Pre prints.org

Article Not peer-reviewed version

The Role of Strength-Related
Factors on Psychological
Readiness for Return to Sport
following Anterior Cruciate
Ligament (ACL) Reconstruction

Oliver Lee , Mark A Williams , Clare D Shaw , Anne Delextrat :
Posted Date: 30 August 2023
doi: 10.20944/preprints202308.2078.v1

Keywords: angle-specific torque; rate of force development; time since surgery; rehabilitation

is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
E-ﬂ- Science, Crossref, Google Scholar, Scilit, Europe PMC.

E E Preprints.org is a free multidiscipline platform providing preprint service that

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/2225554

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 August 2023 do0i:10.20944/preprints202308.2078.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

The Role of Strength-Related Factors on
Psychological Readiness for Return to Sport
following Anterior Cruciate Ligament (ACL)
Reconstruction

Oliver Thomas Lee 1, Mark A. Williams 1, Clare Shaw ! and Anne Delextrat 1*

1 Department of Sport and Health Sciences and Social work, Oxford Brookes University, UK
* Correspondence: adelextrat@brookes.ac.uk; Tel.: +44 (0) 1865 48 3610

Abstract: Psychological readiness following Anterior Cruciate ligament Reconstruction (ACLR) correlates with
different return to sport outcomes. However, the relationship between strength and power and psychological
readiness remains unexplored. The aim of this study was to investigate the relationship between the Anterior
Cruciate Ligament Return to Sport After Injury (ACL-RSI) scores and various hamstrings and quadriceps
strength and power variables. Twelve participants (20.7+2.5 years old; 174.2+7.5 cm; 70.2+8.5 kg; 18.2+8.3% of
body fat) who had an ACLR nine months or more before the study completed the ACL-RSI questionnaire and
isokinetic strength testing of the hamstrings and quadriceps (60°.s' and 180°.s). Based on ACL-RSI scores,
they were divided into “cases” and “controls”, deemed not psychologically ready and psychologically ready
to return to previous sport performance (PILOS), respectively. The main findings are that quadriceps” and
hamstrings’ rate of torque development (RTD) and time since surgery were determinants of psychological
readiness following ACLR. Furthermore, compared to controls cases showed significantly lower angle-specific
quadriceps and hamstrings torque close to extension and lower RTD, but no difference in peak torque. These
results suggest that physiotherapists should facilitate athletes” RTS by focusing on the restoration of RTD and
strength at angles close to full knee extension.

Keywords: angle-specific torque; rate of force development; time since surgery; rehabilitation

Introduction

Anterior Cruciate Ligament Injury (ACLI) is a common and incapacitating knee injury often
sustained during sport participation and treated with ACL reconstruction (ACLR) followed by
rehabilitation [1]. Return to sport (RTS) following ACLR is a major concern, with 73% of athletes able
to participate in sport at some point following surgery, but only 49% returning to their pre-injury
level of sport (PILOS), [2].

While the reasons behind which an athlete may not resume participation to their PILOS is
multifactorial, the role played by psychological factors seems crucial [3]. Indeed, pooled data from 28
studies identified that out of 2918 participants, 65% cited a psychological reason for not returning to
sport [4]. The most significant factor consistently reported being that of fear of re-injury with 24%-
50% of athletes reporting fear/ lack of confidence as their primary concern surrounding participation
[5-8]. Physiological factors also play an important role in RTS, and in an attempt to understand the
extent of the problem and synthesise current evidence for RTS decision making, a group of expert
clinicians produced a consensus statement in which a Biopsychosocial model for RTS was developed
[3]. This model emphasizes in particular the modifiable nature of athlete’s psychological perceptions
through relationships with the physiological determinants that may underpin an athlete’s confidence
[3].

