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Background and purpose — To retain or to sacrifice the posterior
cruciate ligament (PCL) in total knee arthroplasty (TKA) remains
a matter of discussion. In this systematic review, we wanted to
find differences in functional and clinical outcome between the 2
methods.

Methods — We conducted a systematic review and meta-anal-
ysis including all randomized controlled trials (RCTs) and quasi-
RCTs that have compared PCL retention with PCL sacrifice in
TKA with a minimum of 1-year follow-up. Primary outcome
was range of motion. Secondary outcomes were knee pain and
clinical scoring systems that were preferably validated. Quality of
evidence was graded using the GRADE approach. All outcomes
available for data pooling were used for meta-analysis.

Results — 20 studies involving 1,877 patients and 2,347 knees
were included. In meta-analysis, the postoperative flexion angle
had a mean difference of 2 degrees (95% CI: 0.23-4.0; p = 0.03)
and the KSS functional score was 2.4 points higher in favor of
PCL sacrifice (95% CI: 0.41-4.3; p = 0.02). There were no sta-
tistically significant differences regarding other measured clinical
outcomes such as WOMAC, KSS pain, clinical and overall score,
HSS score, SF-12, radiolucencies, femoro-tibial angle, and tibial
slope. The quality of the studies varied considerably. Risk of bias
in most studies was unclear; 5 were judged to have a low risk of
bias and 5 to have a high risk of bias.

Interpretation — We found no clinically relevant differences
between retention and sacrifice of the PCL in TKA, in terms
of functional and clinical outcomes. The quality of the studies
ranged from moderate to low. Based on the current evidence, no
recommendation can be made as to whether to retain or to sacri-
fice the PCL.

There is an ongoing debate on whether to retain or to sacrifice
the posterior cruciate ligament (PCL) during TKA surgery.
Arguments for PCL retention are maintenance of natural knee
motion and maintained stability (Mihalko and Krackow 1999,
Lombardi et al. 2001). Furthermore, the PCL is believed to
have different types of mechanoreceptors for proprioception
and kinesthesia, so the PCL might give a better “sense” to the
postoperative knee (Nelissen and Hogendoorn 2001, Swanik
et al. 2004). Retention of the PCL leads to the need for ade-
quate balancing of the ligament; inadequate balancing (i.e. too
tight or too loose) may lead to knee pain, deteriorated range
of motion, and instability (Pagnano et al. 1998, Most et al.
2003). On the other hand, sacrificing the PCL could be helpful
in balancing knees with deformities or contractures. Another
advantage of sacrificing the PCL is preventing paradoxal fem-
oral rollback (Dennis et al. 2004). Femoro-tibial movement
will then be dictated by the degree of congruency between the
femur and the tibial insert (Wolterbeek et al. 2012). Sacrific-
ing the PCL leads to an increase in the flexion gap and (to a
lesser extent) an increase in the extension gap (Mihalko and
Krackow 1999, Baldini et al. 2004).

A Cochrane systematic review from 2005 could not indicate
what treatment option (retention or sacrifice of the PCL) is
best regarding functional, clinical, and radiological outcome
parameters (Jacobs et al. 2005). An update of this review was
published by us in 2013 and still showed no relevant differ-
ences between the 2 groups (Verra et al. 2013).

Since that literature search, several new reports of random-
ized controlled trials (RCTs) comparing PCL retention with
PCL sacrifice have been published, necessitating an update.
We wanted to find differences in functional, clinical, and
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radiological outcome between PCL-retaining and PCL-sacri-
ficing TKA in the current literature.

Methods
Literature search and study selection

We used the same study protocol as developed for our
Cochrane systematic review and meta-analysis (Jacobs et al.
2005, Verra et al. 2013). We conducted a sensitive search in
order to retrieve all the literature available. In consultation
with an experienced librarian of the medical library of Leiden
University Medical Center (JS), we searched the following
databases: Medline (via PubMed), the Cochrane Central Reg-
ister of Controlled Trials, Embase, Web of Science, CINAHL,
Academic Search Premier, Current Contents Connect, and
Science Direct. All the databases were searched up to May 19,
2014 using a syntax adapted for each database (Supplemen-
tary Table 1). No restrictions or limits were formulated. A final
check that no relevant articles were missed was carried out by
screening the references from the articles and by performing
citation tracking on the articles that were included.

