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Definitions and abbreviations

Ceiling effect— The property of scoring the worst  fined statistically as the variation between indi-
possible score on a questionnaire such that aviduals within a study group, although some-
repeated application would not be capable of times the variation between individuals is the
demonstrating a worse score if the patient clin- signal of interest in health outcomes research.

ically deteriorated. Outcome— The result or effect of a defined inter-

Domain — A sub-score within a questionnaire vention.
meant to covera sp_euf!c condltlo_n Of.mt.ereerxford-lz — Oxford-12 Item Knee Score (site
e.g., Body Pain, which is a domain within the - . .
specific questionnaire).
SF-36.
Patient burden — The amount of time and assis-

Feasibility — The average usable response rate for . L
. . . . tance required by a patient in order to complete
a questionnaire when self-administered in a . . .
a given questionnaire.

postal survey.

. PIN - P [ ification N
Floor effect — The property of scoring the best ersonal Identification Number

possible score on a questionnaire such that a IQuestionnaire (Disease Specific} A question-
peated application would not be capable of naire designed to measure an outcome in a pa-
demonstrating an improvement in score if the tient population with a similar disease state.

i inically improved. . . .
patient clinically improved Questionnaire (General Health)— A question-

ICC — Intraclass correlation coefficient, often naire designed to measure an outcome in a gen-
used when assessing test-retest reliability on eral patient population regardless of disease
ordinal scales. state.

Imputation — Computer assisted completion ofQuestionnaire (Site Specific)}- A questionnaire
missing items from a questionnaire based on designed to measure an outcome in a patient
how associated items within the questionnaire population regarding a specific joint involved
were answered. in a disease process.

Item — A single question within a domain or quesReliability (internal consistency)— The extent to
tionnaire. which items within a domain measure the same

. bject of interest.
Lequesne— Lequesne Algofunctional Knee Index Sub)

(site specific questionnaire). Reliability (test-retest) — The property of a ques-
tionnaire that yields the same or similar score
when applied on repeated applications and no
clinically relevant change has occurred.

Likert Scale — A rating scale in which raters ex-
press their opinions on a given subject by
marking a box within a continuum of disagree-
agree statements. Response rate- The percentage of questionnaires

returned by patients who were assumed to be

alive and living at the address to which the

NHP — Nottingham Health Profile (general health questionnaire was sent.
questionnaire).

NCR — National Census Registry

Responsiveness The property of a questionnaire
Noise— Any part of an observation that does not that yields different scores when applied on re-
contribute to the signal of interest. Often de- peated applications and a clinically relevant
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change has occurred. TKA — Total knee arthroplasty.

Revision— The addition, exchange, or removal ofJKA — Unicompartmental knee arthroplasty.

hetic kn mponen .- ) . .
an endoprosthetic knee component Validity — The extent to which a questionnaire ap-

ROC curve — Receiver Operating Characteristic propriately measures the condition of interest.

Curve Validity (construct) — The extent to which a

SF-12— 12-Item Short-Form Health Survey (gen- questionnaire correlates to a theoretical model
eral health questionnaire). (construct) that also measures the condition of

SF-36— 36-Item Short-Form Health Survey (gen- merest

eral health questionnaire). Validity (content) — The extent to which a ques-

. . tionnaire covers the condition of interest.
Signal — The part of an observation that forms the

relevant part of any measurement (as oppos&flidity (criterion) — The extent to which a ques-
to noise) tionnaire correlates to the “gold standard” (cri-
terion) that also measures the condition of in-

SIP — Sickness Impact Profile (general health
terest.

questionnaire).

SKAR — The Swedish Knee Arthroplasty RegistryWHo ~World Health Organization.

. ... WOMAC - Western Ontario and MacMaster
Skew— The extent to which a frequency distribu- . - s .
Universities Osteoarthritis Index (disease spe-

tion deviates from a normal distribution. i . )
cific questionnaire).
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Introduction

