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Abstract
Background: Modern knee designs have popularized its use in younger patients due to its better performance.
There remains uncertainty whether higher demands of these patients can affect implant survivorship.
Purpose: To assess whether modern knee designs have provided similar results in patients younger than 70 years
versus older patients.
Methods: We included 203 consecutive patients (236 knees) who underwent knee replacement for osteoarthritis with
a mean follow-up of 11.4 years (range: 8.8 to 12). The mean age was 70 years (range: 31 to 85). Knee replacements
were stratified into two groups: 109 were younger than 70 years and 127 were older than 70 years (70 years of age is
the mandatory retirement age).
Results: There were no significant pre-operative differences between groups with regards to knee alignment, alpha
or beta angles, knee score or function score. Fourteen implants were radiographically loose at last follow up visit.
Groups were matched in terms of demographic data. We found that patients older than 70 years had significantly
better mean survivorship at 12 years. (97% vs. 88%; P=0.010). Patients under 70 years presented with a higher rate
of polyethylene wear which was further associated with radiolucent lines in the femur and tibia as well as the presence
of osteolysis. There was also an association between migration and presence of osteolysis.
Conclusions: Patients over 70 years old undergoing cemented total knee replacement for osteoarthritis showed
better implant survivorship versus patients under 70 years old.
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Introduction
otal knee arthroplasty has proved to have long
term clinical success (1-3). Classically, total knee
replacement has been advocated in elderly patients
with severe degenerative changes while cemented total
knee arthroplasty has showed to have satisfactory results
in both young and old patients. Most of the results in
young patients are after TKA in patients with rheumatoid
arthritis (4-6). Patients with inflammatory diseases have
a lower level of activity than patients with osteoarthritis.
On the other hand, it is important to emphasize higher
expectations of the middle-aged patients.
Recently, the favourable long term results of knee
replacement and the improved performance of modern
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designs have popularized its use in younger patients.
Higher congruency has shown less range of motion while
reduction of edge loading in high flex designs resulted in
less to intermediate congruency as a new modification
in design. Moreover, new designs are moving toward
better function using new materials (crosslink PE) for
having less wear (7). This improvement in function
allows more active patients to resume their previous
level of activity. However, the increased demands of
younger patients may generate greater stresses on
their implants. A higher rate of polyethylene wear will
compromise implant survivorship.
The main purpose of our study was to determine
whether there was any difference in survivorship
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between patients under and over seventy years of age
with osteoarthritis. We will then assess the rate of
polyethylene wear and the presence of osteolysis in both
groups to look for an explanation for different prosthetic
survival.

