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Abstract

Purpose To examine the association of fear avoidance and self-efficacy psychological factors within 4 weeks after anterior
cruciate ligament (ACL) reconstruction with knee impairment resolution and readiness for advanced rehabilitation at 12
weeks post-surgery.

Methods Seventy-five patients participated. Data collection included demographics; questionnaires on fear avoidance (Pain
Catastrophizing Scale, PCS; shortened Tampa Scale for Kinesiophobia, TSK-11) and self-efficacy (modified Self-Efficacy
for Rehabilitation Outcome Scale, SER; Knee Activity Self-Efficacy, KASE) at 1, 4, and 12 weeks post-surgery; and knee
impairment measures (pain intensity, range of motion, and quadriceps symmetry index) at 12 weeks post-surgery. Readiness
for advanced rehabilitation (READY or NOT READY) was determined by knee impairment resolution criteria; demographics
and questionnaire scores were compared between groups. Questionnaire scores at 1 and 4 weeks post-surgery and the change
between time points were examined for association with knee impairment measures and group assignment.

Results READY included 32 patients; NOT READY included 43 patients. Questionnaire scores improved in both groups
over time. Significant correlations across groups were: PCS scores at 1 and 4 weeks post-surgery with pain intensity at 12
weeks post-surgery (r=0.24 and 0.29, respectively) and KASE score 4 weeks post-surgery with range of motion deficit at 12
weeks post-surgery (r=— 0.26). Contact injury was more prevalent in READY. After accounting for mechanism of injury,
higher TSK-11 and fear of re-injury subscale scores at 4 weeks post-surgery increased the odds of NOT READY assignment
at 12 weeks post-surgery (odds ratios 1.10 and 1.31, respectively).

Conclusions Lower pain catastrophizing and higher knee activity self-efficacy levels 4 weeks after ACL reconstruction were
associated with better knee impairment resolution at 12 weeks post-surgery, whereas lower kinesiophobia at 4 weeks post-
surgery increased the odds of meeting advanced rehabilitation criteria at 12 weeks post-surgery. The clinical implication of
these findings is that measuring pain catastrophizing, knee activity self-efficacy and kinesiophobia at 4 weeks post-surgery
may improve prediction of patients at risk for delayed rehabilitation progression 12 weeks post-surgery.

Level of evidence III.
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Introduction

Psychological factors have an important influence on reha-
This work was conducted when Terese L. Chmielewski and Steven bilitation outcomes following anterior cruciate ligament
Z. George were at the University of Florida. (ACL) reconstruction [2, 3, 14, 16]. For example, elevated
fear of re-injury and kinesiophobia or decreased self-efficacy
deter the return to sports participation after ACL reconstruc-
tion [7, 14, 23, 24, 28]. The psychological response to sports
! TRIA Orthopaedic Center, Bloomington, MN 55431, USA injury tends to be most negative immediately after injury
and improve during rehabilitation [12, 13, 38]. Potentially,
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psychological factors early in ACL reconstruction rehabilita-
tion could affect early rehabilitation outcomes.

Kinesiophobia, or fear of movement/re-injury, and pain
catastrophizing are psychological constructs in the fear-
avoidance model [25]. Kinesiophobia and pain catastrophiz-
ing become elevated when pain is perceived as a threat, in
turn leading to disuse, depression, and disability [25]. Kine-
siophobia and pain catastrophizing have variably shown a
negative association with self-reported function in the early
period after ACL reconstruction; whereas pain catastrophiz-
ing has consistently shown a positive association with pain
intensity in the same time frame [5, 11, 12, 17, 37]. Self-
efficacy is a person’s judgment in their potential ability to
carry out a task [4]. Self-efficacy for rehabilitation tasks
is positively associated with self-reported function in the
early period after ACL reconstruction [12], but less is known
about self-efficacy for activities involving the knee.