Historical background Walldius reported encouraging results of en-

Knee arthroplasty as related to outcomes doprosthetic knee arthroplasty using a cobalt-
The first published report on endoprosthetic kneehromium hinged prosthesis (Walldius 1957, re-
arthroplasty is often attributed to Gluck (1890)printed 1996). Although no formal scoring sys-
Gluck employed endoprostheses made of ivorgms were applied in these studies, the authors did
for the treatment of knee joints destroyed bgonsider subjective and objective outcomes in the
tuberculosis. At the time, the only alternatives taetermination of the success of the operation.
this “radical” intervention were amputation, Gunston, the originator of an endoprosthesis
arthrodesis, interpositional arthroplasty, or benigoonsisting of individual stainless steel semicircu-
neglect. Faced with such severe joint disorderkgr runners articulating with separate high density
Gluck’s surgical interventions were initially polyethylene runners cemented to the tibia (The
deemed successful, mostly because the alterrRelycentric Knee), reported on the results of 22
tives to the prosthesis were so dismal. Still, Glucknee arthroplasties in 20 patients (Gunston 1971).
later cautioned about the use of this prosthesis béfith 2 years follow-up, Gunston reported on the
cause of continued problems with infection. Thisadiographic results as well as pre and post-opera-
note of caution represented the first report on theve pain, flexion, and lateral instability. Whether
outcomes after endoprosthetic knee arthroplastyor not the mobility of the patient had improved or
Perhaps because of the warnings from Gluckyas unchanged as well as a report of complica-
interpositional arthroplasty continued as a startions was recorded. This assessment began to re-
dard of treatment for severely diseased knezemble some of the current outcome tools used to
joints. Interpositional materials included pigs’assess knee arthroplasty. Interestingly, Gunston
bladders, fascia lata, patellar bursae, vitalliurdid not summarize the variables nor produce a
covers, and cellophane (Shiers 1954). In 1948core, but instead reported each parameter on its
Speed reported on the outcome of 65 interposiwn merits.
tional arthroplasties and graded them as goodin the early 1970’s Swanson and Freeman de-
(n=29), fair (17), poor (6) and failures (13)signed an unlinked duocondylar prosthesis with a
(Speed et al. 1949). Miller reported on 37 interpametal-on-polyethylene articulation which was ce-
sitional arthroplasties in 1952, which demonstramented to the bone (Freeman et al. 1986). In 1972,
ed worse results than Speed (Miller et al. 1952)he prosthesis was modified to include a patellar
11 were reported as good, 8 as fair and 18 as fatlemponent that articulated with the femoral com-
ures. These outcome metrics were surgeon degenent as well as a stemmed tibial component.
rived and did not rely on input from the patients. This prosthesis was referred to as the Total
In the face of such poor results and with th€ondylar Knee (Insall et al. 1979). At approxi-
continued development of modern anesthesimately the same time, springing from the work of
aseptic technique and antibiotic prophylaxis, th&unston, less constrained unicompartmental pros-
modern era of endoprosthetic knee arthroplastieses were introduced. These included the Mar-
began. Shiers reported a case study of 2 patiem®r and St. Georg Sledge (Engelbrecht 1971,
using a stainless steel hinged prosthesis (Shidviarmor 1973). The introduction of these prosthe-
1954). In 1 patient, heterotopic ossification limitses resulted in relatively predictable outcome after
ed the results, but the other was deemed to be skoee arthroplasty. Current knee prostheses can di-
cessful. Shiers considered the operation a successtly derive their lineage from these prostheses
because the patient was painless, could walk witand represent variations of the basic concepts in-
out a stick, and could ascend and descend stair®duced.
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The importance of the advances in prosthetiound to be exceedingly unreliable (Ryd et al.
design relates directly to the fact that the thresholtB97), leading some authors to conclude that these
for endoprosthetic knee arthroplasty had movestoring systems should not be used (Konig et al.
from that of a salvage operation performed i1997).
extreme cases, to an intervention designed to
improve the quality of life in patients who mightSubjective outcomes
otherwise cope without the intervention. HenceRythagoras mused that “man is a measure of all
judging the success of the intervention may relatéings” (Strohmeier et al. 1999). The implication
more to subtler improvements in quality of life,of this statement speaks to the conceptualization
including relief of pain and improvement in func-that the distinction between mind and body is
tion. Furthermore, current prostheses have all beblurred, or indeed that there is no distinction at all.
efited from the technological learning curve in th&Vhile the Western philosophical distinction be-
design of prostheses, and modern prostheses ¢areen mind and body has its origins from the an-
be expected to survive in situ, barring infectiongient Greeks, it was the works of Renés Descartes
for at least a decade, or perhaps 2 decades, wilttat formalized the modern distinction between
relative certainty. The net effect of the homogenewnind and body (Descartes 1986). According to
ity of current prostheses (with respect to stablBescartes, the rational soul is an entity distinct
and lasting designs) has been for an emerging efmem the body that may or may not be aware of the
phasis on somehow quantifying subtler outcomesgnals passing through the body via the inter-

after knee arthroplasty. fibrillar spaces. The interfibrillar spaces (i.e. sen-
sory nervous system) were “extended” into the
Objective outcomes physical world, while the rational soul (i.e. con-

With the advent of prosthetic components thaiciousness) was not. This distinction between
demonstrated predictably good results, it becanmind and body has persisted into modern Western
evident that more formalized outcome metricenedical thought.

were necessary. The initial response was for sur-In 1947, the World Health Organization defined
geons to assess the results of their interventiorteealth as follows: “Health is not only the absence
In 1976, Insall et al. introduced a surgeon deriveaof infirmity and disease but also a state of physi-
outcome score for knee arthroplasty that incorpaal, mental and social well-being.” This definition
rated various parameters including technical outeintroduced the concept that the mind and body
comes related to the procedure (e.g. alignmerare in fact one, and the “well being” of the mind
range of motion, etc.) and subjective patient fa@and body combined represents health. Subse-
tors such as pain (Insall et al. 1976). This questuently, the measurement of health moved from
tionnaire has come to be known as the Hospital feimply defining the success of a procedure by de-
Special Surgery Knee Score (HSS). In 1989ining its effect on infirmity and disease, to the
Insall et al. developed a second surgeon derivedore ambitious approach of defining what effect
score, which incorporated similar parametershe intervention had on physical, mental and so-
This score has come to be known as the Knegal well being. By this definition, it was no longer
Society’s Clinical and Functional Scoring Systenadequate to define the outcome of a knee arthro-
(KSS) (Insall et al. 1989). The HSS and KSS hawvglasty, for example, by simply stating what the
been used fairly extensively in outcome studies armange of motion was or what the impact was on
knee arthroplasty (Amendola et al. 1989, Josephobility, such as Gunston and other innovators
et al. 1990, Armstrong et al. 1991, Nafei et ahad done, as mentioned above. Instead, a more
1993, Fehring et al. 1994, Hirsch et al. 1994comprehensive metric was needed.

