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ABSTRACT

Background: Surgical outcomes following isolated posterior cruciate ligament reconstruction (PCLR) have been
noted to be less satisfactory than the anterior cruciate ligament. Limited understanding of optimal rehabilitation has
been implicated as a contributing factor.

Hypothesis/Purpose: The purpose of this review was to gather the literature related to isolated PCLR rehabilitation,
extract and summarize current rehabilitation guidelines, identify timeframes and functional measurements associ-
ated with common rehabilitation topics and provide recommendations for future research.

Study Design: Literature review.

Methods: A literature review was performed for scientific publications that include a detailed rehabilitation program
following isolated PCLR, published between January 2005 and March 2018. Data related to weight-bearing, knee range
of motion (ROM), brace usage, specific exercise recommendations and suggestions for return to running and sport
activities were extracted and categorized.

Results: A total of 44 articles met inclusion criteria. Post-operative weight-bearing was discussed in 35 articles with
recommendations ranging from no restriction to 12 weeks of limitations. Forty-two articles recommended the use of
immediate post-operative bracing, the majority of which positioned the knee in full extension, with duration of use
ranging from one to 12 weeks post-operatively. Although 30 articles offered detailed descriptions of ROM activity,
there was significant variability in timing of initiation, angular excursion and progression of range of motion. Sug-
gested timeframes for returning to sports activity ranged from four to 12 months, with only four articles providing
specific objective strength or functional performance criteria necessary for progression.

Conclusions: There is substantial variation in nearly all aspects of published descriptors of rehabilitation following
isolated PCLR. Most protocols are based upon biomechanical principles and clinical expertise, relying solely on time-
frame from surgery to support rehabilitation decision making. Evidence to compare patient outcomes with specific
loading, ROM progression and exercise strategies is currently lacking. Only a small number of protocols incorporate
the use of specific objective performance goals to facilitate return to sport decision making.
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INTRODUCTION

The posterior cruciate ligament (PCL) functions as
the primary restraint against posterior tibial trans-
lation at the knee.! PCL injuries typically involve
high energy trauma to the anterior proximal tibia,
with motor vehicle accidents (dashboard injury) and
sports related trauma accounting for the majority
of injuries.!® The incidence of acute PCL injuries
has been reported as 1-44% of acute knee injuries,
however, isolated PCL tears without additional knee
ligament injury are less common.* Several authors
have reported good outcomes with conservative (i.e.
non-operative) management in cases with grade I or
IT isolated PCL injuries.® However, surgical manage-
ment may be indicated for patients with acute grade
11T PCL injuries, with continued knee pain or insta-
bility despite conservative treatment.®’” Although
PCL injuries rarely occur in isolation,®® they occur
most often in athletes from a fall on a hyper-flexed
knee during sports activity.>'°

Outcomes following PCL reconstruction (PCLR) are
inconsistent in terms of restoring normal knee func-
tion and kinematics.” This may be related to a lower
frequency of PCL surgeries, the complex anatomy
of the bundles comprising the PCL, and disagree-
ment on the ideal method of surgical reconstruction
technique.”'"'? However, post-operative rehabilita-
tion may also play a fundamental role in outcomes
following PCLR.'*' Effective post-operative reha-
bilitation is essential for optimizing graft healing,
obtaining a functionally stable knee, encouraging
safe recovery of athletic activity, and minimizing
the risk of re-injury.'*'® Quadriceps and hamstring
strength deficits have been identified at two years
post-PCLR which can limit optimal graft protection
and sport performance.'” There are several aspects
of rehabilitation that are commonly discussed in
the literature, including the use of early post-opera-
tive bracing, weight-bearing status, range of motion
(ROM) restrictions, timing of initiation of hamstring
exercise, and criteria for return to running and sports
activities.>'®®* However, timeframes for implement-
ing these rehabilitation factors are reported with
high variability, and there is currently no consensus
regarding an optimal rehabilitation program.>!19

The first step in addressing these issues is to fully
understand the collection of published post-operative

PCLR rehabilitation guidelines in the literature.
Therefore, the purpose of this review was to gather
the literature related to isolated PCLR rehabilitation,
extract and summarize current rehabilitation guide-
lines, identify timeframes and functional measure-
ments associated with common rehabilitation topics
and provide recommendations for future research.

METHODS

Search Strategy

A comprehensive search of PubMed, Embase and
Cochrane internet databases was performed in order
to identify relevant articles. The combination of
search terms utilized were “posterior cruciate liga-
ment reconstruction” OR “PCL” AND “rehabilitation”
OR “physical therapy”. Due to the evolving strategies
for PCL reconstruction surgical techniques and the
impact this may have on rehabilitation strategies,
this search was limited to articles published from
January 2005 to March 2018. All identified refer-
ences were exported to EndNote reference man-
agement software (Version X7; Thompson Reuters
Corporation, New York, NY).