The main physiological determinant of RTS following ACLR is the restoration of strength in both
the knee flexors and extensors of the operated knee, with deficits commonly reported in athletes both
at RTS and in the years following [9-12]. The hamstrings role as a synergist for the ACL is important
in managing anterior tibial translation (ATT) during landing, with maximal strength deficits reported
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as a risk factor for ACLI or re-injury in a number of prospective studies [13,14]. Quadriceps
contractions help to absorb ground reaction forces (GRF) during performance, in turn, attenuating
loads on lower extremities such as the ACL during landing [15]. Deficits in quadriceps maximal
strength have been associated with the incidence of re-injury following ACLI [16]. For both these
muscle groups, it is commonly accepted that a Limb Symmetry Index (LSI) greater than 90% between
operated and non-operated legs should be sufficiently reduce the risk of future damage to the surgical
graft [16]. Despite this stipulation, many athletes still RTS with strength deficits in both muscle
groups at RTS and in the years following, making appropriate rehabilitation essential [9,11,12].

More recently, authors have investigated quadriceps and hamstring force produced close to
knee extension as risk factors because ACLI seem to occur at these angles [17,18], while peak values
occur mid-range [19]. Hammond [20] identified that within a cohort of previously injured athletes
who met initial criteria of LSI >90% for maximal strength of the quadriceps and hamstrings, strength
deficiencies were still observed in 72% of them, in particular at 10°- 40° from full extension.

In addition to the level of strength of the hamstring, its capacity to quickly produce force (rate
of force or torque development, RFD or RTD) is a strong predictor of ACLI [21]. Indeed, most ACLI
occurs within 0-61ms of initial contact with the ground [22]. The use of RFD, despite its relevance,
remains very limited for RTS testing following ACLR [23]. Yet deficits in RFD are commonly seen
following ACLR [24,25].

To our knowledge, only one study has examined the relationship between strength performance
and psychological variables following ACLR, utilising the ACL-RSI to quantify patient psychological
readiness to RTS [26]. This study showed a significant association between ACL-RSI scores and
hamstring peak torque, but not quadriceps, in a cohort of male athletes at 9 months post-surgery [26].
Additional findings from this study were the absence of significant differences in peak strength
variables between a group with a low ACL-RSI score (<65) and a group with a high ACL-RSI score
(>85). However this study only measured peak strength and there is currently no investigations on
the association between ACL-RSI scores and other strength parameters, such as RFD or angle-specific
torque.

Therefore the primary aim of the present study was to investigate the strength and power
determinants of athletes” psychological readiness to RTS. A secondary aim was to compare strength
and power performance of a group deemed psychologically ready for a return to PILOS against those
deemed not psychologically ready to return to PILOS.

Materials and Methods

Participants

Twelve participants, including six male and six females (20.7+2.5 years old; 174.2+7.5 cm;
70.2+8.5 kg; 18.2+8.3% of body fat) volunteered to take part in the study. They were recruited from
various University teams competing at regional to national levels (football, volleyball, netball,
lacrosse, tennis and triathlon). Inclusion criteria were having a primary ACLR more than 9 months
prior to the start of the study because most athletes are cleared for RTS support between 6-9-month
post-surgery. To be included in the study participants should also have already returned to some
form of sport participation or have been officially cleared to do so by a qualified physiotherapist.
Exclusion criteria were any current lower limb injury, any history of contralateral ACLI or recurrent
ipsilateral ACLR and any mental health condition, such as depression and anxiety that could
influence ACLI-RSI scores [27]. Participants gave written informed consent and the study was
approved by the local University ethics committee (reference number 191305), in accordance with the
principles set in the Helsinki declaration.

Procedures

The study design was cross-sectional, with participants attending the laboratory on one occasion
only to perform psychological assessments first, followed by strength testing.
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Psychological assessment consisted in the ACL-RSI questionnaire. This questionnaire was
chosen for its very good validity and reliability [28,29]. In addition, its use was recommended in the
2015 consensus statement following ACLI [3]. The total score out of 100 was recorded, and it was also
used to separate participants into one group deemed not psychologically ready to return to PILOS
(cases) and a group deemed psychologically ready to return to PILOS (controls). The threshold used
for these groups was a total score of 81.4%, as a previous study reported an association between
scores <81.4% and the inability for athletes to return to this level [28].

