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Objective: The purpose of this study was to (a) examine the structural validity of
the International Knee Documentation Committee Subjective Knee Form in light of
previously reported dimensionality issues, and (b) examine the relationships between
the IKDC and patients’ knee-related quality of life 2-9 years after anterior cruciate
ligament (ACL) reconstruction.

Methods: A prospective research design was employed, wherein 319 patients (mean
age = 29.07, SD = 9.03) completed the IKDC before surgery, 191 patients (mean
age = 29.71, SD = 9.36) completed the IKDC at 6 months post-surgery, and 132 pa-
tients (mean age = 34.34, SD = 7.89) completed the IKDC and the Anterior Cruciate
Ligament Quality of Life Survey (ACL-QOL) at 2-9 years post-surgery.

Results: Bayesian structural equation modeling analysis confirmed the two-factor
structure (symptom & knee articulation and activity level) represented the most ac-
curate conceptualization of perceived knee function across the three time-points.
Moreover, findings revealed that of the two IKDC subscales pre-operatively, activity
level was most strongly associated with long-term quality of life at 2-9 years follow-
ing surgery, whereas 2-9 years post-operatively, symptoms and knee articulation was
most strongly associated with long-term quality of life.

Conclusions: The IKDC provides clinicians with a convenient total score to assess
patients’ perceived knee function, but its unidimensional factor structure is a poor
representation of its items and fails to detect discrepancies in patients’ post-operative
quality of life, such as the relative importance of perceived knee activity level before

reconstructive surgery.
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1 | INTRODUCTION

It is important to adopt a multiplicity of assessments, which
include both functional performance testing and patient-re-
ported measures, to comprehensively evaluate patients'
outcomes following anterior cruciate ligament (ACL) re-
construction.' Of the patient-reported outcome measures
that exist, the International Knee Documentation Committee
Subjective Knee Form (IKDC?) is one of the most widely
used in clinical practice, and orthopedic and sport injury re-
search.® The IKDC is an 18-item, region-specific instrument
designed to measure symptoms, function, and sports-related
activity. The symptom items assess pain, stiffness, swelling,
joint-locking, and instability. The function items assess an in-
dividual's ability to perform activities of daily living, while
the sport-related activity items assess an individual's ability
to run, jump and land, stop and start quickly, ascend and de-
scend stairs, stand, kneel on the front of the knee, squat, sit
with their knee bent, and rise from a chair.

Even though the IKDC has been used extensively, there
has, and continues to be, some debate regarding its factor
structure.®® In its original conceptualization, Irrgang et al®
proposed a one-factor structure, combining the three con-
structs of symptoms, functions, and sports-activity into one
total score. Despite non-significant factor loadings for three
items (suggesting those items were either poor indicators
of the construct, or were in fact measuring something other
than the construct of interest), they retained all the items in
the final version “to ensure adequate content coverage for a
variety of knee conditions” (p. 606). However, subsequent
studies (eg,g) have failed to support a unidimensional factor
structure, with Grevnerts et al® concluding that the IKDC is
more likely to be multifactorial.

Despite these contrasting positions, only one study to date
has examined the multifactorial structure of the IKDC. Higgins
et al’s’ study with patients with a wide variety of knee-related
disorders, concluded that a two-factor solution (symptom and
knee articulation, SKA; and activity level, AL) resulted in the
least ambiguous separation between factors, but that future
validation studies should be conducted to confirm this mul-
tifactorial structure, examine the test-retest reliability of the
instrument, and analyze the responsiveness of the instrument
to changes in knee function across time. This, to the best of our
knowledge, has not been addressed.

The use of a psychometrically robust outcome measure of
perceived knee function is crucial for clinicians and research-
ers alike. A patient's perceived knee function is associated with
a number of recovery outcomes, including a fear of re-injury,”
and a readiness to return to sport,10 both of which have been
identified as risk factors in failing to return to sport4 and sus-
taining a second ACL injury upon return.'’ Furthermore, fail-
ing to return to sport and subsequent injury have been shown to
detrimentally affect patients’ long-term quality of life. 12
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Recently, a number of factors have been associated with in-
dividuals’ knee-related quality of life, including osteoarthritis,
subsequent injuries, fear of re-injury, lifestyle modifications, and
pre-injury activity level.'>3 Yet, the findings on the relation-
ship between perceived knee function and patients’ long-term
health-related quality of life are limited and, at best, contradic-
tory.14 Therefore, the purpose of this study was twofold. Firstly,
to examine the psychometric integrity and the multifactorial
structure of the IKDC across time. Secondly, to examine the
relationship between patients’ perceived knee function and
knee-related quality of life up to 9 years post-ACL surgery.

2 | METHODS

2.1 | Participant recruitment

A convenience sample of 384 patients who had undergone pri-
mary ACL reconstruction with a single experienced orthopedic
surgeon in the United Kingdom between 2008 and 2016 were
identified from the surgical records. Individuals were consid-
ered eligible if they: (a) were undergoing primary ACL recon-
struction; (b) were aged over 18 at the time of recruitment; (c)
were fluent in written English; and (d) had completed at least
the pre-surgery IKDC measure. Participants undergoing revi-
sion surgery and/or additional procedures other than simple
meniscal/chondral surgery, and participants with incomplete
responses on the pre-surgery IKDC were excluded.

