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Patellar Resurfacing in Total Knee Arthroplasty.

Systematic Review and Meta-Analysis

Abstract

Background: Patellar resurfacing in total knee arthroplasty remains consiavefhe aim of this

study was to evaluate this technique through an analysis of comparative stedigsnt literature.

Material and Methods: We performed a comprehensive search of PubMed, Medline, Cochrane,
CINAHL, and Embase databases using various combinations of the keywidra=e”,
“Replacement”, “Prosthesis”, “Patella”, “Resurfacing” and “Adplasty”. All articles relevant to

the subject were retrieved, and their bibliographies were hardhsédafor further references
relevant to primary patellar resurfacing in total kneéraglasty. Only articles published in peer

reviewed journals were included in this systematic review.

Results: The percentage for a reoperation was 1% for the patellar resigrigroup (17/1636) and

6.9% for the non-resurfacing group (118/1699); (OR, 0.18; 95% CI, 0.11 to 0.29; p < 0.00001). The
patellar resurfacing group showed a significantly higher post®$ Kain score, (OR, 1.52; 95%

Cl, 0.68 to 2.35; p = 0.004), and post-op HSS score, (OR, 4.35; 95% CI, 3.21 to 5@90031),

over the non-resurfacing group.

Conclusion: Based on the outcome scores of KSS (Pain), KSS (Function), and HS8ppost
patellar resurfacing TKAs have performed better than nonfeesat TKAs. The lower secondary
operation and revision rates for patellar resurfaced TKAs alsomsnates that this technique is
the more effective option. However, the full impact of patellaunfasing still needs to be critically

evaluated by larger randomized controlled trials with long term follow up.

Level of evidence:Systematic review and meta-analysis (level IIl)
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Introduction

Despite the excellent clinical success of total knee arthtgpl#sere is no consensus in the
available literature on the best management of the patellaahkiogée Arthroplasty[1l]. Current
options include resurfacing, and non-resurfacing with or without deaffémnt@lectrocautery

treatment) of the patella [2].

Anterior knee pain has been found in 6-25% of the patients after priotatyknee arthroplasty
(TKA) with patellar retention and there is a great heteregmregarding the surgical options
between countries. According to different studies and registre®d out between 2014 and 2015,
in North America more than 90% of surgeons resurface the padéRa,in Australia, 80% in
Denmark and 2% in Sweden and Norway [3]. Advocates of patellar aegwfpoint out cost

effectiveness, lower number of reoperations and less anterior knee pain [4].

Despite these benefits, patellar resurfacing entails aegreak of patellar fracture, dislocation,
implant failure, patellar tendon injury and patellar implant fail{t-7]. Studies also show that the
incidence of patello-femoral clunk in the patellar resurfaced groupigm@ficantly greater than the
non-resurfaced group[8]. Proponents of patellar retention sustain tel&mpegsurfacing offers no
advantages in functional outcomes, reoperation rate, or total healthsai@nd it is associated with

more complications [9].

On the other hand, non-resurfacing seems to be associated to aimeghence of anterior knee
pain, readmission sand further interventions, but it is also assowiditechore reoperations [6, 10].
Therefore, these results do not explain why a large proportiorKés Tin Europe, up to 95%,
employ a non-resurfacing technique [11]. Randomized trials have bdened, but no definitive

conclusions have been reached regarding which option is superior [12-19].

Therefore the aim of this meta-analysis was to cumulatefadataa large number of randomized

controlled studies on patella resurfacing to establish the advardagedisadvantages of these



52  procedures with particular care to anterior knee pain, type of stulibow up, revision and

53  reoperation rate, knee scores (KSS pain, function and total/ HSS).
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Materials and methods

We performed a quantitative synthesis of all comparative stugiecompare two technical
approaches to management of the patellar: patellar resgrfacthpatellar non-resurfacing in terms
of revision and complications. according to the Preferred Repot#entsifor Systematic Reviews
and Meta-Analyses (PRISMA) guidelines with a PRISMA chstldind algorithm [20, 21]. The
search algorithm according to the PRISMA guidelines is showfigare 1. A comprehensive
search of the PubMed, Medline, CINAHL, Cochrane, Embase, Ovid, aadléscholar databases
was performed using the following combinations of the keywords: “Kn&ggplacement”,
“Prosthesis”, “Patella”, “Resurfacing” and “Arthroplasty”. Wselected articles published from
inception of database to 2017. Three independent reviewers (U.G.L., M.C.,.@nds&parately
conducted the search. All journals were considered, and all relevaisstvere analyzed. To
qualify for the study, articles had to be published in a peerwedgournal. All articles were
initially screened for relevance by title and abstract, wghng articles without an abstract, and
obtaining the full-text article if the abstract did not allow theestigators to assess the defined
inclusion and exclusion criteria. The three investigators (U.GW.C., and V.D.) separately
reviewed the abstract of each publication and then performed a eldieg of all papers and
extracted data, to minimize selection bias and errors. As<cederence search of the selected
articles was also performed to obtain other relevant artictethe study. All comparative articles
reporting outcomes of patellar or not patellar resurfacingr afttal knee arthroplasty were taken

into account. The last search was performed on 31 March 2017.

According to the Oxford Centre of EBM, Level I-IV articleene found in the literature and
included in our study. Given the linguistic capabilities of the autlastigles in English, French,
Dutch, Spanish and Italian were included. Inclusion criteria veexrefollows: an appropriate
description of the surgical procedure; an adequate follow-up periadatfeast one validated
outcome scores. Outcome parameters included anterior knee pailonrexis and clinical scores.

