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Abstract With substantial interest devoted to improving
knee flexion after TKA, it is important to document the
relationship between high range of motion and patient-rated
outcomes shown. We therefore asked whether single-design
high-flexion mobile-bearing posterior-stabilized TKA
resulted in: (1) improved knee function; (2) satisfying
subjective results; (3) participation recreational and sport-
ing activities; and (4) function correlated to the final range
of motion. We prospectively followed 445 consecutive
patients having 516 TKAs from September 2000 to January
2005. The same high-flexion posterior-stabilized mobile-
bearing implant was used in all patients. Mean patient age
was 71 + 8 years and mean body mass index was
28 + 4 kg/m”. The minimum clinical followup was 2 years
(mean, 3 years; range, 2—4 years). The postoperative range
of knee flexion was 128° 4 4° and the mean Knee Society
function and knee scores were 91 £ 6 and 96 £ 3,
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respectively. Eighty-two percent of patients were involved
in sporting activities and 86% returned to their previous
level of activity. These data confirm that high postoperative
range of knee flexion improve patient-rated outcomes.
Level of Evidence: Level 1V, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

TKA provides functional improvement and pain relief for
most patients with advanced knee osteoarthritis [3, 6, 11,
34]. Previous studies analyzing the patient-reported activity
level after TKA suggest a high percentage participate in
sporting activity [6, 10, 11, 14, 22]. Huch et al. [14]
reported 34% of patients engaged in sporting activity
5 years after the surgery. Dahm et al. [6] reported 74% of
patients engaged in activity at a mean of 5.7 years after
arthroplasty. To take into account these changes in patient
demographics and demands toward functional activities,
new prosthesis designs have been developed [4, 13, 16].
A number of authors advocate mobile-bearing TKA
designs for younger or higher-demand patients owing to
their potential to reduce polyethylene wear and restore
more normal kinematics [1, 4, 7-9, 13, 16]. These active
patients may also require greater ranges of knee flexion to
perform their activities [1, 13, 23]. Achieving deep knee
flexion with standard TKA may increase the risk of failure
by transferring the load onto the posterior aspect of the
tibial insert up to six times the body weight in vertical
direction and up to three times the body weight in posterior
direction as reported in previous studies [1, 13, 23, 30].
To limit potential drawbacks of deep flexion such as
excessive load on the tibial insert or TKA dislocation in
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case of posterior-stabilized implants, high-flexion poster-
ior-stabilized mobile-bearing TKAs have been designed to
provide more normal knee kinematics and improve range
of knee flexion [1, 7, 8]. In a previous in vivo 3-D fluo-
roscopic study, we demonstrated this type of design can
replicate healthy knee motion and restore normal knee
kinematics without increasing the load on the posterior
aspect of the knee [7]. However, the theoretical advantages
of these design changes must be clinically confirmed.
Furthermore, the relationship between high range of
motion and patient-rated outcomes improvement must be
shown.

We therefore asked whether high-flexion mobile-bear-
ing posterior-stabilized TKA resulted in: (1) improved
knee function; (2) satisfying subjective results as measured
by the Knee Osteoarthritis Outcomes scores; (3) partici-
pation recreational and sporting activities as measured by
the University of California—Los Angeles score; and (4)
function correlated to the final range of motion.