Knight et al. 1997, Barrack et al. 1998). Unfortu- The definition of health by the WHO was per-
nately, and despite their continued popularity, theaps the impetus for the modern movement to
HSS and KSS scores have never been validategeasure physical, mental and social well being.
using formal psychometric validation proceduresThe first attempts at quantifying general health
Furthermore, these questionnaires have beerere with single-item global ratings which were
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Figure 1. Timeline of the evolution of generic health measures with respect to broader developments in health policy and
health status assessment. ARA = American Rheumatoid Association Functional Class; COOP = Dartmouth COOP Poster
Charts; Duke = DukeUNC Health Profile; Duke-17 = Duke Health Profile; FSQ Functional Status Questionnaire; HIE =
Health Insurance Experiment; HPL = Human Population Laboratory; HPQ = Health Perceptions Questionnaire; HS1
Health Status Index; KPS = Karnofsky Performance Status; Katz = Katz Index of Activities of Daily Living; LF-149 =
Medical Outcomes Study 149-Itern Functioning and Well-Being Profile; M-M = morbidity and mortality; MHIQ = McMaster
Health Index Questionnaire; NHIS = National Health Interview Survey; NHP = Nottingham Health Profile; PGWB = Psy-
chological General Well-Being Scale; QWB = Quality of Well-Being Scale; SF-6 = Medical Outcomes Study 6-ltem Health
Survey; SF-12 = Medical Outcomes Study 12-ltem Health Survey; SF-20 = Medical Outcomes Study 20-ltem Health
Survey; SF-36 = Medical Outcomes Study 36-Item Health Survey; SIP = Sickness Impact Profile; WHO = World Health
Organization. Reprinted with permission from Annals of Internal Medicine (McHorney 1997).

designed to augment organ specific or more physeme form of logical metric was imperative for
iological outcomes. With time, a large number ofurther research. This dilemma was eloquently al-
questionnaires were developed that asked mogled to by Lord Kelvin when he said, “I often say
guestions around various aspects of health, sutttat when you can measure what you are speaking
that separate scores for each of these health ddyout, and express it in numbers, you know some-
mains were generated. Domains that attempted ttuing about it; but when you cannot measure it,
account for physical, mental and social well beingghen you cannot express it in numbers, your
included Emotional Reaction, Sleep, Social Isolaknowledge is of a meager and unsatisfactory
tion, Body Pain, and Social Functioning, for exkind.” (Thompson 1910). The WHO continues to
ample. Advanced study and refinement of thedee interested in this area of outcomes research. At
tools continues today. The introduction and evolua recent workshop in January 2000 under the um-
tion of generic (or general) health measurementsella of the Bone and Joint Decade 2000-2010
has been well documented by McHorney (1997jhe need to standardize outcome metrics for mus-
and can be represented graphically (Figure 1guloskeletal

Measurements of this sort are often referred to asvw.bonejointdecade.org/).

“subjective” and are difficult to quantify. Still,

research was discussed (http://

While the WHO definition of health may be
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largely responsible for the emergence of generkhee arthroplasty rapidly increased. Furthermore,
health outcome questionnaires, the first aspect tife comprehensiveness of the data collection
the definition, i.e. “...the absence of infirmary orcame at the expense of voluntary contribution to
disease...” has not been lost on researchers.tle SKAR. Subsequently, a decision was made to
similar evolution in health outcome questionscale back the data collected to key demographic
naires focused on the organ (or site) or physiolognd implant related factors, as well as to use revi-
ic process (disease) has come about. This woslon as the single definitive endpoint. Outcome
has its roots in the very early reports of Gluck anduestionnaires were no longer part of the data col-
Gunston, who made some effort to quantitate tHected with the SKAR.
outcomes of their specific intervention, at the joint In 1982, Tew et al. described a method of sur-
and/or disease level, as mentioned above. Thigsal analysis for knee arthroplasty which made it
was followed with the biased surgeon-derivegossible to estimate the annual failure rate and the
HSS and KSS, also mentioned above. cumulative 10 year survival rate (Tew et al. 1982).
Partly in an effort to avoid the surgeon bias asSince 1985, the SKAR has used survivorship
sociated with objective outcomes, other diseasaiethods for evaluating outcomes after knee ar-
site specific questionnaires emerged that wethroplasty, with revision as the endpoint. Initially,
relevant to knee arthroplasty. In the 1980's thkfe table curves were generated using the Wilcox-
Lequesne Index of Severity for the Knee (ISKpn, log-rank and other similar tests. Cox’s regres-
(Lequesne et al. 1987, Lequesne 1989) and tk®n was later used by the SKAR because of the
Western Ontario and MacMaster Universitiesnability of the above mentioned tests to account
Osteoarthritis Index (WOMAC) (Bellamy et al. for other factors, such as age and gender, that are
1984, Bellamy et al. 1988) were introduced. Th&nown to have an effect on outcomes. Without
Oxford-12 Item Knee Score (Oxford-12) was lateaccounting for such factors, reported differences
developed and released in 1998 to be used specifi- survival curves between various prostheses
cally with knee arthroplasty patients (Dawson etere difficult to interpret (Robertsson 2000).
al. 1998). Unlike the HSS and KSS, these ques-Today, the SKAR is somewhat unique because
tionnaires do not rely on surgeon input and abf its completeness and length of follow-up. In es-

have been well validated. sence, the database represents a nation’s experi-
ence with knee arthroplasty since its modern in-
The Swedish Knee Arthroplasty Registry ception. The effect of the longevity and complete-