Missing data pertinent to these parameters warranted exclusion from temeays review.
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Literature reviews, case reports, studies on animals, cadavem oritrd investigations,
biomechanical reports, technical notes, letters to editors, amddtshal courses were excluded.
We excluded articles with insufficient details of surgicakiméntion, follow-up, age of patients,

clinical examination, clinical postoperative outcomes, and statisticalsimal

Finally, to avoid bias, the selected articles, relativeoliseferences, and the articles excluded from
the study were reviewed, assessed, and discussed by all thes aatitbif there was disagreement
among investigators regarding the inclusion and exclusion criteriagetier investigator (V.D.)
made the final decision. The following data were independentlyctattdy all the investigators:

demographics, second operations or revision, anterior knee pain, and clinical outcomes.

Statistical Analysis
Categorical variable data were reported as frequency peitbentage. Continuous variable data
were reported as mean value, with the range between minimum aimdumavalues. In all studies,

P < 0.05 was considered statistically significant.

A meta-analysis was performed of all randomized comparativeestuldat investigated the two
approaches: resurfacing or not resurfacing the patella inofastal knee arthroplasty in terms of
KNEE SOCIETY SCORE (KSS), and HOSPITAL FOR SPECIALRBEERY SCORE (HSS).
Review Manager (RevMan, version 5 for Windows; Cochrane Informatas Knowledge
Management Department) was used to calculate the magnittr@aimfient effect.as calculated
as a measure of heterogeneity for the main analysis? #alue represents the percentage of total
variation across studies caused by heterogeneity rather theimahge. It was considered a lofv |

value to be 25% or lower and a highvalue to be 75% or higher.

Quality Assessment

To assess the quality of the evidence in the included studies, andltmte the strength of
recommendation of the intervention that is proposed in the publisheé,ahie GRADE (Grading
of Recommendations Assessment, Development and Evaluation) was us&RADE is used to

establish the quality of the evidence through four factors: stusigrdestudy quality, consistency,
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and directness. The combination of these four factors deterrtiveegjuality of strength of
recommendation that is given through a qualitative assessmehte aévidence: high quality,

moderate quality, low quality and very low quality.



112 Results

113  Studies:

114 1788 potential relevant publications were identified through databasehsey (Figure 1).
115  Additionally, 27 titles were identified from review of referenc€som these 1815 articles the
116  abstracts of 65 articles explicitly described an analysis t¢dllpa resurfacing in total knee
117  arthroplasty. These full text papers were obtained for potemt@lision. After applying the
118 inclusion- and exclusion criteria (Figure 1) 35 publications weeslable for analysis and were
119 included in a quantitative synthesis/review. An additional 21 publicatiens also included in the

120  review for qualitative discussion.

121 Demographic Details

122  The 35 studies [5, 9, 12-16, 18, 19, 22-47] included in this systematic reyieredt on 5585 total
123 knee arthroplasties. 2359 surgeries were performed with patdlafacing and 2345 without. The
124  mean number of knees included in each study group was 74.2. The median adrditmw-up

125 was 59.1 + 37.2 months.

126 Outcome Assessment

127  Anterior Knee Pain— Meta-analysis

128 18 studies [5, 9, 12-14, 19, 25, 26, 29, 32-34, 37-40, 42, 46] reported if any anterior kneaspain w
129 present at time of follow up. Out of 3313 operated knees 401 presentednigtrior knee pain

130 (12.1%). The resurfaced group showed that 8% (128/1596) presented witlorakie® pain,

131  whereas the non-resurfaced group showed a higher percentage with 15.92381(2)/3Vhe results

132  showed that the rate of anterior knee pain was statistieghifisantly higher in the non-resurfaced
133 group than in the resurfaced group (OR, 0.44; 95% CI, 0.35 to 0.55; p < 0.0000t¢ &. There

134 was no strong evidence of publication bias for the epidemiologiadiest based on a visual
135 inspection of the funnel plot, although there is some asymmetry stuggesmaller studies with

136  negative associations might be under-represented in the literature (Bigure 3



137 Reoperation Rate— Meta-analysis

138 In the 22 studies [5, 12-14, 16, 22, 24-27, 34, 35, 37-40, 42-47] that documented the revisions due
139 to patellar complications, there was an overall reoperation ra4&00f135/3335). The resurfaced

140 TKAs showed a reoperation rate of 1% (17/1636) and whilst the non-r@agrigroup had 6.9%

141 (118/1699) of the knees were revised. Only the reoperations relatedp@i¢ia-femoral join were

142  captured for this analysis, excluding reoperations for infectiootloer reasons not related to

143  patella-femoral join. The reasons to revised the patella prastues persistent anterior knee pain

144 35% (6/17), patellar fracture 12% (2/17), patellar component loosening 419%), (Patellar

145  subluxation or maltracking 12% (2/17). The results showed that teeofareoperation was

146  statistically significantly higher in the non-resurfaced group thahe resurfaced group (OR, 0.18;

147 95% ClI, 0.11 to 0.29; p < 0.00001) (Figure 4). There was no strong evidemaelichtion bias for

148 the epidemiological studies based on a visual inspection of the funnel plot (Figure 5).

149

150  Functional Scores — Meta-analysis

151 16 studies [5, 9, 14, 19, 24, 26, 30, 31, 33-36, 39-42] reported on the mean and standavd deviat
152  for the outcome of post operative KSS (Pain), totalling 1173 patienthie patellar resurfacing

153 group and 1132 patients for the non-resurfacing gréiguge 6). The patellar resurfacing group
154 showed a significantly higher KSS pain score, (OR, 1.52; 95% CI, 0.@33% p =0.0004),

155 compared to the non-resurfacing group.

156 14 studies [5, 9, 19, 24, 26, 30, 31, 33-36, 39, 40, 42] with mean and standard deviations fo
157  postoperative KSS (Function) were available, totalling 1112 patienteei patellar resurfacing
158 group and 1082patients in the non-resurfacing grbigufe 8). The patellar resurfacing group did
159 not show a significantly different KSS function score, (OR, 0.38; 95%1C48 to 2.24; p = 0.69),

160  over the non-resurfacing group.

