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Objective: The purpose is to provide more validity, reliability, and
responsiveness testing of the anterior cruciate ligament–quality of
life instrument (ACL-QOL), particularly in light of consensus-
based standards for the selection of health status measurement instru-
ments (COSMIN) guidelines.

Design: Prospective case series.

Setting: An orthopedic surgical practice for consultation.

Patients: A convenience sample of 579 ACL-deficient patients.

Intervention: Anterior cruciate ligament reconstructive surgery.

Main Outcome Measures: Patients completed the ACL-QOL at
initial visit and underwent reconstructive surgery. Patients were
followed at 6, 12, and 24 months using the ACL-QOL to determine
its validity and responsiveness. Cronbach’s alpha was used to deter-
mine the unidimensionality of the ACL-QOL. A subset of patients
took the ACL-QOL twice in a test–retest reliability analysis (intra-
class correlation coefficient or ICC 2,k). Another subset of 24-month
postsurgical patients measured the success of their surgery using a 7-
point global rating scale of improvement as an anchor-based method
of responsiveness.

Results: Cronbach’s alpha coefficients = 0.93, 0.95, 0.96, and 0.98
at 6, 12, and 24 months, respectively. Intraclass correlation coeffi-
cient = 0.60, SEM = 6.16, and confidence interval of 12.1 (CI 95%).
Responsiveness was measured by comparing the 4 serial time peri-
ods. Patients improved significantly at each time period (P , 0.05,
ETA squared 0.61). A 24-month ACL-QOL was significantly corre-
lated (P. 0.05) to being “significantly better” or “somewhat better.”

Conclusions: The results of this study added more validity,
reliability, and responsiveness for the ACL-QOL. The ACL-QOL
has completed 8 of 9 COSMIN criteria.
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INTRODUCTION
There are a number of patient-reported and objective

measurements that can be used when making decisions about
the success of treatment of anterior cruciate ligament deficient
knees. When the anterior cruciate ligament–quality of life
(ACL-QOL) instrument was first introduced in 1995,
disease-specific, QOL, patient-reported outcome measures
(PROMs) were not as prevalent in the literature as they are
today.1,2 The initial validity and reliability of the ACL-QOL
for assessing ACL-deficient patients were published in 1998.1

The ACL-QOL is a 32-item patient-reported questionnaire
scored using a 100-mm visual analog scale (VAS) and con-
verted to an overall score out of 100, where each question
receives equal weight.1 The domains that comprise the ACL-
QOL are (1) symptoms and physical complaints (5 items), (2)
work-related concerns (4 items), (3) recreational activity and
sport participation or competition (12 items), (4) lifestyle (6
items), and (5) social and emotional (5 items). It is important
to note that there is a combination of 3 features of the ACL-
QOL that makes it unique: (1) it is disease-specific, (2) it is
a PROM, and (3) it is a QOL measure.

There have been a number of studies that have
attempted to address the issue of the “best” outcome measure,
particularly as it relates to the knee.3–6 In light of the 3 var-
iables mentioned previously [ie, (1) disease-specificity, (2)
PROM, and (3) QOL], passing judgment about the best out-
come measure is more complicated than the binary question
posed. Some outcome measure instruments gather patient
data generically for knee conditions, but not specific to the
ACL.7–9 Other instruments measure QOL for diseases such as
osteoarthritis,10,11 and some instruments measure QOL gener-
ically, not specific to any disease or condition.12 Several in-
struments measure only 1 or 2 dimensions of QOL, such as
activity level or symptoms for patients with knee injuries,13,14

whereas other instruments measure deficits in ACL-injured
patients through more “objective” means such as functional
testing.5,15 Therefore, it is critical that the question of the best
outcome measure be qualified with specific criteria.