Methods
We prospectively studied 236 consecutive cemented
knee prosthesis implanted in 203 patients (37 men and
166 women). The study period was from January 1996
to December 2000. All patients were having grade 4
osteoarthritis based on Kellgren-Lawrence classification
(8). The mean age at the time of surgery was 70.3 years
(31-85). Patients were stratified by age into two groups:
under 70 years old (109 patients) and over 70 years old
(127 patients) based on the consideration that 70 years
is the mandatory age of retirement in our country. We
only included patients with idiopathic degenerative
osteoarthritis and excluded the other diagnoses such as
posttraumatic osteoarthritis and rheumatoid arthritis.
All knees were replaced using NexGen total knee
arthroplasty system (Zimmer, Warsaw, IN). All were fixed
bearing with normal designs. In patients < 70 years, 41
cruciate retained (CR) and 68 posterior cruciate ligament
sacrificed (PS) were implanted while in patients >70
years, 43 CR and 84 PS were implanted. Indication for
the prosthesis type was decided intraoperatively by
the surgeon performing the procedure. The criteria
for retaining PCL were the grade of deformity and the
state of the ligament. A cemented femoral component
and a cemented modular tibial implant were used in
every case. All patients underwent patella resurfacing
as well. There were 127 right and 109 left knees. Thirty
three patients underwent bilateral knee replacement.
Bilateral surgeries were not performed simultaneously.
Both groups were comparable regarding preoperative
varus and valgus alignment. The mean body mass index
was 33 Kg/m2 (20 to 49).
Surgeries were performed under spinal anesthesia
with a thigh tourniquet and an anteromedial parapatellar
approach. Surgeries were performed by 6 surgeons (two
are the authors of this article). Thrombo-prophylaxis
was done using low weight heparin for 4 weeks. Every
patient was given perioperative antibiotics with a second
generation cephalosporin (or vancomycin if allergic) for
48 hours, until suction drains were removed.
Rehabilitation protocol was identical in both groups: On
day 1, rehabilitation began almost immediately the day
after surgery. Within the first 24 hours, patients began
standing and walking using an assistive device with the
help of a physical therapist (PT). Patients were shown to
get in and out of the bed and move around with the aid
of an assistive device such as a walker or crutches. Knee
movement was encouraged with the goal of preventing
the build-up of scar tissue and stiffness that can result
from being immobile. On day 2, PT increased patients´
activity level. On day 3, patients started longer distance
walk in the ward, climbing up and down a flight of stairs,
and move onto a chair or a toilet without assistance.
At discharge, patients were able to get a minimum of
90-degree knee flexion.
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Clinical evaluation was performed pre-operatively, and
at 1, 3, and 6 months and annually thereafter. Clinical
evaluation was performed with the Knee Society Knee
Score and function was assessed using the Knee Society
Function Score (9).
Radiological assessment included standing AP and
lateral radiographs of the prostheses. All the radiographs
were perpendicular to the cement-bone and cementprosthesis interfaces. The exposures were aligned
under fluoroscopic control. Serial radiographs at one
year interval were analyzed by a single examiner who
was blinded to the clinical outcome and had not been
involved in the surgical procedure. Evaluation of the
x-rays was performed according to the Knee Society
rating system (10).
Alpha angle (α) is the medial angle between a line
drawn parallel with the femoral component condyles
and the anatomical axis of the femur. Beta angle (β) is
the medial angle between a line drawn parallel to the
tibial component on the anteroposterior (AP) X-ray and
the anatomical axis of the tibia (12, 13).
HKA (hip-knee-ankle) angle: The mechanical axis of
the femur (FM) is located as a line from the center of the
femoral head running distally to the mid-condylar point
between the cruciate ligaments (13). The mechanical
axis (TM) of tibia is a line from the center of the tibial
plateau (interspinous intercruciate midpoint) extending
distally to the center of the tibial plafond (14). The
angle between these 2 axes is the hip-knee-ankle (HKA)
angle (15). In the neutrally aligned limb the HKA angle
approaches 180°. At this point FM and TM are colinear,
pass through the knee center, and are coincident
with the load-bearing axis, which is the line of ground
reaction force passing from the ankle to the hip (13).
In varus knee, the center is lateral to the load-bearing
axis, whereas in valgus knee, the center is displaced
medially (16). As a convention, the HKA angle may be
expressed as its angular deviation from 180° (i.e., HKA
= 0° in neutral alignment). Varus deviations are negative
and valgus deviations are positive. Our choice of varus
as a negative value and valgus as positive was based on
the general observations of a more serious problem of
loading and damage within the varus knee.
Polyethylene wear was manually measured as a
progression in the difference of the knee space seen in the
anteroposterior view. Magnification was adjusted taking
all radiographs at 1.1 meters distance. Radiolucent lines
were assessed in all postoperative films. Progression of
a lucent line was recorded when there was an increase in
the width higher than 1 mm or when the line expanded
to a neighbouring zone. Osteolysis was defined as
expansive radiolucent lesions without trabecular
markings and with scalloped margins (17,18). There
were no differences between two groups in terms of
Preoperative features [Tables 1; 2].
Survival analysis
Survival analysis was stratified by age (<70 vs >70
years) and the log-rank test was used to assess whether
there was a significant difference between survival
estimates stratified by this variable.
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Table 1. Preoperative details of both groups of patients
Patients under 70 years