ACL reconstruction rehabilitation is typically divided
into early and advanced phases [1]. The transition from
early to advanced rehabilitation occurs when knee impair-
ments are sufficiently resolved, usually around 10-16 weeks
post-surgery [6]. It is plausible that a maladaptive psycho-
logical response during early rehabilitation could slow knee
impairment resolution, delaying the transition to advanced
rehabilitation. Limited research has examined the influence
of kinesiophobia, pain catastrophizing, and self-efficacy for
rehabilitation and knee activity on physical measures follow-
ing ACL reconstruction [19, 26].

The goal of this study was to examine the association
of kinesiophobia, pain catastrophizing, and self-efficacy for
rehabilitation and knee activity in the first 4 weeks after
ACL reconstruction with knee impairment resolution and
readiness for advanced rehabilitation at 12 weeks post-sur-
gery. The study hypothesis was that elevated kinesiopho-
bia and pain catastrophizing and decreased self-efficacy for
rehabilitation and knee activity in the first 4 weeks after
ACL reconstruction would be associated with poorer knee
impairment resolution and a lack of readiness for advanced
rehabilitation at 12 weeks post-surgery.

Materials and methods

Patient who had ACL reconstruction and subsequent reha-
bilitation at UF Health Orthopaedics and Sports Medicine
Institute from 2009 to 2013 were eligible for participation.
Inclusion criteria were a unilateral, primary ACL recon-
struction, time from injury to surgery less than 53 weeks,
and a pre-injury Tegner Activity Rating of 5 or greater [35]
indicting participation in sports. Potential subjects were
excluded for previous lower extremity surgery, bilateral knee
injury, concomitant ligamentous injury greater than grade
I, and articular cartilage or meniscal repair. Adult subjects
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gave written informed consent prior to participating in the
study, whereas minor subjects gave written assent and the
parent or guardian gave written informed consent.

Arthroscopic surgery was performed by a board-certi-
fied orthopaedic surgeon using allograft or autograft tis-
sue. Autograft sources were bone—patellar tendon—-bone
or semitendinosus and gracilis tendons; allograft sources
were tibialis anterior, tibialis posterior, or Achilles tendon.
The standard post-surgical rehabilitation protocol permit-
ted weight-bearing and unrestricted knee motion immedi-
ately following surgery. The first 6 weeks of rehabilitation
focused on decreasing knee effusion, improving knee range
of motion and quadriceps muscle activation, and obtaining
independent gait; whereas the next 6 weeks also included
exercises to increase lower extremity muscle strength, mus-
cle endurance and proprioception.

Testing protocol

Testing time points were 1, 4, and 12 weeks post-surgery.
Testing was administered by two board-certified sports phys-
ical therapists at UF Health Orthopaedics and Sports Medi-
cine Institute. Demographic variables were collected 1 week
post-surgery, psychological factor questionnaire responses
were collected at all time points, and knee impairment meas-
ures were collected at 12 weeks post-surgery.

Demographic variables

Demographic variables were age, sex, body mass index
(BMI), time from injury to surgery, pre-injury Tegner Activ-
ity Rating, mechanism of injury (contact or non-contact),
injury situation (sports or non-sports), graft type (allo-
graft or autograft), and accompanying surgical procedures.
Accompanying surgical procedures included meniscectomy
or chondroplasty.

Psychological questionnaires
Fear avoidance

Kinesiophobia was measured with the 11-item Tampa Scale
for Kinesiophobia (TSK-11) [41]. Scores range from 11 to
44 points and higher scores indicate greater kinesiophobia.
Pain catastrophizing was assessed with the 13-item Pain
Catastrophizing Scale (PCS) [34]. Scores range from 0 to
52 points and higher scores indicate greater pain catastro-
phizing. The TSK-11, TSK-11 subscales (fear of pain, fear of
injury, and somatic focus), and the PCS have been validated
in the ACL reconstruction population [17]; however, reli-
ability and responsiveness have not been examined.
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Self-efficacy

