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ABSTRACT

Introduction: Total knee arthroplasty (TKA) is a common procedure performed especially in end-stage knee os-
teoarthritis (OA). Since the posterior cruciate ligament (PCL) may affect knee stability, it has been debated whether
the PCL needs to be preserved or sacrificed. This study aims to systematically analyze the clinical and functional
outcomes following TKA with PCL retaining (PCLR) and sacrificing (PCLS).

Methods: A systematic search was performed through online databases (PubMed, Google Scholar and Cochrane Li-
brary) based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline within
the searching period from 2011 to 2021. Studies involving patients undergoing total knee replacement with PCL
retaining or sacrificing method for knee OA with minimum follow-up of 12 months were included. Non-comparative
studies, animal studies and non-English studies were excluded. Review Manager (RevMan) Version 5.3 was used to
analyze mean difference (MD) and odds ratio (OR) with a 95% confidence interval (CI).

Results: There were 194 studies on the initial search, 72 duplicates were removed and the final remaining 7 stud-
ies were used for inclusion. Seven studies with a total of 3346 patients were included. There were 2220 patients
(66.35%) underwent TKA with PCL retaining method. Analyses revealed no significant difference in range of motion
(ROM), knee score, maximum flexion, the Western Ontario and McMaster Universities Arthritis Index (WOMAC),
and pain score between PCLR and PCLS with p-values 0f 0.10, 0.56, 0.42, 0.33 and 0.67, respectively. Only function
score, hospital for special surgery (HSS) score and flexion contracture showed significant differences with p-values
of 0.0002, 0.002 and 0.004, respectively. Further studies are needed.

Conclusion: Analysis between PCLR and PCLS showed no significant difference on the clinical or functional out-
comes except in postoperative function score, flexion contracture and HSS score. PCLR had significantly higher
function and HSS score with lower flexion contracture compared to PCLS.
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INTRODUCTION

Knee osteoarthritis (OA) has been the main indication
for total knee arthroplasty (TKA).! Knee OA with radio-
graphic classification of Kellgren-Lawrence grades 111
and IV are of the most common indication to perform
TKA.? The requirement for TKA has been predicted to
increase rapidly and significantly due to the increasing
prevalence of knee OA globally, to be approximately
1.26 million procedures within the next ten years.? It is
important to bear in mind that to correct knee deformi-
ty and to obtain a stable knee resulting in satisfactory
functional improvement are the main goals of TKA. Two
distinct methods are available to reach these purposes,
including the use of cruciate retaining (CR) technique
and posterior-stabilized technique, which is also known
as cruciate sacrificing (CS) technique.? It is important to
ensure stability following TKA procedure, since instabil-
ity may lead to devastating consequences requiring revi-
sion surgery. Posterior stability is achieved by retaining
the posterior cruciate ligament (PCLR). However, it can
also be reached by PCL-sacrificing (PCLS) method.®

Studies have reported several advantages of each proce-
dure. PCLR has been shown to provide inherent stability,
less load between bone and cement, better propriocep-
tion and kinematics, higher degree of bone preservation
and better stabilization of the implant. Meanwhile, easier
ligament balancing, conforming articulation, better knee
flexion, more predictable kinematics and reproducible
rollback, lower range of axial rotation and condylar
translation and less risk of PCL insufficiency are the su-
periorities of PCLS method. It is essential to thoroughly
evaluate the condition of PCL intraoperatively to deter-
mine which technique to perform. PCLR is contraindi-
cated in patients with PCL insufficiency and poor elastic-
ity, bone defects, or the need for augments.* The PCL is
usually released if there is anterior tibial translation of
90° in flexion with the presence of tight flexion gap.’