Articles were selected in 2 steps. In the first step, only the
title and abstract were screened. In the second step, articles
that passed the first step were retrieved in full text and again
evaluated against the inclusion and exclusion criteria. These
criteria were as follows: (1) The intervention evaluated in the
trials had to be primary TKA comparing PCL retention with
sacrifice. (2) The indication for TKA had to be osteoarthritis.
(3) Follow-up had to be at least 12 months. (4) Studies had
to be RCTs or quasi-RCTs. Quasi-RCTs are studies using,
for example, date of birth, patient identification numbers, or
alternating sequences for randomization. 2 reviewers (WV
and LB) independently selected the trials to be included in
the review. Disagreements were resolved by consensus. When
no consensus could be reached, a third reviewer (WJ) cast the
decisive vote.

Data collection

An already developed and tested data extraction form was
used to extract data from the studies included. Items collected
were study design features, population data, statistical analysis
techniques, intervention characteristics, and all the outcome
parameters reported, including results. The primary outcome
was range of motion (ROM), including flexion and extension
angle separately. Secondary outcomes were knee pain (visual
analog scale, Knee Society clinical pain sub-score), validated
clinical scoring instruments (such as the Western Ontario and
McMaster Universities osteoarthritis index (WOMAC), the
knee osteoarthritis outcome scale (KOOS), and the Oxford
knee score), other clinical questionnaire scores (such as the
Knee Society score (KSS), the Hospital for Special Surgery
score (HSS), etc.), radiological implant migration (prefer-
ably using radiostereometric analysis (RSA)), complication

rate, and other radiological outcomes (such as rollback and
radiolucencies). All data were entered into Review Manager
version 5.2 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2012).

The risk of bias (e.g. selection bias, performance bias,
detection bias, attrition bias) was assessed for every study. The
risk of selection bias was judged by assessing how the ran-
domization sequence was generated and by assessing how the
treatment allocation was concealed. Risk of performance and
detection bias was judged by evaluating the methods for blind-
ing of participants, personnel, and observers, as described in
the studies. Risk of attrition bias was assessed by judging the
completeness of the data, including the follow-up rate. The
possible judgements that could be made were low risk of bias,
high risk of bias, and unclear risk of bias.

The quality of the evidence was assessed using the GRADE
approach (Atkins et al. 2004). In this method for grading of
quality, RCTs are considered to be high-quality evidence;
however, this can be downgraded to moderate, low, or very
low quality for several reasons. These reasons are study limita-
tions (e.g. high risk of bias), inconsistent results, indirectness
of evidence, imprecision, or publication bias. The Cochrane
Collaboration recommends using this approach to grade the
quality of studies in systematic reviews (Higgins and Green
2011).

Analysis

Statistical analyses were conducted using Review Manager
version 5.2. Continuous data were entered as mean and stan-
dard deviation (SD), and dichotomous outcomes as number of
events. Standard deviations were used when available. When
not provided, standard deviations were imputed from com-
parable studies or from original scores (i.e. confidence inter-
vals). Estimates are given with 95% confidence intervals (CIs)
where relevant.

In the meta-analysis, if the studies (patients, interventions,
outcomes) were regarded to be clinically homogeneous, het-
erogeneity was first assessed by visual inspection of the forest
plots. Furthermore, we investigated heterogeneity using the 12
statistic and, if significant (p < 0.05 using the Q statistic), the
source of heterogeneity was investigated by conducting a sen-
sitivity analysis and considering additional clinical reasons for
potential clinical heterogeneity. In the absence of significant
heterogeneity, and given a sufficient number of trials included,
results were combined using mean differences for continuous
data and relative risk for dichotomous data. We used a random
effects model for all analyses.