Strength testing was undertaken on an isokinetic dynamometer (Biodex system 4; Biodex,
Shirley, NY). A standardised warm up was implemented prior to the initiation of isokinetic testing.
This consisted of 8 minutes on a Monark cycle ergometer (874E; Monark, Vanberg, Sweden) at an
intensity of 100W, with three intermittent 6-s maximal effort sprints at minutes 6,7 and 8. This was
followed by five body weight squats, two submaximal and three maximal counter movement jumps
[26]. After the warm-up, participants were instructed to sit upright on the chair with their hips flexed
at 90°. Straps were secured to immobilise movement at the thigh, hips and trunk in order to limit the
influence of extraneous joint and muscle involvement. Straps were secured at the proximal tibia from
which participants would initiate/ resist movement. Alignment of the lateral femoral condyle was
made with the axis of the dynamometer level arm, with the proximal lever arm secured at the lateral
malleolus. Participants were tested on both operated and non-operated legs and at two angular
velocities, with all these conditions randomised. The range of motion was from 0° (full knee
extension) to 90° of knee flexion and participants were given verbal encouragement to provide
maximal effort throughout the range. The test consisted of concentric contractions of the quadriceps
and hamstrings and eccentric contraction of the hamstrings at 60°-s? (three repetitions) and 180°-s™
(five repetitions). These velocities are characterised by excellent test-retest reliability (Intraclass
correlation coefficients of 0.95-0.98, [30]. Each condition was preceded by a familiarisation set.

The following variables were calculated as the average of the two best contractions at 60°-s and
the three best contractions at 180°-s:

- Concentric peak torque of the quadriceps relative to body weight (Qcon, N.m.kg™").

- Eccentric peak torque of the hamstrings relative to body weight (Hece, N.m.kg™).

- Peak Hecc:Qcon.

- Angle-specific Hee, Qeon and Hee:Qeon at 10° (Heceto, Qcon10, Hece!Qeont0), 20° (Heee2o, Qcon20,
Hecc:Qeon20), 30° (Hece3o, Qcon3o, Hece:Qcons0), and 40° (Hece40, Qeonto, Hece:Qeonao) from full knee extension.
These were calculated as averages between 0°-10°, 11°-20°, 21°-30° and 31°-40°, respectively [31].

- Quadriceps and hamstrings rate of torque development in the first 50 ms and the first 100 ms
(RTDso and RTD10o, N-m-s™) for Hec,, Qcon and Hece/Qeon, calculated as the ratio between the change in
torque and the corresponding change in time in the first 50ms and 100 ms of contraction, respectively.
The onset of contraction was defined as a torque value of 1% of the peak torque produced during the
same contraction [32]. The time windows of 50 ms and 100 ms were chosen as the best compromise
between reliability and ecological validity. Indeed, ACL injuries usually occur in the first 50ms after
initial ground contact [33]. However, Mentiplay et al. [34] showed greater reliability of RFD at 100
ms than 50ms. The same time windows were previously used in similar research [32].

e  Limb symmetry index (LSI) for all parameters: = ([(operated-non-operated)/non-operated] x 100.

Statistical Analyses

All data was presented as mean + standard deviation with 95% confidence interval (CI).
Statistical analyses were conducted using IBM SPSS V.29. The normality of data was assessed using
the Shapiro-Wilk test. A stepwise linear regression was conducted on the entire sample to identify if
strength data from the operated leg could be determinants of the ACL-RSI score. Subsequently,
participants were divided into a ready to return to PILOS group and not ready to return to PILOS
group. A student-t test for independent samples was used to assess differences between groups in all
outcome variables. Effect sizes were calculated as Cohen’s d (d) and interpreted as small (>0.2),
medium (>0.5) and large (>0.8), [35]. The P-value was set at P<0.05.
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Results

Seven participants were identified as cases with ACL-RSI scores <81.4% and five participants
were identified as controls with ACL-RSI scores >81.5. Participant Demographics are summarised in
Table 1.