2.2 | Measures

2.2.1 | Knee function

The 18-item IKDC measures symptoms of pain, ligament de-
ficiency, and function. Examples of questions include, “What
is the highest level of activity that you can perform without
significant knee pain?”, “What is the highest level of activ-
ity you can perform without significant giving way in your
knee?”, and “What is the highest level of activity you can par-
ticipate in on a regular basis?” Responses to items are made on
a combination of 5-point Likert scales, 11-point Likert scales,
and dichotomous “yes-no” responses, which yield a total knee
function score out of 100. Internal consistency coefficients
(Cronbach's alpha) of 0.92 and test-retest reliability of 0.94
have been reported for the IKDC as a total score.”

2.2.2 | Quality of life

The Anterior Cruciate Ligament Quality of Life Survey (ACL-
QOL") was used to measure quality of life following ACL re-
construction. The ACL-QOL comprises 32-items which reflect
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five subscales: symptoms and physical complaints (1, = 5; eg,
“How much are you troubled by stiffness or loss of motion in
your knee”), work-related (nj,, = 4; eg, “How much trouble do
you have, because of your knee, with turning or pivoting motions
at work™), recreational activity and sport participation/competi-
tion (N = 12; eg, “How does your current level of athletic or
recreational performance compare with your pre-injury level”),
lifestyle (0, = 6; €2, “How much has your enjoyment of life
been limited by your knee problem’), and social and emotional
(Nyems = 95 €g, “Have you had difficulty being able to psychologi-
cally “come to grips” with your knee problem”). Each item is an-
swered on a 100-point visual analogue scale; however, this was
replaced in the present study with a numerical rating scale from
0-100 to enable online completion. Subscale scores are computed
from the mean of the category items, and a total ACL-QOL score
represents a mean of all the subscales. Evidence of the measure's
reliability (reproducibility), responsiveness/detection of clini-
cally important change, and face, content, and construct validity
have all been supported (eg, 1316)

2.3 | Procedure

The study adopted a longitudinal research design with data
collected at three time-points: pre-surgery, 6 months post-sur-
gery, and 2-9 years post-surgery. Participants completed the
IKDC, administered in hard copy, at their pre-surgery consul-
tation (typically one week before surgery). At 6 months post-
surgery, these participants were invited to complete the IKDC
once more at their follow-up appointment with their surgeon.
Following institutional approval from the Cardiff School of
Sport and Health Sciences (Cardiff Metropolitan University)
ethics committee, participants who had completed the pre-sur-
gery and 6 months post-surgery measures were then contacted
via telephone and/or email, explained the purpose of the study,
including how the data they had previously provided would be
used, and invited to participate. Those who had completed the
pre-surgery and 6 months post-surgery measures were sent a
link, via email, to an online survey containing further informa-
tion, a consent form, and the online versions of the ACL-QOL
and IKDC. All participants provided informed consent before
completing the online questionnaires.

2.4 | Data analysis

Bayesian structural equation modeling (BSEM; cf.!”) was used
to (a) test the factor structure of the IKDC; and (b) examine the
relationships between the IKDC and ACL-QOL. Bayesian es-
timation was employed in this study because it offers a more
flexible analytic approach to overcome the highly restrictive
features commonly applied within confirmatory factor analy-
sis (CFA), in which indicators are free to load on their intended

factors, and cross-loadings and residual correlations are fixed at
zero. This can be argued to be a strongly simplified representa-
tion of real measurement situations, which almost always leads
to the rejection of the model by the likelihood ratio chi-squared
test.'8 Instead, BSEM enables researchers to model uncertainty
in their specifications by replacing exact zero parameters with
approximate zeros (ie, zero mean, small variance). In doing so,
indicators have a major loading on a hypothesized factor, but
small cross-loadings are possible due to a minor influence from
other factors, better reflecting substantive theories.'”

The data were standardized before the estimation of each
confirmatory model followed three similar stages. The first
stage incorporated non-informative priors for the major
loadings, exact zero cross-loadings, and exact zero residual
correlations. The second stage included the addition of infor-
mative approximate zero cross-loadings, while the final stage
incorporated both informative approximate zero cross-load-
ings and residual correlations. Within this Bayesian estima-
tion the model convergence was examined using the MCMC
simulation procedure with a Gibbs sampler,19 a fixed number
of 100 000 iterations, and the potential scale reduction fac-
tor (PSR), where evidence for convergence is demonstrated
when the PSR lies between 1.0 and 1.1 for all parameters.20
The posterior predictive P value (PPP value) and 95% con-
fidence interval for the difference in the observed and rep-
licated Xz values are used to assess model fit. A good fitting
model is indicated when the PPP values are around 0.50, the
95% confidence interval values center on zero, and the items
have significant factor loadings (>0.40).19'2] The deviance
information criterion (DIC) value is also used to compare
measurement invariance models in the Bayesian estimation,
in which a lower value indicates a better fitting model."’

