systems, after implantation,
knee open, there was a significant difference in knee flexion
between the LPS-Flex and SAL models (p=0.0004); however,
there was no difference between the standard LPS and SAL
models (p=0.14) or between the two PS models (p=0.26).

Analysis of the predictive factors of flexion

Intraoperatively, using the navigation system, knee open,
after implantation, high BMI was a factor in low knee flexion
(p=0.0003), the SAL UC model was a factor causing an 8° loss
of flexion compared to the PS models (p<10~*) (Table 2).
High preoperative flexion was a factor of high flexion after
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Figure 4 Intraoperative flexion by prosthesis model, under anesthesia.

Table 2 Univariate and multivariate linear regression models with intraoperative flexion, knee open, as the variable to predict.

Univariate model

Multivariate model

Estimate [SD] p Estimate [SD] p
Age —0.002 [0.17] 0.99 - -
Females 0 - - -
Males 5.23 [2.97] 0.083 - -
Weight —0.22[0.07] 0.00292* - -
Size 0.11 [0.14] 0.42 - -
BMI —0.72 [0.19] 0.0003 * —0.44[0.12] 3.10~%*
Preoperative flexion 0.76[0.09] <1.10~% 0.66 [0.075] <1.10~*
LPS-FLex 0 - 0 -
SAL —9.85 [2.72] <1.10~% —8 [1.66] <1.10—4*
Standard LPS —4.4[2.8] 0.12 —0.41 [1.72] 0.8
BMI: body mass index. *: statistically significant.
prosthesis implantation, knee open (p < 10~#). No difference Discussion

was found between the standard LPS model and the LPS-
Flex model in univariate (p=0.12) or multivariate (p=0.8)
analysis.

Overall, in intraoperative measurements, all the pros-
thesis models improved flexion of the operated knee: the
LPS-Flex had significantly better flexion than the SAL UC;
on the other hand, no significant difference was found
between the standard LPS and the SAL UC, or between
the standard LPS and the LPS-Flex. Therefore, the high-
flexion Flex model did not demonstrate superiority over
the standard model in intraoperative measurements. These
results are confirmed by the intraoperative univariate and
multivariate analyses: only the SAL UC was a negative
predictive factor of knee flexion, and the standard LPS
and the LPS-Flex models showed no significant difference
in the different steps of intraoperative flexion measure-
ments.

The strengths of this study stem from its methodology: this
was a single-blind, controlled, single-operator trial. The
only parameter that varied from one group to another was
the prosthesis design.

Many factors other than the prosthesis design influ-
ence postoperative flexion [2], related to the patient or
the surgical technique. The most important factor found
in the literature is preoperative flexion [5—8]: the bet-
ter this is, the better the postoperative flexion will be.
Patient-related factors as well as factors related to the
intraoperative environment are also reported: obesity [6],
soft tissues [6], preoperative rehabilitation, patient motiva-
tion, rehabilitation [9,10], and postoperative analgesia [11].
The surgery-related factors are technical errors: absence
of posterior osteophyte resection [12], absence of posterior
offset restoration, modification of joint space height [13],
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insufficient tension and ligamentous balancing, an over-
sized implant, implant malalighment, inverted tibial slope,
an increase in patellar thickness, and more generally an
increase in the sagittal overstuffing of the femoropatellar
joint.

All the patient-related factors are difficult to modify:
this study attempts to eliminate them. Anesthesia induces
identical release of muscular tone during general anesthesia
without curare or with spinal anesthesia. The loss of mus-
cular tonicity makes it possible to take measurements with
no muscular constraints, thus revealing the role played by
the joint alone. The cutaneous opening of the parapatel-
lar approach allows one to free the anterior soft tissues
that can obstruct flexion. The patients’ perioperative envi-
ronment was not considered in this intraoperative study.
All the factors related to the surgery were reduced by all
patients being treated by a single experienced surgeon who
did not modify the operative technique and encountered
no intraoperative technical problems. Only PCL substitution
prostheses were used with rotatory mobile bearing tibial
inserts. The patient groups were homogenous. The values
measured by the navigation system are reproducible and
observer-independent. Most of the factors influencing intra-
operative flexion were neutralized in this study, sufficiently
isolating prosthesis design for its intrinsic study without
excessive bias.

The main weakness of this study was the moderate num-
ber of patients in each group, reducing the power of the
results. Another weakness is that the SAL femur design is
not the same as the LPS.

After prosthesis implantation, knee open, the factors
predictive of knee flexion are high BMI; the SAL UC model is
a negative predictive factor. High preoperative flexion is a
positive predictive factor.