161 5 studies [31, 43-45, 47] reported on the mean and standard deviations for tpenatise HSS

162  score, with 362 patients in the patellar resurfacing group and 193 patietlite hon-resurfacing
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group Figure 10). The patellar resurfacing group was found to have a signifychigher post-op

HSS score, (OR, 4.35; 95% CI, 3.21 to 5.49; p < 0.00001).

Four studies [5, 14, 33, 34] reported on the mean and standard deviatipostbperative KSS
(Total), (OR, -0.09; 95% CI, -2.53 to 2.34; p = 0.94)with 233 patients in thdgpateturfacing

group and 227 patients in the non-resurfacing gréigute 12).The patellar resurfacing group did
not show a significantly different postoperative KSS (total) outcsgore, (OR, -0.09; 95% ClI, -

2.53 t0 2.34; p = 0.94), over the non-resurfacing group.

All postoperative scores analysed have showed no strong eviderméblafation bias for the
epidemiological studies based on a visual inspection of the funnel plot except for isteptsS

score (Figure 7, 9, 11, 13).

Quality Assessment

The quality of the evidence of the included studies was found to beRigre 14). Our findings
are strengthened by the comprehensive search and broad cliigitalitg criteria. In the GRADE
system of rating quality of evidence for each outcome, randomiidd bregin as high quality
evidence but may be rated down by one or more of five categotiesitations. The eligible trials
in our analysis had methodological limitations including lack of blindihgll relevant parties and
substantial loss to follow-up in some trials. Results were spmastinconsistent across trials, and
most studies used surrogate end points; larger effects wpigally reported for surrogates

compared with direct measures of function.

Concerns about publication bias arose from the limited number of skl and the inconsistent
reporting of outcomes across trials raises the possibilisglettive reporting bias, although we did
not rate down the evidence for publication bias or selective repditisg The strength of inference

is therefore limited.

10
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Discussion

The most important finding of this systematic review and metdyais is that the patellar
resurfacing group had significantly better KSS pain (p =0.0004) anebpesitive HSS scores (p
<0.00001) compared to the non-resurfacing group. Additionally, the patedlarfaicing group
showed a lower reoperation rate (p < 0.00001) and postoperative anteriqgrakmeép < 0.00001)
compared to non-resurfaced TKAs. Therefore, based on these endpoinigatehiar resurfaced

TKAs were demonstrated to have performed better overall.

Our systematic review and meta-analysis of eligible coatpartrials found 35 studies with a total
of 5585 knees. It was documented that the rate of revision surgknyas following total knee

arthroplasty with patellar replacement than it is after t&tade arthroplasty without patellar
replacement. The risk of anterior knee pain in the patellar resugfgroup was less than half that
of the non-resurfacing group. This is somewhat reflected in ow-aretlysis, which shows that the
patellar resurfacing group had better overall KSS pain scddés, 1.52; 95% CI, 0.68 to 2.35; p

=0.0004), compared to the non-resurfacing group.

However, some studies pointed to the contrary. Both anterior knee panatanaf revision was
found to be higher with patellar resurfaced TKAs in studies byi§iat al.2009 [48] and Pakos et
al. 2005 [6]. The inability to include studies like these in the raptysis, due to incomplete mean
and standard deviation data, makes full interpretation of the geffflcult. Whilst the data set is
limited, restrictions on the inclusion criteria for these aresyare necessary to make comparisons

valid.

It must be noted that performance outcomes are not the only drivieg) behind the decision to
resurface or not to resurface the patellar. In current peattiie incidence of patellar resurfacing
during total knee arthroplasty (TKA) varies by geographyhin Wnited States, for example, the
majority of knee replacements are tri-compartmental, whare&urope, TKA without patellar

resurfacing is more routine. An analysis of the Australian OréndipaAssociation National Joint

Replacement Registry showed in 134,799 TKAs a patellar requgféechnique was employed in

11
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43 per cent[49]. Conversely, the rate of patellar resurfacirgunope is described significantly

lower, with 5% in Norway and 10% in Sweden [11].

Perhaps the reason for these discrepancies is that, at thentm@aiellar resurfacing depends
essentially on the surgeon’s preference. Current surveys in theerMeds and the United
Kingdom show that about 50% of surgeons use patellar resurfacimdestige cases, whilst the
others never or always perform patellar replacement [11, 50]inTieations for selective patellar
resurfacing depended on patella-femoral cartilage statusppate and patellar alignment, but
there is no evidence-based data for this approach [50, 51]. The modetagh theterogeneity
found in our meta-analysis across the outcome scores of HSS past-dpr &KSS Function {
97% and 52% respectively), also highlights that results vary sjgigficantly, potentially causing

relative individual bias towards a particular technique.
Limitations:

Some limitations of our systematic review should be acknowledged, Broad inclusion criteria
were applied to analyze all available studies according to them@ol methodology score. For
further detailed analysis only the excellent studies (CMS>8atg)oivere considered. Second, the
CMS is designed for tendinopathy and the requirement of a strimfigence of a long term follow
up is not considered. Third, in some trials, data on the prevalence of anterior kneevpsan rate

and the various knee scores were incompletely reported or were not reported at all.

The designs and implantation technique for each of the participarttse istudies that were
analyzed may have varied significantly. This is reflected our heterogeneous cohort.
Heterogeneity may explain the finding that some studies sh@sgsociations between patellar
resurfaced TKAs and anterior knee pain, whilst others only found assasi between higher
revision rates, with some finding neither. Previous meta-anahasiompared these two treatment

strategies [1, 6, 48, 52-55] also highlight these concerns.

