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Pain-Free Versus Pain-Threshold
Rehabilitation Following Acute

Hamstring Strain Injury:
A Randomized Controlled Trial

amstring strain injuries (HSIs) remain the most
prevalent cause of time lost from competition in a range
of sports, #7185 with associated performance®® and
financial consequences.?® Deficits in function, such as
reduced isometric knee flexor strength, exist acutely following
HSI**% and may increase reinjury risk if persistent at return-to-play
(RTP) clearance.' Rehabilitation should aim to restore these deficits

as quickly as possible following
acute HSI and to return the in-
jured athlete to his or her sport
with minimal risk of reinjury.?
However, even after completion of
rehabilitation and RTP clearance,
previously injured hamstrings may dis-
play eccentric strength*>#95'7 and biceps

'

SUPPLEMENTAL
VIDEO ONLINE

Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on December 12, 2023. For personal use only. No other uses without permission.

Copyright © 2020 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

© OBJECTIVE: The primary aim was to compare
time from acute hamstring strain injury (HSI) to
return-to-play (RTP) clearance following a stan-
dardized rehabilitation protocol performed within
either pain-free or pain-threshold limits. Second-
ary aims were to compare isometric knee flexor
strength, biceps femoris long head (BFLH) fascicle
length, fear of movement, and reinjury occurrence
at the 6-month follow-up between pain-free and
pain-threshold groups.

© DESIGN: Randomized controlled trial.

© METHODS: Forty-three men with acute HSls were
randomly allocated to a pain-free (n = 22) or pain-
threshold (n = 21) rehabilitation group. Days from
HSI to RTP clearance, isometric knee flexor strength,
BFLH fascicle length, fear of movement, and reinjury
occurrence at the 6-month follow-up were reported.

© RESULTS: Median time from HSI to RTP clear-
ance was 15 days (95% confidence interval [Cl]:
13, 17) in the pain-free group and 17 days (95% Cl:

11, 24) in the pain-threshold group, which was not
significantly different (P = .37). Isometric knee flex-
or strength recovery at 90° of hip and 90° of knee
flexion was greater in the pain-threshold group

at RTP clearance by 15% (95% Cl: 1%, 28%) and
by 15% (95% Cl: 1%, 29%) at 2-month follow-up,
respectively. Improvement in BFLH fascicle length
from baseline was 0.91 cm (95% Cl: 0.34, 1.48)
greater at 2-month follow-up in the pain-threshold
group. Two reinjuries occurred in both the pain-free
and pain-threshold groups between RTP clearance
and the 6-month follow-up.

© CONCLUSION: Pain-threshold rehabilitation
did not accelerate RTP clearance, but resulted in
greater recovery of isometric knee flexor strength
and better maintenance of BFLH fascicle length,
compared to pain-free rehabilitation. J Orthop
Sports Phys Ther 2020;50(2):91-103. Epub 28 Jun
2019. doi:10.251%/jospt.2020.8895

@ KEY WORDS: hamstring strain injury, muscle,
pain, rehabilitation, return to play

femoris long head (BFLH) fascicle length
deficits,” which are both modifiable HSI
risk factors."%27% Fyfe et al*> hypothesized
that a lack of eccentric loading and long-
length exercise during early rehabilitation
may contribute to residual deficits and the
elevated risk of reinjury seen in previously
injured hamstrings.?-»%

Eccentric loading and long-length ex-
ercises reduce HSI risk,>77%° increase knee
flexor strength and BFLH fascicle length
in uninjured individuals,"***%57 and ac-
celerate RTP time when emphasized
during rehabilitation.>® However, the in-
troduction and progression of eccentric
loading and long-length exercises may be
delayed by the consistently implemented
guideline to only perform and progress
exercise in the absence of pain.*® Delay-
ing the start of exercise rehabilitation by 9
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days, compared to 2 days, after acute mus-
cle injury prolongs time to return to play.’
Therefore, delaying exposure to exercise
rehabilitation due to pain may limit the
ability to achieve beneficial adaptations
and may prolong RTP clearance follow-
ing acute HSI.

Pain avoidance during HSI rehabili-
tation is consistent with conventional
guidelines for the treatment of acute
muscle injuries.’” However, these guide-
lines state that “the current treatment
principles of injured skeletal muscle lack
firm scientific basis,”” which were largely
based on clinical experience or laborato-
ry-based animal studies.?*>#% In chronic
or postoperative musculoskeletal condi-
tions, allowing exercise to be performed
up to a pain threshold is safe??!46:6+.69.70
and may improve outcomes compared to
remaining pain free.®¢” Mild pain or dis-
comfort is permitted during HSI rehabil-
itation®"*°#5; however, the pain-threshold
approach has never been directly com-
pared to the conventional practice of
pain avoidance while performing the
same rehabilitation protocol.