STUDY SELECTION

Following removal of duplicate citations, titles
and abstracts were screened by two independent
reviewers (M.S. and E.G.) for relevance and full-text
analysis. Thereafter, full text articles were assessed
for eligibility by the same team of reviewers using
predetermined eligibility criteria. Eligible articles
included information on isolated PCLR only. Stud-
ies with multi-ligament or other concomitant surgi-
cal procedures were excluded. Selected articles had
to specifically outline post-operative rehabilitation
guidelines within human subjects and had to be in
English language. This literature review is inclusive
of studies from Level V to Level I (case reports, case-
control designs, cohort studies, prospective studies
and randomized controlled trials). Previous litera-
ture and systematic review articles were excluded.

ASSESSMENT OF STUDY QUALITY/RISK OF
BIAS IN INDIVIDUAL STUDIES

Studies were classified according to Oxford Cen-
tre for Evidence Based Medicine (CEBM) Levels of
evidence. A formal assessment of risk of bias was
not performed as the information extracted for this
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review was unrelated to the type of study design or
each study’s reported results. Thus, for the purposes
of this review paper, all extracted data is of equal
relevance, irrespective of study quality.

DATA EXTRACTION

Data extraction was performed by M.S. and E.G.
and was agreed on by consensus. Any data related
to study design, subject characteristics (age, sex),
surgical technique including graft choice, details of
rehabilitation including weight-bearing status, use of
post-operative brace or other immobilization, knee
range of motion guidelines, specific strengthening
exercise instructions with particular attention to the
initiation of hamstring specific strengthening exer-
cises, and criterion for advancement through return
to advanced rehabilitation and sports activities was
extracted and is outlined in Table 1.

DATA ANALYSIS
Data related to the purpose of this review was tabu-
lated and reported only using frequency distribution.

RESULTS

The search strategy retrieved a total of 378 studies.
After screening 54 full-text articles for eligibility, 44
were included in the review. (Figure 1).

STUDY QUALITY/TYPE

The included studies were classified by level of
evidence based on the Oxford Centre for Evidence-
based Medicine - Levels of Evidence (I-V). Of the
44 studies, there were 2 level II studies, 10 level III
studies, 17 level IV studies and 15 level V studies.
There were no studies identified that specifically
evaluated differences between rehabilitation tech-
niques after PCLR.

WEIGHT-BEARING PRECAUTIONS

There were 35 (80%) articles that discussed a spe-
cific weight-bearing progression, with all studies
recommending a progression based on timeframe
following surgery.5!6172%%0  Recommendations for
non-weight-bearing (NWB) immediately after sur-
gery was included in 12 articles, with duration
ranging from two to eight weeks post-operativ
ely 01624-283236444551  Foyur  studies recommended
toe-touch weight-bearing (TTWB) status initially,

ranging from 10 days to six weeks.!”?3%4? Fourteen
studies recommended immediate partial or pro-
gressive weight-bearing (PWB, ranging from 20-80%
full Weight_bearing)ZO,ZE)»Sl,33,34,37,38,40,41,48—50,52 and SiX
studies suggested full weight-bearing or weight-
bearing as tolerated (FWB) immediately following
surgery.?2?335434647 For studies utilizing restricted
weight-bearing status following surgery, only two
gave specific details regarding the timeframe for
progression to FWB, which ranged from 10 days to
12 weeks .*>* (Figure 2).

POST-OPERATIVE BRACING

There were 42 articles (95%) that discussed the use
of immediate post-operative bracing.5161720:31,33:59
Thirty of these articles recommended maintain-
ing the knee in full extension while also providing
specific timeframes for weaning or discontinuing
use Of the ‘brace.16,21—30,34,36—39,41,42,44,46,48,49,51—53,55759 Flfteen
of these articles recommended unlocking the brace
prior to discharging the patient from the brace,'¢**
28,30,36,37,4446,52.55,56 wwhile the other fifteen did not spec-
1fy ul’ﬂOCkll’lg the brace.21,22,29,34,38,39,41,42,48,49,51,53,57-59 Of
the studies recommending unlocking the brace, only
four provided specific ranges (degrees) for wear-
ing the brace, which initially ranged from 30-90°
between one and four weeks post-operatively.3%525556
The timeframe to discontinue brace usage after
being locked in extension varied from 1 to 8 weeks
post-operatively. 51535859 Additionally, one study
recommended unlocking the brace at 12 weeks,
but was not specific with timeframe for removing
the brace.® Other studies discontinued the brace
between six and 12 weeks after the brace was unlo
cked.!6:2428,303637.445256 Details regarding specific time
periods or knee position for brace usage were missing
from eight articles.!”2033354047.505¢ One author allowed
for immediate unrestricted knee motion up to 90°
flexion within a brace* while another recommended
locking the knee in 15° of flexion for a period of eight
weeks after surgery.*® While most articles described
the use of a simple hinged knee brace, two studies®*
recommended a PCL specific brace.

RANGE OF MOTION

Thirty-five articles (80%) discussed ROM recom-
mel’ldations fOHOWll’lg PCLR'6,16,]7,2]»3],34,36-39,41-43,45-47,49»
5355565860 Four studies recommended passive ROM
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Table 1. Summary of Included Studies’ Recommendations on Rehabilitation Milestones and Timeframes

following PCL Reconstruction.