Table 1. Participants demographics (mean + SD). Triad is reported with injury to each of the ACL,
Meniscus and associated Medial Collateral Ligament or Lateral Collateral Ligament. HTG: Hamstring
Tendon Graft, PTG :Patella Tendon Graft.

Cases

Controls
.. ACL-RSI ACL-RSI Scores
All Participants Scores 581.4%
(n=12) <81.4% ~
(n=7) (n=5)
Age 20.7+2.5 20+2.2 21.6
Sex, male: female 6:6 3:4 3:2
Operated Side, right: left 7:5 4:3 3:2
Height (cm) 174 +8 170 45 179 + 8
Weight (Kg) 70.2 +8.5 68.7 7.5 72.26 +10.3
Body fat % 18.2 +8.3 20.9+9.9 14.32+3.5
Time Since Injury (months) 38 £21 33 18 46 + 24
Time Since Surgery (months) 31+19 24 +13 41 £23
Time Since RTS (months) 15415 1149 21 491
Reported to have returned to 5.8 16 41
PILOS, yes:no
Combined Injury, none: 3:6:3 3:3:1 0:3:2
meniscal tear: Triad
Graft Type, HTG: PTG 12:0 7:0 5:0

The linear regression identified that three variables, namely quadriceps RTD1w at 60°.s7, time

since surgery and hamstrings RTDso at 60°.s, were significant predictors of the ACL-RSI score
(r>=0.915). The statistics associated with each factor were Beta=0.583, t=5.077 (P<0.001) for quadriceps
RTD1oo at 60°.s7, Beta=0.620, t=5.855 (P<0.001) for time since surgery and Beta=0.411, t=3.498 (P=0.008)
for hamstrings RTDso at 60°.s™.

Between group differences were shown on Qe at 60°.s7, with significantly lower values in
cases than controls (t(df)=-2.71(9.846), 95% CI: -0.68 to -0.07, d=1.46, p=0.011), Figure 1. A significantly
lower Qconso at 60°.5 was also shownin cases compared to controls (t(df)=2.62(10), 95% CI: -0.54 to -
0.04, d=1.54, p=0.013, Figure 1). No statistically significant differences were seen for hamstring torque
values at any angle or angular velocity (P>0.05, Figure 2).
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*: significant difference between groups, p=0.05.

Figure 1. Concentric peak torque and angle-specific torque values of the quadriceps (Qcon, N.m.kg?)
in cases (white) and controls (black).
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Figure 2. Eccentric peak torque and angle-specific torque values of the hamstrings (Hee, N.m.kg?) in
cases (white) and controls (black).
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RTD values showed that cases were characterised by significantly lower Quadriceps RTD1owo at
60°.s" (t(df)=2.32(10), 95% CI: -447.34 to -9.56, d=1.36, p=0.021, Figure 3) and at 180°.s" (t(df)=1.85(10),
95% CI: -449.81 to 42.37, d=1.08, p=0.047, Figure 3) compared to controls. In the hamstrings, the only
significant RTD difference observed was a significantly lower RTD1ow at 60°.s7 in the cases compared
to controls (t(df=2.04(10), 95% CI: -175.4 to 7.7, d= 1.2, p=0.034, Figure 4).

Qcon RTD (N.m.S'1)

2000
1800 1307 1431
1600 1465

1400 [

1200 903*
1000
800
600
400
200

1127*
T 923*

0-50ms 0-100ms 0-50ms 0-100ms

60°.s7" 180°.8"
*: significant difference between groups, p=0.05.

Figure 3. Rate of torque development (RTD) for the quadriceps concentric (Qcon) contractions (N.m.s-
1) between cases (white) and controls (black).

Qcon RTD (N.m.3'1)

450 314
400 250 264
350 206 217
300 188*
250 111
200 104*
150
100
50
0
0-50ms 0-100ms 0-50ms 0-100ms
60°.s"" 180°.s™

*: significant difference between groups, P=0.05.

