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Failure Mechanisms After Unicompartmental 
and Tricompartmental Primary 
Knee Replacement with Cement

By O. Furnes, MD, PhD, B. Espehaug, MSc, PhD, S.A. Lie, MSc, PhD, 
S.E. Vollset, MD, DrPH, L.B. Engesæter, MD, PhD, and L.I. Havelin, MD, PhD

Investigation performed at Department of Orthopaedic Surgery, Haukeland University Hospital, Bergen, Norway

Background: Concern exists regarding the durability of unicompartmental knee replacements. The purpose of the
present study was to compare the early failure rates and failure mechanisms of primary cemented unicompartmental
knee replacements with those of primary cemented tricompartmental total knee replacements.

Methods: The rates of failure of primary cemented unicompartmental knee replacements (n = 2288) and tricompart-
mental total knee replacements (n = 3032) as reported to the Norwegian Arthroplasty Register from January 1994
through December 2004 were compared with use of Kaplan-Meier estimated survival rates and Cox multiple regression.

Results: The ten-year survival probability was 80.1% (95% confidence interval, 76.0% to 84.2%) for unicompartmen-
tal knee replacements, compared with 92.0% (95% confidence interval, 90.4 to 93.6%) for total knee replacements,
with a relative risk of revision of 2.0 (95% confidence interval, 1.6 to 2.5) (p < 0.001). This increased risk of revision
following unicompartmental knee replacement was seen in all age-categories. Unicompartmental knee replacement
was associated with an increased risk of revision due to pain (relative risk, 11.3 [95% confidence interval, 4.8 to
26.8]; p < 0.001), aseptic loosening of the tibial component (relative risk, 1.9 [95% confidence interval, 1.2 to 3.0];
p = 0.01) and of the femoral component (relative risk, 4.8 [95% confidence interval, 2.3 to 10.3]; p < 0.001), and
periprosthetic fracture (relative risk, 3.2 [95% confidence interval, 1.2 to 8.9]; p = 0.02) as compared with total knee
replacement. Unicompartmental knee replacement was associated with a lower risk of infection compared with total
knee replacement (relative risk, 0.28 [95% confidence interval, 0.10 to 0.74]; p = 0.01) .

Conclusions: The survival of cemented unicompartmental knee replacements is inferior to that of cemented tricom-
partmental total knee replacements in all age-categories.

Level of Evidence: Therapeutic Level II. See Instructions to Authors for a complete description of levels of evidence.

he Norwegian Orthopaedic Association started a na-
tional register for total hip replacement in 19871. In
January 1994, the register was expanded to include all

artificial joint replacements, including those of the knee2,3.
One of the aims of the register is to detect inferior implants,
cements, and techniques as early as possible.

Unicompartmental knee replacements were popular in
the 1970s and 1980s in Europe, but, because of problems with
fixation and the high number of failures, the use of these im-
plants was reduced in the 1990s4. In the late 1990s, good ten-

year results of unicompartmental knee replacement were
reported from single centers in both the United States and
Britain5,6. These results, together with new instrumentation for
minimally invasive surgery, have renewed interest in this pro-
cedure, but there have been numerous reports of concern
about the durability of this type of prosthesis7-10.

The aim of the present study was to compare early fail-
ure rates and failure mechanisms of primary cemented uni-
compartmental knee replacements with those of primary
cemented tricompartmental total knee replacements with use

T

Disclosure: In support of their research for or preparation of this work, one or more of the authors received, in any one year, outside funding or
grants in excess of $10,000 from the Norwegian Medical Association’s fund for Quality Improvement. Neither they nor a member of their immediate
families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial en-
tity paid or directed, or agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or
nonprofit organization with which the authors, or a member of their immediate families, are affiliated or associated.

A commentary is available with the electronic versions of this article, on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our subscription
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of the nationwide prospective observational knee implant reg-
ister of all Norwegian hospitals.

Materials and Methods
fter each operation, a standard form is filled out by the sur-
geon and is sent to the register11. The reporting is similar to

that for hip replacement1. Stickers with catalogue numbers are
delivered by the manufacturers along with the implants and are
attached to the form by the operating surgeon. Femoral, tibial
baseplate, tibial polyethylene insert, and patellar components
are registered separately.