Levelof | Weight Range of Running, Return t
evel 0 eight- ange o . acili eturn to
Author, year Evidence* bearing Brace Motion Hamstring l_(;gm_ettxrzics Sport
PWB
S, Long leg cast x 6
Accadbled F et initially; = )
al., 2013 v FWB by 9 wk; hinged knee Run: 6 mo 9 mo
brace x 6 wk
wk
Adler GC. 2013 v Extension brace x | Delayed; > 1
1 wk wk
Early,
Bovid KM et limited and
al., 2013 v protected 9-12mo
ROM
TTWB x 2 Agility: 5 mo;
Cavanaugh JT, wk; PWB x | Extension brace x | Immediate; . o >
2013 \% 4 wk: FWB 6wk 0-90° 6 wk (active) I;lin '44m01=, 24 wk§
by 7 wk yo- 4 mo
NWBx 6 PCL brace (Jack . Agility: 6 mo;
Immediate;
Chahla J, 2016 v wk; FWB by | brace or Rebound 0-90° Run: 6 mo#;
7 wk brace) x 6 mot ) Plyo: 6 mo
Chen & Gao Extension brace x | Delayed; > 5 .
2009 v WBAT 4wk Wk Run: 4 mo
Chuang TY et Extension brace x | Delayed; >4
al, 2011 v WBAT | 12wk, unlocked wk 9 mo
. "Fixed" brace x 2
Deie Metal, it wk, PCL brace Run: 6 mo 10-12 mo
2015 .
until 6 mo
Eguchi A et al., NWB x 3 Extension brace x | Delayed; > 1 .
2014 v wk; PWB 1 wk wk Run: 4 mo
NWB x 6 Extension brace x
Fanelli GC et wk; PWB x . Delayed; >3
al., 2007 A\ 3 wk: FWB 4 wk; Lénlokcked 4- wk 9-12 mo
by 10 wk w
NWBx 5 Extension brace x
Fanelli GC et wk; PWB x 5 wk; unlocked, Delayed; > 6 S
al., 2009 v 4wk;FWB | d/cbrace at 10 wk Agility: 25wk | 37wk
by 10 wk wk; PCL brace
NWB x 5
Fanelli GC et v wk; PWB x | Extesnion brace x | Delayed; >4 | 6 mo (resisted 6 mo
al., 2010 4 wk; FWB 3 wk; unlocked wk OKC)
by 10 wk
NWB x 5 Extension brace x
Fanelli GC et wk; PWB x Delayed; > 5
\% 5 wk, d/c brace at 9 mo
al, 2010 4 wk; FWB wk
10 wk; PCL brace
by 10 wk
NWE x 3 Extension brace
Fanelli GC et v wk; PWB x 3):vk d/c brace a); Delayed; >3 9 mo
al, 2015 2 wk; FWB ? wk
10 wk
by 6 wk
NWB x 6
Fanelli GC, v wk; PWB x | Extension brace x | Delayed; >4 | 6 mo (resisted 6
2008 3wk; FWB | 3 wk; unlocked wk OKC) mo
x 10 wk
NWB x 2
GarofaloR et days; PWB . Delayed; >3 | 3 mo (resisted
L 2006 v X 5 wk; Extension x 3 wk d OKC) 9 mo
b FWB by 8 ays
wk

The International Journal of Sports Physical Therapy

| Volume 13, Number 4 | August 2018 | Page 740




Table 1. Summary of Included Studies’ Recommendations on Rehabilitation Milestones and Timeframes

following PCL Reconstruction. (continued)