With a mean BMI of 28.4, this study found this param-
eter to be a negative intraoperative predictive factor. BMI
was also a prognostic factor found in the literature [6]: the
higher the BMI, the lower the postoperative flexion. This can
be explained by earlier contact of the posterior soft tissues
of the thigh on the calf during knee flexion. This mechan-
ical model was not challenged by our study. Preoperative
flexion is the most important predictive factor found in the
literature [5—8]: the higher the value in preoperative mea-
surements, the better the flexion will be after arthroplasty.
This factor seems to be independent of the anterior soft
tissues as well as the extensor apparatus, because intraop-
eratively, the knee open, it is also found to be an important
positive predictive factor.

The literature reports no intraoperative comparisons
of prosthesis models, but only clinical studies with long-
term revisions comparing the different implants. Laskin [14]
found no significant difference in postoperative flexion,
with 117° and 116° flexion between the UC and PS models,
respectively. However, Parsley et al. [15] found a signifi-
cant difference favoring PS implants (119.98° vs. 116.78°)
at 1year of follow-up (p=0.04). As for the standard LPS and
Flex (Zimmer) models, only Huang et al. [16] found signifi-
cantly better flexion in the Flex model, with 138° vs 126° in
the standard model in a retrospective study. For Kim et al.
[17] and Nutton et al. [18], there was no significant differ-
ence between these two models in prospective randomized
studies.

To better understand the role played by prosthesis design
in knee flexion, the most interesting data in the literature
are the biomechanical data. To improve flexion, they must
be analyzed in the native joint. It seems that the posterior
rolling—translation movement of the femur, called rollback,
is one of the key aspects of flexion. According to Dennis et
al. [19], this rollback is constant in the kinematics of the PS
prostheses; for Matsuda et al. [20], rollback imposed by the
PS protheses is better than that with the UC model. These
biomechanical data point in the same direction as our results
applied to flexion.

The other aspect studied is the relation between poste-
rior offset of the femoral condyles and flexion of the knee:
Bellemans et al. [21] analyzed the importance of restoring
this posterior offset of the femoral condyles during arthro-
plasty. Guided by fluoroscopy, they reviewed 29 patients
with a total knee prosthesis in the squatting position: 72%
showed direct posterior contact between the tibial insert
and the distal posterior femur, constituting a mechanical
block to flexion. They then studied this factor in a series
of 150 patients and they found a correlation between post-
operative flexion and the posterior offset of the condyles.
Based on these studies, the high-flexion models appeared
in which the femoral design increased the femoral condyles
for greater flexion, but at the price of a greater posterior
femoral cut. Our study did not demonstrate this improve-
ment in flexion between the standard LPS model and the
LPS Flex model during the surgical intervention, perhaps
because the flexion of the patient knees around 120° did not
bring out this modification and flexion was limited by fac-
tors that were extrinsic to the prosthesis before the intrinsic
factors come into play.

Conclusion

In this study, the isolated analysis, from a purely mechanical
point of view, of the influence of prosthesis design on knee
flexion at implantation showed that the PS Flex prosthesis
had better intraoperative flexion than the SAL UC model. On
the other hand, the LPS Flex model was not demonstrated to
be superior to the standard LPS model, at least for patients
whose preoperative flexion will likely not permit great flex-
ion after TKA. This raises the question of the opportunity to
use the LPS Flex model, which requires resection of more
bone for the posterior femoral cut than the standard LPS
model. To answer this question, it would be interesting to
investigate the clinical mobilities of these patients over the
long-term to assess the behavior of this different prosthe-
ses in a physiological environment that includes the whole
patient with all the factors limiting flexion.

Conflict of interest statement

A.Wajsfisz; D.Biau; P.Boisrenoult: none.
P. Beaufils. Clinical trials as co-investigator, nonprincipal
investigator, for Zimmer Company, Warsaw, IN, USA.



248

A. Wajsfisz et al.

References

[1] Mulholland SJ, Wyss UP. Activities of daily living in non-Western
cultures: range of motion requirements for hip and knee joint
implants. Int J Rehabil Res 2001;24:191—-8.

[2] Dennis DA, Komistek RD, Scuderi GR, Zingde S. Factors
affecting flexion after total knee arthroplasty. Clin Orthop
2007;464:53—60.

[3] Boisrenoult P, Scemama P, Fallet L, Beaufils P. Epiphyseal dis-
tal torsion of the femur in osteoarthritic knees. A computed
tomography study of 75 knees with medial arthrosis. Rev Chir
Orthop 2001;87:469—76.