Follow up times of the included studies also varied. There is msd® current literature that the

majority of the complications appear in the long term follow upr &t® 4 years[25]; however 12

12
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of the analyzed studies showed a follow of only 3 years or less.nfdy underestimate the actual

rate of complications in either technique.

Importantly, none of these studies mentions the abilities and expepétite surgeon. Particularly
because resurfacing of the patellar involves greater operatieeatich attention, the experience of
the surgeon, including their biases, may be a determining factor in the decisismtace or not to
resurface the patellar. In an effort to create a more henwug cohort, studies that continue this

work should account for these individual surgeon factors in the methodology.

Other confounding factors may also play an important role whendsirsy resurfacing of the
patellar; one study found differences when separating the coftortthose with preoperative
patella-femoral pain and those without preoperative patella-ferparal- notably, only those with
preoperative pain had less crepitus after a resurfacing tHepatet those without pain had more
crepitus after resurfacing the patellar [8]. This potentiadipglicates the field, in which there must
be greater awareness of not only how the technique will perforgemneral, but also how the

technique performs when applied to particular patient cohorts.

13
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Conclusion

Our meta-analysis has identified that based on the outcome s¢df(&S (Pain) and HSS post-
operatively, patellar resurfacing TKAs have performed b#tter non-resurfaced TKAs. The lower
anterior knee pain and reoperation rates for patellar resurfaced TKAsoals®to this technique as
being the more effective option. However, standardized reporting ofroagcand follow up times
in more randomized controlled trials should be pursued for greaterstem#ing of how the

patellar should be managed in these patients.
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Figure 1. PRISMA 2009 Flow diagram
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Table 1.Demographics, re-operation, anterior knee pain and clinical outcoen(KSS score)

N° Lost at Mean N° of KSS mean score £ SD
Type of Kneesrev . Evaluation of knees  Antkne Re-
Study kneesenr . final FU FU Type ) - . ) _
study iewed . outcome (final ePain  operation Pre-op Post-op
olled (patients)  (months) FU
) Pain Function Pain Function  Total
Subjetctlve Resurfaced 47 - 1 - - - - -
Abraham et  Prospective symptoms,
al trial 111 100 11 60 function, physical N
X examination, on- 53 - 2 . - . ; .
1988 [22] radiographs resurfaced
KOOS, Knee
) 63 Society clinical Resurfaced 63 1 34+18 65+19 92+9 83+ 21 -
Aunan et al randomlzgd, rating system
" double-blind 130 1 36 . 1
2015 [9] d Oxford knee score,  \on-
stu y 66 visual ana|og scale resurfaced 66 - 35+15 69 + 20 90 + 14 83+ 21 -
(VAS).
Knee Society
DB, 58 clinical scoring Resurfaced 58 4 (6.9%) 0 45.8 - 91.2 83.3 174.5
Barrack et al. prospectivera 121 3 30 system, patient
1997 [23] ndomizedstu satisfaction Non- 8
dy 60 guestionnaire, resurfaced 60 (13.3%) 6 47.4 - 89.3 81.3 170.9
radiographs '
DB Knee Society Resurfaced 47 9 0 453 : 88.3 73.5 161.6
' : clinical score, (19.1%)
Barrack et al. Prospectivera - isfact
2001 [12] ndomized 121 93 28 70.5 patle?t sat|§ action Non- " 8 , 436 685 507 1601
: guestionnaire, 0 . - . . .
trial radiographs resurfaced (17.4%)
Knee Society
Prospectivera clinical rating, 30- Resurfaced 50 - 0 37+15 41+13 81+15 6726 -
Bourne et al. . :
1995 [24] nplomlzed 100 100 - 24 seponds stair Non.-
trial climbing, resurfaced 50 - 2 41 +14 44 +13 87 +8 76 £ 19 -
hamstring torques
Boyd et al 686 Interview Resurfaced 396 1 (0.3%) - - - - -
1993 [25] Retrospective 1197 252 78 examination, AKP - =
511 Non 495 51 - - - - -
resurfaced (10.3%)
Prospectivera KSS, VAS for
Burnett et al. . . ’ . 13 447 + 40.8 + 86.9 + 58.7 +
2004 [26] ir:;icl)?:ilzleddm 100 42 10 129.6 ﬁ;};ss functional Resurfaced 42 (30.1%) 1 19 13.8 12.8 247 -