Levelof | Weight Range of Running, Return t
evel 0 eight- ange o . acili eturn to
Author, year Evidence* bearing Brace Motion Hamstring I _Ogm_et,tv;,i cs Sport
Extension brace x
PWBx 5 2 wk; unlocked, Immediate:
Gill et al., 2012 v wk; FWB by d/c brace at 6; assive ? 18 wk
6 wk functional brace P
at 12
Giombini et al., PWB x4 Extension brace x | Delayed; >4 « 1.2 wk Ag111'ty: 7 m(.);
\% wk; FWB by ) (“actively put Run: 5 mo#; 8 mo§
2007 2 wk; unlocked days »
5wk to work™) Plyo: 7 mo
TTWB x 6 Immediate,
Goudie et al wk; PWB x . auto-assisted
2010 v 3 wk: FWB Extension brace ROM 3-9mo
by 10 wk exercise
PWBx 7 Brace locked in )
Hermans et al v wk: FWB by | 15 flexionx 4 | Delaved: =4 9 mo§
2009 wk
8 wk wk
NWB x 2 General: 3 mo;
Huang et al v wk; PWB x t'.t' . 4’
2010 3 wk; FWB compe e
by 6 wk
PWBx 5 . .
Johnson, D v wk: FWB by l_ixtens1f)1.1 sp.lmt 12 mo
2009 immobilization
6 wk
PWBx 6 Extension brace x Delaved: > 2
Kim et al 2009 it wk; FWB by | 2 wk; PCL brace yeds 6 mo
wk
7 wk x 6 wk
Lee & Jung .
2013 A% WBAT Extension brace
NWB x 6 Extension brace x
. wk; PWB x Immediate; 6 mo (light),
Lietal 2015 v 5 wk: FWB 4 wk, d/c brace at 0-90° 6 mo 9 mo (full)
12 wk
by 12 wk
PWBx7 Extension brace x Passive in
Lim et al 2010 111 wk; FWB by 4 mo 9 mo
6 wk prone
8 wk
PWBx 6 Extension brace x Immediate:
Lim et al 2015 111 wk; FWB by | 6 wk, d/c brace at . 12 wk Run: 12 wk 9 mo
0-90
7 wk 12 wk
TTWB x 4 "Early post-
MacGillivray m wk; PWB x | Extension brace x operative 9 mo
JD et al., 2006 2 wk; FWB 4 wk period": 0-
by 7 wk 90° (passive)
Mar ¢ al PWBx 2
aruyama et a I wk; FWB by | Extension brace Run: 6 mo 8 mo
2012
3 wk
PWB x 4 . .
Marx et al 2009 v wk; FWB by Extension brace x | Delayed; >4 4 mo Run: 6 mo 9 mo
4 wk wk
5wk
Immediate;
Extension brace x 0-90°
Puh et al 2014 v 4 wk; unlocked (passive in
prone)
TTWBx 1
Quelard et al wk; PWB x | Extension brace x | Immediate; | 6 mo (resisted .
2010 v 1 wk; FWB 45 days 0-90° OKC) Run: 90 days § mo
by 3 wk
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Table 1. Summary of Included Studies’ Recommendations on Rehabilitation Milestones and Timeframes

following PCL Reconstruction. (continued)

Levelof | Weight Range of Running, Return t
evel 0 eight- ange o . acili eturn to
Author, year Evidence* bearing Brace Motion Hamstring l_(;gm_et.tv?ics Sport
Ranalletta et al Brace unlocked to | Immediate; Agility: 7 mo;

2010 v WBAT 90° 0-90° Run: 5 mo 9 mo

NWB x 7 Extension brace x
Seon JK et al., wk; PWB x .
2006 it 4 wk: FWB 4 wl;ts,lg/iv l:l)(race Run: 6 mo
by 12 wk
L NWB x 6 .
Spiridonov et al ) Jack PCL brace x | Immediate; .
2011 v wk; FWB by 6 mot 0-90° Run: 6 mo# 9 mo
7 wk
Stannard & Extension brace x | Immediate, .
McKean 2009 1 WBAT 1 wk; unlocked no restriction Run: 6 mo 6 mo
Taylor & Miller \% WBAT Extension brace Begun in Discouraged Run: 4 mo 6 mo
2009 prone
. Medium
Extension brace x . : . .
Tornese et al Immediate; impact: 8 mo;
2008 I 1 wk; unlocked, 0-90° High impact: 9
d/c brace at 6 wk & pact:
mo§
PWBx 6 .
Wong et al I wk: FWB by Extension brace x 6wk 6-12 mo
2009 4 wk
7 wk
PWB x 6 . o .
Wit et al 2007 v wk; FWB by Extension brace x Immedlflte, 6wk 6 mo (light),
1 wk 0-90 9 mo (full)
7 wk
LARS -
PWB x 4 LARS: RTS: 2
wk; FWB by .
Delayed, mo (light), 4
5wk; HTG . .
Xit et al 2014 m NWB x 2 Protective brace x LARS>1 mo (full);
8 wk wk; HTG > 3 HTG: RTS: 4
wk, PWB . .
wk (0-90°) mo (light), 10
weeks x 7 mo (full)
wk; FWB by
10 wk
Zayni et al Extension brace x .
2011 I 45 days 6 mo Run: 150 days 7 mo
Zhao & Extension brace x | Delayed, >3 .
Huangfu, 2007 v 2 mo wk (0-120%) Run: 3 mo
Zhao et al, Extension brace x | Delayed, >3 )

2008 v 2 mo wk (0-120°) Run: 3 mo 12 mo
Abbreviations: wk, week(s); mo, month(s); NWB, Non-weight-bearing; PWB, TTWB, toe touch weight-bearing; partial weight-bearing
(20-80% full weight-bearing); FWB, Full weight-bearing; LARS, Ligament Advanced Reinforcement System; HTG, Hamstring Tendon

Autograft; d/c, discharge; ROM, range of motion; plyo, plyometrics; *, Level of evidence based on Oxford Centre for Evidence Based
Medicine - Levels of Evidence; ¥, additional criteria prior to discharge of brace; #, additional criteria prior to running; §, additional
criteria prior to return to sport

exercises,?®3952% one with auto assisted ROM exer-
cise,”” and the remaining studies were non-specific
with type of ROM exercise. Five of these articles did
not give details regarding specific timeframes for ini-
tiation of ROM exercises.!”38394760 The remaining arti-
cles were classified into two groups based upon the
point in rehabilitation that ROM exercises began. The
“early ROM” articles were defined as those allowing

for immediate ROM exercises post-operatively, while
the “delayed ROM” articles were those that initially
deferred ROM exercises until a set post-operative
time period. (Figure 3)

Early Range of Motion
There were 19 studies that allowed for early ROM
fOHOWlng PCLR.6,17,21,29,30,36»39,42,43,45-47,49,52,55,56,60 Despite
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Studies identified from database
search, n=378

!