There have been numerous studies assessing the out-
comes of PCL retaining (PCLR) and PCL sacrificing
(PCLS) methods in which some have demonstrated that
PCLR resulted in less consistent success, while in some
meta-analyses better proprioception and kinematics were

Table 1. Population-Intervention-Comparison-Outcome, Table Describing Inclusion and Exclusion Criteria

Study Component

Inclusion

Exclusion

Population

Intervention and Comparison

Outcome

Publication

Study Design

* Patients with knee OA
* At least 12 months follow-up

» TKA with PCLR or PCLS method

« ROM

» Knee score
 Function score

« Flexion contracture
e Maximum flexion

* HSS score

* WOMAC

* Pain score

Studies published in English in peer-
reviewed journals

All study design except case reports and
review articles

* Animal studies

* Less than 12 months follow-up

* Patients with causes other than pri-
mary OA

* Other methods of treatment
 Studies with only one method of
treatment (non-comparative studies)

No outcome mentioned or different
outcomes

* Abstracts, editorials, letters

* Duplicate publications of the same
study that do not report on different
outcomes

* Meeting presentations or proceed-
ings

* Non-English studies

Case reports and review articles
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observed in PCLR method.® Due to scarcity of literature
comparing the two methods, this study was aimed to pro-
vide an objective comparison between the two methods
in the form of meta-analysis. This study focused mainly
on postoperative outcome measures, including postop-
erative clinical and functional outcomes.

METHODS

This is a meta-analysis of relevant studies comparing be-
tween PCL retaining and PCL sacrificing in total knee
replacement. A thorough and systematic search was con-
ducted within the searching period from 2011 to 2021
to obtain and identify relevant studies through several
online databases, including PubMed, Google Scholar
and Cochrane Library, based on the Preferred Report-

Identification of studies via databases and registers

| [Records identified from: Records removed before
| |Databases (n = 194) > |screening:
S Duplicate records
b= removed
= (n=72)
b= Records removed for
S other reasons: irrelevant
= type of studies
|| (n=39)
- \
Records screened ecords excluded (by aj
(n = 83) " |human)
(n=152)
o \
S| [Reports sought for re- Reports not retrieved
§ trieval >0 =19)
5| [(m=31)
o)
\
Reports assessed for eli-
gibility Reports excluded:(n=5)
| | [(m=12)
o | Y
(S| [Studies included in re-
% view
= =7

Figure 1. Flow chart for article selection process

ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline (Figure 1). The keywords utilized
were “Total knee replacement” AND “PCL Retaining”
AND “PCL Sacrificing” AND “Outcome”.

The obtained articles following the search were then
manually scanned and reviewed by the authors according

to PICO method to determine the inclusion and exclusion
criteria (Table 1). Studies involving patients undergoing
total knee replacement with PCL retaining or sacrific-
ing method for knee OA with minimum follow-up of 12
months were included. Non-comparative studies, animal
studies and non-English studies were excluded.

Data extraction was performed for basic characteristics
and outcomes. Review Manager (RevMan) [Computer
program, Version 5.3. Copenhagen: The Nordic Co-
chrane Centre, the Cochrane Collaboration, 2014] was
used to analyze mean difference (MD) and odds ratio
(OR) with a 95% confidence interval (CI). Fixed ef-
fect model was used when the heterogeneity was <50%,
whereas random effect model was used when the hetero-
geneity was >50%.

Abbreviations: PICO, Population-Intervention-Compar-
1son-Outcome. OA, osteoarthritis. TKA, total knee ar-
throplasty. PCLR, posterior cruciate ligament retaining.
PCLS, posterior cruciate ligament sacrificing. ROM,
range of motion. HSS, hospital for special surgery.
WOMAC, the Western Ontario and McMaster Universi-
ties Arthritis Index (WOMAC).

RESULTS

After an initial search of 194 studies, 72 duplicates were
removed, and eventually there were remaining 7 studies
used for inclusion. Seven studies with a total of 3346 pa-
tients were included. Out of the seven studies, only one
study was a randomized controlled trial (RCT) (Level I
evidence), whereas three were prospective cohort studies
(Level II evidence) and the rest three other studies were
retrospective cohort studies (Level 11l evidence) (Table
2.). Approximately 2220 patients (66.35%) underwent
TKA with PCL retaining method. There was a female
predominance (61.98%) in subjects involved.

