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ABSTRACT

Background: A recently published Dutch practice guideline emphasizes criterion-based rehabilitation after anterior cruciate liga-
ment reconstruction (ACLR) instead of time-based. As a consequence of this criterion-based rehabilitation, return to play is only
suggested when athletes meet specific return to play (RTP) criteria.

Purpose: The goal of this prospective observational study was to analyze if physical therapists adhere to ACLR practice guideline
RTP criteria for testing and return to sport decisions, and to explore whether there is a difference in adherence between physical
therapists specialized in sports versus those who are not.

Methods: When the treating physical therapist cleared an athlete for RTP after ACLR, the primary researcher performed RTP mea-
surements according to the ACLR practice guideline to investigate if all nine quantitative and qualitative RTP criteria were met.

Results: Of the 158 athletes (54 females and 104 males, mean age 24 +6 years, 12+ 3 months after surgery), 69 (44%) had per-
formed the RTP measurements with their primary physical therapist. Of the athletes tested by their primary physical therapist
23% met all RTP criteria compared to 10% of the athletes who were not tested at all by their primary physical therapist (p=0.026).
Of the athletes rehabilitating with a sports physical therapist, 52% had been tested by their primary physical therapist compared
to 34% of the athletes rehabilitating with a non-sports physical therapist (p=0.024).

Conclusion: Only 44% of the athletes were tested according to the guideline RTP criteria and only 23% of them were given an RTP
advice consistent with the ACLR guideline. Although sports physical therapists adhered to the guideline more often than non-
sports physical therapists, the adherence is still alarmingly low. More attention for the implementation of ACLR guidelines and
RTP criteria is needed.

Level of evidence: Therapy, level 2b.

Keywords: anterior cruciate ligament reconstruction, guideline, return to play, sports physical therapist
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INTRODUCTION

For most pivoting athletes return to pre-injury sport
level after anterior cruciate ligament reconstruction
(ACLR) is the desired rehabilitation endpoint.! A
recently published Dutch practice guideline empha-
sized criterion-based rehabilitation after ACLR
instead of time-based. As a consequence of this
criterion-based rehabilitation, return to play is only
allowed when meeting specific criteria.??

Even though several experts recommend to use
criterion based RTP decisions, many athletes after
ACLR are cleared for return to pivoting sports with-
out meeting these criteria. In Sweden, only 20% of
adults and 28% of adolescents who already returned
to play met quantitative RTP criteria 12 months after
ACLR, while in the USA only 14% of adolescent ath-
letes met quantitative RTP criteria when cleared for
RTP*® Those quantitative RTP criteria are the same
as described in the Dutch ACLR practice guideline.
Besides using RTP measurements for movement
quantity (strength tests and single-leg hop tests), the
Dutch ACLR practice guideline also highlights using
movement quality measurements (single-leg hop-
and-hold and double-leg countermovement jump)
as RTP criteria to decrease second ACL injury risk.%?

The ACLR practice guideline was commissioned
by the Royal Dutch Society for Physical Therapy
(KNGF) and should therefore be used by every
Dutch physical therapist, regardless of their experi-
ence with pivoting athletes recovering from ACLR.?
However, it remains to be seen whether the guide-
line have been properly implemented in day-to-day
practice so that every Dutch physical therapist is
able to work according to the guideline.

Therefore, the first aim of this study was to ana-
lyze if physical therapists adhere to ACLR practice
guideline RTP criteria for testing and return to sport
decisions. The hypothesis is that almost all Dutch
physical therapists are able to use RTP measure-
ments and know when to clear an athlete for RTP,
since the practice guideline was implemented by
the KNGF in 2014, making it publicly available to
all Dutch physical therapists. The second aim was
to explore whether there is a difference in adher-
ence between physical therapists specialized in
sports versus those who are not. The hypothesis is
that sports physical therapists more often use RTP

measurements, because, in the Netherlands, they
have had additional education about pivoting ath-
letes and RTP.

