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Background: Treatment of the patella during total knee replacement is an area of continuing debate. We performed a
meta-analysis of randomized controlled trials to address the hypothesis that patellar resurfacing in primary total knee
replacement improved patient outcome.

Methods: Randomized controlled trials comparing patellar resurfacing with nonresurfacing in primary total knee re-
placement were included. The primary outcomes analyzed were knee scores, anterior knee pain, and patient satisfaction.
We also investigated the prevalence of complications, revision surgery related specifically to the patellofemoral joint, the
infection rate, operative time, and radiographic appearance.

Results: Sixteen randomized controlled trials assessing 3465 knee replacements were eligible; 1710 procedures
included patellar resurfacing and 1755 did not. The knee component of the Knee Society Score was significantly higherin
the resurfacing group (p = 0.005); however, no significant difference was observed for the function component of the Knee
Society Score or for any other reported knee score. Anterior knee pain was reported in 13% of resurfaced knees and in 24%
of nonresurfaced knees; this difference was not significant (p = 0.1). Patients were satisfied with the outcome after 485
{90%) of 539 procedures that included patellar resurfacing compared with 488 (89%) of 548 that did not; this difference
was not significant. There were ninety-three reported patellofemoral complications in the resurfacing group and 205 in the
nonresurfacing group; this difference was significant (p = 0.02) in a random-effect model. The rate of reoperation because
of anterior knee pain (p < 0.00001) and the rate of reoperation because of any patellofemoral complication (p = 0.002)
were significantly higher in the nonresurfaced group. No differences were found in the analyses of infection rate, operative
time, or radiographic appearance.

Conclusions: Patients who underwent patellar resurfacing experienced anterior knee pain and satisfaction with the
arthroplasty procedure that were equivalent to those experienced by patients whose patella was not resurfaced; however,
these patients underwent significantly fewer additional surgical procedures. Further long-term follow-up of modern
prostheses in randomized studies measuring outcome with a patella-specific score is needed.

continues to be debated. In a recent annual report of the

National Joint Registry of England and Wales', 67% of
primary total knee replacements were performed without patellar
resurfacing, as the majority of surgeons believed that the benefits
did not outweigh the risks. First-generation total knee replace-
ments were implanted without replacing the patellar surface. As
this approach was alleged to cause a high (10% to 42%) prevalence

T he treatment of the patella during total knee replacement

of anterior knee pain®, the tricompartmental total knee replace-
ment was designed, with a concomitant reduction of anterior
knee pain™. However, resurfacing the patella led to increased
patellar complications**®, the management of which is difficult’.

Several randomized controlled trials have compared re-
surfacing of the patella to nonresurfacing. Many of these trials
involved small cohorts, and the trials demonstrated mixed out-
comes'"®, This uncertainty has led to three approaches to patellar

Disclosure: None of the authors received payments or services, either directly or indirectly (i.., via his or her institution), from a third party in support of any
aspect of this work. One or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months prior to submission of this
work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. No author has had
any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work.
The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article.

J Bone Joint Surg Am. 2012;94:2270-8 e http://dx.doi.org/10.2106/JBJS.K.01257



2271

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 94-A - NUMBER 24 - DECEMBER 19, 2012

resurfacing in total knee replacement: always resurface, never
resurface, or selectively resurface'"'*",

Two meta-analyses of randomized controlled trials on this
topic were reported in 2005%. Nizard et al.* offered no definitive
conclusion because of confounding factors, and Pakos et al.
concluded that patellar resurfacing was a marginally superior
strategy. These two meta-analyses, however, included a non-
randomized study in their data® and their results should thus
be treated with caution.

Several more randomized controlled trials with longer
follow-up data have been reported since 2005''*'**'*  Addi-
tionally, He et al.* published a meta-analysis on patellar re-
surfacing, but this contained several methodological shortfalls
and errors in data extraction®**". Thus, we undertook a further
meta-analysis to address the hypothesis that resurfacing the
patella in primary total knee replacement improved patient
outcome with regard to knee scores, anterior knee pain, and
patient satisfaction. We also investigated the complication rate,
rate of revision surgery related specifically to the patellofemoral
joint, infection rate, operative time, and radiographic appearance.

Materials and Methods _
he PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) checklist and statement for reporting systematic reviews and
meta-analyses was followed in this study®.

Search Strategy

MEDLINE, Embase, and the Cochrane Central Register of Controlled Trials were
searched. The search terms and Boolean linkage used were “knee replacement” OR
“knee arthroplasty” AND “patella resurfacing” OR “patellofemoral resurfacing”
OR “patella retention” OR “patella non resurfacing” The title and abstract of each
paper were reviewed by two authors to assess eligibility. Differences were resolved
by consensus, followed if necessary by scrutiny by a third reviewer. The bibliog-
raphies of the included publications were reviewed for other relevant publications.

Inclusion Criteria

The inclusion and exclusion criteria are outlined in the Appendix. Articles in a
language other than English were translated by medical personnel whose first
language was that of the article'™>"®, Unpublished trials and abstracts were
excluded to reduce the risk of bias from selective outcome reporting®. Whenever
the results of a trial were reported at multiple follow-up periods, we retained the
most recent data. Whenever clarification was necessary, the corresponding author
was contacted; if no response was received, those outcome data were excluded.