Screened by title and abstract,
n=318

v

Duplicates removed, n=60

Studies excluded after screening
of title and abstract, n=259

!

Full text assessed for eligibility,
n=59

v

Full text articles excluded, n=15
e Not specific to isolated

v

i

Eligible studies, n=44

PCL, n=5

e Previously published
review articles, n=5

e No details of
rehabilitation protocol,
n=4

e Unable to obtain full text,
n=1

Figure 1. Flowchart outlining literature search for the current review.

all allowing for early knee motion, there were
many differences in degrees of motion allowed and
progression timeframes. Two articles allowed for
unrestricted ROM based upon patient comfort.'”*
Recommendations for immediate ROM exercises
within a limited range of 0 to < 90" of knee flexion
was included in 13 articles.®?29:30363742434549,52,5,
(Figure 3) From this restricted knee motion, ROM
exercise was permitted beyond 90° after two to 10
weeks. Two studies allowed for early protected ROM
but failed to give specific details regarding motion
restrictions and time for progression.*° Two articles
recommended early ROM exercises specifically per-
formed in the prone position without stating restric-
tions for knee motion. ***

Delayed Range of Motion

There were 16 studies that recommended delayed
ROM following PCLR.16:22-28:31,34,41,50,51,53,58,59 X131 and col-
leagues® were the only authors who differentiated
recommendations based upon graft type, delaying
ROM exercise for one week if undergoing a “Liga-
ment Advanced Reinforcement System” (LARS pro-
cedure) and delaying three weeks with hamstring
tendon autograft (HTG) procedure. The onset of
ROM exercises in the remaining 15 studies varied
from one to six weeks post-operatively. There were
two studies that began ROM within the first week fol-
lowing PCLR,* 2 articles after two weeks,** three
after three weeks,?>%58 five after four weeks, 62324314
two after five weeks*?® and one after six weeks.”
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Weight-bearing Status

100%
80%
60%
40%
20%

0% e
1 2 3 4 5 6 7 8 9
Post-operative week

TTWB -e—-PWB -#-FWB

Percentage of articles

10 11 12

——NWB

Figure 2. Percentage of articles (n = 34) recommending a
particular weight-bearing status based on post-operative
timeframe (weeks).

Abbreviations: NWB: non-weight-bearing; TTWB: toe touch
weight-bearing, PWB: partial weight-bearing (ranging from
20-80% of full weight-bearing); FWB: full weight-bearing.

(Figure 3) Once ROM was initiated, some articles did
limit the degree of allowable knee motion to 60°,*
< 907,223 and < 120°.5%% There were 10 articles that
allowed for unrestricted motion once ROM exercises
‘began.16,24728,31,41,51,53

Range of Motion Goals

With such variation in onset and progression of ROM
exercises, articles were further analyzed for discus-
sion of specific goals for knee ROM milestones. Two
articles recommended achieving 60° knee flexion
by four to five weeks post-operatively,*?° 13 recom-
mended a goal 0of 90" as early as two weeks or as late as
12 weeks post-operatively,?23:30:36,37:42:45.49,50,52,55,56 41

seven recommended 120-130° by two to three
months. 2223637424349 Goals for achieving full knee
ROM ranged from as early as six weeks* to three
months post-surgery.2*3%56,60

STRENGTHENING EXERCISES

Hamstring Strengthening

Fifteen studies (34%) described recommendations
for initiating isolated hamstring exercise following
PCLR.16,17,21,24,29,30,36-38,41,42,47-49,57 Three Of these articles
recommended hamstring exercises beginning at six
weeks post-operatively,”*®* with one study speci-
fying “active” knee flexion only.? The remaining
articles delayed hamstring specific exercises for lon-
ger time periods with four studies delaying until 3
three months,'”%3%% two studies delaying until four
months*** and five studies delaying until six months
post-surgery.'62+36:4257 Four studies specifically rec-
ommended delaying open kinetic chain (OKC) knee
flexion, ranging from three to six months.?*%62942
Taylor & Miller recommended hamstring activa-
tion being “discouraged” in the early post-operative
period, but did not specify when hamstring exercise
could begin.*” (Figure 4)

Quadriceps Strengthening

There were 11 studies (41%) that outlined specific
recommendations for isolated quadriceps strength-
ening (i.e. OKC knee extension) as part of the PCLR
rehabilitation program.!'7?!:2426:29,303233353646 The ini-
tiation of OKC quadriceps exercises occurred at two
weeks,*? four weeks,?*%% six weeks,'”?'11 weeks,?*?5