Results

We identified 2,609 unique references. 58 articles were
selected for further evaluation, resulting in 21 full-text papers
that were used for analysis (Figure 1, Table 2). The article by
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2,609 unique references

identified 38 articles excluded

| - not randomized, 18
- congress proceedings, 5
- no posterior cruciate ligament

sacrifice versus retention, 5
| - follow-up < 1 year, 4

20 studies reported - other, 6

in 21 articles

58 references selected
for full-text evaluation

Figure 1. Flow chart of study selection showing the process of article
selection and the reasons for articles being excluded.

Victor et al. (2005) described a population that was also part
of the study population of Harato et al. (2008). Data from both
articles were used only once. The article from de Andrade
et al. (2009) was written in Portuguese and the article from
Yansheng et al. (2013) was written in Chinese. The data were
extracted by professional translators.

Table 1. Characteristics of the 20 studies

Study characteristics

The 20 studies involved 1,877 patients and 2,347 knees. In 17
studies, the comparison between the 2 arms was PCL retention
with a cruciate-retaining design versus PCL sacrifice using a
posterior-stabilized design. In 3 studies, the same (cruciate-
retaining) TKA design was used for both groups. One study
used all three treatments (i.e. cruciate-retaining design with
ligament retention and with ligament sacrifice and posterior-
stabilized design (Table 2).

All studies used a clinical rating scale, either validated
(e.g. WOMAC) or unvalidated (e.g. Knee Society score) and
reported ROM or flexion measurements. There was very little
use of radiostereometric analysis (RSA).

Risk of bias and quality of evidence

5 of the 20 studies included were assessed as having a low risk
of bias, 5 of them were assessed as having a high risk of bias,
and 10 had an unclear risk of bias.

Authors Sample size TKA type Mean [SD] age % Females Qutcome Follow-up
Patients Knees OA (%) CR CS CR CS CR CS (years)
Aglietti et al. 2005 197 210 100 103 107 71 70 86 81 ROM, VAS pain, KS score, -4
radiographic evaluation,
mechanical axis, radiolucencies
Catani et al. 2004 40 40 100 20 20 70[6] 71[7] 65 75 ROM, RSA, KS score, HSS score 2
Chaudhary et al. 2008 100 100 ND 51 49 69[9] 70[8] 53 45 ROM, RAND-36, WOMAC 2
Clark et al. 2001 128 128 97 59 69 72[12] 71[14] ND ND ROM, KS score, SF-12, WOMAC -3
de Andrade et al. 2009 85 85 89 36 49 66 (41-78) 74 KS score (overall) 1.3
Harato et al. 2008 192 222 100 111 111 68 66 34 34 KS score, WOMAC, SF-12, 5.0-7.3
radiolucencies, kinematics
(Victor et al. 2005)
Kim et al. 2009 250 500 100 250 250 72 [6] 96 ROM, KS score, HSS score, 2.3
WOMAC pain, radiological
Maruyama et al. 2004 20 40 100 20 20 74 (65-84) 60 ROM, KS score, joint line 2.7
Matsumoto et al. 2012 41 41 100 19 22 74[1] 74[1] 100 100 ROM, KS score, laxity 5
Misra et al. 2012 103 105 92 51 54 67 67 67 59 ROM, HSS score, satisfaction score, 4.8
radiological (rollback, loosening)
Roh et al. 2012 86 86 100 42 44 70([5] 71[5] 95 93 ROM, tibio-femoral angle -3.1
KS score, HSS score, WOMAC
Seon et al. 2011 95 95 100 48 47 68[7] 69][7] 91 ROM, HSS score, WOMAC, 2
tibio-femoral angle, kinematics
Shoji et al. 1994 28 56 54 28 28 60 (48-85) 71 ROM, HSS score —4.5
Straw et al. 2003 167 167 ND 66 101 73 73/742 44 45 ROM, KS score, pain score, stability = —6.5
Tanzer et al. 2002 37 40 97 20 20 68 66 75 80 Flexion angle, KS score 2
Thomsen et al. 2013 36 72 97 36 36 67 (49-84) 58 ROM, knee pain, satisfaction, 1
ability to perform ADL, SF-36
Wang et al. 2004 185 224 91 128 96 55 55 80 80 ROM, KS score, tibio-femoral =515
angle, radiolucencies, SF-12
functional score, ligament laxity
Yagishita et al. 2012 29 58 100 29 29 74 [7] 86 ROM, KS score, pain score, 5
radiolucencies
Yansheng et al. 2013 38 38 100 19 19 66 64 68 63 ROM, WOMAC, proprioception -1.4
Yoshiya et al. 2005 20 40 100 20 20 74 (62-84) 66 ROM, KS score, fluoroscopic -4.4