Patients over 70 years

109

127

Number of knees
Age at time of surgery

64.6 y

BMI
PCL status

75.2 y

33.4 Kg/m2

32.1 Kg/m2

88.10º

88.29º

41 CR 68PS

Preoperative beta angle

P value

P=0.7
P=0.58

43CR 84PS

Time to failure was analysed using Kaplan-Meier
survival curves. Aseptic loosening or revision of any
component were considered the end points and allowed
calculation of asymmetrical 95% confidence intervals
(CI). Cases were censored at their last clinical and
radiographic evaluation or until the date of death if the
implant was still in place at that time.

Results
The mean follow-up in the group <70 years was 10.5
(range 8.9 to 12); in the group >70 years, the mean
follow-up was 10.3 (range 8.7 to 12). During the study
period, 9 patients died for unrelated causes and 21
were lost to follow-up (7 in group < 70, 11 in group >
70, equally distributed between both groups). According
to age differences, both groups of patients were
comparable. In the preoperative clinical evaluation,
there were not statistically significant differences in
posterior cruciate ligament status (P=0.58) or body
mass index (P=0.70). Pain score improved in a similar
way in both groups (P=0.19). At final follow-up, there
were no significant differences between both groups
in terms of improvement in the knee score (P=0.21) or
the knee function score (P=0.36). Postoperative flexion
Survivorship for revision

P=0.88

deformity (P=0.65) and range of motion (P=0.23) were
also similar between both groups [Tables 1; 2].
Radiographically, we did not find significant differences
in the preoperative tibiofemoral angle (P=0.37). After
surgery, we did not find any significant differences in
component alignment (P=0.88), in alpha angle (P=0.93),
beta angle (P=0.49) and bone-prosthesis contact
(P=0.37) between both groups.
Survival of prostheses considering revision for any
cause but infection as an end point was 95% (95% CI:
92 to 98) at 11.4 years [Figure 1]. Survival of prostheses
at ten years with aseptic loosening as an endpoint was
93% (95% CI: 90 to 97) [Figure 2]. After stratifying by
age, patients older than 70 years significantly had better
mean survival at 12 years. (97% vs. 88%, P=0.010).
We found significant difference in the rate of
polyethylene wear between both groups. Polyethylene
wear was observed in 33 knees (14%). The rate of
polyethylene wear was significantly higher in patients
under 70 (22%) than in patients over 70 years (12%)
(P=0.04). Polyethylene wear was more common in the
medial joint space (26 knees). Only 6 knees showed
polyethylene wear greater than 1 mm. We could not
find any association between joint alignment and the
Survivorship for aseptic loosening
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Figure 1. Kaplan-Meier survival using revision for any cause
but infection as the end point; blackline, the 11.4 year survival
estimate (94.77%), grey lines, 95%CI (91.83 to 97.71).
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Figure 2. Kaplan-Meier survival using aseptic loosening as
endpoint ; blackline, the 11.4 year survival estimate (93.24%),
grey lines, 95% CI (89.8 to 96.68).
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Table 2. Postoperative details of both groups of patients
Patients under 70 years

Patients over 70 years

1

7

Number of deaths
Number of lost f-u

10

11

187.08º

187.14

P=0.88

97.69

P=0.93

20 knees

P=0.37

Mean (SD)

37 knees

Mean(SD)

P value

42.62 (13.7)

45 (11.25)

0.19

80.5 (21.8)

Postoperative alignment
Postoperative alpha angle

97.72

Absence of primary contact bone-prostheses
Median KS pain score
Median KS knee score
Median KS knee function
Flexion Deformity after surgery
Range of Movement after surgery
Radiolucent lines (number of knees)

P value

82.9(11.0)

0.21

83.3(18.8)

0.36

1.67º (3.62º)

1.94º (4.55º)