Therefore, the primary aim of this
study was to compare the number of days
from acute HSI to RTP clearance follow-
ing a standardized rehabilitation protocol
performed within either pain-free or pain-
threshold limits. The secondary aims were
to investigate the impact of pain-free and
pain-threshold rehabilitation protocols
on isometric knee flexor strength, BFLH
fascicle length, fear of movement, and
reinjury occurrence at a 6-month follow-
up. We hypothesized that pain-threshold
rehabilitation would accelerate the time
needed to achieve RTP clearance com-
pared to pain-free rehabilitation.

METHODS

Study Design
HIS STUDY WAS A SINGLE-CENTER,
efficacy, double-blind random-
ized controlled trial, designed and
conducted at the Australian Catholic
University in Melbourne, Australia in
accordance with the Consolidated Stan-
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dards of Reporting Trials guidelines.
The Australian Catholic University
Human Research Committee granted
ethical approval (2015-307H), and the
trial was registered with the Australian
New Zealand Clinical Trials Registry
(ACTRN12616000307404).

Participant Recruitment and Eligibility
Between February 2016 and May 2017,
men and women aged 18 to 40 years
and with a suspected HSI were invited
to undergo an initial clinical assessment
within 7 days of suffering acute-onset
posterior thigh pain. Potential partici-
pants were recruited via advertisement
of recruitment posters, and contact was
made with sporting clubs and sports in-
jury clinics around Melbourne, Australia.
Informed written consent was provided
by potential participants prior to under-
going a subjective interview and a series
of clinical assessments to confirm the
presence of acute HSI. Potential partici-
pants had to meet all predetermined eli-
gibility criteria (TABLE 1)*>%' to be included
in the study.

Potential participants were excluded if
they presented with signs and symptoms
of other causes of posterior thigh pain
(hamstring tendinopathy, referred lower
back pain, etc), or warranted the opin-
ion of a surgeon when complete muscle
rupture was suspected. An independent
physical therapist (E.R.) with 15 years of
experience in sports injury clinical prac-
tice and research verified participant
eligibility. Injuries were not confirmed
via magnetic resonance imaging (MRI)
or graded using subjective categorical
systems; rather, variables collected dur-

ing the initial clinical assessment were
reported to indicate severity of injury on
a more continuous and objective scale.
This approach was taken because com-
binations of clinical assessments, such as
between-leg deficits in strength, range
of motion, and pain, correlate well with
rehabilitation progression® and ex-
plain more of the variance in RTP clear-
ance time following HSI than do MRI
findings.?%!

Randomization and Blinding

Eligible participants were randomly
allocated to either a pain-free or pain-
threshold rehabilitation group after strat-
ification for previous HSI and sex using
a 4-block randomization approach. This
was done by marking 4 separate folders:
(1) male/previous HSI, (2) male/first-
time HSI, (3) female/previous HSI, and
(4) female/first-time HSI. Each of these
folders contained 4 sealed and unmarked
envelopes, which contained allocation to
either the pain-free (2 envelopes) or pain-
threshold (2 envelopes) group. The lead
investigator (J.H.) randomly selected
one of these sealed and unmarked enve-
lopes and provided it to the participant
to open, which revealed group allocation.
These 4 envelopes were only replaced in
their respective folders once the previous
4 had all been selected.

Participants allocated to the pain-
free group were only permitted to per-
form and progress rehabilitation when,
during exercise, they reported a com-
plete absence of pain (0 on a 0-to-10 nu-
meric rating scale [NRS]). In contrast,
those in the pain-threshold group were
permitted to perform and progress reha-

TABLE 1

EL1GIBILITY CRITERIA FOR STUDY INCLUSION

+ Men and women aged 18 to 40 years

causing cessation of activity

Pain on palpation of the injured muscle

Acute-onset posterior thigh pain associated with clear injury mechanism (eg, high-speed running, kicking, etc)

Present for initial clinical assessment within 7 days of suspected injury

Pain localized to the site of injury during isometric knee flexor contraction
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bilitation with a pain rating of 4 or less
on the NRS during exercise. All partici-
pants were told how to report localized
pain at the site of injury using the NRS,
on which 0 represented “absolutely no
pain” and 10 the “worst pain imagin-
able” Upon allocation, participants
were informed only of the pain limits
applicable to their respective group and
then provided informed written consent
prior to commencing rehabilitation.
Participants were blinded to the pres-
ence of the alternative intervention to
reduce the possibility of cross-group
contamination. All objective outcome
measures were collected by members of
the research team (D.O., R.T., and N.M.)
who were blinded to group allocation for
the duration of the study.

Initial Subjective Interview

Injury details, demographic data, and rel-
evant injury history were all ascertained
from an initial subjective interview. The
subjective interview was conducted by
the lead investigator (J.H.), a health pro-
fessional with 5 years’ clinical experience
in musculoskeletal injury assessment
and rehabilitation. Upon completion
of the subjective interview, participants
completed the 17-item Tampa Scale of
Kinesiophobia (TSK) to assess fear of
movement.

