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IKDC or KOOS? Which Measures
Symptoms and Disabilities Most
Important to Postoperative Articular
Cartilage Repair Patients?

Karen Hambly,*T PT, MCSP, and Konstadina Griva,i PhD
From the TDepartment of Health and Human Sciences and the
iDe,oarl‘ment of Psychology, London Metropolitan University, London, United Kingdom

Background: The relevance of knee-specific subjective measures of outcome to patients has not been evaluated for cartilage
repair procedures.

Purpose: The aim of this study was to identify which instrument out of the Knee injury Osteoarthritis Outcome Score and the
International Knee Documentation Committee Subjective Knee Form measures symptoms and disabilities most important to
postoperative articular cartilage repair patients.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: Data were collected from 58 participants of an Internet knee forum via a self-reported online questionnaire consisting
of demographic and surgical data, the Tegner activity scale, and 49 consolidated items from the Knee injury Osteoarthritis
Outcome Score and the International Knee Documentation Committee Subjective Knee Form. Item importance, frequency, and
frequency-importance product were calculated.

Results: Overall, the International Knee Documentation Committee Subjective Knee Form was the highest scoring instrument in
all categories. However, 2 of the Knee injury Osteoarthritis Outcome Score subscales (“function in sport and recreation” and
“knee-related quality of life”) scored higher on mean importance and frequency-importance product than the overall International
Knee Documentation Committee Subjective Knee Form score.

Conclusion: The International Knee Documentation Committee Subjective Knee Form provided the best overall measure of symp-
toms and disabilities that are most important to this population of postoperative articular cartilage repair patients. This brings into
question the validity of using the Knee injury Osteoarthritis Outcome Score in shorter-term—less than 10 years—studies. Issues
related to sports activity appear to be highly valued and very pertinent to evaluation of outcomes for this patient group.
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Thousands of people each year experience symptoms
related to chondral defects of the knee that often threaten
quality of life (QOL), especially in an active population.'>*®
It is well established that chondral defects have a low
intrinsic capacity for repair, but surgical options are now
available to many of these patients where previously the
only option was arthroplasty.>*>®®
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Health-related QOL measures have become vital in the
implementation of evidence-based practice.”? Quality of
life in clinical medicine has been defined as “representing
the functional effect of an illness and its consequent ther-
apy upon a patient, as perceived by the patient.”63(p16> The
concerns and viewpoint of the patient are thus an integral
component in the measurement of QOL.

Patient-based measures of outcome have increased expo-
nentially during the last 20 years and are now often used as
primary and secondary measures of a treatment’s effect.'”*
The field of articular cartilage repair (ACR) is no exception,
and instruments to measure patient-reported outcome are
gaining increasing popularity for the evaluation of surgical
procedures to repair chondral defects. However, the choice of
instrument or instruments is not straightforward or clear
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TABLE 1
Results for IKDC and KOOS Items From Tanner et al®*

Endorsed by at Least
51% of Patients

Number of Items With Mean
Importance Ranking of at Least 3

Number of Items With Mean
Importance Ranking of 1 or Less

Instrument ACL Meniscal OA ACL Meniscal OA ACL Meniscal OA
IKDC (18 items) 13 (72%) 18 (100%) 18 (100%) 2 2 4 6 2 2
KOOS (42 Items) 19 (45%) 36 (86%) 38 (90%) 1 5 14 9 14 3

“IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; ACL, anterior cruciate

ligament; OA, osteoarthritis.

cut.” It was commented in a Journal of Bone and Joint
Surgery editorial that “there are almost as many sets of
questions asked as there are papers published.”3<p1583) The
author went on to state that it is important to determine
whether the questions address an issue of importance to the
patient and whether the item has been weighted according
to its importance to the patient.?

Any questionnaire used as a primary measure of
outcome must reflect areas that are important to patients
suffering from the specific disease or condition.”® This
necessitates incorporation of the patient’s perspective of
outcome in the evaluation of the impact that ACR surgery
has on an individual.***' There is currently no agreement
regarding a gold standard patient-assessed measure of the
effects of cartilage repair surgery. The comparative evalu-
ation of patient-assessed health instruments for the knee
has been recommended,” and investigators are being
urged to consider matching an instrument to the specific
purpose of the study.”

The diversity in the number of patient-based measures of
outcome used in orthopaedics presents a major methodolog-
ical issue when analyzing outcomes from published studies
on ACR.*"* Patient-based measures of outcome can be
categorized as being generic, disease-specific, population-
specific, or site-specific.'*® Site-specific instruments are
described as containing items that are particularly relevant
to patients experiencing treatment for a very specific region
of the body.” The use of site-specific measures has the pro-
posed advantage that the items in the instrument should be
more relevant to a patient group experiencing treatment for
the specific region.19 At present there are no disease-specific
instruments for chondral defects, and therefore ACR studies
generally use knee-specific instruments. It has been recom-
mended that outcome measures should be validated for use
specifically on patients with cartilage injuries.s4

In 2007, Tanner et al published the first study to compare
the ability of knee-specific QOL instruments to detect symp-
toms and disabilities that are important to patients.®® The
authors consolidated the subjective portion of 11 knee-
specific instruments and assessed the frequency and impor-
tance of each item. A mixed sample of 153 patients with ACL
rupture, isolated meniscal tears, and osteoarthritis were
recruited. Both preoperative and postoperative patients
were sampled, but the average postoperative times were not
detailed, nor were these analyzed as subgroups. The Tanner
et al results for Knee injury Osteoarthritis Outcome Score

(KOOS) and International Knee Documentation Committee
Subjective Knee Form (IKDC) are summarized in Table 1.
The authors concluded that out of the general knee instru-
ments studied, the IKDC and the KOOS contained the most
items important to patients in their population group.

Clearly research trials should use a validated question-
naire that is specific for the condition being studied.®” There
is a need to establish whether the commonly used knee-spe-
cific patient-based measures of outcome are relevant to the
actual complaints of patients who undergo cartilage repair
procedures. The aim of this study is to identify which instru-
ment out of KOOS and IKDC measures symptoms and dis-
abilities most important to postoperative ACR patients.

It is hypothesized that because chondral defects have
been shown to play an integral role in the pathogenesis of
osteoarthritis'™****™ the KOOS will provide a better meas-
ure of symptoms and disabilities that are most important
to postoperative ACR patients. The scores for both KOOS
and IKDC were expected to demonstrate an inverse rela-
tionship with postoperative time and a positive relation-
ship with age at time of surgery.