Assessment of Methodological Quality

Included studies were independently analyzed by two authors with use of
domain-based risk-of-bias tables, as recommended by the Cochrane group®, and
the PRISMA checklist®”. The methodological quality was assessed with use of a
five-question checklist (see Appendix) that has been used in previous meta-
analyses”*®. The overall quality of each study was evaluated as “good,” “satis-
factory,” or “poor.” A study was considered of good quality if it was randomized,
had adequate allocation concealment, had blinded assessors, and scored a “good”
rating on the checklist. Disagreement was resolved by consensus. This scheme
identified the five highest-quality studies'>*"****°, and a secondary analysis of
these studies was performed to reduce the effect of randomization bias.

Outcome Measures

The primary outcome measures were knee scores and patient satisfaction. The
secondary outcomes were complications, revision surgery specifically involving the
patellofemoral joint, infection rate, operative time, and radiographic appearance.

PATELLAR RESURFACING IN PRIMARY
TOTAL KNEE REPLACEMENT

Data Extraction

Data were extracted and collated independently by two authors with use of
predefined data fields. Patellae that underwent patelloplasty, drilling of ebur-
nated bone, resection of osteophytes, removal of cartilage, or no surgery were
considered to be nonresurfaced.

Risk of Bias

Therisk of bias in the publications is summarized in the Appendix. The risk was
categorized as unclear in several studies because the randomization method for
bilaterally treated knees raised a question regarding adequate allocation con-
cealment. However, the inclusion of such knees is believed to have resulted in a
negligible overall risk of bias as their numbers were small in comparison with
the cohort sizes and they allowed balanced demographics.

Data Synthesis

RevMan software (version 5.1)°' was used for the meta-analysis. The mean
difference and 95% confidence interval (CI) were calculated for continuous
data, and the relative risk (RR) and 95% CI for resurfacing compared with
nonresurfacing were calculated for dichotomous data. Heterogeneity was tested
with use of the Cochran Q statistic and was considered significant if p < 0.10, in
accordance with other meta-analyses®”?*, If heterogeneity was significant, a
random-effect model was used to allow generalization of the results and the

Medline search (n=1063)
EMBASE search (n=82)
Cochrane Library (n=68)
Bibliography review {n=2)

}

Total after duplicates removed
{n=1065)

Excluded based on title {(n=907)

Review of abstracts (n=158)

Excluded based on abstracts
(n=134)

Failed Criteria (n=134)

Full texts assessed for eligibility
(n=24)

Excluded based on full text (n=8)
Not an RCT (n=1)
Failed Criteria (n=1)
Duplication {n=6)

Studies included in qualitative
analysis (n=16)

Studies included in meta-analysis
(n=16)

Fig. 1
Flow diagram summarizing the process by which the sixteen included
studies were identified. RCT = randomized controlled trial.
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PATELLAR RESURFACING IN PRIMARY
ToTaL KNEE REPLACEMENT

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Ci iV, Fixed, 95% CI

Burnett 2004 869 128 38 85 135 41  22% 1.90(-3.90, 7.70] v )
Burnett 2009 83 16 38 85 17 40  1.4% -2.00(-9.32,5.32] ¢ v

Campbell 2006 718 142 43 749 14 40 2.0% -3.10{-9.17,2.97] ¢ v

Gildone 2005 916 367 28 905 222 28 28.9% 1.10[-0.49, 2.69] -

Liu 2007 46 8 29 47 8 29 4.3% -1.00(-5.12,3.12) ¥

Myles 2006 832 148 18 834 1438 24 0.9% -0.20[-9.24,8.84] ¢ v )
Schroeder-Boersch 1998  84.8 9 20 778 9.7 20 2.2% 7.00[1.20, 12.80] —_—)
Smith 2008 92 89 73 93 8.1 86 10.3% -1.00[-3.66, 1.66] e p—

Waters 2003 858 941 42 842 964 29 3.6% 1.60[-2.92 6.12] ¥ )
Waters 2003 914 5093 201 885 10.23 202 27.4% 2.90(1.27,4.53) -
Wood 2002 87 74 92 86.5 8.1 128 17.1% 0.50[-1.56, 2.56] I N E—

Total (95% CI) 622 667 100.0% 1.21[0.36, 2.06] ’
Heterogeneity: Chi? = 15.03, df = 10 (P = 0.13); I = 33% I I ) II

Test for overall effect: Z = 2.78 (P = 0.005)

Fig. 2
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Non - Resurfacing  Patella Resurfacing

Forest plot and data table (based on the standardized mean difference) for the knee component of the Knee Society Score. The black diamond does not
intersect the vertical line, indicating a significant result in favor of patellar resurfacing. SD = standard deviation, IV = inverse variance, C| = confidence

interval, and df = degrees of freedom.

source of the heterogeneity was considered. If heterogeneity was low, a fixed-
effect model was used. The Z test was used to assess the overall effect.

The number of knees that could be analyzed varied depending on the
outcome. In two studies’™”, the median and interquartile range (IQR) were
stated rather than the mean and standard deviation (SD). In this situation, the
mean was estimated from the median and the SD was derived according to the
approximation SD = 1.35/IQR”,

Source of Funding

No external funding was received for this study.

