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Abstract

Background: There are a variety of protocols used by physiotherapists for post-
operative ACL rehabilitation. The study aimed to determine the management strategy
and treatment modalities currently used by physiotherapists in post-operative ACL

rehabilitation, in Gauteng, South Africa.

Method: The methodology of the study was a quantitative cross-sectional study. A self-
designed questionnaire was developed for this study. The questionnaire comprised of
three sections: Part 1 which captured the demographic information, part 2 which
captured specific questions regarding rehabilitation protocol and part 3 which captured
guestions about physiotherapy goals and outcome measures. The questionnaire was
loaded on the REDcap online survey system. The link with introduction, explanation,
ethical approval and consent to participate was sent to the SASP and PASA for
distribution to their members. Due to a poor response rate from the participants, the
guestionnaire was then distributed via social media. The data collection term was from
15 December 2021 up to 27 May 2022.

Results: 120 participants accessed the questionnaire. Only 46.6% of the responses
captured could be used for data analysis. The exclusions included 22 incomplete
responses and 42 responses from participants not working in Gauteng. The analysis
of the survey revealed that there is a great variety of protocols, physiotherapy
modalities, exercise prescription and outcome measured used in post-operative ACL

rehabilitation by physiotherapists in Gauteng, South Africa.

Conclusion: More research about evidence-based protocols, physiotherapy
modalities and exercise prescription are required to improve the outcomes of post-

operative ACL rehabilitation.
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List of definitions:

Accelerated protocol is defined as the concept of gaining terminal knee extension
immediately following reconstruction, early progressive range of motion (ROM) and

early progressive weight-bearing (WB)

Non- accelerated protocol is defined as knee immobilisation for the first 2 weeks, non-
weight-bearing (NWB) mobilisation with progression to full weight bearing after 6
weeks post-operatively. Progressive ROM only after the stability of the ACL graft is

determined.

Return to normal function in the context of this questionnaire is that the patient has

obtained a pre-injury level of function in activities of daily living.

Return to sport in the context of this questionnaire is that the athlete has returned to

his or her sport and is performing at or better than the pre-injury level.



Chapter 1 Introduction

1.1 Background

The anterior cruciate ligament (ACL) adds to the movement and stability of the knee
joint. “It is an intra-articular ligament found in the knee joint that originates on the inner
surface of the lateral femoral condyle superiorly, runs obliquely through the
intercondylar fossa and inserts into the middle part of the condylar area of the tibia
inferiorly” (Petersen and Tillmann, 2002). The ACL protects the knee from rotational
loads and anterior tibial translation during weight-bearing and ROM (Sakane et al.,
1999).

ACL injuries are common injuries that effect patients of different age groups and levels
of activity (Shea and Carey, 2015). The retrospective study International Epidemiology
of ACL injuries by Singh et al (2018) compared the incidence of injury of ACL ligament
in the population of different countries. The countries they looked at were the Denmark,
Germany, Norway, United States of America (USA), Sweden, and New Zealand. They
found that the incidence in the population of these 6 countries fell within 29 to 38 out

of 100,000 people annually.

In the literature many intrinsic, extrinsic, modifiable, and non-modifiable risk factors
that can contribute to the development of ACL injuries can be found. Some of these
risk factors include joint laxity, biomechanics, neuromuscular control, genetics, and
previous injury (Mclean, 2007, 2013; Acevedo et al., 2014; Hewett et al., 2016). But
even though some or all the factors are present it does not necessarily mean that these
patients will injure their ACL. To injure the ACL, a specific event with a specific
mechanism of injury must occur (Hewett et al., 2016). The injuries usually occur with
hyperextension of the knee or a sudden change in direction while moving in non-
contact situations (Mclean, 2007; Boden et al., 2010; Singh, 2018).

Current treatment techniques for ACL injuries include conservative or surgical

intervention. Surgical intervention is seen as the current standard clinical treatment

after ACL injury (Shea and Carey, 2015). There are various options for surgery after
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an ACL injury. The standard surgical management of ACL injuries is arthroscopic

reconstruction (Samuelsen et al., 2017).

“Post-operative rehabilitation is a major factor contributing to the success of ACL
repair” (Janssen et al., 2018). According to Markatos et al (2013) rehabilitation aims to
increase ROM, balance and muscle strength and it should attempt to prevent injury to
the graft. There has been some suggestion about specific protocols for post-operative
ACL rehabilitation. These include early mobilisation, early WB, no protective bracing
and accelerated protocol (Eitzen et al., 2010). However, according to the literature the
is no consensus regarding the optimal rehabilitation programme and when patients

should return to sport post-operatively (Yabroudi and Irrgang, 2013).

There is some guidance on specific modalities that show positive results when added
to existing protocols. These modalities include: cryotherapy, neuromuscular
electrostimulation, dry needling, peripheral joint mobilisation, and blood flow restriction
(Sakane et al., 1999; Wright et al., 2015; Van Melick et al., 2016; Baron et al., 2020;
Giesche et al., 2020).

The aim of post-operative ACL rehabilitation is to return the patient to their highest
functional level safely, as soon as possible, and to prevent secondary complications to
surrounding ligaments, menisci, and the cartilage of the knee. Statistically, the
rehabilitation outcomes currently in the USA show that only 33% of athletes return to
participation in sport within one year after ACL injury and 37% never return to prior

levels of participation (Greenberg et al., 2018)

1.2 Problem Statement

There are a variety of protocols used by physiotherapists for post-operative ACL
rehabilitation. This variety stems from every practice developing their own protocols
together with the orthopaedic surgeon they work with as well as their clinical
experience, as seen in my experience as a physiotherapist involved in post-operative
ACL rehabilitation.

This variety leads to a discrepancy between the empirical evidence of ACL

rehabilitation and the literature findings. Similar findings were also found in surveys
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done in the USA (Greenberg et al., 2018), Australia (Ebert et al., 2019), New Zealand
(Fausett, Reid and Larmer, 2022), Greece (Korakakis et al., 2021) Brazil (Aquino et
al., 2021) and Belgium (Dingenen et al., 2021).

This in turn may lead to delayed independent function or return to sport or even cause

the patients not to return to sport at all - also noticed in my experience as a

physiotherapist involved in post-operative ACL rehabilitation.

1.3 Research Question

Which physiotherapy management protocol, strategies and treatment modalities do

physiotherapists use during post-operative ACL rehabilitation?

1.4 Aims

The study aims to determine the management protocol, strategy and treatment
modalities currently used by physiotherapists in post-operative ACL rehabilitation, in
Gauteng, South Africa.

1.5 Objectives

1.5.1 To determine the number of physiotherapists that use an
accelerated and non-accelerated protocol.

1.5.2 To determine the following rehabilitation goals post ACL surgery:

If rehabilitation starts preoperatively or post-operatively
e The WB protocols

e The frequency of use of protective bracing

e When patients return to normal function

e When patients return to sport

12



1.5.3 To determine the commonly used physiotherapy management
strategies, modalities, and exercise prescription in the first six
weeks of post-operative ACL rehabilitation

1.5.4 To determine the outcome measures used in post-operative ACL
rehabilitation.

1.6 Significance

With the identification of the most prevalent protocols, management strategies,
modalities, exercise prescription and outcome measures used by physiotherapists in
practice in Gauteng, a comparison can be made between the results of the survey and
the evidence-based practices described in the current literature. This in return will
improve the clinical reasoning for treating clinicians and guide possible future research
to improve the protocol guidelines for post-operative ACL rehabilitation with the overall

aim of improving patient outcomes and success rate of returning to function and sport.

1.7 Outline of this Research Report

Figure 1.1 demonstrates the outlines of the research report.

Chapter 1: Chapter 2: Chapter 3: Chapter 4:
Introduction Literature Review Method Results
Chapter 6: .
Appendices References Conclusion and Chaptenj 5t
. Discussion
Recommendation

Figure 1.1: Outline of the research report

Chapter one included the research question, aims, objectives and significance of the
study. The literature review will follow in chapter two.

13



Literature Review

1.8 Introduction

The literature pertaining to post-operative ACL rehabilitation will be discussed in the

following sections:

- Search strategy

- Incidence of ACL injury

- Anatomy and biomechanics of the ACL

- Risk factors and mechanism for injury of the ACL

- Management of ACL injuries

o Medical management

o Physiotherapy management

Accelerated vs non-accelerated ACL rehabilitation protocol
Commencement of rehabilitation Preoperative vs post-operative
WB protocol

Protective bracing

Mobilisation of knee joint

Return to function

Return to sport

Treatment management strategies

Treatment modalities used in rehabilitation

Exercise prescription for post-operative ACL rehabilitation
Current outcome measures used for assessment of post-

operative ACL rehabilitation

1.9 Search strategy

Literature was found using PubMed, Clinical Key, Pedro, Medline, Ebscohost and

Google Scholar via the university of Witwatersrand libguides. The key search words

included ACL rehabilitation, ACL accelerated protocol, protective bracing, return to

sport, epidemiology, physiotherapy modalities, and survey literature was sourced from

1996 to 2022. The search included articles from 1996 because this was the time that

the non- accelerated protocols for ACL rehabilitation were started.
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1.10 Incidence of ACL injuries

No South African statistics could be found regarding the epidemiology and incidence

of ACL injury during the literature search conducted for this study.

International epidemiology was found in a retrospective study written by Singh et al
(2018). In this article, the incidence of ACL injury in the general population was
analysed using national databases and insurance claims. They found that the
incidence per 100,00 population in these six countries was as follows: Norway (34),
Denmark (32), Sweden (28), Germany (32), USA (29) and New Zealand (37). After
looking at the general population they compared the incidence of injury in specific
sports types in those different countries. The sports types that they looked at were
soccer, skiing, and basketball. They found that there was a difference in incidence in
the same sports types in those different countries. This suggests that the incidence is
not only determined by genetics and environmental differences in the population but

also due to different training methods for the same sport in the respective countries.

In a descriptive epidemiological study written in the USA by Joseph et al (2013), they
compared the incidence of injury between the different sexes and types of sport in high
school students. For this study, all high schools with one or more National athletic
trainers-affiliated high school certified athletic trainers were invited to participate. The
participating trainers reported the incidence of injuries from 2008 until 2012. During
this time, they reported 617 ACL injuries. The incidence rate was found to be higher in
competition compared to training, contact injury was more common than non-contact
injury. In this study, they also found that girls had a higher rate of injury compared to
boys. Concerning the type of sport, girls' soccer had the highest incidence followed by
boys' football, boys' basketball and baseball. Similar findings were published in a more
recent descriptive epidemiological study written in the USA by Gupta et al (2020). The
data collection time was from 2007 until 2017. In this study, they also used the athletic
trainers from 100 randomly selected schools and evaluated only the incidence of injury
with soccer. They found that incidence was higher in competition compared to training,
and in girls compared to boys. Overall there was a higher rate of injury with non-contact

causes of injury.
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The question is how many of the patients that sustain an ACL injury end up going for
surgical intervention. In a Level 3 cohort study done in the USA by Collins et al (2013),
they looked at the percentage of adult patients that underwent surgical intervention
following an ACL injury compared to the total incidence of injury. They found that of
the 2304 patients diagnosed with ACL injury between 2003 and 2007, 22,6%

underwent reconstruction surgery.

1.11 Anatomy and biomechanics of the ACL

The knee joint is a synovial hinge joint of the lower limb. Anatomically the ACL is made
up of two parts: a larger posterolateral bundle and a smaller anteromedial bundle
(Musahl et al., 2012) as seen in fig 2.1.

Femur
Patella

Medial
collateral

ligament
Lateral

collateral
ligament

Pos:eriov/ \
cruciate Anterior
ligament cruciate

ligament

Fibula Tibia

Figure 0.1 Anatomy of the knee Joint (orthoinfo.aaos.org/en/diseases--
conditions/common-knee-injuries/)

The function of the ACL is to protect the knee from rotational loads and anterior tibial
translation though its ROM and in WB (Sakane et al., 1999). During the active NWB
ROM of the knee, the larger posterior bundle relaxes with knee flexion. This allows the
tibia to rotate internally when the quadricep muscles contract eccentrically (Naik, Das
and Kamat, 2019). When the knee joint moves through the ROM into extension in
closed kinematic movements, the larger posterior bundle locks the knee in full
extension and protects against hyperextension by preventing posterior tibial movement
(Musahl et al., 2012; Marieswaran et al., 2018). In contrast, the anteromedial bundle

of the ACL protects the tibia from anterior movement in the end range of knee flexion
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(Sakane et al., 1999). During the gait cycle, the combined function of the anterior and
posterior bundle of the ACL helps with the stability during WB in extension and allows
for movement during flexion (Musahl et al., 2012). The biomechanics of the knee can

be seenin fig 2.2.

In Knee Extension In Knee Flexion

PLB is Taut. AMB is Taut. PLB is slack

(loosen).

Figure 0.2: Biomechanics of the knee joint (physio-study.com/posterior-
cruciate-ligament-anatomy-and-biomechanics/#more-2423.)

The knee moves through flexion and extension range with the antagonistic contraction
of the quadricep muscles and the hamstring muscles. The flexion and extension of the
joint are accompanied by rotation of the tibia and the anterior and posterior movement
between the tibia and the femur. This movement between the articulating surfaces
needs to be controlled to counteract the ground reaction forces and the shear forces
around the joint for joint stability and prevention of dislocation. This is accomplished by
the ACL (Marieswaran et al., 2018).

The ACL not only contributes to the movement and stability of the knee joint but also
plays an important part in the proprioceptive input to the knee joint due to the multiple

nerve endings found within the fibers of the ligament (Markatos et al., 2013).
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1.12 Risk factors and mechanism for injury of ACL

In a systematic review by Acevedo et al (2014), they listed the modifiable and non-
modifiable intrinsic factors as well as the modifiable extrinsic factors that predispose
individuals to ACL injuries. The modifiable intrinsic factors include body mass index,
neuromuscular and biomechanical factors, fatigue, and hormonal differences. The
intrinsic non-modifiable factors include femoral notch size, female gender, posterior
tibial slope, previous injury, and genetics. They described the extrinsic modifiable
factors as the type of sport, level of participation in sport, shoes, weather, and surfaces
that they play sport on. Similar intrinsic and extrinsic factors were also mentioned in a
systematic review by Pfeifer et al (2018). This systematic review aimed to evaluate the
risk factors that lead to non-contact ACL injuries. They found that the extrinsic factors
included: weather, playing surfaces, sports level, sports type, and sports participation.
The intrinsic factors were divided into anatomical, psychological, neuromuscular,

biomechanical and genetic categories.

To injure the ACL a specific event with a specific mechanism of injury must occur, even
if some or all intrinsic and extrinsic factors are present (Hewett et al., 2016). While the
ACL can be ruptured by contact injuries, it is more often ruptured due to non-contact
injuries, usually when there is hyperextension of the knee or a sudden change in
direction while moving (Mclean, 2007; Boden et al., 2010; Singh, 2018). Most non-

contact injuries occur during landing or deceleration (Boden and Sheehan, 2022).

The manuscript published by Boden and Sheehan (2022), summarized the findings
from 100 reports that were published by their research team on how to prevent ACL
injuries. These articles were published between 1996 and 2016 in orthopaedic, sports
medicine and biomechanical-related peer-reviewed journals. In this manuscript, they
looked at risk factors and the mechanism of injury of ACL injuries. They described the
biomechanics mechanism of injury during non-contact injury as a “valgus collapse
mechanism with potential multi-planar loads of tibial abduction combined with anterior
tibial translation or external or internal tibial rotation”. This collapse causes increased
multiplanar compression forces and leads to abduction, anterior translation or rotation
of the tibia. This is similar to the overview of the non-contact ACL injury portion of the

OREF 2022 research award, and the manuscript was published by Boden and
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Sheehan. The authors of the study found that increased eccentric quadriceps
contraction and abduction of the tibia increases the axial compressive forces around

the knee which increases the risk for ACL injury (Boden and Sheehan, 2022).

In conclusion, ACL injuries occur more often due to non-contact injuries and the
mechanism of injury usually includes hyperextension of the knee or a sudden change
in moving direction, irrespective of the intrinsic and extrinsic factors that may be

present.

1.13 Management of ACL injuries

1.13.1 Medical management of ACL injuries

The motivation for ACL repair using surgical intervention mentioned in the literature
includes recovering stability of the knee joint to prevent injury to other ligaments and
the meniscus and cartilage of the knee and helping the patients to return to the

preinjury level of sport (Ardern et al., 2011).