Clinical Assessments
During each participant’s initial visit to
confirm acute HSI and prior to all subse-
quent rehabilitation sessions, a series of
clinical assessments were conducted by
members of the research team blinded to
group allocation (D.O., R.T., and N.M.).
First, ultrasound images were collected,
and later analyzed offline by the same
blinded and experienced investigator
(R.T.), to ascertain BFLH architecture
using previously described methodology
with published reliability (intraclass cor-
relation coefficient = 0.96-0.98; typical
error, 2.1%-3.4%).™

The injured muscle was then palpat-
ed, with participants in a prone position,
to determine injury location and pain.

The assessor palpated along the length of
the injured muscle to identify the loca-
tion of peak palpation pain. Participants
were asked to rate their pain on a 0-to-10
NRS, and the peak value was recorded.
The distance from the ischial tuberosity
to the site of peak palpation pain and the
total craniocaudal length of palpable pain
were also measured (centimeters).*3

Hamstring range of motion was as-
sessed via the passive straight leg raise*5°
and active knee extension tests.*** For
both the passive straight leg raise and ac-
tive knee extension, a digital inclinometer
was placed on the anterior tibial border,
just below the tibial tuberosity, to objec-
tively measure the angle of hip flexion or
knee extension, respectively, at the point
of onset of localized pain or maximal tol-
erable stretch. Participants were asked to
rate their pain on the 0-to-10 NRS if they
experienced localized pain at the site of
injury during either the passive straight
leg raise or active knee extension. Three
trials of the passive straight leg raise and
active knee extension were performed on
the uninjured (performed first) and in-
jured legs, with the highest range-of-mo-
tion value and peak pain score recorded
for each test.

Isometric knee flexor strength was as-
sessed with the participant lying supine
at 0°/0° and 90°/90° of hip/knee flexion,
using an apparatus with published reli-
ability (intraclass correlation coefficient
= 0.87-0.91; typical error, 6.2%-8.1%).%
In each position, the uninjured leg was
tested prior to the injured leg, with 2
warm-up repetitions at 50%, then 75%,
of perceived maximal effort followed by
3 maximal-effort isometric knee flexor
contractions, with a minimum 30-second
rest between trials. A standardized in-
struction, “Push your heel down into the
strap, from complete rest without lifting
up your heel, as fast and hard as you can,
in 3, 2, 1, go,” was given with strong verbal
encouragement to ensure maximal effort.
When performing contractions with the
injured leg, the additional instruction of
contracting “to an intensity that you feel
comfortable with” was given. Participants

were asked to report any pain localized
to the site of injury on the NRS, with the
peak pain score recorded in each posi-
tion. For each day of testing, isometric
knee flexor strength at both 0°/0° and
90°/90° was defined as the highest force
output across 3 repetitions for each leg
at each position. Isometric knee flexor
strength of the injured leg was reported
as a percentage relative to the strength of
the participant’s contralateral, uninjured
leg at the initial clinical assessment,®
to account for change with exposure to
exercise performed by the uninjured leg
during rehabilitation.

Rehabilitation Protocol
All participants performed a standard-
ized rehabilitation protocol twice per
week, consisting of hamstring-strength-
ening exercises and progressive running,
with every session fully supervised by the
lead investigator (J.H.). Participants were
asked to rate pain at the site of injury on
the NRS during each exercise or stage of
progressive running. The only difference
between the 2 groups was the amount
of pain allowed during performance of
the rehabilitation protocol, which deter-
mined whether an exercise would be per-
formed and progressed on an individual
basis. No pain-relieving strategies, such
as ice, medication, or topical treatments,
were provided to participants in either
group during their supervised rehabili-
tation sessions. Pain-relieving strategies
applied by participants outside of these
sessions were not controlled. All partici-
pants were advised not to perform any
additional rehabilitation exercises out-
side of their 2 supervised sessions per
week. Participants were encouraged to
gradually return to their regular team
sports training throughout the rehabili-
tation period; however, they were advised
to keep any running below the intensity
that they had achieved during supervised
progressive running at that time.
Hamstring-strengthening exercises
involving either hip extension at moder-
ate to long muscle lengths or knee flexion
with eccentric bias were selected to target
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BFLH fascicle length and eccentric knee
flexor strength adaptations.'®® These
exercises were bilateral and unilateral
variations of a hamstring bridge, 45° hip
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extension, eccentric slider (ONLINE VIDEOS),
and the Nordic hamstring exercise. Dur-
ing their first rehabilitation session, all
participants attempted bilateral varia-

Attempt each bilateral exercise during first rehabilitation session and continue within pain limits.
Perform a maximum of 3 sets per exercise during each rehabilitation session

v v

Bilateral hamstring Bilateral 45° hip
bridge, 10 to 12 extension, 8 to 10
repetitions repetitions

v

Bilateral eccentric
slider, 6 to 8
repetitions

[
I |

| Progress exercise if repetition range is performed through full range of motion within pain limits |

v

v v

Unilateral hamstring
bridge, 8 to 10
repetitions

Unilateral 45° hip
extension, 6 to 8
repetitions

Nordic hamstring Unilateral eccentric
exercise, 4 to 6 slider, 4 to 6
repetitions repetitions

v

v

Add external resistance in 5-kg increments if
repetition range is performed through full
range of motion within pain limits

rehabilitation protocol.