3 | RESULTS

3.1 | Participant characteristics

Of the eligible participants, 319 (mean age = 29.07,
SD = 9.03; male 82%, female 18%; hamstring tendon auto-
graft, 86%, patellar tendon-bone autograft, 14%) partici-
pated at Time 1. The sample at Time 2 (6 months
post-surgery) comprised 191 participants (mean age = 29.71,
SD = 9.36; male, 80%, female, 20%; hamstring tendon auto-
graft, 86%, patellar tendon-bone autograft, 14%). Finally,
the sample at Time 3 (participants at 2-9 years post-surgery)
consisted of 132 participants (mean age = 34.34, SD = 7.89;
male, 67%, female 33%, hamstring tendon autograft, 81%,
patellar tendon-bone autograft, 19%; and participated at rec-
reational, 34%, club, 32%, regional, 24%, and national, 10%
levels of sport at the time of their injury.'

'Participants’ pre-injury playing level was not collected at Time 1 and Time 2.
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.2 | Structural validity

In response to debates around the factor structure of the IKDC
(as outlined in the introduction), comparative one-factor, two-
factor, and three-factor models were tested on the 15-items
Higgins et al’ suggested should be retained in all subsequent
validation studies (the items that were retained in the one-fac-
tor, two-factor, and three-factor model are presented in
Figure 1). The two-factor solution reflected that suggested by
Higgins et al” and consisted of symptom and knee articulation
(Njems = 11) and activity level (0, = 4), while the three-
factor solution, which we considered offered greater concep-
tual integrity and face validity based on the content of the
items, represented pain (1., = 3), deficiency (.., = 3), and
function (0, = 11). The BSEM fit statistics for the one-fac-
tor, two-factor, and three-factor solutions are displayed in
Table 1. BSEM with informative priors on the cross-loadings
(two-factor and three-factor models) and residual correlations
(one-factor, two-factor, and three-factor models) revealed ex-
cellent fit to the data for each of the models, with a PPP > 0.5.
However, inspection of the standardized factor loadings for
the three-factor model revealed that a number of items failed to
load significantly onto their intended factor.? In contrast, all

2Pain item 1 (Time 1: CI = [—0.16, 0.27]; Time 2: CI = [—0.05, 0.27]) had
non-significant factor loadings (<0.20) at Time 1 and 2. Deficiency item 5
(Time 1: CI = [-0.01, 0.63]; Time 2: CI = [—-0.14, 0.38]) and item 7 (Time 1:
CI =[-0.21, 0.49]; Time 2: CI = [-0.17, 0.34]) had non-significant factor
loadings (<0.35) at Time 1 and 2. Function item 8 (Time 1: CI =[-0.11, 0.24];
Time 2: CI = [-0.07, 0.25]) had non-significant factor loadings (<0.20) at Time
1 and 2. Function item 9¢ (Time 2: CI = [-0.26, 0.68]) and item 10b (Time 2:
CI = [-0.14, 0.57]) had non-significant factor loadings (<0.35) at Time 2.

Symptom & Knee
articulation

Activity level

Item 10b

The hypothesized factor loading pattern for the one-factor, two-factor, and three factor IKDC models

TABLE 1 BSEM fit statistics for the IKDC scale
Lower Upper
Model PPP 2.5% CI 2.5% CI DIC
Time 1 (n = 319)
15-item one- 0.511 —45.794 45.022 11594.807
factor scale
15-item two- 0.534 —47.531 44.839 11590.231
factor scale
15-item 0.548 —47.510 43.633 11585.864
three-factor
scale
Time 2 (n = 191)
15-item one- 0.529 —49.032 45.024 6683.328
factor scale
15-item two- 0.564 —50.777 42.815 6677.921
factor scale
15-item 0.558 —49.976 43.012 6673.553
three-factor
scale
Time 3 (n = 132)
15-item one- 0.554 -50.501 43.577 4646.933
factor scale
15-item two- 0.592 -51.989 41.625 4639.929
factor scale
15-item 0.575 —51.813 43.000 4636.101

three-factor
scale

Abbreviations: DIC, deviance information criteria; PPP, posterior predictive P
value.
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major loadings for the one-factor and two-factor model were
greater than Hu and Bentler's®' cutoff (>0.40) and significant
across all three time-points (the factor loadings for the two-
factor model are presented in Table 2). However, in compari-
son with the one-factor model, the two-factor model
demonstrated considerably better fit (ie, higher PPP value and
a lower DIC value'”). Furthermore, a sensitivity analysis re-
vealed no important discrepancies between parameter esti-
mates when varying the a priori distribution for cross-loadings
and residual covariance. Consequently, and in accordance
with Higgins et al,” a 15-item two-factor IKDC scale was re-
tained for the remainder of the analysis.