Results
General
he final search undertaken on March 7, 2011, identified
1065 articles, and twenty-two met the inclusion criteria
(Fig. 1)¥1e18:1921:232030323438 Giy of these articles reported on the
same cases at earlier points in time; only data from the most
recent publication were included. Thus, sixteen randomized
controlled trials employing various randomization methods
were included in this meta-analysis'®'>!%2!232%303236:38 "The
cumulative sample size of 3465 total knee replacements
comprised 1710 with patellar resurfacing and 1755 without
resurfacing. '

The Appendix provides a summary of the included
studies. Thirteen studies included only patients with osteoar-
thritig'®'*1#2623%32373 “and three included both patients with
osteoarthritis and those with rheumatoid arthritis™*°, The

data collector and patients were blinded to the study outcome
in nine of the studies; blinding was not reported in the re-
maining seven.

Interreviewer agreement for the data extraction and as-
sessment of the risk of bias was high (kappa = 0.86). The five
highest-quality studies were identified'**"****°, and the analysis
of each outcome using only these high-quality studies did not
alter the results compared with the analysis of all included
randomized controlled trials.

A cemented polyethylene dome was used to resurface the
patella in six studies''*'**"?*%; use of a polyethylene dome was
reported in three other studies but it was not stated whether
this was cemented'®''””, and the type of patellar component was
not reported in the remaining seven studies'*'**#*%*"%_ The
prosthesis types used are summarized in the Appendix, al-
lowing an inference to be made regarding the type of patellar
component implanted.

Six trials indicated that routine resurfacing of the patella
resulted in a better outcome'®'"*****” whereas nine indicated
that it did not'*'*'**"***** and one was equivocal.

Knee Scores

The only knee score that showed a significant difference between
the patellar resurfacing and nonresurfacing groups was the knee
component of the Knee Society Score (p = 0.005 in favor of
resurfacing). However, the statistical significance of this result is



2273

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 94-A - NUMBER 24 - DECEMBER 19, 2012

Patella Resurfacing Non - Resurfacing

PATELLAR RESURFACING IN PRIMARY
ToTaL KNEE REPLACEMENT

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl

Burnett 2004 13 42 11 48 11.7% 1.35[0.68, 2.69] I L

Burnett 2009 8 38 6 40 10.0% 1.40[0.54, 3.67] T

Campbell 2006 14 30 12 28 12.4% 1.09 [0.61, 1.93] B L

Gildone 2005 0 28 6 28 3.0% 0.08 (0.00, 1.30]4

Kordelle 2003 0 25 2 25 2.7% 0.20[0.01, 3.97]4

Liu 2007 3 29 3 29 6.8% 1.00 [0.22, 4.55]

Partio 1995 1 47 11 48 4.9% 0.09 [0.01, 0.69]‘_—‘

Schroeder-Boersch 1998 2 20 4 20 6.5% 0.50[0.10, 2.43]4 -

Smith 2008 22 73 18 86 12.6% 1.44[0.84,2.47) T Y

Waikaku! 2000 1 21 3 26 4.4% 0.41 [0.05, 3.68]4 v

Waters 2003 13 243 58 231 12.4% 0.21 [0.12, 0.38]*—

Wood 2002 15 91 39 127 12.6% 0.54 [0.32,0.91) U B

Total (95% Cl) 687 736 100.0% 0.63 [0.36, 1.09] . a

Totai events 92 173

Heterogeneity: Tau? = 0.54; Chi? = 42.36, df = 11 (P < 0.0001); I> = 74% S f ; }
. 0.2 0.5 1 2 5

Test for overall effect: Z= 1.67 (P = 0.10)

Fig.3

Non - Resurfacing Patella Resurfacing

Forest plot and data table (based on the risk ratio) for anterior knee pain. The black diamond intersects the vertical line, indicating that the difference in favor
of resurfacing was not significant. A random-effect model was used because of the high heterogeneity (12 = 74%). M-H = Mantel-Haenszel, Cl = confidence

interval, and df = degrees of freedom.

less important than the fact that the mean difference in the score
(1.215;95% CI, 0.36 to 2.06) was trivial (Fig. 2).

Patient Satisfaction

Patient satisfaction was reported in nine studies'®!"'*'**232%,
eight of these used patient questionnaires and one did not
identify the method used"”. We defined the outcome as satisfac-
tory if it was directly reported as such or if it was reported that the
patient would have the procedure again. The satisfaction rate was
90.0% (485 of 539) in the resurfacing group and 89.1% (488 of
548) in the nonresurfacing group. This difference was not sig-
nificant in the fixed-effect model (RR, 1.01; 95% CI, 0.97 to 1.05).

Infection Rate

Thirteen trials reported the infection rate'®'>'%*"##%32% Tnfection
occurred in 1.6% (twenty-five) of 1598 patients in the resurfacing
group and 2.1% (thirty-five) of 1638 in the nonresurfacing group.
This difference was not significant (RR, 0.74; 95% CI, 0.45 to
1.21); heterogeneity was low (I = 6%, p = 0.38).