Materials and Methods

We prospectively followed 455 consecutive patients who
underwent 516 primary high-flexion mobile-bearing pos-
terior-stabilized TKAs by one surgeon (JNA) between
2001 and 2005. The inclusion criteria were: primary TKA,
osteoarthritis or rheumatoid arthritis of the knee, functional
collateral ligament according to the preoperative clinical
exam, and varus or valgus deformity lower than 25°
measured on the preoperative full-limb radiographs. The
exclusion criteria were: lack of followup, mental limitation
and inability to fill out the auto questionnaire, significant
neurological or musculoskeletal disorders or disease that
may interfere with normal gait or weight bearing, any
congenital, developmental, or other bone disease or pre-
vious hip surgery that may, in the surgeon’s judgment,
interfere with TKA survival or success. The clinical eval-
uation was performed between January 2004 and February
2007 by two independent observers (SP, AA), including the
evaluation of patient range of knee flexion and the classic
items to complete the Knee Society score [15]. At the same
time, patients were also asked to complete a specific sur-
vey, including the KOOS [24, 29], the UCLA score [5, 6],
and specific questions concerning their recreational or
sporting activities. All patients had a minimum clinical
followup of 2 years (mean, 3 years; range, 2-4 years).
Local ethical committee approval was obtained.

There were 299 women (67%) and 146 men (33%) in
the series (256 right knees, 260 left knees). The procedure
was bilateral for 70 patients (16%) and unilateral for 375
patients (84%). The mean age of the patients at the time of
surgery was 71.6 = 8 years (range, 22-96 years). The
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mean body mass index of the patients was 28.3 + 4.6
kg/m? (range, 16-44 kg/m?). The etiology was primary
osteoarthritis for 474 knees (92%), rheumatoid arthritis for
11 knees (2%), and another cause (posttraumatic, avascular
osteonecrosis, systemic disease) for 31 knees (6%). The
mean delay before surgery was 39 £ 30 months. For 387
(75%), the preoperative alignment was in varus. In this
group, the mean preoperative alignment was 171.4° £ 7°
(range, 164°-179°). For 129 (25%) knees, the preoperative
alignment was in valgus. In this group, the mean preop-
erative alignment was 188.4° + 8° (range, 181°-202°).
Concerning the activity level at the time of surgery, 173
(34%) patients were inactive, 274 (54%) were limited in
their activities of daily living, 46 (9%) were still engaged in
labor or sporting activities, and the activity level was
unknown for 14 (3%) patients. Six patients (six knees) died
before the time of evaluation; two knees had a two-stage
implant revision for septic loosening at 11 and 15 months.
At the time of followup, five patients (five knees) were
unable to fully comprehend and complete the subjective
survey and were therefore excluded and 20 patients
(20 knees) were lost to followup or unable to complete the
clinical evaluation. Four patients (four knees) who under-
went a revision without implant exchange for postoperative
stiffness (two cases) or effusion (two cases) were included
in the final evaluation. Thus, we were able to analyze data
for 412 patients (483 knees).

All procedures were performed by the senior author
(JNA) using a cemented high-flexion mobile-bearing pos-
terior-stabilized TKA (LPS Flex Mobile; Zimmer, Warsaw,
IN) (Fig. 1) [1, 7]. All cases were performed through a
standard medial parapatellar approach, all components
were cemented, and the patella was systematically resur-
faced. The thickness of the polyethylene liner ranged from
10 mm to 16 mm. An immediate full-weight-bearing
rehabilitation protocol was used for all patients. All
patients received routine prophylaxis with low-molecular-
weight heparin postoperatively for 21 days.

We evaluated all patients clinically preoperatively,
3 months postoperatively, at 1 year, and the full study
evaluation between 2 and 4 years of followup. A clinical
evaluation (without knowing the results of the subjective
questionnaire) of all patients was performed by two inde-
pendent observers (SP, AA) using the Knee Society knee
score [15]. The measure of the range of knee flexion was
performed using a two-arm goniometer [17].