Information on revisions, defined as a surgical removal or
exchange of a part of the implant, or of the whole implant, was
linked to data on the primary operation with use of the unique
identification number assigned to each inhabitant of Norway.

The types of primary cemented unicompartmental
knee replacements used in Norway were the MOD III (Smith
and Nephew, Memphis, Tennessee), Genesis Uni (Smith and
Nephew), Oxford II and III (Biomet, Bridgend, South Wales,
United Kingdom), Duracon all-polyethylene tibial Uni (Stryker,
Berkshire, United Kingdom), Miller-Galante all-polyethylene
tibial Uni (Zimmer, Warsaw, Indiana), and Preservation (DePuy,
Leeds, United Kingdom) prostheses as well as other prostheses.
There were no uncemented unicompartmental knee replace-
ments. The size of the Preservation knee group and the “other”
group were too small for separate analyses.

The survival of cemented unicompartmental knee re-
placements and cemented patellar resurfaced total knee re-
placements, inserted in the period from January 1, 1994, to
December 31, 2004, was compared at five, seven, and ten years
of follow-up. For primary unicompartmental knee replace-
ments, we compared the time until revision for each brand of
prosthesis used. The five-year survival rates for the different
total knee replacement brands used in Norway were reported
in an earlier study11. The different causes of failure leading to
revision were compared for cemented unicompartmental
knee replacements and cemented total knee replacements. The
surgeon could report one or more causes of failure leading to
revision. Possible causes were aseptic loosening of the femoral,
tibial, or patellar component; dislocation or instability; mala-
lignment; deep infection; periprosthetic fracture; pain; wear of
a tibial insert; or other causes. To be classified as having a revi-
sion because of pain alone, no other reason for revision could
be marked. When seen in combination with any other cause,
infection was considered as the primary reason for revision.

The reports from the Norwegian Arthroplasty Register
were compared with the compulsory national hospital adminis-
trative database, the Norwegian Patient Register. An estimated
99% of the primary and 97% of the revision knee prostheses
were reported to the Norwegian Arthroplasty Register as com-
pared with the Norwegian Patient Register during the years
1999 through 200212.

Statistical Analysis
Prosthesis survival was calculated with use of the Kaplan-Meier
method. Because of the low number of prostheses at risk after
eleven years of follow-up, survival results were estimated at ten
years, and for two of the prostheses with the shortest follow-up
(the Oxford III and the Miller-Galante prostheses), the results
were estimated at five years. The median duration of follow-up
was calculated with use of the reverse Kaplan-Meier method13.
The survival curves were stopped when the number of knees at
risk was lower than twenty. Patients who died or emigrated dur-
ing the follow-up period were identified from files provided by
Statistics Norway, and the follow-up time for prostheses in these
patients was censored at the date of death or emigration. A Cox
multiple regression model was used to study the relative risks of
revision among unicompartmental knee replacement prosthesis
brands, to study differences between unicompartmental knee
replacements and total knee replacements, and to adjust for po-
tential confounding by age (sixty years old or less, sixty-one to
sixty-nine years old, and seventy years old or more), gender,
and diagnosis (primary gonarthrosis, rheumatoid arthritis,
sequela after fracture, sequela after ligamentous instability, se-
quela after meniscal injury, and others). The confounding effect
of age was further investigated as a continuous variable within
age-categories. The average annual volume of surgery at indi-
vidual hospitals (zero to nine operations, ten to nineteen opera-
tions, and twenty to forty-nine operations) was tested in a Cox
model with adjustment for age, gender, and prosthesis design.

The statistical analyses were performed with use of SPSS
software (Advanced Statistics 13.0; SPSS, Chicago, Illinois)
and S-PLUS 2000 (Insightful, Seattle, Washington). Two-sided
p values of <0.05 were considered significant.