Operative Time

Three studies'*'>** indicated no significant difference in oper-
ative time between procedures in the resurfacing and non-
resurfacing groups. No further analysis was possible.

Radiographic Appearance

Patellar tilt was reported in five studies'*'****** and occurred in
seventy-eight of 431 patients in the resurfacing group and
eighty of 448 in the nonresurfacing group. The difference was
not significant (RR, 1.06; 95% CI, 0.80 to 1.41) in the random-
effect model.

A total of three patellar resurfacing implants loosened in
three studies"*"*. Patellar shift of >5 mm was reported in two
studies™* and did not differ significantly between groups (RR,
0.65; 95% CI, 0.27 to 1.58; p = 0.34). Four studies'"'*'** in-
cluded the rate of patellar subluxation but used different
classifications, making further analysis impossible.

Anterior Knee Pain
Anterior knee pain was present in ninety-two (13.4%) of 687
knees in the resurfacing group and 173 (23.5%) of 736 knees in
the nonresurfacing group. The difference was not significant
(RR, 0.63; 95% CI, 0.36 to 1.09; p = 0.1) in the random-effect
model used because of the high heterogeneity (Fig. 3).
Forty-eight (6%) of 792 knees in the nonresurfacing group
and eight (1%) of 748 knees in the resurfacing group had further
procedures because of anterior knee pain. The difference in favor
of resurfacing was significant (RR, 0.23; 95% CI, 0.12 to 0.43;

p <0.00001) and heterogeneity was low (p = 0.63, I = 0%) (Fig. 4).
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PATELLAR RESURFACING IN PRIMARY
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Risk Ratio Risk Ratio

Study or_Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Burnett 2004 0 42 3 48 6.8% 0.16 [0.01, 3.06]4 v

Burnett 2009 0 58 7 60 15.2% 0.07 [0.00, 1.18]‘—'—'
Campbell 2006 1 30 2 28 43%  0.47[0.04,4.87] —_—
Feller 1996 0 19 0 19 Not estimable

Gildone 2005 0 28 0 28 Not estimable

Kordelle 2003 0 25 2 25 52% 0.20 (0.01, 3.97] v

Liu 2007 0 29 0 29 Not estimable

Newman 2000 0 42 10 42 21.7% 0.05 [0.00, 0.79]"—|'—

Partio 1995 0 47 0 48 Not estimable

Schroeder-Boersch 1998 1 20 0 20 1.0% 3.00[0.13,69.52] .
Smith 2008 0 73 0 86 Not estimable

Waters 2003 3 243 11 231 23.3% 0.26 [0.07, 0.92] —

Wood 2002 3 92 13 128 22.5% 0.32 [0.09, 1.09] — ]

Total (95% CI) 748 792 100.0%  0.23 [0.12, 0.43] ‘

Total events 8 48

Heterogeneity: Chi? = 5.24, df = 7 (P = 0.63); * = 0% ' ' ' '

Test for overall effect: Z = 4.46 (P < 0.00001)

Fig. 4
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Forest plot and data table (based on the risk ratio) for anterior knee pain requiring operative intervention. The black diamond does not intersect the
vertical line, indicating that not resurfacing the patella significantly increased the need for a further operative intervention because of anterior knee
pain. A fixed-effect model was used because of the iow heterogeneity (12 = 0%). M-H = Mantel-Haenszel, Cl = confidence interval, and df = degrees of

freedom.

Patellofemoral Joint Problems

Ninety-three (5.9%) of 1589 knees in the resurfacing group had
complications compared with 205 (12.6%) of 1631 in the
nonresurfacing group. The difference was significant (RR, 0.55;
95% CI, 0.34 to 0.90; p = 0.02), and heterogeneity was sig-
nificantly high (p < 0.0001, I? = 70%) (Fig. 5).

There were nineteen reoperations related specifically to
the patellofemoral joint in the resurfacing group and forty-nine
in the nonresurfacing group. The difference was significant
(RR, 0.46; 95% CI, 0.28 to 0.75; p = 0.002), and heterogeneity
was not significant (p = 0.38, I2 = 7%) (Fig. 6).

Patellofemoral Joint Problems Excluding Anterior Knee Pain
As anterior knee pain is a relatively common issue causing a
significant difference in reoperation rates, cases in which an-
terior knee pain was the only complaint were excluded and the
patellofemoral complication rate was recalculated. Such com-
plications occurred in twenty knees (1.3%) in the resurfacing
group and eighteen (1.1%) in the nonresurfacing group; the
difference was not significant (RR, 1.29; 95% CI, 0.46 to 3.60;
p = 0.62).

Discussion

he meta-analysis demonstrated that patellar resurfacing in

total knee replacement had no significant effect on patient
satisfaction, infection rate, anterior knee pain, or the majority
of knee scoring systems. The difference in the knee component
of the Knee Society Score was significant in favor of resurfacing;
however, the statistical significance of this difference is of less
importance because of the trivial size of the mean difference
(Fig. 2). It is likely that this statistical result is of minimal
clinical importance, particularly as analysis of all other knee
scores noted no difference. Thus, the statistical and clinical
significance of this finding is debatable.

Patients can be advised that nine of ten individuals who
undergo primary total knee replacement are satisfied regardless
of the type of patellar intervention. Although resurfacing the
patella might theoretically require more time, there are no data
to support a resulting increase in the infection risk.