Sherman et al (2021) described the results of a survey that was sent to an international
ACL study group. This ACL study group was established in 1967 with the goal of
evaluation and improving the outcomes of ACL injury intervention. This study has a
level V level of evidence and is categorised as an expert opinion. This survey was
distributed in 2020 among the members of the ACL study group before their meeting
in January 2020. A total of 140 members completed the survey. The survey aimed to
establish the current global trends in ACL repair. In this survey, 92% of the participants
believed that surgery is the only option for treatment for ACL injuries. Ninety per cent
of surgeons performed a single bundle ACL reconstruction and only seven per cent
performed double-bundle ACL reconstruction. The choices of primary graft included
hamstring tendon graft autograft, bone-tendon-bone autograft, and quadriceps tendon
autograft. The most used primary graft choice was hamstring tendon autograft followed
by bone-tendon-bone graft and then quadricep tendon autograft. There was a variety
of responses to where the tunnel should be. This was echoed by the evidence-based
guidelines written by Shea et al (2015) which indicated that surgical intervention is the

current standard clinical treatment of ACL injuries. In this systematic review, they
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evaluated the current clinical research and wrote guidelines with recommendations
about assessment, surgical intervention, and rehabilitation of ACL injuries. Regarding
the surgical intervention, they strongly recommended the use of intra-articular single
or double-bundle reconstruction. Regarding autograft source, they strongly
recommend the use of bone-patellar-tendon-bone or hamstring tendon grafts. With
regards to the femoral tunnel techniques, there was moderate evidence for the use of

a tibial independent approach or transtibial approach for the femoral tunnel.

1.13.2 Complications and disability

The possible complications following ACL reconstruction include deep vein
thrombosis, surgical site infection, graft rupture, complex regional pain syndrome,
stiffness of the knee, weakness of the quadricep muscle, patellofemoral problems and
loss of knee extension (Shelbourne, Klootwyk and DeCarlo, 1992; Acevedo et al.,
2014; Bordes et al., 2017; Samuelsen et al.,, 2017). The potential long-term
(secondary) complications associated with ACL injury incudes chronic knee instability,
meniscus tear, cartilage injury and osteoarthritis (Acevedo et al., 2014). Osteoarthritic
changes inside the knee are irreversible and this degeneration could lead to severe

disability earlier in life (Lewis et al., 2018).

1.13.3 Physiotherapy management

“Post-operative rehabilitation is a major factor contributing to the success of ACL
repair’ (Janssen et al.,, 2018). The initial aim of rehabilitation is to increase ROM,
muscle strength and balance but it should protect the surgical graft (Markatos et al.,
2013). The overall aim of rehabilitation is to return the patient to their highest functional
level safely, and as soon as possible, and to prevent complications after ACL

reconstruction (Greenberg et al., 2018).

There have been some suggestions about specific protocols for post-operative ACL
rehabilitation. These include early mobilisation, early WB, no protective bracing and an
accelerated protocol (Eitzen et al., 2010; Wright et al., 2015; Van Melick et al., 2016;
Gupta et al., 2017; Wilk and Arrigo, 2017; Filbay and Grindem, 2019).

20



But the question is, what current perspective and protocols are physiotherapists
globally using for post-operative ACL rehabilitation? This answer can be found in
recent surveys done across the physiotherapy population globally. One of these
surveys was completed in 2022 in New Zealand where they evaluated the perspective
regarding rehabilitation and return to sport after ACL reconstruction. The study was a
cross-sectional online survey with 318 completed responses with an estimated
response rate of 29.3%. This survey aimed to establish the practice around
preoperative and post-operative rehabilitation and when the patient should return to
sport. They found that 57% of the participants started treatment one-week post-surgery
while 28.4% waited until seven to 14 days post-operatively. During the first six weeks,
the follow-up was one to two times a week for 91% of the participants. With regards to
return to sport, 11% reported that their patients returned to sport between six to nine
months post operatively, but 63,2% only returned from nine to 12 months. The
limitation of this study was noted that more than 90% of the participants saw less than

40 post-operative ACL injury patients per year (Fausett, Reid and Larmer, 2022).

Another survey was done in Brazil by Auino et al (2021). This cross-sectional study
used a self-developed questionnaire to establish the criteria for return to sport post
ACL rehabilitation. This questionnaire was sent to physiotherapists via social media
using Facebook, Instagram, WhatsApp, and email. A total of 481 responses were
received, 26 were excluded due to exclusion criteria, and nine refused to participate.
The total number of participants was 439. The purpose of the study was to establish
when patients return to sport post ACL rehabilitation, who determines if the patient can
return to sport and what outcome measures the physiotherapist used to determine if
the patient can return to sport. Most of the participants reported that they used physical
assessment to determine return to sport. The use of self-reported functional status and
psychological readiness was only included for 20% of participants. From the survey,
they concluded that there was a discrepancy between the criteria for return to sport
compared to current literature and what factors determine the return to sport in clinical

practice.

A survey done by a physiotherapist in Greece in 2021 aimed to evaluate the
assessment and treatment principles that physiotherapists use, as well as the criteria

they use to evaluate the return to sport after ACL rehabilitation. This survey yielded
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639 responses of which 93 were excluded due to incomplete questionnaires. The
survey comprised of seven sections: demographic and professional characteristics,
time, the point when rehabilitation post-operative ACL rehabilitation starts, clinical
evaluation measures, time, criteria when open kinetic chain (OKC) exercises are
started, criteria for progression to running, criteria for return to sport, and
recommendations on an injury prevention programme. In the survey, the first objective
was to compare the timing, importance, and frequency of rehabilitation to current
literature. They found that in Greece 83,3% of participants started rehabilitation in the
first week post-operatively compared to the literature. The outcome measures mostly
used included ROM measured with a goniometer, and extrapolated strength
measurements from a single hop test. With regards to when OKC exercises were
started, the options included time-based (time since surgery), criteria-based (ROM,
graft type and signs and symptoms) or both. They found that 63.3% of participants
started OKC exercises when both time and specific criteria were met. Functional
strength and ROM were found to be the determining factors for patients to start
running. When determining the time of return to sport, 58.7% of the participants
suggested that return to sport takes between six to nine months. Regarding criteria for
return to sport, 73.6% of the participants indicated that they determined the functional
capacity to return to sport by a battery of hop tests. From this survey, they concluded
that the principles used in clinical practice in rehabilitation depended on the
physiotherapists’ experience and how many post-operative ACL patients they see in
the practice. They suggested that more research is required to establish the barriers
that prevent physiotherapists from adapting their treatment to more evidence-based

according to current literature (Korakakis et al., 2021).

Dringenen et al. (2021) evaluated the rehabilitation strategies of physiotherapists in
Belgium using an online questionnaire that they distributed via the database of the
local physiotherapy organisation. The questionnaire included questions regarding
protocols for rehabilitation: preoperative rehabilitation, the criteria-based progression
of post-operative rehabilitation, and what guides the return to sport decision. The
physiotherapist was then asked to evaluate their self-related confidence and
competence in the treatment of post-operative ACL patients. A total of 283
physiotherapists participated in this study but they were unable to establish a correct
sample size due to the distribution method of the survey. They concluded that there

was a great variety of different rehabilitation protocols and criteria for return to sport.

22



Even with the discrepancy found between the current literature and clinical practice,
the physiotherapists rated their confidence and competency regarding rehabilitation
high.

From these surveys, we can conclude that there is a great variety of protocols and
guidelines for post-operative ACL rehabilitation. This is also echoed in the literature
where it was found that there is no consensus regarding the optimal rehabilitation
programme and the time to return to sports after ACL reconstruction (Eitzen et al.,
2010; Yabroudi and Irrgang, 2013; Makhni et al., 2016; Cristiani et al., 2021). This
variety in protocols, modalities and time frames could confuse patients and therapists
(Makhni et al., 2016). Some of the different protocols for post-operative rehabilitation
are shown in the following figure and tables. These include figure 2.3 Five-week
exercise programme by Eitzen et al (2010), table 2.1 The rehabilitation protocol of
Yabroudi and Irrgang (2013), table 2.2 Rehabilitation protocol by Makhni et al (2016),
and table 2.3 The standard and accelerated rehabilitation protocol by Cristiani et al
(2021). Eitzen et al (2010) described a very specific five-week exercise programme
that explained in detail what exercises should be done and when these exercises
should be initiated. In comparison, Yabroudi and Irrngang (2013) and Makhni et al
(2016) developed comprehensive protocols for post-operative ACL rehabilitation.
These protocols are similar with regard to modalities and exercises but differ in the
time frame of when these modalities and exercises should be initiated. Cristiani et al
(2021) compared the standard protocol to the accelerated protocol they developed. In
this comparison the treatment modalities and exercises are similar but again it can be

seen the timeframe for initiation of these modalities and exercises differ.
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PERTURBATION TRAINING PROTOCO L

Sessions 1-4. Early Phase

Progression by adding perturbations in all directions and minimizing of verbal cues

Activity

Session Rocker Board

Roller Board/Platform

Roller Board

1 .
2 .
3 .
4 .

Bilateral stance
2 sets, anterior/posterior

2 sets, medial/lateral

Unilateral stance

2 sets anterior/posterior
direction

2 sets medial/lateral
direction

Unilateral stance

2 sets medial/lateral
direction

2 sets diagonal direction

Unilateral stance

2 sets medial/lateral
direction

2 sets diagonal direction

2 sets with injured limb on roller
board, anterior/posterior

2 sets with uninvolved limb on
roller board, anterior/posterior

2 sets with injured limb on roller
board, anterior/posterior plus
medial/lateral

2 sets with uninvolved limb on
roller board, anterior/posterior plus
medial/lateral

2 sets with injured limb on roller
board, anterior/posterior plus
medial/lateral plus rotation

2 sets with uninvolved limb on
roller board, anterior/posterior plus
medial/lateral plus rotation

2 sets with injured limb on roller
board, anterior/posterior plus
medial/lateral plus rotation

2 sets with uninvolved limb on
roller board, anterior/posterior plus
medial/lateral plus rotation

Bilateral stance

2 sets anterior/posterior

Unilateral stance

2 sets anterior/posterior

Unilateral stance

2 sets anterior/posterior
plus medial/lateral

Unilateral stance

2 sets anterior/posterior
plus medial/lateral plus
rotation

Sessions 5-7: Middle Phase

Progression by adding light sport-specific activity during perturbations

Activity

Session Rocker Board

Roller Board/Platform

Roller Board

Unilateral stance

2 sets anterior/posterior
direction

2 sets medial/lateral
direction

2 sets diagonal direction

Ball against wall

Unilateral stance

2 sets anterior/posterior
direction

2 sets medial/lateral
direction

2 sets diagonal direction

2 sets with injured limb on roller
board, anterior/posterior plus
medial/lateral plus rotation

2 sets with uninvolved limb on
roller board, anterior/posterior plus
medial/lateral plus rotation

Ball against wall

2 sets with injured limb on roller
board, anterior/posterior plus
medial/lateral

2 sets with uninvolved limb on
roller board, anterior/posterior plus
medial/lateral

Unilateral stance

2 sets anterior/posterior
plus medial/lateral plus
rotation

Ball against wall

Unilateral stance

2 sets anterior/posterior
plus medial/lateral plus
rotation
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PERTURBATION TRAINING PROTOCOL

Sessions 1-4. Early Phase

Progression by adding perturbations in all directions and minimizing of verbal cues

Activity

Session Rger Board

Roller Board/Platform

Roller Board

Ball against wall/floor

Unilateral stance

2 sets medial/lateral
direction

2 sets diagonal direction

Ball thrown by other

Ball against wall/floor

2 sets with injured limb on roller
board, anterior/posterior plus
medial/lateral

2 sets with uninvolved limb on
roller board, anterior/posterior plus
medial/lateral

Ball thrown by other

Ball against wall/floor

Unilateral stance

2 sets anterior/posterior
plus medial/lateral plus
rotation

Ball thrown by other

Sessions 8-10: Late Phase

Progression by adding sport-specific stances combined with sport-specific activity

Activity

Session Rocker Board

Roller Board/Platform

Roller Board

8 .
9 .
10 .

Unilateral stance

2 sets anterior/posterior
direction

2 sets medial/lateral
direction

2 sets diagonal direction

Ball against wall/floor,
thrown by other

Other individually adjusted
relevant sport-specific
activities

Unilateral stance

2 sets medial/lateral
direction

2 sets diagonal direction

Ball against wall/floor,
thrown by other

Other individually adjusted
relevant sport-specific
activities

Unilateral stance

2 sets medial/lateral
direction

2 sets diagonal direction

Ball against wall/floor,
thrown by other

Other individually adjusted
relevant sport-specific
activities2

2 sets with injured limb on roller
board, anterior/posterior plus
medial/lateral plus rotation

2 sets with uninvolved limb on
roller board, anterior/posterior plus
medial/lateral plus rotation

Ball against wall/floor, thrown by
other

Other individually adjusted relevant
sport-specific activities

2 sets with injured limb on roller
board, anterior/posterior plus
medial/lateral plus rotation

2 sets with uninvolved limb on
roller board, anterior/posterior plus
medial/lateral plus rotation

Ball against wall/floor, thrown by
other

Other individually adjusted relevant
sport-specific activities

2 sets with injured limb on roller
board, anterior/posterior plus
medial/lateral plus rotation

2 sets with uninvolved limb on
roller board, anterior/posterior plus
medial/lateral plus rotation

Ball against wall/floor, thrown by
other

Other individually adjusted relevant
sport-specific activities

Unilateral stance

2 sets anterior/posterior
plus medial/lateral plus
rotation

Ball against wall/floor,
thrown by other

Other individually
adjusted relevant sport-
specific activities

Unilateral stance

2 sets anterior/posterior
plus medial/lateral plus
rotation

Ball against wall/floor,
thrown by other

Other individually
adjusted relevant sport-
specific activities

Unilateral stance

2 sets anterior/posterior
plus medial/lateral plus
rotation

Ball against wall/floor,
thrown by other

Other individually
adjusted relevant sport-
specific activities

Figure 0.3: Five-week exercise programme by Eitzen et al (2010)

25



Table 2

Summary of the critical milestones for progression of rehabilitation after anatomic ACL

reconstruction

Early Postoperative

Strengthening and
Neuromuscular Control

Return to Activity and Sports

Patients should be able to
walk normally without
crutches or gait deviation

Have full passive knee
extension symmetric to the
noninvolved knee

Have at least 100°-120° of
knee flexion

Patients should have no
difficulty with daily
activities

Should tolerate all strength
and flexibility exercises
without evidence of joint
pain or inflammation

Should be able to jog 3.2 km

Patients should achieve
a quadriceps index of 85%
or greater

Have satisfied all the previous
criteria (appropriate ROM,
strength, proprioception,
and endurance) for
functional progression

Able to tolerate full-effort
sprinting, cutting,
pivoting, jumping, and
hopping drills

(2 miles) (if possible
previous to injury) and
tolerate submaximal
multidirectional functional
activities

Have no evidence of an
extensor lag

Have minimal effusion or
other signs of active
inflammation

Figure 0.4: Rehabilitation Protocol of Yabroudi and Irrgang (2013)

Table 1. Rehabilitation Protocol Components

Prehabilitation
Postoperative
adjunct therapy
Early motion and
weight bearing
Strengthening

Range of motion, quadriceps strengthening

Continuous passive motion, brace use,
neuromuscular electric stimulation

Flexion/extension goals, weight-bearing
parameters

Straight-leg raise, resisted straight-leg raise,
quadriceps sets/isometrics, ankle pumps,
minisquats, squats, hamstring curls, resisted
hamstring curls, leg press, step-up/down,
wall sits, single-leg squats, resisted knee
extension, lunges

Weight shifting, 1-leg balance, balance board,
ball toss, perturbation, balance beam,
Theraband control, mini-trampoline
balance

Single-hop test, 3-hop test, isokinetic
quadriceps strength, isokinetic hamstring
strength, quadriceps/hamstring strength
ratio, or nonspecific functional test

Stationary bike, backwards walking, normal
gait, elliptical, stair climber, aqua jogging,
underwater treadmill, swimming,
backwards running, straight-line running/
jogging, jumping/plyometrics, cutting/
pivoting, agility (carioca, side shuffle),
sport-specific drills, return to practice/sport

Proprioception

Functional testing

Activity/sport

Figure 0.5: Rehabilitation protocol by Makhni et al (2016)