The patient-reported outcomes concerning the func-
tional subjective postoperative evaluation was performed
using the French version of the KOOS [24]. The KOOS is a
self-administered knee-related quality-of-life questionnaire
corresponding to a validated and improved WOMAC [24,
29]. The KOOS includes five dimensions scored sepa-
rately: pain (nine items), symptoms (seven items),
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Fig. 1A-B (A) Superior view of the implant on bone models shows
the mobile tibial insert. (B) Posterolateral view of the implant on bone
models shows the potential range of knee flexion.

activities of daily life function (17 items), sporting and
recreation function (five items), and quality of life (four
items) [24, 29]. Because it is desirable to analyze and
interpret the five dimensions separately, an aggregate score
was not calculated [29]. All items are scored from O to 4,
and each of the five scores is calculated as the sum of the
items included as performed for the WOMAC osteoarthritis
index [2, 29]. Scores are then transformed using free cal-
culation software available online (www.koos.nu) to a 0 to
100 scale with zero representing extreme knee problems
and 100 representing no knee problems [24, 29].

We evaluated the patient level of activity using the
UCLA score [5, 6]. The UCLA score is a self-administered
questionnaire in which the patient is asked to indicate on a
10-point scale (from 0, completely inactive to 10, regularly
practice high-impact sports) his or her level of activity [5,
6]. We also asked patients to answer questions such as (1)
time to return to sports or recreational activities after sur-
gery (number of days), (2) type of sport most frequently

performed, the frequency of the activity (more than twice a
week, once a week, twice a month, less than twice a
month), (3) the final level of return to the previous activity
(same level, better, lower); and (4) patient perception of
the limitation related to the knee during these activities
(no, slight, major limitation).

We described patient demographics using means and
standard deviations or medians and ranges for continu-
ous variables and counts (percent) for categorical variables.
We compared pre- and postoperative mean Knee Society
knee and function score and the range of knee motion using
a paired t-test [27]. We described the results of the KOOS
score using means and standard deviation. As the sample
was large and the distribution normal, the results of the
Knee Society score and of the KOOS score were analyzed
as parametric scores [27]. To determine whether knees with
full flexion activities had a better KOOS, we compared a
group with a postoperative flexion equal or higher than 125°
to a group with a postoperative flexion lower than 125°
using a two-sample t-test [27]. The activity levels and the
characteristics of the sport practiced were described using
means and standard deviations. We investigated the rela-
tionship between the subjective patient-rated outcomes
(KOOS) and the postoperative range of knee flexion and the
Knee Society knee scores using a multivariable linear
regression [27]. To adjust the effects of confounding fac-
tors, we analyzed first the relationship between the KOOS
results for its association with age, gender, body mass
index, preoperative and postoperative range of knee flexion
and pre- and postoperative Knee Society knee score using a
univariable linear regression analysis [27]. For those factors
showing differences or statistical tendency (p < 0.1), we
adjusted the relationship using a multivariable linear
regression analysis [26]. We performed statistical analysis
using SPSS software (version 12; Chicago, IL).

Results

The Knee Society knee and function scores improved at last
followup (Table 1). Mean active knee flexion improved
(p < 0.0001) from 117° £ 13° (range, 80°~140°) preoper-
atively to 128° £ 4° (range, 85°-155°) at the time of the
clinical evaluation (Fig. 2).

The results of the KOOS were significantly better in the
group with a flexion greater than 125° for all the categories
of the KOOS (pain, p = 0.004; symptoms, p = 0.0014;
activity daily living, p = 0.0022; sport, p = 0.047; quality
of life, p < 0.0001) (Fig. 3). The mean KOOS values at the
time of the evaluation were 82 + 16 (range, 21-100) for
the pain category, 80 %+ 15 (range, 27-100) for the symp-
toms category, 79 + 20 (range, 21-100) for the activities
of daily living category, 62 & 32 (range, 0—100) for the
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Table 1. Pre- and postoperative values of the knee and function Knee Society scores

Knee Society score Preoperative score Postoperative score p value
Knee score 55 + 7 (range, 10-70) 96 + 3 (range, 65-100) < 0.001
Function score 38 £+ 12 (range, 5-65) 91 £ 6 (range, 55-100) < 0.001

All values are mean = standard deviation.