The Knee Society Score is composed of two elements, the
knee component and the function component, which are
combined to obtain the total score. The reported breakdown of
the scores varied among the included studies. In the present
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PATELLAR RESURFACING IN PRIMARY
TOoTAL KNEE REPLACEMENT

Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Ci
Burnett 2004 8 42 8 48 9.5% 1.14[0.47, 2.78] _“'l_
Burnett 2009 10 - 58 13 60 1({.5% 0.80(0.38, 1.67) -
Campbell 2006 15 46 14 54 11.4% 1.26 [0.68, 2.32] L

Feller 1996 0 19 0 19 Not estimable

Gildone 2005 0 28 6 28 2.5% 0.08 [0.00, 1.30]“‘_'_*‘

KAT Trial 2009 5 825 12 813 8.5% 0.41 (0.15, 1.16) '

Kordelle 2003 0 25 2 25 2.3% 0.20(0.01, 3.97]{ v

Liu 2007 3 29 3 29 6.0% 1.00[0.22, 4.55] .
Newman 2000 0 42 10 42 25% 0.05 [0.00, 0.79]¢_'—’

Partio 1995 2 47 12 48 6.3% 0.17 [0.04,0.72] v
Schroeder-Boersch 1998 3 20 8 20 7.7% 0.38[0.12,1.21] 7

Smith 2008 10 73 5 86 8.6% 2.36[0.84, 6.58] T
Waters 2003 13 243 58 231 11.6% 0.21[0.12, 0.38] -

Wood 2002 24 92 54 128 12.6% 0.62 [0.41, 0.92] -+

Total (95% ClI) 1589 1631 100.0% 0.55 [0.34, 0.90] ‘

Total events 93 205

Heterogeneity: Tau? = 0.46; Chi? = 39.35, df = 12 (P < 0.0001); 12 = 70% ' I I i

Test for overall effect: Z = 2.36 (P = 0.02)

Fig.5
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Non - Resurfacing Patella Resurfacing

Forest plot and data table (based on the risk ratio) for patellofemoral joint complications (including anterior knee pain). The black diamond does not intersect
the vertical line, indicating that not resurfacing the patella significantly increased the prevalence of such complications. A random-effect model was used
because of the high heterogeneity (1> = 70%). M-H = Mantel-Haenszel, C| = confidence interval, and df = degrees of freedom.

meta-analysis, the knee component was significantly higher in
the resurfacing group, in contrast to other studies*. Nizard
etal.’ and Parvizi et al.” found a significantly higher Knee Society
functional component and a significantly higher combination of
all knee scores. Those studies combined the different knee score
systems with use of the standardized mean difference; however,
because of the larger number of knees in our meta-analysis, we
were able to strengthen our analysis by analyzing each knee score
separately. With only one section of one knee scoring system
favoring patellar resurfacing in the present meta-analysis, it is
difficult to justify any firm conclusions other than that patellar
resurfacing and nonresurfacing produce similar knee scores.
The prevalences of postoperative anterior knee pain in the
present meta-analysis were comparable with those in other meta-
analyses (7.6% to 16.2% for resurfacing and 22.3% to 26.8% for
nonresurfacing)®**. The reported prevalence of anterior knee
pain in the present meta-analysis was prior to any secondary
- intervention. Data were excluded from the analysis of pain if
anterior knee pain in patients was reported without distinguishing

those who had undergone a secondary procedure from those who
had not. There was significant heterogeneity among the studies
evaluating anterior knee pain; the reasons for this may be related
to the subjective nature of such pain, and caution in the inter-
pretation of this result is therefore urged. However, anterior knee
pain must be discussed during the informed consent process.
The reoperation rate following a patellofemoral compli-
cation in the nonresurfacing group was comparable with that
in other meta-analyses®***. The chance of undergoing further
surgery because of anterior knee pain was 1% if the patella had
been resurfaced compared with 6% if it had not. This difference
is probably due to the poorly justified temptation to attribute the
anterior knee pain to lack of patellar resurfacing. Forty-eight of
the forty-nine reoperations for anterior knee pain in the non-
resurfacing group were secondary resurfacings. It was not pos-
sible to analyze the effects of secondary patellar resurfacing on
anterior knee pain because of lack of data; in addition, several
studies excluded patients from the anterior knee pain assess-
ment following a second intervention'®'****, Furthermore, as
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Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Burnett 2004 1 42 3 48 59% . 0.38(0.04,3.52] '

Burnett 2009 2 58 7 60 14.5% 0.30 [0.06, 1.36] ¢ L]

Campbell 2006 1 46 2 ‘54 3.9% 0.59 [0.05, 6.27] ¢ v

Feller 1996 0 19 0 19 Not estimable

Gildone 2005 0 28 0 28 Not estimable

Kordelle 2003 0 25 3 25 74% 0.14 [0.01, 2.63] ¢—

Liu 2007 0 29 0 29 Not estimable

Newman 2000 0 42 6 - 42 13.7% 0.08 [0.00, 1.32] 4

Partio 1995 0 47 0 48 Not estimable

Schroeder-Boersch 1998 3 20 2 20 4.2% 1.50 (0.28, 8.04] T

Smith 2008 0 73 0 86 Not estimable

Waters 2003 3 243 1 231 23.8% 0.26[0.07,092) —&——

Wood 2002 9 92 15 128 26.5% 0.83[0.38, 1.82] — &

Total (95% Cl) 764 818 100.0%  0.46 [0.28, 0.75] ‘

Total events - 19 49

Heterogeneity: Chiz = 7.49, df = 7 (P = 0.38); I*= 7% — i i —

Test for overall effect: Z=3.12 (P = 0.002)