FIGURE 1. Exercise-specific progression criteria and prescribed repetition ranges for each exercise variation in the

INTENSITY AND DISTANCE OF THE 9-STAGE

ULz 2 PROGRESSIVE RunNING PROTOCOL?
Stage Acceleration Phase Hold Phase Deceleration Phase
1 Walk 20 m Jog10m Walk 20 m
2 Walk 15 m Jog20m Walk 15 m
3 Walk 10 m Jog30m Walk 10 m
4 Jog20m Run10m Jog20m
5 Jog15m Run20 m Jog15m
6 Jog10m Run30m Jog10m
7 Run20 m Sprint 10 m Run20 m
8 Run15m Sprint 20 m Run15m
9 Run10m Sprint 30 m Run10 m

running speed.

“Walk is defined as regular gait, jog as less than 50% of perceived maximal running speed, run as less
than 70% of percetved maximal running speed, and sprint as greater than 90% of percetved maximal

TABLE 3

CRITERIA FOR RETURN-TO-PrLAY CLEARANCE

« No pain on palpation of the injured muscle

that of the contralateral, uninjured leg

« No pain during the active knee extension or passive straight leg raise test, with range of motion at 90% or greater of

« No pain during maximal-effort isometric knee flexor contraction at 0°/0° and 90°/90° of hip/knee flexion
= No pain or apprehension during sprinting at 100% of perceived maximal running intensity

tions of the hamstring bridge, 45° hip ex-
tension, and eccentric slider. Participants
were permitted to continue performing
each exercise within their group’s re-
spective pain limits, with each exercise
progressed on an individual basis using
exercise-specific criteria (FIGURE 1).

Progressive running was based on
the work of Silder et al® and included 9
stages of increasing intensity and hold
distance and decreasing acceleration
and deceleration distances over a total
distance of 50 m (TABLE 2). Participants
commenced progressive running once
they could walk with normal gait within
their group’s pain limits. Jog, run, and
sprint intensities were explained to par-
ticipants as being upper limits of, re-
spectively, 50%, 70%, and 100% of their
perceived maximal running speed. Pro-
gression from one stage to the next was
achieved once participants could perform
3 repetitions at the relevant upper-limit
intensity within their group’s pain limits.
No more than 9 repetitions were permit-
ted during each rehabilitation session.®

Participants continued to perform this
rehabilitation protocol twice per week
until they met predetermined criteria
for RTP clearance (TABLE 3), which were
identical for all participants and based
on the best available evidence.>”® Once
RTP clearance criteria had been met,
all participants were provided the same
recommendation to complete at least 2
full training sessions prior to returning
to competitive sport. However, the final
decision to return to competition was left
to the participant, coach, and medical/fit-
ness staff at their respective sporting club
to account for variation in sports, levels
of competition, and the need for shared
RTP decision making.>'>63 All partici-
pants were encouraged to continue with
at least 1 hip extension and 1 eccentric
knee flexion exercise once per week, al-
though compliance was not enforced or
monitored.

Follow-up
Participants were contacted at least once
per month for a 6-month period follow-
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ing RTP clearance to monitor for rein-
jury. If participants suspected reinjury,
they were instructed to contact the lead
investigator (J.H.), and attempts were
made to confirm the presence of an acute
HSI via clinical assessment by a blinded
investigator, based on the previously de-
scribed study inclusion criteria. However,
if this was not possible, then reinjury was
confirmed via telephone conversation
with the participant and communication
with relevant contacts at the participant’s
sporting club, such as a team physical
therapist. All suspected reinjuries were
verified by an independent physical ther-
apist (E.R.) blinded to group allocation.

Two months following RTP clearance,
participants attended a follow-up assess-
ment, except for those who had already
suffered a reinjury. This assessment was
conducted entirely by the same blinded
assessor as the one during rehabilitation
(D.O., R.T., or N.M.), with BFLH mus-
cle architecture, isometric knee flexor
strength, and score on the TSK assessed
as previously described.

Outcome Measures

The primary outcome measure, time
to RTP clearance, was the number of
days from acute HSI to meeting all RTP
clearance criteria. Secondary outcome
measures were BFLH fascicle length, iso-
metric knee flexor strength, fear of move-
ment at the initial clinical assessment,
RTP clearance, and 2-month follow-up,
and the number of reinjuries in the 6
months following RTP clearance.