Figure 4. Rate of torque development (RTD) for the hamstrings eccentric (Hec) contractions (N.m.s)
between cases (white) and controls (black).
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Regarding asymmetry between limbs, LSI for the quadriceps RFDso LSI at 180°.s" showed a
significantly higher score in the cases than controls (1.05+0.11 vs. 0.95+0.04, respectively for cases and
controls, t(df=1.87(10), 95% CI: -0.02 to 0.29, d=1.1, p=0.045). In addition, cases had a significantly
lower hamstring RFDso LSI at 60°.s! than controls (0.51+0.32 vs. 2.06+1.61, respectively for cases and
controls, t(df)=2.12 (4.222), 95% CI: -3.54 to 0.44, d=1.48, p=0.049) and a significantly lower hamstring
RFD1oo LSI at 60°.s! than controls (0.57+0.30 vs. 1.61+1.12, respectively for cases and controls, t(df)=
1.95 (4.222), 95% CI: -2.01 to -0.06, d= 1.39, p=0.019).

Discussion

This study is one of very few observing the relationship between strength and power parameters
and psychological readiness following ACLR. The main findings are that the RTD of the quadriceps
and hamstrings, as well as time since surgery were the main determinants of psychological readiness
following ACLR. In addition, compared to controls, cases showed significantly lower angle-specific
quadriceps and hamstrings torque close to extension and lower RTD, but no difference in peak torque
values.

A novel finding identified within this study is the extent to which RTD has been identified as
both a determinant for psychological readiness and as a statistically significant difference between
groups. This is the first study to examine the relationships between muscle RTD scores and
psychological readiness and therefore comparison of results cannot be made against previous
literature. The prevalence of rate of force development (RFD) as a power deficit following ACLR
however, is well reported in the injured limb in the short- [24,25] but also longer-term [36]. Deficits
in RFD following ACLR could be due to both neural and peripheral muscular factors [36,37] and
seem to reflect closely athletes’ rehabilitation status [36]. Several training modalities can improve
RFD; for example, ballistic training performed around RTS [38] has shown greater increases in RFD
against traditional strength and endurance training [39]. Sprint training also increased RFD (+29% in
week weeks) in a recent study, while strength training did not [40]. With a potential overreliance on
isolated maximal muscle strength after ACLR within traditional RTS training [38], results from this
study indicate a greater focus should be given to RFD in the facilitation of a successful RTS. To explain
the impact of RTD on psychological outcomes shown in the present study, the functional role played
by the hamstrings and quadriceps in providing stability at the knee needs to be considered [41,42].
The ability of muscles to generate force within an early critical window (0-100ms) is essential in
stabilising the leg, attenuating GRF [15],and aligning landing mechanics within the period of time in
which ACLI occur [22]. With residual movement impairments during RTS, it may be theorised that
such neuromuscular deficits will affect the quality of movement athletes display [38], which may be
negatively perceived by athletes, subsequently altering their ACL-RSI scores. These assumptions rely
on the biopsychosocial framework, where an athlete’s physiological factors have a mediating role on
their psychological perceptions [3]. However, further experimental studies should be conducted to
confirm these associations.

The role of peak torque as a determinant of ACL-RSI scores was not identified in the present
study. This is partly in line with the findings of the only study in this area, reporting no significant
relation between quadriceps peak torque at 60°.s' and ACL-RSI scores in athletes 9 months post
surgery [26]. However, the same authors also showed a small but significant correlation (r=0.14)
between hamstrings peak torque at 60°.s" and ACL-RSI scores [26], which in contrast with our results.
The study of O’Connor et al. [26] also separated participants according to their ACL-RSI scores,
similarly to the present study and found no significant between group differences in quadriceps or
hamstrings peak torque, in accordance with our results. The contrasting results on hamstrings peak
torque between the present study and the study of O’Connor et al. [26] could be explained by the
different criteria used to separate groups (low (<65) and high (>85) ACL-RSI scores for cases and
controls in the study by O’Connor et al. [26] compared to <81.4% and >81.4% in the present study).
Having some individuals from different groups but with very close ACL-RSI scores in the present
study could have biased the results towards a lack of between group differences. Other differences
between studies are the significantly larger sample size in O’Connor [26]'s study (n=452), and their
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cut-off at 9 months post-surgey, compared to the range of longitudinal time frames examined within
this study. It can be hypothesized that athlete perceptions within O’Connor’s [26] study are more of
a reflection of their rehabilitation process. In contrast, for our participants who have returned to sport
and thus benefit from greater sporting exposures, ACL-RSI scores illustrate the development of
psychological barriers for athletes in the pursuit of a return to PILOS, which is novel element of the
current study. Finally, our data analysis was based on a linear regression, in contrast to correlations
in the study of O’Connor et al. [26], which may explain the lack of association between some
parameters and the ACL-RSI scores.