Stamdard

Accelerated

Perform isekinetic sirengih test and single-leg-hop test before ACLR

Postoperatively

1-6 wieks

Perform passive and active Dull ROM and full weight-
bearing, closed Kinetie chain excrcises with limited (0-50
degrees) ROM, struight-leg mises (extension, flegion,
abduction, sbductin), balance proprioceptive traming,
stationary bicvele when | L degrees of knee flexion
achieved

T-12 weeks

Inerease closed kinetic chain exercises, increase
halance! propricceptive treining. frontal and el step-
ups, langes with weight, slide beard, stair-master, el

rises

A-d meoauths

Increase closed kinetic cham exercises and stan open
kinetie chain exercizes with full ROM, increase
halance/propricceptive iraining, stari running and
plvometne exercises, q;:.u,:ling_ shrt p-crtu'rbaliun I:r.l'ining
and sports-apecific drills

S moniths

Inerease minning and plyomeiric programmes, cuttings,
perturbation training and sports-specific drills

1=3 weeks

Perform passive and active full ROM ond full weight-
bearing, closed kmetic chaim exercises with lmited (-5
degrees) ROM, siraight-leg raises {exiension, flexion,
nhdwction, adduction), heel nses, bolonce/ proprioceptive
traning, salwmary bicyele when 110 degrees of knes
flexion achieved

40 weeks

Closed and open kKinetie clain exercises with RO
between 0 and 90 degrees, training of the upper bady and
trunk

T-8 weeks

[nerease choded and open kinetic clain exercises,
increase balance/proprioceptive training, fronial and
Interal step-ups, lunges with weight, slide board, stoir-

master, eyeling

Q=12 weeks

Start runming and plyometnc exercises, sub-maximum
closed and open Kinetic chain exercises

=4 months

Increase unning programme and plyometne exercises,
maximum closed and apen kinetic chain exercises,
cuttings and periurbation iraining, sporis-specific drills

Figure 0.6: Standard and accelerated rehabilitation protocol by Cristiani et al

(2021)
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1.13.3.1 Accelerated vs non-accelerated ACL rehabilitation protocol

To understand when the traditional or non-accelerated and accelerated protocols
originated, the literature search extended up to 1992. In an article written by De Carlo
et al (1992) they described the traditional or non-accelerated ACL rehabilitation
protocol that was originally published in 1981 by Paulos et al. This protocol consisted
of immobilisation of the knee joint in a cast at 30 degrees of knee flexion for two weeks,
whereafter the cast was replaced by a hinged brace. This brace was weaned at four
months post operatively. The patient was NWB for eight to 10 weeks and could start
partial weight-bearing (PWB) thereafter. After 12-14 weeks the patient started full
weight-bearing (FWB), and some isokinetic exercises was initiated at that time too.
From nine to 12 months the patient were allowed to return to normal function if they
had full ROM and good strength to do so. The problems associated with this protocol
were decreased ROM which required manipulation, and the formation of excess scar
tissue that had to be surgically removed. During the time that this was the gold standard
of rehabilitation, it was found that the non-compliant patients that did not follow the WB
protocol and exercise prescription as per the protocol, recovered better and had fewer
complications. This was the driver of developing more accelerated protocols. (De Carlo
etal., 1992).

A systematic review by Andrade et al (2020) did not find a conclusive definition of
accelerated rehabilitation but generally, it was described as a shorter rehabilitation
period with early WB, joint mobilisation, and early progression of OKC and closed
kinetic chain (CKC) exercises. In a retrospective study by De Carlo et al (1992) the
accelerated protocol included early WB, early knee ROM mobilisation, emphasis on
terminal extension of the knee joint and prescription of a CKC exercise programme to
increase knee flexion ROM. In this study they compared patients that were
rehabilitated via the non-accelerated protocol and the accelerated protocol. The data
for three months, six months and 12 months were compared and it was found that the
accelerated protocol had better outcomes than the non-accelerated protocol when
ROM, strength and stability were compared (De Carlo et al., 1992). Similar results were
published by Shelbourne et al (1992) with a new focus on patient education in regards
to what exercises and activities of daily living they can do instead of what they are not
allowed to do (Shelbourne, Klootwyk and DeCarlo, 1992).
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The concern with following an accelerated programme is that the reconstructed
ligament will become laxer. An additional risk were found where the graft was not
healing properly (Beynnon et al., 2011). The prospective double-blinded randomised
control trail done by Beynnon et al (2011) found that there was no significant difference
in laxity and clinical assessment between the two protocols. In this study, the
accelerated protocol was defined as weaning crutches at day eight post-operatively
and progressing to FWB, an earlier start of isometric and concentric quadricep muscle
contraction. The same exercises were only initiated in the non-accelerated group when
the estimated time for graft healing (that they did not specify) was met and WB without
crutches only after day 22. In this study, they found that the amount of laxity after
accelerated rehabilitation and non-accelerated rehabilitation protocols were the same.
This indicating that the accelerated protocol does not cause more laxity than the non-
accelerated rehabilitation protocol (Beynnon et al., 2011). Similar results were
described in a prospective randomised control tail study done by Gupta et al (2017)
but they found that their clinical outcomes were better than with the non-accelerated

protocol after semitendinosus gratft.

In a systematic review by Janssen et al (2018), they wanted to evaluate the outcomes
of different rehabilitation protocols, surgical interventions, and patient characteristics
on outcomes after a hamstring tendon graft. They defined accelerated rehabilitation as
early unrestricted ROM, passive knee extension, immediate WB without a ROM brace
and OCK exercise within limited ROM (45 to 90 degrees) that started at four weeks
post-operatively. The progressive concentric and eccentric exercises were only started
after 12 weeks. They wanted to compare the results in other studies that evaluated
outcomes of patella tendon graft compared to hamstring graft. They found no
significant difference between outcomes of the patella tendon graft and hamstring

tendon grafts.

In a similar systematic review by Nelson et al (2021) concluded that a six-week
accelerated protocol showed significant improvement in pain scores and knee ROM at
eight weeks post-operatively. The accelerated protocol also had the added benefit on
the psychosocial aspect of recovery, and it showed that these patients have a higher

quality of life in the short term but more research in this regard is required.
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In contrast to the study done by Nelson et al (2021), a randomised controlled trial done
by Cristiani et al (2021) found no difference in outcomes of muscle strength between
the standard and accelerated protocols post ACL rehabilitation. The standard
treatment protocol must not be confused with the non-accelerated protocol described
by Paulos in 1981. The standard protocol used by Cristiani et al (2021) was described
as passive and active full ROM, FWB, CKC exercises with limited (0-50) ROM (as seen
in fig 2.6), straight leg raise, balance/proprioception training and stationary bicycle
when they reach 110 degrees knee flexion within the first six weeks post-operatively.
From seven to 12 weeks, they progressed the CKC exercises, increased balance, and
proprioception training. From three to four months, they started with OCK exercises,
plyometrics and sport-specific drills. The main difference between the standard
protocol and accelerated protocol was the time frame of the initiation of OCK exercises.
Regarding the accelerated protocol, they initiated open and CKC exercises up to 90
degrees of knee flexion from week three and then progressed this exercise until week
seven. From seven to eight weeks, they increased the OCK and CKC exercise

programmes. They started with running and plyometrics from week nine to 12.

As per literature, the accelerated rehabilitation includes the following: Immediate WB,
early unrestricted progressive ROM and gaining knee extension. While a non-
accelerated programme includes immobilisation for the first two weeks, with
progressive ROM only after the stability of the ACL graft is determined, NWB
mobilisation with progression to FWB six weeks post-operatively, Table 2.1 outlines
the differences between the Accelerated and non-accelerated protocols found in the

literature.

Table 0.1: Accelerated vs non-accelerated protocol

Accelerated Protocol Non-accelerated protocol

e Early unrestricted progressive e Knee immobilisation for the first two
ROM weeks, with progressive ROM only
e Immediate progressive WB after the stability of the ACL graft is

e Immediate progressive knee determined.
extension ROM e NWB mobilisation with progression
to FWB after six weeks post-

operatively.
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1.13.3.2 When should rehabilitation start preoperatively or post-operatively?

According to Wilk and Arrigo (2016), the purpose of preoperative rehabilitation include:
preparing the patient physically and psychologically for the surgery, decreasing the risk
of post-operative complications and improving the changes of successfully returning to
function and sport, and decreasing the risk of re-injury. They suggest that preoperative
rehabilitation should aim to reduce swelling, inflammation, and pain, and restore ROM
and quadricep control, followed by the restoration of neuromuscular control of the
knee. Swelling, inflammation and pain can be reduced by physiotherapy with the use
of cryotherapy, passive ROM, and electrical stimulation. With regards to the restoration
of ROM, the first aim is to gain full knee extension and then progress to regaining
flexion. They suggest that 0-120 degrees of knee range could be achieved by the 10"
day of preoperative rehabilitation. To improve the quadricep muscle function post-
operatively, the use of isometric exercises and electrical stimulation was suggested
preoperatively. Furthermore, proprioceptive training should be initiated when there is
a reduction in swelling and pain, and restoration of ROM and quadricep muscle control
has been established. This is achieved by weight-shifting exercises and mini squats.

A total of 21 days is required for pre-operative rehabilitation to attain these goals.

In the manuscript written by Filbay and Gindem (2019), they aimed to provide practical
recommendations for management ACL rehabilitation. They suggested that the goal
of preoperative rehabilitation is to decrease swelling, restore ROM, and improve
quadricep strength. Furthermore, preoperative rehabilitation benefited patients up to
two years post-operatively. However, if the patients had decreased ROM and
increased swelling preoperatively it increased the risk of poor outcomes after surgery
(Filbay and Grindem, 2019). This was echoed in a systematic review by Giesche et al
(2020) who evaluated the research regarding preoperative and post-operative
rehabilitation. The study aimed to evaluate the potential benefit of preoperative
rehabilitation of pre- and post- operative objectives, self-reported function and return
to sport-specific outcomes. In their results, they found that preoperative rehabilitation
improved the patient’'s neuromuscular function and their chances of a return to sport.
However, in this study, only six studies were referenced, and limited databases were
sourched for research. More high-quality randomised control trails are required in this
field.
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In contrast, the systematic review by Carter et al (2020) found that there is low-quality
research to support the suggestion that there could be an improvement in muscle
strength, function and return to sport in patients who received preoperative
rehabilitation in comparison to patients who did not. In this review, they found that there
was a large variety in preoperative protocols, number of sessions and time frames for
preoperative rehabilitation. There was no significant difference in the quadricep and
hamstring muscle strength of patients that had preoperative rehabilitation. They did
however find that function assessed via the single leg hop distance was significantly
better at 12 weeks in the patients that had preoperative rehabilitation. Overall, the
patients who had preoperative rehabilitation did not return to sport earlier in
comparison to patients that started rehabilitation post-operatively, only. They
concluded that the evidence for preoperative rehabilitation is still limited and that there
was a gap in the research regarding the psychological aspect and the barriers that play

part in the recovery of patient post ACL injury.

According to the literature, there is a large variety in protocols, number of sessions and
time frames for preoperative rehabilitation. It is suggested that preoperative
rehabilitation should be done to decrease swelling, restore ROM, and improve muscle
strength to prevent post-operative complications like loss of ROM, patellofemoral pain,

and muscle weakness.

1.13.3.3 WB protocol

Early WB is encouraged in the literature (Andrade et al., 2020). It is recommended
that the patients should progress to FWB immediately post-operatively as tolerated.
The effect of early WB include improvement in ROM outcomes, decreased quadriceps
muscle wasting and increased quadriceps strength (De Carlo and Sell, 1997; Wright
et al., 2008b; Adams et al., 2012; Naik, Das and Kamat, 2019; Andrade et al., 2020;
Jenkins et al., 2022).

According to Janssen et al’s (2018) systematic review they looked specifically at the
hamstring autograph and accelerated protocol. It was found that walking with a normal
gait pattern and WB without crutches within the first 10 days post-operatively
decreases the amount of quadricep muscle strength that is lost and thus prevents the

development of patellofemoral pain. The early WB (as pain allows) and normal gait
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pattern do not affect the stability of the knee. This was also supported by the systematic
review by Andrade et al (2020) that suggests that early WB should be encouraged but
must progress as the patient can tolerate.

The systematic review by Fan et al (2022) concluded that early WB leads to increased
laxity and an increase in tunnel diameter of the graft. They recommended delayed WB
up to eight weeks and careful selection of rehabilitation protocol for the best result of
knee stability. In this study, they included 911 articles that were eligible but only nine
studies that met the criteria were used. The inclusion criteria consisted of comparison
of delayed or accelerated rehabilitation protocols in patients after ACLR; arthroscopic
surgical intervention, mean age of participants 18 years and older, randomized,
controlled, retrospective or prospective trails. Two of the nine articles showed
significant bone tunnel enlargement with early WB. In seven of the articles the knee
laxity was measured with arthrometer. From the seven studies only two reported a
greater degree of laxity. In contrast, it was found in the systematic review by Jenkins
et al (2022) that early WB is important for ROM and function of the knee post-
loperatively. The selection of early activities like WB and exercise to achieve these
goals should be done safely to prevent complications like laxity and bone tunnel

enlargement.

In conclusion, it is suggested that patients progress to FWB as soon as it can be

tolerated to prevent complications like laxity and bone tunnel enlargement.

1.13.3.4 Protective bracing

Protective bracing aims to protect the healing tissue, decrease swelling, prevent injury
to the graft and give the patient more confidence whiles it aids early joint movement
(Wright et al., 2008b; Andrade et al., 2020). The protective braces are effective in
preventing anterior translation of the femur on the tibia but the ability of the brace to
protect from reinjury has not been validated in the literature. However, it is suggested
by the literature that post-operative bracing should not be used for ACL ligament
rehabilitation (Kurtz et al., 2011; Wright et al., 2015; Bordes et al., 2017; Lowe et al.,
2017; Naik, Das and Kamat, 2019; Andrade et al., 2020; Nelson et al., 2021)
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The retrospective study by Bordes et al (2017) evaluated the effect of rigid bracing,
articulated brace, and no brace in early post-operative ACL rehabilitation. The repair
grafts used in the study was hamstring and bone-patella- bone grafts. The study
population included 969 patients of which 74% used the rigid brace, 19% the
articulated brace and seven per cent had no brace. In this study, there was no
significant difference found between the three groups regarding pain, ROM, muscle
atrophy and walking quality. They found that there was an initial increase in ROM in
the patients that had no brace but later in the rehabilitation process the ROM gained
was equal. The limitations of this study was that they used a observational
retrospective study instead of a prospective randomised study, and short follow up
times with the patients. They concluded that the brace could increase the occurrence
of post-operative complications like muscle atrophy and reduce flexion ROM initially
when using a rigid brace, and the brace should only be used if the patient has a
guadricep activation deficit that stops the knee from moving into terminal locking or if
the surgical graft is fragile. Similar findings were published in a retrospective cohort
study by Naik et al (2019) where they found that rehabilitation without protective
bracing can indirectly protect against re-injury by preventing muscle atrophy with the
early strengthening of the quadriceps muscle. The study limitation was that they had a
small sample size (32 consecutive patients) but they had no re-ruptures of ACL during
this study (Naik, Das and Kamat, 2019). In the systematic review written by Andrade
et al (2020) they found that post-operative functional bracing was not supported by
scientific evidence and the brace should only be considered when itis a more complex

injury and other ligaments are involved.

1.13.3.5 Mobilisation of knee joint

The concept of immediate knee joint mobilisation has been the gold standard of
treatment for at least the last two decades (Andrade et al., 2020). The reason for
iImmediate mobilisation is to prevent loss of knee extension. According to the
systematic review written by Andrade et al (2020) immediate mobilisation,
neuromuscular and strength training are important to prevent extension loss of the
knee. The systematic review by Wright et al (2015), found that immediate gaining of
flexion and extension ROM is a fundamental principle in post-operative ACL
rehabilitation. Therefore, it is started by the physiotherapists as soon as rehabilitation
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commences. However, the impact of immediate knee mobilisation was not studied in

randomised control trails.