Statistical Analysis
An a priori sample-size calculation deter-
mined that 29 participants were required
to achieve 80% power, accounting for a
dropout rate of 20%. The sample-size
calculation was based on an effect size of
1.2, comparing RTP time between HSI
rehabilitation emphasizing lengthening
and rehabilitation emphasizing conven-
tional exercises.>®

Statistical analysis was performed in
R Version 3.4.3,°6 using custom-written
code. Intention-to-treat analysis was

used to investigate the treatment’s effect
on the number of days from acute HSI to
RTP clearance and the number of reinju-
ries during the 6-month follow-up, using
a Cox proportional hazard model. Time-
to-RTP clearance and survival-from-rein-
jury curves were fit via the Kaplan-Meier
method, using the “survival” package.®®
Participants who ceased rehabilitation
prior to achieving RTP clearance criteria
were censored from analysis at the time
of their last completed session. Partici-
pants who did not complete the 6-month

reinjury follow-up were censored at the
last time point they were contacted.
Linear mixed models were used to
investigate the effect of pain-free and
pain-threshold rehabilitation (group)
on BFLH fascicle length, isometric knee
flexor strength, and fear of movement at
RTP clearance and 2-month follow-up
(time). Linear mixed models were fit via
restricted maximum likelihood using the
“lme4” package.® Group, time, and their
interaction were treated as fixed effects,
with participant modeled as a random

BASELINE PARTICIPANT CHARACTERISTICS AND
TABLE 4
RESULTS OF INITIAL CLINICAL ASSESSMENT?

Variable Pain-Free Group (n=22)  Pain-Threshold Group (n =21)
Age,y 274 +52 249+53
Height, cm 180.1+75 1822+82
Mass, kg 86.5+£135 86.3+92
Sport, dAvk 3+1 3+1
Sport, n

Australian football 18 14

Other 4 7
Prior hamstring strain injury, n

Yes 16 14

No 6 7
Initial clinical assessment/tart of rehabilitation, 3+2 3+1

d from injury
Activity at time of injury, n

Competition 14 15

Training 8 6
Injury location, n

Lateral 18 15

Medial 4 6
Pain at time of injury (0-10 NRS) 57420 58+15
Peak palpation pain (0-10 NRS) 31+17 36+20
Peak palpation pain distance from ischium, cm 202+67 196+64
Total length of palpable pain, cm 5153 34l 58+4.4
Passive straight leg raise pain (0-10 NRS) 25+22 23+24
Active knee extension pain (0-10 NRS) 33+25 29+27
Passive straight leg raise deficit, %° 899+14.8 846+182
Active knee extension deficit, %° 84.3+208 7194273
Isometric knee flexor pain at 0°/0° (0-10 NRS)® 37+28 31426
Isometric knee flexor pain at 90°/90° (0-10 NRS) 45426 48+21
Isometric knee flexor strength at 0°/0°, %°¢ 701+£269 66.8+26.8
Isometric knee flexor strength at 90°/90°, %< 601+25.2 601+26.4
Abbreviation: NRS, numeric rating scale.
Walues are mean + SD unless otherwise indicated.
bRelative to the uninjured leg.
Degrees of hip and knee flexion, respectively.
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effect to account for individual variabil-
ity. Residuals were plotted and checked
for approximate normality, and statisti-
cal significance was assessed using 95%
confidence intervals (CIs).

RESULTS

Participants

LL 51 POTENTIAL PARTICIPANTS
Ascreened for eligibility were men, as

no women presented to the investi-
gators with suspected HSIs, despite being
eligible for inclusion. Of these 52 poten-
tial participants, 43 met inclusion crite-
ria and were randomized to the pain-free
group (n = 22) and the pain-threshold
group (n = 21) (TABLE 4). All participants
were compliant with the rehabilitation
protocol, performing supervised ses-
sions twice per week, with no adverse
events (reinjuries) occurring prior to
RTP clearance. One rehabilitation ses-
sion was ceased as a precaution when a
participant in the pain-threshold group
reported pain of 7/10 during sprinting.
However, this was not considered an ad-
verse event, as predetermined criteria for
reinjury were not met immediately after
cessation of this session or prior to the
subsequent rehabilitation session 2 days
later. This participant continued to be
fully compliant with pain-threshold re-
habilitation from 2 days after this session
until achieving RTP clearance criteria.

One participant in the pain-free group

ceased rehabilitation 24 days following
acute HSI, without meeting RTP clearance
criteria, and was censored from further
analysis at this time point. Data for all sec-
ondary outcome measures at 2-month fol-
low-up were missing from 4 participants
in the pain-free group and 3 participants
in the pain-threshold group (FIGURE 2).

RTP Clearance

Criteria for RTP clearance were met by
21 of the 22 participants in the pain-free
group in a median time of 15 days (95%
CI: 13, 17), and by all 21 participants in the
pain-threshold group in a median time of
17 days (95% CI: 11, 24) (FIGURE 3A). The
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hazard ratio for time taken to achieve RTP
clearance in the pain-threshold group was
0.75 (95% CI: 0.40, 1.40) relative to the
pain-free group, which was not signifi-
cantly different (P = .37; score test of treat-
ment effect in the Cox proportional hazard
model) (FIGURE 3B).