Fig. 6
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Forest plot and data table (based on the risk ratio) for patellofemoral joint complications that required a further operation. The black diamond does not
intersect the vertical line, indicating that not resurfacing the patella significantly increased the prevalence of complications that required reoperation. A
fixed-effect model was used because of the low heterogeneity (I? = 7%). M-H = Mantel-Haenszel, Cl = confidence interval, and df = degrees of freedom. |

the resurfaced group presents more difficult treatment options,
the nonsurgical route may have been preferred.

There are limitations to this study. Limitations inherent
to meta-analysis arise from the methcdology and reporting of
the included studies. The assessment of the quality of included
studies is important to improve the overall reliability of the
conclusions drawn®*. We used domain-based evaluation of
the risk of bias, as reccommended by the Cochrane Collabora-
tion®, and we assessed methodological quality with use of a
checklist, which is favored over scales in the literature®*;
however, we are aware that no method is universally accepted.

The randomization methods used in six of the studies were
either incompletely reported or classified as quasi-randomized,
introducing an element of bias that is difficult to quantify. Some of
the data on the analyzed outcomes were incompletely presented,
or not reported at all, in each of the included studies. We contacted
authors for further information; however, there was a limited
response.

Direct comparison among studies was complicated by
confounding factors. Several studies concluded that the total
knee replacement design and surgical technique were crucial in
predicting the outcome'"'*"***, Some studies included in this

analysis began recruiting patients twenty years ago, and many

of the prostheses used have been redesigned to improve
tracking and tolerance of native patellae or are no longer in
productionlZ.l4.l9,2l.30.37.3B'

Although the cumulative sample size of the analysis was
large, many of the studies had insufficient numbers to permit
the treatment effect to be calculated. Only two studies in which
power calculations were performed before recruitment in-
cluded enough patients at the latest follow-up to demonstrate a
significant difference®™”. Follow-up was short in many of the
randomized controlled trials, with the latest follow-up often
being within five years of the index procedure'®'>'*?>220323638,

No knee score (Knee Society Score, Hospital for Special
Surgery score, Oxford Knee Score, or Bristol Knee Score) is
aimed specifically at assessing the patellofemoral joint or patellar
symptoms. Thus, an actual difference between the two groups
may have existed but not been found. Several studies'"'*"**%
used questionnaires or physical tests aimed at evaluating the
patellofemoral joint, but these had not been validated and were
not sufficiently standardized to permit meta-analysis.

In summary, resurfacing of the patella is a choice that must
be made by the surgeon and patient together on the basis of the
current evidence. Nine of ten patients were satisfied with the -
outcome regardless of the choice of patellar intervention. Anterior
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knee pain was the most commonly reported symptom following
total knee replacement (in 13% to 24% of cases) regardless of the
choice of patellar intervention. Patients who received re-
surfacing were significantly less likely to have a subsequent
operation. Total knee replacement with resurfacing required
more time. Development of a “Patella Score” and its use in a
randomized controlled trial with modern prostheses may provide

better evidence on which to base firm conclusions about patellar -

resurfacing.

Appendix

@ Tables summarizing the inclusion and exclusion criteria,
the methodological quality checklist, and the character-

istics of the included studies as well as a figure summarizing the

risk of bias in the included studies are available with the online

version of this article as a data supplement at jbjs.org. B

R.W.D. Pilling, MRCS
Department of Orthopaedics,

PATELLAR RESURFACING IN PRIMARY
TOTAL KNEE REPLACEMENT

University Hospital of North Staffordshire, Newcastle Road,
Stoke on Trent ST4 6QG, United Kingdom.
E-mail address: rich_pilling@yahoo.co.uk

E. Moulder, FRCS(Orth)

A. Mohsen, FRCS(Orth), PhD
Department of Orthopaedics,

Hull and East Yorkshire

Hospitals NHS Trust,

Hull Royal Infirmary, Analby Road,
Hull HU3 2JZ, United Kingdom

V. Allgar, BSc(Hons), CStat, PhD
Hull York Medical School,
University of York, Heslington,
York YO10 5DD, United Kingdom

J. Messner, MRCS(Orth)

'Z. Sun, MRCS

Yorkshire and the Humber Postgraduate Deanery,
University of Leeds, Willow Terrace Road,
Leeds LS2 9JT, United Kingdom

References

1. National Joint Registry Centre. National joint registry for England and Wales.
7th Annual Report. 2010.

2. Schroeder-Boersch H, Scheller G, Fischer J, Jani L. Advantages of patellar
resurfacing in total knee arthroplasty. Two-year results of a prospective randomized
study. Arch Orthop Trauma Surg. 1998;117(1-2):73-8.