motion analysis

CR: (posterior) cruciate-retaining; CS: (posterior) cruciate sacrificing; ND: no data or unclear; ADL: activities of daily living;
HSS: Hospital for Special Surgery; KS: Knee Society; ROM: range of motion; RSA: radiostereometric analysis; SF: short form;
VAS: visual analog scale; WOMAC: Western Ontario and McMasters osteoarthritis index.

2 PS/resection
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5 articles described how the randomization sequence for the
study was generated (Misra et al. 2003, Chaudhary et al. 2008,
Harato et al. 2008, Roh et al. 2013, Thomsen et al. 2013). The
method of concealment of allocation was reported in 6 studies
(Chaudhary et al. 2008, Harato et al. 2008, Kim et al. 2009,
Seon et al. 2011, Matsumoto et al. 2012, Thomsen et al. 2013).
3 studies used quasi-randomization: Aglietti et al. (2005) based
choice of treatment on odd/even patient identification numbers,
Maruyama et al. (2004) used alternating sequences, and Wang
et al. (2004) based the treatment on time of hospital admission.
Blinding of the outcome assessor was reported in 10 studies
(Tanzer et al. 2002, Misra et al. 2003, Straw et al. 2003, Aglietti
et al. 2005, Chaudhary et al. 2008, de Andrade et al. 2009, Kim
et al. 2009, Seon et al. 2011, Matsumoto et al. 2012, Thomsen
etal. 2013). Seon et al. (2011) reported explicitly that no blind-
ing was used.

Studies reporting on the primary outcome of knee flexion
were graded according to the GRADE approach. These stud-
ies were generally assessed as being of low quality. Quality
was downgraded due to the high proportion of studies with
an unclear risk of bias and the presence of studies rated with
a high risk of bias. Also, studies reporting on the secondary
outcomes were graded as being of moderate to low quality.

Meta-analysis

There was low quality of evidence from 12 studies (1,056
knees) that sacrifice of the PCL results in a better flexion
angle, with a mean difference of 2 degrees (95% CI: 0.23-4.0;
p = 0.03). This is a homogeneous result (I2 = 29%, p = 0.2).
Furthermore, there was low quality of evidence from 9 studies
(1,530 knees) that sacrifice of the PCL results in a higher Knee
Society functional score of 2.4 points (95% CI: 0.41-4.3; p =
0.02) (Figure 2). These were the only homogeneous and sta-
tistically significant differences between PCL retention and
sacrifice. The WOMAC score was used in 5 studies; there was
a 0.72-point difference between both groups (95% CI: —0.35
to 1.8; p = 0.19) in favor of PCL sacrifice. No other validated
scoring systems were available for meta-analysis. Meta-analy-
ses on the outcomes KSS pain, KSS clinical score, KSS over-
all score, HSS score, SF-12 mental, radiolucent lines, femoro-
tibial angle, and tibial slope showed no statistically significant
differences and they were comparable in terms of statistical
homogeneity.