METHODS

Design and Participants

In this prospective observational cohort study, piv-
oting athletes with an ACL rupture (pre-injury Teg-
ner Activity Scale (TAS) = 6)', aged 16-50 years, and
scheduled for an ACLR between October 2014 and
December 2016 were asked to participate. Athletes
were excluded if they had undergone revision ACLR
surgery, had a contralateral ACL injury or contra-
lateral ACLR in the past. All included participants
signed an informed consent form. ACLR surgery
was performed by five experienced high-volume
orthopaedic surgeons at Clinic ViaSana (Mill, the
Netherlands) using an ipsilateral semitendinosus
quadruple autograft and TLS® femoral and tibial
fixation with all-inside technique (FH Orthopedics,
Heimsbrunn, France).

Athletes were allowed to choose their own physical
therapist. They notified their choice of physical ther-
apist to the primary researcher (NM), who consecu-
tively contacted the physical therapist by phone or
email to provide the nine RTP criteria that needed to
be performed at the end of rehabilitation before the
athlete was cleared for return to play (Table 1, Appen-
dix A). The physical therapist was informed that in
the Netherlands an online version of the guideline,
including the nine RTP criteria, is freely accessible.
In addition, the athlete provided a paper copy of the
guideline to their own (primary) physical therapist.

Table 1. Return to play criteria according to the

anterior cruciate ligament reconstruction practice
guideline.*®

Tests on quantity of movement Return to Play permitted when

Isometric knee extensor strength LSI > 90%
Isometric knee flexor strength LSI > 90%
Eccentric knee flexor strength LS| > 90%
Isometric hip abduction strength LSI > 90%
Vertical jump LSI > 90%
Hop for distance LS| > 90%

Side hop LS| > 90%
Tests on quality of movement

Return to Play permitted when

Single-leg hop-and-hold Score ‘yes’

Counter Movement Jump (LESS score) Score<5

LS| = Limb Symmetry Index, LESS = Landing Error Scoring System
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Physical therapists were not additionally educated
on how to perform RTP tests. Athletes who did not
return to pivoting sports at the end of rehabilitation
were also required to meet all RTP criteria, because
their knee needed to be able to react to high-demand
activities of daily life, including landing from jumps
or unexpected movements.

At the end of the rehabilitation period, as judged
by the primary physical therapist, the primary
researcher was notified that the athlete had been
judged ready for return to play, but actual results
of RTP measurements were not corresponded to the
primary researcher. Then, within one to four weeks,
the primary researcher independently performed
the RTP measurements as described in the ACLR
practice guideline (Table 1) and thus re-evaluated
the physical therapist’s judgement on whether or
not the athlete was able to return to play.*® Addi-
tionally, the athlete was asked if he/she was famil-
iar with the RTP measurements, to check whether
the primary physical therapist had performed RTP
measurements at the end of the treatment when he
or she decided that return to play was safe. When
a patient was not familiar with RTP measurements,

this was considered as the primary physical therapist
not adhering to the guideline. This study was part
of a larger prospective study approved by the Medi-
cal Ethics Committee of the Radboudumc Nijmegen,
the Netherlands (registration number 2013/368).

PARTICIPATING PHYSICAL THERAPISTS

Physical therapists who participated in this study
were asked to report their level of expertise. The
specialization level of expertise of the physical ther-
apist as recorded in the Dutch national registry was
noted. Distinction was made between registration
as a sports physical therapist or not (in this study
referred to as non-sports physical therapist). In the
Netherlands, instruction regarding return to play
or criterion-based rehabilitation are not a common
part of bachelor level physical therapy education.
To become a registered sports physical therapist in
the Netherlands one must follow additional three-
to four-year education at the Master level regarding
aspects of sport specific training and return to play.

Table 2 lists the similarities and differences between
sports physical therapists and non-sports physical
therapists.'''? In this study it was therefore expected

Table 2. Similarities and differences (in italics) between a physical therapist with and without specialization

in sports in the Netherlands. ™'

Physical therapist

Sports physical therapist

Degree Bachelor’s degree Master’s degree

Knowledge Knowledge on movement problems in general Advanced knowledge considering musculoskeletal problems and sport specific
demands