METHODS

The Instruments

Two of the most commonly used patient-based measures
of outcome in articular cartilage repair are the IKDC*
and the KOOS.?® These 2 instruments are both site-spe-
cific measures that have been developed to assess health
and QOL of patients with a knee problem. The IKDC has
been used in clinical studies on autologous chondrocyte
implantation (ACI),' osteochondral plugs,'#™163 and
microfracture.’**** The KOOS has been used in clinical
studies on ACIL"*349935474 qteochondral plugs,® and
microfracture.”® Several of the studies used both IKDC
and KOOS, but no comparative evaluations were made
between the 2 instruments.”?%*%%

International Knee Documentation Committee Subjective
Knee Form (IKDC). The IKDC is a site-specific instrument
designed to measure symptoms, function, and sports activ-
ity in patients who have one or more of a variety of knee
conditions, including ligament, meniscal, articular carti-
lage, arthritis, and patellofemoral injuries.*® The original

References 7, 16, 26, 27, 42, 46-49, 53, 61, 64, 71, 74.
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instrument was developed by an international committee
in 1987,” and the Subjective Knee Form was subsequently
added in 2000.*°

The instrument consists of 18 items related to symptoms,
function, and sports activity and is able to differentiate
patients with greater knee symptoms and lower levels of
function.” The IKDC is scored by calculating the difference
between the raw score and lowest possible score and then
dividing this difference by the range of possible scores multi-
plied by 100. Higher scores denote greater levels of function
and lower knee symptoms. This method of scoring weighs
each item according to the number of response options.

Normative data have been established for the US popu-
lation for age and gender.* Women have been found to
exhibit lower mean scores than men. It has been recom-
mended that studies with patients less than 18 years or 35
years and older should adjust the Subjective Knee Form
scores for age difference for both men and women.* The
IKDC has been shown to have an internal consistency of
0.92 and a test-retest correlation of 0.94.' The overall
IKDC score has also been shown to demonstrate accept-
able psychometric performance for outcome measures of
meniscus injuries of the knee.!*

Knee injury and Osteoarthritis Outcome Score (KOOS).
The KOOS is a site-specific instrument that was developed
with the purpose of evaluating short-term and long-term
symptoms and function in subjects with a variety of knee
injuries that could possibly result in osteoarthritis.”>***
The instrument is based on an extension of the disease-
specific Western Ontario and McMaster Universities
(WOMAC) Osteoarthritis Index.” The KOOS comprises 42
items containing 5 separately scored subscales: pain (9),
other symptoms (7), activity in daily living (ADL) (17),
function in sport and recreation (Sport/Rec) (5), and knee-
related QOL (4).* In contrast to the IKDC, in which the
items are summed to produce a single index, the KOOS
has separate scores for different health dimensions, with
higher scores signifying worse functioning in these areas.
Importantly, the KOOS is one of the few patient-assessed
knee-specific instruments where patients have been
involved in the derivation of the items.”!

The KOOS has been validated for several orthopaedic
interventions, including total knee replacement,” menis-
cectomy,57 and ACL reconstruction.”™ Population-based ref-
erence data for age and gender in an adult population has
been established.”” The KOOS has been shown to have an
internal consistency between 0.71 and 0.95°" and a test-
retest correlation of 0.75 to 0.93.%

The Tegner activity scale. The Tegner activity scale was
designed as a score of activity level to complement the func-
tional score of the Lysholm knee score for patients with
ligamentous injuries.” The instrument scores a person’s
activity level between 0 and 10 where 0 is “on sick leave/dis-
ability” and 10 is “participation in competitive sports such
as soccer at a national or international elite level.” It is the
most widely used activity scoring system for patients with
knee disorders.® The psychometric properties have been
analyzed for patellar dislocation outcomes™ and meniscal
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lesions® and have demonstrated, in general, acceptable
psychometric parameters. However, the Tegner activity
scale has not been independently, separately validated® or
psychometrically assessed specifically for ACR outcomes.

Demographic Data

The demographic data used to describe the study cohort
were self-reported date of birth and gender.

Surgical Data

Surgical data were composed of self-reported responses for
type of cartilage repair surgery, location of areas that were
repaired (including multiple), month and year of cartilage
repair surgery, and concomitant procedures.

Development of the Study Questionnaire

The online questionnaire was developed as per the method-
ology of Tanner et al®® using the questionnaire activity mod-
ule (version 2005062701) of Moodle (version 1.5.3). Moodle
is an open source software package designed using pedagog-
ical principles to help educators create effective online
learning communities (http:/moodle.org). The questionnaire
activity module is based on Hypertext Preprocessor Easy
Survey Package (phpESP) and is a tool to create surveys.
The responses from the questionnaire were stored anony-
mously using numeric reference ID numbers and exported
as comma-separated value files for analysis.

A questionnaire of 57 items was developed that included 7
items related to demographic and surgical information; 49
items were consolidated from the IKDC and the KOOS (7
items from IKDC; 31 items from KOOS; and 11 items in both
KOOS and IKDC, ie, item overlap) and the Tegner activity
scale. To compare results from this study with the Tanner
study it was necessary to make some modifications to items
from the IKDC and KOOS instruments. In line with the
Tanner study, double-barrelled items were separated into 2
items, and questions on the IKDC were changed to the pres-
ent tense rather than the standard “during the past 4 weeks.”

Participants were asked to rate the importance of a
described symptom or disability using a 6-point Likert
scale as shown in Figure 1. The final questionnaire was
pretested in a small sample of noncartilage knee repair
patients and orthopaedic colleagues for explanation of pur-
pose, clarity of questions, and ease of completion before it
was transferred to an online environment.

Participant Recruitment

The focus of this study was to assess which instrument best
measured symptoms and disabilities important to ACR
patients and not the effectiveness of any one surgical proce-
dure. Within this context, the inclusion criteria for partici-
pation was an individual who had undergone ACR of the
knee rather than a specific surgical repair procedure. The
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Sample Question: Knee is painful.

Not Experienced | Experienced | Experienced | Experienced | Experienced
experienced but not and a little and and very and
important important moderately important extremely
important important
0 1 2 3 4 5

Figure 1. Sample question and Likert Scale used in the study
questionnaire.

study was approved by the London Metropolitan
University’s ethics committee as part of a larger PhD
research study.

Participants were recruited from the KNEEguru Web
site (http://www.kneeguru.co.uk). The KNEEguru site is a
resource for people with knee problems and has more than
20 000 registered members from across the world. The Web
site is based around a dynamic bulletin board to which
individuals older than 18 years must register to interact.
Potential subjects were invited to participate in the study
via postings in relevant topic areas on the KNEEguru bul-
letin board. The purpose and aims of the study and the role
of the participants were included in the invitation as per
established guidelines for online research.”™® Self-registration
to the study and self-submission of the questionnaire was
taken as consent to participate.67 Data collection took place
during a period of 6 months between July 2007 and
January 2008. Access to the questionnaire was via a URL
link, and participants were either able to use their existing
bulletin board login details or a generic account set up
specifically for the survey. Data were only saved to a secure
server if participants chose to submit the questionnaire.
Stored data for each submitted questionnaire was linked
to a unique response identification number.

Data Analysis

All data collected via the online questionnaire were
imported into a customized database. Statistical analysis
was performed with SPSS for Windows 14.5 software (SPSS
Inc, Chicago, Ill). Nonparametric analyses were selected
based on the data not being normally distributed and the
data categories being predominantly in ordinal format.