100% 100%
@ o
o 80% < 80%
£ €
T 60% ©  60%
k) ©
o A40% o 40%
=T} (=T4]
£ 0% £ 20%
[+H] ]
° 0% 2 0%
[} a
B 0 2 4 6 8 10 o 0

Post-operative weeks
A ROM Restrictions (Early ROM)

2

Post-operative weeks

B Initiated ROM (Delayed ROM)

100%
80%
60%
40%
20%
0%
0 2 4 6 g 10 12
Post-operative weeks

C ROM Goals (2120°)

Percentage of articles

- 6

Figure 3. Percentage of articles discussing ROM exercise and goals based on post-operative timeframe (weeks). A) Each article
allowing immediate ROM exercise to < 90" (n = 13) was progressed beyond this restriction between two and 10 weeks post-opera-
tively. B) Articles initially delaying knee ROM (n = 15) allowed the onset of ROM exercise between one and six weeks. C) Articles
recommending a ROM goal of > 120" (n = 13) ranged from six to 12 weeks post-operatively.
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Initiation of Hamstring Exercise

100%
80% 38%
54%
60% 85%
100%
40%
62%
20% 46%
. 15%
0%

6 weeks 12 weeks

Percentage of articles

16 weeks 24 weeks
Post-operative weeks

W Hamstring activation B No hamstring activation

Return to Activity Phase - Running and Sport

100%
80%
60%
20%

20%

Percentage of articles

0%
0 2 4 6 8 10 12
Post-operative months

—&—Run —@&—Sport

Figure 4. Percentage of articles (n= 13) discussing initiation
of resisted hamstring exercise at a particular post-operative
timeframe (weeks). For each post-operative timeframe, the
percentage of articles are demonstrated as allowing ham-
string activation (blue) or not allowing hamstring activation
(orange) with strengthening exercises.

and five months.*® Two studies recommended
OKC exercises, but did not specify timeframes for
initiation.3>*

Functional Strengthening

Twenty-three articles (52%) included specific
recommendations in regards to timing for the
initiation of closed kinetic chain (CKC) exer-
CiS€.6'16'17'21'23'26'29'30'33'38'41'42'44'46'52'60 Three articles
allowed CKC exercises immediately following sur-
gery.?*652 Eighteen articles recommended initi-
ating CKC exercises at four weeks,” six to seven
Weeks,6’17’30'33’34’36’38’41'42’4511-12 Weeksy16,23»26,37 and four
months® following PCLR. Two articles specifically
mentioned utilizing CKC exercises but were non-
specific with regards to timing for initiation.*

Several authors recommended a restricted range
of knee excursion once CKC exercises were initi-
ated.?2126:30.35364245 Four studies limited knee flexion
depth to 30-45°,24%63035 while another four studies
permitted knee flexion to 60-70" 2364245

RETURN TO RUNNING, AGILITY AND
PLYOMETRIC ACTIVITY

Nineteen studies (43%) provided specific recom-
mendations for initiating running after PCLR.5**
22,30,37,4047,51,545759 = Al] - studies indicated time from
surgery was an important consideration to begin this
progression, with time requirements ranging from
three to six months post-surgery. (Figure 5) There

Figure 5. Percentage of articles recommending initiation of
running (n = 19 articles, orange) and return to sport (n = 31
articles, blue) activities based on post-operative timeframe
(months).

were four articles that outlined additional criteria
to initiate running. %394 Two of them required <
2 mm of posterior tibial translation relative to the
contralateral limb, assessed with kneeling radio-
graphs.®* Other criteria included full knee ROM,**
the absence of pain/swelling,? satisfactory qual-
ity of movement on a stair descent test,*® and limb
strength symmetry of at least 75% .%

Limited information was available regarding reha-
bilitation progression to plyometrics and agil-
ity activities. Two articles provided time based
recommendations  for beginning plyometric
exercise at four months and seven months post-
operatively,”* while three studies recommended
beginning agility activities at five to seven months
post-operatively.?! 2743

RETURN TO SPORTS

There were 36 articles (82%) that discussed recom-
mendations for resuming sports activities following
PCLR.16’20’21’23_34’36_43’45_52’54’56’57'59’60 (Flgure 5) Tlme from
surgery was once again cited as a frequent stan-
dard for progression with time requirements of four
to five months 3?52 six to seven months,?! 2426464857
elght to nine monthS,16’20’23’25’27_31’36_43’45’49’56'60 and
10-12 months*5154¥3ll cited. Kim et al specifically
indicated “low impact” sports could begin at six
months post-operatively, but did not comment on
any further progression beyond this level of play.**
Xu and colleagues® discussed different timeframes
for returning to sports depending upon graft type,
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recommending return to sports at four months for
LARS and 10 months for HTG.