Care Regular and singular care Multiple and complex care with specialized and advanced knowledge considering

sport specific demands

Competencies

Physical therapy

activities

Uses methodical approach to provide effective and curative
assistance to clients with movement problems, making decisions

according to the evidence-based practice principles

Uses methodical approach to provide effective and curative assistance to clients with
movement problems with a specific focus regarding sport, making decisions

according to the evidence-based practice principles

Communication

Both verbally and non-verbally in a clear, transparent, effective and

efficient way to reach a high level of patient satisfaction

Both verbally and non-verbally in a clear, transparent, effective and efficient way to

reach a high level of patient satisfaction within the sport specific context

Collaboration

With relevant professionals and in collaborative networks

With relevant professionals, in collaborative sports networks or as a member of a

sport team

Knowledge sharing

and scientific research

Works according to the principles of EBP and developing clinical

expertise

Works according to the principles of EBP and developing clinical expertise in a sport

specific context, in close collaboration with scientists

Acting in the interest of

society

Practices the profession of PT in a socially responsible way

Practices the profession of PT in a socially responsible way, promoting an active and

healthy life style

Organization

Acts as a manager for his/her own professional activities

Acts as a manager for his/her own professional activities and as a leader within an

organization

Professional conduct

Takes responsibility for actions and carefully balances personal and

professional roles

Takes responsibility for actions and carefully balances personal and professional

roles
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that sports physical therapists would perform RTP
measurements more often than non-sports physical
therapist.

A single physical therapist may have rehabilitated more
than one pivoting athlete participating in this study.

MEASUREMENT PROCEDURES

To address the first aim, which focused on adherence
to the guideline, an athlete was labeled as tested by
their primary physical therapist as ‘yes’ or ‘no’ and
having met the RTP criteria ‘yes’ or ‘no’ (both dichot-
omous variables). For the second aim, exploring the
difference in practice guideline adherence between
sports physical therapists and non-sports physical
therapists, the athlete was labeled as having had
rehabilitation with a sports physical therapist ‘yes’
or ‘no’ (dichotomous variable).

ACLR practice guideline criteria consist of seven
movement quantity tests and two movement qual-
ity tests.>*%? All quantitative and qualitative RTP cri-
teria can be found in Table 1 and are described in
detail in Appendix A. Isokinetic dynamometry is the
gold standard for strength measurements, but only
accessible for a small group of Dutch physical ther-
apists due to issues with portability and cost-effec-
tiveness. Therefore, to make sure all Dutch physical
therapists were able to perform these tests in daily
practice, strength tests for knee and hip muscles
were executed with a MicroFET2® hand-held dyna-
mometer (ProCare, the Netherlands).

Meeting the RTP criteria was recorded as ‘yes’ or ‘no’
(dichotomous variable). To score a ‘yes’ all nine quan-
titative and qualitative RTP criteria had to be met.

All RTP measurements after discharge from the
primary physical therapist were performed by the
primary researcher (NM) at Clinic ViaSana. The pri-
mary researcher is a sports physical therapist with
ten years of experience, specialized in ACL rehabili-
tation, who teaches how to perform RTP measure-
ments to Dutch physical therapists and physical
therapy students, and the first author of the Dutch
ACLR practice guideline.

STATISTICAL METHODS
Data analysis was performed with IBM SPSS Statis-
tics 21.0 (IBM, Armonk, NY).

To address the first aim, which focussed on adher-
ence to the practice guideline, athlete characteris-
tics were analyzed using descriptive statistics and
an independent samples T:test was performed to
analyze differences between athletes tested by their
primary physical therapist and those not tested. For
all RTP measurements means and standard devia-
tions, as well as the number and percentages of ath-
letes meeting the RTP criteria were calculated with
descriptive statistics. There were no missing values.
Crosstabs with a chi-square test were used for the
percentage of athletes meeting the RTP criteria, com-
paring athletes that were already tested with those
not yet tested by their primary physical therapist.

To address the second aim, exploring the differ-
ence in practice guideline adherence between
sports physical therapists and non-sports physical
therapists, an independent samples T-test was per-
formed to analyze differences in baseline character-
istics between athletes treated by a sports physical
therapist and a non-sports physical therapist. Addi-
tionally, crosstabs with a chi-square test were used
to compare the number of athletes already tested
between sports physical therapists and non-sports
physical therapists.