Results
Epidemiology of Knee Replacement Surgery

uring the study period, 19,669 primary knee replace-
ments were reported; of these, 3032 were cemented total

knee replacements with patellar resurfacing and 2288 were

A

D

TABLE I Patient Characteristics for Primary Cemented Unicompartmental and Tricompartmental Total Knee Prostheses as 
Reported to the Norwegian Arthroplasty Register from 1994 to 2004

Type of Prosthesis
Number of 
Prostheses Age† (yr)

Proportion of Procedures 
Performed in 

Patients ≤60 Years Old

Proportion of 
Procedures 

Performed in Men

Tricompartmental total knee replacement* 3032 70 (17 to 92) 15% 26%

Unicompartmental knee replacement 2288 66 (25 to 91) 29% 38%

*Tricompartmental total knee replacements are total knee replacements performed with insertion of a patellar component (patellar resurfac-
ing). †The values are given as the mean, with the range in parentheses.
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unicompartmental knee replacements (Table I). The majority
of the rest of the replacements were cemented total knee re-
placements without patellar resurfacing. Unicompartmental
knee replacements accounted for 15% of the primary knee re-
placements in 2004 and 12% of the primary knee replace-
ments during the entire eleven-year study period. There was a
decrease in use from 1994 to 1998, with the lowest annual per-
centage of 5% in 1997, and then an increase in use. Ninety-
eight percent of the total knee replacements were posterior
cruciate-retaining designs11.

Patients managed with unicompartmental knee replace-
ment were younger and were more likely to be male in compari-
son with those managed with total knee arthroplasty (Table I).
In patients managed with unicompartmental knee replacement,
89% had primary osteoarthritis, 7.6% had sequelae after menis-
cal injury, 1.7% had sequelae of a fracture, 1.1% had sequelae of
osteochondritis, 1.4% had sequelae of osteonecrosis, 0.5% had
other diseases, and only 0.3% had rheumatoid arthritis.

A higher proportion of the Oxford III and Miller-
Galante prostheses were implanted in patients who were sixty
years old or less than was the case for prostheses that had
longer follow-up. An intact anterior cruciate ligament after
the operation was reported following 96% of the unicompart-
mental knee replacements (see Appendix). All of the uni-
compartmental knee replacements were cemented, with 89%
being cemented with use of Palacos cement with gentamicin
(Schering-Plough, Kenilworth, New Jersey). Only three types
of prostheses were meniscal-bearing: the Oxford II, the Ox-
ford III, and the Preservation. The Duracon and the Miller-
Galante unicompartmental knee replacements were always used
with an all-polyethylene tibial component, and the Genesis and
Preservation replacements were used with an all-polyethylene
tibial component in approximately one-quarter of the cases.
The most common polyethylene thicknesses for the tibial in-
sert were 8 and 10 mm, except for the Oxford II and III pros-
theses, for which 3.5, 4.5, and 5.5-mm-thick polyethylene
inserts were most common. The thinnest polyethylene com-
ponents (7.5 mm) for the MOD III implant were used at the
beginning of the period. It was not possible to determine
whether the prosthetic components were placed in the medial
or the lateral compartment in two of the prosthesis designs at
the beginning of the registration period because these two
implants could be used both in the lateral and the medial
compartment. The form was changed in 2001 to include regis-
tration of the lateral or medial compartment.

Volume of Surgery
The 2288 unicompartmental knee replacements had been per-
formed in fifty-one hospitals over an eleven-year period (see
Appendix). On the average, there had been four unicompart-
mental knee replacement operations per hospital per year
during the study period, and, at forty-three of the fifty-one
hospitals, there had been an average of fewer than ten proce-
dures per year. Seven types of unicompartmental knee re-
placements had been used in more than twenty knees each.
Four prostheses had been used in >100 knees. When we inves-

tigated all prostheses and all hospitals, we found that the hos-
pitals at which an average of twenty to forty-nine knee opera-
tions had been performed per year (n = 3) had a 40% lower
revision risk as compared with those at which zero to nine op-
erations had been performed per year (n = 43) (relative risk,
0.6 [95% confidence interval, 0.40 to 1.0]; p = 0.05). For the
Miller-Galante knee replacement, there was no hospital at
which an average of more than ten operations had been per-
formed per year, and therefore the influence of hospital sur-
gery volume could not be tested for this implant. For the
Oxford III knee replacement, there was no difference, with the
numbers available, between hospitals at which zero to nine (n =
30), ten to nineteen (n = 4), or twenty to forty-nine (n = 3)
procedures had been performed per year.