0.65 (t- test)

71

78

0.59 (Chi-Square )

80.6 (14.1)

95.36º (12.1)

Polyethylene wear (number of knees)
Osteolysis (number of knees)
Aseptic Loosening (number of knees)
Revisions
Survivorship

presence of polyethylene wear (P=0.97). We could
neither find any significant association between wear
and the thickness of the polyethylene insert (P=0.85).
The presence of polyethylene wear was associated with
a higher incidence of radiolucent lines in the femoral
and tibial components (P=0.02). Radiolucent lines were
present in 102 femoral components and in 113 tibial
components (affecting more than two zones in only 28
femoral components and 26 tibial components). The
majority of the lucent lines appeared during the first
year after surgery and were non progressive.
We found areas of osteolysis in 19 knees (8%) at a mean
of 3 years. There was a significant association between
polyethylene wear and the presence of osteolysis (P=
0.013). In 9 knees, osteolysis affected only one zone
and was not progressive. Osteolysis was more common
on the femoral side (14 knees), and the most common
site of osteolysis was the anterior aspect of the femur
(areas 1 and 2). There was also a significant association
between the presence of osteolysis and migration of the
components (P< 0.001).
Fourteen implants (5.9%) were radiographically loose
at a mean of 7.7 years after surgery (range 1 to 12
years): eight out of 14 required revision for symptomatic
aseptic loosening, four patients with radiographic signs
of loosening were asymptomatic and declined further
surgery, one patient was deceased, and one patient is
awaiting for the revision surgery. Among the revised
implants, both components were revised in two knees,

24
12

97.5º (12)

0.23 (t-test)

15

0.04 (Fisher´s)
0.15 (Fisher´s)

11

7

0.024 (Fisher´s)

7

3

6

0.46 (Fisher´s)

88.13%

97.49%

P=0.0103

femur component was revised in five knees, and tibial
component was revised in one knee. Eleven knees
required revision: 2 patients underwent removal of wellfixed implants due to infection, and 8 knees required
revision for aseptic loosening. One knee was revised for
instability.
The overall infection rate in our series was 0.84%
(2 out of 236 knees). The diagnosis of infection was
confirmed by culture, laboratory, and clinical data. The
infecting micro organism was a Staphylococcus aureus
in both knees. Both infections were successfully treated
with two-stage revision surgery.