BFLH Fascicle Length

Data from the initial clinical assessment
of the BFLH were missing for 1 partici-
pant in the pain-free group and 1 partici-
pant in the pain-threshold group, due to
the assessor for this measure (R.T.) not
being available at this time point. From
initial clinical assessment to RTP clear-
ance, BFLH fascicle length significantly
improved by an average of 1.70 cm (95%
CI: 1.33, 2.08) in the pain-free group
(FIGURE 4A) and 1.95 cm (95% CI: 1.41,
2.48) in the pain-threshold group (FIG-
URE 4B), with no significant difference

between the 2 groups (95% CI: -0.29,
0.78). Despite a slight reduction in the 2
months following RTP clearance, BFLH
fascicle length was still significantly
greater than at the initial clinical assess-
ment, by an average of 0.56 cm (95% CI:
0.16, 0.97) in the pain-free group and
1.47 cm (95% CI: 0.90, 2.04) in the pain-
threshold group. The difference in BFLH
fascicle length from the initial clinical as-
sessment to 2-month follow-up was sig-
nificantly greater in the pain-threshold
group than in the pain-free group, by an
average of 0.91 cm (95% CI: 0.34, 1.48).

Isometric Knee Flexor Strength

From initial clinical assessment to RTP
clearance, significant improvements in iso-
metric knee flexor strength were observed
at 0°/0°, by an average of 32% (95% CI:
22%, 41%) in the pain-free group (FIGURE
5A) and 39% (95% CI: 26%, 52%) in the

Excluded,n=9

+ Didn't meet eligibility criteria, n =5
« Declined to participate, n =2
+ Hamstring tendinopathy, n =1

« Required surgical opinion, n =1

2-month follow-up, n =1
Could not be contacted, n =3

.
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pain-threshold group (FIGURE 5B), with no
difference between groups (95% CI: -6%,
20%). Isometric knee flexor strength at
0°/0° remained significantly greater than
at the initial clinical assessment in both
groups 2 months following RTP clearance,
with no significant difference between
groups (95% CI: 6%, 22%).

Isometric knee flexor strength at
90°/90° improved significantly, by an
average of 35% (95% CI: 26%, 44%) in
the pain-free group (FIGURE 5C) and 49%
(95% CI: 36%, 63%) in the pain-thresh-
old group (FIGURE 5D), from initial clini-
cal assessment to RTP clearance. This
improvement was significantly greater,
by an average of 15% (95% CI: 1%, 28%),
in the pain-threshold group. Two months
following RTP clearance, improvement
in isometric knee flexor strength at
90°/90° from the initial clinical assess-
ment remained significantly greater, by
an average of 15% (95% CI: 1%, 29%), in
the pain-threshold group.

Fear of Movement

Fear-of-movement data for 1 participant
in the pain-threshold group at RTP clear-
ance was missing, as the participant failed
to complete the TSK at this time-point.
According to the TSK, out of a maximum
score of 68 points, fear of movement sig-
nificantly reduced by an average of -7
points (95% CI: -5, -9) in the pain-free
group (FIGURE 6A) and -8 points (95% CI:
-5, -11) in the pain-threshold group (FIG-
URE 6B) from initial clinical assessment
to RTP clearance. Between-group differ-
ences in reduction of fear of movement of
-1 point (95% CI: -4, 2) at RTP clearance
and —4 points (95% CI: -6, 0) at 2-month
follow-up, compared to the initial clinical
assessment, were nonsignificant.

Six-Month Reinjury Follow-up

All but 5 participants provided data at the
6-month follow-up assessment, 4 in the
pain-free group who could not be con-
tacted and 1 in the pain-threshold group
who suffered an unrelated knee injury
after RTP clearance. Two participants
in the pain-free group suffered reinju-

ries 50 and 67 days after RTP clearance
at 13 and 26 days, respectively, after the
first HSI. Two participants in the pain-
threshold group suffered reinjuries 8 and
17 days after RTP clearance at 6 and 11
days, respectively, after the first HSI (FIG-
URE 7). The hazard ratio for reinjury in the
pain-threshold group was 1.05 (95% CI:
0.14, 7.47) relative to the pain-free group,
which was not significantly different (P =
1.0; score test of treatment effect in the
Cox proportional hazard model).

DISCUSSION

HE MAIN FINDING OF THIS RANDOM-
Tized controlled trial is that, following

acute HSI, RTP clearance was not
accelerated by performing and progress-
ing a standardized rehabilitation proto-
col using a pain-threshold compared to a
pain-free rehabilitation protocol. Regard-
less of the pain-threshold or pain-free

group allocation, all participants showed
large improvements in BFLH fascicle
length and isometric knee flexor strength,
along with reduced fear of movement.
However, the pain-threshold rehabili-
tation protocol did result in greater re-
covery of isometric knee flexor strength
at 90°/90° of hip/knee flexion for both
RTP clearance and the 2-month follow-
up time points and more sustained im-
provements in BFLH fascicle length 2
months after RTP clearance compared
to pain-free rehabilitation.