Survival Rates
The ten-year survival rate was 80.1% (95% confidence inter-
val, 76.0% to 84.2%) for unicompartmental knee replace-
ments and 92.0% (95% confidence interval, 90.4% to 93.6%)
for total knee replacements (Fig. 1 and Appendix). The rela-
tive risk of revision following unicompartmental knee replace-
ment as compared with total knee replacement was 2.0 (95%
confidence interval, 1.6 to 2.5; p < 0.001). The increased risk
of revision following unicompartmental knee replacement

Fig. 1

Kaplan-Meier survival curves for cemented tricompartmental total knee 

replacements and cemented unicompartmental knee replacements.
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was seen in all age-categories (see Appendix).
Compared with total knee replacement, unicompartmen-

tal knee replacement was associated with more revisions be-
cause of pain (relative risk, 11.3 [95% confidence interval, 4.8 to
26.8]; p < 0.001), aseptic loosening of the tibial component (rel-
ative risk, 1.9 [95% confidence interval, 1.2 to 3.0]; p = 0.01)
and of the femoral component (relative risk, 4.8 [95% confi-
dence interval, 2.3 to 10.3]; p < 0.001), and periprosthetic frac-
ture (relative risk, 3.2 [95% confidence interval, 1.2 to 8.9]; p =
0.02). There was, however, a decreased risk of revision because
of infection following unicompartmental knee replacement as
compared with total knee replacement (relative risk, 0.28 [95%
confidence interval, 0.10 to 0.74]; p = 0.01) (Table II).

After ten years of follow-up, there was no significant
difference in survival among the MOD III, Genesis Uni, and
Oxford II knee replacements, with the numbers available.
However, although the number of Duracon prostheses was
low (n = 47), Duracon knee replacements were associated
with a significantly higher risk of revision as compared with
the other unicompartmental knee replacements (relative risk
at five years, 3.0 [95% confidence interval, 1.3 to 6.8]; p = 0.01)
(Fig. 2-A and Appendix). After five years, the Miller-Galante
knee prosthesis (survival rate, 83.0%; 95% confidence inter-
val, 76.3% to 89.7%) had a significantly higher rate of revision
than the Oxford III knee prosthesis (survival rate, 91.1%; 95%
confidence interval, 88.7% to 93.5%) (relative risk of revision,
1.8 [95% confidence interval, 1.1 to 2.8]; p = 0.01) (Fig. 2-B
and Appendix). The results for the prostheses used primarily
over the last five years were not better than those for the pros-
theses used mainly the first five years of registration, with the
numbers available (see Appendix). The higher failure rates of
the Duracon and Miller-Galante knees were mainly due to
more loosening of the tibial component. For the MOD III
prosthesis, there were significantly more revisions in associa-
tion with the 7.5-mm tibial components as compared with the
9-mm components (relative risk, 3.5 [95% confidence inter-
val, 1.3 to 9.1]; p = 0.009). For the Genesis prosthesis, there
were also more revisions for the 8-mm tibial inserts as com-
pared with the 10 and 12-mm inserts (relative risk, 6.2 [95%

confidence interval, 1.3 to 28.8]; p = 0.02).
Two hospitals were found to have <60% survival of the

Miller-Galante knee prosthesis after five years, while other hospi-
tals had 100% survival after five years (p = 0.001 [see Appendix]).

Few lateral unicompartmental knee arthroplasties were
performed. For the Genesis knee replacement, which was in-
serted in the lateral compartment 12% of the time, we found
no difference in survival between lateral and medial compart-
ment prostheses with the numbers available (relative risk, 0.53
[95% confidence interval, 0.12 to 2.29]).

Discussion
he major finding of the present study was that the rate of
revision following unicompartmental knee replacement

was twice as high as that following total knee replacement as a
result of higher rates of revision due to femoral and tibial
loosening, periprosthetic fracture, and pain. The increased
risk of revision following unicompartmental knee replace-
ment was seen in all age-categories and had not improved
during the last five-year period as compared with the earlier
period. The finding confirms those of other register studies14,15

but not those of studies from specialized centers5,6,16.
The volume of surgery mattered, with the risk of revi-

sion being 40% lower in hospitals at which twenty to forty-
nine operations were performed per year as compared with
hospitals at which zero to nine operations were performed per
year. This finding corresponds well with those of registry stud-
ies on hip replacement17,18. For the Oxford III knee replace-
ment, there was no difference in the risk of revision between
low and high-volume hospitals, but the duration of follow-up
was short and the number of hospitals with high numbers of
procedures was low. Our findings for the Oxford III knee re-
placement are in accordance with those of more recent results
from the Australian registry19 but contradict the findings from
the Swedish registry20 on the earlier Oxford phase-II knee re-
placement, in which the results were better in hospitals with
more than twenty-three procedures per hospital per year. This
might be explained by better education of surgeons and better
instrumentation in association with Oxford III knees as com-