An analysis on ROM was made from five studies with a
total sample of 687 patients. Calculation showed a mean
ROM of 118.21° for PCLS group and 120.31° for PCLR
group. Figure 2 shows, however, no significant differ-
ence in terms of postoperative ROM between the two
groups (Heterogeneity, 1> = 67%; WMD -2.56; 95%CI.-
5.57 - 0.45; p=0.10).

As for analysis of knee score, four studies were included,
comprised of a total sample of 2864 patients. In PCLS
group, the mean knee score was 91.03 while in PCLR
mean knee score was 91.98. Analysis showed no signif-
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Table 2. Studies included in the analysis

No Authors Study design No of Mean age Publication Journal
(Level of evidence) Knees (range) Year
(years)
. Cohort prospective Knee Surg Sports
1  Ishiietal. 108 71 74 2011
shiteta (Level II) Traumatol Arthrosc
Cohort retrospec- 67.5 65.8 £ The Journal of Ar-
2 Bacetal. . 137 2011
acctd tive (Level III) +4.6 9.0 throplasty
Randomized con-
3 Rohetal trolled triil (Level 90 69.8 & 710+ 2012 Knee Surg Sports
' 1 4.7 4.9 Traumatol Arthrosc
. Cohort prospective BONE & JOINT
4  Ritter et al. 105 66.8 67.2 2012
Heretal (Level ) RESEARCH
. Acta Orth di
. Cohort prospective 69.7 + 68.2 £ o opaccica
5 Unkar et al. 112 2017 et Traumatologica
(Level II) 5.9 6.8 .
Turcica
. Cohort retrospec- 69.6 = 68.3 £ .
6 Kimetal. . 253 2021 Scientific Reports
tive (Level IIT) 7.1 7.2 p
64.8 +
Cohort retrospec- 67.63+ .
7  Saleh et al. . 13.18 2021 Hip Knee J. 1
e etal  ive (Level 1) ; 8.416 'p finee Journa
LS POIR M Diterence Mean Diefence p=0.0002) (Figure 4).
Study of Subgroup  Mean  SD Tolal Mean 5D Tolal Weight IV, Random, 85% CI IV, Random, 85% CI )
Bae 2011 166 126 80 121 14 59 192% B60H25,42] PoLs PO Wetn Ooreice Mot Dieroca
Ishif 2011 325 478 & 11625 545 57 200% -300R475124 - Studyor Subgroup  Mean S0 Total Mean S0 Total Weight IV, Fixed, 955 C1 IV, Fixed, 5% C1
¥im 2021 1205 148 87 1301 174 143 197% -1601682,262) —T Bae 2011 834100 60 875 73 53 186% -AI0FT26084) I
Roh 2012 123118 143 21 42 188%  -130F677,317] —_— Kim 2021 AT BT BRATE 143 AT -3ADfRAT M) .
Saleh 2071 10669 133 120 10271 1476 M 132%  38BL238103) —_ Bl 2013 AN TT 80 101 1046 501% 2704447003 -
S——— 0 5 10008 2561557045 <> I?nh 02 BB 136 44 BIB1BE 42 45% DA0FSE3TNY e p—
Helerogenely Tau?= .30, Cht= 105, df= 4 P 0.02) = 67% +—+ + Unkar 2017 BOT8 AT RO 01k DSR 80 1
Testoroverelft 2= 167 (P=041) Faurs POLR) Favours PCLS] Tota (355 ) 955 A 1000 258[384, 422 &
Figure 2. Forest plot for range of motion (ROM) Heterogenety Chi"= 391, 8f= 4 = 041 F= 0% ST T

PCLS PCLR Mean Difference Mean Difference
Study or Subgroup  Mean 5D Total Mean S0 Total Weight IV,Random, 95%Cl IV, Random, 45% CI
Bae 2011 BB9 61 B0 41 32 5 262% 52065349 -
Riter 2012 BOT 103 M7 889 9186 207%  080[006158) *
Rah 2012 BE 75 M 05T B4 42 133% 1I0RAD41RY) —r
Unkar 2017 908 41 47 82103 48 8% 1T0HALE T
Total (955 C1) 68 1996 1000% 1.01[441,238] *’
Heterogenely Tau'= 1063, ChP= 38 43, f= 3P <0.00001); = 92% — 5 t

Bl E i
Tasttor ol et 7= 058 = 059) ¢ BV'UU':WCLRJ Faus LS !