This is the first randomized controlled
trial with outcomes that did not support
the long-held belief that pain-free reha-
bilitation is best clinical practice follow-
ing acute muscle injury,9:26-394143 which is
largely driven by fear of symptom exac-
erbation and/or reinjury.?” In the current
study, there was only a single rehabilita-
tion session ceased, as a precaution due
to pain exacerbation with sprinting; how-
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ever, this was not a reinjury. Exposing
participants to pain during rehabilita-
tion did not induce fear, with both groups
achieving significant reductions on the
TSK from the initial clinical assessment
to RTP clearance. Further, no adverse
events occurred when exercise was per-
mitted to continue and/or be progressed
in the presence of pain rated up to 4/10
on the NRS in the pain-threshold group.
The pain threshold of 4/10 or less was
selected as a slightly more conservative
version of the pain-monitoring model of
5/10 or less, previously implemented in
patellofemoral joint pain and Achilles
tendinopathy rehabilitation.f+6>69 Selec-
tion of an appropriate pain threshold will
always be somewhat of an arbitrary task,
given the complex and subjective nature
of pain perception.*” Regardless of the
specific pain threshold set, the current
findings suggest that it is unnecessary
to completely avoid pain during HSI
rehabilitation.

Comparison of RTP clearance times
in the current study to those previously
reported in the HSI literature is diffi-
cult, due to inconsistent definitions of

| RESEARCH REPORT ]

this outcome measure.” However, the
RTP clearance times in the current study
compare favorably to those in a previous
study, which also reported time from HSI
to meeting RTP clearance and reported
a mean in excess of 21 days.?” Perhaps of
greater importance than RTP clearance
time is that both groups achieved large
improvements in isometric knee flexor
strength and BFLH fascicle length within
these relatively brief rehabilitation time
frames.

Although both groups achieved large
improvements in isometric knee flexor
strength, recovery of between-leg deficits
was greater in the pain-threshold group
at 90°/90° of hip/knee flexion. Partici-
pants exposed to pain-threshold reha-
bilitation may have been more willing to
contract to their maximal intensity if they
saw pain as less of a barrier to exercise.
However, between-group differences in
isometric knee flexor strength were ob-
served at RTP clearance and 2-month fol-
low-up, at which all participants reported
no pain. Therefore, allowing exercise to
be performed and progressed up to a pain
threshold appears to enhance recovery of

A B
14 14 |
o
13 13 |
o
o
12 12 .
©
5 g :
5 1 11 1 —;:— °
3 [ _é_
@ S ) S
§ 10 10 4 o ° @
& % & °
5
= 9 94 b °
o, °
8 8 Pz
o
7 7 °
Initial RTP 2-mo Initial RTP 2-mo
clinical clearance follow-up clinical clearance follow-up
assessment assessment
|
FIGURE 4. The BFLH fascicle length of the injured leg within (A) the pain-free group and (B) the pain-threshold
group at the initial clinical assessment, RTP clearance, and 2-month follow-up. Each dot represents an individual
participant, dotted lines indicate change over time, and the solid horizontal lines show the group medians.
Abbreviations: BFLH, biceps femoris long head; RTP, return to play.

isometric strength compared to avoiding
pain during HSI rehabilitation.

The magnitudes of BFLH fascicle
length improvement seen from the ini-
tial clinical assessment to RTP clearance
in both groups were similar to those re-
ported in uninjured males after 2 weeks
of eccentric exercise.’*” In the current
study, BFLH fascicle length improve-
ments were relatively well maintained
at 2-month follow-up, compared to the
adaptation reversal seen after periods of
detraining in uninjured males.*>" Lack of
adaptation reversal may be explained by
the advice given to all participants to con-
tinue with some form of eccentric load-
ing at least once per week following RTP
clearance. Although BFLH fascicle length
improvements were better maintained at
2-month follow-up in the pain-threshold
group, the mean + SD increase from ini-
tial clinical assessment to RTP clearance
of 1.82 + 0.82 cm for all participants
suggests adequate exposure to eccentric
loading and long-length exercises in the
current rehabilitation protocol, regard-
less of group allocation.