RESULTS

One-hundred-and-fifty-eight pivoting athletes were
included (54 females, 104 males; mean age 24+6
years) all of whom completed RTP testing at Clinic
ViaSana, at a mean of 12 + 3 months after ACLR. Char-
acteristics of the pivoting athletes are listed in Table
3. There were no differences in baseline characteris-
tics between athletes tested by their primary physi-
cal therapist and those not tested (Table 3). The TAS
post-rehabilitation decreased compared to the preop-
erative TAS (8.6 + 0.8 respectively 7.8 +1.7; p<0.001).

Of the 158 participating athletes, 25 (16%) met all
nine RTP criteria when the primary researcher (NM)
performed the tests. The 158 athletes rehabilitated
with 108 different physical therapists, of whom 49
were registered sports physical therapists.

INFLUENCE OF GUIDELINE ADHERENCE

Of the 158 participating athletes that were tested by
the primary researcher, 69 (44%) had already been
tested by their own physical therapist. Of these 69
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athletes, 16 (23%) met all RTP criteria when mea-
sured at Clinic ViaSana, compared to nine (10%)
of those not tested by their own physical therapist
(p=0.026) (Table 4).

Thirty athletes (19%) met the RTP criteria for all
seven quantitative measurements and 81 athletes
(51%) met the RTP criteria for both qualitative
measurements (Table 5). Except for isometric knee
flexor strength (p=0.049), there were no differences
between athletes that were already tested by their
primary physical therapist and those that were not
tested by their primary physical therapist in terms of
quantitative RTP measurements. However, athletes
that were already tested by their primary physical
therapist more often met both qualitative RTP crite-
ria (67% versus 39%; p=0.001) (Table 4).

The most common LESS errors were a knee flexion
angle under 30° at initial contact, the presence of
lateral trunk flexion at initial contact, a non-sym-
metrical initial foot contact, and the presence of
knee valgus during landing (Table 5).

INFLUENCE OF PHYSICAL THERAPIST

There were no differences in baseline characteris-
tics between athletes that rehabilitated with a sports
physical therapist or non-sports physical therapist
(Table 6). Eighty-seven athletes rehabilitated with a
sports physical therapist and 45 of them (52%) had
performed RTP measurements with their primary

sports physical therapist. Seventy-one athletes reha-
bilitated with a non-sports physical therapist and
24 of them (34%) had performed the RTP measure-
ments with their primary non-sports physical thera-
pist (p=0.024) (TABLE 7).

DISCUSSION

The result regarding whether Dutch physical thera-
pists adhere to the provided ACLR practice guideline
is disappointing; only 44% of the pivoting athletes
were tested by their primary physical therapist. The
result concerning whether therapists were advising
regarding return to sport using the RTP measure-
ments is even more alarming; only 16 (23%) of the
69 athletes who were tested by their primary physi-
cal therapist received an advice consistent with the
ACLR guideline, based on the RTP measurements
conducted by the primary researcher. An important
finding was that athletes who rehabilitated with a
sports physical therapist were more commonly
tested regarding the ACLR guideline than athletes
who rehabilitated with a non-sports physical thera-
pist, 52% versus 34% respectively. This shows that
sports physical therapists have a better adherence to
the ACLR practice guideline than non-sports physi-
cal therapists. However, the percentage of sports
physical therapists adhering to the guideline still
remains low.

Even after the publication and implementation of
the Dutch ACLR practice guideline by the KNGF in

Table 3. Characteristics of the participating pivoting athletes and comparison between athletes already tested

or not tested by their primary physical therapist.

All athletes | Athletes tested by their Athletes not tested by their | p-value**
primary physical therapist | primary physical therapist

N 158 69 89
Sex, N (%) 0.888

Male 104 (66) 45 (65) 59 (66)

Female 54 (34) 24 (35) 30 (34)
Age in years (mean + SD*) 24+6 24+6 24 +7 0.486
Weight in kg (mean + SD) 73+ 11 73+ 11 74+10 0.899
Height in cm (mean + SD)* 177 £ 13 178+ 9 176 £ 15 0.368
Rehabilitation duration in months (mean + SD) 12+3 12+4 12+3 0.357
Tegner Activity Scale (TAS) (mean + SD)

Preoperative 8.6+0.8 8.6+0.8 8.5+0.8 0.844

Post-rehabilitation 78+1.7 78+1.7 78+16 0.955
* Age, weight and height were measured preoperatively
** p-value for comparison between athletes tested by their own physical therapist and those not tested by their own physical therapist
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Table 4. Results on the return to play (RT'P) measurements for all athletes (N =158) and comparison of results

between athletes tested by their primary physical therapist (N =69) and those not tested by their primary physi-
cal therapist (N = 89).

