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Resurfacing the patella during primary total knee arthro-
plasty is controversial. The objective of this meta-analysis
was to evaluate the outcome of total knee arthroplasty with
or without resurfacing of the patella with particular atten-
tion to patient satisfaction, incidence of anterior knee pain,
patellar complications, and the need for secondary opera-
tions. Computerized databases were searched for citations
and published randomized clinical trials relevant to patellar
resurfacing from 1966–2003. Of 158 citations identified as
related to patellar resurfacing during total knee arthro-
plasty, 14 articles met all inclusion criteria for this study. The
incidence of anterior knee pain was greater in knees with
nonresurfaced patellas. Secondary resurfacings for anterior
knee pain was needed in 8.7% of nonresurfaced knees. No
difference in reported complications existed. Total knee ar-
throplasty resulted in improvement of functional outcome
regardless of whether the patella was resurfaced. Based on
the results of this meta-analysis, nonresurfacing of the pa-
tella during primary total knee arthroplasty is likely to result
in a greater incidence of anterior knee pain, the need for
secondary resurfacing in almost one in 10 patients, and pos-
sibly less patient satisfaction.

Level of Evidence: Therapeutic study, Level IV (case series).
See the Guidelines for Authors for a complete description of
levels of evidence.

Total knee arthroplasty (TKA) is one of the most effective
surgical procedures, providing improvement in function
and relief of pain for the majority of patients.18,24,34 De-
spite the undisputed success of TKAs, patients occasion-
ally experience complications.24 Extensor mechanism-
related complications are among the most common.19,31

The incidence of anterior knee pain after a TKA may vary
from 2–25%.1,3,10,19 Other patellar-related complications
such as patellar fractures (0.05–25%),19,31 avascular ne-
crosis of the patella (0.05–2%),30,31 patellar tendon injury
(1–2%),17,28 and loosening of the patella leading to resur-
gery (1–25%),19,31,38 are known to occur after resurfacing
of the patella during a knee replacement. Fear of these
complications averts some surgeons from routinely resur-
facing the patella during a primary TKA.3,17,28 Proponents
of patellar resurfacing argue that resurfacing with balanc-
ing of the tracking mechanism eliminates the necessity for
revision surgery for anterior knee pain.21,37,40,41 Also, the
status of the patellar articular cartilage at surgery is an
unpredictable guide for selective resurfacing of the pa-
tella.22,29,40,41

Despite several peer reviewed studies related to the sub-
ject of patellar resurfacing, this issue continues to be de-
bated in the orthopaedic community.2,4,12,23,35 The con-
clusions of these studies have been limited because of
methodology flaws including a lack of randomization, in-
dependent outcomes assessment, limited assessment of
possible confounding variables, and the possible bias as-
sociated with unmeasured or unknown confounders inher-
ent in observational studies.6–8,36 Therefore, the true merit
of resurfacing or nonresurfacing of the patella is routinely
debated.

The objective of this meta-analysis was to cumulate
data from a large number of controlled and randomized
studies on patellar resurfacing. The pooled data were ana-
lyzed to determine functional outcome, in particular the
incidence of anterior knee pain, patient satisfaction, the
incidence of patellar fracture or other patellar-related com-
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plications, reoperation rate, revision surgery, and the inci-
dence of secondary patellar resurfacing. An assessment of
patients’ satisfaction and functional scores using the Hos-
pital for Special Surgery (HSS) score and Knee Society
score after a resurfaced patella in comparison with unre-
surfaced knees was done.26

MATERIALS AND METHODS

We identified articles published in the English literature that met
set inclusion criteria. These criteria included: (1) patients of any
age, gender, or race with degenerative joint disease of one or
both knees; (2) TKA with patellar resurfacing versus bicompart-
mental arthroplasty retaining the native patella; (3) some method
of functional assessment and/or a valid pain score; and (4) pub-
lished prospective randomized clinical trials (or quasi-
randomized studies). Quasi-randomized studies are those in
which patients are allocated according to known characteristics
(eg, date of birth, hospital chart number, or day of presentation).6

Exclusion criteria were: non-English language publications, un-
published data and proceedings of meetings, and studies involv-
ing metal-backed patella or noncondylar knee designs.