Figure 3. Forest plot for knee score

icant difference in knee score between the two groups
(Figure 3) (I = 92%; WMD -1.01; 95%CI, -4.41 — 2.38;
p=0.56).

Five studies were included in the analysis of function
score, involving a total number of 3094 patients. Mean
function score in PCLS group was 82.74 whereas in
PCLR group was 84.54. Analysis showed significantly
higher function score in PCLR group compared to PCLS
group (I*> = 0%; WMD -2.58; 95%CI, -3.94 — -1.22;

Tosfor ol e =371 =010 B T

Figure 4. Forest plot for function score

PCLS PCLR Mean Difference Mean Diflerence
Studyor Subgroup  Mean SO Total Mean SD Tolal Weight IV, Fixed, 95%CI IV, Fixed, 95% CI
Bae 2011 1900 80 0518 69 T25% 140(049,23) &+
Rah 2012 WY oM 1B 39 4 1% 080068 228 T
Total (355 €1 104 101 1000% 1.23[046, 201] :
Heerogeneity ChF= 048, dr= 1 (P = 050),F= 0% w‘ !2 ﬁ i

Tedr vl et L= 31317 =0002) Fanis POLS) Faots PO
Figure 5. Forest plot for flexion contracture

Only two studies evaluated flexion contracture as out-
come following TKA with PCLR or PCLS method. Cal-
culation was performed from a total of 205 samples, re-
vealing a mean flexion contracture of 2.15 in PCLS group
and 1.05 in PCLR group. Analysis showed a significantly
higher flexion contracture in PCLR group compared to
PCLS group (I> = 0%; WMD 1.23; 95%CI, 0.46 — 2.01;
p=0.002) (Figure 5).

Maximum flexion was evaluated in four studies. A to-
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tal of 2853 patients were included. The mean maximum
flexion in PCLS group was 120.1° and 118.04° in PCLR
group. As depicted in Figure 6, analysis showed no statis-
tically significant difference in terms of maximum flex-
ion between PCLR and PCLS group (I* = 97%; WMD
2.15; 95%CI, -3.06 — 7.36; p=0.42).

PCLS PCLR Mean Difference Mean Difference

Study or Subgroup  Mean SO Total Mean 8D Total Weight [V, Random, 85% CI IV, Random, 95% CI
Ishil 2011 NG5 5 51 11875 328 &7 256% 125386064 -+

Rilfer 2012 92107 17 1122 13 1846 261%  700(5.06,7 34| *
Roh 2012 155 100 & 187 70 41 B 120p450,250

Unkar 2017 192 &1 47 145 53 48 281%  A70[260,850] -
Tolal {95% CI) 859 1994 100.0%  295[.3.06,7.36]

05 0§
Favours [PCLR] Favours (PCLS]

Hetgrogeneity Tau"= 26.00, Chi*= 103.53,df= 3 (P < 000001, P= 87%
Test for overall efect Z= 081 (P = 042)

Figure 6. Forest plot for maximum flexion

We estimated HSS score from three studies, comprised
of 424 patients. The mean HSS score in PCLS group was
90.07 and 90.9 in PCLR group. Analysis revealed a sig-
nificantly higher HSS score in PCLR group compared
to PCLS group (I* = 9%; WMD -1.52; 95%CI, -2.55 —
-0.49; p=0.004) (Figure 7).