1.13.3.6 Return to function

A prospective longitudinal observational study by Obermeier et al (2018) found that
early functional recovery is just as important as long-term return functional outcomes
in post-operative ACL rehabilitation. The functional goals that this study looked at were
decrease in pain to the point where they can discontinue using pain medication, when
the patients stop using crutches, return to work or school and driving. In this study,
they collected data from 182 patients pre-operatively, at weeks one, two, four, eight
and 12 weeks post-operatively. They collected data about the functional milestones
via a questionnaire. The results of the study found that the mean time for patients to
stop using pain medication was day nine. They reported that crutches were weaned at
day 15, the median day for return to work was day 11 and return to school seven days
post-operatively. Most of the patients returned to driving by day 11. They concluded
that rapid recovery and return to function happen mostly within the first month post-
operatively, but this could be influenced by demographic characteristics. The
systematic review by Andrade et al (2020) found that a minimum of three months is

required for a patient to return to heavy activity and labour.

1.13.3.7 Return to sport

In the literature, there are varied opinions and protocols regarding the expected time
of return to sport, as well as the criteria that determine if a patient is ready to return to
sport. This can be seen in the comparison of surveys done by physiotherapists and
surgeons that are part of the ACL study group as well as a systematic review that
evaluates current trends in research (Sherman et al., 2021; Fausett, Reid and Larmer,
2022).

Sherman et al (2021) discussed the survey that was completed by the ACL study group
in 2020. The most common response regarding when patients return to sport was
between six months and eight months (44% response rate) and 41% returned between

nine months and 12 months. In this survey, they found that 71% of participants reported
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that return to sport is determined by time criteria and functional assessment. In this
article, they did not mention what functional assessment they used as criteria for return

to sport.

If we compare this to the study by Fausett et al (2022) that evaluated surveys
completed by physiotherapists in New Zealand in 2021 about the return to sport, 63%
responded that their patients return to sport between nine and 12 months. Only 11%
supported return to sport between six and nine months and 24% would wait 12 to 18
months. Regarding criteria for return to sport, they were much more specific: the most
included considerations for return to sport were functional capacity, mechanics,
strength, and psychological aspect. They concluded that 98.1% of physiotherapists
look at functional capacity, 92.5% lower limb and trunk mechanics, 90% knee muscle
strength and 89% psychological aspect of readiness to return to sport and 75% at the

time after surgical intervention (Fausett, Reid and Larmer, 2022).

According to the Moon guidelines by Wright et at (2015) the patients usually return to
sport between five to six months post operatively. In contrast, Baron et al (2020) found
that the return to sport is usually six to nine months post-operatively. The systematic
review by Andrade et al (2020) suggested that the criteria that determine return to sport
should include clinical evaluation via Knee injury and osteoarthritis outcome score
(KOOS), IKDC or Lysholm scores, functional evaluation via hop test and psychological

assessment for readiness to return to sport.

The return to sport time frames in the literature varies and ranges from five to 12
months post-operatively. It is important not to base the decision on return to sport on
specific time frames but rather on criteria that include clinical evaluation, functional

evaluation, and psychological assessment.

1.13.3.8 Supervised physiotherapy vs Home-based physiotherapy

According to Czamara et al (2021), there is a significantly better recovery of strength
in patients that has a six-month supervised post-operative ACL rehabilitation
programme compared to patients that had fever sessions. The randomised control trial
aimed to compare the outcomes of the patients who had more than 60 supervised

sessions with patients who had less than 60 supervised sessions in 24 weeks post-
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operatively. In this study, they had three groups. Group one had more than 60 sessions
guided by the physiotherapist, whilst in the second group, the patients could decide on
the number of times they wanted to follow up in 24 weeks. Group three was the control
group that had 20 patients with no knee injuries. A total of 105 patients participated in
the study and were then randomly allocated to a group. They concluded that an
average of 75 supervised physiotherapy sessions was recommended to regain optimal

strength similar to the patients' unaffected lower limb and the control group.

In the cohort study by Han et al (2015), 93 patients were instructed to attend 20
supervised physiotherapy sessions. The patients’ outcome measures (KOOS, Lysholm
scale, and short form-36 health survey) were taken pre-surgery and one year later.
They found that moderate to full compliant patients with supervised physiotherapy
sessions improve their outcome measures and chances of returning to sport. With the
decision regarding home-based physiotherapy or supervised physiotherapy session
the systematic review by Andrade et al suggested that the prescription of intervention
depends on the individual patient. Intensive supervised physiotherapy might be
indicated in some patients, but minimal supervision might be indicated for patients who
are motivated or live far. They concluded that a home-based programme with added
supervised sessions is recommended (Andrade et al., 2020). This was also supported
in a more recent prospective observation study by Rhim et al (2021) who compared
the functional outcomes at six and 12 months between groups that had supervised
sessions and home-based intervention. They concluded that the supervised
physiotherapy session group had greater improvement in muscle strength,

neuromuscular control, and higher patient-reported knee function.

From the literature, it is suggested that supervised physiotherapy sessions are
beneficial to the outcomes of post-operative ACL rehabilitation and show better
functional outcomes than home-based intervention alone. Home-based intervention as
described in the literature is seen as exercise prescription that is followed at home and

not as the physiotherapist doing a home visit and treating the patient at home.
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3.5.2.9 Treatment modalities used in rehabilitation.

The treatment modalities found in the literature that will be described include
continuous passive movement (CPM), neuromuscular electrostimulation, cryotherapy,

dry needling, blood flow restriction, and peripheral joint mobilisation.

Some guidance on specific modalities shows positive results when added to existing
protocols (Sakane et al., 1999; Wright et al., 2015; Van Melick et al., 2016; Janssen et
al., 2018; Baron et al., 2020; Giesche et al., 2020).

Cryotherapy is effective in decreasing post-operative pain (Hart et al., 2014; Kuenze
et al., 2017; Filbay and Grindem, 2019; Andrade et al., 2020). According to Kuenze et
al the cryotherapy should be applied for 20 min. The systematic review by Andrade et
al (2020) suggested that cryotherapy should only be used for the first 48 hours
(Andrade et al., 2020). Filbay and Grindem (2019) suggested that cryotherapy is
effective in decreasing pain but is ineffective in reducing effusion around the knee
(Filbay and Grindem, 2019)

According to Andrade et al (2020), neuromuscular electrostimulation may be added to
the rehabilitation programme depending on the individual’s circumstances and the
patient’s preference. This treatment modality can be added to isometric strengthening
in the initial six to eight weeks to re-educate voluntary contraction and increase the
strength of quadriceps muscle, but the ideal electrical parameters remain unclear. In
the systematic review by van Melick et al (2016) they based their research on four
systematic reviews, six random control trails and one prospective cohort study. These
studies concluded that adding neuromuscular electrostimulation could improve muscle
strength for up to two months after surgical intervention, but the long-term effect on

function has not been established yet.

In the randomised single-blinded control trial by Velazquez et al (2017) they found that
dry needling in conjunction with a rehabilitation protocol increased the ROM in the short
term. In this study, they had 44 patients randomly and equally allocated into two
intervention groups. The primary outcome measure was pain intensity, but they also
used ROM, stability, and function. The same rehabilitation protocol was applied in both

intervention groups, with the addition of one session of dry needling of the vastus
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medialis active myofascial trigger point to the experimental group. They found 15
degrees of ROM difference in the two groups after the first week of intervention, but
after five weeks there was no clinical difference between the two groups. The
limitations mentioned in the study were the sample size and they did not measure post-
needling treatment pain. In the study, they said that function was also improved in the
short and long term but they did not mention how they measured the function. Thus

because of the small sample size the results should be considered with caution.

CPM was originally used as a treatment modality in the post-operative ACL
rehabilitation originally described in the article written by De Carlo et al (1992). As the
surgical procedures and rehabilitation evolved research regarding CPM showed that it
has no short or long-term benefit and is not recommended as a modality in
rehabilitation following ACL reconstruction (Wright et al., 2015; Makhni et al., 2016;
Andrade et al., 2020).

Blood flow restriction according to Serrano and Serrano (2019) “proposes using partial
venous occlusion to induce a local hypoxic response within the exercising muscle
which evokes a large neuroendocrine response”. Blood flow restriction takes many
forms, some models use pressure gauges to set specific pressures and in some
protocols, they use pneumatic devices to monitor the pressure continuously. The blood
flow restriction is done in such a way that only venous return is decreased but the
arterial blood flow is not affected. The reasoning for using blood flow restriction during
exercise is to promote anaerobic metabolism and thus causing hypoxia.

This hypoxic response was found to be similar to exercise at high intensity. It is
suggested that this could be of benefit in post-operative rehabilitation to reduce muscle
atrophy whiles protecting the surgical graft when there is a restriction of load in OCK
and CKC exercises. The systematic review done by Lipker et al (2019) found three
randomised controlled trial studies about blood flow restriction and concluded that
blood flow restriction and low resistance do not affect the circumference (atrophy) of
the quadricep muscle. There is some evidence that shows using blood flow restriction
during immobilisation in the early stage of rehabilitation might have some positive
effect on the atrophy of the quadricep muscle. The benefit versus the cost and risk
needed more evaluation. In a more recent randomised controlled trial by Baron et al
(2020), they added blood flow restriction to four groups of exercises. This addition did

not increase muscle strength, volume or activation in any of the exercise groups.
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Regarding peripheral joint mobilisation of the knee joint as a treatment technique for
post-operative ACL rehabilitation only one study was found. The experimental study
evaluated the effect of repeated anterior tibiofemoral glides on the extension eight
weeks post-operatively. This study found that the mobilisation increases the knee
extension ROM, but this decreased again after a ten-minute rest period. They
concluded that although glide mobilisation techniques are common in physiotherapy
treatment to increase ROM there is limited evidence in the literature to support their
efficacy (Hunt et al., 2010).

Some specific modalities showed positive results when added to existing rehabilitation
protocols. These include cryotherapy, neuromuscular electrostimulation, dry needling,
and peripheral joint mobilisation. The use of blood flow restriction is inconclusive but
and should be caution. According to the literature, there is no benefit with the use of
CPM.

1.13.3.10  Types of exercises for post-operative ACL rehabilitation

The aim of exercises in the first six weeks of post-operative ACL rehabilitation is to
initiate quadricep strength, decrease muscle atrophy and increase neuromuscular
activation (Pottkotter et al., 2020; Vidmar et al., 2020). The systematic review by
Andrade et al (2020) described suggestions of what exercises should be included in
exercise programmes post-operative ACL rehabilitation. The exercise programme
should include immediate mobilisation with active and passive ROM exercises,
iIsometric exercises within the first-week post-operatively and the progress to
concentric and eccentric exercises of muscles that contribute to the mobility and
stability of the knee joint (gastrocnemius, hamstring, quadricep, adductors and gluteus
medias). For the first four weeks, close kinetic chain exercises should be started and
OKC exercises in a ROM from 45 degrees of knee flexion to 90 degrees of knee flexion

can be added thereafter.
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Knee mobilisation

Concerning when passive and active ROM should be started Cristiani et al (2021)
started with active and passive knee ROM in both the control and intervention groups
within the first six weeks of rehabilitation to regain extension ROM. Andrade et al
suggest immediate mobilisation to increase ROM within the first week post-operatively

to decrease pain and prevent extension loss (Andrade et al., 2020)

According to the protocol for the systematic review by Ektas et al (2019), loss of
extension is one of the complications after ACL reconstruction. A loss as small as five
degrees could lead to abnormal biomechanics that affects the gait pattern and the
ability to climb stairs (Noll et al., 2015). That in turn, can lead to re-rupturing of the
ligament, revision surgery or increased risk for the development of osteoarthritis (Ektas
et al., 2019). In the cohort study by Noll et al (2015) they found a correlation between
the side-to-side knee extension difference at four and 12 weeks post-operatively. The
side -to side knee extension is the comparison of non-operated leg extension to the
operated leg. The protocol described in the study included active and passive ROM
exercises three times a day until symmetrical knee extension was obtained. They
concluded that knee extension ROM at four weeks was a good indicator of regaining
knee extension ROM in the long run and should be used as a goal initially to prevent
extension loss. For this reason, it is important to regain knee extension as soon as
possible. Similar findings were found by Ekstas et al (2019), that suggested that the
degree of extension loss at four weeks is strongly related to loss of extension ROM at

12 weeks post-operatively.

Isometric exercises

The randomised study by Shaw et al (2005) evaluated the quadricep muscle strength
of 103 patients. They included straight-leg raises and isometric quadricep contraction
directly post-operatively in the study group. These exercises were excluded from the
control group. After two weeks the two groups continued with the same exercise
programme. They found no significant difference in muscle strength between the two
groups during the six-week follow-up. But the patients in the study group showed a
greater improvement in flexion and extension ROM compared to the control group at

one-month post-operatively (Shaw, Williams and Chipchase, 2005). In the
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rehabilitation protocol by Yabroudi and Irrgang in 2013, they suggested that isometric
exercises should be started in the first four to six weeks post-operatively. The isometric
guadriceps exercise aims to preserve quadriceps muscle function. This is achieved by
the superior translation of the patella that would aid with the straight leg raise exercises
(Yabroudi and Irrgang, 2013).

Eccentric exercises

The systematic review by Gokeler et al (2014) specifically looked at the quadriceps
muscle function post ACL reconstruction. They concluded that quadriceps strength
improves the most with the application of eccentric exercises. The question was when
should eccentric exercises be introduced into the exercise programme? This question
was answered in the research report written by Gerber et al 2009. They examined the
effect of adding progressive eccentric exercises at three weeks post-operatively. With
evaluation at the one-year follow up the muscle volume and strength of the
experimental group exceeded that of the group that followed a more standardised

exercise programme.

Open and Closed kinetic chain exercises

When it comes to the prescription of OCK and CKC exercises there is still no
consensus in the literature. According to Thomas et al (2013), it was found that OKC
exercises cause increased anterior shear force on the knee and could possibly have a
negative impact on the healing of the graft. But OKC exercises are effective in
minimising quadricep muscle wasting and improving muscle strength. They suggested
that more studies are required to evaluate the safety of these exercises in post-
operative rehabilitation of ACL injuries (Thomas et al., 2013). The systematic review
by Wright et al (2015) indicated that OKC exercises started after six weeks improved
muscle strength without increasing laxity of the graft. In contrast, Andrade et al (2020)
suggested that CKC exercises should be emphasised in the early stage of
rehabilitation and OKC exercises within ROM of 45 degrees and 90 degrees can start
as soon as 4 weeks post-operatively. In the systematic review by Nelson et al (2021)
they only looked at the effect of OCK and CKC exercises started eight to 12 weeks
post-operatively on the laxity of the knee joint They suggested that both OCK and CKC

exercises could be started two to three months post-operatively without affecting the
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laxity of the ACL ligament. They suggest that more studies should be done to evaluate

the effect of early addition of OCK exercises in post-operative ACL the rehabilitation.

From the literature, we can conclude that the aim of exercises during the first six weeks
of post-operative ACL rehabilitation is to initiate quadricep strength, decrease muscle
atrophy and increase neuromuscular activation. To achieve this mobilisation should be
started immediately post-operatively. Active and passive ROM and isometric exercises
should be started within the first six weeks with the aim of full knee extension by week
four. Progressive eccentric quadricep exercises should be started three weeks post-
operatively. Evidence regards OKC and CKC exercises are conflicting, and more
research is required to establish when the addition of these exercises will be the most

beneficial for post-operative ACL rehabilitation.

1.13.3.11 Current Outcome measures used to assess post-operative ACL

rehabilitation.

The outcome measures used for pain, the use of the numerical pain scale and visual
analogue scale were suggested (Janssen et al., 2018; Andrade et al., 2020). For ROM
assessment, measurements taken with a goniometer should be used as a measurable
outcome (Ektas et al., 2019). The strength of the muscles can be measured with the
use of isometric quadricep strength testing (Janssen et al., 2018; Pottkotter et al.,
2020) and with the help of the biodex machine (Vidmar et al., 2020). Concerning
muscle atrophy measuring the quadricep circumference could be effective (Baron et
al., 2020). Functional testing found in the literature included the single leg hop test
(Janssen et al., 2018; Andrade et al., 2020) and the triple hop and cross-over hop test
(Wright et al., 2008a). Knee stability is assessed with the use of the Anterior drawer
test (Musahl et al., 2012; Andrade et al., 2020). The patient reported function include:
KOOS (Andrade et al., 2020; Pottkotter et al., 2020), International Knee
Documentation Committee Subjective Knee Evaluation Form (IKDC) (Janssen et al.,
2018; Andrade et al., 2020; Pottkotter et al., 2020) and the Lysholm knee scores
(Janssen et al., 2018; Naik, Das and Kamat, 2019).