Sub-analysis of outcomes of low-quality studies comparing
PCL retention with sacrifice using the same PCL-retaining
TKA design in both groups showed no significant differences.
Comparison of knee flexion in PCL retention with the PCL-
sacrificing posterior-stabilizing design in 10 studies of mod-
erate quality (746 knees) showed a mean difference of 2.8
degrees in favor of posterior stabilization (95% CI: 0.54-5.0;
p=0.02).

Complications were reported in 13 studies, and they ranged
from anterior knee pain and femoral notching to deep infec-
tion (Table 3)

Table 3. Complications reported in the studies selected

Study PCL retention PCL sacrifice

Aglietti 2005 None Septic loosening: 1

Catani 2004 Anterior knee pain: 1 Anterior knee pain: 2
Limited ROM: 1

Chaudhary 2008 Deep infection: 1 Limited ROM: 1

Harato 2008 Stiff knee (< 90° flexion): 7  Stiff knee: 1
Knee pain: 5 Knee pain: 2
Infection: 1 Infection: 3

Kim 2009 Femoral notching: 2 Femoral notching: 3
Superficial infection: 1 Superficial infection: 1

Maruyama 2004 None None

Matsumoto 2012 None DVT: 1

Misra 2003 Stiff knee (< 30° flexion): 2 Stiff knee: 2
Infection: 1 Dystrophy: 1
Aseptic loosening: 2 Aseptic loosening: 3
Instability: 3 Instability: 3

Roh 2012 PCL laxity: 2 None
PCL tightness: 1

Thomsen 2013 Infection: 1 None

Yagishita 2012  None DVT: 1

Yansheng 2013  None None

DVT: deep venous thrombosis; PCL: posterior cruciate ligament;
ROM: range of motion.

Discussion

In this study of the current literature comparing PCL reten-
tion with PCL sacrifice in TKA, we did not find any clinically
relevant differences between the groups. An extensive report
on this topic, covering 17 studies, was published by our group
in 2013 within the Cochrane Library of Systematic Reviews
(Verra et al. 2013). The newly added studies have not given
any new evidence on this topic.

The 20 studies selected are the best available evidence to
date for evaluation of the difference between PCL retention
and PCL sacrifice in TKA. The assessment of the quality of
the evidence showed that it was low to moderate. Incomplete-
ness of reporting issues such as failure to explain random-
ization methods and blinding raises the likelihood of bias in
the studies, resulting in lower grades of quality of evidence.
However, we see an improving trend in reporting, as the more
recent publications were generally assessed as having a lower
risk of bias.

Despite the fact that RCTs are known to provide the least
biased evidence, they are not suited for all outcomes. Survival
analysis of the TKA cannot easily be investigated in RCTs
because of the relatively short follow-up period and rela-
tively small number of patients. In addition, classical survival
analysis can be biased by competing risks, which should be
accounted for for valid interpretation of outcome (Keurentjes
et al. 2012, Nouta et al. 2014). Observational, long-term fol-
low-up cohort studies are valuable alternatives. Survivorship
analyses of large cohorts showed a 10-year and 15-year sur-
vival of 91% and 90% in the PCL-retaining group and 76%
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A Retention Sacrifice Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI
Chaudhary2008 (1) 1059 13 51 1058 135 49 91% 0.10[-5.10, 5.30] I
Harato 2008 (2) 1137 128 111 117 135 111 150% -3.30[-6.76,0.16] -