A novel finding of the present study is the significantly lower quadriceps torque at angles from
20° and 40° from full extension in cases compared to controls (differences of 21% and 23%,
respectively at these angles). The role of the quadriceps at these shallow flexion angles is significant
in relation to the number of ACLI that occur within them [17]. Previous studies have shown that
individuals with weaker quadriceps have altered sagittal plane kinematics during landing and
subsequently incur higher GRF upon a stiff legged landing [15]. Similarly to our comments on RTD,
this process may result in a perception of instability during sport participation that could be reflected
in the ACL-RSI scores. During rehabilitation, restoration of joint ROM is targeted during the early
phases [43], yet, little consideration is noted regarding muscular strength specifically in the
functionally important ranges that non-contact ACLI occur (Hammond [20]). Our findings on angle-
specific torque, together with the absence of significant differences between groups in peak torque,
highlights the importance for physiotherapists to address strength deficits across the full range of
motion and consider sport-specific mechanics. Supporting stipulations made by Hammond [20] who
similarly reported strength deficits between specific angles, where >90% LSI was achieved during PT
assessments. The importance of the capacity to produce high torque when the knee is close to full
extension has also been highlighted in a study on fatigue in female footballers, showing that Hecc:Qcon
was significantly reduced after a simulated match only between 0 and 10° from full knee extension
[31]. This highlights a reduced capacity of the hamstring to stabilise the knee joint close to extension
in a fatigue state, where ACLI occur, and highlights the importance to address residual strength
deficits at these angles during rehabilitation.

Limb symmetry index has been cited as a risk factor for lower limb injuries in previous literature
[44], although there are contrasting results in the literature [45]. Our findings did not identify it as a
major determinant of psychological readiness to RTS, suggesting that it might not be sensitive enough
to affect athletes’ perception during exercise. However we found that LSI for RTDso in the quadriceps
at both testing speeds was greater in cases than controls. This highlights one more time that power,
rather than strength is an important factor that could play a role on athletes’ decision to RTS.

The main limitations of the present study are the lack of control on our participants’
rehabilitation and subsequent sport experience. In addition, we chose to focus on psychological
parameters as our main outcome and explore the role of strength and power variables as potential
determinants of this. However an argument can be made that constructs such as fear and confidence
may instead impact physiological parameters through the avoidance of high-intensity rehabilitation
required in order to efficiently address them. Finally, our sample size was small, which could limit
the interpretation of our findings, however this is counteracted by the fact that we observed relatively
large effect sizes.

In conclusion, our findings showed that one of the main determinants of psychological readiness
to RTS following ACLR was the rate of torque development of the quadriceps and hamstrings. In
addition, compared to controls, cases showed significantly lower angle-specific quadriceps and
hamstrings torque close to extension and lower RTD, but no difference in peak torque values. The
importance of muscular strength across all angles of function were also identified, with quadriceps
strength of particular importance at angles of functional relevance between 20° and 40°. These
findings highlight the importance for physiotherapists to address muscular deficits across their full
range and develop power and explosiveness in addition to strength in rehabilitation. Future studies
with larger sample sizes are needed to further investigate the relationship between strength and
power and psychological factors playing a role in RTS.
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