T

TABLE II Reasons for Revision of Cemented Unicompartmental Knee Replacements and Cemented Tricompartmental 
Total Knee Replacements as Reported to the Norwegian Arthroplasty Register from 1994 to 2004 ➤

Type of Prosthesis
Loose Femoral 

Component
Loose Tibial 
Component

Loose Patellar 
Component

Tricompartmental total knee replacement (n = 3032) 11 41 9

Unicompartmental knee replacement (n = 2288) 38 44 0

Relative risk of revision* 4.8 (2.3 to 10.3) 1.9 (1.2 to 3.0) No estimate

P value <0.001 0.01

*The Cox relative risk of revision, with the 95% confidence interval in parentheses, is given for unicompartmental knee replacement as com-
pared with total knee replacement. Regression analyses were adjusted for age (sixty years or less, sixty-one to sixty-nine years, seventy
years or more), gender, diagnosis, and type of prosthesis. The Cox estimates were based on replacements in which systemic antibiotics were
given and prostheses were cemented with Palacos, with or without gentamicin. Posterior stabilized and constrained prostheses were ex-
cluded from the comparison. 
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pared with Oxford II knees. In the present study, we were not
able to control for the volume of operations per surgeon, and
this might have confounded our results.

Several studies have indicated that unicompartmental
knee replacement is associated with less pain and better function
in comparison with total knee replacement21,22. In a randomized,
controlled study in which the St. Georg Sled unicompartmental
knee replacement was compared with the Kinematic total knee
replacement with a patellar component, the authors found bet-

ter function and less morbidity in association with the unicom-
partmental knee replacement after five years and reported the
same survival for the two prostheses on the basis of the num-
bers available23. These results persisted for as long as ten years24

and contradict the findings of our study. Our study was an ob-
servational one, and the patients who were selected for unicom-
partmental knee replacement could have been more active and
healthier and therefore could have put the prostheses under
more stress, leading to more loosening. A few dedicated sur-

TABLE II (continued)

Infection
Instability/
Dislocation Periprosthetic Fracture

Pain 
Alone

Wear of 
Tibial Insert

Other 
Causes

37 40 9 7 22 16

5 21 11 48 19 18

0.28 (0.10 to 0.74) 0.96 (0.53 to 1.7) 3.2 (1.2 to 8.9) 11.3 (4.8 to 26.8) 1.8 (0.92 to 3.6) 2.0 (0.96 to 4.3)

0.01  0.9 0.02 <0.001 0.09 0.06

Fig. 2-A

Figs. 2-A and 2-B Kaplan-Meier survival curves for unicompartmental knee replacements according to the duration of follow-up.

Fig. 2-B
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geons participating in a randomized study might also have per-
formed the more technically demanding unicompartmental
knee replacements better than surgeons across an entire country.

As we do not have information on the degree of pain
and functional scores of the patients, we cannot conclude
whether the patients in the unicompartmental knee replace-
ment group actually had more pain than did those in the total
knee replacement group or whether the revision operation
helped. Only two of the revisions following unicompartmen-
tal knee replacement in our study were reported as being due
to progression of arthritis. Progression of arthritis has been re-
garded a major cause of revision in earlier studies7,15,16,25. Our
findings are supported by the study of St. Georg Sled unicom-
partmental knee replacements, in which none of the knees
progressed to arthrosis23, and also by the study by Berger et al.,
in which only one of sixty-one knees progressed5. Our find-
ings could have been due to better patient selection or to a reg-
istration bias related to the fact that progression of arthritis is
not part of the eleven standard reasons for revision on the reg-
istration form and therefore the surgeons must mark the rea-
son for revision as “other” and specify progression of arthritis.
Thus, some surgeons could have wrongly marked “pain” even
though the reason was progression of arthritis.