Maruyama 2004 1223 15 20 1313 134 20 39% -9.00[17.82,-0.18] E—
Matsumoto 2012 1261 126 19 1233 133 22 47% 2.80[5.14,10.74] —_T
Roh 2012 1267 71 42 1255 102 44 14.0% 1.20 [-2.50, 4.90] -
Seon 2011 (3) 1282 122 48 1295 109 47 106% -1.30[-5.95, 3.39] T
Tanzer 2002 (4) 12 13 20 111 17 20 35% 1.00 [-8.38, 10.38] e —
Thomsen 2013 120 126 36 127 133 36 7.4% -7.00[1298,-1.02] I
Wang 2004 110 126 128 112 133 96 15.1% -2.00[-5.44,1.44] -
Yagishita 2012 12567 107 29 1297 113 29 8.1% -4.00[-9.66, 1.66] T
Yansheng 2013 1232 126 19 1214 133 19 4.4% 1.80 [-6.44,10.04] T
Yoshiya 2005 129 16 20 131 12 20 4.0% -10.00[}18.77,-1.23]
Total (95% CI) 543 513 100.0%  -2.11[-3.98,-0.23] ¢
it 2 — . i® = - - R = I Il I 1
Heterogeneity: Tau*= 2.99; Chi*=15.53, df=11 (P=0.16); = 29% —ilJ .1'0 ) 1.0 2'0

Test for overall effect: Z=2.20 (P=0.03) Favours sacrifice Favours retention

(1) 2y postop
(2) min. 5y postop
(3) min. 2y postop

(4) 2y postop

Retention Substitution Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chaudhary 2008 1059 13 51 1058 135 43 12.8% 0.10[5.10,5.30] I
Harato 2008 1137 128 111 117 135 111 207% -3.30[-6.76,0.16] —=
Maruyama 2004 1223 15 20 1313 134 20 56% -9.00[17.82,-0.19] EEe——
Matsumoto 2012 1261 127 19 1233 13 22 6.8% 2.80[-5.08,10.68]
Seon 2011 128.2 122 48 1295 109 47  14.9% -1.30[-5.95, 3.35] T
Tanzer 2002 112 13 20 111 17 20 5.0% 1.00 [-8.38,10.38] S e—
Thomsen 2013 120 122 36 127 133 36 107% -7.00[-12.90,-1.10] e —
Yagishita 2012 1257 107 29 1297 11.3 29 11.4% -4.00 [-9.66, 1.66] e
Yansheng 2013 1232 122 19 1214 133 19  6.5% 1.80 [-6.32,9.92] . —
Yoshiya 2005 121 16 20 131 12 20 57% -10.00[18.77,-1.23]
Total (95% CI) 373 373 100.0% -2.78 [-5.03, -0.54] <
Heterogeneity: Tau*= 3.22; Chi*=12.09, df=8 (P =0.21), F= 26% -2'0 _1.0 ) 1-0 2'0

Testfor overall effect: Z=2.43 (P=0.02) Favours sacrifice Favours retention

Retention Sacrifice Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aglietti 2005 84 19.7 103 82 196 107 13.4% 2.00[3.32,7.32 T
Catani 2004 81 17 20 76 19 20 30% 500[617,16.17)  —
Harato 2008 696 197 111 749 187 111 148% -530[10.35,-0.25) -
Kim 20089 (1) 80.2 197 250 837 196 250 31.9% -3.50[-6.94,-0.06] —
Matsumoto 2012 88.6 19.7 19 848 196 22 26% 3.80[-8.26,15.86) e
Roh 2012 838 16.6 42 846 136 44  92%  -080[-7.23,563] T
Straw 2003 (2) 69 19.7 66 737 196 101 102% -470[-10.80,1.40] T
Tanzer 2002 73 24 20 76 28 20 1.5% -3.00[19.16,13.16) —
Wang 2004 842 208 128 87 196 96 134%  -2.80[-8.13,253) e
Total (95% CI) 759 771 100.0% -2.36 [4.30,-0.41] ¢
Heterogeneity: Tau?= 0.00; Chi*= 7.80, df= 8 (P = 0.45); I*= 0% _250 »150 ) 150 240
Testfor overall effect Z=2.37 (P = 0.02) Favours sacrifice Favours retention
(1) Weighted average sd from reported sd's in studies
(2) Weighted average sd from reported sd's in studies