We did a Medline search from January 1966 to September
2003 identifying the population (TKA), the intervention (with or
without patellar resurfacing), and the methodology (clinical
trial). We used the keywords “Total Knee Arthroplasty,” “Patel-
lar Resurfacing,” “Total Knee Replacement and Patellar Resur-
facing,” “Total Knee Replacement and Patella,” and “Total Knee
Arthroplasty and Patella.” We used the clinical queries with
other search engines such as PubMed, Cochrane Controlled Tri-
als, Cochrane Systematic Reviews, Ovid, and CINAHL and did
a sensitivity search using the same keywords. Three of the au-
thors (JP, VR, PFS) reviewed the reference lists of all key ar-
ticles for additional eligible articles.

We noted frequently cited articles and did a search of refer-
ences and citations from these articles to locate potentially rel-
evant studies that had cited them. Additional strategies to un-
cover relevant studies included: (1) manual search of the bibli-
ography of the selected articles with literature review to note all
the quoted references; (2) manual search of the bibliography of
all the study articles to identify any additional potential studies;
(3) manual search of table of contents of four major orthopaedic
journals [Journal of Bone and Joint Surgery (American and Brit-
ish volumes)], Journal of Arthroplasty, and Clinical Orthopae-
dics and Related Research (JBJS-A, JBJS-B, JOA, CORR) from
1998 to March 2003; and (4) a reference review of three major
arthroplasty textbooks in orthopaedics (Joint Replacement, The
Knee, and Campbell’s Operative Orthopaedics). Three of the
authors (JP, VR, PFS) reviewed the title of the studies and the
abstract retrieved if possibility for inclusion existed. Review of
the retrieved complete articles for the final study included only
the Methods section with the reviewer blinded to author, insti-
tution, journal, and the results of the study.

The methodology of each study then was assessed with re-
spect to randomization, blinded patient groups, outcome mea-
surement tools, the proportion of subjects lost to followup, and
the potential biases in the study.

The relevant information regarding the population, interven-
tion, and the outcomes were abstracted from each article. The
articles were reviewed independently on five occasions to extract
every reported pertinent detail, including, but not limited to,
demographics, previous surgeries, details of thromboembolic
and infection prophylaxis, patient satisfaction, functional out-
come (in particular the ability to climb stairs), incidence of pain,
type of components used, method of fixation, rate of lateral
retinacular release, postoperative rehabilitation, complication
rate, the incidence of reoperations (particularly secondary resur-
facing), and the revision rate.

Variables that were not reported consistently included race,
weight, body mass index, medical comorbidities, previous sur-
geries on the index knee and the patella, method of anesthesia,
operative techniques (such as exposure, cement use, type of
prosthesis, lateral retinacular release rate, and details of patello-
plasty), perioperative antibiotics, thromboembolic prophylaxis,
and details of postoperative rehabilitation. Studies also showed
variability in reporting the complication rates, revision surgery
rates, the incidence of anterior knee pain, and details of func-
tional aspects, such as getting up from chairs and climbing stairs.
Systemic complications also were reported with some inconsis-
tency. Few studies disclosed sources of funding.

The lead and the senior authors of each study received a
summary of the extracted data on an Excel (Microsoft� Office;
Microsoft� Corporation, Redmond, WA) sheet with a request to
verify their accuracy. Nine of 14 authors confirmed the accuracy
of the data extraction and one of them provided additional in-
formation not reported in the published papers.