The lower infection rate following the unicompartmen-
tal knee replacements confirms the early results from the
Swedish Knee Arthroplasty Register26.

The Duracon prosthesis had inferior survival results
than did the other designs. The results must be interpreted
with caution as the implant had been used in a small number
of patients and at only five hospitals. The Duracon prosthesis
was associated with inferior results in another study27. The au-
thors concluded that the reason for the poor results was due to
the use of polyethylene that had been gamma-sterilized in air
and had a shelf life of over four years.

The Miller-Galante implant with an all-polyethylene
tibial component had a five-year survival rate of 83% in our
study, which was significantly inferior to the 91% survival rate
for the Oxford III prosthesis. Berger et al. reported a ten-year
survival rate of 98% for the Miller-Galante prosthesis5, and
Naudie et al. reported a ten-year survival rate of 90% for that
prosthesis28. In both of those studies, a metal-backed tibial
component was used, whereas in Norway an all-polyethylene
tibial component was used. In a previous two-year study of
Miller-Galante unicompartmental knee replacements, the re-
sults of procedures performed with an all-polyethylene tibial
component were similar to those of procedures performed
with a metal-backed tibial component29, contradicting the
findings of our study. In the last yearly report from the Swed-
ish knee register, the Miller-Galante unicompartmental knee
replacement was reported to be associated with a higher risk
for revision than the Link unicompartmental knee replace-
ment, but, because metal and all-polyethylene tibial compo-
nents were analyzed together, no conclusion regarding the
issue of the use of all-polyethylene tibial components can be
drawn on the basis of that report14. In a report from Australia,
the Miller-Galante unicompartmental knee replacement was

associated with good short-term results, but the report did not
specify whether an all-polyethylene or a metal-backed tibial
component had been used19.  Our finding of poor performance
due to the aseptic loosening of the tibial components of the
Duracon and Miller-Galante prostheses questions the concept
of using an all-polyethylene tibial component for unicompart-
mental knee replacement.

As we did not register whether minimally invasive tech-
niques were used at the time of surgery, their influence on the
individual prosthesis could not be resolved. However, we did
conduct a postal survey that was sent to all Norwegian operat-
ing clinics in September 2003 in which we inquired about the
use of minimally invasive techniques for unicompartmental
knee replacement. The results were analyzed according to the
year of surgery (beginning in 1994) and prosthesis design. The
Oxford III and the Miller-Galante prostheses were inserted
with a minimally invasive technique in 98% and 90% of cases,
respectively, and it is thus unlikely that the use of minimally
invasive techniques explains the difference in performance be-
tween these two prostheses.

Loosening was most commonly seen in association with
tibial components with thin polyethylene, which is in accor-
dance with the findings of other studies30.

There was no difference in survival between lateral and
medial prostheses in cases in which the Genesis unicompart-
mental prosthesis had been used, which is in accordance with
the results of the Swedish knee register25,31.

It has been recommended that a unicompartmental pros-
thesis should be suitable for 20% to 30% of knee replacement
procedures6,32, but some authors have disputed this great per-
centage33. The fact that the Oxford knee has been the most used
unicompartmental knee replacement in Norway in recent years
probably explains the growing popularity of unicompartmen-
tal knee replacement, from 5% of the total number of primary
knee replacements in 1997 to 15% in 2004. This rate is compa-
rable with the percentages from Sweden and Australia14,19. Our
data were used in a decision-analysis study that showed that
unicompartmental knee replacement can be cost effective as
compared with total knee replacement in patients older than
seventy years of age34.

The procedure of unicompartmental knee replacement,
especially that involving minimally invasive techniques, has
been reported to result in less morbidity in the form of pain,
faster recovery, shorter hospitalization, less infection, less
thromboembolic disease, and better range of movement23,35,36

as compared with total knee replacement. The present study
demonstrates that these short-term advantages must be
weighed against higher revision rates due to aseptic loosening
of the tibial and femoral components, persistent pain, and
periprosthetic fractures.

Appendix
Additional tables and figures showing the data broken
down by prosthesis type, patient age, and hospital are

available with the electronic versions of this article, on our
web site at jbjs.org (go to the article citation and click on
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“Supplementary Material”) and on our quarterly CD-ROM
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NOTE: The authors are grateful to the Norwegian orthopaedic surgeons who reported their
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