A modified ten-item version of the Self-Efficacy for Reha-
bilitation Outcome Scale (SER) assessed confidence in per-
forming tasks encountered during rehabilitation following
knee or hip surgery [12, 39]. Scores range from 0 to 100
points and higher scores indicate greater rehabilitation self-
efficacy. The internal consistency coefficient (Cronbach’s
alpha) is 0.94 for the unmodified version of this question-
naire [39]. The reliability and responsiveness of the original
and modified versions of the SER have not been determined
in patients with ACL reconstruction. Confidence performing
activities involving the knee was measured with a ten-item
questionnaire (Knee Activity Self-Efficacy, KASE) [36]
Scores range from 0 to 100 points and higher scores indicate
greater self-efficacy in knee-related activity. Although not
yet validated, test—retest reliability for the KASE question-
naire has been examined in patients with ACL reconstruc-
tion (intraclass correlation coefficient 0.85) [21].

Knee impairment measures

Patients rated their best and worst pain levels over 24 h
and their current pain level on the 11-point Numeric Pain
Rating Scale (NPRS) [29], with O representing no pain
and 10 representing the worst imaginable pain. The three
pain ratings were averaged to obtain a composite knee pain
intensity score. The NPRS is widely used for assessing
knee pain intensity and has shown acceptable reliability in
other populations [29], but to our knowledge, reliability and
responsiveness have not been assessed in patients with ACL
reconstruction. Knee flexion and extension passive range of
motion were measured with a standard clinical goniometer.
Range of motion (ROM) deficit was calculated as the surgi-
cal side minus the non-surgical side measure. Goniometry
has strong inter-tester reliability for measuring knee range
of motion [9]. Quadriceps strength was measured with an
isokinetic dynamometer (Biodex System 3; Biodex Medical
Systems, Shirley, NY, USA). After a 5-min stationary bike
warm-up, patients were positioned on the dynamometer with
stabilization belts over the pelvis and thigh. The dynamom-
eter moved through a range of 90°-0° of knee motion at
60°/s. Two practice trials were followed by five maximal
effort trials. Testing was conducted on the non-surgical side
followed by the surgical side. Peak knee extensor torque
was recorded. A quadriceps symmetry index was calculated
by normalizing peak torque on the surgical side to that of
the non-surgical side and multiplying by 100. Isokinetic
strength testing is a reliable measure for quadriceps strength
[8, 32]. An additional measure was the 2000 International
Knee Documentation Committee (IKDC) subjective knee
form, which includes 18 items related to knee symptoms
and functional activity. Scores range from O to 100 and a

higher score indicates better knee function. The IKDC has
good test—retest reliability [intraclass correlation coefficient
(ICC)=0.94] and has been validated for various knee condi-
tions, including ACL reconstruction [22].

Data management and group assignment

Data were collected on paper forms and transferred to an
electronic database (Microsoft Access 2007; Microsoft
Corporation, Redmond, WA, USA). Data integrity was
insured by verifying appropriate values for questionnaire
responses and a full data set for at least three patients ran-
domly selected from consecutive blocks of ten patients.
Standardized criteria to determine readiness for advanced
ACL reconstruction rehabilitation do not exist, although
criteria have been proposed [40]. Logically, the knee must
tolerate high-demand activities that will be introduced in
advanced rehabilitation. Criteria used to specify readiness
for advanced rehabilitation were: (1) composite NPRS
score <2, (2) knee extension range of motion equal to the
contralateral side and knee flexion range of motion within
5° of the contralateral side, and (3) quadriceps symmetry
index > 60%. Patients who met all criteria were assigned to
READY and others were assigned to NOT READY.

The study protocol was approved by the Univer-
sity of Florida Institutional Review Board (IRB Project
#548-2006).