[4] R. Foundation for Statistical Computing V, Austria. ISBN 3-
900051-07-0 (URL: http://www.R-project.org).

[5] Harvey IA, Barry K, Kirby SP, Johnson R, Elloy MA. Factors
affecting the range of movement of total knee arthroplasty.
J Bone Joint Surg Br 1993;75:950—-5.

[6] Lizaur A, Marco L, Cebrian R. Preoperative factors influencing
the range of movement after total knee arthroplasty for severe
osteoarthritis. J Bone Joint Surg Br 1997;79:626—9.

[7] Ritter MA, Berend ME, Harty LD, Davis KE, Meding JB, Keat-
ing EM. Predicting range of motion after revision total knee
arthroplasty: clustering and log-linear regression analyses. J
Arthroplasty 2004;19:338—43.

[8] Ritter MA, Harty LD, Davis KE, Meding JB, Berend ME. Predicting
range of motion after total knee arthroplasty. Clustering, log-
linear regression, and regression tree analysis. J Bone Joint
Surg Am 2003;85-A:1278—85.

[9] Shoji H, Solomonow M, Yoshino S, D’Ambrosia R, Dabezies E.
Factors affecting postoperative flexion in total knee arthro-
plasty. Orthopedics 1990;13:643—9.

[10] Rajan RA, Pack Y, Jackson H, Gillies C, Asirvatham R. No need
for outpatient physiotherapy following total knee arthroplasty:
a randomized trial of 120 patients. Acta Orthopaedica Scandi-
navica 2004;75:71-3.

[11] Peters CL, Shirley B, Erickson J. The effect of a new multimodal
perioperative anesthetic regimen on postoperative pain, side
effects, rehabilitation, and length of hospital stay after total
joint arthroplasty. J Arthroplasty 2006;21(6 Suppl. 2):132—8.

[12] Goldstein WM, Raab DJ, Gleason TF, Branson JJ, Berland K.
Why posterior cruciate-retaining and substituting total knee
replacements have similar ranges of motion. The importance
of posterior condylar offset and cleanout of posterior condylar
space. J Bone Joint Surg 2006;88(Suppl. 4):182—8.

[13] Figgie 3rd HE, Goldberg VM, Heiple KG, Moller 3rd HS, Gordon
NH. The influence of tibial-patellofemoral location on function
of the knee in patients with the posterior stabilized condylar
knee prosthesis. J Bone Joint Surg Am 1986;68:1035—40.

[14] Laskin RS. The Genesis total knee prosthesis: a 10-year follow-
up study. Clin Orthop 2001;388:95—102.

[15] Parsley BS, Conditt MA, Bertolusso R, Noble PC. Posterior
cruciate ligament substitution is not essential for excellent
postoperative outcomes in total knee arthroplasty. J Arthro-
plasty 2006;21(6 Suppl. 2):127—31.

[16] Huang HT, Su JY, Wang GJ. The early results of high-flex total
knee arthroplasty: a minimum of 2 years of follow-up. J Arthro-
plasty 2005;20:674—9.

[17] Kim YH, Sohn KS, Kim JS. Range of motion of standard
and high-flexion posterior stabilized total knee prostheses.
A prospective, randomized study. J Bone Joint Surg Am
2005;87:1470-5.

[18] Nutton RW, van der Linden ML, Rowe PJ, Gaston P, Wade FA. A
prospective randomised double-blind study of functional out-
come and range of flexion following total knee replacement
with the NexGen standard and high flexion components. J Bone
Joint Surg Br 2008;90:37—42.

[19] Dennis DA, Komistek RD, Colwell Jr CE, Ranawat CS, Scott RD,
Thornhill TS, et al. In vivo anteroposterior femorotibial trans-
lation of total knee arthroplasty: a multicenter analysis. Clin
Orthop 1998;356:47—57.

[20] Matsuda S, Miura H, Nagamine R, Urabe K, Matsunobu T,
Iwamoto Y. Knee stability in posterior cruciate ligament
retaining total knee arthroplasty. Clin Orthop 1999;366:
169—73.

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


http://www.r-project.org/

	Comparative study of intraoperative knee flexion with three different TKR designs
	Introduction
	Hypothesis

	Patients and methods
	Statistical analysis

	Results
	Mobility measurements
	Analysis of the predictive factors of flexion

	Discussion
	Conclusion
	Conflict of interest statement
	References