The ACL-QOL is very specific for an ACL-injured
population and the questions are highly valued by the
majority (51%) of patients when compared with 11 knee-
evaluation instruments.4 When judging the best instrument to
evaluate knee or ACL-injuries, the ACL-QOL has consis-
tently demonstrated good content validity.1,4 Garratt et al3

compared 16 PROM for knee injuries on 3 measures: validity,
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reliability, and responsiveness. Specific to the ACL-QOL,
they identified 2 factors missing from the initial ACL-QOL
publication: internal consistency and responsiveness.
Absence of these variables does not inherently render the
instrument invalid but rather demonstrates a need for further
assessment of these factors. Barber-Westin et al16 were criti-
cal of the ACL-QOL because it solely relied on patient-
perceived variables and not more objective measures such
as anterior-posterior displacement, radiographic analysis,
range of motion testing or functional testing. These assertions
are accurate, particularly as the primary objective of the
ACL-QOL is to be a patient-reported, health-related QOL
assessment that is specific to 1 condition: ACL injury.
Patient-reported disease-specific (ACL injury) evaluation in-
struments, as opposed to generic QOL measures, have been
proven to provide more valid, reliable, and responsive meas-
urements for patients across a number of diseases or condi-
tions.17–19 Although the high number of assessment
instruments for the knee makes it confusing for clinicians to
pick the best instrument, it is important to use an instrument
that measures the outcomes that are most important to pa-
tients, while also supplementing outcome measures that are
important to clinicians. Therefore, if there are certain psycho-
metric or clinimetric measures missing from the ACL-QOL,
further development and evaluation are warranted.

A QOL measure assesses a person as a whole and as
such it is intended to measure a person’s “health state.”19

Quality of life has been defined as a concept encompassing
a broad range of physical and psychological characteristics
and limitations, which describe an individual’s ability to func-
tion and derive satisfaction from doing so.20 Quality of life
measures can assist health care practitioners in making sound
evidence-based clinical decisions and have become the pri-
mary outcome measure for clinical decision-making.5 For
example, Naylor et al21 used the ACL-QOL to evaluate the
efficacy of preserving the ACL in reconstructive surgery.
These authors concluded, based on patient responses at the
1-year period, that preservation of the ACL resulted in
improved QOL outcomes compared with those patients who
did not receive ACL preservation. Such hypothesis testing
using a QOL measure that is also disease-specific is critical
for clinician decision making. Quality of life measures can
also facilitate economic decisions regarding the best type of
care. Quality of life measures are typically used to calculate
the quality-adjusted life year, which can be used to evaluate
the efficacy of various treatments.19 Therefore, QOL meas-
ures are quite versatile in their utility, assisting from both
a clinical decision-making process assessing the best treat-
ments, while also factoring in economic and policy
implications.19

The consensus-based standards for the selection of
health status measurement instruments (COSMIN) were
introduced as taxonomy to assess measurement properties
for health-related QOL, PROMs.22 One goal of developing
these standards was to provide guidelines to assist practi-
tioners in choosing generic or disease-specific QOL measures
in their clinical practice. The guidelines were also intended to
guide the evaluation of studies in systematic reviews. The
COSMIN taxonomy has been content validated22 and

demonstrated reliability.23 The COSMIN guidelines have
been criticized as not being designed to assess the quality
of an instrument.24 Despite this criticism, the COSMIN
checklist does provide an excellent framework to analyze
PROMs such as the ACL-QOL.1

PURPOSE
The purpose of this article is to evaluate the ACL-QOL

in the context of the COSMIN guidelines to provide
additional validity, reliability, and responsiveness testing of
the ACL-QOL. In addition, the purpose of this article was to
place the results into historical context by inventorying the
psychometric and clinimetric features of the ACL-QOL from
the literature that has used it.

METHODS

Patient Population
A convenience sample was used in this study for

prospective analysis. Five hundred seventy-nine ACL-deficient
patients were referred to an orthopedic surgical practice for
consultation. All patients completed the ACL-QOL preopera-
tively as a baseline measurement.1 All patients underwent
single-bundle anatomic ACL reconstruction with a hamstring
tendon graft. Surgery was performed by 1 of 3 fellowship
trained orthopedic surgeons, each of whom perform more than
200 ACL reconstruction procedures annually (L.H., M.H.,
G.B.). None of these patients underwent additional major pro-
cedures such as osteotomy or multiple ligament reconstruction.
This sample did include patients who required a partial menis-
cectomy or meniscal repair. These patients are from a prospec-
tive cohort that is being followed from initial consultation at 6,
12, and 24 months postoperatively.