Statistical analysis

Statistical analysis was performed with SPSS Statistics
version 24 (IBM Corp. Armonk, NY, USA). Descriptive
statistics were generated. Data were visually inspected and
analysed with the Shapiro—Wilk test for normality. Statisti-
cal significance was set at p <0.05 for all analyses, unless
otherwise specified.

Advanced rehabilitation group comparison

Demographic variables were compared between NOT
READY and READY groups with independent samples
t tests or Chi-square statistic. Longitudinal changes in
questionnaire scores were compared between groups with
repeated measures general linear models. Knee impairment
measures at 12 weeks post-surgery were compared between
groups with independent samples 7 tests.

Knee impairment resolution
Because average knee pain and knee ROM deficit at 12
weeks post-surgery had a non-normal distribution, Spear-

man’s rank correlation examined the association of ques-
tionnaire scores at 1 week, 4 weeks, or the change from 1
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to 4 weeks post-surgery with knee impairment measures at
12 weeks post-surgery. The strength of the association was
interpreted from the magnitude of the correlation [33].

Readiness for advanced rehabilitation

Separate hierarchical logistic regression models examined
the prediction of NOT READY or READY group assign-
ment from questionnaire scores at 1, 4 weeks, or the change
between 1 and 4 weeks post-surgery. Any demographic vari-
able significantly different between groups was entered in
the first step. Questionnaire scores were entered next with
forward conditional selection. The threshold to enter the
model was p <0.05 and for removal was p <0.10. Group
coding was “0” for NOT READY and “1” for READY. The
odds ratio was computed for variables in the model. The
computed odds ratio is the ratio of odds for assignment to
READY to the odds of assignment to NOT READY for a
one unit increase in the questionnaire score. An odds ratio
above 1 implies that an increase in score increases odds
of assignment to READY. An odds ratio below 1 implies
that an increase in score decreases odds of assignment to
READY; however, to aid interpretation, the inverse was
computed and the narrative adjusted to reference the NOT
READY group [31].

Sample size justification

Sample size was based on fulfilling the general recommen-
dations for multivariate analysis techniques and the goal of
creating a parsimonious prediction model. Recommended
sample size for multivariate analysis includes a minimum
sample of 50 and a preferred sample exceeding 100, or
between 5 and 10 subjects per predictor variable [18]. With
4 questionnaire scores at a given time point or interval (ie. 1,
4 weeks, or the change between 1 and 4 weeks post-surgery)
and the potential for at least one demographic variable in
each model, the minimum sample size was determined to be
50 patients. Such a sample size would allow for a range of
5-10 variables to be included in predictor models because
there was a concern with overfitting.

Fig.1 Study enrollment

Potential subjects
n=121

Results

Patient enrollment is found in Fig. 1. Of the 121 patients
with ACL reconstruction identified as potential subjects, 75
met all study eligibility criteria for being included in this
analysis. The study sample included 43 patients in NOT
READY and 32 patients in READY.

Advanced rehabilitation group comparison

Demographic data for NOT READY and READY groups
are summarized in Table 1. Only the mechanism of injury
significantly differed between groups (p =0.036), with a
higher proportion of contact injuries in READY than NOT
READY. Questionnaires scores are found in Table 2. The
group X time interaction was not significant for any question-
naire (n.s.). Conversely, the main effect for time was signifi-
cant for all questionnaires (p <0.001). Pairwise comparisons
showed that scores significantly improved at all time points
(p<0.001) except between 4 and 12 weeks post-surgery for
PCS (n.s.) and SER (n.s.). IKDC scores are also found in
Table 2. A significant group X time interaction was found for
IKDC scores (p=0.011). Post hoc testing showed that IKDC
scores did not differ between groups at 1 week post-surgery
(n.s.), but were significantly higher in READY compared to
NOT READY at 4 and 12 weeks post-surgery (p =0.002 and
<0.001, respectively). Knee impairment physical measures
are found in Table 3. In concordance with group assignment,
NOT READY had significantly higher knee pain intensity,
greater knee ROM deficit, and lower quadriceps symmetry
index compared to READY (p <0.05). Advanced rehabilita-
tion criteria missed by patients in NOT READY were pain
n=9, knee ROM n =29, and quadriceps symmetry index
n=25; 28 of 43 patients (65%) in NOT READY failed to
meet more than one criterion.