PCLS PCLR Mean Ditference Mean Difference

Siudyor Subgroup  Mean S Total Mean SD Total Weight IV, Fxed, 05%CI IV, Fixed, 95% CI
Ishi 2011 W48 11§ 720% -2000320,-07

Kim 201 897 94 BT BA7 131 143 120% 000p29, 2% e
Roh 2012 905 T4 44 0 45 47 160% -D5DF308,209 —
Total (95% CI) 182 242 1000% 152(255,0.49) L
Helerogenglly Ch'= 221, ¢f = 2 (= 0.33) F= 0% 10 f

Tosor vl et 22 269 P = 0004 o PO P LS

Figure 7. Forest plot for HSS score

WOMAC score was assessed in two studies involving
316 patients. A mean WOMAC score of 14.51 and 13.3
were observed in PCLS and PCLR group, respectively.
Figure 8 shows no significantly different mean between
the two groups (I> = 0%; WMD 1.24; 95%CI, -1.28 —
3.76; p=0.33).

PCLY PCLR Mean Difference Mean Difference
Study or Subgroup  Mean 50 Total Mean 8D Total Weight IV, Fixed, 95%CI IV, Fixid, 95% C1
Kim 2021 1203 118 87 107123 143 621% 1330187453
Roh 2012 17107 44 159 86 41 379% 110(299.519
Total (§5% C1) k| 185 100.0% 1.24]-1.28, 376

TR
Favgurs [PCLS] Favours [PCLR]

Hetaragenaty. Chi"= 0.0, df=1 (P= 0.93), = 0%
Testforoverall eflect Z= 097 (P=0.33)

Figure 8. Forest plot for WOMAC score

Calculation and analysis of two studies with a total of
2793 patients assessing pain score revealed a mean pain
score of 45.2 and 45.4 in PCLS and PCLR group, re-
spectively. Analysis showed no significant difference in
pain score between the two groups (I> = 0%; WMD 0.14;
95%Cl, -0.52 — 0.80; p=0.67).

PCLS PCLR Mean Difference Mean Difference
Study o Subgroup  Mean SD Total Mean SD Tolal Weight IV, Fixed, 85%CI IV, Fixed, 5% CI
Kim 2011 45189 B 457 94 143 T3% -DEORI0Z1AY
Rifter 2012 453 82 717 451 71 1846 927% 020F048, 088
Total (35% CI) B4 1089 100.0% 0.44[0.52,0.80)
Heferogenelty Chi*= 0.39, =1 (P = 0.53); = 0% ; l} ) % ?‘

Testfor averall effect 2= 042 (P = 067) . Fa‘.‘nur-s IPCLR] Favours [PCLY]

Figure 9. Forest plot for pain score
DISCUSSION

Total knee arthroplasty (TKA) has become the most com-
mon treatment for knee osteoarthritis (OA), especially
the at the end-stage ones. The increasing prevalence of
knee OA, especially due to aging population, has result-
ed in a significant increase in the rate of TKA."® TKA
is performed by resecting the defected articular knee
surface and placing a prosthetic implant. The posterior
cruciate ligament (PCL) may be removed or retained,
depending on the type of implant used.” The role of PCL
is, however, still debatable since some argued that it in-
creases proprioception, stability, mechanical properties
of the quadriceps and femoral rollback. This results in
reduced excessive wear of the polyethylene along with
loosening due to decreased stress on the joint surfaces.
The ligament can also be completely removed, this has
been believed to simplify the correction of fixed deformi-
ties.®

Postoperative functional outcome in TKA includes post-
operative range of motion (ROM). Knee ROM is impor-
tant for a patient to be able to perform daily activities.
In this study, we analyzed postoperative ROM from
five studies and found no significant difference between
PCLR and PCLS. Bae et al., observed a statistically sig-
nificant difference in postoperative ROM between PCLR
and PCLS. However, the increased amount of ROM was
not significant between the two groups.’ On the contrary,
Ishii et al., also concluded that postoperative ROM had
no significant difference at any time point during the
follow-up period.”® Similarly, in a study by Kim et al.,
postoperative ROM at final follow-up at 1 year following
the surgery did not show any significant difference be-
tween PCLR and PCLS.!" There was also no significant
difference in the postoperative ROM between PCLR and
PCLS according to Roh et al."?