There were four studies that identified specific goals
for strength and functional performance prior to
returning to full sports participation.?'2035 All of
these articles recommended quadriceps or hamstring
limb symmetry goals of > 85% for strength. Func-
tional performance testing using single leg hopping
tasks were recommended by three authors, with limb
symmetry goals from 85-90%.%**¢ Tornese and col-
leagues recommended that strength and functional
performance goals be achieved prior to participation
in medium impact sports at eight months post-opera-
tively and high impact sports at nine months.>¢

DISCUSSION

Effective rehabilitation after PCLR is an essential
component for optimizing post-surgical outcomes
and resuming desired levels of athletic performance.
The results of this review illustrate that recommen-
dations for specific components of rehabilitation,
functional performance testing, and resumption of
activity following PCLR are highly variable. In addi-
tion, there are currently no studies that directly
compare the efficacy or associated outcomes of
these various aspects of rehabilitation protocols and
current rehabilitation recommendations are based
on low level evidence. This is in striking contrast
to intervention strategies (i.e. therapeutic exercises)
and performance assessment after anterior cruciate
ligament reconstruction (ACLR) which have been
more thoroughly investigated.® %

WEIGHT-BEARING

Within the current review, weight-bearing recom-
mendations ranged from no restriction to 12 weeks
of limited weight transfer through the limb (Figure
2). The degree of weight transferred through the
operated limb is an important rehabilitation consid-
eration because of the need to minimize stress on the
PCL graft, while still maintaining optimal health of
joint cartilage and to stimulate bone tunnel healing.®
Recently, Mook and colleagues analyzed the effects
of simulated load variations on acquired PCL graft
laxity and found that while PWB status had no effect
on graft laxity, FWB in early rehabilitation did cor-
relate with significantly increased graft laxity.** They

concluded that rehabilitation protocols should avoid
early post-operative weight-bearing as this may con-
tribute to graft laxity and an unstable knee complex.
Although this review does suggest some evidence
favoring delayed weight-bearing exists, many ques-
tions regarding optimal loading after PCLR remain.
Future clinical and laboratory-based research studies
are necessary to determine optimal post-operative
weight-bearing and progression following PCLR.

BRACING AND RANGE OF MOTION

There appeared to be the most consensus among
authors regarding the need for protected mobility
after PCLR, with 95% of articles recommending
a period of bracing post-operatively. The use of
bracing was typically coupled with specific recom-
mendations regarding knee motion exercises after
surgery. The principle theory for restricting knee
motion following PCLR lies in biomechanical stud-
ies that have demonstrated tension in portions of
the PCL, increasing with increasing knee flexion
motion,**%% and notions that early flexion mobi-
lization after PCLR may be associated with graft
stretching and knee instability.®* In accordance, the
majority of studies included in this review support a
gradual, flexion ROM program after PCLR.

Despite global adherence to this principle, there is
significant variability in ROM exercise prescription
related to the timing of introducing motion exercises
(immediate versus delayed) and the degree of allow-
able motion permitted. In addition, there was varia-
tion in positional preferences, with some protocols
specifically limiting knee ROM exercises to prone
only and utilization of posterior tibial supports out
of further concern for graft stress.? 30375

Currently, there are no studies evaluating the effect
of different ROM protocols on clinical outcomes after
PCLR. While graft protection is important, unneces-
sarily restricting knee motion could lead to difficulty
restoring knee motion, prolonged rehabilitation,
increased likelihood of arthrofibrosis and limited
patient satisfaction.®”® Research studies comparing
outcomes associated with early versus delayed knee
motion and varying ROM exercise protocols are nec-
essary in order to provide clinicians with improved
evidence to empower clinical decision making
regarding this important aspect of rehabilitation.
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STRENGTHENING EXERCISES

Exercise selection is an important consideration fol-
lowing knee surgery in order to properly balance
the goals of graft protection with muscular activa-
tion and strengthening.®®”° The initiation of isolated
hamstring strengthening after PCLR is among one
of the most highly debated aspects of rehabilitation.
Contraction of the hamstrings can create deleterious
posterior shear forces within the tibiofemoral joint,
compromising the integrity of healing PCL graft.”
As a result, hamstring contraction and strengthen-
ing exercises have been discouraged in the early
phases of PCLR rehabilitation. Although most arti-
cles agreed upon this principle of deferring resisted
hamstring exercises, there were only 14 studies pro-
viding specific recommendations to initiate ham-
string exercise. Additionally, timing for beginning
hamstring strengthening was highly variable, rang-
ing from six weeks to six months.?!2426:3642,4849,57 pp-
ther research is necessary to more fully understand
the implications of varying types of hamstring exer-
cises and the timing of initiation of those exercises
on graft integrity and knee stability. Research of this
nature will help direct rehabilitation professionals
in more precise exercise prescription for optimiz-
ing hamstring strength recovery, which is necessary
for normalizing knee biomechanics and promoting
return to activities after surgery.”