16



48 Non- 48 11 3 434 + 42.4 85+ 595+ )
resurfaced (23%) 16.7 14.4 135 25.3
Prospective Knee Society 4
- Clinical Rating Resurfaced 28 (16.5%) 1 48 38 83 63 146
Burnett et al. randomized 2
. . 64 56 8 110 Score (KSCRS),
2007 [13] cllplcal trial questionnaire (non Non- - 5 ) 50 20 83 o5 148
(bilateral) validated) resurfaced (17.3%)
Cameron et 14 British rating R = : 1 : ) ) : :
al. Retrospective 77 0 12 system,
1982 [27] radiographs Non- 11
63 resurfaced 63 (17.5%) 1 i i i i i
Campbell et  Randomizedp 46 Resurfaced 30 ( 417‘5 %) 1 3&091' - 7114821' - 33:;773
al. rospective 100 0 120 KSS, WOMAC Nor- 7 39 9 " 72 9 " ‘135 '5
2006 [14]  trial 54 resurfaced 20 (43%) 2 17.4 14.0 - +31.8
Enis et al. Retrospective 25 > Radiographs, Resurfaced 20 - - - - - - -
1990 [28] (bilateral) >0 40 exaquctn, Non-
25 5 phoneinterviews  egurfaced 20 - - - - - - -
33 (non- AKP, patellar 0 89+ 72 + 161 +
6 0 res) apprehension, knet Resurfaced 78 2 [BE) v ) ) 10.62 25.01 33.07
. . instability, ability
Garneti et al. Retrospective
2008 [5] study 142 o ] ™ :)Orek(;‘sef'u:f;:gr’]‘ © Non- o6 18 o ] ] 81+  75% 156+
: 0,
level, KSS, resurfaced (27.3%) 26.30 28.55 52.70
Eurocol score
, A , 28 Resurfaced 28 0 - - - - 86.7 178.3
Gildone et al. prospective, 56 ) 254 KSS, patella-
2005 [29] randomised 28 ' relatedactivities Non- 28 6 i} R i} i} 85.5 178.0
clinical trial resurfaced
Level Ill, 23 KSS, WOMAC,  Resurfaced 23 - - 4307+ 3481+ 6612+ 5458
Jooetal. therapeuticst 49 0 28.8 Anterior Knee Pain 108 oS s LS
2013 [30] o . © eale " Non- 6 ] ] 4525+ 3875+ 694+ 61z ]
y resurfaced 9.46 7.20 1329 1177
Retrospective 36.6 = 46.0 = 98.3 88.6 =
matched- 69 281 ROM, Kellgren Resurfaced & ) i 17.5 21.6 8.8 10.2 )
Kim et al. pairs case— 373 kneesexclu  104.4 and Lawrence
2014 [31] control. 23 ded ' scale, WOMAC, Non- 23 ) ) 376+ 429+ 915+ 86.5 +
Level of KSS, HSS resurfaced 211 14.9 7.6 13.6
evidence IV
Levai et al. Retrospective 73 39 2 60 Clinicalinfiatio ~ Resurfaced 39 2 (5%) - - - - - -
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1983 [32] n sheet, Non-
32 Radiographs resurfaced 32 9 (28%) 2 . ) ) ) )
AKP, KSS, 0 221+ 47.6 + 834 + 91.6 +
Lietal. 2012 Retrospective 59 patient satisfaction. Resurfaced 2 S0 i 6.5 i 8.2 16.7 10.1
[33] Study 130 - ) 11238 ;g‘é’iz'or”ar?:ii and Non- - 10 ) 24.3 + ) 469+ 822+ 921%
o din%S p resurfaced (14.1%) 6.9 7.5 175 11.4
Liu et al Prospectivera 74 KSS, anterior knee Resurfaced 68 1 j (7)0 %) 0 23;.31 - 4§'Zi 813 6831 911(')421
) ndomized 144 12 84 pain rate, - : - - -
2011 [34] trial 70 radiographs Non- 64 8 0 211+ i 46.0 + 80.2 + 915+
resurfaced (12.5%) 8.5 8.6 18.1 9.4
Knee Societ
50 Seores pationt.  Resurfaced 50 - 1 - - - - 146.8
Mayman et Randomizedc .
i . 100 0 120 Determined
al. 2003 [16] linical trial L
50 Subjective Non- 50 ) 5 ) ) ) ) 156.5
Questionnaires resurfaced
25 American Knee g tacey 18 - 0 407+  538x CLEE 636 0.
Mvles et al Prospectivera Society Clinical 11.4 135 ' 17.6 '
20y06[35] ) ndomized 50 8 24 Rating System,
trial o5 WOMAC, Motion Non- o4 i 0 419+ 62.2 = 834+ 79.2 + 162.6
Analysis resurfaced 10.8 12.1 16.1 18.3 ’
ouon et al 44 KSS, Knee Society Resurfaced 44 - - - - 815é391' 7%341 -
2(?02 [36] ' Retrospective 65 0 139.2  Roentgenographic Nom- 82 7 " 71 7 +
21 Evaluation System resurfaced 21 - - - - 16.2 22 4 -
AKSS, HSS Score, 50.5 + 39.8+
park ot al 38 (rei;l/?40 Bristol patellar Resurfaced 36 1 (2.8%) 0 169 175 935 775
' Retrospective 71 10 " score, Lonnerpat.-
2010[37] 7 (non- _ 53.7 + 46.3 +
33 fem. score, Non 25 0% 0 fE ST 950 60.0
res) radiographs resurfaced 15.9 15.3 ' '
Prospective 65 90 American Knee Resurfaced 60 2 0 44 40 88 80 168
Patel et al. . Society Clinical
trial 130 10 (res)/54 :
2011 39) (bilateral) 65 (non-res) o System, Non- 60 6 4 46 42 76 68 144
radiographs resurfaced
: KS Score,KS 10 88.0 £ 65.6 £
Prospective, ; - - i
Roberts et al randgmized J Punction Score, Resurtaced 104 (6.4%) 0 9.0 28.0
’ ’ 350 23 93.6 KS Stair Sub-
2015 [39] dc_JUbIe_ 172 score,Active Non- 163 9 (5.6% 9 86.6 + 59.8 +
blinded study Passive ROM resurfaced (5.6%) ) i 11.9 26.3
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266
267