In conclusion, the outcome measures can be grouped according to pain, strength, knee

stability and patient-reported functional outcomes. The outcome measures used to

43



measure pain are the numerical pain scale and visual analogue scale. Strength is
objectively measured with the use of isometric quadricep strength testing, functional
testing, and knee ligament stability is tested using the anterior drawer test. The patient-

reported function scales used in the literature include KOOS and Lysholm knee scores.

1.13.3.12 Summary:

The function of the ACL is to protect the knee from rotational loads and anterior tibial
translation though its ROM and in WB (Sakane et al., 1999). ACL injuries occur more
often due to non-contact injuries and the mechanism of injury usually includes
hyperextension of the knee or a sudden change in moving direction, irrespective of the

intrinsic and extrinsic factors that may be present.

The motivation for ACL repair using surgical intervention mentioned in the literature
includes recovering stability of the knee joint to prevent injury to other ligaments and
the meniscus and cartilage of the knee and helping the patients to return to the
preinjury level of sport (Ardern et al., 2011). Complications following ACL
reconstruction include deep vein thrombosis, surgical site infection, graft rupture,
complex regional pain syndrome, stiffness of the knee, weakness of the quadricep
muscle, patellofemoral problems and loss of knee extension (Shelbourne, Klootwyk
and DeCarlo, Acevedo et al., 2014; Bordes et al., 2017; Samuelsen et al., 2017). The
potential long-term (secondary) complications associated with ACL injury include
chronic knee instability, meniscus tear, cartilage injury and osteoarthritis (Acevedo et
al., 2014). With regards to post-operative physiotherapy management, it was found
that there is a great variety of protocols described in the literature (Eitzen et al., 2010;
Yabroudi and Irrgang, 2013; Makhni et al., 2016; Cristiani et al., 2021).

When looking closer to specific protocols regarding accelerated vs non-accelerated
protocols, the definition of these protocols was described as follows: The accelerated
rehabilitation includes the following: Immediate WB, early unrestricted progressive
ROM and gaining knee extension. While a non-accelerated programme includes
immobilisation for the first two weeks, with progressive ROM only after the stability of
the ACL graft is determined, NWB mobilisation with progression to FWB six weeks

post-operatively.
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With regards to when rehabilitation should start it was suggested that rehabilitation
should be started preoperatively as this could help to decrease swelling, restore ROM,
and improve muscle strength to prevent post-operative complications like loss of ROM,

patellofemoral pain, and muscle weakness.

Regarding the WB protocaol, it is suggested in the literature that the patients should
progress to FWB as soon as it can be tolerated but should be done safely to prevent
complications like joint laxity and bone tunnel enlargement. Protective bracing post-

operatively is not recommended.

Obermeier et al (2018) suggested that rapid recovery and return to function happens
mostly within the first month post-operatively, and according to Andrade et al (2020)
patients can return to heavy activity and labour within a minimum of three months. The
return to sport time frame in the literature varies and ranges from five to nine months
post-operatively. It is important not to base the decision on return to sport on a specific
time frame but rather on criteria that include clinical evaluation, functional evaluation,
and psychological assessment. From the literature, it is suggested that supervised
physiotherapy sessions are beneficial to the outcomes of post-operative ACL
rehabilitation and show better functional outcomes than home-based intervention

alone.

When looking more specifically at the treatment modalities that physiotherapists use
during treatment, some modalities show positive results when added to existing
rehabilitation protocols. These include cryotherapy, neuromuscular electrostimulation,
dry needling, and peripheral joint mobilisation. According to the literature, there is no
benefit with the use of CPM.

Another component in physiotherapy treatment post-operatively is exercise
prescription. The aim of exercises in the first six weeks of post-operative ACL
rehabilitation is to initiate quadricep strength, decrease muscle atrophy and increase
neuromuscular activation. To achieve this, mobilisation should be started immediately
post-operatively. Active and passive ROM and isometric exercises should be started
within the first six weeks with the aim of full knee extension by week four. Progressive

eccentric quadricep exercises should be started at 3 weeks post-operatively.
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To be able to quantify the results of rehabilitation it is important to use measurable
outcomes. From the literature, outcome measures can be grouped according to pain,
strength, knee stability and patient-reported functional outcomes. The outcome
measures used to measure pain are the numerical pain scale and visual analogue
scale. Strength is objectively measured with the use of isometric quadricep strength
testing and functional testing. The knee ligament stability is measured with the anterior
drawer test. The patient-reported function scales used in the literature include KOOS

and Lysholm knee scores.

From the literature review, we can conclude that post-operative rehabilitation is a very
important part of the success of the surgical intervention and contributes to the patient's
return to function and sport. In Chapter 3 the methodology of the research report will

be discussed.
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Chapter 2 Methods

2.1 Study Design

The study was a quantitative cross-sectional study using a self-administered

guestionnaire.

2.2 Study Setting

The participants included in this study were qualified physiotherapists in Gauteng,

South Africa that do post-operative ACL rehabilitation.

2.3 Participants

2.3.1 Source of Participants

The source of participants used in this study were all qualified physiotherapists in
Gauteng registered with the South African Society of Physiotherapy (SASP) and the
Physiotherapy Association of South Africa (PASA).

2.3.2 Sample Size

In the current HPCSA database, there are 8826 registered physiotherapists in South
Africa and 3616 of these work in Gauteng. Of these 8826 physiotherapists, 4000 are
registered with the SASP and 2966 are registered with PASA. The SASP and PASA
were contacted to find out how many active members they have in Gauteng. The
SASP has 1801 physiotherapists working in Gauteng and PASA has 120. This sample
includes all physiotherapists with different specialities. Due to this, it was difficult to
establish a correct response rate because the exact number of physiotherapists that

work with post-operative ACL rehabilitation patients cannot accurately be established.
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2.3.3 Sample Selection

A sample of convenience was used for data collection. All qualified physiotherapists in
Gauteng registered with SASP and PASA that do post-operative ACL rehabilitation
were included in the study.

2.3.3.1 Inclusion Criteria

All physiotherapists registered with SASP and PASA that work and live in Gauteng
with post-operative ACL rehabilitation and have access to social media linked to these

organisations.

2.3.3.2 Exclusion Criteria

The exclusion criteria included all the physiotherapists’ responses related to protocols
for reconstructive surgeries related to the knee, which includes ACL surgery with
meniscus repair or multiple ligament injuries. The other exclusion criteria for this study

were all physiotherapists working outside of Gauteng province.

2.4 Instrumentation and OQutcome Measures

2.4.1 Self-developed Questionnaire

A self-designed questionnaire was developed for this study. The questionnaire was
developed with the guidance of systematic reviews by Andrade et al (2020), Filbay and
Grindem (2019), and Wright et al (2008a and b). These articles outline the different
treatment strategies for post-operative ACL rehabilitation in current literature. The
different components include suggestions regarding the commencement of
rehabilitation, WB restriction, the use of post-operative bracing, ROM restriction,
exercise prescription in the first six weeks, use of other modalities, and outcome
measures that are useful in the assessment of patients and expected return to function

and sport.
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The questionnaire comprised of three sections: Part 1 which captured the demographic
information, part 2 captured specific questions regarding ACL rehabilitation protocol

and part 3 captured questions about physiotherapy goals and outcome measures.

2.4.2 Validity of questionnaire

To establish the content validity, five experts (academic and clinical experts, with more
than five years’ experience) involved with the management of post-operative ACL

rehabilitation were invited to validate the content of the questionnaire.

The panel of experts originally selected for the validation of the questionnaire included:
Three academics with PhD and masters in physiotherapy, and two clinicians with more
than 10 years’ experience working with post-operative ACL rehabilitation. Of the five
experts only two responded as the remaining three experts of the panel (One academic
and two clinicians) were unable to assist with the validation of the questionnaire. On
31 October 2021, three other clinicians were contacted for the pilot study. These
experts included an academic with a master's degree in physiotherapy and two
clinicians, one with a master’s degree in physiotherapy and the other with 12 years of

experience working with post-operative ACL rehabilitation patients.

2.5 Procedure

2.5.1 Pilot Study

The pilot study aimed to evaluate the self-developed questionnaire against the aim and
objectives of the study. The panel of experts were asked to give feedback about the
guestionnaire. They were required to answer the following:

1. Is the content relevant?

2. Are the questions clear?

3. Do the questions capture the topic of ACL rehabilitation effectively,

according to the aims and objectives of the study?
4. Any suggestions to add to the content of the questionnaire
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The results from the panel of experts were summarised in a Microsoft Word document.
A short list of corrections and suggestions was compiled from the panel of experts’
comments and inputs. The suggestions included adding the definition of the
accelerated and non-accelerated protocol, return to function and return to sport. Some
of the corrections made included: adjusting the time frame so that it reads correctly, for
example, zero to six weeks instead of zero to five weeks. It was also suggested that

an option ‘other’ with a section to elaborate, needed to be added to the questions list.

After careful consideration of the experts’ comments and suggestions, the
guestionnaire was adapted to include their suggestions. The completed version of the
guestionnaire was then sent again to the experts for final validation. One expert
commented on the time spent completing the questionnaire as it took five minutes to

complete the questionnaire.

2.5.2 Main Study

The questionnaire was loaded on REDcap (a secure web application for building and
managing online surveys and databases). Those who consented to participate in the
survey continued to complete the survey. The link with introduction, explanation,
ethical approval and consent to participate was sent to the SASP and PASA for
distribution to their members. PASA sent the content to their members on 15 December
2021 and a reminder again on 15 January 2022. The SASP sent the questionnaire to
their members in January 2022 and according to their rules regarding surveys, they

were unable to send a reminder to their members again.

An application to the ethics committee was sent on the 9" of March to request a change
in the recruitment process due to the poor response rate using the databases of PASA
and SASP. The change requested was to place an advertisement on social media that
included WhatsApp, Facebook, and Twitter to invite physiotherapists to participate in
this study. This was approved on 14 April 2022. The advertisement was sent via
WhatsApp to physiotherapy groups in Gauteng. A request was emailed to SASP to
place the advertisement on SASP's social media platforms. After the request was
approved it was placed on Facebook on 11 May 2022. The data collection period
ended on the 27" °f May 2022. Thus, the total data collection period was six months.
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2.6 Ethical Considerations

Ethical clearance was given by the University of the Witwatersrand Human Research
Ethics Committee, faculty of health Science on 23 August 2021.

With a self-reported questionnaire, it is important to consider the confidentiality of the
participants' information. This online survey was accessed using a REDcap link that
did not require the participants to share any personal information. The link was sent
to SASP and PASA and they distributed it to their members. The PASA and SASP
database is strictly confidential. According to POPI act they are not allowed to share
this information without written consent. The other consideration is informed consent
for participation. Participants confirmed their consent via the REDcap link.

As all survey participants were anonymous, thus there is no impact on POPIA

legislation.

2.7 Data Reduction

After the completion of data collection on 27 May 2022, the data was exported from
REDcap to Microsoft Excel. In the Excel spreadsheet, the incomplete responses and

responses from provinces other than Gauteng were filtered out from the master data.

2.8 Statistical Analysis

The data for the different questions of the questionnaire were placed in separate sheets
and 20 pivot tables were used to summarise and calculate statistical data points. From
these pivot tables, the percentages, means, and averages were calculated for use in
the research report as. Table 3.1 outlines the objective, types of data and descriptive

stats that will be used in the study.
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Table 2.1: Statistical analysis

operative ACL repair
rehabilitation

Objectives Type of data Descriptive stats
. . . Frequencies and
Demographic information Continuous percentages
1. To determine the number
of physiotherapists that _ Frequencies and
use an accelerated Categorical
percentages
programme and non-
accelerated protocol.
2. To determine the following
rehabilitation goals post
ACL surgery:
e If rehabilitation starts
preoperatively or post-
operatively
e The WB protocols , Frequencies and
Categorical
e The frequency of use of percentages
protective bracing
e When patients return to
normal function
e When patients return to
sport
3. To determine the
commonly used
physiotherapy
management  strategies, , q
modalities, and exercise Categorical Frequencies an
prescription in the first six percentages
weeks of post-operative
ACL rehabilitation
4. To determine the outcome
measures used in post- , Frequencies and
Categorical

percentages

The results of the study will be presented next, in chapter four.
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Chapter 3 Results

The study aimed to determine the management strategy and treatment modalities

currently used by physiotherapists in post-operative ACL rehabilitation, in Gauteng,

South Africa. This chapter will present the results of the study. The results will be

presented as follows:

e Demographic information

e Accelerated vs non- accelerated programme (objective 1)

¢ Rehabilitation goals post ACL surgery (objective 2)

o

O

o

©)

o

If rehabilitation starts preoperatively or post-operatively
The WB protocol

The frequency of use of protective bracing

When patients return to normal function

When patient s return to sport

e Physiotherapy management (objective 3)

e Outcome measures used (objective 4)

A total of 120 physiotherapists accessed the questionnaire on REDcap. Of these 120,

22 responses were incomplete. From the remaining 98, 42 responses to the

guestionnaire were excluded because the participants were not in the Gauteng

province. The total number of completed questionnaires that could be analysed from

physiotherapists in Gauteng was 56. Only 46.6 % of the responses could be used for

the data analysis.
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Figure 4.1 outlines the process of data collection.

120 accessed the
questionnaire

98 completed the
guestionnaire

*42 were excluded as
their responses
were outside of

Gauteng province

*22 were excluded as
their responses
were incomplete

Figure 4.1 outlines the process of data collection

Final no. of completed
—56 n=56

*Response rate for
the survey: 46.6%

3.1 Results of Part one of the questionnaire: Demographic information

about participants

The average age for the physiotherapists that completed the survey was 35.8 years

old. The participants’ ages ranged from 25 to 60 years.

The average number of years in practice for the physiotherapists that completed the

survey was 12,6 years. The range of experience was from one year in practice to 30

years in practice.

The average number of years that the participants had been working with post-

operative ACL rehabilitation was 10 years. The range was one year to 30 years of work

experience with post-operative ACL rehabilitation.
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3.1.1 Post-graduate courses attended.

Table 4.1: Postgraduate courses attended (n=71)

Which postgraduate courses have you completed?

Courses Frequency Percentage

Orthopaedic manipulative therapy (OMT) 22 31%
Other 18 25%
ACL rehabilitation courses 15 21%
None 6 8%
Sport and exercise therapy (SPT) 5 7%
Master in OMT 3 4%
Master in SPT 2 3%
PhD 0 0%
Total 71 100%

Participants had the opportunity to select more than one option.

Table 4.1 outlines the postgraduate courses done by the participants. The participants

were allowed to select more than one option. Most participants (31%) had completed

the OMT course. The OMT course is an evidence-based course presented by the

SASP. The curriculum covers areas of biopsychosocial management of patients with

neuromusculoskeletal pain and dysfunction and complies with the standards of the

International Federation of Manipulative Physiotherapy (IFOMPT). The “Other” option

responses included courses like:

e “Completed 2-3 courses on the rehab of ACL Injuries”

e “Online and refresher, strapping, weekend courses.

Biokineticist”

Also offered by

e ‘“International online course by Mick Hughes.” He is a clinical physiotherapist in

Australia that works in the field of ACL rehabilitation and is a co-founder of an

education group called Learn.Physio that presents lectures about ACL

rehabilitation.

e “Clinical solutions paper courses Sports injury courses”

e “General ACL rehab courses “

e “Peer courses with orthopaedic surgeons and specialist Physiotherapists”

e “ACL rehab Continued professional development articles”
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e “United Kingdom based courses”

e “Physiopedia online courses”

e “Rosebank sports clinic series: Sports injuries”

e “Watching live surgery and then had a workshop with the surgeon,

physiotherapist and Biokineticist

3.2 Results of part two of the questionnaire: ACL rehabilitation protocol
3.2.1 To determine the number of physiotherapists that use an

accelerated and non-accelerated protocol.

Table 4.2: Number of Physiotherapists using the accelerated and non-
accelerated ACL rehabilitation protocols (n=56)

What protocol do you use for the rehabilitation of patients that had an
ACL repair?

Frequency Alignment to definition
Protocol (percentage) Frequency (percentage)
Accelerated 39 (70%) 9 (20%)
Non-accelerated 13 (23%) 1 (8%)
Other 4 (7%)
Grand Total s6aooy) [N

Table 4.2 outlines how many physiotherapists use accelerated protocol and non-
accelerated protocol and the alignment of responses to the definition of accelerated

and non-accelerated protocol given in the questionnaire.