Ethical Considerations
Patients who were referred to the Banff Sport Medicine

clinic all complete the ACL-QOL as part of normal practice.
All patients who met the inclusion criteria for the study were
asked if they wanted to volunteer to participate in this study.
The University of Calgary Conjoint Health Research Ethics
Board approved this study.

Content Validity Testing
To test the unidimensionality of the ACL-QOL,

Cronbach’s alpha was calculated at the initial consultation,
and at 6, 12, and 24 months postoperatively.25 Subjects were
stratified based on their ACL-QOL scores and separated to
assess for floor or ceiling effects. Floor and ceiling effects
were calculated at the 15%, 20%, 25%, and 30% stratifica-
tions for each time period.

Reliability Testing
A convenience sample (n = 31) of the larger sample

(n = 579) of patients was recruited to measure the reliability
of the ACL-QOL. The intraclass correlation coefficient (ICC)
is a measure of variance between trials, thus relative reliabil-
ity. The ACL-QOL was sent to a random sample of
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50 patients and asked to respond again 2 weeks later. The
questionnaires from those patients who completed the ACL-
QOL within the 2-week time frame were used in the statistical
analysis. A Cronbach’s alpha and an ICC (2,k) was used to
measure the reliability coefficient of the ACL-QOL. The SEM
was calculated as a measure of stability by multiplying the
square root of 1 minus the ICC by the SD of the baseline
scores of the ACL-QOL.26,27 The SEM is a measure of abso-
lute consistency or precision of a score and permits the cal-
culation of confidence intervals (CIs). It is interpreted using
the same units of measurement as used in the ACL-QOL
score.26,27 The 32 items in the ACL-QOL are scored using
a VAS and converted to an overall score out of 100. In other
words, each item in the ACL-QOL is intended to possess
a weighting worth 1/32 and the final score are equivalent to
a percentage score out of 100. As a result, the SEM should be
interpreted on the scale out of 100.

Responsiveness Testing
A 1-way analysis of variance (ANOVA) was conducted

to test the responsiveness of the ACL-QOL at 4 time periods
(initial consultation, 6, 12, and 24 months postoperatively). A
distribution-based model of responsiveness was calculated
through effect size. Effect size was calculated manually by the
Eta squared formula: sum of squares between groups/total
sum of squares.

A convenience sample (n = 40) of the larger sample (n =
579) of patients completed a 7-point global rating scale and the
ACL-QOL at minimum 24 months postoperatively. The con-
venience sample was selected by asking all patients who com-
pleted 24-month follow-up to complete the global rating scale
in addition to the ACL-QOL, and the first 40 completed re-
sponses were used for correlation. Patients were asked to select
1 of 7 categories indicating their postoperative status: 7, sig-
nificantly better; 6, much better; 5, somewhat better; 4, no
change; 3, somewhat worse; 2, much worse; 1, significantly
worse (adopted from Greco et al27). A Pearson r correlation
coefficient was used to determine the relationship between
the ACL-QOL change score (before and after surgery) with
the 7-point scale response acting as the criterion of compar-
ison.27 All data analysis was computed using SPSS 22.0
(Chicago).

Retrospective Analysis of the Anterior
Cruciate Ligament–Quality of Life Literature
Using the Consensus-Based Standards for the
Selection of Health Status Measurement
Instruments Guidelines

To better understand the psychometric and clinimetric
soundness of the ACL-QOL, the literature was reviewed for
articles up to July, 2014 that cited original study of
Mohtadi.1 Specifically, the Google Scholar index was used
to identify articles that cited and more importantly used the
ACL-QOL.28 Google Scholar index was chosen as the tool
for this aspect of the study because it has the citation track-
ing ability for individual articles. All English articles were
reviewed manually to determine whether they addressed
any of the COSMIN taxonomy items: (1) internal

consistency, (2) reliability, (3) standard error of measure-
ment or limits of agreement, (4) content validity, (5) struc-
tural validity, (6) hypothesis testing, (7) cross-cultural
validation, (8) criterion validity, and (9) responsiveness.
Articles that added to the 9 COSMIN taxonomy items were
cataloged accordingly.