Knee impairment resolution

Correlations between questionnaire scores and knee
impairment measures are found in Table 4. Significant cor-
relations included TSK-11 score at 1 week post-surgery
and quadriceps symmetry index at 12 weeks post-surgery,
PCS scores at 1 and 4 weeks post-surgery and composite

Excluded from analysis

A 4

h 4

Study sample
n=75
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e Previous lower extremity injury/surgery (n=8)
e Missing data (n=38)
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Table 1 Demographic
variables for NOT READY and
READY for advanced ACL
reconstruction rehabilitation
groups

Table 2 Questionnaire scores
for NOT READY and READY
groups
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Variable NOT READY (n=43) READY (n=32)
Age (years) 24.5 (8.0) 24.5(11.6)
Sex

Male 25 20

Female 18 12
Body mass index (kg/mz) 259 (5.7) 23.8 (3.1)
Time from injury to surgery (weeks) 10.1 (10.1) 12.2 (11.2)
Pre-injury Tegner activity rating 8(2) 8(2)
Mechanism of injury*

Contact 8 13

Non-contact 35 19
Injury situation

Sports 38 29

Non-sports 5 4
Graft type

Autograft 23 23

Allograft 20 9
Accompanying surgical procedures

No 29 23

Yes 14 9
Continuous variables are mean (SD)
*p<0.05
Questionnaire NOT READY READY

Baseline 4 weeks 12 weeks Baseline 4 weeks 12 weeks

TSK-11* 26.3 (5.1) 23.3(5.3) 20.4 (5.2) 25.1 (7.1) 21.4 (6.0) 17.0 (5.8)

Fear of pain 10.1 2.4) 9.3(2.8) 8.2(2.5) 9.3(2.9) 8.7(2.9) 6.8 (2.5)

Fear of injury 8.1(2.0) 6.7 (2.3) 5.7 (2.0) 7.52.7) 5522 44(1.7)

Somatic focus 8.9 (1.7) 7.6 (1.9) 6.7 (1.8) 8.1(2.9) 6.6 (2.4) 5.4 (1.8)
PCS* 10.8 (9.4) 6.1(7.1) 5.8 (8.1) 7.3 (8.7) 4.4 (6.5) 2.8 (4.9)
SER* 88.3 (3.3) 95.7 (6.6) 96.2 (5.7) 88.6 (14.3) 95.2(7.4) 96.4 (4.7)
KASE* 28.2 (14.0) 46.0(16.6) 67.3 (17.2) 29.3 (18.1) 49.3(184) 74.1(16.5)
IKDC* 292 (14.3) 468 (11.4)% 63.7(13.7)% 30.4(145) 553 (11.4) 75.9(10.7)

Scores are mean (SD)

TSK-11 shortened version of Tampa Scale for Kinesiophobia, PCS Pain Catastrophizing Scale, SER modi-
fied version of the Self-Efficacy for Rehabilitation Outcome Scale, KASE Knee Activity Self-Efficacy,
IKDC 2000 International Knee Documentation Committee Subjective Form

*Significant change over time across groups (p <0.05)

$Significant difference between groups at the time point (p < 0.05)

NPRS score at 12 weeks post-surgery; and KASE score at
4 weeks post-surgery and total ROM deficit at 12 weeks
post-surgery. Correlation magnitude ranged from 0.22 to
0.29, and correlation sign indicated that a better psycho-
logical response was associated with greater knee impair-
ment resolution, except for the association between TSK-
11 score at 1 week post-surgery and quadriceps symmetry
index.