Most of the participants responded that they follow accelerated protocols for ACL
rehabilitation. The participants’ option ‘other’ included the following:

e “Depending on the surgeon ad graft used | have rehabilitation using either one
or the other protocol”.

e “Protocol is used as a guideline. Patients are adjusted accordingly based on
their progression within the rehabilitation process. That is if progression criteria
are met earlier than expected then the patient is accelerated and if not, the
patient is not accelerated. Factors such as the surgical procedure used, and the
surgeon's advice play a role too in the decision making regarding the type of
protocol used”

o “Accelerated is my preference, but surgeons might specify non-accelerated”.
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e “Depends on surgeon - have different protocols”

3.2.2 To determine if rehabilitation starts preoperatively or post-

operatively

Table 4.3: Number of physiotherapists starting rehabilitation preoperatively and

post-operatively (n=56)

Count of When does rehabilitation start?

Protocol Frequency Percentage
Post-Operative 37 66%
Pre-Operative 19 34%
Grand Total 56 100%

Table 4.3 outlines how many physiotherapists start rehabilitation pre-operatively and

post-operatively. Most participants start with rehabilitation post-operatively.

3.2.3 To determine the WB protocol

Table 4.4: WB regime 0-6 weeks (n=56)

What weight-bearing restriction do you have for post-operative ACL patients from 0-6

Weeks?

Protocol Frequency | Percentage

FWB as Soon as Pain Allows 31 55%
20 36%

Other 4 7%

NWB 1 2%

Grand Total 56 100%

Table 4.4 depicts the weight-bearing regime followed by the participants. The options

‘other’ included:

e “PWB for 2 weeks, then with FWB brace to 6 weeks”

e “WB depending on surgical intervention, surgeons’ recommendation and as

pain allows”

e “PWB for 2-4 weeks then as tolerated according to pain”

e “0-2 weeks PWB, 2-6 FWB”
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3.2.4 To determine the frequency of use of protective bracing

Table 4.5 :ROM brace prescription protocol (n=56)

Use of a ROM brace post-operatively

Protocol Frequency Percentage
0-2 Weeks 2 4%
2-4 Weeks 6 11%
4-6 Weeks 33 59%
6-12 Weeks 2 4%
No ROM brace 10 18%
Other 3 5%
Total 56 100%

Table 4.5 depicts the ROM brace prescription protocols post-operatively. The majority

59%, used the ROM brace for four to six weeks. The options ‘other’ included:

e “Mostly no brace unless surgeon wants more stability in the initial weeks”.

e “Surgeon dependent. One Surgeon does not use a brace at all. Others use it for
up to 6 weeks”.

e “Sometimes dependent on surgeon. If it is my preference, it is patient
dependent regarding biomechanics and movement control rather than a specific

time”.

3.2.5 To determine when patients return to normal function

Table 4.6: When patients return to normal function (n=56)

Return to normal function

Protocol Frequency Percentage
0-6 Weeks 6 11%
12-18 Weeks 19 34%
6-12 Weeks 22 39%
Determined by functional test 9 16%
Grand Total 56 100%
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Table 4.6 depicts when patients return to normal function according to the participants'

protocols. The option ‘functional test’ included:

e “Hop test, single leg rise”

e “ROM, stability. strength, agility”

e “Single leg hop, and single leg squat”

e “Quadriceps strength, Full ROM Star excursion balance”

e “Vestibular balance test, single leg Hop test, Triple hop test, crossover hop test,
side hop test, single leg rise test”

e “Dependent on the functional level or sport participation”

o “Patient dependant”

3.2.6 To determine when the patient return to sport

Table 4.7: When do the patients return to sport (n=56)

Return to sport

Protocol Frequency Percentage
0-6 Months 4 7%
6-9 Months 22 39%
9-12 Months 16 29%
Other 3 5%
Return to sport is determined by functional test 11 20%
Total 56 100%

Table 4.7 depicts when patients return to sport according to the participants’

rehabilitation protocols. The option ‘functional test’ included:

e “Vertical jJump, stairs running”

¢ “Not one specific test - but an example is hop height, hop length, hop over 6m”
e “Single leg hops for distance”

o “Appropriate for the type of sport, ROM, stability, strength, agility”

e “Sport-specific assessment”

e “Multi direction hop test and quadricep strength”

e “Load capacity protocol, position-specific return to run and return to contact

protocol. Testing such as jump test variations, strength test variations”
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e “Biokinetics biodex assessment and programme”
e “Dependent on the functional level or sport participation”

e “Determined by the type of sport”

3.3 Results of part three of the questionnaire: Exercise programme

3.3.1 Physiotherapy strategy used to treat patient post-operatively

Table 4.8: Physiotherapy strategy used post-operatively (n=56)

Physiotherapy strategy to treat patients post ACL repair

Physiotherapy intervention Frequency | Percentage

Weekly Physiotherapy Treatment and Home

Exercises 41 73%
Biweekly Physiotherapy Treatment and Home

Exercises 8 14%
Other 6 11%
Home-Based Programme with Exercises 1 2%
Total 56 100%

Table 4.8 depicts physiotherapy strategy post-operatively. Most participants treat the
patients weekly and this includes a home exercise programme. The options ‘other’

included:

e “Depends on need and patient finance. All patients get a home exercise
programme. Referral to local physio. Ideally weekly and home exercises”

e “Due to my association with a sports team, | can see the patient daily to monitor
and facilitate treatment and exercises”

e “two-week post-op outpatient session, 1-2 weekly progressed to 2-3 or even 4

until discharge”
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3.3.2 Modalities used by physiotherapists to treat patients post-

operatively.

Table 4.9: The modalities used by physiotherapists to treat patients post-
operatively (n=202)

Modalities used to treat patients post-operatively

Modality Frequency Percentage
Myofascial Release 41 73%
Peripheral manual therapy 35 63%
Massage 32 57%
Cryotherapy 19 34%
Neuromuscular stimulation 18 32%
Ultrasound 14 25%
Dry needling 13 23%
Other 13 23%
CPM 8 14%
Laser 5 9%
Blood flow restriction 4 7%
Total 202 100%

Participants had the opportunity to select more than one option

Table 4.9 depicts modalities used by physiotherapists to treat their patients post-
operatively. The participants could select more than one option thus the 202 total. Most
physiotherapists treat their patients with myofascial release. The options ‘other’

included:

¢ Joint mobilisations and Muscle energy techniques
e Mobilization of the knee and Patella-femoral joint
e Exercise therapy and Proprioceptive Neuromuscular Facilitation (PNF)

¢ Interferential therapy
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3.3.1 Exercise prescription: When do you start with the following exercises?

Table 4.10:Summary of exercise prescription in post-operative ACL rehabilitation

Exercises prescription: When do you start with the following exercises?

Isometric Eccentric Concentric Cross OKC CKC Terminal Full
Training Locking Extension
Time Frequency Frequency Frequency Frequency Frequency Frequency Frequency Frequency

frame  (Percentage) @ (Percentage) @ (Percentage) @ (Percentage) @ (Percentage) @ (Percentage) @ (Percentage) @ (Percentage)

0-1 49 (88%) 10 (18%) 17 (30%) 2 (4%) 14 (25%) 7 (13%) 18 (32%) 26 (46%)
week

1-2 5 (9%) 8 (14%) 19 (34%) 1 (2%) 6 (11%) 16 (29%) 9 (16%) 9 (16%)
weeks

2-3 1 (2%) 10 (18%) 12 (21%) 7 (13%) 8 (14%) 12 (21%) 5 (9%) 9 (16%)
weeks

3-4 0 (0%) 14 (25%) 5 (9%) 5 (9%) 6 (11%) 9 (16%) 6 (11%) 4 (7%)
weeks

4-5 1 (2%) 4 (7%) 2 (4%) 9 (16%) 7 (13%) 5 (9%) 11 (20%) 4 (7%)
weeks

6+ 0 (0%) 10 (18%) 1 (2%) 32 (57%) 15 (27%) 7 (13%) 7 (13%) 4 (7%)
weeks

Total 56 (100%) 56 (100%) 56 (100%) 56 (100%) 56 (100%) 56 (100%) 56 (100%) 56 (100%)

Table 4.10 summarises the frequency regarding when the majority of the participants begin the various exercises in the zero-to-six-week

time frame.
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Most of the participants indicated that isometric exercises in their exercise prescription
start between zero and one week post-operatively (88%), eccentric exercises start
between three and four weeks post-operatively (25%), concentric exercises start
between one and two weeks post-operatively (34%), cross training starts after six
weeks post-operatively (57%), OKC exercises starts after six weeks post-operatively
(27%), CKC starts one to two weeks post-operatively (29%), terminal locking starts
between zero and one week post-operatively (32%), and full exercises starts between

zero and one week post-operatively (46%).

3.3.2 Outcome measures for assessment during post-operative ACL
rehabilitation of ACL.

Table 4.11: Outcome measure used during post-operative rehabilitation (n=154)

Which outcome measures do you use?

Outcome measure Frequency Percentage
ROM 50 32%
Self-Reported Physical Function 37 24%
Numeric pain scale 25 16%
VAS 22 14%
Anterior Drawer test 11 7%
Other 6 4%
Knee injury and Osteoarthritis Outcome Score 3 2%
Total 154 100%

The patrticipants had the opportunity to select more than one option

Table 4.11 depicts the outcome measures used in the assessment of post-operative
ACL rehabilitation. The participants could select more than one option. The options

‘other’ included:

¢ “Functional tests - start with squat, progress to lunge and later single leg squat”
e “Hop test, Time up and go test six min walk test’

e “Quality of exercises and function, in other words, control, strength, etc”

e “Kinetic control, strength, and balance”

e “The Melbourne ACL guide”

o “Active Knee extension, gait, lunge, balance, hop tests and running analysis”
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In conclusion, most of the participants use an accelerated programme (70%);
rehabilitation began post-operatively (66%); FWB commenced soon as pain allowed
(55%); ROM braces were used for four to six weeks (59%) post-operatively; ROM
progression was set according to the guidelines provided by the attending orthopaedic
surgeon (77%); patients returned to normal function between six and 12 weeks (39%).
Patients returned to sport six to nine months (39%) following ACL rehabilitation:
Patients received weekly physiotherapy treatment and home exercises (73%); the
modalities mostly used during treatment included myofascial release (73%), peripheral
joint mobilisation and massage (63%) and massage (57%); with regard to exercise
prescription isometric exercises most often started between zero and one week post-
operatively (88%); eccentric exercises most often started between three to four weeks
post-operatively (25%); concentric exercises most often started between one and two
weeks post-operatively (34%); cross training exercises most often started after six
weeks post-operatively (57%); OKC exercises most often started after six weeks post-
operatively (27%); CKC exercises most often started one to two weeks post-
operatively (29%); terminal locking exercises often started zero to one weeks post-
operatively (32%); full knee exercises often started zero to one weeks post-operatively
(46%). the outcome measure used most frequently in post-operative rehabilitation was
ROM (32%) followed by self-reported physical function (24%). These results will be

discussed in Chapter 5.
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Chapter 4 Discussion

The first objective of the study was to determine the number of physiotherapists that

use accelerated and non-accelerated protocols in post-operative ACL rehabilitation.

The results indicate that 70% (39) selected the accelerated and 23% (13) selected the
non-accelerated protocol. To evaluate the alignment of responses to the definition of
the accelerated protocol stated in the questionnaire, the answers regarding WB
protocol, ROM progression, and when knee extension exercises start were analysed.
71 % (28) of the participants indicated that their patients start with FWB as soon as
pain allows. The responses that selected PWB was then excluded. From the 71% (28)
there were only 9 (23%) that met the requirement of “Immediate ROM progression”
and one of the participants indicated that they only start with knee extension exercises
two to three weeks post-operatively. This would suggest that only 20% (8) of the
participants followed an accelerated protocol as described in the literature
(Shelbourne, Klootwyk and DeCarlo, 1992; Andrade et al., 2020; Cristiani et al., 2021).
Furthermore, only one of the participants followed a non-accelerated protocol as
summarised in table 2.1 pg.30 although 13 selected non-accelerated protocol. When
comparing the participants’ responses to definition of accelerated and non-accelerated
protocol in table 2.1 pg.30, the findings are in agreement with Makhni et al (2016) who
suggested that a variety of protocols exist and this causes confusion for therapists
(Makhni et al., 2016). In the literature no other studies have been done to compare
the number of physiotherapists that use accelerated and non-accelerated protocols in
South Africa and globally.

The second objective determined the following rehabilitation goals post ACL surgery:
if rehabilitation starts preoperatively or post-operatively; the WB protocol; the
frequency of use of protective bracing; when patients return to normal function and

when patients return to sport.

From the survey, it was established that 66% (37) of the participants started
rehabilitation post-operatively. This is not in line with what was found in the literature.
The literature shows that patients have better outcomes if rehabilitation starts
preoperatively. (Wilk and Arrigo, 2016; Filbay and Grindem, 2019; Carter et al., 2020;
Giesche et al., 2020). Wilk and Arrigo (2016) found that preoperative rehabilitation is
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important to prepare the patient physically and psychologically for the surgery,
decreasing the risk of post-operative complications and improving the chances of
successfully returning to function and sport, and decreasing the risk of re-injury (Wilk
and Arrigo, 2016). According to Filbay and Grindem (2019), the goal of preoperative
rehabilitation is to decrease swelling, restore ROM, and improve quadricep strength.
They found that preoperative rehabilitation benefited patients up to two years post-
operatively (Filbay and Grindem, 2019). Similar suggestions were made in the
systematic review by Giesche et al (2020) that found that preoperative rehabilitation
improved the patient’s neuromuscular function and their chances of a return to sport.
However, in this study, only six studies were included, and limited databases were
searched for research. (Giesche et al., 2020). The systematic review of Carter et al
(2020) found that function assessed via the single leg hop distance at 12 weeks were
significantly better in patients who had preoperative rehabilitation but found that there
were low-quality research to support the suggestion that there could be an
improvement in muscle strength, function and return to sport in patients who received

preoperative rehabilitation in comparison to patients who did not.

Fifty-five per cent (55%) of the participants’ patients mobilised FWB as soon as their
pain allowed. This was found to be in line with the current literature. Early WB is
encouraged as soon as pain allows (De Carlo and Sell, 1997; Wright et al., 2008b;
Adams et al., 2012; Naik, Das and Kamat, 2019; Andrade et al., 2020; Jenkins et al.,
2022). The biggest consideration that determined the selection of WB protocol is the
stability of the knee post-operatively (Fan et al., 2022). Adams et al. (2012) found that
delayed WB and ROM showed poorer subjective and objective outcomes (knee
outcome survey) post-operatively however Fan et al (2022) suggests that early WB
should be delayed, and the rehabilitation protocol should be carefully selected as it
could increase the risk of increased laxity and increase in tunnel diameter of the gratft.
In my experience as a clinician, WB protocol is prescribed by the operating surgeon
and facilitated by the treating physiotherapist.

Fifty-nine per cent (33) of participants reported that their patients use a ROM brace for
four to six weeks post-operatively. This is not in accordance with what is found in the
literature which suggested that post-operative bracing should not be used for ACL
ligament rehabilitation because it increases the amount of quadricep muscle atrophy
(Kurtz et al., 2011; Wright et al., 2015; Bordes et al., 2017; Lowe et al., 2017; Nalik,
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Das and Kamat, 2019; Andrade et al., 2020; Nelson et al., 2021). Bordes et al (2017)
suggested that a brace should only be used if the patient has a quadricep activation
deficit that stops the knee from moving into terminal locking or if the surgical graft is
fragile (Bordes et al., 2017). Similar findings were published in a retrospective cohort
study by Naik et al (2019) where they found that rehabilitation without protective
bracing can indirectly protect against re-injury by preventing muscle atrophy with the
early strengthening of the quadriceps muscle. In the systematic review by Andrade et
al (2020) they found that post-operative functional bracing was not supported by
scientific evidence and the brace should only be considered when itis a more complex
injury and other ligaments are involved (Andrade et al., 2020). Again, in my experience,
the prescription of protective bracing post-operatively is usually prescribed by the

operating surgeon.

Seventy-seven per cent of the participants reported that they set ROM progression
according to the guidelines provided by the orthopaedic surgeon, while 23% indicated
that they followed immediate progression without set ROM restrictions. The evidence
shows that ROM is progressed immediately post-operatively and this has been the
gold standard of treatment for more than two decades (Wright et al., 2015; Andrade et
al., 2020). Immediate mobilisation aims to prevent the loss of knee extension ROM
(Andrade et al., 2020). Thus, it is important that the physiotherapists start with ROM

progression as soon as rehabilitation is started.