RESULTS

Patient Population
The patient population was 52.1% men. The average

age was 27.81 years (SD: 6.9, range: 11.2-56.8). The average
body mass index was 25.02 (SD: 3.1, range: 15-38). In 51.7%
of cases, the affected limb side was the right. At the time of
data collection for this study, questionnaires completed
totaled preoperative (n = 579), 6-month postoperative (n =
446), 12-month postoperative (n = 280), and 24-month post-
operative (n = 100). These totals reflect the fact that patients
were in various stages of follow-up in their postoperative
course and data collection was ongoing.

Descriptive data for the cohort are listed in Table 1.
These data were used as a comparison of groups under the
distribution-based responsiveness measures.

Content Validity
The Cronbach’s alpha for the preoperative, 6, 12, and

24 months postoperative periods is listed in Table 2. A num-
ber of patients did not answer all items in the ACL-QOL and
therefore, analysis was completed on the sample sizes speci-
fied in Table 2.

Floor and ceiling effect calculations are presented in
Table 3. All ACL-QOL responses were used in the calcula-
tion of the floor and ceiling effects. Floor/ceiling effects used
a percent score based on the questions answered.

Reliability
Test–retest reliability was performed on 31 patients

who completed the ACL-QOL twice, less than 2 weeks apart.
The ICC (2,k) for this sample was 0.60. The SEM for the
ACL-QOL in this sample was 6.16. A CI calculated from the
SEM is a measure of the minimal detectable change based on
the 95% CI. In this study, the CI was 12.1. When applied to
the mean ACL-QOL scores at each serial testing stage, the
CIs ranged from 14.6 to 38.8/100 at the preoperative stage,
48.3 to 72.5/100 at 6 months, 58.5 to 82.7/100 at 12 months,
and 65.4 to 89.6/100 at 24 months.

TABLE 1. Descriptive Data at Preoperative, 6-, 12-, and
24-Months Postoperative

Time Period
Sample
Size Mean SD

Confidence
Interval
(95%)

Preoperative 579 26.7 13.7 26.6-27.8

6-month postoperative 446 60.4 17.2 58.8-62.0

12-month postoperative 280 70.6 17.6 68.6-72.7

24-month postoperative 100 77.5 17.7 74.0-81.0
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Responsiveness
There was a statistically significant difference at the

P , 0.05 level for ACL-QOL scores for the 4 groups: F (3,
1401) = 729.1, P = 0.001. Based on the Eta squared calcula-
tion, the effect size was 0.61, which would be considered
a large effect.29 Post hoc comparisons using the Tukey hon-
estly significant difference test indicated that the mean score
for the preoperative testing period (M = 26.72, SD = 13.71,
CI, 25.60-27.84) was significantly different from the 6-month
postoperative testing time (M = 60.41, SD = 17.16, CI, 58.81-
62.00), the 12-month postoperative testing time (M = 70.64,
SD = 17.55, CI, 68.57-72.70), and the 24-month postopera-
tive testing time (M = 77.48, SD = 17.71, CI, 73.97-81.00). In
addition, there were significant differences between the 6-
month postoperative group and the 12-month and 24-month
postoperative groups. Finally, there were significant differen-
ces between the 12- and 24-month postoperative groups.
Based on their ACL-QOL scores, patients continued to make
significant improvements over a 2-year period.

The anchor-based method of evaluating responsiveness
used a convenience sample of 40 patients who took the ACL-
QOL preoperatively and a mean of 27 months postoperatively
(SD = 3.3 months). Patients rated their improvement of sig-
nificantly better (n = 8), much better (n = 24), somewhat
better (n = 12), or no better (n = 1). A Pearson r correlation
coefficient compared the mean change score in the ACL-QOL
between the preoperative and 24-month postoperative scores
with the 7-point rating scale. There was a significant correla-
tion between these 2 measures (0.47, P, 0.05, 95% CI, 0.07-
0.87) indicating the 2 scores are measuring similar constructs
of improvement. The CI is indicative of the smaller sample
used for this measurement.