The Swedish Knee Arthroplasty Study was initiatness of follow-up, facilitated with the use of a
ed in 1975 by the Swedish Orthopaedic Societyational personal number, has afforded effectual
(Robertsson et al. 1999¢)he result of this ini- observations regarding various aspects of knee ar-
tiative was the Swedish Knee Arthroplasty Regthroplasty (Knutson et al. 1984, Knutson et al.
istry (SKAR) which has prospectively regis-1985, Bengtson et al. 1986, Bengtson et al. 1989,
tered knee arthroplasties since 1975 and cuBengtson et al. 1991, Lewold et al. 1993, Lewold
rently has data owver 70,000 knee operationset al. 1996, Robertsson et al. 1997, Lewold et al.
(http://www.ort.lu.se/knee/). The SKAR repre-1998, Robertsson et al. 1999d). The SKAR has
sents the first national health care quality registalso formed the basis for a number of PhD
ever. In Sweden alone there are now over 100 ndissertations  (http://www.ort.lu.se/knee/engver-
tional registries which record data on all kinds o$ion/disertationseng.html).

health interventions. Initially, endoprosthetic knee The SKAR has relied on revision status as the
arthroplasty was a relatively uncommon procesole endpoint for defining the outcome after knee
dure and an ambitious effort was made to colleeirthroplasty. This has particular merits as an out-
radiographic data, a surgeon completed questiooeme metric as it is relatively easy to define and
naire and a modified translation of the Britishthe incidence of revision is definite. The SKAR
Orthopaedic Association Knee Assessment Chéaras defined revision as the addition, removal, or
(Aichroth et al. 1978). This schedule for data colexchange of an endoprosthetic component, in-
lection soon proved unwieldy as the incidence afluding amputation (Robertsson et al. 1999c).
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Revision status within the SKAR has been dem; . . . .
onstrated to be accurate (Robertsson et al. l999§fblecnve health outcome questionnaires
While definitive, revision status is a relativelyPsychometric considerations

blunt metric and is generally non-representative dfsychometricscan be defined as “the scientific
the functional performance, degree of pain reliemeasurement of mental capacities and processes
and overall patient satisfaction after knee arthrand of personality ” (Brown 1993). In other
plasty. Furthermore, different surgeons have ditwords, psychometrics is the process that allows
ferent thresholds for performing revisions and natsearchers to apply scientific methodology to the
all patients requiring revision surgery undergo theneasurement of subjective outcomes. In practical
procedure because of co-existing medical prolberms, the published psychometric properties of a
lems, personal wishes, etc. Revision status yieldgiestionnaire pertain mostly to the validation of
data on the small minority of operations that faithe questionnaire, or, defining how well the ques-
and tells us nothing of the status of the majority dfonnaire measures what it is supposed to measure,
patients who have not come to revision (Apleyn a global sense. The validation process usually
1990). Finally, revision status does not speak dinvolves three specific aspects of questionnaire
rectly to the “...physical, mental and social wellesting: validity, reliability, and responsiveness.
being of the patient”, as outlined in the WHO def- Validity refers more specifically (as opposed to
inition of health. Indeed, revision status does natalidation) to how well the questionnaire mea-
even directly address the “...absence of infirmargures the question of interest. Validity can take
or disease...” aspect of the definition, as it is nanany forms and numerous synonyms have been
clear as to what impact revision has on these astlized in conjunction with it. Theses include cri-
pects of the definition. terion, construct, convergent, divergent, and con-
tent validity. In order to comment on the validity
of a questionnaire, the results of the questionnaire
must be compared to something.

Criterion validity refers to the comparison of
the metric to a “gold standard”. For example, a
The Institute of Medicine defines health care quathermometer is the gold standard for measuring
ity as “the degree to which health services for inbody temperature. If a questionnaire was designed
dividuals and populations increases the likelihootb measure body temperature, the items within
of desired health outcomes and are consistent witiiay inquire about how warm the patient felt,
current professional knowledge” (Palmer 1997)whether or not they had chills, etc. The results of
In the time of Gluck and even Gunston, the “dethis questionnaire could be directly correlated to
sired health outcome” of knee arthroplasty was fahe gold standard (criterion). Unfortunately, there
a prosthesis that performed in some minimal waig no gold standard for knee arthroplasty (Kirshner
to alleviate pain and improve function, as long ast al. 1985, Kreibich et al. 1996). Consequently,
the prosthesis survived some minimal time withguestionnaires for knee arthroplasty are usually
out catastrophic complications. Currently, envalidated against a postulated effect that should
doprosthetic knee arthroplasty is a reproduciblegsult from the intervention. Such a postulation is
effective and long lasting procedure (Knutson eieferred to as a construct.
al. 1986, Knutson et al. 1994, Robertsson et al. Construct validitymay be determined against
1999d). Subsequently, when comparing variousnother previously validated questionnaire or a
prosthetic models, surgical techniques, etc. faronsensus statement, for example. Divergent and
knee arthroplasty, the degree to which knee atonvergent validity can be used as a check for the
throplasty increases the likelihood of desiredonstruct in that items within a questionnaire that
health outcomes relates more to subjective amdlate to knee function, for example, should im-
qualitative outcomes. This is the impetus for therove after knee arthroplasty (convergent), while
application of subjective health outcome questems that are not related to the knee, such as eat-
tionnaires to the SKAR. ing, should not change (divergent).