3.3 | Descriptive statistics

The extent to which quality of life and knee function dif-
fered because of the demographic variables (age, gender,
graft type, years since surgery, pre-injury playing level) was
assessed using five separate MANOVA’s. This revealed no
significant multivariate effects of age, gender, graft type, or
pre-injury playing level. However, there was a significant
multivariate effect for years since surgery; Wilks’ Lambda
F (14, 246) = 2.17, P = .01. In light of these findings, years
since surgery was controlled for in the analyses involving
variables assessed at Time 3. Furthermore, Hotelling's T” test
revealed a statistically significant difference between those
participants that remained in the study compared to those
that dropped out (7% = 130.29, F(5,313) = 25.71, P < .0005).

TABLE 2  Standardized factor loadings

Specifically, those that remained in the study had signifi-
cantly higher AL (P = .01) and SKA (P = .01) pre-surgery.

3.3.1 | Bivariate correlations

Means, standard deviations, internal reliability, and bivari-
ate correlations are displayed in Table 3. Symptom and knee
articulation was significantly correlated across time and
activity level was also significantly correlated across time.
Symptom and knee articulation was significantly and posi-
tively correlated with activity level, symptoms, lifestyle, and
social and emotional across time. In addition, symptom and
knee articulation was significantly and positively correlated
with work and recreational activity and sport participation/
competition across time, except for symptom and knee ar-
ticulation at Time 1, which were not significant. Activity
level was significantly and positively correlated with symp-
toms, work, recreational activity and sport participation/
competition, lifestyle, and social and emotional across time.
Furthermore, each of the quality of life subscales was signifi-
cantly and positively correlated with one another.

3.4 | The relationships between the
IKDC and ACL-QOL

To examine the relationships between the IKDC and ACL-
QOL, symptoms and knee articulation (SKA) and activity

Symptom and knee articulation Activity level
for the 15-item 2-factor IKDC scale

Time
Item Time 1 Time 2 Time 3 Time 1 Time 2 3
IKDC-2 0.57" 0.69" 0.70" 0.02 -0.02 0.03
IKDC-3 0.54" 0.69" 0.79" 0.00 —0.04 -0.03
IKDC-4 0.49™ 0.57" 0.70" 0.03 0.00 -0.01
IKDC-9a 0.74" 0.72" 0.69" 0.02 -0.03 -0.02
IKDC-9b 0.76" 0.71" 0.68" 0.02 0.02 0.00
IKDC-9¢ 0.73" 0.59" 0.63" 0.01 0.01 0.03
IKDC-9d 0.76" 0.74" 0.77" -0.05 0.01 -0.02
IKDC-9¢ 0.58" 0.53" 0.64" -0.05 0.01 0.01
IKDC-9f 0.66" 0.70" 0.69" -0.02 -0.05 0.00
IKDC-9i 0.59" 0.68" 0.73" 0.05 0.05 -0.01
IKDC-10b 051" 0.65" 0.70" 0.03 0.09 0.08
IKDC-1 —0.05 -0.03 —-0.04 0.86" 0.92" 0.87"
IKDC-5 0.10 0.05 0.03 0.75™ 0.81" 0.82"
IKDC-7 0.00 -0.01 0.00 0.82" 0.87" 0.84"
IKDC-8 -0.01 0.03 0.05 0.83" 0.83" 0.81"

Bold values indicate loadings for their respective factors.

*#*P < .01.
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level (AL) were modeled as predictors of symptoms, work,
recreational activity, lifestyle, and social and emotional
(ACL-QOL) in three separate BSEMs.’

3.4.1 | Pre-surgery IKDC

The results revealed that AL demonstrated significant asso-
ciations with symptoms (# = 0.35, P = .003, CI [.12, 0.58]),
work (f = 0.28, P =.010, CI [.05, 0.52]), recreational activ-
ity (f = 0.37, P = .002, CI [.13, 0.60]), lifestyle (# = 0.35,
P =.002, CI[.12, 0.58]), and social and emotional ($ = 0.34,
P =.003,CI[.11,0.57]). SKA was not associated with symp-
toms (f = 0.04, P =.366, CI [-0.22, 0.28]), work ( = —0.07,
P =.296, CI [-0.32, 0.17]), recreational activity (f = —0.07,
P =.297, CI[-0.33, 0.18]), lifestyle (# = 0.06, P = .305, CI
[-0.19, 0.30]), and social and emotional (# = 0.08, P = .245,
CI[-0.17,0.31]). Collectively, SKA and AL accounted for a
significant amount of variance in symptoms (R* .15, P = .03)
recreational activity (R2 12, P = .04), lifestyle (R2 .16,
P = .03), and social and emotional (R2 .17, P = .03). SKA
and AL did not account for a significant amount of variance
in work (R* .07, P = .11).