3. Freeman MA, Todd RC, Bamert P, Day WH. ICLH arthroplasty of the knee: 1968
1977. ) Bone Joint Surg Br. 1978 Aug;60-8(3):339-44.

4. Levai JP, McLeod HC, Freeman MA. Why not resurface the patella? J Bone Joint
Surg Br. 1983 Aug;65(4):448-51.

5. Rodriguez-Merchan EC, Gémez-Cardero P. The Outerbridge classification predicts
the need for patellar resurfacing in TKA. Clin Orthop Relat Res. 2010 May;468(5):
1254-7.

6. Nizard RS, Biau D, Porcher R, Ravaud P, Bizot P, Hannouche D, Sedel L. A meta-
analysis of patellar replacement in total knee arthroplasty. Clin Orthop Relat Res.
2005 Mar;(432):196-203.

7. Pakos EE, Ntzani EE, Trikalinos TA. Patellar resurfacing in total knee arthroplasty.
A meta-analysis. J Bone Joint Surg Am. 2005 Jul;87(7):1438-45.

8. Barrack RL, Wolfe MW, Waldman DA, Milicic M, Bertot AJ, Myers L. Resurfacing of
the patella in total knee arthroplasty. A prospective, randomized, double-blind study.
J Bone Joint Surg Am. 1997 Aug;79(8):1121-31.

9. Mayman D, Bourne RB, Rorabeck CH, Vaz M, Kramer J. Resurfacing versus not
resurfacing the patellain total knee arthroplasty: 8- to 10-year results. J Arthroplasty.
2003 Aug;18(5):541-5.

10. Kordelle J, Schleicher |, Kaltschmidt |, Haas H, Griner MR. [Patella resurfacing .

in patients without substantial retropatellar knee pain symptoms?). Z Orthop lhre
Grenzgeb. 2003 Sep-Oct;141(5):557-62. German.

11. Gildone A, Manfredini M, Biscione R, Faccini R. Patella resurfacing in posterior
stabilised total knee arthroplasty: a fotlow-up study in 56 patients. Acta Orthop
Belg. 2005 Aug;71(4):445-51.

12. Feller JA, Bartlett RJ, Lang DM. Patellar resurfacing versus retention in total
knee arthroplasty. J Bone Joint Surg Br. 1996 Mar;78(2):226-8.

13. Schroeder-Boersch H, Scheller G, Synnatschke M, Arnold P, Jani L. [Patellar
resurfacing. Results of a prospective randomized study]. Orthopade. 1998
Sep;27(9):642-50. German.

14. Bumett RS, Haydon CM, Rorabeck CH, Bourne RB. Patella resurfacing versus
nonresurfacing in total knee arthroplasty: results of a randomized controlled clinical
trial at a minimum of 10 years' followup. Clin Orthop Relat Res. 2004 Nov;(428):
12-25.

15. Liu ZT, Wu YL, Li XH, Qian QR, Zhu YL, Wu HS. [Patella reshaping versus re-
surfacing in total knee arthroplasty: a prospective randomized study]. Zhonghua
Wai Ke Za Zhi. 2007 Aug 15;45(16):1087-90. German.

16. Bourne RB, Burnett RS. The consequences of not resurfacing the patella. Clin
Orthop Relat Res. 2004 Nov;(428):166-9.

17. Bourne RB, Rorabeck CH, Vaz M, Kramer J, Hardie R, Robertson D. Resurfacing
versus not resurfacing the patella during total knee replacement. Clin Orthop Relat
Res. 1995 Dec;(321):156-61.

18. Burnett RS, Boone JL, McCarthy KP, Rosenzweig S, Barrack RL. A prospective
randomized clinical trial of patellar resurfacing and nonresurfacing in bilateral

TKA. Clin Orthop Relat Res. 2007 Nov;464:65-72.

19. Campbell DG, Duncan WW, Ashworth M, Mintz A, Stirling J, Wakefield L,
Stevenson TM. Patellar resurfacing in total knee replacement: a ten-year randomised
prospective trial. J Bone Joint Surg Br. 2006 Jun;88(6):734-9.

20. Kajino A, Yoshino S, Kameyama S, Kohda M, Nagashima S. Comparison of the
results of bilateral total knee arthroplasty with and without patellar replacement for
rheumatoid arthritis. A follow-up note. J Bone Joint Surg Am. 1997 Apr;79(4):570-4.
21. Burett RS, Boone JL, Rosenzweig SD, Steger-May K, Barrack RL. Patellar re-
surfacing compared with nonresurfacing in total knee arthroplasty. A concise follow-
up of a randomized trial. ) Bone Joint Surg Am. 2009 Nov;91(11):2562-7.

22. KAT Trial Group, Johnston L, MacLennan G, McCormack K, Ramsay C, Walker A.
The Knee Arthroplasty Trial (KAT) design features, baseline characteristics, and two-
year functional outcomes after alternative approaches to knee reptacement. J Bone
Joint Surg Am. 2009 Jan;91(1):134-41.