RTP measurement LSl (all athletes), | Athletes passing the Athletes passing the Athletes passing the p-value*

mean (x SD) RTP criterion (all RTP criterion (athletes | RTP criterion (athletes

athletes), N (%) tested), N (%) not tested), N (%)

Isometric knee extensor 100 (x 11) 133 (84) 61 (81) 72 (88) 0.200
strength
Isometric knee flexor 94 (£ 12) 101 (64) 50 (73) 51 (57) 0.049
strength
Eccentric knee flexor 95 (+ 14) 98 (62) 46 (67) 52 (58) 0.290
strength
Isometric hip abduction 102 (£ 11) 136 (86) 60 (87) 76 (85) 0.778
strength
Vertical jump 93 (£ 12) 101 (64) 48 (70) 53 (60) 0.194
Hop for distance 98 (+ 7) 139 (88) 61 (88) 78 (88) 0.883
Side hop 94 (+ 16) 107 (68) 47 (68) 60 (67) 0.926
All quantitative - 30 (19) 17 (25) 13 (15) 0.111
measurements
Single-leg hop-and-hold
Operated leg - 136 (86) 61 (88) 75 (84) 0.456
Non-operated leg - 138 (87) 61 (88) 77 (87) 0.723
CMJ with LESS
Operated leg 4.8 (+2.6) 101 (64) 52 (75) 49 (55) 0.024
Non-operated leg 4.8 (+2.6) 103 (65) 55 (80) 48 (54) 0.003
Both qualitative
measurements - 89 (56) 47 (68) 42 (47) 0.009
Only the operated leg ; 91 (58) 50 (73) 41 (46) 0.001
Only the non-operated leg } 81 (51) 46 (67) 35 (39) 0.001
Both legs together
All 9 measurements - 25 (16) 16 (23) 9 (10) 0.026
together
RTP = return to play, LS| = Limb Symmetry Index, CMJ = counter movement jump, LESS = Landing Error Scoring System
*p-value for comparison between athletes tested by their own physical therapist and those not tested by their own physical therapist

2014, Dutch physical therapists still struggle with
using RTP measurements and deciding when to
clear their pivoting athletes for RTP, since only 44 %
of the athletes had performed RTP measurements
with their primary physical therapist. This might be
caused by lack of equipment or limited knowledge
about tests or guideline content.

These findings are consistent with previous stud-
ies on guideline adherence in other diagnoses in
physical therapy both in Belgium and the United
States.’*!* The authors of these studies also found
better adherence to published guidelines in physical

therapists with a specialization compared to those
without with regard to treatment for knee osteoar-
thritis and low back pain.'!*

It is quite strange that RTP criteria are underutilized,
since two previously published studies found that
pivoting athletes that passed quantitative RTP crite-
ria including strength and hop tests had a strongly
reduced risk of sustaining a second ACL injury in
the first two years after ACLR.'>'® Concerning move-
ment quality previous authors have found that
altered hip and knee biomechanics when landing
from a jump are predictors of a second ACL injury
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Table 5. Countermovement Jump with Landing Error Scoring System (LESS) analysis and number of

athletes having the error condition per LESS item.’

LESS item (filmed in sagittal/frontal plane) Error descriptor Error descriptor seen on | Error condition seen on
operated leg, N (%) non-operated leg, N (%)

Knee flexion angle at initial contact (sagittal) Knee flexion <30° 80 (51)

Hip flexion angle at initial contact (sagittal) Thigh is in line with the trunk 10 (6)

Trunk flexion angle at initial contact (sagittal) Trunk is vertical on the hip 47 (30)

Ankle plantarflexion angle at initial contact (sagittal) | Foot lands heel to toe or flat 6 (4)

Knee valgus angle at initial contact (frontal) Line straight down from centre of the patella 53 (34) 58 (37)
is medial to the midfoot