Retrospective Analysis of the Anterior
Cruciate Ligament–Quality of Life Literature
Using the Consensus-Based Standards for the
Selection of Health Status Measurement
Instruments Guidelines

From the time of its publication in 1998 until July 2014,
the Mohtadi ACL-QOL measure was cited in 139 journal
articles.28 Of these studies, 17 added to the validity, reliabil-
ity, and/or responsiveness to the ACL-QOL. A summary of
these articles is listed in Table 4 along with the COSMIN
checklist items that were completed in this study and those
that are under consideration for future studies.

DISCUSSIONS AND CONCLUSIONS
The ACL-QOL is a disease-specific, patient-reported

QOL measure that has been validated in both the ACL
deficient and the ACL reconstructed knee, across a number of
studies. This study added further psychometric and clinimet-
ric analyses of the ACL-QOL in the form of content validity,
reliability, and responsiveness. In 2015, use of the ACL-QOL
as a PROM marks a 20-year milestone of development.
Outcome measures must continually evolve, progress, and be
tested on new populations because validity is often sample-
specific.34,35 Although further research needs to be completed
on the ACL-QOL, the mounting evidence moves closer to
enabling statements that this PROM is “valid” and “reliable,”
without qualification.

Many outcome measures used in clinical studies make
emphatic conclusions that their tool “is valid,” “is reliable,” or
“is responsive.” It is an error to assume that an instrument “is”
any of those things because validity is considered an interac-
tion between the instrument and the environment or patients
being measured.35–37 Validity is an iterative process whereby
tools cannot claim to be valid until they have had a number of
studies across a number of populations and subjects, after
which they can begin to make claims of “validity.”36,37 Over
20 years, there have been a number of studies that used the
ACL-QOL and each of these has contributed to building its
validity, reliability, and/or responsiveness. Only in retrospec-
tion, with an accumulation of studies, across different popu-
lations with various interventions, one can begin to make
bolder, concrete claims about the validity of an instrument.38

TABLE 2. Cronbach’s Alpha on the ACL-QOL for the Various
Time Periods

Measurement Period
Cronbach’s

Alpha

No. Subjects
Excluded Due to
Missing Items

Final Sample
Size

Analyzed

Preoperative 0.93 93 486

6-month postoperative 0.95 185 261

12-month postoperative 0.96 58 222

24-month postoperative 0.98 18 82

TABLE 3. Floor and Ceiling Effects by Percentage and Time Period

Floor or Ceiling Effects
Preoperative Period
(% of total n = 579)

6-Month Postoperative
(% of total n = 446)

12-Month Postoperative
(% of total n = 280)

24-Month Postoperative
(% of total n = 100)

Top 15% 0 6.7 23.2 42

Top 20% 0 13.2 32.1 51

Top 25% 0 22.9 47.5 64

Top 30% 0.17 32.3 55.7 71

Bottom 15% 24.5 0.44 0 1

Bottom 20% 34.3 0.90 0.36 1

Bottom 25% 53.5 2.0 1.4 1

Bottom 30% 66.0 5.4 3.2 1
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The content validity data in this study continue to
support the overall validity of the ACL-QOL. The Cronbach’s
alpha ranged from 0.93 to 0.98 indicating that the ACL-QOL
possesses unidimensionality, but these high numbers also
indicate that there is some overlap and potential redundancy
of the items in the questionnaire. A factor analysis and item
reduction would help to clarify this aspect of the ACL-QOL
validity. Future research on item reduction should proceed
cautiously although the content of the ACL-QOL has been
shown to connect so well with patients.4

Traditional definitions of floor and ceiling effects are
intended to determine whether an evaluation instrument has the
capability to measure patients at both ends of the spectrum. The
exact percentage of patients that is considered within normal
floor and ceiling limits varies considerably in the literature
from 15% to 33%.30,39 In this study, there is some evidence of
floor or ceiling effects at the various time periods. However, it
is also obvious that patients had substantially lower ACL-QOL
scores preoperatively and that their health status or QOL
improved significantly after ACL reconstruction.