Relevant means and standard deviations (whenever reported)
of demographics, functional scores, followup, and other vari-
ables were entered into Excel (Microsoft� Corporation) sheets.
Statistical comparison between the resurfaced and nonresurfaced
groups then was done using the fixed effects method. Fixed
effects model inferences are similar to those made when doing
an analysis of variance (ANOVA) when there is no interstudy
variation in the mean outcome. The intuition underpinning the
fixed effects model is that other levels of treatments are suffi-
ciently like those in the sample of primary studies that inference
would be the same. Generalizations can be made to a set of
studies with identical characteristics and study effects. However,
if generalizations are to be made in a population in which the
studies are permitted to have different effects and different char-
acteristics, then a random effects model would be appropriate.
The intuition underpinning random effects models is that be-
cause there are many different approaches to doing a study by
perturbing the design in a small way, there are many different
potential treatment effects that could arise. This situation corre-
sponds to an ANOVA model where there is interstudy variation
in the mean outcome in addition to within-study variation. The
fixed effect model was done under the assumption that the vari-
ances of each measurement were identical across all studies.14

This assumption made by previous studies13,36 is needed because
information on variances usually is not provided in these studies.
The variance of the overall estimate was derived under this
model using the variability between studies.36 This analysis cal-
culates a weighted mean of the values in each study where the
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weights are the study sizes. Study size was taken to be the
reported number of patients in each study. Weighted t tests9 for
mean differences between age, weight, HSS scores, Knee Soci-
ety scores, pain, and satisfaction variables between the resur-
faced and nonresurfaced groups were done.

Major differences in the apparent effect size were found
across studies. To define heterogeneity, we examined the study
populations, treatments, measures of outcome, and methodology
to determine the source of the heterogeneity.20 For each deter-
minant of heterogeneity, we compared relative risks across cat-
egories and determined whether these relative risks were signifi-
cantly different. Additional analyses included evaluation for
relative risk ratios and tests of heterogeneity effect (RevMan 4.2
software, Cochrane Collaboration Information Management Sys-
tem) for the presence of anterior knee pain, occurrence of op-
erative revisions, and patient satisfaction. The heterogeneity sta-
tistic, which is the sum of the weighted squared risk differences
between studies, measures the extent of inconsistency among the
studies’ results and follows a chi square distribution with k de-
grees of freedom, where k is the number of studies contributing
to the meta-analysis.

Fixed effects models were used to estimate relative risks.
When significant heterogeneity between studies was found, we
repeated the calculation of relative risk using random effects
modeling. We used estimates of relative risk to calculate the risk
difference and the number needed to treat for risk reduction.15

We found that the incidence of anterior knee pain is 15.5% with
resurfaced patellas and 30.3% with nonresurfaced patellas. The
relative risk for anterior knee pain with patellar resurfacing is
0.35 (95% confidence interval, 0.26–0.48). Converting the risk
difference of −0.14 (95% CI, −0.18 to −0.10) to the number of
patients needed to treat, we observed that for every seven pa-
tients treated with patellar resurfacing, as opposed to not resur-
facing, clinicians will avoid one instance of clinically significant
anterior knee pain.6 We also noticed that for patient satisfaction,
the risk difference was 0.12 (95% CI, 0.07–0.17).When con-
verted into the numbers needed to treat meant that for every eight
patients with nonresurfaced patellas, one would be dissatisfied.

RESULTS

We identified 158 citations related to the general topic of
patellar resurfacing during TKA, including 140 from Med-
line, 16 from the Cochrane Randomized Trials Database,
none from Cochrane Database of Systematic Reviews, and
two from manual searches of major orthopaedic journals
(JBJS-A, JBJS-B, CORR, JOA). Of these, 22 studies
proved potentially eligible for this study. We excluded
eight of these articles. Five had serious methodologic
flaws and three were randomized trials that subsequently
were republished with longer followups.5,35,38 The re-
maining 14 randomized studies comparing patellar resur-
facing with nonresurfacing (with or without patelloplasty)
were included in the meta-analysis1,3,16,17,27–30,32,33,37–41

(Table 1).
At least three of the 14 studies were quasi-randomized,

five studies did not mention their method of randomiza-
tion, two studies used envelopes for randomization, two
studies used random tables, and in one study a coin toss
was used. Eleven of the 14 studies used an independent
reviewer for outcome assessment. Agreement among re-
viewers in the assessment of study parameters was excel-
lent, and no interobserver variability was detected.