Lateral trunk flexion angle at initial contact (frontal) | Midline of the trunk is to the left or right side 82 (52)
of the body

Stance width — wide (frontal) Line straight down from the tip of the 19 (12) 16 (10)
shoulder is inside the foot

Stance width — narrow (frontal) Line straight down from the tip of the 36 (23) 36 (23)
shoulder is outside the foot

Foot position — toe in (frontal) Internal rotation of foot >30° 0(0) 0(0)

Foot position — toe out (frontal) External rotation of foot >30° 0(0) 1(1)

Symmetric initial foot contact (frontal) One foot lands before the other 69 (44)

Knee flexion displacement (sagittal) Knee flexion displacement <45° 32 (20)

Hip flexion at max knee flexion (sagittal) Thigh does not flex more on the trunk 12 (8)
during landing

Trunk flexion at max knee flexion (sagittal) The trunk does not flex more during landing 23 (15)

Knee valgus displacement (frontal) Line straight down from center of the patella 88 (56) 81 (51)
is medial to the great toe during max knee
valgus

Table 6. Comparison of athlete characteristics between athletes rehabilitating with a sports physical thera-

pist or non-sports physical therapist.

Athletes rehabilitating with a | Athletes rehabilitating with a p-value**
sports physical therapist non-sports physical therapist
N 87 71
Sex, N (%) 0.929
Male 57 (67) 47 (66)
Female 30 (33) 24 (34)
Age in years, mean * SD* 24+6 247 0.601
Weight in kg, mean + SD* 72+£10 75+12 0.161
Height in cm, mean + SD* 177 £15 177+ 9 0.887
Rehabilitation duration in months, mean £ SD 12+3 12+4 0.963
Tegner Activity Scale (TAS), mean + SD
Preoperative 8.6+0.8 8.6+0.8 0.985
Post-rehabiliation 78+17 79+1.6 0.712
* Age, weight and height were measured preoperatively
** p-value for comparison between athletes rehabilitating with a sports physical therapist and those rehabilitating with a non-sports physical
therapist

after ACLR rehabilitation and RTP'"'® The use of Considering this, the athletes who do not pass the

qualitative RTP criteria might be not as common RTP criteria (84% in this study) but still return to
as the use of quantitative criteria, but they are also their preinjury sport, might have a higher chance of
important in the RTP decision. a second ACL injury in the near future.
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Table 7. Crosstabs of number of athletes who had return to play (RT'P) measurements taken by their treating

physical therapist, compared between sports physical therapists and non-sports physical therapists.

Athletes rehabilitating with a
sports physical therapist (N=87) | non-sports physical therapist (N=71)

Athletes rehabilitating with a p-value

RTP measurements by their treating physical therapist?, N (%)

Yes 45 (52) 24 (34) 0.024
No 42 (48) 47 (66)
Overall, the results of this study suggest that the CONCLUSION

Dutch ACLR practice guideline was not implemented
properly. Incorporating ACLR rehabilitation and RTP
measurements into bachelor level physical therapy
education is strongly suggested, thereby potentially
changing the underutilization of rehabilitation guide-
lines and RTP testing.'??°

LIMITATIONS OF THE STUDY

It could be suggested that pivoting athletes who
recently had performed RTP tests with their primary
physical therapist were better prepared for the RTP
testing performed at Clinic ViaSana, introducing bias
regarding how they performed on those tests via a
learning effect. However, many athletes who were
tested by the primary researcher did not meet the RTP
criteria. Besides, only 23% of the athletes who were
already tested by their primary physical therapist had
received RTP advice consistent with the ACLR prac-
tice guideline. This could indicate that RTP measure-
ments are not the main factor in the RTP decision.

Also, athletes who had already been tested, often
reported that their physical therapist did not test
eccentric hamstring strength or the side hop test;
two criteria that were often not met in this study.
This could stress the importance of measuring
eccentric hamstring strength and the side hop test,
both considered important tests for determining a
safe return to play after ACLR.

Because 24 (15%) athletes decided to cease pivoting
sports after their ACLR rehabilitation, this could have
created bias. However, their primary treating physical
therapist was told that these athletes should also meet
the RTP criteria as stated in the practice guideline.
Three of the athletes who ceased performing pivot-
ing sports (13%) met all the RTP criteria when tested
at Clinic ViaSana, indicating they scored at a similar
level compared to the all other athletes in this study.