The data were summarized using descriptive statistics.
Medians and ranges were calculated for ordinal data, but
means and standard deviations (SD) were also calculated
to make comparisons with previous research® as per pub-
lished recommendation.*’ A series of correlations were car-
ried out using Spearman’s p to identify any potential
relationships between demographic factors and items rat-
ings. The Mann-Whitney U test and Kruskal-Wallis test
were used to compare data between participant subgroups
based on age and time elapsed since ACR. Significance lev-
els were set at P < .05.

Two postoperative time categories were established com-
prising participants who were less than a year after ACR
surgery and those who were a year or more. A year was
chosen as the break point for the subgroups based on the
surgical and rehabilitation recovery timescales.’**® The
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participants were also grouped into 2 age categories: <35
years and >35 years. These age categories were chosen
based on the finding that age differences in IKDC scores
started to emerge at 35 years of age® and that an age
greater than 35 years has been shown to be a negative pre-
dictor of outcome.*®

In accordance with Tanner et al® and prior recommenda-
tions for the development of QOL questionnaires, a clinical
impact methodology was adopted.”**® The item frequency
was recorded as the number of patients who listed the item
as a problem (maximum 58). The importance ranking was
recorded as the value of each item on a Likert scale from 0
to 5 where 0 was “not experienced” and 5 was “experienced
and extremely important.” The individual patient ranking
(IPR) was calculated as the average ranking of items for
each patient. The mean importance ranking (MIR) was
recorded as the mean ranking of importance for each item.
The clinical impact was expressed as the frequency impor-
tance product (FIP) where the MIR was multiplied by the
proportion of patients experiencing a particular item.* Tt is
important to report the MIR alongside the FIP, as they rep-
resent different constructs. The MIR indicates the average
importance across all patients, including those patients
who did not experience a particular item and provides an
overall profile of the population. The FIP takes into account
that some patients may not have experienced an item, and
it therefore provides a more accurate indicator of the clini-
cal impact an item has on a patient who experiences that
particular item. A high FIP is an advantage for a health-
related QOL measure as it is an indication that not only is
an item frequently experienced but also that it is an impor-
tant symptom or disability for patients.

In addition to the overall MIR and FIP for each item in the
2 instruments, the MIR and FIP ratings across the items cor-
responding to the 5 separate KOOS subscales were also cal-
culated. These summary ratings served as indices of the
relevance and importance of the subscales in the populations:
how the particular subscale rather than individual items
were perceived and evaluated by respondents. This was not
performed for IKDC as the measure yields one overall score

In accordance with Tanner et al,®® calculations were also
made for:

e The number of items that at least 51% of the patients
rated with a value of at least 1 (experienced but not
important) on the Likert scale.

e The number of items that had an MIR of at least 3
(experienced and moderately important) on the Likert
scale.

e The number of items that had an MIR of 1 (experi-
enced but not important) or less on the Likert scale.

e The number of items that had an FIP of at least 3.

e The number of items that had an FIP of 1 or less.

RESULTS

The online survey was completed by 58 participants. Data
collection was complete except for 9 participants who
incorrectly entered their date of birth. The mean age of
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participants at the time of surgery was 35.5 years (SD, 7.7;
range, 23-49 years) and the Tegner activity scale mean
score was 2.93 (median, 2.5; range, 0-10). The most common
ACR surgical procedure was a marrow-stimulating tech-
nique (45%), followed by cell-based repair (31%), and osteo-
chondral plugs (19%). More than a quarter of the ACRs
were multiple sites (28%), with the most frequent isolated
repair areas reported as being medial femoral condyle
(28%), patella (19%), and lateral femoral condyle (17%).
Overall, 60% of patients underwent a concomitant surgical
procedure.

Table 2 displays the MIRs, frequencies, and FIPs for each
item, and Table 3 displays the overall MIRs, frequencies,
and FIPs for each of the 2 instruments. Average item MIR
was 2.81 for the IKDC (SD, 0.72) and 2.31 for the KOOS
(SD, 0.84). The IPR for the KOOS and the IKDC were sig-
nificantly correlated (p = .944; P < .01). Evaluation of the 2
measures on the 5 set criteria indicates that the IKDC out-
performed the KOOS on frequencies, MIR, and FIP ratings.

The study cohort comprised 31 women (mean age at time
of surgery, 36.3 years; SD, 7.4; range, 23-49 years) and 27
men (mean age at time of surgery, 34.6 years; SD, 8.2;
range, 21-48 years). There was no significant difference in
age at time of surgery between men and women (P = .478).
A statistically significant difference (P = .042; P < .05) was
found in time from surgery between men (13.3 months)
and women (27.4 months). However, there were no signifi-
cant correlations between time from surgery and any of
the item ratings for the women. The importance rating for
the item “knee is swollen” was significantly negatively cor-
related to the time from surgery for the men (p = .406; P <
.05). Male gender was significantly associated with a
higher Tegner activity scale score (P < .05). Table 2 indi-
cates the items where significant differences in importance
ratings were found between men and women.

KOOS

Inspection of ratings for KOOS individual items showed
that the item “modified lifestyle to avoid activities that are
potentially damaging to knee” exhibited the highest ratings
(MIR = 4.00; FIP = 3.86). At the other end of the scale, the
KOOS item “can’t straighten knee” exhibited the lowest rat-
ings (MIR = 1.10; FIP = 0.38). The 3 KOOS items that were
not experienced by at least half of the study group were
“can’t straighten knee,” “lying hurts,” and “sitting difficult.”

When the KOOS results were split into the 5 subscales as
shown in Table 4, it was evident that ADL was neither
viewed as being particularly important by this patient
cohort (ADL-MIR = 1.86) nor was it frequently experienced
(ADL-FIP = 1.32). In contrast, the subscales of function in
sports/recreation and knee-related QOL were viewed as
being more important than pain, other symptoms, and ADL
subscales (Sports/Rec MIR = 3.44; QOL-MIR = 3.72) and
were more frequently experienced (Sports/Rec FIP = 3.09;
QOL-FIP = 3.57). Many items in the KOOS, despite being
experienced, exhibited a low MIR, with 24% (10/42) of the
items exhibiting an FIP of 1 or less. These 10 items were in
the pain (3), other symptoms (1), and ADL (6) subscales.
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None of the items in the function in sports/recreation or
knee-related QOL subscales had an FIP of 1 or less.

Group comparisons between male (n = 27; mean KOOS
item score, 2.01; SD, 1.21) and female (n = 31; mean KOOS
item score, 2.58; SD, 1.19) patients indicated that female
respondents reported significantly higher KOOS item
importance ratings relative to their male counterparts (P =
.049; P < .05, respectively). There were no significant differ-
ences in MIR and FIP between male and female subjects
for the subscales of function in sports/recreation and knee-
related QOL, but the female subjects did score signifi-
cantly higher MIRs and FIPs for the pain and ADL
subscales and MIR for other symptoms (see Table 4).

Inverse correlations were noted between Tegner and
KOOS IPR, indicating the lower the Tegner score, the greater
the level of experience and importance of the symptoms and
disabilities evaluated in the KOOS (P < .01). There were no
statistically significant associations between KOOS IPR and
postoperative time (P = .942) or age at surgery (P = .487).