With regard to initiating OKC or CKC exercises, there
were some common trends that emerged during
this review. Nearly half of the studies emphasized
quadriceps strengthening as an important aspect
of rehabilitation, likely due to the role quadriceps
strength has in maintaining knee stability, provid-
ing PCL graft protection, resuming athletic activity
and reducing the potential for subsequent knee inju-
ries.’70737 Restricted knee flexion motion from 0-50°
with both OKC and CKC exercises has been found to
minimize strain on the PCL.'** " Exercises allowing
proper co-contraction of quadriceps and hamstrings
muscle groups (e.g. mini-squats, short arc leg press)
are commonly recommended within this protective
range to balance strengthening gains and graft pro-
tection.?””'7® Despite this understanding, the results
of this review show a large degree of variation in
onset and permitted joint excursion with both OKC
and CKC strengthening exercises. Future laboratory

studies are needed to better understand the effects of
specific OKC and CKC exercises on PCL graft integ-
rity, while clinical research is needed to determine
optimal timing and strength gains produced through
varying exercise prescriptions. This information
is essential as some studies have identified persis-
tent quadriceps weakness up to 24 months follow-
ing PCLR and deficits in quadriceps strength may
lead to sub-optimal functional outcomes.'”?!3%:3.56
Optimizing exercise prescription through evidence
informed practice may help improve outcomes
within this population.

LATE PHASE REHABILITATION AND

RETURN TO SPORTS

As the majority of PCLR surgeries occur in athletes,
it is important to incorporate appropriate and safe
return of higher level activities into the rehabilita-
tion program.!® The results of this review indicate
that the decision to initiate a running, agility and
plyometric training program was frequently based
on timeframe from surgery alone. Only two stud-
ies recommended objective strength criteria be
achieved in order to initiate a running program.*3
Quadriceps and hamstring strength criteria have
been frequently cited as requirements for activity
progression following ACLR, as deficits in strength
may lead to reduced knee stability when progressing
to these activities.””® Thigh muscle strength deficits
similar to those found after ACLR have also been
reported following PCLR,'”7>® however, specific
strength goals seem to be under-utilized to support
rehabilitation progression post-PCLR.

With regards to return to unrestricted sports, most
protocols included within this review once again
relied heavily upon time-based criteria, which were
highly variable, ranging from four to 12 months post-
operatively. There were nine studies that outlined
some type of strength and/or functional goals to sup-
port the decision to return to sport,®2%2,27,30.31,39,4548
however, only three of these articles included
enough detail for practical clinical application.?:3%3
Although outcomes with return to sport have not
been commonly researched after PCLR, a combi-
nation of timeframe, strength and functional per-
formance measures (e.g. unilateral hop tests) have
been advocated as screening tools post-ACLR to help
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reduce risk of re-injury upon return to sports.”%7%82
Similar goals of optimizing strength return and func-
tional performance while allowing adequate time
for graft maturity, would likely contribute to optimal
outcomes following PCLR. However, more research
is needed to provide specific recommendations and
better support this theory.

There are several limitations to this review. First, the
current literature review consisted of rehabilitation
protocols following isolated PCLR only. Concomi-
tant injuries and additional procedures are common
within this population and may require different
rehabilitation strategies than those discussed in this
review. In addition, the level of evidence outlining
rehabilitation recommendations following PCLR is
weak, as it is currently based primarily on principles
of physiological healing, biomechanical modeling
and personal opinion. Research related to rehabil-
itation following PCLR is not as common as other
knee injuries, likely due to the low incidence of PCL
injury. Thus, the results of this review should be
interpreted within the context of literature available
for review. In addition, multiple entries with the
same primary author(s) were included within this
study. Although this decision may bias the results
of this review towards specific authors, the authors
of this review chose to include these studies as the
protocols outlined under the same primary author
did have specific differences within them, and it was
felt inclusion of these articles gave the most accu-
rate reflection of what exists within the published
literature. Nonetheless, it should be noted that this
decision may bias the results of this review towards
the opinions of those authors. Finally, this review
included literature published only within the past 10
years. The authors felt that this limitation was nec-
essary in order to limit any differences in rehabilita-
tion protocols that may exist due to evolving surgical
techniques and graft types. However, it should be
noted that any pre-existing literature beyond our
inclusion criteria was not included within this
review.

CONCLUSION

Post-surgical rehabilitation strategies and effective
decision making for safe return to sports are impor-
tant considerations for sports medicine practitio-
ners, as athletes represent a large proportion of those

undergoing PCL reconstuction.?® *!° Currently, only
low level evidence exists to support rehabilitation
recommendations following PCLR. Although there
is some level of agreement in the literature related
to restrictions in weight-bearing, range of motion,
brace usage or strengthening exercise prescription,
there is no consensus regarding optimal administra-
tion and specific application of these factors. The
majority of rehabilitation progression goals were
based on post-operative timeframes, with few arti-
cles outlining specific objective criteria to provide
for more detailed clinical decision making. Addi-
tional studies should be conducted to prospectively
evaluate rehabilitation protocols in order to establish
improved rehabilitation guidelines incorporating
graft protection, optimal loading, exercise strategies
and readiness to return to higher level activities.
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