From the survey, 39% of patients returned to normal function by 12 weeks post-
operatively. Return to normal function in the context of this questionnaire was defined
as the patient obtaining a pre-injury level of function in activities of daily living. These
activities of daily living included returning to school or work and driving. These results
are in line with the findings in the literature (Obermeier et al., 2018; Andrade et al.,
2020). In the literature are few studies that focused on the return to function for post-
operative ACL rehabilitation patients (Obermeier et al., 2018; Andrade et al., 2020).
One of these studies by Obermeier et al (2018) found that most of the patients returned
to work by day 11 and to school by day seven, and driving by day 11. It was also
suggested by Anadale et al (2020) that physical work should only be started after 12

weeks.
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Return to sport in this study referred to the patient returning to his or her sport and
performing at or better than the pre-injury level. From the analysis of the results, there
is great variance in the expected time of returning to sport, 39% responded that the
patients return to sport between six to nine months and 29% suggested that return to
sport is between nine and 12 months. This is echoed in the literature where the return
to sport time frame varies and ranges from five to nine months post-operatively.
(Sherman et al., 2021; Fausett, Reid and Larmer, 2022). According to the Moon
guidelines by Wright et at (2015) patients usually return to sport between five to six
months post operatively. In contrast, Baron et al (2020) found that the return to sport
is usually six to nine months post-operatively. When the participant selected the
“determined by functional test” they were prompted to give more detail regarding which
functional test they used. The answers included: functional tests that include tick, jump,
and hop tests. The evidence suggested that clinical evaluation and functional tests are
useful in guiding clinical decision-making regarding return to sport. The literature also
indicated that it is important not to base the decision to return to sport on a specific
time frame only, but also to include objective criteria for guidance (Andrade et al., 2020;
Sherman et al., 2021; Fausett, Reid and Larmer, 2022). In the systematic review by
Andrade et al (2020) they suggested that these criteria should include clinical
evaluation using KOOS, IKDC or Lysholm scores, functional evaluation via hop test

and psychological assessment for readiness to return to sport (Andrade et al., 2020).

The third objective determined the commonly used physiotherapy management
strategies, modalities, and exercise prescriptions in the first six weeks of post-operative
ACL rehabilitation.

There was great variation in how often patients were followed up in outpatient practices
while some patients continued with home-based programmes. The majority (73%) of
the participants reported that they treated post-operative ACL rehabilitation patients
weekly which included a home exercise programme. In the literature there was no
consensus regarding how often patients should receive physiotherapy intervention,
however rehabilitation requirements are dependent on the prescription of the individual
patient’s needs (Andrade et al., 2020). Some patients that struggle with rehabilitation
on their own need more sessions compared to the patients that cope better. But overall,

it was found that supervised sessions had better results than home-based programmes
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and were the recommended approach (Han et al., 2015; Andrade et al., 2020; Rhim et
al., 2021).

Regarding treatment modalities used by physiotherapists in the treatment of post-
operative ACL rehabilitation, myofascial release (75%), peripheral joint mobilisation
(63%), Massage (57%) and cryotherapy (34%) were the most used treatment
modalities used by physiotherapy in the study. Other modalities in treatment included
neuromuscular stimulation (32%) ultrasound therapy (25%), dry needling (23%), other
(23%) followed by CPM (14%), laser (9%), and blood flow restriction (7%). The ‘other”

modalities included muscle energy techniques, PNF, and interferential therapy.

In a systematic review by Ajimsha and Al-mudahka (2015) they evaluated the
effectiveness of myofascial release as a treatment modality. A total of 19 articles were
included in this study. The conditions that these studies looked at were plantar heel
pain, chronic lateral epicondylitis, chronic lower back pain, venous insufficiency in post-
menopausal women, breast cancer, fibromyalgia, tension headache, nonspecific
cervical and lumbar pain, temporomandibular joint disorder, and hamstring tightness.
From these studies, they found that nine of the studies suggested that myofascial
release may be better that no treatment at all and that it might be useful as an add-on
to conventional treatment (Ajimsha and Al-mudahka, 2015). This has not been

confirmed in studies for post-operative ACL rehabilitation.

The second most used modality according to the survey (35%) is peripheral joint
mobilisation. Only one article written by Hunt et al (2010) was found regarding joint
mobilisation as a treatment modality for post-operative ACL rehabilitation. This article
evaluated the effect of repeated anterior tibiofemoral glides on knee extension. In this
study, they identified 12 participants with a knee extension deficit compared to the non-
operated knee. They did not specify how much ROM deficit was required to meet the
inclusion criteria in the study. These patients followed a standard post-operative
protocol that included active and passive knee ROM, strengthening exercises and
proprioceptive training. During the first eight weeks of rehabilitation, they added
repeated anterior tibiofemoral mobilisation as a treatment technique. They evaluated
the immediate effect of repeated anterior tibiofemoral glides on maximum knee
extension in the gait cycle and re-evaluated this in the follow-up treatment. They found

that anterior tibiofemoral joint glides can decrease the extension deficit (p<0.05). In this
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study, the extension increased with a mean of two degrees which translated to a 25%
improvement in the ROM directly after the application of the technique. The ROM
decreased again after 10 min of resting in the seated position. They concluded that
although glide mobilisation techniques are common in physiotherapy treatment to
increase ROM there is limited evidence in the literature to support their efficacy (Hunt
et al., 2010).

Cryotherapy is also a modality that has shown effectiveness in decreasing pain post-
operatively and is a modality regularly used by physiotherapists in practice. In the
survey, 34% (19) selected cryotherapy as a treatment modality. The evidence
indicated that it is a good modality to decrease pain (Hart et al., 2014; Kuenze et al.,
2017; Filbay and Grindem, 2019; Andrade et al., 2020) but it does not help with effusion
around the knee (Filbay and Grindem, 2019). It is suggested that it should only be used
for the first 48 hours post-operatively (Andrade et al., 2020).

Neuromuscular stimulation was most extensively researched from all the modalities
(Wright et al., 2015; Andrade et al.,, 2020) In this study 32% (18) selected
neuromuscular stimulation as a treatment modality. From the literature, it was
concluded that adding Neuromuscular electrostimulation could improve muscle
strength for up to two months after surgical intervention but the long-term effect on

function has not been established as yet (Van Melick et al., 2016).

No research was found regarding the effectiveness of massage, laser, ultrasound, and
myofascial release in the treatment of post-operative ACL rehabilitation. Hurely and
Bearne (2008) suggested that massage is effective in the short-term and long-term
management of musculoskeletal conditions. Massage causes cutaneous stimulation
that releases endogenous pain modulators and activates larger afferent neurons to
inhibit pain via the gate control theory. It also increases circulation, improves muscle
tone, and has a placebo response. However, they have also indicated that there is not
enough evidence of massage efficacy (Hurley and Bearne, 2008). Low-level laser
therapy according to Hurley and Bearne (2008) is only recommended in the treatment
of patients with rheumatoid arthritis but not for other musculoskeletal conditions. It was
shown that low-level laser in the short term may be effective in the treatment of pain
and morning stiffness but did not affect function, ROM and swelling (Hurley and

Bearne, 2008). Ultrasound was found to decrease pain and inflammation when applied
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to inflamed tissue, and it was suggested that it progressed the inflammatory process
to the proliferation stage. In this article, the only evidence of clinical effectiveness was
found in the treatment of carpal tunnel and calcific tendonitis of the shoulder (Hurley
and Bearne, 2008).

Regarding dry needling as a treatment modality, there is limited research, only one
article was found. In the randomised single-blinded control trail by Velazquez et al
(2017) they found that dry needling into the quadricep muscle in conjunction with a
rehabilitation protocol increases the ROM and function in the short term (Veladzquez-
Saornil et al., 2017). In this survey, it was found that 23% (13) of participants selected
dry needling as a treatment modality. In the systematic review by Rodriguez-Mansilla
et al (2016) they evaluated the effectiveness of dry needling to decrease pain and
increase ROM. For this study, they used 10 randomised control trails from January
2000 to January 2013. The concluded that dry needling was less effective to increase
ROM and decrease pain after three to four weeks compared to non-local acupuncture,
laser, manipulation, intramuscular stimulation and lidocaine injection and exercise
(Rodriguez-Mansilla et al., 2016). However, the results must be viewed with caution

considering the very small sample size included in this study.

Fourteen per cent (8) of the participants selected CPM as a treatment modality. In the
literature, CPM is not recommended as a modality in rehabilitation as it shows no short
or long-term benefit to rehabilitation (Wright et al., 2015; Makhni et al., 2016; Andrade
et al.,, 2020). In the systematic review by Wright et al (2015) they evaluated six
randomised control trails regarding CPM, and they not only found no short or long-term
benefit of using CPM but also found that approving the machine use by medical
insurance was difficult which increased the cost implications of the machine (Wright et
al., 2015).

Blood flow restriction is a new treatment strategy and the most recently added modality
(Lipker et al., 2019; Curran et al., 2020). From the survey, it was found that 7% (4) of
participants use blood flow restriction as a treatment modality. A study done in 2020
by Baron et al (2020) found that the addition of blood flow restriction did not increase
muscle strength, volume or activation in any of the exercise groups (Baron et al., 2020)
There is some low level evidence that using blood flow restriction during immobilisation

in the early stage of rehabilitation might have some positive effect on the atrophy of
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the quadricep muscle but the benefit versus the cost and risk needs more evaluation
(Lipker et al., 2019).

The other modalities suggested by the participants included interferential therapy, and
muscle energy techniques. No research regarding the use of these modalities in post-
operative ACL rehabilitation was found in the literature search but the following was
found regarding the modalities in general: Interferential therapy is suggested as a
modality for the management of pain via the gate control mechanism and opioid
release (Hurley and Bearne, 2008; Fuentes et al., 2010). In the systematic review by
Fuentes et al (2010) they evaluated the efficacy of interferential therapy as a modality
used in the treatment of musculoskeletal pain. In this study, a total of 20 articles were
included about the effect of Interferential therapy on conditions like muscle pain, soft
tissue shoulder pain, and post-operative pain. They concluded that interferential
therapy on its own was not better than a placebo treatment for pain but as an additional
treatment with other interventions like exercise, it was more effective in reducing pain
than exercise with a placebo (Fuentes et al., 2010). According to the review by Hurley
and Bearne, there is little evidence that shows that Interferential therapy is effective in

the treatment of musculoskeletal conditions (Hurley and Bearne, 2008).

In the study by Kaur and Reza (2013) they compared the effect of a 14-day program
of muscle energy techniques and eccentric exercise on 40 healthy sedentary college
students. The programme was 14 days in total followed by one week of rest and a re-
evaluation. The outcome measures included ROM in the active knee extension test
and sit and reach test. They found a significant improvement in the active knee
extension ROM (p=0.005) but with the sit and reach test there was no significant
difference between the groups (p=0.219). From this study, they found that muscle
energy techniques were more effective than eccentric training to increase the flexibility

of hamstring muscles in sedentary college students (Kaur and Reza, 2013).

The main findings regarding exercise prescription were: isometric exercises were most
often (88%) started between zero and one week post-operatively; eccentric exercises
were started between three and four weeks post-operatively (25%); concentric
exercises were started between one and two weeks post-operatively (34%); cross

training exercises were started after six weeks post-operatively (57%); OKC exercises
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were started after six weeks post-operatively (27%); CKC starts one to two weeks post-
operatively (29%), terminal locking starts between zero and one week post-operatively
(32%), and full knee exercises starts between zero and one week post-operatively
(46%). as seen in table 4.12 on pg.66

From the literature, we can conclude that the aim of exercises in the first six weeks of
post-operative ACL rehabilitation is to initiate quadricep strength, decrease muscle
atrophy and increase neuromuscular activation (Pottkotter et al., 2020; Vidmar et al.,
2020). It is important to regain knee extension as soon as possible as a lack of ROM
into extension could lead to secondary complications (Noll et al., 2015; Ektas et al.,
2019). Isometric exercises should be started within the first six weeks with the aim of
full knee extension by week four (Shaw, Williams and Chipchase, 2005; Yabroudi and
Irrgang, 2013). Progressive eccentric quadriceps exercises should be started three
weeks post-operatively(Gerber et al., 2009; Dingenen et al., 2021). Evidence regards
OKC and CKC exercises are conflicting, and more research is required to establish
when the addition of these exercises will be the most beneficial for post-operative ACL

rehabilitation.

In the study, some responses regarding exercise prescription timelines corresponded
with the literature. These timeframes included isometric exercises, eccentric exercises
and when joint mobilisation should start. In contrast a variety of responses can be seen
regarding OCK and CKC exercises. This was found to be in agreement with the
literature where it was suggested that the literature regarding OCK and CKC exercises
are conflicting and echoed by Thomas et al (2013) that suggest that there is still no
consensus in the literature regarding prescription of OCK and CKC exercises for

postoperative ACL rehabilitation (Thomas et al., 2013).

The last objective determined the outcome measures used in post-operative ACL

rehabilitation.

Thirty- two per cent (50) of the participants reported using ROM as an outcome
measure. This was followed by self-reported physical function with 24% (37), numeric

pain scale with 16% (25), visual analogue scale with 14% (22), anterior drawer test
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with seven percentage (11), KOOS with two per cent (three) and lastly ‘other’ with
seven per cent (11 out of 56). The ‘other’ outcome measures that were mentioned were
functional tests like the hop test, the six-minute walk test, kinetic control and balance
and running analysis. When comparing the results in the literature it was found that the
numerical pain scale and visual analogue scale were used to measure pain (Janssen
et al., 2018; Andrade et al., 2020). ROM was used as a measurable outcome (Ektas
et al., 2019). The strength of the muscles was measured with the use of isometric
guadricep strength testing(Janssen et al., 2018; Pottkotter et al., 2020) and with the
help of the biodex machine (Vidmar et al., 2020). Concerning muscle atrophy, it was
evaluated by measuring quadricep circumference (Baron et al., 2020). Functional
testing found in the literature included the single leg hop test (Janssen et al., 2018;
Andrade et al., 2020) and the triple hop and cross-over hop test (Wright et al., 2008a).
Knee stability was assessed with the use of the Anterior drawer test (Musahl et al.,
2012; Andrade et al., 2020). The patient reported function was assessed with the use
of KOOS (Andrade et al., 2020; Pottkotter et al., 2020), IKDC (Janssen et al., 2018;
Andrade et al., 2020; Pottkotter et al., 2020) and the Lysholm knee scores (Janssen et
al., 2018; Naik, Das and Kamat, 2019). Outcome measures are important to
objectively evaluate the outcomes of post-operative ACL rehabilitation patients.
Greater guidance is required in practice to use these outcome measures more

effectively for the benefit of the patients’ outcomes.

In conclusion, it was found that there is a great variety of interpretations of accelerated
and non-accelerated protocols for post-operative ACL rehabilitation. According to the
participants, rehabilitation most often starts post-operatively in contrast to the literature
that suggests that rehabilitation should start preoperatively. The protocol regarding
mobilising FWB as soon as pain allows according to the respondents is in line with
what is suggested in the literature. The use of protective bracing is not recommended
in the literature but most of the participants indicated that their patients use ROM
braces for four to six weeks post-operatively. The estimated time of return to function
was in line with the literature but the return to sport varied between six and nine months
and nine to 12 months postoperatively. This variation in the time of return to sport was
also found in the literature. There is a great variation in how often patients should be
followed up and this was echoed in the literature, there was no consensus on how

often a patient should receive physiotherapy intervention. Not all modalities used by
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physiotherapists have been researched in the treatment of post-operative ACL

rehabilitation.

The treatment modalities myofascial release, peripheral joint mobilisation, massage
and cryotherapy were the most used treatment modalities used by physiotherapy in
the study. Other modalities used in treatment included neuromuscular stimulation,
ultrasound therapy, dry needling, CPM, laser, muscle energy techniques, PNF,and
interferential therapy. Not all of these modalities have been studied as treatment
modalities for post-operative ACL rehabilitation, but some specific modalities showed
positive results when added to existing rehabilitation protocols, according to the
evidence. These include cryotherapy, neuromuscular electrostimulation, dry needling,
and peripheral joint mobilisation. The use of blood flow restriction should be used with

caution. According to the literature, there is no benefit with the use of CPM.