IKDC

Mean importance rankings and FIPs (Table 2) indicated that
the majority of the IKDC items were both frequently experi-
enced and perceived to be important. Of the 18 items in the
questionnaire, the item “difficult to participate in strenuous
activities” received the highest MIR rating (3.71), and the
item “running difficult” received the highest FIP rating
(3.29). The item that scored lowest for both MIR (1.21) and
FIP (0.60) was “sitting difficult.” In addition, “sitting difficult”
was the only IKDC item that was not experienced by at least
half of the study group. The IKDC contained 4 items that
were not experienced by at least 76% of the participants.
Those items were “sitting difficult” with participant frequen-
cies of experience of 50% (29 of 58); “knee locks, catches, or
hangs up when moving” with 69% (40 of 58); “swelling limits
strenuous activities” 67% (39 of 58); and “giving way limits
strenuous activities” with 69% (40 of 58).

Group comparisons between male (n = 27; mean IKDC
item score, 2.57; SD, 1.24) and female (n = 31; mean IKDC
item score, 3.02; SD, 1.31) patients indicated that female
respondents did not report significantly higher MIR or FIP
relative to their male counterparts (see Table 4).

A higher Tegner activity scale score was significantly asso-
ciated with a lower IPR for IKDC (P < .01). There were no
statistically significant associations between IKDC IPR and
postoperative time (P = .889) or age at surgery (P = .304).

DISCUSSION

In the new era of medical research, patients’ outcomes
other than morbidity and mortality now provide a signifi-
cant contribution to the discussion and evaluation of most
surgical interventions. In ACR research, a 1:1 correspon-
dence between objective indices of procedural success (eg,
histology, arthroscopic indentation, or MRI), and patients’
symptomatology and functional capacity has not been

Downloaded from http://ajs.sagepub.com at LONDON METROPOLITAN UNIV on August 28, 2008

© 2008 American Orthopaedic Society for Sports Medicine. All rights reserved. Not for use or

ized distribution.




1700 Hambly and Griva The American Journal of Sports Medicine

TABLE 2
Mean Importance Ranking, Item Frequency of Experience, and Clinical Impact (FIP) for Each Item”

Mean Importance Item Frequency of

Item Description Instrument Ranking (median; range) Experience (max 58)  Clinical Impact (FIP)
Knee is painful IKDC & KOOS 3.33 (4.0; 0-5) 55 3.16
Knee is stiff IKDC 2.50 (2.5; 0-5) 48 2.07
Knee is swollen® IKDC & KOOS 2.02 (2.0; 0-5) 44 1.53
Knee stiff after first waking in morning” KOOS 2.00 (2.0; 0-5) 42 1.45
Knee stiff after sitting, lying, or resting ~ KOOS 2.34 (3.0; 0-5) 46 1.86
later in the dayb
Knee locks, catches, or hangs up IKDC & KOOS 2.16 (2.0; 0-5) 40 1.49
when movingb
Knee grinds, grates, or clicks when KOOS 2.59 (3.0; 0-5) 51 2.27
knee moves
Can’t straighten knee fully KOOS 1.10 (0; 0-5) 20 0.38
Can’t bend knee fully KOOS 1.83 (1.0; 0-5) 35 1.10
Twisting/pivoting on knee is painful KOOS 2.95 (4.0; 0-5) 46 2.34
Straightening knee fully hurts KOOS 1.52 (1.0; 0-5) 33 0.86
Bending knee fully hurts KOOS 1.84 (1.0; 0-5) 38 1.21
Walking on a flat surface hurts’ KOOS 1.79 (1.0; 0-5) 36 1.11
Going up stairs hurts® KOOS 2.72 (3.0; 0-5) 48 2.25
Going down stairs hurts® KOOS 2.72 (3.0; 0-5) 48 2.25
Knee hurts at night when in bed® KOOS 1.95 (2.0; 0-5) 40 1.34
Sitting hurts KOOS 1.48 (1.0; 0-5) 31 0.79
Lying hurts* KOOS 1.33 (1.0; 0-5) 29 0.69
Standing hurts KOOS 2.02 (2.0; 0-5) 40 1.39
Going down stairs is difficult® IKDC & KOOS 2.71 (3.0; 0-5) 46 2.15
Going up stairs is difficult IKDC & KOOS 2.79 (3.0; 0-5) 48 2.31
Rising from sitting is difficult IKDC & KOOS 2.28 (2.0; 0-5) 47 1.84
Standing is difficult KOOS 1.93 (1.5; 0-5) 40 1.33
Bending to the floor is difficult KOOS 2.45 (2.0; 0-5) 40 1.69
Walking on a flat surface is difficult KOOS 1.67 (1.0; 0-5) 35 1.01
Getting in/out of car is difficult KOOS 1.84 (2.0; 0-5) 42 1.34
Going shopping is difficult® KOOS 1.83 (2.0; 0-5) 40 1.26
Putting on and taking off socks is KOOS 1.13 (1.0; 0-5) 29 0.58
difficult
Lying in bed and maintaining knee KOOS 1.26 (1.0; 0-4) 32 0.69
position is difficult
Getting in/out of bath is difficult KOOS 1.41 (1.0; 0-5) 36 0.88
Sitting is difficult IKDC & KOOS 1.21 (0.5; 0-5) 29 0.60
Getting on/off toilet is difficult KOOS 1.62 (1.0; 0-5) 36 1.01
Heavy domestic duties are difficult KOOS 2.79 (3.0; 0-5) 51 2.46
Light domestic duties are difficult KOOS 1.57 (1.0; 0-5) 34 0.92
Squatting is difficult IKDC & KOOS 3.19 (4.0; 0-5) 51 2.80
Running is difficult IKDC & KOOS 3.67 (5.0; 0-5) 52 3.29
Jumping is difficult IKDC & KOOS 3.47 (5.0; 0-5) 52 3.11
Stopping and starting quickly is difficult IKDC 3.50 (4.0; 0-5) 52 3.14
Twisting/pivoting on knee is difficult KOOS 3.62 (4.0; 0-5) 54 3.37
Kneeling is difficult IKDC & KOOS 3.28 (4.0; 0-5) 51 2.88
Lack of confidence in knee KOOS 3.71 (4.0; 0-5) 56 3.58
Often aware of knee problem KOOS 3.79 (4.5; 0-5) 56 3.66
Modified lifestyle to avoid activities KOOS 4.00 (5.0; 0-5) 56 3.86
that are potentially damaging to knee
General difficulty with knee KOOS 3.4 (4.0; 0-5) 54 3.16
Knee limits daily activities IKDC 3.24 (4.0; 0-5) 50 2.79
Knee pain limits strenuous activities IKDC 3.62 (4.0; 0-5) 51 3.18
Swelling limits strenuous activities IKDC 2.00 (2.0; 0-5) 39 1.34
Giving way limits strenuous activities = IKDC 1.93 (1.0; 0-5) 40 1.33
Difficult to participate in strenuous IKDC 3.71 (5.0; 0-5) 51 3.26

activities on a regular basis

“FIP, frequency-importance product; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis

Outcome Score.