From the outset, eccentric loading and
long-length exercises were introduced in
the first rehabilitation session (average +
SD, 3 + 2 days after HSI) and progressed
individually, based on whether they could
be performed through full range of mo-
tion for a prescribed repetition range
within each group’s pain limits. Askling
et al®® previously implemented similar
exercise-specific progressions as part of
the L-protocol, although rehabilitation
did not commence until 5 days after HSI
and progression was only allowed within
strict pain-free limits. The L-protocol
exercises recruit the hamstrings to a
relatively low intensity®' compared to the
Nordic hamstring exercise'® and eccentric
sliding leg curl,” which were both imple-
mented in the current rehabilitation pro-
tocol. It is typically recommended that
progression to these exercises should be
delayed during HSI rehabilitation until
isometric knee flexor strength assess-
ments are pain free®* and/or within 10%
of the uninjured leg.**"® However, we ob-
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served that participants in the current
study were often able to perform the Nor-
dic hamstring exercise and the unilateral
eccentric slider without pain, despite still
reporting pain and/or demonstrating
between-leg deficits greater than 10%
during isometric knee flexor strength as-
sessments. These findings suggest that
eccentric loading can be progressed to a
relatively high intensity by implement-
ing exercise-specific criteria for progres-
sion, rather than delaying intervention by
waiting for the alleviation of pain and/
or between-leg deficits during isometric
knee flexor strength assessments.
Interpretation of reinjury data is chal-
lenging due to the modest sample size
and low number of reinjuries. Overall, the
4 reinjuries that occurred, as a percent-
age of the 37 participants compliant with
6-month follow-up, accounted for 11%
of participants, which is comparable to
recent HSI rehabilitation studies report-
ing rates of reinjury ranging from 4% to
30%.2°4%%8 Three of the 4 reinjuries in the
current study occurred within 2 months
of RTP clearance, which is consistent
with data showing greater susceptibility
to recurrence during this period.?**? Fur-
ther, all 3 participants met RTP clearance
within 2 weeks of their initial HSI. The 2
participants in the pain-threshold group
who suffered reinjuries 8 and 17 days af-
ter RTP clearance at 6 and 11 days, re-
spectively, following their initial HSI.
These findings suggest a relationship be-
tween accelerated RTP clearance and el-
evated reinjury risk, along with potential
inadequacies in the current RTP clear-
ance criteria, which may need to better
account for tissue healing time. Studies
with larger numbers of participants and
reinjuries are needed to shed more light
on risk factors for HSI recurrence to bet-
ter refine RTP criteria moving forward.
Our study used the revised Cochrane
risk-of-bias tool for randomized trials to
reduce risk of bias. Due to a concealed
random-allocation sequence and blind-
ing participants to the interventions, the
risk of bias arising from the randomiza-
tion process and deviations from the in-

tended interventions was low. There may
be bias related to the outcome of reinjury,
as 20 of the 21 participants in the pain-
threshold group completed 6-month
follow-up, compared to 17 of the 22 par-
ticipants in the pain-free group. How-
ever, risk of bias due to missing data and
measurement of all other outcome mea-
sures was low, as the presence of missing
data was reported and investigators were
blinded to group allocation.

The current study is not without
limitations. Confirmation of acute HSI
was restricted to clinical assessment, as
diagnostic tools such as MRI were not
available. It is possible that although par-
ticipants met inclusion criteria based on
clinical assessment, some may have had a
negative MRI result, which is associated
with reduced RTP time.”” However, many
clinicians working with sports injuries
are limited to confirming the presence
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medians. Abbreviation: RTP, return to play.
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Abbreviation: RTP, return to play.

of acute HSI using solely clinical assess-
ments as described in this study, which
enhances the ecological validity of the
current findings. Return to full sporting
activity was not reported, and it could be
argued that the impact of pain-free and
pain-threshold rehabilitation on com-
plete recovery time is unclear. Time to
RTP clearance using evidence-based cri-
teria was chosen to reduce the influence
of external factors on the primary out-
come measure, such as pressure to return
to different levels of sport participation,
time of sports season, and team selection
decisions from different coaches. Conse-
quently, the primary outcome measure
of time taken to achieve RTP clearance
is more internally than externally valid.

CONCLUSION

ERFORMING AND PROGRESSING A
standardized rehabilitation proto-
col up to a pain threshold did not
accelerate RTP clearance compared to
adhering to pain-free limits following
acute HSI. However, pain-threshold re-
habilitation did not cause any adverse

events and resulted in greater recovery
of isometric knee flexor strength and
better maintenance of BFLH fascicle
length improvements. Therefore, the
conventional clinical practice of pain
avoidance during HSI rehabilitation
may not be necessary. ®

IKEY POINTS

FINDINGS: Pain-threshold rehabilitation
did not accelerate return-to-play clear-
ance compared to pain-free rehabilita-
tion following acute hamstring strain
injury, but did result in greater recovery
of isometric knee flexor strength at
90°/90° of hip/knee flexion and bet-

ter maintenance of biceps femoris long
head fascicle length improvements.
IMPLICATIONS: The conventional practice of
pain avoidance during hamstring strain
injury rehabilitation may not be neces-
sary, and emphasizing early progression
of eccentric loading and long-length
exercises appears to adequately address
deficits in knee flexor strength and biceps
femoris long head fascicle length.
CAUTION: The relatively small sample

size and low number of reinjuries make

it difficult to determine the impact of
pain-free and pain-threshold rehabilita-
tion on this outcome.
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