Schroeder-  Prospectivera 20 . Resurfaced 20 - - - - 82.6 80.0 -
. Knee Society
Boersch et al. ndomizedstu 40 - 24 Score, radiographs
1998 [18] dy ' Non- - - - ; -
20 resurfaced 20 65.7 69.5
The Knee Society
. Prospectivera 87 clinical rating Resurfaced 73 22 (30.1 0 EELT 25 L) Sl A0 152.0
Smith et al. . . 18.9 17.1 12.0 30.0
2008 [40] nglomlzed 181 22 52.44  system, knee pain
trial 94 scale, knee Non- 86 18 0 39.0% 51.7+ 930+ 700z 163.0
diagram resurfaced (20.9%) 13.8 16.4 11.0 46.0 )
42.7 + 83.1+
Van Hemert _ 31 KSS, Dynaport Resurfaced 31 : ) 12.5 i 13.5 i i
et al. Restrospectiv
53 0 16.7 Knee test,
2008 [41] estudy 29 Minimod Gait test Non- 29 ) i 50.5 + ) 85.0 + ) )
resurfaced 13.8 14.0
Knee Society
: ; 13 441 + 914 + 75.8 £
) rating system, Brit. Resurfaced 243 = - -
Waters et gl Prospectivera 474 Orthopaedic (5.3%) 13.1 5.93 20.94
ndomizedstu 514 ) 40 63.6 o
2003 [19] atfinal FU Association
dy patient-satisfaction _Non- 231 58 ) 431+ ) 885+  73.2+ )
\ D resurfaced (25.1%) 13.0 10.23 23.21
Knee Society
DB - . 15 574 51.3 % 87.0 £ 70.0 £
Wood et al. , 92 clinical rating Resurfaced 92 - 9 -
2002 [42] ;P]é(;snrq)iiztcljvera 240 20 48 system, AKP, stair (16%0) 14.0 135 10.0 325
trial 128 climbing test, Non- 128 39 " 557+ 516+ 865& 650%
radiographics resurfaced (31%) 16.6 16.4 11.0 28.5
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268

269

Table 2.Demographics, re-operation, anterior knee pain and clinical outcoem(HSS score)

e Kneesrevi LeELEl Mean e al AntKne Re- RIS
Study Type of study kneesen ewed final FU FU Evaluation of outcome Type knees ePain  operation
rolled (patients) (final FU) P Pre-op: Post-op:
Badhe et al. 99 HSS score. Patellar score Resurfaced 99 - 2 61.8+10.3 87.6+5.8
2001 [43 Retrospective 170 - 36 ; ’ ’ -
[43] pectv 71 radiographs Non 71 - 10 63.7£9.8 76.8£5.6
resurfaced
. . Resurfaced 19 - 0 63.8 £10.1 85.7+7.0
Feller et al. Pro_spectlverandomlze 20 38 2 36 HSS score, Patellar scor Non-
1996 [44] d trial 19 - 0 61.6 105 88.6+5.2
resurfaced
Information collected 45 Resurfaced 140 - 0 54.8 +12.7 89.1+9.5
Ikejiani etal.  prospectively, 185 0 o ROM, pain assessment,
2000 [45] reviewed 140 HSS score N‘;”‘Ced 45 - 0 56.0+134  91+7.4
retrisoectively resurta
Kajino etal.  Prospectiverandomide 26 HSS Knee Score, Relipeol 26 . - ‘2 L
1997 [15] dstudy 0 26 9 792 radiographs Non- 26 - 1 47 80
resurfaced
3
52 ifi Resurfaced 52 0 - 90.1
Keblish et al.  Prospectivestudy Modified HSS knee score, [ RESIaG (5.8%)
1994 [46] (bilateral) 118 4 62.9 Knee Society radiological N 3
) on-
52 evaluation system resurfaced 52 (5.8%) 0 i 89.2
Kim et al Ezttgohsgﬁ’tgi/res case~ 373 5 kne2e8$1excl 104.4 ﬁ?wh:lérﬁilg::ZTear\}SOMAc e . - - e e
2014 [31] control. Level of 23 Cded T kss Hes e 23 . - 445+103 89.1%9.2
evidence IV '
bark ot 38 AKSS, HSS Score, Bristol Resurfaced 36 5 é%) 0 61.1 87.0
2010 [37]' Retrospective 71 10 145 patellar score, Lonnerpat. N .
: on-
33 fem. score, radiographs resurfaced 25 0% 0 65.3 83.0
Shaji et al 35 Resurfaced 35 - 0 499 +£8.9 8551438
’ Prospectivestudy 70 0 32.4 HSS knee score Non-
1989 [47] 35 resurfaced 35 - 0 48.6 +5.4 85.6 +5.3
OVERALL TOTAL 5304 TOTAL Resurfaced 2359 18 (0.8%)
From table 1 MEAN 1515 66.3 Non-res 2345 127
and 2. (5.4%)
SD 204.1 40.4
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270 Figure 2. Forest plot: Patellar Resurfacing vs Non-resurfacing TKAs, postopeaatterior Knee -
271  Pain.

Patellar Resurfacing Non - Resurfacing Odds Ratio Odds Ratio

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

Barrack et al.2001 9 47 8 46 4.3% 1.13 [0.39, 3.23]

Boyd et al.1993 1 396 51 495 29.7% 0.02 [0.00, 0.16]) +—®——

Burnett et al.2004 13 42 11 48 4.7% 1.51 [0.59, 3.85] I

Burnett et al.2007 4 28 5 28 2.8% 0.77 [0.18, 3.22] . E—

Campbell et al.2006 14 30 12 28 4.3% 1.17 [0.41, 3.29] D —

Garneti et al.2008 5 76 18 66 11.8% 0.19 [0.07, 0.54]) e

Keblish et al.1994 3 52 3 52 1.9% 1.00 [0.19, 5.20] D

Liu et al. 2011 10 68 8 64 4.6% 1.21 [0.44, 3.28) I Lo

Park et al. 2010 1 36 0 25 0.4% 2.15[0.08, 55.07]

Patel et al. 2011 2 60 6 60 3.8% 0.31 [0.06, 1.60] —_— T

Roberts et al. 2015 10 164 10 163 6.2% 0.99 [0.40, 2.45] s e

Smith et al.2008 22 73 18 86 7.6% 1.63 [0.79, 3.35]) T

Wood et al.2002 15 92 39 128 17.9% 0.44 [0.23, 0.87) —

Total (95% CI) 1164 1289 100.0%  0.58 [0.45, 0.75] &

Total events 109 189

Heterogeneity: Chi* = 35.80, df = 12 (P = 0.0003); I* = 66% k t t J
272 Test for overall effect: Z = 4,09 (P < 0.0001) s Patellgr.];lesurfacing Non—Resurfla(Zing 1