Readiness for advanced rehabilitation

Mechanism of injury was entered in the first step of the
models because of its association with the outcome. After
accounting for mechanism of injury, TSK-11 score at 4
weeks post-surgery was identified as a significant predictor
of group assignment (odds ratio =0.908). With conversion,
odds of assignment to NOT READY increased 1.10 times
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Table 3 Knee impairment measures at 12 weeks post-surgery in NOT
READY and READY groups

Knee impairment measure NOT READY READY
NPRS (points) 1.1 (1.2)* 0.3(0.4)
Total ROM deficit (deg) 52 (.1)* 0.8 (1.8)
Extension deficit 1.7 2.0)* —-0.10.4)
Flexion deficit 3.5 4.5)* 0.8 (1.8)
Quadriceps symmetry index (%) 62 (20)* 77 (13)

Values are mean (SD)

NPRS Numeric Pain Rating Scale, composite score, ROM range of
motion

*Significantly different between groups (p < 0.05)

Table 4 Correlation coefficients between psychological factor ques-
tionnaire scores at each time point or interval and knee impairment
measures at 12 weeks post-surgery

Psychological factor ~ Knee impairment measures

questionnaires - -
NPRS  Total ROM deficit Quadriceps
symmetry
index

TSK-11

1 week 0.13 0.18 0.25%

4 weeks 0.16 0.19 0.07

Change 1-4 weeks 0.02 0.03 -0.19
PCS

1 week 0.24*  0.20 0.00

4 weeks 0.29*  0.14 0.03

Change 1-4 weeks 0.02 -0.13 0.08
SER

1 week 0.09 -0.07 —0.10

4 weeks -0.01 -0.09 0.16

Change 1-4 weeks —0.13 —0.02 0.22
KASE

1 week 0.00 -0.10 0.10

4 weeks -0.10 —-0.26* 0.09

Change 1-4 weeks —0.10 —-0.20 0.07

NPRS Numeric Pain Rating Scale, composite score, ROM range of
motion, 7SK-11 shortened version of Tampa Scale for Kinesiophobia,
PCS Pain Catastrophizing Scale, SER modified version of the Self-
Efficacy for Rehabilitation Outcome Scale, KASE Knee Activity Self-
Efficacy

*p<0.05

for each 1 point increase in TSK-11 score. Further analysis
was performed with the TSK-11 subscale scores at 4 weeks
post-surgery, and the TSK-11 fear of re-injury subscale score
was found to be a significant predictor of group assignment
(odds ratio 0.765). With conversion, odds of assignment to
NOT READY increased 1.31 times for each 1 point increase
in the TSK-11 fear of re-injury subscale score.
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Discussion

The most important findings of the present study were that
(1) pain catastrophizing and knee activity self-efficacy at
4 weeks post-surgery were weakly correlated with knee
impairment resolution at 12 weeks post-surgery, and (2)
higher kinesiophobia at 4 weeks post-surgery increased the
odds for not meeting advanced rehabilitation criteria at 12
weeks post-surgery. These findings support previous work
on the association between psychological factors and ACL
reconstruction outcomes [11, 12, 26, 27], that is, pain cata-
strophizing and knee activity self-efficacy influenced knee
impairment resolution, while kinesiophobia influenced read-
iness for advanced rehabilitation. These findings have clini-
cal relevance by indicating that 4 weeks post-surgery might
be an appropriate time to perform psychological assessment
in this patient population.

Advanced rehabilitation group comparison

Approximately 57% of patients were assigned to NOT
READY, highlighting the potential for insufficient knee
impairment resolution at 12 weeks post-surgery. It is impor-
tant to point out that the advanced rehabilitation criteria used
in this study have not been validated and additional or dif-
ferent criteria may better indicate readiness for advanced
rehabilitation after ACL reconstruction. Lower IKDC sub-
jective scores in NOT READY compared to READY help
corroborate group assignment. All psychological question-
naire scores significantly improved in both groups over time
and in the interval from 1 to 4 weeks post-surgery, consist-
ent with previous research [12]. PCS and SER scores did
not significantly improve from 4 to 12 weeks post-surgery,
and this is potentially from floor (PCS) and ceiling (SER)
effects based on the magnitude of the scores. This finding
can inform future research about appropriate time frames to
assess these psychological factors.