Fifty-six percent of pivoting athletes were cleared
for RTP by their physical therapist without using
criterion-based decisions as advised in the Dutch
ACLR practice guideline. Sports physical therapists
more often adhered to the practice guideline than
non-sports physical therapists (52% versus 34%),
but with only half of them adhering, this percentage
remains far too low.

Only 16% of pivoting athletes actually met all RTP
criteria, but athletes who were already tested by
their own physical therapist more commonly met
all RTP criteria (23% versus 10%), indicating those
not tested might have a higher chance for a second
ACL injury. Interestingly, 77% of the athletes tested
by their primary physical therapist were given RTP
advice, which was inconsistent with the ACLR prac-
tice guideline. Based on these results, more atten-
tion needs to be paid to implementing the ACLR
practice guideline and ACLR rehabilitation and RTP
measurements need to be incorporated into general
physical therapy education.
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Appendix: Return to play (RTP) measurements
Test Subject’s start | Procedure Sessions Recorded Picture
position variable
Quantitative tests
Isometric knee Seated at the The hand-held Two practice | The highest value
extensor strength | end of an dynamometer sessions, (in kg) of the three
(make test). examination was placed just | before three | test sessions for
table and had to | above the test sessions | both legs. The
Intrarater ICC hold the side- talotibial joint for each leg. | Limb Symmetry
0.76-0.99; edges with the line.8 The Between Index was
interrater ICC hands.® The subject had to practice and | calculated as the
0.88.2029 hips were build strength test strength of the
placed at 90° of | over two sessions, a operated leg
flexion and the seconds and one-minute divided by the
tested knee at then hold a rest period. strength of the
60° of flexion. A | maximum Between non-operated leg
belt was placed | voluntary each test multiplied by 100.
around the contraction for session, a
examination three seconds. | 30-second
table rest period.
perpendicular to The non-
the distal tibia operated leg
of the test leg.?* was tested
before the
operated leg.
Isometric knee Prone on an The hand-held Two practice | The highest value
flexor strength examination dynamometer sessions, (in kg) of the three
(make test) table with the was placed at before three | test sessions for
tested knee at the posterior test sessions | both legs. The
Intrarater ICC 30° of flexion part of the leg, for each leg. Limb Symmetry
0.99; interrater and holding the | two cm above Between Index was
ICC 0.88.20-2¢ side-edges of the lateral practice and | calculated as the
the table with malleolus.® The | test strength of the
the hands.?” subject had to sessions, a operated leg
build strength one-minute divided by the
over two rest period. strength of the
seconds and Between non-operated leg
then hold a each test multiplied by 100.
maximum session, a
voluntary 30-second

contraction for rest period.
three seconds. | The non-
operated leg

was tested
before the
operated leg.
Eccentric knee Prone on an The hand-held Two practice | The highest value
flexor strength examination dynamometer sessions, (in kg) of the three
(break test) table with the was placed at before three | test sessions for
tested knee at the posterior test sessions | both legs. The
Intrarater ICC 60° of flexion part of the leg, for each leg. | Limb Symmetry
0.99; interrater and holding the | one to two cm Between Index was
ICC 0.88.20:29 side-edges of above the practice and | calculated as the
the table with lateral test strength of the
the hands.?” malleolus.t The | sessions, a operated leg

subject had to one-minute divided by the
build strength rest period. strength of the

over two Between non-operated leg
seconds and each test multiplied by 100.
then the session, a
examiner 30-second
pushed the leg rest period.
towards full The non-
extension for operated leg
five seconds. *° | was tested
before the
operated leg.
Isometric hip In sidelying on The hand-held Two practice | The highest value
abduction an examination | dynamometer sessions, (in kg) of the three
strength (make table with the was placed five | before three | test sessions for
test) test leg facing cm above the test sessions | both legs. The
upward. The lateral knee for each leg. | Limb Symmetry
Intrarater ICC examiner joint line.228 Between Index was
0.74-0.76.202° placed the test | The subject had | practice and | calculated as the
leg in slight hip | to build up test strength of the
abduction strength over sessions, a operated leg
(approximate two seconds one-minute divided by the
10° as and then hold a | rest period. strength of the
measured with maximum Between non-operated leg
respect to a line | voluntary each test multiplied by 100.
connecting the contraction for session, a
anterior three seconds. 30-second
superior iliac rest period.
spines). The The non-
arms were operated leg
placed in front was tested
of the subject before the
with one hand operated leg.
holding the
side-edge of the
table.
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to play (RTP) measurements (continued