Knee score was found to be not significant among the
PCLR and PCLS group and this was in accordance with
the results from previous studies.®!'>!* Bae et al., how-
ever, observed a significantly higher postoperative knee
score in PCLR group compared to PCLS group (94.1 £
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3.2vs 88.9+6.1, p<0.001). But this difference turned out
to be insignificant when the improvement of knee score
between the two groups were compared (33.3 + 5.8 in
PCLR and 30.5 + 11.8 in PCLS, p=0.108).° Knee score
is an essential postoperative assessment for evaluating
patient’s ability to perform basic daily tasks, including
walking, stair climbing, and it also assesses the necessity
for walking aids, pain, ROM and stability."*

On the contrary to the knee score, the mean function score
according to our meta-analysis on five studies showed a
significant difference. The function score being higher
in PCLR group compared to PCLS group (p=0.0002).
Function score was used to evaluate the pain and the
function of the knee and similar to the knee score, this
also included the measurement of ROM. Interestingly,
however, when each study was individually assessed,
it was observed that postoperative function score was
statistically not significant between PCLR and PCLS in
each included study.*'"!* This might result from a great-
er summed sample size included in the analysis.

Flexion contracture was significantly higher in PCLS
compared to PCLR according to the data obtained from
two studies (p=0.002). In accordance with this, Bae et
al., reported higher flexion contracture in PCLS (1.9 +
3.1 degrees vs 0.5 + 1.8 degrees; p=0.001).° On the other
hand, Roh reported that the difference in flexion contrac-
ture between the two groups was not significant.'> Never-
theless, maximum flexion was not significantly different
between PCLR and PCLS postoperatively. Out of four
studies included in the analysis for maximum flexion,
only one study reported a significantly higher maximum
flexion in PCLS group.®!%12:13

Our analysis on HSS score showed a significant differ-
ence in postoperative HSS score, with it being higher
in PCLR group. In contrast to our result, previous study
concluded that postoperative HSS score was not differ-
ent between the two groups. However, it was estimated
that in longer term PCLR may result in worse clinical
outcome due to ongoing degenerative changes of the
PCL, contributing to worsening of clinical outcomes.'*?
WOMAC score also showed no significant difference in
our study, similar to previously reported results.!!2

Pain, as one of the most commonly reported symptoms
of OA, may significantly affect patient’s quality of life
since it limits their ability to perform daily activities
and they may depend on pain-relieving medication on a
daily basis to lessen the pain. Following the surgery, the

patient may not be completely free of pain, but surgery
aids in overall improvement, including much less pain.
However, according to our meta-analysis, postoperative
pain score did not significantly differ between PCLR and
PCLS. This finding was similarly observed in previous
studies.®!"

Like any medical procedure, TKA with either PCLR or
PCLS technique is also at risk of complications, intra- or
post-operatively. Frequently reported complications in-
clude infection, periprosthetic femoral fracture, peripros-
thetic patellar fracture, instability, and aseptic loosening.
Previous studies reported that postoperative complica-
tions between the two groups were not significantly dif-
ferent.>!"13

Our study included a sufficiently large number of sub-
jects to conduct adequate analysis on the outcome fol-
lowing TKA with PCLR and PCLS technique. Neverthe-
less, we only included one RCT study, having the highest
level of evidence, while the rest included were of those
with lower level of evidence. Further investigations us-
ing multiple studies with better study designs are neces-
sary for evaluating outcomes following TKA with PCLR
and PCLS technique. The limitation of this research is
that only a small number of variables studied, thus the
data coverage is not yet broad and deep.

CONCLUSION

In general, analysis between PCLR and PCLS showed
no significant difference on the clinical or functional
outcomes except in postoperative function score, flex-
ion contracture and HSS score. PCLR had significantly
higher function and HSS scores with lower flexion con-
tracture compared to PCLS. Further research involving
studies with better study designs is necessary to aid sur-
geons in determining whether to retain or sacrifice the
PCL in TKA.
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