23. Myles CM, Rowe PJ, Nutton RW, Burnett R. The effect of patella resurfacing in total
knee arthroplasty on functional range of movement measured by ftexible electro-
goniometry. Clin Biomech (Bristol, Avon). 2006 Aug;21(7):733-9. Epub 2006 Apr 5.
24. He JY, Jiang LS, Dai LY. Is patellar resurfacing superior than nonresurfacing
in total knee arthroplasty? A meta-analysis of randomized trials. Knee. 2011
Jun;18(3):137-44. Epub 2010 May 20.

25. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JP, Clarke M,
Devereaux PJ, Kleijnen J, Moher D. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate healthcare interventions: expla-
nation and elaboration. BMJ. 2009 Jul 21;339:b2700. doi: 10.1136/bmj.b2700.
26. Higgins JPT, Green S, eds. Cochrane handbook for systematic reviews of in-
terventions. Version 5.0.2. The Cochrane Collaboration; 2008 [updated 2009 Sep].
27. Akula M, Gella S, Shaw CJ, McShane P, Mohsen AM. A meta-analysis of am-
putation versus limb salvage in mangled lower limb injuries-the patient perspective.
Injury. 2011 Nov;42(11):1194-7. Epub 2010 Jul 2.

28. Verma R, Krishan S, Haendimayer K, Mohsen A. Functional outcome of
computer-assisted spinal pedicle screw placement: a systematic review and meta-
analysis of 23 studies including 5,992 pedicle screws. Eur Spine J. 2010
Mar;19(3):370-5. Epub 2010 Jan 6.

29. Waters TS, Bentley G. Patellar resurfacing in total knee arthroplasty. A pro-
spective, randomized study. J Bone Joint Surg Am. 2003 Feb;85(2):212-7.

30. Wood DJ, Smith AJ, Collopy D, White B, Brankov B, Bulsara MK. Patellar re-
surfacing in total knee arthroplasty: a prospective, randomized trial. J Bone Joint
Surg Am. 2002 Feb;84(2):187-93.



2278

THE JOURNAL OF BONE & JOINT SURGERY - JBJS.ORG
VOLUME 94-A - NUMBER 24 - DECEMBER 19, 2012

31. Review Manager (RevMany). In: The Nordic Cochrane Centre. Copenhagen;
The Cochrane Collaboration; 2008.

32. Smith AJ, Wood DJ, Li MG. Total knee replacement with and without patellar
resurfacing: a prospective, randomised trial using the Profix total knee system.

J Bone Joint Surg Br. 2008 Jan;90(1):43-9.

33. Kirkman TW. Statistics to use. http://www.physics.csbsju.edu/stats/. 1996.
34. Barrack RL, Bertot AJ, Woife MW, Waldman DA, Milicic M, Myers L. Patellar
resurfacing in total knee arthroplasty. A prospective, randomized, double-blind study
with five to seven years of follow-up. J Bone Joint Surg Am. 2001 Sep;83(9):
1376-81.

35. Schroeder-Boersch H, Scheller G, Fischer J, Jani L. Advantages of patellar re-
surfacing in total knee arthroplasty. Two-year results of a prospective randomized
study. Arch Orthop Trauma Surg. 1998;117(1-2):73-8.

36. Partio £, Wirta J. Comparison of patellar resurfacing and nonresurfacing in
total knee arthroplasty: a prospective randomized study. J Orthop Rheumatol.
1995;8:69-74.

37. Newman JH, Ackroyd CE, Shah NA, Karachalios T. Should the patella be
resurfaced during total knee replacement? Knee. 2000 Jan:7(1):17-23.

PATELLAR RESURFACING IN PRIMARY
ToTAL KNEE REPLACEMENT

38. Waikakul S, Vanadurongwan V, Bintachitt P. The effects of patellar resurfacing
in total knee arthroplasty on position sense: a prospective randomized study. J Med
Assoc Thai. 2000 Sep;83(9):975-82.

39. Parvizi J, Rapuri VR, Saleh KJ, Kuskowski MA, Sharkey PF, Mont MA. Failure
to resurface the patella during total knee arthroplasty may result in more knee
pain and secondary surgery. Clin Orthop Relat Res. 2005 Sep;438:191-6.

40. Moher D, Jadad AR, Nichol G, Penman M, Tugwell P, Walsh S. Assessing the
quality of randomized controlled trials: an annotated bibliography of scales and
checklists. Control Clin Trials. 1995 Feb;16(1):62-73.

41, Chalmers TC, Smith H Jr, Blackburn B, Silverman B, Schroeder B, Reitman D,

" Ambroz A. A method for assessing the quality of a randomized control trial. Contro!

Clin Trials. 1981 May;2(1):31-49.

42. Detsky AS, Naylor CD, O'Rourke K, McGeer AJ, L'Abbé KA. Incorporating vari-
ations in the quality of individual randomized trials into meta-analysis. J Clin
Epidemiol. 1992 Mar;45(3):255-65.

43. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ,
McQuay HJ. Assessing the quality of reports of randomized clinical trials: is blinding
necessary? Control Clin Trials. 1996 Feb;17(1):1-12.



Copyright of Journal of Bone & Joint Surgery, American Volume is the property of Journal of Bone & Joint
Surgery, Inc. and its content may not be copied or emailed to multiple sites or posted to alistserv without the
copyright holder's express written permission. However, users may print, download, or email articles for
individual use.