In the original publication of the ACL-QOL, test–retest
reliability was assessed using a paired t test. However, com-
mon practice since the original study has been to calculate
reliability with an ICC. The reliability analysis in the test–
retest sample of this study demonstrated very moderate

reliability with an ICC (2,k) of 0.60. A previous study from
Bryant et al40 had a much higher ICC (0.86), but the methods
used were different than this study, making it challenging to
compare the 2. Bryant et al40 calculated the ACL-QOL score
by averaging the mean score of the 5 domains in the ACL-
QOL rather than weighting each item equally to provide
a score out of 100. Furthermore, the purpose of the Bryant
et al40 study was to determine patients’ ability to recall their
health status retrospectively. The sample for the test–retest
calculation in this study was acceptable but small, which
may also account for the variation.

The SEM is considered a measure of stability over time,
which means one can confidently generalize these results to
new populations.26,32,41 The SEM in this study was 6.16 and
when compared to the Bryant et al40 study (6.12) seems to be
stable and consistent across 2 different studies and popula-
tions. The CI in this study (12.1) was calculated from the ICC
and SEM, and thus, clinicians and researchers could be 95%
confident the score measured from the patient is either plus
or minus 12.1 points. These CIs are useful to clinicians, par-
ticularly when they need to interpret minimally important
difference (MID) and minimally clinically important differ-
ence (MCID). SEM can be classified as a measure of MID
and it fits under the umbrella of a distribution-based
approach.2,41 This study also used an ANOVA and

TABLE 4. Retrospective Analysis of the ACL-QOL Literature Using the COSMIN Guidelines

COSMIN Checklist Statistical Analysis Studies

Internal consistency Cronbach’s alpha Present study

Reliability t test Present study

ICC test–retest measured by t test in Mohtadi, 19981

Bryant et al, 2006 (ICC 0.86 plus SEM)50

SEM and/or limits of agreement (LOA) SEM Present study

LOA Bryant et al, 200650

Content validity Descriptive consensus Mohtadi, 19981

Floor and ceiling Tanner et al, 20074

Frequency-importance product

Structural validity Confirmatory factor analysis Future research

Exploratory factor analysis

Hypothesis testing t test or ANOVA, effect size, anchor-based MCID Naylor et al, 201321

Bryant et al, 200650

Marks et al, 200849

Hiemstra et al, 200747

Arneja et al, 200446

Birmingham et al, 200251

Meridick et al, 200853

Birmingham et al, 200852

Cross cultural validity Language-specific consensus methods Lysholm and Tegner, 20076

Kvist et al, 201348

Criterion validity Pearson r correlation to “objective” measures Hiemstra et al, 200747

ROC curve Future research

Responsiveness Distribution-based Present study

Effect size

Standardized response mean

Anchor-based

Global rating scale of improvement correlated to
QOL measure
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subsequently effect size as another distribution-based
approach to MID.

Terwee et al42 identified 31 different types of respon-
siveness. The responsiveness measurements in this study
were both distribution-based and anchor-based approaches.
In addition to the SEM, the primary distribution-based
approach used in this study was effect size, which would be
classified as moderately strong (0.61). Another crude mecha-
nism to determine MID is to take half of the SD of the
scores.25,35 In this study, the SD ranged from 13.7 to 17.7
and thus using half of an SD approach would result in a MID
ranging from ;6.9 to;8.9. When these figures are compared
to the SEM measures, once again, the MID seems to be stable
with approximately 6 points on the ACL-QOL measurement.