3.4.2 | Six months post-surgery IKDC

SKA and AL both demonstrated significant associations
with symptoms (s = 0.57 and 0.34, Ps = .004 and 0.014, CI
[.32, 0.79] and [.08, 0.57] respectively), recreational activ-
ity (fs = 0.41 and 0.42, P = .021 and 0.003, CI [.04, 0.62]
and [.19, 0.75], respectively), lifestyle (f#s = 0.50 and 0.32,
P = .007 and 0.015, CI [.22, 0.73] and [.06, 0.57], respec-
tively), and social and emotional (s = 0.48 and 0.38, P = .011
and 0.008, CI [.19, 0.70] and [.13, 0.64], respectively). SKA
demonstrated a significant association with work (f = 0.53,
P = .002, CI [.29, 0.84]), but AL was not significantly as-
sociated with work (f = 0.15, P = .136, CI [-0.21, 0.39]).
Together, SKA and AL significantly predicted variance in
symptoms (R .70, P < 0.001), work (R* .42, P < .001), recre-
ational activity (R .58, P < .001), lifestyle (R* .57, P < .001),
and social and emotional (R2 .62, P < .001).

3.4.3 | Two to nine years post-surgery IKDC
The results revealed that SKA demonstrated significant
associations with symptoms (f = 0.69, P = .002, CI [.48,
0.96]), work (f = 0.55, P = .009, CI [.24, 0.88]), life-
style (# = 0.63, P = .007, CI [.37, 0.91]), and social and

The BSEM results with weighted scores for each of the IKDC items can
be obtained from the first author.
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emotional (f = 0.63, P = .006, CI [.36, 0.90]). AL was not
associated with symptoms (# = 0.29, P = .029, CI [-0.02,
0.51]), work (f = 0.21, P = .088, CI [-0.16, 0.51]), life-
style (f = 0.27, P = .039, CI [-0.06, 0.52]), and social and
emotional (f = 0.29, P = .029, CI [-0.02, 0.55]). SKA and
AL both demonstrated significant associations with recrea-
tional activity (s = 0.53 and 0.36, P = .017 and 0.012, CI
[.14, 0.79] and [.08, 0.73], respectively). In total, SKA and
AL significantly predicted variance in symptoms (R* .85,
P <.001), work (R2 .52, P < .001), recreational activity (R2
.69, P < .001), lifestyle (R2 .71, P < .001), and social and
emotional (R* .74, P < .001).

4 | DISCUSSION

The purpose of this study was twofold. Firstly, the multifacto-
rial structure of the IKDC was examined in light of theoretical
concerns and non-significant factor loadings associated with
its original unidimensional conceptualization.2 Secondly, we
examined the relationships between the IKDC and patients’
reported quality of life 2-9 years after ACL reconstruction at
three time-points: (a) pre-ACL reconstruction, (b) 6 months
post-ACL reconstruction, and (c) 2-9 years post-ACL recon-
struction. In the first phase of the study, Bayesian CFA with
small variance priors on the cross-loadings and residual cor-
relations produced an excellent model-data fit for the two-
factor IKDC scale proposed by Higgins et al’ at each of the
three time-points. Furthermore, Higgins et al’s’ two-factor
solution was superior to the original one-factor structure pro-
posed by Irrgang et al® and an alternative three-factor solu-
tion which we felt represented greater conceptual integrity of
the items. These results, in conjunction with Higgins et al’s,’
suggest the IKDC scale should be conceptualized with two
factors: (a) symptoms and knee articulation and (b) activity
level.

In the second phase of the study, the findings demonstrated
that participants’ quality of life was similar, irrespective of their
age, gender, graft type, or pre-injury playing levels. Although
similar findings have been reported for age,m’z2 gender,m'23
and graft type,24'26 they contrast with those of Filbay et a
who suggested that people engaged in highly competitive sport
might be at increased risk of poor quality of life. With respect to
the predictive relationships between the IKDC and ACL-QOL,
the most meaningful findings related to the changing associa-
tions between the IKDC and ACL-QOL subscales at the three
time-points. Specifically, pre-surgery AL demonstrated signifi-
cant predictive relationships with all five ACL-QOL subscales,
whereas SKA did not (although positive correlations were
evident between pre-surgery SKA and three ACL-QOL sub-
scales). At 6 months post-surgery, AL was significantly asso-
ciated with four out of five ACL-QOL components (only work
was not), while SKA was significantly associated with all five

1]2
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ACL-QOL subscales. Finally, at 2-9 years post-surgery, SKA
was significantly associated with all five ACL-QOL subscales,
but AL was only associated with one, recreational activity. To
the best of our knowledge, no other studies to date have demon-
strated that higher activity level with regard to knee function
before surgery is associated with better quality of life. However,
there is some support for our findings regarding symptoms and
knee articulation. Specifically, negative symptoms, such as per-
sistent pain (eg,27) and post-traumatic osteoarthritis (eg,23'28)
have been shown to adversely affect health-related quality of
life after ACL reconstruction.