D Retention Sacrifice Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Clark 2001 228 354 59 185 329 69 08% 4.30[7.61,16.21] e e —
Harato 2008 104 134 111 85 123 111 10.0% 1.90 [-1.48,5.28] T
Roh 2012 159 86 42 17 107 44  6.8%  -1.10[5.19,62.99] T
Seon 2011 28.4 138 48 279 122 47 42% 0.50 [-4.74,5.74]
Yansheng 2013 (1) 10 19 19 93 19 19 78.2% 0.70 [-0.51,1.91]
Total (95% CI) 279 290 100.0%  0.72[-0.35,1.79]

Heterogeneity: Tau®= 0.00; Chi*=1.58, df=4 (P=0.81); F=0%

Testfor overall effect Z=1.32 (P = 0.19) -0 10 0 10 - 20

Favours sacrifice  Favours retention

Figure 2. Forest plots from meta-analysis. A. Knee flexion from all PCL-sacrificing and PCL-retaining
TKAs. Shows homogeneous results favoring PCL sacrifice with 2.1 degrees better flexion angle. B. Knee
flexion from PCL-retaining TKA design versus posterior-stabilized TKA design. Shows homogeneous
results favoring PCL sacrifice, with 2.8-degrees better flexion angle. C. Knee Society functional score from
all PCL-sacrificing and PCL retaining TKAs. Shows homogeneous results favoring PCL sacrifice, with
2.4 more points in mean difference. D. WOMAC score from all PCL-sacrificing and PCL-retaining TKAs.
Shows homogeneous results without any significant differences (0.78 points favoring PCL retention).
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and 75% in the PCL-sacrificing, posterior-stabilized group
(Rand et al. 2003, Abdel et al. 2011). However, other fac-
tors could influence these results, such as differences in TKA
design or in materials in PCL-retaining and -stabilizing com-
ponents (Engh 2011). A minimum dataset for cohort studies
has been advocated by the AQUILA consortium (Pijls et al.
2011).

Our study had several strengths. We used a sensitive search
in 8 relevant databases with no language limitations. We also
checked references and used citation tracking. Recently pub-
lished have meta-analyses found and included only between 8
and 12 articles as compared to our 21 (Luo et al. 2012, Bercik
et al. 2013, Li et al. 2014), while we excluded several RCTs
because of the follow-up being less than 1 year (Swanik et
al. 2004, Ishii et al. 2008, Nishizawa et al. 2013, Cankaya et
al. 2014). Since our study was performed according to the
Cochrane guidelines, an elaborate and systematic assessment
of quality of evidence and risk of bias was performed. In the
meta-analysis, we separately compared the subgroups PCL
sacrifice using a PCL-retaining design and PCL sacrifice using
a posterior-stabilized design against PCL retention.

One limitation was the lack of high-quality evidence in sev-
eral articles. Furthermore, we could not present information
on outcome measures such as patient experience and satisfac-
tion, gait analysis, micromotion of the components (by RSA),
and kinematic outcome measures such as antero-posterior sta-
bility and contact position. The importance of the predictive
value of RSA and survival in TKA has been analyzed exten-
sively (Nelissen et al. 2011, Pijls et al. 2012).

Future research on the question of PCL retention or sacrifice
in TKA should consist of RCTs that have identical follow-
up times, that include long(er)-term follow-up in their pro-
tocols, and that add outcome measures such as gait analysis,
patient experience, and patient satisfaction. In addition to this,
recently developed outcome measures such as the “forgotten
joint score” can be used (Behrend et al. 2012). To study long-
term TKA survival or complications, large observational stud-
ies are needed, focusing on retention or sacrifice of the PCL.
Moreover, reporting in future studies must be more complete
when describing study methods in order to reduce the likeli-
hood of bias, and authors should also mention important con-
founders regarding outcome such as preoperative ROM mea-
surements.

In conclusion, based on this systematic review and meta-
analysis of all currently published RCTs, there are no clini-
cally relevant differences between retention and sacrifice of
the PCL in terms of clinical, functional, and radiological out-
come.

Supplementary data

Table 1 is available at Acta’s website (www.actaorthop.org),
identification number 7534.
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