Vertical jump Upright The subject Two practice | The highest jump
position, quickly bends sessions, of the three test
Intrarater ICC standing on one | the knee as before three | sessions for both
0.89.7 leg with the much as test sessions | legs. The Limb
hands placed desired and for each leg. | Symmetry Index
behind the then Between was calculated as
back.” immediately practice and | the value of the
jumped test operated leg
upwards, sessions, a divided by the
attempting to one-minute strength of the
maximize the rest period. non-operated leg
height jumped. Between multiplied by 100.
The subject had | each test
to perform a session, a
controlled, 30-second
balanced rest period.
landing and had | The non-
to keep the operated leg
landing foot in was tested
place (2-3's).” | before the
A Pro-Jump operated leg.
contact mat
(ProCare, the
Netherlands)
was used to
measure jump
height in
centimeters.
Hop for distance Upright The subject Two practice | The furthest jump
position, hopped as far sessions, of the three test
Intrarater ICC standing on one | as possible and | before three | sessions for both
0.947 leg with the landed on the test sessions | legs. The Limb
hands placed same leg. Free | for eachleg. | Symmetry Index
behind the leg swing was Between was calculated as
back.” allowed. The practice and | the value of the
subject had to test operated leg
perform a sessions, a divided by the
controlled, one-minute strength of the
balanced rest period. non-operated leg
landing and had | Between multiplied by 100.
to keep the each test
landing foot in session, a
place until (2-3 | 30-second
s) the test rest period.
leader had The non-
registered the operated leg
landing was tested
position. Failure | before the
to do so operated leg.
resulted in a
disqualified
hop. The
distance was
measured in
centimeters
from the toe at
the push-off to
the heel where
the subject
landed.”
Side hop Upright The subject A few The number of
position, jumped from practice correct jumps for
Intrarater ICC standing on one | side to side jumps were both legs. The
0.87.7 leg with the between two allowed to Limb Symmetry
hands placed parallel strips of | familiarize Index was
behind the tape, placed 40 | the subject calculated as the
back.” cm apart on the | with the value of the
floor. The jumping operated leg
subjects were distance, divided by the
instructed to before they strength of the
jump as many performed non-operated leg
times as one test multiplied by 100.
possible during | session of 30
a period of 30 seconds.
s. The number The non-
of successful operated leg
jumps was tested
performed, before the
without operated leg.
touching the
tape, was
recorded.
Touching the
tape was

recorded as an
error.”
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Qualitative tests

Return to play (RTP) measurements (cot

Single-leg hop-
and-hold

Double-leg
countermovement
jump with LESS
scoring

Intrarater ICC
0_97_9‘18

Upright
position,
standing on one
leg.

The subject
started at two
legs with the
feet hip width
apart.

A marker was
placed at 90%
of the distance
jumped at the
single-leg hop
for distance.
Arm swing was
allowed during
the jump. The
subject had to
jump the
marked
distance and
the landing had
to be with the
knee in 90° of
flexion. The
subject had to
hold this
landing position
for three
seconds.?®

Subjects had to
jump as high as
possible,
perform a
landing on two
feet and
immediately
jump as high as
possible again.
Arm swing was
allowed during
the jumps.30-32

There were
no practice
sessions and
three test
sessions.
The non-
operated leg
was tested
before the
operated
leg.3!

One practice
session was
allowed
before two
test
sessions.
One test was
filmed in the
frontal plane,
one session
in the sagittal
plane. An
iPad with
Hudl
technique
application
(Hudl,
Lincoln,
Nebraska)
was used to
film.32-34

At least one of the
three test sessions
had to be
performed
correctly to score a
‘yes’. Otherwise,
the subject scored
a‘no’.%

The first landing of
the
countermovement
jump was used to
analyse with the
Landing Error
Scoring System
(LESS).8:3537
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