®Significant difference in ratings between males and females (P < .05)
“Significant difference in ratings between males and females (P < .01)
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TABLE 3
Results of Mean Importance Ranking, Experience Frequency, and Frequency-Importance
Product for the IKDC and Overall KOOS*

IKDC KOOS
Items on instrument 18 42
Number of items with an MIR® of 3 or more (%) 9 (50) 10 (24)
Number of items with an MIR® of 1 or less (%) 0(0) 0 (0)
Number of items experienced by at least 51% of patients (%) 17 (94) 38 (90)
Number of items experienced by at least 76% of patients (%) 14 (78) 20 (48)
Number of items with FIP of at least 3 (%) 6 (33) 8 (19)
Number of items with FIP of 1 or less (%) 1(6) 10 (24)

“IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; MIR, mean importance

ranking; FIP, frequency-importance product.

®Score on a Likert scale of 0 to 5, with 0 being “not experienced” and 5 being “experienced and very important.”

TABLE 4
Mean MIR and Mean FIP for All Items in IKDC, Overall KOOS, and KOOS Subscales
for the Total Cohort and Male and Female Subgroups®

Mean MIR Mean FIP
Instrument All Male Female All Male Female
IKDC overall 2.81 2.57 3.02° 2.35 2.11 2.59°
KOOS overall 2.31 2.01 258 1.81 1.52 2.11°
KOOS Subscales
Pain 2.16 1.72 2.53° 1.58 1.16 2.01°
Other symptoms 2.00 1.57 2.39° 1.44 1.05 1.86
Function in daily living (ADL) 1.86 1.58 2.11° 1.32 1.03 1.62°
Function in sports/recreation 3.44 3.45 3.44° 3.09 3.07 3.11°
Knee-related quality of life 3.72 3.54 3.89° 3.57 3.41 3.70°

“MIR, mean importance ranking; FIP, frequency-importance product; IKDC, International Knee Documentation Committee; KOOS, Knee

injury and Osteoarthritis Outcome Score.
®No significant difference between males and females (P < .05).
“Significant difference between males and females (P < .05).

established. The need to consider the patient’s perspective
has led to the development of numerous measures and
instruments to assess and quantify patients’ experience
and evaluation of knee functioning. Typically these meas-
ures focus on a range of symptoms and disabilities, indices
of functional capacity, and performance of daily and other
valued activities that are thought to be generally applica-
ble to all patients with knee-related pathology and dys-
function. The present study was designed to examine and
compare 2 of the most widely used knee-specific patient
reported measures in the field, namely the IKDC and
KOOS, on the extent to which they assess symptoms and
disabilities that are frequently experienced and are ranked
as important by patients that have undergone ACR.
Taken collectively, study findings indicate that although
both questionnaires comprise items that are experienced by
at least half of the respondents, their relative importance
ratings vary greatly. It is of note, for instance, that knee
pain was experienced by 95% of respondents, yet it was not

considered to be as important as, for instance, difficulty
running or participating in strenuous activities. Similarly,
items associated with pain or difficulty with bending or
straightening the knee were scored low, with mean FIPs
ranging from 0.38 to 1.21, compared with functional activi-
ties such as items associated with going up or down stairs,
which scored mean FIPs of 2.15 to 2.31. This suggests that
evaluation of symptoms should be secondary to the evalua-
tion of functional problems and performance limitations
and activity restrictions, as these appear to be more impor-
tant to patients.

Despite yielding similar results in terms of the psychomet-
ric properties such as internal consistency and construct
validity,»'**9%35056% eyaluation of the 2 instruments on rel-
evance and importance indices point to the IKDC as the
instrument of choice for cartilage repair patients. Across all
criteria, IKDC performed consistently better than KOOS. The
IKDC contained more items that are both frequently experi-
enced and considered to be important by patients. Half of the

Downloaded from http://ajs.sagepub.com at LONDON METROPOLITAN UNIV on August 28, 2008

© 2008 American Orthopaedic Society for Sports Medicine. All rights reserved. Not for use or

ized distribution.




1702 Hambly and Griva

items (n = 9; 50%) in the IKDC received an MIR of 3 or more
(out of a possible 5) suggesting that on the whole, the instru-
ment is tapping into issues that are key in determining how
patients make judgments and evaluate their postoperative
experience and functioning. This is a particularly intriguing
finding because the IKDC was developed by experts without
any direct patient input. The convergence of views among
health care professionals and recipients of care is encouraging
in the context of newly shared models of health care and deci-
sion making. On the other hand, this population of patients
did not evaluate the KOOS items as favorably. Despite the
fact that there were no KOOS items with an MIR of 1 (“expe-
rienced but not important”) or less (out of a possible 5), a sub-
stantial number of items received low FIPs of 1 or less (n=10;
24%) suggesting that the KOOS demonstrated a higher level
of construct irrelevance than the IKDC. There are several
plausible explanations for this finding. One reason the KOOS
may have exhibited a higher number of irrelevant items is
that it includes all WOMAC items and focuses on longer term
consequences of osteoarthritis.® Additionally, the pilot study
that was conducted to identify the subjectively most relevant
factors and subsequently derive the items for the KOOS
instrument ranged in age from 35 to 76 years (mean, 56
years) and all showed radiological signs of knee osteoarthri-
tis.”"% The KOOS covers immediate consequences and also
the chronic outcome in the older patient, that is, late-dis-
ease—specific symptoms of osteoarthritis. However, the natu-
ral development of osteoarthritis after knee joint injury can
commonly take 10 to 15 years.*"****™ This brings into ques-
tion the validity of using the KOOS in short-term studies of
less than 10 years postoperative follow-up, especially as cur-
rent clinical research guidelines for ACR procedures recom-
mend a minimum of only 2 years’ follow-up.

It is also important to note the divergence of patients’
views regarding the importance of various KOOS domains
and subscales. The majority of the items that received low
FIP ratings were in the pain, other symptoms, and ADL
subscales. Items in the subscales on sports and recreation
such as running and jumping were both perceived to be
important (MIR = 3.44 and 3.72, respectively) and were
frequently experienced (FIP = 3.09 and 3.57, respectively).
An opposite pattern of results has been noted in the Tanner
et al®® study, in that disabilities pertaining to participation
in moderate to vigorous sports were rated the least impor-
tant among osteoarthritis patients. Discrepancies in patient
characteristics are likely to account for this differential pat-
tern of results. Our study sample consisted of predomi-
nantly young adults (mean age at time of surgery, 35.5
years) compared with the osteoarthritis group in Tanner
et al (mean age, 59.9 years). These differences were antici-
pated as children and individuals older than 55 years of age
are usually excluded in ACR procedures.' This is consistent
with the age profile—reported in years—of ACR patients in
recently published studies: Horas et al*® (mean, 33.4; range,
18-44), Knutsen et al*’ (mean, 32.2; range, 18-45), Bentley
et al® (mean, 31.3; range, 16-49), and Kreuz et al®® (mean, 35;
range, 18-50). Patients eligible for ACR procedures therefore
tend to be a younger segment of the patient population com-
pared to the osteoarthritis patient population.