Beyond these findings, the results pertaining to the associ-
ation between patient-reported knee function and knee-related
quality of life have been inconsistent. For example, Moller
et al' found no correlation between patient-reported knee
function (as measured by the Lysholm, Tegner, and SF-36
health survey) and knee-related quality of life (as measured by
the Knee Injury and Osteoarthritis Outcome Score, KOOS).
However, this may be due to the measures adopted, rather than
the relationship between the subjective measures of knee func-
tion and quality of life, as the choice of quality of life measure
can have a substantial impact on the interpretation of the re-
sults.”® Studies that have used the knee-specific KOOS have
reported poorer knee-related quality of life, compared with
published population norms.”*** In contrast, studies adopting
the generic SF-36 have typically reported similar, or in some
cases, higher knee-related quality of life scores than age-equiv-
alent population norms.* At present, only a small number of
studies (eg, 12,33 ) have used the ACL-QOL, which makes com-
parisons across studies difficult. Furthermore, large discrepan-
cies between mean ACL-QOL scores reported in the present
study (M = 83), and those of Filbay et al? (M = 57) and Otts
etal® (M =78) highlight the importance of additional research
employing the ACL-QOL to facilitate meaningful comparison
of findings across studies.

Irrespective of the type of measures used, results from this
study suggest that developing a greater understanding of pa-
tients” perceptions of their knee function prior to reconstructive
surgery and before being formally discharged from physiother-
apy (typically around 6 months) may assist clinicians to identify
patients at increased risk of poor long-term knee-related quality
of life. Early identification allows time for clinicians to educate
patients about potential long-term outcomes following ACL re-
construction, and to develop strategies for optimizing post-op-
erative knee-related quality of life, such as restoring confidence
in the knee and making healthy lifestyle modifications. 13

Despite adopting repeated assessments of the IKDC and
utilizing Bayesian estimation to confirm the factor structure
and the hypothesized relationships between perceived knee
function and quality of life, there are some limitations worth
considering when interpreting the present findings. First, the
low response rate at Time 3 (only 41% of Time 1 participants
completed Time 2 and 3 measures), the high mean ACL-QOL

[}

scores, and the significant baseline differences in knee function
suggest that only people who experienced favorable outcomes
participated in the study. A second limitation associated with
this study is the potential effect of common method variance
which can arise when self-report questionnaires are used to
measure both the predictor (IKDC) and criterion (ACL-QOL)
variables. Common methods can cause systematic measure-
ment errors that either inflate or deflate the observed relation-
ships between constructs, generating both Type I and Type
1 errors.>** The temporal separation between measures of
knee function (specifically at Time 1 and 2) and quality of life
(Time 3) helped control for method bias.**>® Furthermore, the
variations in the results for different predictor and criterion
variables suggest that common method variance was not a se-
rious concern in this study. Finally, given that only patients
from a single surgeon were included, these findings may not
be generalizable to individuals undergoing reconstructive sur-
gery in other orthopedic settings.

In order to overcome these limitations, future investiga-
tions should consider adopting purposeful sampling pro-
cedures, such as those adopted by Filbay et al,'® and more
objective indices of knee function (eg, hop tests) alongside
subjective measures to negate the effects of common meth-
ods bias and ensure a comprehensive examination of patients’
knee function and quality of life following ACL reconstruc-
tion. Furthermore, it is likely that patients’ knee-related qual-
ity of life might fluctuate throughout the rehabilitation period
following ACL reconstruction. Yet, our understanding of po-
tentially important temporal changes is limited by the pre-
dominance of cross-sectional research in this area. Evidently,
longitudinal, repeated-measures designs should be adopted in
future research.

5 | CONCLUSION

In conclusion, a prominent concern for healthcare profes-
sionals is ensuring better knee-related quality of life follow-
ing ACL reconstruction. At present, our understanding of
factors associated with such improvements is limited, with
only recent research attention devoted to patients’ long-term
quality of life. Results from this study suggest there might be
an important relationship between patients’ perceived knee
function and quality of life, but future investigations should
examine additional factors, including those of a psychoso-
cial nature to enhance our understanding of, and safeguard
greater knee-related post-surgical quality of life.

6 | PERSPECTIVES

The Bayesian confirmatory factor analysis demonstrated
Higgins et al’s’ two-factor structure, representing symptom
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and knee articulation (SKA) and activity level (AL), was
the best fit to the data across each of the three time-points
in a homogenous sample of ACL participants. While the
original conceptualization of the IKDC might provide cli-
nicians with a convenient total score to represent symp-
toms, activities, and function, in effect an aggregated score
may in fact mask deficits in one of these domains.® Indeed,
this was exemplified in the findings from the second aim
of the study, in which the multifactorial structure of the
IKDC revealed important differences when examining pa-
tients’ knee-related quality of life. Specifically, the find-
ings revealed that pre-surgery AL significantly predicted
each of the ACL-QOL subscales, whereas pre-surgery
SKA did not predict any of the ACL-QOL subscales. In
contrast, at 2-9 years post-surgery SKA significantly pre-
dicted each of the ACL-QOL subscales, while AL only pre-
dicted one. These exploratory findings, which add to what
is at present, a very limited understanding of the factors
associated with patients’ quality of life following ACL re-
construction, have implications for future hypothesis gen-
eration within this area of research. Moreover, given the
associations between pre-surgery AL and the ACL-QOL
subscales, these findings speak to the need to control for
pre-surgery values in future prospective studies. Such re-
search endeavors may, ultimately, assist clinicians to iden-
tify patients at increased risk of poor long-term quality of
life following ACL reconstruction—allowing them time to
educate patients about potential long-term outcomes, and
develop strategies for optimizing post-operative quality of
life."?