Impetus for assessing outcomes utilizing
the Swedish Knee Arthroplasty Registry
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Figure 2a. Frequency distribution of scores for the Vitality =~ Figure 2b. Frequency distribution of scores for the Energy
domain of the SF-36 demonstrating a near Normal distri-  domain of the NHP (comparable to the Vitality domain of
bution with relatively few patients reporting the lowest pos-  the SF-36) demonstrating a skewed distribution with the
sible (floor effect) or the highest possible (ceiling effect)  majority of patients reporting the lowest possible score
scores. (floor effect).

A note of caution is warranted when considerscores produced by a questionnaire or the domains
ing construct validity. Construct validity in the ab-within. In particular, the floor and ceiling effect
sence of a gold standard, such as the case witle important when assessing content validity. A
knee arthroplasty, is problematic. Often, questiorfloor effect occurs when a respondent scores the
naires are validated against another questionnalmvest (i.e. best) possible score on a question-
that has previously been validated. Further invesgaire. Thus, if a patient were to clinically become
tigation may reveal that the previously validatedetter, the questionnaire would be unable to re-
questionnaire has been validated against a cdifect that change. The content of the behaviour
struct. Hence, a circuitous logical argument can heould not be covered and inferences would be in-
associated with outcome questionnaires with paralid. The same argument holds true for ceiling
tential sophistic implications. There is noogito  effect, which occurs in an opposite direction (Fig-
ergo surii on which to base construct validity in ures 2a and 2b).
the absence of a gold standard. Reliability refers to the ability of an outcome

Content validityaddresses whether a questionmetric to remain unchanged when applied on two
naire has enough items and adequately covers theparate occasions and no clinical change has oc-
domain of interest (Streiner et al. 1998). For excurred. Essentially, in its most basic sense, reli-
ample, if a questionnaire is designed to measuability is the measure of the noise within a metric
how much mobility a patient has gained from @nd can be conceptualized by the following equa-
knee arthroplasty intervention, then by inferenceion:

a patient that scores well on the questionnaire

could be assumed to have good mobility. HowReliability = Subject variability / (Subject variabil-
ever, if the items within the questionnaire do not ity + Measurement variability)

ask specifically about mobility, then the inference

is invalid (not necessarily the questionnaire). In order for an outcome metric to have accept-
Questionnaires with good content validity coveable reliability, it must, by the definition proposed
the target behavior well and subsequently provideere, have limited measurement variability.

for valid inferences. Content validity can be tested Outcome metrics have been criticized because
by investigating the frequency distribution of theof the perception that they yield “soft” data, at
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least in comparison to more standardized techntiie expense of test-retest reliability.
logical laboratory tests that permeate the medical Reliability can also be investigated using Cron-
field, such as serum potassium, or hemoglobilmach’s Alpha statistic (Cronbach 1955, Bland et
Such tests are felt to yield “hard” data as the metlad. 1997). Cronbach’s Alpha addresses the homo-
odology for such tests is well described, the precgeneity of the items (questions) within an out-
sions are high and the reproducibility is excellentome questionnaire domain or total score and is
Still, the perception that questionnaires yield onlgomplimentary to the ICC as a metric of reliabili-
soft data must not prevent the clinically relevanty. Cronbach’s Alpha is used primarily in the de-
questionnaire data from being utilized as this dataglopment of a questionnaire as a means of reduc-
perhaps more so than any other, speaks to the lng the number of items within a scale as the sta-
manistic side, or art, of medicine. Such an arguistic determines the inter-item correlation for
ment has been well described by Feinstein whexach item within a domain. A value from 0 to 1 is
he said the following: “If we say that cardiac sizeoroduced with a value of 0.60 to 0.79 indicative of
became smaller, that cardiac rhythm became ndgir internal consistency, 0.80 to 0.89 as good in-
mal, and that certain enzyme levels became ndernal consistency, and greater than or equal to
mal, the description could pertain to a rat, a do@.90 as excellent internal consistency (Feinstein
or a person. But if we say that chest pain disa@987). Cronbach’s Alpha is calculatedimes for
peared, that the patient was able to return to woré,scalerf = number of items within the scale) with
and the family was pleased, we have given a ha-item omitted each time. If the value for Cron-
man account of human feelings and observdach’s Alpha increases with the omission of an
tions.” item, then that item can be argued to be deviating
Classically, the test-retest reliability of an outfrom the area of interest inquired about within the
come metric is investigated by determining the Inscale and can therefore be omitted from the final-
traclass Correlation Coefficient (ICC) (Bland etzed scale. Cronbach’s Alpha is used when the
al. 1996). The ICC is advantageous over other catems within a scale are polychotomous. Dichoto-
relation coefficients, such as Spearman or Peanous items, such as in the NHP, require a varia-
son, as it is not biased by the order in which paitgon of Cronbach’s Alpha known as the Kuder Ri-
of data are compared. Subsequently, learning efhardson Formula 20.
fects that may occur when a questionnaire is ap-As alluded to above, health outcome question-
plied on two separate occasions will not influenceaires have been criticized for yielding soft data
the ICC. An ICC value between 0.60 and 0.79 caand the softness or hardness of data is generally
be considered as fair, 0.80 to 0.89 as good amnefferring to the reliability of the questionnaires
0.90 and above as excellent. Test-retest reliabilifgpoth the ICC and Cronbach’s Alpha). However,
values greater than 0.90 are required if considerwhen evaluating relevant health outcome ques-
ation is being given to employing a questionnairdonnaires on a target population, questionnaires
in a discriminative application on a patient-to-pahave been shown to demonstrate fair to excellent
tient basis, as opposed to discriminating betweegliability and therefore can be considered rela-
groups (Ware et al. 1992). tively hard. Generally, disease/site specific ques-
Test-retest reliability is related to the number ofionnaires produce harder data than general health
items within a questionnaire as the true varianaguestionnaires (Figures 3a and 3b). Some “hard”
will increase as the square of the number of itemand “objective” data yield distinctly poor ICC val-
while the error variance will increase linearly withues, making them actually rather “soft” (Ryd et al.
the number of items (Streiner et al. 1998). Genel997).
ally then, the greater the number of items within a Responsivenesss a measure of a question-
questionnaire, the better the test-retest value witkires ability to detect change when it is applied
be. This may have implications for questionnairen separate occasions and a clinically significant
selection when good test-retest reliability is reehange has occurred between applications. By
quired, given the large variation in the number oflefinition, responsiveness is related to a longitudi-
items per questionnaire. Item reduction comes agl application of a questionnaire, however, as
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Intraclass correlation coefficient
1.00
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0.90 -