Discussion
This study presents the clinical and radiographic
results of a consecutive series of 236 knees with a
contemporary knee design. We tried to determine
whether modern knee designs provide similar results
in all age groups. One of the limitations of this study
was that all data were collected prospectively but were
analysed retrospectively.
Our results are consistent with previous reports
using modern knee designs (1-3, 19, 20). Similar
clinical reports of the cemented NexGen implants have
also shown excellent clinical results. Bertin reported
a survivorship of 100% at seven years (21). In the
Swedish registry, cemented cruciate retaining total knee
replacements with this design showed 97% survival at
eight years (22).
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Patient’s age may influence the survivorship of
any arthroplasty. Some series of cemented knee
replacements in young patients with rheumatoid
arthritis have shown excellent survival rates with long
follow-ups (4-6). However, these good results may be
influenced by the reduced level of activity in patients with
inflammatory arthritis. Generally, young patients have
higher physical demands and a longer life expectancy
generating more mechanical stresses over the implants.
Modern designs with better clinical performance, more
congruent articular geometry, larger contact areas, and
less stress on the polyethylene might reduce the rate of
polyethylene wear. More congruency has not shown less
but different wear. On the other hand, the influence of
better materials is questionable. We have found worse
arthroplasty survivorship in patients under 70 years old
than in older patients. This has been also found in other
studies (2, 20, 23-28). In our study, patients over 70 years
presented with significantly lower rate of polyethylene
wear and a better survival of the prostheses.
Another study showed that the best results with 99%
survival after ten years were achieved in non-obese
women with osteoarthritis who were over 60 years of age.
The worst results were in obese men with osteoarthritis
who were less than 60 years of age in whom 36% had a
ten-year survival (29). Roberts et al found that survival
was significantly increased in women and older patients
(30). The 5-year survival rates reported by Julin et al were
92% and 95% in patients aged ≤ 55 and 56-65 years,
respectively, compared to 97% in patients who were >
65 years of age (31). Young age impaired the prognosis
of TKR and was associated with increased revision rates
for non-infectious reasons. Keenan et al reported the
ten-year survival of a cemented total knee replacement
(TKR) in patients aged < 55 years at the time of surgery,
and compare the functional outcome with patients aged
> 55 years (32). The ten-year survival using revision
as the endpoint was 98% (95% confidence interval:
95 to 99). Based on the Oxford knee scores at five and
ten years, the rate of dissatisfaction was 18% and 21%,
respectively. This was no worse in patients aged < 55
years than in patients aged > 55 years. These results
demonstrated that the cemented PFC Sigma knee has
an excellent survival rate in patients aged < 55 after ten
years post-operatively with clinical outcomes similar to
those of an older group. Keenan et al concluded that TKR
should not be withheld from patients on the basis of age.
Polyethylene failure is a major risk for the long-term
survival of total knee replacement. To our knowledge,
there is no standardized way of measuring polyethylene
wear in total knee arthroplasty. In our study, wear
was defined as a persistent asymmetry in joint space
which was not present in previous radiographs. Wear
was observed in 33 knees and it was more frequent
in the medial compartment. We could not identify any
additional radiographic sign which could be related
to wear in this group of patients. Several studies have
suggested that wear is influenced by the design and
surface finish of the tibial base plate, patient’s age,
manufacturing technique of the insert, sterilization
method of the polyethylene or by the orientation of the
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components (33-35). The only variable affecting wear in
our study was the age of the patient. In a study comparing
first and second generation total knee arthroplasties,
patient age was the only variable correlated with wearrelated failure in second generation prostheses (36). In
our series, the rate of polyethylene wear was significantly
higher in patients under 70.
We have found a high incidence of radiolucent lines in
both the femoral and tibial components. Our radiographs
were perpendicular to the prosthesis interface allowing
detection of minor radiolucent lines less than 2mm (37).
Other studies with the NexGen design have also shown
a high incidence of radiolucent lines. Henricson et al
found radiolucent lines in ten out of nineteen cemented
NexGen modular tibial components (38). With this
design, most of these lucent lines affecting the periphery
of the tibial tray appear mostly during the first year after
surgery and are non-progressive. These non-progressive
peripheral radiolucent lines have no clinical relevance.
When radiolucent lines extend around the stem or
the central part of the implant, they are commonly
associated with osteolysis, loosening, or migration of the
component (39).
Previous reports with modular implants have shown
an association between younger age and the presence of
osteolysis (40). In our study, 19 knees had radiographic
evidence of osteolysis, which were more frequent on the
femoral side. Osteolysis is frequently underestimated,
especially in the femoral side where it is not easily
recognized (41,42). The anterior aspect of the femur
was the area most frequently involved. When there is no
primary contact between the femoral component and
the anterior cortex of the femur, some cancellous bone
is exposed and allows access of polyethylene particles
which produce the osteolysis. In other designs with an
extra posterior cut, osteolysis is more common in the
posterior aspect of the femur for the same reason (41).
This must be correlated with longer follow-up of the
recently developed high-flexion designs.
In conclusion, we found that patients over 70 years
old undergoing cemented total knee replacement for
osteoarthritis showed better implant survivorship than
patients under 70 years old. This is consistent with
several published series (2, 20, 23-25, 43). Patients under
70 years old showed higher rates of polyethylene wear
which was associated with the presence of radiolucent
lines, osteolysis, and loosening of the components. In
second generation knee prostheses, patient’s age seems
to be the only variable correlated with wear-related
failure (36).
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