The American Journal of Sports Medicine

There were some pertinent differences in the results
between the male and female subjects in the study popula-
tion. The higher Tegner Activity Score for the male subjects
was an expected outcome. The statistically significant differ-
ence in the overall KOOS ratings between men and women
was unexpected. When the KOOS subscales are considered,
it appears that women tend to rate several items in the
pain, other symptoms, and ADL subscales higher in impor-
tance than men. However, there was a statistically signifi-
cant difference in the time from surgery between male and
female subjects, the potential implications of which will be
discussed later. For the IKDC, although the women reported
higher overall ratings, the lack of a statistically significant
difference from the men may be an indication that the IKDC
is influenced less by gender than the KOOS. Potential gen-
der differences in ratings of outcome measures have impor-
tant implications in the comparative analysis of clinical
studies, and further research is required in this area.

The findings of the current study should be considered in
light of 2 limitations. The first methodological limitation
relates to the cross-sectional design of this study, which pre-
cludes inferences on the sensitivity or responsiveness of the
2 measures over time. The second methodological issue
relates to the sample size and representiveness. The sam-
pling for this study was via online self-selection from a forum
for people with knee problems. In the author’s experiences of
working with online knee forums, it has been found that
when an individual’s knee problem has either been signifi-
cantly reduced or eliminated, they frequently leave the
forum and do not return unless they encounter a subsequent
knee problem. Therefore it is proposed that as postoperative
time increases, a continued active presence on a forum such
as KNEEguru may be an indication of an individual experi-
encing higher levels of symptoms and disabilities than those
people with the same postoperative time who have left the
forum. This may explain why the women in this study
demonstrated higher MIRs and FIPs for both instruments
as, despite the genders being age-matched, there was a
significant difference in the time from surgery, with men
completing the survey at an average of 13 months postoper-
atively and the women at 27 months. If this is the case, the
use of online participant recruitment through forums may
mean that the results of this study cannot be generalized to
the broader ACR patient population. However, these online
forums are an important support mechanism for a growing
number of orthopaedic patients worldwide and as such war-
rant evaluation in their own right.

Potential confounding variables that were not evaluated
in this study included cultural differences, pain medica-
tion, body mass index, symptom duration, or compliance
with rehabilitation. Conducting further studies on the
broader cartilage repair population not represented in this
study would be a fruitful endeavor, and recruiting even
larger samples to enable effective multigroup analysis
should be pursued in future research. Despite the limita-
tions, the study findings build on previous work by Tanner
et al® to further the case that we need to look at the rele-
vance of knee-specific patient-reported measures in the
context of the specific population under study.
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In conclusion, both the IKDC Subjective Knee Form and
the KOOS contained a large number of items that were
experienced by, and are important to, this population of
ACR patients. The study findings point to the IKDC
Subjective Knee Form being the knee-specific instrument
of choice for this population of ACR patients due to its
overall performance compared with the KOOS.

ACKNOWLEDGMENT

The authors thank Professor Eileen O’Keefe of London
Metropolitan University for her ongoing research supervi-
sory support and the Chartered Society of Physiotherapy
for a PhD professional development award. The authors
gratefully acknowledge the input of Dr Sheila Strover of the
KNEEguru Web site and extend special thanks to everyone
who gave up their time to participate in the study.

REFERENCES

1. Alford JW, Cole BJ. Cartilage restoration, part 1: basic science, his-
torical perspective, patient evaluation, and treatment options. Am J
Sports Med. 2005;33(2):295-306.

. Alford JW, Cole BJ. Cartilage restoration, part 2: techniques, out-
comes, and future directions. Am J Sports Med. 2005;33(3):443-460.
3. Amadio PC. Outcomes measurements. J Bone Joint Surg Am.

1993;75:1583-1584.

4. Anderson AF, Irrgang JJ, Kocher MS, Mann BJ, Harrast JJ,
IKDC Committee. The International Knee Documentation Committee
Subjective Knee Evaluation Form: normative data. Am J Sports Med.
2006;34(1):128-135.

5.Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.
Validation study of WOMAC: a health status instrument for measuring
clinically important patient-relevant outcomes to antirheumatic drug
therapy in patients with osteoarthritis of the hip or knee. J Rheumatol.
1988;15(12):1833-1840.

6. Bentley G, Biant LC, Carrington RW, et al. A prospective, randomized
comparison of autologous chondrocyte implantation versus mosaic-
plasty for osteochondral defects in the knee. J Bone Joint Surg Br.
2003;85(2):223-230.

7.Bevilacqua C, Gigante A, Ricevuto A, Cappella M, Greco F.
Membrane-seeded autologous chondrocyte implantation: clinical and
histological results at 24 months after surgery. J Bone Joint Surg Br.
2006;88(Suppl 11):427.

8. Briggs KK, Kocher MS, Rodkey WG, Steadman JR. Reliability, valid-
ity, and responsiveness of the Lysholm knee score and Tegner activ-
ity scale for patients with meniscal injury of the knee. J Bone Joint
Surg Am. 2006;88(4):698-705.

9. The British Psychological Society. Report of the Working Party on
Conducting Research on the Internet. Guidelines for Ethical Practice
in Psychological Research Online. Leicester, UK: The British
Psychological Society; 2007.

10. Bryant D, Norman G, Stratford P, Marx RG, Walter SD, Guyatt G.
Patients undergoing knee surgery provided accurate ratings of preop-
erative quality of life and function 2 weeks after surgery. J Clin
Epidemiol. 2006;59(9):984-993.

11. Cain EL, Clancy WG. Treatment algorithm for osteochondral injuries
of the knee. Clin Sports Med. 2001;20(2):321-342.

12. Chow J, Hantes M, Houle J, Zalavras C. Arthroscopic autogenous
osteochondral transplantation for treating knee cartilage defects: a 2-
to 5-year follow-up study. Arthroscopy. 2004;20(7):681-690.

13. Clatworthy M, Young S, Deverall H, Harper T. Treatment of full thick-
ness articular cartilage defects with microfracture. J Bone Joint Surg
Br. 2006;88(Suppl 11):316-317.

N

IKDC or KOOS for Articular Cartilage Repair Patients? 1703

14. Crawford K, Briggs KK, Rodkey WG, Steadman JR. Reliability, validity
and responsiveness of the IKDC score for meniscus injuries of the
knee. Arthroscopy. 2007;23(8):839-844.

. Delcogliano A, Caporaso A, Menghi A, Rinonapoli G, Chiossi S.
Results of autologous osteochondral grafts in chondral lesions of the
knee. Minerva Chir. 2002;57(3):273-281.

16. Dozin B, Malpeli M, Cancedda R, et al. Comparative evaluation of
autologous chondrocyte implantation and mosaicplasty: a multicen-
tered, randomized clinical trial. Clin J Sport Med. 2005;15(4):220-226.

17. Drongowski RA, Coran AG, Wojtys EM. Predictive value of meniscal
and chondral injuries in conservatively treated anterior cruciate liga-
ment injuries. Arthroscopy. 1994;10(1):97-102.