Good
0.80 —
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General Health
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Figure 3a. Intraclass correlation coefficient values for test-
retest reliability results of four general health and three dis-
ease/site specific questionnaires. All questionnaires test-
ed demonstrate at least “Fair” test-retest reliability.

Cronbach’s alpha
1.00

Excellent
0.90

Good
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Figure 3b. Cronbach’s alpha values for internal consisten-
cy reliability of four general health and three disease/site
specific questionnaires. All questionnaires tested demon-
strate at least “Fair” internal consistency reliability.

outlined above, the purpose of this study was iife when comparing preoperative to postopera-
define appropriate questionnaires for cross-setive status (Laupacis et al. 1993, Rissanen et al.
tional discriminative application. Nevertheless1995, Ritter et al. 1995, Dawson et al. 1996b,
determining a questionnaire’s responsiveness Eawson et al. 1998). In fact, Dawson et al. have
integral to the validation procesélthough re- shown a standardized effect size of 2.0 for knee
sponsiveness may have been previously defined farthroplasty when the Oxford-12 Item Knee Score
a questionnaire, often the investigations have beeras applied pre- and postoperatively (Dawson et
performed on dissimilar populations; therefore inal. 1998). Such a standardized effect size can be
vestigating responsiveness on the target populatioonsidered profound, especially when a standard-
is necessary. Questionnaire validation is a dynamized effect size of 0.8 is considered large. Such
unending process (Nunnally et al. 1994). profound results make pre- and postoperative
There are several methods of determining resomparisons of different prosthetic designs, surgi-
sponsiveness, including the standardized effecal techniques, etc. using a given questionnaire
size (Deyo et al. 1986, Guyatt et al. 1987difficult to interpret and potentially irrelevant as
Kreibich et al. 1996, Essink-Bot et al. 1997the assumed subtle differences in questionnaire
Wright et al. 1997). Standardized effect size is caftesults would be lost in the large signal. Paradoxi-
culated by subtracting the results of a questiortally, the signal for pre- and postoperative com-
naire at time 2 from the results of the same queparisons after knee arthroplasty is so loud (large)
tionnaire at time 1 and dividing the difference byhat it in effect functions as noise and obscures the
the standard deviation of the test results from timsubtler signal of interest. Therefore, it may be
1. Time 1 and time 2 represent a period over whiahore relevant to calculate responsiveness using an
a clinically significant change should havealternative method and/or to follow arthroplasty
occurred, such as before and after a therapeugatients longitudinally between time 2 (a defined
intervention, be it a drug therapy or surgery, fopostoperative period) and time 3. In this case, the
example. A standardized effect size of 0.2 is coflarge signal of the operative intervention would
sidered small, 0.5 as moderate and greater than @@ obscure the subtler signal of interest.
as large (Meenan et al. 1991). The Receiver Operating Characteristic Curve
Knee and hip arthroplasty have been shown {&OC Curve) has been shown to be of value as a
have a major impact on health related quality cfurrogate to classic responsiveness measures
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when longitudinal data is not available (Hanley e?‘f“s"i"ity
al. 1982, Deyo et al. 1986, Centor 1991, Essink-