It is important to take a multimeasured approach to
MCID.2,33,43 The results of anchor-based method in this study
demonstrate that those patients whose ACL-QOL scores
improved also believed they had improved. Revicki et al44 and
Sloan et al45 advocated for a minimum Pearson r correlation
coefficient of 0.3 up to 0.5, respectively. This study certainly
falls within that range. Of the 40 patients who completed the 7-
point anchor-based comparison to their ACL-QOL score, only 1
patient or 2.5% scored their experience as less than an optimal
outcome (ie, some level of improvement). Therefore, it is pos-
sible that the convenience sample available for this analysis did
not provide a representative sample across the entire spectrum of
the responses to treatment. Future research should aim to study
a larger population with the anchor-based approach to respon-
siveness and thus would facilitate receiver operating characteris-
tic (ROC) curves. Specifically, a large enough sample of patients
who did not improve would help to determine a cutpoint for
responsiveness and MCID for the ACL-QOL. In summary, this
study has demonstrated that the ACL-QOL is highly responsive
to change for patients both from an MID and MCID perspective.

Limitations of this study include the use of a convenience
sample for both the distribution-based and anchor-based
methods used to measure the responsiveness of the ACL-
QOL. There were also a large number of patients who had not
yet reached the 12- or 24-month follow-up time interval and
therefore these ACL-QOL scores were not available for
inclusion. Despite the lack of complete ACL-QOL scores for
each timepoint, the statistical analyses demonstrate that the
sample size was sufficient for all analyses that were completed.

This is the largest cohort to date used to assess the
validity and reliability of the ACL-QOL. The ACL-QOL has
now completed 8 of 9 criteria outlined in the COSMIN
guidelines (Table 4). Only structural validity and part of crite-
rion validity remain. In future research, it would be appropriate
to factor analyze the ACL-QOL, particularly in light of the high
Cronbach’s alpha scores. The original intent of the Mohtadi
ACL-QOL was that 5 domains or underlying constructs were
being measured as an indicator of the patient’s overall health
and QOL. Once these constructs have been confirmed, further
research may be warranted to adjust the items as not all ques-
tions are answered because some patients do not work and/or
others do not compete in contact sports. In addition, reducing
the number of items in the questionnaire, and therefore the time
it takes patients to complete it, would facilitate further use of
the ACL-QOL in both clinical and research settings.

Regarding the criterion validation testing outlined in
Table 4, there has been some criterion testing completed
where there was a positive correlation between the ACL-
QOL and a more “objective” measure of flexor and extensor
strength after reconstructive surgery.47 However, some re-
searchers advocate for the criterion validation to take place
with the subjective or patient-guided opinions of treatment
success such as the ROC curve.3 Another important metric
outlined in the COSMIN guidelines is cross-cultural valida-
tion or translation to new languages.6,48 The ACL-QOL has
been successfully converted into some languages, but conver-
sion to additional new languages is important in the
future.27,28 In summary of the retrospective analysis inventory
of COSMIN guidelines, if the ROC curve and factor analysis
are completed in the future, all 9 of the metrics identified in
the COSMIN guidelines would have been met. Perhaps then,
more global, concrete statements of the ACL-QOL can be
made such as “it is valid, reliable, and responsive.”

Despite the number of studies that have “hypothesis
tested” (1 of the 9 COSMIN guidelines), there are still many
questions that remain unanswered for clinicians who are look-
ing to assess outcomes for ACL treatments.21,40,47,49–53 Should
future ACL treatments focus on PROMs, more objective meas-
ures or some combination of both? Should the assessment tools
be disease-specific or is a general tool such as the International
Knee Documentation Committee sufficient? Should all aspects
of QOL be measured or merely certain aspects? Should certain
research questions be matched with specific outcome meas-
ures? Future hypothesis testing needs to frame research ques-
tions, define outcomes explicitly, and use outcome
measurement tools that correspond with those questions being
posed. Then, when higher levels of evidence are considered for
ACL treatments, perhaps more than just pivot shift and KT-
1000 arthrometer tests can be used to define success.53

In conclusion, this study has added to the validity,
reliability, and responsiveness of the ACL-QOL. In light of the
COSMIN guidelines, the ACL-QOL demonstrated many of the
metrics important for high-quality instruments. Furthermore,
the ACL-QOL is the only disease-specific, patient-reported,
QOL outcome measure that is intended for ACL-injured knees.
Other outcome measures certainly meet some of those metrics,
but not necessarily all. Future research is required to continue
the iterative development of the ACL-QOL.
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