CONFLICT OF INTERESTS
None declared.

ORCID
Tom Williams “= https://orcid.org/0000-0002-7901-4987

Lynne Evans "= https://orcid.org/0000-0002-2943-3964

REFERENCES

1. Brewer BW. The role of psychological factors in sport injury reha-
bilitation outcomes. Int Rev Sport Exerc Psychol. 2010;3:40-61.

2. Irrgang JJ, Anderson AF, Boland AL, et al. Development and val-
idation of the International Knee Documentation Committee sub-
jective knee form. Am J Sports Med. 2001;29:600-613.

3. Ardern CL, Taylor NF, Feller JA, Webster KE. Fear of re-injury in
people who have returned to sport following anterior cruciate liga-
ment reconstruction surgery. J Sci Med Sport. 2012;15:488-495.

4. Ardern CL, Taylor NF, Feller JA, Whitehead TS, Webster KE.
Sports participation 2 years after anterior cruciate ligament recon-
struction in athletes who had not returned to sport at 1 year: a pro-
spective follow-up of physical function and psychological factors
in 122 athletes. Am J Sports Med. 2015;43:848-856.

5. Chmielewski TL, Zeppieri G, Lentz TA, et al. Longitudinal changes
in psychosocial factors and their association with knee pain and

10.

11.

12.

13.

14.

16.

17.

18.

20.

21.

22.

function after anterior cruciate ligament reconstruction. Phys Ther.
2011;91:1355-1366.

Grevnerts HT, Terwee CB, Kvist J. The measurement properties
of the IKDC subjective knee form. Knee Surg Sports Traumatol
Arthrosc. 2015;23:3698-3706.

Higgins LD, Taylor MK, Park D, et al. Reliability and validity of
the International Knee Documentation Committee (IKDC) subjec-
tive knee form. Joint Bone Spine. 2007;74:594-599.

Kiimmell D, Preiss S, Harder LP, Leunig M, Impellizzeri FM.
Measurement properties of the German version of the IKDC
subjective knee form (IKDC-SKF). J Patient Rep Outcomes.
2018;2:1-8.

Podlog L, Dimmock J, Miller J. A review of return-to-sport con-
cerns following injury rehabilitation: practitioner strategies for en-
hancing recovery outcomes. Phys Ther Sport. 2011;12:36-42.
Webster KE, Nagelli CV, Hewett TE, Feller JA. Factors asso-
ciated with psychological readiness to return to sport after ante-
rior cruciate ligament reconstruction surgery. Am J Sports Med.
2018;46:1545-1550.

Nagelli CV, Hewett TE. Should return to sport be delayed until
2 years after anterior cruciate ligament reconstruction? Biological
and functional considerations. Sports Med. 2017;47:221-232.
Filbay SR, Crossley KM, Ackerman IN. Activity preferences, lifestyle
modifications and re-injury fears influence longer-term quality of life
in people with knee symptoms following anterior cruciate ligament
reconstruction: a qualitative study. J Physiother. 2016;62:103-110.
Filbay SR, Ackerman IN, Russell TG, Crossley KM. Factors re-
lated to quality of life in people with knee pain, stiffness or activity
limitations 5 to 20 years following anterior cruciate ligament re-
construction. Osteoarthritis Cartilage. 2015;23:279-280.

Moller E, Weidenhielm L, Werner S. Outcome and knee-related
quality of life after anterior cruciate ligament reconstruction:
a long-term follow-up. Knee Surg Sports Traumatol Arthrosc.
2009;17:786-794.

. Mohtadi N. Development and validation of the quality of life out-

come measure (questionnaire) for chronic anterior cruciate liga-
ment deficiency. Am J Sports Med. 1998;26:350-359.

Lafave MR, Hiemstra L, Kerslake S, Heard M, Buchko G. Validity,
reliability, and responsiveness of the Anterior Cruciate Ligament
Quality of Life Measure: a continuation of its overall validation.
Clin J Sport Med. 2017;27:57-63.

Asparouhov T, Muthén B, Morin AJS. Bayesian structural equa-
tion modeling with cross-loadings and residual covariances: com-
ments on Stromeyer, et al. J/ Manag. 2015;41:1561-1577.

Marsh HW, Muthén B, Asparouhov T, et al. Exploratory structural
equation modeling, integrating CFA and EFA: application to stu-
dents’ evaluations of university teaching. Struct Equ Modeling.
2009;16:439-476.

Muthén B, Asparouhov T. Bayesian structural equation model-
ing: a more flexible representation of substantive theory. Psychol
Methods. 2012;17:313-335.