Bot et al. 1997). This is particularly relevant for °°
the reasons listed above and because the SKAR i@
date has not applied questionnaires in a longitudi; .
nal fashion. The ROC Curve method has its ori-

gins from the operation of radar equipment during”®
the Second World War. At that time, the radar op-o:s
erators, and others, were interested in optimizing,
the signal to noise ratio of their receivers. Initially,

as the gain on the equipment was increased, tHe
signal correspondingly increased rapidly. How-02
ever, at some point, the gain in the noise wag;,
greater than the gain in the signal. This represents
the “cut-point” of interest and essentially the cut- °0 01 02z 03 04 05 06 07 08 08 1
point represents the dichotomization of continu- 1-Specificity

ous data. To construct a ROC Curve the true posFi_-g (e 4. Example of ble Receiver Operati
. L . igu . Ex 0 possible Receiver Operating
tive rate (sensmvny) of a test is pIOTtEd on the YCharacteristic Curves (Questionnaire A and B). The area

axis and the false positive rate (1-specificity) isinder the curve is directly related to the discriminative abil-
plotted on the X-axis. These two values are detdfy of the questionnaire. In this example, Questionnaire A
. . . has better discriminative ability than Questionnaire B.
mined for each possible cut-point and a curve Is
subsequently generated. The area under the R@E hypothesized that simple, shorter question-
Curve is used as a gauge of the discriminativeaires would impose fewer burdens and would
ability of the test, with an area of 1.0 representaherefore have higher feasibility than longer, more
tive of a perfectly discriminative test and an arealaborate questionnaires. This hypothesis has not
of 0.5 as a non-discriminative test. An example dieen definitively investigated in the literature.
a ROC Curve is demonstrated in Figure 4. In thiShis is compounded by the fact that patients regis-

case, Questionnaire A has better discriminativiered with the SKAR tend to be elderly. Burden

—o—Non-Discriminative
—8—Questionnaire B
—A—Questionnaire A

ability than Questionnaire B. and feasibility therefore is more of an issue with
this unique population than an average general

Specific limitations related to the Swedish population sample.

Knee Arthroplasty Registry Another limitation associated with the SKAR

The large number of patients registered with theelates to the fact that preoperative health outcome
SKAR makes it impractical for a comprehensivejuestionnaires are not available for comparative
questionnaire application to be performed in angurposes. Therefore, any questionnaire applied
format other than a postal survey. Subsequentiyould have to function in a discriminative fash-
any questionnaires used would have to be corien. Technical differences in the development and
pleted solely by the patient without input from aconstruction of questionnaires may make them
health care provider. Ethically, imposing suchmore or less favourable for a discriminative appli-
questionnaires on patients should result in minzation (Kirshner et al. 1985). Most questionnaires
mal patient burden. Patient burden, for the purpogave not been validated while accounting for this.
es of this study, refers to the time required for a Questionnaires used with the SKAR need to be
patient to complete any given questionnaire aravailable in a translated and validated Swedish
the requirement for patients to seek help in contanguage version. It is inadequate to simply
pleting the questionnaires. Associated with patieftanslate a questionnaire into another language
burden is feasibility of the postal survey. FeasibiltGuillemin et al. 1993, Guyatt 1993). Instead, the
ity refers to the percentage of questionnaires réanslated version needs to be tested for psycho-
turned multiplied by the number of those quesmetric and cultural equivalence, in order to be
tionnaires that were returned completed. It couldeemed valid.
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Finally, the limitations listed here are relevanfelecting appropriate questionnaires
for other large national databases in Sweden afince full and formal questionnaire validation was
elsewhere. The exception is, of course, the nebéayond the scope of this work, a questionnaire ad-
for a Swedish version of the questionnaire. Invocated for the SKAR should, at the very least,
stead, the questionnaire needs to be available ilave undergone the validation process and have

native language form. subsequently been deemed *“valid”. Many out-
come questionnaires used for knee arthroplasty
Sources of bias when assessing outcomes have not met this minimal standard. For those that