Not all variables were reported uniformly in all studies.
Nevertheless, the reported variables were compared be-
tween the patients with resurfaced and nonresurfaced pa-
tellas (Table 2).

When relative risks were assessed, a lower relative risk
of knee pain after patellar resurfacing was detected (p <
0.00001). However, heterogeneity (p < 0.009) between the
study variables existed. To eradicate the influence of het-
erogeneity, a random effects model was substituted, and
we still noted less (p � 0.01) anterior knee pain after
patellar resurfacing.

TABLE 1. Literature Comparison

Study
Year of

Publication Journal
Number of

Knees Conclusion

Mayman et al29 2003 J Arthroplasty 50 (RS)/50 (NRS) Recommend resurfacing
Waters and Bentley40 2003 JBJS-A 243 (RS)/231 (NRS) Recommend resurfacing
Wood et al41 2002 JBJS-A 92 (RS)/128 (NRS) Recommend resurfacing
Barrack et al3 2001 JBJS-A 47 (RS)/46 (NRS) Do not recommend routine resurfacing
Waikakul et al39 2000 J Med Assoc Thai 21 (RS)/26 (NRS) Do not recommend routine resurfacing
Newman JH et al30 2000 Knee 42 (RS)/42 (NRS) Recommend resurfacing
Pollo et al33 2000 Am J Knee Surg 9 (RS)/9 (NRS) Do not recommend routine resurfacing
Schroeder-Boersh et al37 1998 Arch Orthop Trauma Surg 24 (RS)/20 (NRS) Recommend resurfacing
Kajino et al27 1997 JBJS-A 26 (RS)/26 (NRS) Recommend resurfacing in RA
Feller et al17 1996 JBJS-B 19 (RS)/19 (NRS) Do not recommend routine resurfacing
Partio and Wirta32 1995 J Orthop Rheum 47 (RS)/48 (NRS) Recommend resurfacing
Keblish et al28 1994 JBJS-B 52 (RS)/52 (NRS) Do not recommend routine resurfacing
Enis et al16 1990 CORR 25 (RS)/25 (NRS) Recommend resurfacing
Abraham et al1 1988 CORR 47 (RS)/53 (NRS) Do not recommend routine resurfacing

RA = rheumatoid arthritis; RS = resurfaced; NRS = nonresurfaced
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A group difference was found for patient satisfaction,
with patients more likely (p < 0.0001) to report better
satisfaction after resurfacing. Again, heterogeneity existed
between the studies. When a random effects model was
substituted, we found no difference in patient satisfaction.

No difference in relative risk for revision surgery was
seen. However, 41 knees (8.7%) with nonresurfaced pa-
tellas required secondary resurfacing.

There was a substantial improvement in functional
scores after TKA regardless of whether the patella was
resurfaced or the native patella was retained. However,
there were no differences in functional scores between
resurfaced and nonresurfaced groups. Nonetheless, eight
of the 14 studies, comprising 73.3% of the total study
population (1113 knees), favored patellar resurfacing.

In the articles that mentioned and defined their compli-
cation rates, there was no mention of observable differ-
ences in the incidence of patellar fractures, avascular ne-
crosis, patellar tendon injury, and other complications be-
tween the two groups. Also, in the more recent publications,
there has been a lower incidence of complications related
to the extensor mechanism for both groups. This might be
because surgeons are more aware of possible complica-
tions and because surgical techniques have improved.

Operative time, stair climbing, and blood loss were not
reported consistently and could not be compared.

DISCUSSION

During the last two decades, several improvements in de-
signs of prostheses and surgical techniques have been
implemented, making TKAs more successful in terms of

patient satisfaction.18,26,34 Despite these improvements,
certain issues related to TKAs remain unresolved. These
issues include patellar resurfacing during TKA. Currently,
options available for the patella during TKA include: re-
surfacing in all patients, nonresurfacing in all patients, and
selective resurfacing. When nonresurfacing, the surgeon
may elect to do a patelloplasty, described as including
excision of exuberant marginal osteophytes and reshaping
of the patella.16,28