Knee impairment resolution

Statistically significant, albeit weak, associations were iden-
tified between specific psychological questionnaire scores
and knee impairment measures. The association between
higher pain catastrophizing at 1 and 4 weeks post-surgery
and higher pain intensity at 12 weeks post-surgery follows
the fear-avoidance model and has been reported immediately
after ACL reconstruction [5]. Higher knee activity self-effi-
cacy at 4 weeks post-surgery was associated with a smaller
knee ROM deficit at 12 weeks post-surgery. Research in
knee injury populations has inconsistently found an asso-
ciation between psychological factors and recovery of joint
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motion [10, 15, 20, 30], suggesting the result may depend
on the psychological factor studied. It was unexpected to
find that higher kinesiophobia at 1 week post-surgery was
associated with a higher quadriceps symmetry index at 12
weeks post-surgery, and the interpretation of this result is
unclear as kinesiophobia should be associated with avoidant
behaviour. Because quadriceps strength recovery is impor-
tant after ACL reconstruction, further research to understand
the influence of psychological factors on this knee impair-
ment is warranted.

Readiness for advanced rehabilitation

A contact mechanism of injury increased the odds of
assignment to READY by about 3. After accounting for this
demographic variable, higher score on the TSK-11 or fear
of re-injury subscale at 4 weeks post-surgery increased odds
of assignment to NOT READY. The mechanism of injury
is non-modifiable and may be considered baseline risk,
whereas kinesiophobia is modifiable and could be addressed
during rehabilitation. Odds ratio for TSK-11 score was 1.10
and for fear of re-injury subscale score was 1.31, indicat-
ing that the fear of re-injury subscale score may be more
discriminative. The TSK-11 fear of re-injury subscale score
is calculated from items 1, 2 and 10 of the TSK-11 question-
naire [17], which reduces administrative and patient burden
without decreasing predictive ability.

Future directions

This study found that some of the same psychological factors
that deter a return to sport after ACL reconstruction (e.g.
lower knee activity self-efficacy and higher kinesiophobia)
[3, 14] also have a negative association with early rehabilita-
tion outcomes. The finding suggests that it may be beneficial
to monitor psychological response early in ACL reconstruc-
tion rehabilitation, as opposed to waiting until the time of
return to sport. Further research is needed to understand
how various psychological factors vary alongside physi-
cal recovery during ACL reconstruction rehabilitation and
what constitutes a psychological response indicative of poor
rehabilitation outcomes. An advantage of this study is that
it included multiple psychological factors, whereas many
studies focus on a single psychological factor. The study
also included physical (knee impairment) outcomes, which
extends previous research using only self-reported function
as an outcome measure. A notable study limitation is that
the criteria for advanced ACL reconstruction rehabilitation
were operationally defined, so results may not generalize to
clinics that use other criteria. Another limitation is that the
sample size was not large enough to include all psychologi-
cal questionnaires scores in a single regression model.

Conclusions

Lower pain catastrophizing and higher knee activity self-
efficacy levels 4 weeks after ACL reconstruction were asso-
ciated with better knee impairment resolution at 12 weeks
post-surgery, whereas lower kinesiophobia at 4 weeks post-
surgery increased the odds of meeting advanced rehabilita-
tion criteria at 12 weeks post-surgery. The primary clinical
implication of this study is that monitoring these psycho-
logical factors for 4 weeks after ACL reconstruction might
provide an opportunity to better identify those at risk for not
progressing in their rehabilitation program.
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