180
1 p<0.0001

7 T i

130 4 -

120 4 -

110 A -

100 —— -

Preoperative ‘ l Postoperative |

Fig. 2 The significant postoperative improvement of the range of
knee flexion is shown. The boundaries of the boxes indicate the 25™
and 75" percentiles and the black lines within the boxes mark the
mean values. The whiskers above and below the boxes indicate the
90" and 10" percentiles.
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Fig. 3 Substantially better results of patient-rated outcomes were
observed in the different categories of the Knee Osteoarthritis
Outcomes Scores (KOOS) on a scale from 0 to 100 points for the
group with a postoperative flexion higher than 125° compared to
the global series and the group with a flexion lower than 125°. The
intermediate curve represents the mean value of the KOOS in all
series.
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sport category, and 71 £ 28 (range, 0-100) for the quality-
of-life category.

Three-hundred thirty-seven patients (82%) reported
involvement in a sport activity at the time of the evaluation.
The mean UCLA score was 6.9 + 1.6. The delay reported
by the patients before returning to their sporting activity
was 6 + 4 months. The more frequently practiced activi-
ties were walking or hiking, gardening, swimming,
exercising (including cardio respiratory training), cycling,
and golfing. Among the group of 337 patients involved in
sport activities, 86% reported being at the same level
(47 patients [14%]) or at a better level (243 patients [72%])
than before surgery and 14% (47 patients) at a lower level.
Among the group of 337 patients involved in sport activ-
ities, 118 patients (35%) reported perceiving no knee-
related limitation during their activities, 168 patients a
slight limitation, and 51 patients (14%) a major limitation.

After adjustment for the confounding factors (Table 2),
the patient-rated outcomes were correlated (p < 0.0001)
with the postoperative range of knee flexion for the five
categories of the KOOS.

Discussion

Achieving deep knee flexion with standard TKA may
increase the load on the posterior aspect of the tibial
insert and contribute to higher rate of failure [1, 13, 23]. To
limit potential drawbacks of deep flexion such as exces-
sive load on the tibial insert or TKA dislocation in case
of posterior-stabilized implants, high-flexion posterior-
stabilized mobile-bearing TKAs have been designed to
provide more normal knee kinematics and improve range of
knee flexion [1, 7, 8]. However, the theoretical advantages
of these design changes have never been confirmed clini-
cally. Furthermore, the relationship between high range of
motion and the patient-rated outcomes improvement must
be shown. We specifically asked whether high-flexion
mobile-bearing posterior-stabilized TKA (1) improved knee
function as measured by Knee Society scores and range of
knee flexion; (2) resulted in satisfying subjective results; (3)
allowed the patient to perform recreational and sporting
activities; and (4) if the patient-rated outcomes would be
directly correlated to the final range of motion after TKA as
measured by the correlation coefficient between these two
parameters.
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Table 2. Results of the correlation analysis between the postoperative range of knee flexion and the different categories of the KOOS