Selective resurfacing refers to implantation of the pa-
tellar component when evidence of degenerative disease in
the patellofemoral compartment is observed, and the pa-
tella is nonresurfaced when either the articular cartilage is
found to be intact or if the patella is deemed to be too thin
(< 10 mm). Although this practice seems insightful, the
potential for progression of patellofemoral arthritis with
disturbing anterior knee pain persuades many surgeons to
resurface the patella on a routine basis. In fact, variables
such as weight, body mass index, patellar cartilage thick-
ness, radiologic evidence of patellofemoral disease, and
patellar tilt do not accurately predict the possibility of
anterior knee pain after a successful TKA.30,40,41

To address the issue of patellar resurfacing, many stud-
ies, including numerous randomized trials, have been
done. However, these studies have limitations based on
lack of appropriate methodology including: lack of ran-
domized study subjects, independent outcomes assess-
ment, limited assessment of possible confounding vari-
ables, and the possible bias associated with unmeasured or
unknown confounders. In recent years, some well-
controlled randomized studies were published, which pro-
vided the impetus for doing the current meta-anal-
ysis.3,29,40,41

Meta-analysis, despite some inherent limitations, is a
powerful tool for study designs. However, meta-analysis
of observational studies is controversial, given disparate
beliefs regarding the validity of pooling nonrandomized
trial data.6,7,8 To overcome this valid concern, we limited
this study to randomized trials. One of the shortfalls of our
study was that detailed data for each variable were not
reported and could not be abstracted. Nonetheless, numer-
ous subjects in the pooled data provided an adequate sta-
tistical confidence in evaluating each variable. Further-
more, variable analysis was compared by fixed effect and
random effect modeling to account for the heterogeneity of
the data. The combination of the large number of patients
in these randomized trial and the sophisticated statistical
analyses add weight to the findings of this study.

We found the incidence of anterior knee pain was
greater (as measured by fixed effect and random effect
models) in patients with nonresurfaced patellas. Although
the etiology of anterior knee pain is thought to be multi-
factorial,11,12,40 the resolution of anterior knee pain with

TABLE 2. Comparison of Variables in All Studies

Criteria Resurfaced Nonresurfaced
p

Value

Number of knees 744 775 —
Age (years) 69.23 68.07 0.70
Gender (eight studies

only) 159 M/237 F 165 M/265 F 0.85
Weight (kg) 77.92 77.87 0.65
HSS (postoperative) 84.11 80.16 0.35
KSS (postoperative) 104.48 103.16 0.95
Anterior knee pain

(fixed effects/RR) 89 185 0.00001
Revision TKA (fixed

effects/RR) 10 16 0.37
Secondary resurfacing

rates (percent) 8.7 —
Patient satisfaction

(fixed effects/RR) 279 230 0.00001

RR = relative risk; HSS = Hospital for Special Surgery; KSS = Knee Society
score
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delayed resurfacing of the patella suggests patellofemoral
compartment arthritis as the main etiology.39,40 Another
interesting finding of this meta-analysis was patients re-
ported a greater degree of satisfaction as determined by
fixed effect model with resurfacing. The reason for better
patient satisfaction could not be gleaned from all of these
studies, but we think it stems from a decreased incidence
of anterior knee pain in the resurfaced group. There was no
difference in the incidence of patellar-related complica-
tions as reported in nine of these 14 studies. However, one
of the most important findings of this study was that TKA
provided improvement in function and relief of pain re-
gardless whether the patella was resurfaced or nonresur-
faced. The latter may explain why the orthopaedic com-
munity is unable to reach a consensus on the subject of
patellar resurfacing as surgeons from both schools witness
substantial improvement in the functional status of their
patients. However, this meta-analysis highlights some im-
portant differences between the two groups that may prove
useful for counseling patients.

This meta-analysis has not brought the subject of pa-
tellar resurfacing to a conclusion. However, it has pro-
vided additional information regarding patellar resurfacing
that may prove invaluable for orthopaedic surgeons in
counseling their patients or deciding on the course of ac-
tion regarding patellar resurfacing during primary TKA.
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