18. Ess C. Ethical decision making and Internet research: recommenda-
tions from the AoIR ethics working committee. Available at:
http://www.aoir.org/reports/ethics.pdf. Accessed July 30, 2007.

. Fitzpatrick R, Davey C, Buxton MJ, Jones DR. Evaluating patient-
based outcome measures for use in clinical trials. Health Technol
Assess. 1998;2(14):i-iv, 1-74.

. Garratt A, Schmidt L, Mackintosh A, Fitzpatrick R. Quality of life
measurement: bibliographic study of patient-assessed health out-
come measures. BMJ. 2002;324(7351):1417.

. Garratt AM, Brealey S, Gillespie WJ, DAMASK Trial Team. Patient-
assessed health instruments for the knee: a structured review.
Rheumatology. 2004;43(11):1414-1423.

22. Gobbi A, Nunag P, Malinowski K. Treatment of full-thickness chondral
lesions of the knee with microfracture in a group of athletes. Knee
Surg Sports Traumatol Arthrosc. 2005;13(3):213-221.

23. Guyatt GH, Bombardier C, Tugwell PX. Measuring disease-specific
quality of life in clinical trials. CMAJ. 1986;134(8):889-895.

24.Hambly K, Bobic V, Wondrasch B, Van Assche D, Marlovits S.
Autologous chondrocyte implantation postoperative care and rehabili-
tation: science and practice. Am J Sports Med. 2006;34(6):1020-1038.

25. Hambly K, Van Assche D, Wondrasch B, Bobic V, Marlovits S. Current
status and prospects for rehabilitation following cell-based cartilage
repair. In: Zanasi S, Brittberg M, Marcacci M, Nehrer S, eds. Basic
Science and Clinical Repair of Articular Cartilage Defects: Current
Status and Prospects. Bologna, Italy: Timeo Editore; 2006.

26. Henderson |, Tuy B, Connell D, Oakes B, Hettwer W. Prospective clin-
ical study of autologous chondrocyte implantation and correlation with
MRI at 3 and 12 months. J Bone Joint Surg Br. 2003;85(7):1060-1066.

27.Henderson |J, Lavigne P. Periosteal autologous chondrocyte implan-
tation for patellar chondral defect in patients with normal and abnor-
mal patellar tracking. Knee. 2006;13(4):274-279.

28.Horas U, Pelinkovic D, Herr G, Aigner T, Schnettler R. Autologous
chondrocyte implantation and osteochondral cylinder transplantation
in cartilage repair of the knee joint. A prospective, comparative trial. J
Bone Joint Surg Am. 2003;85(2):185-192.

.Irrgang JJ, Anderson AF. Development and validation of health-
related quality of life measures for the knee. Clin Orthop Relat Res.
2002;402:95-109.

.Irrgang JJ, Anderson AF, Boland AL, et al. Development and valida-
tion of the International Knee Documentation Committee Subjective
Knee Form. Am J Sports Med. 2001;29(5):600-613.

.Irrgang JJ, Anderson AF, Boland AL, et al. Responsiveness of the
International Knee Documentation Committee Subjective Knee Form.
Am J Sports Med. 2006;34(10):1567-1573.

32. Irrgang JJ, Ho H, Harner CD, Fu FH. Use of the International Knee
Documentation Committee guidelines to assess outcome following
anterior cruciate ligament reconstruction. Knee Surg Sports
Traumatol Arthrosc. 1998;6(2):107-114.

.Irrgang JJ, Snyder-Mackler L, Wainner RS, Fu FH, Harner CD.
Development of a patient-reported measure of function of the knee. J
Bone Joint Surg Am. 1998;80(8):1132-1145.

34. Jakobsen RB, Engebretsen L, Slauterbeck JR. An analysis of the
quality of cartilage repair studies. J Bone Joint Surg Am.
2005;87(10):2232-2239.

.Johnson DS, Smith RB. Outcome measurement in the ACL deficient
knee—what’s the score? Knee. 2001;8(1):51-57.

1

o

1

o

2

o

2

pre

2

©

3

o

3

g

3

w

3

(&)}

Downloaded from http://ajs.sagepub.com at LONDON METROPOLITAN UNIV on August 28, 2008

© 2008 American Orthopaedic Society for Sports Medicine. All rights reserved. Not for use or

ized distribution.




1704 Hambly and Griva

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Juniper EF, Guyatt GH, Streiner DL, King DR. Clinical impact versus
factor analysis for quality of life questionnaire construction. J Clin
Epidemiol. 1997;50(3):233-238.

Knutsen G, Engebretsen L, Ludvigsen TC, et al. Autologous chondro-
cyte implantation compared with microfracture in the knee. A ran-
domized trial. J Bone Joint Surg Am. 2004;86(3):455-464.

Kreuz PC, Steinwachs M, Erggelet C, et al. Importance of sports in
cartilage regeneration after autologous chondrocyte implantation: a
prospective study with a 3-year follow-up. Am J Sports Med.
2007;35(8):1261-1268.

Lahav A, Burks RT, Greis PE, Chapman AW, Ford GM, Fink BP.
Clinical outcomes following osteochondral autologous transplanta-
tion (OATS). J Knee Surg. 2006;19(3):169-173.

LaValley MP, Felson DT. Statistical presentation and analysis of
ordered categorical outcome data in rheumatology journals. Arthritis
Rheum. 2002;47(3):255-259.

Lohmander LS, Roos H. Knee ligament injury, surgery, and
osteoarthrosis. Truth or consequences? Acta Orthop Scand.
1994;65(6):605-609.

Marcacci M, Berruto M, Brocchetta D, et al. Articular cartilage engi-
neering with hyalograft(R) C: 3-year clinical results. Clin Orthop Relat
Res. 2005;435:96-105.

Marlovits S, Singer P, Zeller P, Mandl I, Haller J, Trattnig S. Magnetic
resonance observation of cartilage repair tissue (MOCART) for the
evaluation of autologous chondrocyte transplantation: determination
of interobserver variability and correlation to clinical outcome after 2
years. Eur J Radiol. 2006;57(1):16-23.

Messner K, Maletius W. The long-term prognosis for severe damage
to weight-bearing cartilage in the knee: a 14-year clinical and radi-
ographic follow-up in 28 young athletes. Acta Orthop Scand.
1996;67(2):165-168.

Mithoefer K, Gill TJ, Giza E, Mandelbaum B, Peterson L, Minas T.
Treatment of full-thickness articular cartilage lesions of the knee in
high-demand athletes with autologous chondrocyte transplantation.
Orthopaedic Journal at Harvard Medical School. 2002(4):77-79.
Available at http://www.orthojournalhms.org/ojhms2002/manu-
scripts/manuscripts-05.htm. Accessed April 21, 2008.

Mithoefer K, Williams RJ, Warren RF, et al. Chondral resurfacing of
articular cartilage defects in the knee with the microfracture tech-
nique. Surgical technique. J Bone Joint Surg Am. 2006;88 (Suppl 1)
Pt 2:294-304.