Categories of the KOOS Tested parameters

Correlation analysis

Pearson correlation coefficient 95% confidence interval p value
Pain Preop flexion 0.079 —0.54 to 0.21 0.2451
Postop flexion 0.437 0.324 to 0.537 < 0.0001
Preop KSS 0.022 —0.110 to 0.152 0.7459
Postop KSS 0.403 0.289 to 0.506 < 0.0001
Age 0.007 —0.122 to 0.136 0.9122
Gender —0.079 —0.206 to 0.050 0.2313
BMI 0.025 —0.104 to 0.154 0.7014
Symptoms Preop flexion 0.115 0.0917 to 0.019 0.244
Postop flexion 0.434 0.321 to 0.535 < 0.0001
Preop KSS 0.072 —0.060 to 0.201 0.2831
Postop KSS 0.384 0.269 to 0.489 < 0.0001
Age 0.104 —0.025 to 0.229 0.1153
Gender —0.065 —0.192 to 0.064 0.3256
BMI —0.003 —0.132 to 0.126 0.9665
Activities of daily living Preop flexion 0.022 —0.111 to 0.154 0.7465
Postop flexion 0.437 0.324 to 0.537 < 0.0001
Preop KSS —0.36 —0.166 to 0.96 0.5931
Postop KSS 0.335 0.216 to 0.445 < 0.0001
Age —0.133 —0.258 to 0.005 0.0424
Gender —0.152 —0.276 to 0.24 0.0203
BMI —0.031 —0.160 to 0.098 0.6374
Sport Preop flexion —0.006 —0.139 to 0.127 0.9310
Postop flexion 0.212 0.083 to 0.334 0.0014
Preop KSS —0.024 —0.155 to 0.107 0.7181
Postop KSS 0.090 —0.39 to 0.217 0.1703
Age 0.041 —0.089 to 0.169 0.539
Gender —0.193 —0.314 to —0.066 0.0031
BMI —0.117 —0.242 to 0.012 0.0758
Quality of life Preop flexion 0.036 —0.98 to 0.168 0.5994
Postop flexion 0.379 0.261 to 0.486 < 0.0001
Preop KSS 0.022 —0.109 to 0.153 0.7408
Postop KSS 0.353 0.234 to 0.460 < 0.0001
Age 0.026 —0.103 to 0.155 0.6901
Gender 0.014 —0.115 to 0.143 0.8279
BMI 0.074 —0.056 to 0.201 0.2639

KOOS = Knee Osteoarthritis Outcomes scores; ROM = range of motion; KSS = Knee Society score.

One of the limitations of our study was the lack of direct
prospective comparison between a group of patients
implanted with a standard implant and a group implanted
with a high-flexion mobile-bearing implant. We cannot say
the outcomes were directly related either to the specific
implant we used or the presence of a mobile-bearing rather
than patient selection, general features of the design, or
surgical technique. However, our goal was to evaluate the
relationship between patient-rated outcomes and range of
knee flexion rather than comparing this design with another

one. Another limitation was the use of a single type
of design which limits the extension to another type of
implant of the observed correlation between the range of
knee motion and the patient-rated outcomes. These out-
comes may not apply to other designs or surgical
techniques. However, using this study design with a single
design, we were able to obtain a large sample of patients
operated on by a single surgeon representative of a typical
knee replacement population. This large sample population
allowed us to obtain a broader distribution of the objective
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and subjective data. As mentioned by Padua et al. [25],
this parameter is important when studying correlations
between objective and subjective outcomes. A final limi-
tation of our study may be the absence of subjective
evaluation of the knee status preoperatively using the
KOOS. We did not use the KOOS preoperatively because
this score was not available at the time of the preoperative
evaluation for a large majority of patients [24, 29]. How-
ever, in a large series we evaluated patient knee function,
patient perception of their knee function, and quality of life
after last-generation mobile-bearing posterior-stabilized
TKA.

Our data suggest this particular high-flexion mobile-
bearing TKA was associated with relief of pain and res-
toration of knee function as measured by the Knee Society
score and by the knee-related quality-of-life score (KOOS).
Furthermore, the percentage of return to a previous level of
activity was high and the patient perception of their ability
to return to their previous level was satisfying. Finally, we
observed a correlation between the postoperative range of
knee flexion and the patient-rated quality-of-life outcomes
(KOOS).