Gelman A, Carlin JB, Stern HS, Rubin DB. Bayesian data analysis.
Boca Raton, FL: Chapman & Hall; 2004.

Hu LT, Bentler PM. Cutoff criteria for fit indexes in covariance
structure analysis: conventional criteria versus new alternatives.
Struct Equ Modeling. 1999;6:1-55.

Swirtun LR, Renstrom P. Factors affecting outcome after anterior
cruciate ligament injury: a prospective study with a six-year fol-
low-up. Scand J Med Sci Sports. 2008;18:318-324.


https://orcid.org/0000-0002-7901-4987
https://orcid.org/0000-0002-7901-4987
https://orcid.org/0000-0002-2943-3964
https://orcid.org/0000-0002-2943-3964

WILLIAMS ET AL.

WiLEY-L77

23.

24.

25.

26.

27.

28.

29.

30.

@Miestad BE, Holm I, Engebretsen L, Risberg MA. The associa-
tion between radiographic knee osteoarthritis and knee symptoms,
function and quality of life 10—15 years after anterior cruciate liga-
ment reconstruction. Br J Sports Med. 2011;45:583-588.

Barenius B, Nordlander M, Ponzer S, Tidermark J, Eriksson K.
Quality of life and clinical outcome after anterior cruciate ligament
reconstruction using patellar tendon graft or quadrupled semiten-
dinosus graft: an 8-year follow-up of a randomized controlled trial.
Am J Sports Med. 2010;38:1533-1541.

Mascarenhas R, Tranovich MJ, Kropf EJ, Fu FH, Harner CD.
Bone-patellar tendon-bone autograft versus hamstring autograft
anterior cruciate ligament reconstruction in the young athlete: a
retrospective matched analysis with 2-10 year follow-up. Knee
Surg Sports Traumatol Arthrosc. 2012;20:1520-1527.

Sajovic M, Strahovnik A, Dernovsek MZ, Skaza K. Quality of life
and clinical outcome comparison of semitendinosus and gracilis
tendon versus patellar tendon autografts for anterior cruciate lig-
ament reconstruction: an 11-year follow-up of a randomized con-
trolled trial. Am J Sports Med. 2011;39:2161-2169.

Lohmander LS, Ostenberg A, Englund M, Roos H. High preva-
lence of knee osteoarthritis, pain, and functional limitations in fe-
male soccer players twelve years after anterior cruciate ligament
injury. Arthritis Rheumatol. 2004;50:3145-3152.

Filbay SR, Ackerman IN, Russell TG, Macri EM, Crossley
KM. Health-related quality of life after anterior cruciate lig-
ament reconstruction: a systematic review. Am J Sports Med.
2014;42:1247-1255.

Tlich SS, Dempsey AR, Mills PM, et al. Physical activity patterns
and function 3 months after arthroscopic partial meniscectomy. J
Sci Med Sport. 2013;16:195-199.

Roos EM, Roos HP, Lohmander LS. WOMAC Osteoarthritis Index:
additional dimensions for use in subjects with post-traumatic os-
teoarthritis of the knee. Osteoarthritis Cartilage. 1999;7:216-221.

31.

32.

33.

34.

35.

36.

37.

38.

Hopman WM, Towheed T, Anastassiades T, et al. Canadian nor-
mative data for the SF-36 health survey. CMAJ. 2000;163:265-271.
Loge JH, Abrahamsen AF, Ekeberg O, Kaasa S. Reduced
health-related quality of life among Hodgkin’s disease survivors:
a comparative study with general population norms. Ann Oncol.
1999;10:71-77.

Otts SM, Ireland ML, Ballantyne BT, Wilson JD, McClay Davis
IS. Comparison of outcomes between males and females after ante-
rior cruciate ligament reconstruction. Knee Surg Sports Traumatol
Arthrosc. 2003;11:75-80.

Chang SJ, van Wittleloostuijn A, Eden L. From the editors: com-
mon method variance in international business research. J Int Bus
Stud. 2010;41:178-184.

Podsakoff PM, MacKenzie SB, Podsakoff NP. Sources of method
bias in social science research and recommendations on how to
control it. Annu Rev Psychol. 2012;63:539-569.

Johnson RE, Rosen CC, Djurdevic E. Assessing the impact of
common method variance on higher-order multidimensional con-
structs. J Appl Psychol. 2011;96:744-761.

Ostroff C, Kinicki AJ, Clark MA. Substantive and operational is-
sues of response bias across levels of analysis: an example of cli-
mate-satisfaction relationships. J Appl Psychol. 2002;87:355-368.

Rindfleisch A, Malter AJ, Ganesan S, Moorman C. Cross-sectional
versus longitudinal research: concepts, findings, and guidelines. J
Mark Res. 2008;45:261-279.

How to cite this article: Williams T, Burley D, Evans
L, et al. The structural validity of the IKDC and its
relationship with quality of life following ACL
reconstruction. Scand J Med Sci Sports. 2020;30:
1748-1757. https://doi.org/10.1111/sms.13738



https://doi.org/10.1111/sms.13738