Oakes B, Henderson |, Lavigne P, Valenzuela H, Little C. Autologous
chondrocyte implantation: objective assessment of cartilage repair by
second-look arthroscopy, indentometry, and biopsy. Journal of
Science and Medicine in Sport. 2006;9(Suppl 1):5-6.

Ochs BG, Muller-Horvat C, Rolauffs B, Fritz J, Weise K, Schewe B.
Treatment of osteochondritis dissecans of the knee: 1-step procedure
with bone grafting and matrix-supported autologous chondrocyte
transplantation [in German]. Z Orthop Unfall. 2007;145(2):146-151.
Ossendorf C, Kaps C, Kreuz PC, Burmester GR, Sittinger M, Erggelet
C. Treatment of posttraumatic and focal osteoarthritic cartilage
defects of the knee with autologous polymer-based 3-dimensional
chondrocyte grafts: 2-year clinical results. Arthritis Res Ther.
2007;9(2):R41.

Paradowski PT, Bergman S, Sunden-Lundius A, Lohmander LS, Roos
EM. Knee complaints vary with age and gender in the adult population.
Population-based reference data for the Knee injury and Osteoarthritis
Outcome Score (KOOS). BMC Musculoskelet Disord. 2006;7:38.
Paradowski PT, Englund M, Roos EM, Lohmander LS. Similar group
mean scores, but large individual variations in patient-relevant outcomes
over 2 years in meniscectomized subjects with and without radiographic
knee osteoarthritis. Health Qual Life Outcomes. 2004;2:38.

Paxton E, Fithian D, Stone M, Silva P. The reliability and validity of
knee-specific and general health instruments in assessing acute
patellar dislocation outcomes. Am J Sports Med. 2003;31(4):487-492.
Podskubka A, Povysil C, Kubes R, Sprindrich J, Sedlacek R. Treatment
of deep cartilage defects of the knee with autologous chondrocyte
transplantation on a hyaluronic acid ester scaffolds (Hyalograft C) [in
Czech). Acta Chir Orthop Traumatol Cech. 2006;73(4):251-263.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

The American Journal of Sports Medicine

Robertson WB, Fick D, Wood DJ, Linklater JM, Zheng MH, Ackland
TR. MRI and clinical evaluation of collagen-covered autologous chon-
drocyte implantation (CACI) at 2 years. Knee. 2007;14(2):117-127.
Roos EM. What is the patient’s opinion of their knee? Experience from
using the Knee injury and Osteoarthritis Outcome Score (KOOS).
Presented at: International Cartilage Repair Society Congress;
September 30, 2007; Warsaw, Poland (Session 5.1).

Roos EM, Lohmander LS. The Knee injury and Osteoarthritis
Outcome Score (KOOS): from joint injury to osteoarthritis. Health Qual
Life Outcomes. 2003;1(1):64.

Roos EM, Roos HP, Ekdahl C, Lohmander LS. Knee injury and
Osteoarthritis Outcome Score (KOOS)—validation of a Swedish ver-
sion. Scand J Med Sci Sports. 1998;8(6):439-448.

Roos EM, Roos HP, Lohmander LS, Ekdahl C, Beynnon BD. Knee
Injury and Osteoarthritis Outcome Score (KOOS)—development of a
self-administered outcome measure. J Orthop Sports Phys Ther.
1998;28(2):88-96.

Roos EM, Toksvig-Larsen S. Knee injury and Osteoarthritis Outcome
Score (KOOS)—validation and comparison to the WOMAC in total
knee replacement. Health Qual Life Outcomes. 2003;1(1):17.

Roos H, Lauren M, Adalberth T, Roos EM, Jonsson K, Lohmander LS.
Knee osteoarthritis after meniscectomy: prevalence of radiographic
changes after 21 years compared with matched controls. Arthritis
Rheum. 1998;41(4):687-693.

Rosa D, Leopardi P, di Vico G, lacono V, Di Costanzo M. Autologous
chondrocyte transplantation with arthroscopic technique: our experi-
ence. J Bone Joint Surg Br. 2005;87(Suppl 11):198.

Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS.
Evidence-based medicine: what it is and what it isn’t. BMJ.
1996;312(7023):71-72.

Schipper H, Clinch J, Olweny L. Quality of life studies: definitions and
conceptual issues. In: Spilker B, ed. Quality of Life and
Pharmacoeconomics in Clinical Trials. 2nd ed. Philadelphia, PA:
Lippincott-Raven; 1996:11-23.

Scorrano A, Biggi F, D’Antimo C, Maffei A. Arthroscopic autologous
chondrocyte implantation: 3-year follow-up. J Bone Joint Surg Br.
2005;87(Suppl 11):202.

Shah MR, Kaplan KM, Meislin RJ, Bosco JA 3rd. Articular cartilage
restoration of the knee. Bull NYU Hosp Jt Dis. 2007;65(1):51-60.
Steadman JR, Briggs KK, Rodrigo JJ, Kocher MS, Gill TJ, Rodkey
WG. Outcomes of microfracture for traumatic chondral defects of the
knee: average 11-year follow-up. Arthroscopy. 2003;19(5):477-484.
Stevens M, van den Akker-Scheek |, van Horn JR. A Dutch translation of
the Self-Efficacy for Rehabilitation Outcome Scale (SER): a first impres-
sion on reliability and validity. Patient Educ Couns. 2005;58(2):121-126.
Tanner SM, Dainty KN, Marx RG, Kirkley A. Knee-specific quality-of-
life instruments: which ones measure symptoms and disabilities most
important to patients? Am J Sports Med. 2007;35(9):1450-1458.
Tegner Y, Lysholm J. Rating systems in the evaluation of knee liga-
ment injuries. Clin Orthop Relat Res. 1985;198:43-49.

Vanlauwe J, Aimqvist F, Bellemans J, Huskin JP, Verdonk R, Victor J.
Repair of symptomatic cartilage lesions of the knee the place of
autologous chondrocyte implantation. Acta Orthop Belg. 2007;73(2):
145-158.

Visna P, Pasa L, Cizmar I, Hart R, Hoch J. Treatment of deep cartilage
defects of the knee using autologous chondrograft transplantation
and by abrasive techniques—a randomized controlled study. Acta
Chir Belg. 2004;104(6):709-714.

von Porat A, Roos EM, Roos H. High prevalence of osteoarthritis 14
years after an anterior cruciate ligament tear in male soccer players:
a study of radiographic and patient-relevant outcomes. Ann Rheum
Dis. 2004;63(3):269-273.

Wang Y, Ding C, Wiuka AE, et al. Factors affecting progression of
knee cartilage defects in normal subjects over 2 years. Rheumatology
(Oxford). 2006;45(1):79-84.

Wood DJ, Zheng MH, Robertson WB, Ackland TR. A West Australian
experience of collagen-covered and matrix-induced autologous
chondrocyte implantation (ACI). J Bone Joint Surg Br. 2005;87(Suppl
111):323-324.

Downloaded from http://ajs.sagepub.com at LONDON METROPOLITAN UNIV on August 28, 2008

© 2008 American Orthopaedic Society for Sports Medicine. All rights reserved. Not for use or

ized distribution.