273  Figure 3. Funnel plot for evaluation of publication bias (Patellar Resurfacing vs Non-resgrfa
274  TKAs, postoperative anterior Knee — Pain)
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277  Figure 4. Forest plot: Patellar Resurfacing vs Non-resurfacing TKAs, reaperat

278

21



279
280

281
282

283
284

285

Patellar Resurfacing Non - Resurfacing

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Abraham et al. 1988 1 47 2 53 1.6% 0.55 [0.05, 6.32]

Badhe et al. 2001 2 99 10 71  10.1% 0.13 [0.03, 0.59] e —
Barrack et al.2001 0 47 7 46 6.6% 0.06 [0.00, 1.00] ¢ -

Bourne et al.1995 0 50 2 50 2.2% 0.19[0.01, 4.10] ¢

Boyd et al.1993 0 396 51 495 40.4% 0.01[0.00, 0.18] F——

Burnett et al.2004 1 42 3 48 2.4% 0.37 [0.04, 3.66)

Burnett et al.2007 1 28 2 28 1.7% 0.48 [0.04, 5.64]

Cameron et al.1982 1 14 1 63 0.3% 4.77[0.28, 81.27]

Campbell et al.2006 1 30 2 28 1.8% 0.45 [0.04, 5.24]

Feller et al.1996 0 19 0 19 Not estimable

Garneti et al.2008 0 76 9 66 8.9% 0.04 [0.00, 0.69] ——
Ikejiani et al.2000 0 140 0 45 Not estimable

Keblish et al.1994 0 52 0 52 Not estimable

Liu et al. 2011 0 68 0 64 Not estimable

Mayman et al. 2003 1 50 5 50 4.3% 0.18 [0.02, 1.63] —_—
Myles et al. 2006 0 18 0 24 Not estimable

Park et al. 2010 0 36 0 25 Not estimable

Patel et al. 2011 0 60 4 60 3.9% 0.10 [0.01, 1.97] ¢

Roberts et al. 2015 0 164 9 163 8.4% 0.05 [0.00,0.86) ————
Shoji et al.1989 0 35 0 35 Not estimable

Smith et al.2008 0 73 0 86 Not estimable

Wood et al.2002 9 92 11 128 7.3% 1.15 [0.46, 2.91] —
Total (95% CI) 1636 1699 100.0%  0.18 [0.11, 0.29] <>

Total events 17 118

Heterogeneity: Chi? = 29.93, df = 13 (P = 0.005); I* = 57% '0 o1 051 150 100’

Test for overall effect: Z = 7.10 (P < 0.00001)

Resurfaced Not Resurfaced

Figure 5. Funnel plot for evaluation of publication (Patellar Resurfacing vs Non-resgfaigAs,

outcome: Post-op KSS Pain).
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Figure 6. Forest plot: Patellar Resurfacing vs Non-resurfacing TKAs, outcomeppd&SS Pain.
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286

287
288

289
290

291
292

293

294
295

Patellar Resurfacing

Mon-resurfacing

Mean Difference

Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Aunan etal 2015 92 9 63 a0 14 66 4.3% 2.00[-2.04, 6.04] T
Bourne et al. 1995 a1 14 50 a7 g 50 3.1% -B.00[10.71,-1.29] -

Burnett et al. 2004 86.9 128 42 85 134 43 2.4% 1.90 [-3.54, 7.34] 1T
Camphell etal. 2006 AR 14.2 30 749 14 28 1.3%  -30[10.36, 4.16] T
Garneti et al. 2008 89 1062 7E 81 263 66 1.8%  8.00[1.22,14.78] -
Joo etal 2013 BE12 1416 23 B94 1329 26 1.2% -328[-11.00, 4.44] 1
Kimetal 2014 98.3 a8 69 915 7.6 23 5.0%  6.80[3.06,10.54] -
Lietal 2012 LYN] 8.2 59 469 7.8 71 9.4% 0.70[-2.02,3.42] .
Liuetal. 2011 46.7 7.4 Jat:] 46 8.6 62  9.1% 0.70 [-2.07, 3.47] T

Wyles etal. 2006 83.2 14.8 18 834 161 24 08%  -0.20[-9.59,9.19] T
Ogon etal. 2002 84.3 129 44 827 162 21 11%  2E0[5.31,10.51] "_
Roberts et al. 2019 a8 9 178 866 118 172 142% 1.40 [-0.82, 3.62] ™
Smith et al. 2008 92 12 a7 93 11 94 6.2%  -1.00[-4.36, 2.36] -

Van Hemert et al. 2008 231 135 Kl a5 14 22 1.2%  -1.90[-9.44,5.64] T
Waters et al. 2003 a1.4 5.83 243885 1023 231 304% 2.90101.38, 4.42] =
Wood et al. 2002 a7 10 92 865 11 128 B8.49% 0.60 [-2.29, 3.29] T

Total (95% CI) 173 1132 100.0% 1.52 [0.68, 2.35] U
Heterogeneity: Chi®= 31.62, df=14 (P = 0.007), F = 53% -ISD _255 b 255 SID

Test for averall effect £= 3.46 (P = 0.0004)

Favours Mon-resurf.  Favours Patellar resurf.

Figure 7. Funnel plot for evaluation of publication (Patellar Resurfacing vs Non-reswugfagAs,
outcome: Post-op KSS Pain).
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Figure 8. Forest plot: Patellar Resurfacing vs Non-resurfacing TKAs, outcomeppd&SS

Function.