Since functional results of high-flexion mobile-bearing
TKA have, to our knowledge, not been reported previously
in a Western population, direct comparisons of our results
with previous reports in the literature are limited. The
range of knee flexion we observed was greater than that
reported in the literature for Western patients (mean range
of flexion between 120° and 125°), but lower than that
reported for Asian patients (mean range of knee flexion
between 135° and 140°) [25, 35]. Direct comparison of
range of knee flexion between different series in the liter-
ature appears difficult because a broad range of variation
between different studied populations exists and Western
populations cannot be directly compared with Asian pop-
ulations [25, 35]. Also, the methods of knee flexion
evaluation used in the studies are different [17, 25, 28, 35].
Manual evaluation using a two-arm goniometer is widely
used even if the accuracy and the intra- and interobserver
repeatability are limited [17, 28]. Objective tools to mea-
sure range of knee flexion such as electrogoniometer,
fluoroscopy, or 3-D analysis in the gait laboratory are
available to analyze knee motion; however, these 3-D
objective tools are too expensive and time-consuming to be
applied to a large group of patients [17, 28]. We observed
ranges of knee flexion comparable with the range of knee
flexion observed in our previous fluoroscopic evaluation
for the same type of implant [1, 7]. However, new portable
tools, including accelerometers, gyroscopes, and magne-
tometers should be developed to accurately measure
dynamic knee range of flexion and allow reliable com-
parison among the different series. Evaluation using these
new portable tools during activities of daily living should
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be performed to define the exact patient need [12, 17, 28].
To date, data concerning the range of knee flexion required
during activities of daily living in different populations are
limited and further studies using these new tools will
probably help to define the target for knee flexion after
TKA in all populations [12].

Bullens et al. [3] reported discrepancies between patient
satisfaction and surgeon satisfaction and concluded both
types of evaluations should be performed. Following this
advice, four studies directly compared subjective and
objective results after TKA. Miner et al. [21] reported no
correlation between the results of the WOMAC sport and
the range of postoperative knee flexion measured using a
two-arm goniometer. Park et al. [26] reported poor corre-
lation between the WOMAC and the SF-36 quality-of-life
questionnaire in Asian patients. Witvrouw et al. [35]
reported objective assessment using an objective mea-
surement tool (DynaPort knee test) did not predict the
WOMALC score. Padua et al. [25], in a study of Caucasian
patients, demonstrated range of knee motion after TKA
was correlated with patient perception of outcomes. We
also found range of knee motion correlated with patient
perception of outcomes. The KOOS has been more com-
plete than the WOMAC to evaluate functional results, more
adapted for younger patients, and more specific than the
SF-36 to evaluate the patient’s quality of life after TKA
[18, 19, 24, 29]. The differences in the scores used in our
series may also explain the discrepancies with previous
studies. Furthermore, in our series, 82% of patients repor-
ted being involved in sports or recreational activities. This
point was not reported in the previously mentioned series
and should be included in the description of the studied
population. Weiss et al. [33] asked what functional activ-
ities were important to patients with total knee
replacement. We observed similar data on sport and rec-
reational activities to those reported by Weiss et al. [33],
showing knee arthroplasty successfully restores a consid-
erable degree of function during recreational and sport
activities. Our results were also consistent with those
reported by Dahm et al. [6]. Patient expectations before
surgery have been previously evaluated, but data con-
cerning patient expectations and need after TKA remain
limited and require further evaluations in all concerned
populations, particularly regarding sport and recreational
activities [20]. To do so, complementary approaches using
specific patient perception scores, activity scores, and
objective range of motion measures during activities of
daily living with accurate modern 3-D portable objective
tools during different tasks of daily living should be
performed.

Our evaluation of functional activity is consistent with
data from in-vivo kinematic studies [1, 7]. These studies
reported consistent posterior femoral rollback and high
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weightbearing range of motion for patients with high
objective knee scores [1, 7]. We observed correlations
among objective results, particularly considering range of
knee flexion and patient-rated results in a group with a high
percentage of patients involved in recreational or sport
activities. The patients were also satisfied with their
replaced knee during these activities. These data seem to
confirm that high postoperative range of knee flexion
improves patient satisfaction. This point may justify the use
of designs combining posterior-stabilized high-flexion and
mobile-bearing total knee arthroplasties to perform activi-
ties requiring high knee flexion without increasing the risk
of dislocation or the load on the posterior aspect of the
tibial insert. The results from these sorts of design changes
should be confirmed in future mid-term and long-term
studies.
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