The aim of exercises during the first six weeks of post-operative ACL rehabilitation is
to initiate quadricep strength, decrease muscle atrophy and increase neuromuscular
activation. In this study, exercise prescription timelines vary greatly. Some responses
corresponded with the evidence like timeframes for isometric exercises, eccentric
exercises and when joint mobilisation should start. In the literature there is no
consensus regarding OCK and CKC exercise timeframes, this is echoed in the

responses by the participants.

Outcome measures are important to objectively evaluate the outcomes of post-
operative ACL rehabilitation patients. In the literature, many outcome measures can
be used to assess pain, ROM, strength, stability, and patients’ self-reported function.
According to the survey most participants use ROM, self-reported physical function,

pain scales (VAS and NPS) and anterior drawer test for stability.
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Chapter 5 Conclusion and Recommendations

5.1 Conclusion

This study revealed that the majority of participants followed an accelerated protocol
(70%) for post-operative ACL rehabilitation. From these responses it was found that
the minority participants that selected the accelerated protocol (20%) aligned with the
definition of accelerated protocol as defined in table 2.1 pg. 30. The majority of the
participants followed protocols with some variety on the described accelerated protocol

in the literature possibly suggested by the treating orthopaedic surgeon.

Regarding rehabilitation goals post-operatively that some of the goals were in line with
the current literature for example WB protocol and return to function where most of the
participants progressed to FWB as soon as pain allows, and patients returned to
normal function by 12 weeks post-operatively. But the time frame for commencing
rehabilitation and protective bracing did not correspond to the findings in the literature,
which suggests that rehabilitation should start preoperatively, and no brace is indicated
post-operatively. In our study, there was no consensus about when patients should
return to sport, and this was echoed by the literature. But it is important to note that the
return to sport should not only be indicated by timeframe but with clinical evaluation,

functional evaluation, and psychological assessment for readiness to return to sport.

Concerning physiotherapy management, a variety of modalities were described. Some
of the modalities used showed positive results in the literature specifically regarding
post-operative ACL rehabilitation. These include cryotherapy, neuromuscular

electrostimulation, dry needling, and peripheral joint mobilisation.

When looking specifically at the exercise prescription there is a great variety of
timelines for the different exercises. Some correspond with the suggestions from
literature, and these include isometric exercises, eccentric exercises, and joint

mobilisation. There is no consensus about OCK and CKC exercise prescription.

Outcome measures are important to objectively evaluate the outcomes of post-

operative ACL rehabilitation patients. The outcome measures most used by the
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participants were ROM and self-reported function. In the literature, a great variety of
outcome measures can be found. These outcome measures are used to measure pain
(numerical pain scale and visual analogue scale), muscle strength (isometric quadricep
strength testing, functional testing), knee stability (anterior drawer test) and patient-
reported function scales (KOOS, and Lysholm knee scores). Greater guidance is
required in practice to use these outcome measures more effectively for the benefit of

the patients’ outcomes.

From this, | can conclude that there is a great variety of protocols, modalities and
exercise prescription used in post-operative ACL rehabilitation. In my experience as a
physiotherapist involved in post-operative rehabilitation, this variety stems from every
practice developing their own protocols together with the orthopaedic surgeon they
work with and their clinical experience. The aim of post-operative ACL rehabilitation is
to return the patients to normal function and sport as soon and safely as possible. The
lack of evidence-based protocols, modalities and exercise prescription may lead to a
delayed return to sport or independent function or even cause the patients not to return

to sport at all.

5.2 Recommendations for Future Research

Good quality research protocols, modalities and exercise prescriptions are needed to
improve the effectiveness of post-operative ACL rehabilitation. There is still no
consensus about OCK and CKC exercise prescription in the literature and requires
further investigation as this is an important component of muscle strengthening and
can decrease the time for return to function and return to sport. Further research
regarding ROM progression is also needed as this initial part of rehabilitation plays a
vital part in prevention of complications like stiffness of the knee. Another component
that needs to be researched is the psychological effect that preoperative education has

on rehabilitation outcomes.

5.3 Strengths and Limitations
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The strengths of the study include the following: This was the first research regarding
physiotherapy management of post-operative ACL rehabilitation done in South Africa.
The questionnaire evaluated not only single components like the return to sport as
seen in other physiotherapy surveys. It included a section which captured the
demographic information, a section that captured specific questions regarding
rehabilitation protocol and another section that captured questions about

physiotherapy goals and outcome measures.

The limitations of the study included a poor response rate to the questionnaire as only

one province was surveyed.

Another limitation was that a sample of convenience was used for this study. Even
though link to the questionnaire was sent to all the physiotherapists registered with the
SASP and PASA in all provinces of South Africa, only Gauteng responses were used.
This sample of convenience included all physiotherapists with different special
interests, not only ones that work with post-operative ACL rehabilitation thus a specific

sample size could not be established.

The survey was very general and did not ask specific details regarding to post-
operative ACL rehabilitation protocols, modalities, and exercise prescription. The
guestionnaire did not take other factors like surgical and psychological effect on
rehabilitation into account. When looking at the success of post-operative ACL
rehabilitation patients it is important to consider not only the rehabilitation component
but also the surgical and psychological considerations. Factors for the surgical
intervention include graft placement, mechanical properties of the graft and the
biological process of healing (Janssen et al., 2018). Psychologically it is important to
evaluate the patients' believes and attitudes about the return to sport (Wright et al.,
2008b).
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Appendix

Appendix A Information Sheet

Information Sheet for Participants

Good day, my name is Colett Robbertse. | am a postgraduate student from the
University of the Witwatersrand, completing my master’s degree. | am doing a
research study on the rehabilitation of ACL repair patients, as part of my studies. |

would like to invite you to participate in my study.

Importance of this Study

The aim of the study is to determine the management strategy and treatment
modalities currently used by physiotherapists in the rehabilitation of post-operative
ACL repair, in Gauteng, South Africa. There is no direct benefit to participate in the
study however, the study findings may assist in evidence-based outcomes for

rehabilitation of ACL repair patients.

What are you expected to do?

Should you agree to participate in this study, you will be asked to complete a

guestionnaire.

The questionnaire has three sections/parts: Part 1 - demographic information, Part 2

- information pertaining to the rehabilitation protocol that you use, Part 3 - information

pertaining to physiotherapy treatment modalities.

You will receive a link to the questionnaire. It will take approximately 10 minutes of
your time to complete the questionnaire. Participation is voluntary and refusal to
participate will not have any negative consequences. You may withdraw from the

study at any time without fear of suffering any negative repercussions.

What are the risks of taking part in this study?

There are no risks that you will be exposed to, and there is no monetary reward for

participating in this study.
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Confidentiality

To ensure that confidentiality of participants is maintained, the questionnaire will be

completed anonymously. No identifiable information will be requested.

More Information Requests

| am readily available if you have any questions, concerns or if you require more
information. You can contact me on 0827774919 or email me at

027027t@students.wits.ac.za. If you have any concerns about the way the study is

being conducted, please contact the chairperson of the ethics committee Professor

Clement Penny on 0117172301, or via e-mail at Clement.Penny@wits.ac.za.

Alternatively, you may contact Zanele Ndlovu on Zanele.Ndlovu@wits.ac.za or
Rhulani Mukansi on Rhulani.Mukansi@wits.ac.za or.at 0117172700/1234.

If you are willing to participate in this study, please complete the attached forms.
Kind regards and thanks in advance
Colett Robbertse

0827774919
0207027T@students.wits.ac.za
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Appendix B Pilot study email to a panel of experts

Good day, my name is Colett Robbertse. | am a postgraduate student from the
University of the Witwatersrand, completing my master’s degree in Physiotherapy. |
am doing a research study on the rehabilitation of patients following an ACL

repair. The aim of the study is to determine the management strategy and treatment
modalities currently used by physiotherapists in the rehabilitation of patients post-
operative ACL repair, in Gauteng, South Africa.

The objectives of the study are:
1. To determine the number of physiotherapists that use an accelerated
programme and non- accelerated protocol.

2. To determine the commonly used physiotherapy management strategies
and modalities in the first six weeks of post-operative ACL repair rehabilitation.

3. To determine the following rehabilitation goals post ACL repair:
e If rehabilitation starts preoperatively or postoperatively

e The WB protocol

e The frequency of use of protective bracing

e When patients return to normal function

e When patients return to sport
4. To determine the outcome measures used in post-operative ACL repair
rehabilitation.

There is no direct benefit to participate in the study however, the study findings may
assist in evidence-based outcomes for the rehabilitation of patients following an ACL
repair.

| would like to invite you to participate in my study as part of a panel of experts to

validate the content of the questionnaire that will be used in the study. Should you
agree to participate in this study, you will be asked to evaluate the self-developed
guestionnaire attached against the aim and objectives of the study.

The questionnaire has three sections/parts: Part 1 - demographic information, Part 2
- information pertaining to the rehabilitation protocol that you use, Part 3 - information
pertaining to physiotherapy treatment modalities.

Furthermore, please let me know the following:

1. Is the content relevant?
2. Are the questions clear?
3. Do the questions capture the topic of ACL rehabilitation effectively?
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4. Any suggestions to add to the content of the questionnaire

Your assistance will be greatly appreciated.
Thank you
Colett Robbertse

0827774919
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Appendix B Ethical Clearance Certificate

A s HUMAN RESEARCH ETHICS

WITWATERSRAND, COMMITTEE (MEDICAL)
JOHANNESBURG

Office of the Deputy Vice-Chancellor |[Research and Innovation)
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E-mait Sin Bornsgimts ac 72
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Appendix C Questionnaire

Pagw 1

Fhﬁsiutherapy management of post-operative ACL
Rehabilitation: a cross-sectional survey

Please complebe the sursey below.
Thank you!

Dear Colieague

Good day, my name is Colett Robbertse. | am a Masters student from the Unhsersity of the Witwatersrand. | am daoing
a research study on the rehabilzation of 801 repair patients, as part of my studies. | would like to invite you to

particpabe in my shudy.

The aim of the study i to determine the management strategy and treatment modalites osmently used by
physiotherapists in the rehabil Ration of post-opperthve A0 repair, in Gauteng, South Africa. There i no direct benefit
o participate in the shudy howewer, the study findings will 2ssist in evidenc outcomes for rehabiitation of
patients following ACL repair.

What are you, the particpant, expected to dof
Should you agres to partidpate in this study, you will be asked 1o complete a guestonnaine.

The questionmaire has three sectionsiparts: partl demographic information: part2 information pertaining fo
refabilitation protocol you use and part®: information pertaining to physiotherapy modalities.

& will take approimately 10 minutes of your time bo complete the: guestionnaines. Participation is voluntary and
refusal to icipate will not have any negative corsequences. You may withdraw from the study at 2y time withou
fear of sufferng any negathee repencussions.

What are the nsics of taidng part in this study?
Thene are no risks that you will be exposed to. There is no monetary reward for participating in this study.

Confidentiality
To ensure the confidentiality of participants is maintained, study the questionnaire will be completed anomymousty.

More Informatbon Bequests
| am readily avaliable if you have amy questions, concems or reguine maone information. Albernatively, you can contact
me on 0827774319 or emall me at 02070 Ri@shuderfis whs acra

i you have amy concesm over the way the study is being conduched, please montadt the Chairperson of this
Committes who is Professor Oement Penny, who may be contacted on telephone number 011 717 2301, or by e-mai
on Cement. Penny@wits.ac za. The telephone numbers for the Committee secretariat are 011 T17 27001234 and
the e-mall addresses are Zancle. Nd lovu@wits ac.za and Rhulanl. Muars Geits ac.za

i you are willing to participate in this, please complete the following sursey. Farticipation in this sureey will be
automatically seen as permission and consent given by yourself.

Part 1: Demographic Information

This part of the questionnaire seeks to obtain information regarding specific demographic
information about the treating physiotherapist

Do you freat patents foliowing an anteror ouciate Yes
ligament (ACL) repair? No
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Fagrd

Where oo you pracboe physiotherapy |’ () Eastern Cape
i} Froe State
i} Gauteng
) EwaZulu-Nata
() Limpopo
Mpurmalanga
Morthiern Came
i} Morth \West
What & your ager
How many yoars NEne you been practising as a
physiotherapisty
How many years hane you been managng patients post
AL reparT
Which post graouate courses haee you compebed/ O o1l
O ==1

[0 Master im GM1

[0 Master im SFT

O rtD

O &0 refabi itation courses
O Gsher

[ Mone

Plezme ghve oetal about the ALL renanlition
[OUrses

i ‘ofther < selected above, plesse elaboratbe
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Part 2: Protocal

This part of the questionnaire seeks to obtain information regarding =pecific protocols used in
post-operative ACL rehabilitation patients.

The guestions pertain specifically to the rehabilitation of post operative ACL injury without
other complicating factors like meniscus and other ligament injury involvement.

Accelerated protocol ks defined as the concept of gaining terminal knee extension immediately
following reconstruction, early progressive range of motion and early progressive weight
bearing

Mon- accelerated protocel is defined as knee immobilisation for the first 2 weeks, non weight
bearing mobilisation with progression to full weight bearing after & weeks post operatively.
Progressive ROM anly after the stability of the ACL graft is determined.

Return to normal function in the context of this questionnaire is that the patient has obtained
pre-injury level of function in activities of daily living.

Return to sport in the context of this questionnaire is that the athlete has returned to his or
her sport and is performing at or better than pre-injury level,

What proboml oo you use for rehabiltation of () Accelerabed
patients that hao a ACL repalr? i} Non-acoeleraten
() Osher

i ofther = selected above, please elaborabe

When coes rehablifaton start? () Fre-Operative

) Fost-Opemative
What weight Deanng restmciion oo you haee for ) Full Weight 25 Soon as Fain Allows
past-operative A0 pabents from O-60 WeeksT? () Partial weight bearing

) Non Weight bearing

i) Osher

i ofther = selected above, please elaborabe

Mo g 00 oo pabiets use a range of mobon (DM
brace postoperatreenyd

A '‘ofher = selected above, phease elaborabe
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Wihat protoool oo you use ior ROM progressiont

(O iImmediate progression with knee ROM

() St AOM progression according the: guidelines
provided by the afending crifopeesnic surgean

) Other

i '‘ofher' = selpched above, plesce elaborabe

Wihen oo your patients return o mormmel function?

) 0 Weeks
) B12 Weeks

(1218 Weeks

) Determined by functional test

) Osher

i 'Defermined by functional test’ please indicate

what funciional fest you use

i '‘ofher' = selpched above, plesce elaborabe

When oo your patients refurn to sport? () Def Months
() &8 Months
3912 Months

() Betum o sport is determined by functional test
() Oher

i '‘Determined by functional test' please indicate
what funciional fest you use

i 'other' = selected above, please elaborabe
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Part 3: Exercise Program

This part of the questionnaire seeks to obtain information regarding specific exercise
protocols used in post-operative ACL rehabilitation patients.

which physiotherapy inferventions do you use to treat
patients post ACL repair?

)} Home Based Program 'With Exerd ses

_} Weeikly Physiotherapy Treatment and Home Exercises

() Bl Weelkdy Fhysiotherapy Treatment And Home
Exerrises

3 Osher

i ‘other' = selected above, plesse elaborate

which modalifies do you use when treating patients
post ACL reparT

[0 Continuous passhse mobon (0PM)
O Nevromuscular Simulaton
O Cryutherzpy

[ Dry Kesding

[ Bl Flow Festriction

O Maszage

O Mycifascial rekesse

[ periphenl manuad therapy
[ Laser

0 Yitrasound

O Oher

if 'wther = selected above, plesse elaborate

wWhich cufrome measunes do you use when assessing
patients post ACL repair?

O ¥isual Analogue Scale (VAS]

[ Numeric Pain Scass (NFSE

[ Anterior Draser Test

O 5= Reported Physical Function

[ Ernee inpury and Osteoarthrts Oulcome Soone
[ Range of Mation

O osher

EEml:u'\-.ﬂ'l.r-P-

i ‘othier' = selected abowe, plesse state which
OUCOmE MEasures you LSe.

When do you begin the following exercises

[
Eometric
Eccentric
Concentric
Cross Training
Open Chain
Uose Chaim
Terminal Locking
Ful Exberesion

QOO oooOo

1.2

DBUGDGDDE

i
I.Il

O000O00C00g

b il

&

A

QOOQQQOoOO0
DUUGGGDDE
OooOooooo0
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