Patellar Resurtacing Non-resurfacing Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Aunanetal 2015 a3 21 63 a3 21 i3] 6.6% 0.00 [-7.25, 7.29] I —
Bourne et al. 1995 67 26 a0 TG 149 a0 4.3%  -9.00[17.583 -007]
Burnett et al. 2004 AB.7 247 472 A4A 253 48 3.2% -0.80 [11.14, 9.55] e E—
Garneti et al. 2008 T2 28 TH 7h 2844 {151 4.4% -3.00 [-11.89 5.84] ——
Jooetal 2013 458 1378 23 E1 1177 26 F.E% -6.42 [-13.64, 0.80] ——
Kimetal 2014 286 102 B9  B65 136 23 9.4% 210 [3.96, 8.16] -
Lietal 2012 834 16.7 89 822 1748 71 10.0% 1.20 [-4.69, 7.09] o
Liu etal. 2011 838 16.3 B8 802 181 B2 98% 360 [2.34, 9.54] T
Myles et al. 2006 B3.6 176 18 782 183 24 29% -1560[-26.54, -4.66]
Cgon et al 2002 ¥0.3 234 44 T1F 0 224 21 258% -140F13.21,10.41] . E—
Roberts etal. 20148 65.6 28 178 598 263 172 107% A.801[0.11,11.49] I
Smith etal. 2008 5]} 30 ar 70 46 a4 2T% 10,00 [F21.23,1.23) T
\Waters et al. 2003 T8 2044 243 732 234 23 M1.8% 260 [-1.349, 6.549] T
Wiood et al. 2002 To 3248 92 FA 284 128 a1% 5.00[-3.28,13.28] I —
Total {95% Cl) 1112 1082 100.0% 0.38 [-1.48, 2.24] L
Heterogeneity: Chi*= 27,21, df= 13 (P = 0.01); *= 62% = Er -+ s

Testfor overall effect: £=0.40 (P = 0.69)

Favours Mon-resurf. Favours Patellar resurf.

Figure 9. Funnel plot for evaluation of publication (Patellar Resurfacing vs Non-reswgfagAs,
outcome: Post-op KSS Function).
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Figure 10.Forest plot: Patellar Resurfacing vs Non-resurfacing TKAs, outcom®:R4St-op.

Patellar Resurfacing I‘.Ion-resurfacing Mean Difference Mean Difference
Study or Subgroup  Mean SD  Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Badhe et al. 2001 87.6 5.3 99 B8 56 71 431% 10.80[9.07,12.53] 3
Feller et al.1896 85.7 7 19 886 52 19 84% -2.90[6.82,1.03] —
Ikejiani et al. 2000 9.1 95 140 891 T4 45 181% -1.90[4.57,0.77)] —=
Kirn etal. 2014 93.3 7.3 69 891 92 23 T4%  420[0.01,8.39] —
Shoji etal. 1884 85.5 43 35 856 53 35 23.0% -010[2.47, 227 -+
Total (95% Cl) 362 193 100.0%  4.35[3.21, 5.49] [}
Heterogeneity, Chif= 10081, df= 4 (F = 0.000013; F= 36% f f f ;
Testfor overall effect Z= 7.50 (P = 0.00001) -0 -25 o 28 50

Favours Mon-resurf.  Favours Patellar resurf.

Figure 11.Funnel plot for evaluation of publication (Patellar Resurfacing vs Non-resugfaci
TKAs, outcome: HSS Post-op).
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Figure 12.Forest plot: Patellar Resurfacing vs Non-resurfacing TKAs, outcomenpd&¢SS
Total.

Patellar Resurfacing Non-resurfacing Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Camphell et al. 2006 137.6 377 30 1355 3.8 28 1.8% 210[15.81, 20001]
Garneti et al. 2008 161 33.07 76156 517 66  2.7% S.00[F9.73,19.73] ]
Lietal 2012 91.6 101 59 921 114 71 433%  -050[4.20, 3.20]
Liu et al. 2011 91.4 102 68 91.4 9.4 62 521% -010[-3.47 3.27]
Total (95% CI) 233 227 100.0% -0.09 [-2.53, 2.34]

Heterogeneity: Chi®= 0.56, df=3 (P = 0.80}; F=0% f

2 b = -15 25 50
Testfor averall effect Z=0.08 (F = 0.94) Favours Non-resurf. Favours Patellar resurf.

Figure 13.Funnel plot for evaluation of publication (Patellar Resurfacing vs Non-resugfaci
TKAs, outcome: Post-op KSS Total).
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308 Figure 14.GRADE, Summary of Findings.
Quality assessment Na of patients Effect
Na of Study Risk of Patellar Non Patellar Relative Absolute Q Y v
studies design blas (95% Cn) (95% <)
Anterior Knee Pain
18 randomised | not serious | not serious not serious | not serious | none 128/1596 2731717 OR 0.44 82 fewer
trials (8.0%) (15.9%) (0.35 to 0.55) per HIGH
1.000
(from 65
fewer to
97
fewer)
Re-Operation
22 randomised | not serious | not serious not serious | not serious | none 17/1636 118/1699 OR 0.18 56 foewer
trials (1.0%) (6.9%) (0.11 t0 0.29) per HIGH
1.000
(from 48
fewer to
61
fewer)
KSS pain
16 randomised | not serious | not serious not serious | not serious | none 173 1132 mean
trials 152 HIGH
(3.60
higher
to 2.35
higher)
KSS Function
14 randomised | not serious | not serious not serious | not serious | none 1112 1082 mean
trials 058 HIGH
(!.4!
lower to
224
higher)
HSS
5 randomised | not serious | not serious not serious | not serious | none 362 193 mean
trials 435 HIGH
higher
(3.21
hi r
to 5.49
higher)
KSS total
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