Health outcome questionnaires are subject to biaave, not all have been validated specifically on
from several sources. Firstly, patient demograplthe relevant arthroplasty population. Patients
ics may influence the results of questionnaireaving undergone knee arthroplasty are older than
scores. Advanced age (greater than 85 years) hthe average population and are cardiovascularly
been shown to have an adverse affect on subjditter than age matched cohorts (Ries et al. 1996,
tive assessments after knee arthroplasty, as Hashroder et al. 1998). Therefore, it can not be au-
low socioeconomic status, at least in North Amettomatically assumed that previously validated
ica (Callahan et al. 1994, Brinker et al. 1997)questionnaires will remain valid for use with this
Gender has also been found to affect the resultssgecific population. Questionnaires that are pro-
health outcome questionnaires, particularly wheposed for application to the SKAR should there-
used in association with hip or knee arthroplastypre be tested on the target population prior to
and women tend to report greater pain and physiide-scale use.
cal function limitation after hip or knee arthro- The last decade has seen an increasing emphasis
plasty (Katz et al. 1994). Co-morbidity has alsglaced on determining the outcomes of prescribed
been shown to adversely affect the results of kne@eedical/surgical interventions, and this is reflect-
arthroplasty, as assessed by questionnaire, fed in the large variety of outcome measures advo-
both joint related and medical problems (Brinkecated in the literature. This holds true for the disci-
et al. 1997, Hawker et al. 1998)]. Charnley wapline of Orthopaedic Surgery. Unfortunately, there
aware of the potential biasing effect of co-morbidis scant consensus with respect to which outcome
ity, which was largely the impetus for the Charnmeasures are most appropriate, and each author
ley co-morbidity classification proposed for hipadvocates their outcome measure over others us-
arthroplasty (Charnley 1979). Gender, age, aridg, at best, statistical methodology that makes di-
co-morbidity should be factored when comparingect comparison of measures difficult to interpret
outcomes after hip or knee arthroplasty. Socidrom a clinically useful vantage. Furthermore,
economic status probably does not have as signifitile some measures are compared on homoge-
cant an impact in a homogeneous country such asous cohorts, most often the reader is forced to
Sweden. compare the value of a specific outcome question-
The mode of administration also significantlynaire as contrasted with other questionnaires that
biases the results of health outcomes questiohave been tested on dissimilar patient populations.
naires. When a questionnaire is self-completed Byhe problem is compounded by the constant intro-
the patient after knee surgery, as opposed to beidgction of new outcome measures, as opposed to
administered by the investigator, the resultingpcusing on those that exist. According to Streiner
guestionnaire scores have been shown to b&d Norman, “...perhaps the most common error
significantly worse (Hoher et al. 1997). Also, noncommitted by clinical researchers is to dismiss ex-
responders to a self-administered postal survey @sting scales too lightly, and embark on the devel-
quality of life tend to report worse quality of life opment of a new instrument with an unjustifiably
than responders when followed-up with a teleeptimistic and naive expectation that they can do
phone survey (Hill et al. 1997). Therefore, an adetter” (Streiner et al. 1998). With this in mind,
sessment of the status of non-responders is prolmme of the aims of this research was to investigate
bly warranted when low response rate occurs witkxisting questionnaires without advocating yet an-
the administration of a questionnaire. other new questionnaire. The characterization of a
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more comprehensive endpoint other than revisigmatients to choose their own goals or objectives
status for knee arthroplasty appears to be possilggor to an intervention and then asking them to
with the use of existing health outcome questiorrate or score how well those objectives have been
naires (Ritter et al. 1995, Hilding et al. 1997accomplished. The Patient Specific Index is an ex-
Dawson et al. 1998, Hawker et al. 1998). ample. Global, or single item, questionnaires are
Broadly speaking, there are several categori¢ise most aggressive in their effort to limit noise by
of health outcome questionnaires that can rangeking a single direct question regarding the state
from a single item to hundreds of items that arer condition of interest. Expanded definitions of
summarized into multiple domains and summargach of these types of questionnaires are listed in
scores. The categories include general health, dite Methods section. Which categories of ques-
ease specific, site specific, patient specific antbnnaires to employ with the SKAR is unclear,
single-item global questionnaires. General healtbut several authors have suggested that the simul-
questionnaires inquire about various aspects tdneous use of general health and disease/site spe-
patients’ perception of their own health, includingific questionnaires seems to yield complimentary
such diverse domains as ability to sleep, energlata (Patrick et al. 1989, Hawker et al. 1995,
level, mood, and perception of body pain. Generdlieberman et al. 1997). This complimentary rela-
health questionnaires are not necessarily limitetbnship speaks to the WHO definition of health
to any particular disease state nor patient cohognd the consideration of mind and body as one.
The Nottingham Health Profile (NHP), 12-ltem Although there appears to be a vague consensus
Short-Form Health Survey (SF-12), 36-ltemas to which categories of outcome questionnaires
Short-Form Health Survey (SF-36) and the Sickio apply to knee arthroplasty patients, there is no
ness Impact Profile (SIP) are examples of generabnsensus whatsoever regarding specifically
health questionnaires. Disease specific questiowhich questionnaires to use. Instead, a multitude
naires attempt to isolate the signal of interest byf questionnaires have been put forward in the lit-
focusing questions around a particular diseasFature and new questionnaires continue to be in-
state. The Western Ontario and MacMaster Untroduced. Perspective researchers are forced sub-
versities Osteoarthritis Index (WOMAC) is an exsequently to choose a questionnaire based on its
ample. Site specific questionnaires attempt to isgublished psychometric properties, or, perhaps
late the signal in a similar fashion by focusingnore alarmingly, based on precedence and extra-
questions on a specific region of the body. Theeous political factors. Choosing a questionnaire
Oxford-12 Item Knee Score is an example. Patieftom the literature based on its psychometric
specific questionnaires use a novel approach properties is problematic.
limit the noise within a questionnaire by asking
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Aims of the study

The aims of the study were as follows:

1.

To investigate the feasibility of a large-scalé. To determine what patients are referring to
postal survey of health outcome questionnaires when describing their level of satisfaction after
to patients registered with the Swedish Knee knee arthroplasty.
Arthroplasty Registry.

5. To investigate what factors bias outcome ques-

. To determine which general health and disease/ tionnaires after knee arthroplasty.

site specific questionnaires were most appro-
priate for a large-scale application to knee a6. To translate and validate the Oxford-12 Item
throplasty patients registered with the Swedish Knee Score for use in Sweden
Knee Arthroplasty Registry.
7. To determine the post-operative disposition of

. To investigate differences in feasibility and knee arthroplasty patients based on their pre-

psychometric parameters between a global sin- operative WOMAC scores, and to determine
gle-item outcome questionnaire and more com- the sensitivity of specific items within the
prehensive multi-item outcome questionnaires WOMAC to detect changes from pre and post-
when assessing outcomes after knee arthro- operative status.

plasty.
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Patients and methods

Literature review ed to the knee were excluded was that the majority

In the winter of 1998, the National Library ofrelied on “objective” input from the surgeon and
Medicine Medline database was searched usisgbsequently where not appropriate for the postal-
the keywords “questionnaires” and “outcomes” irsurvey mandate of further studies. The 3 disease/
an effort to identify potential health questionsite specific questionnaires selected were the
naires. Only those questionnaires that could geWlVOMAC, Oxford-12 Item, and the Lequesne
erally be applied to Orthopaedic populations weralgofunctional. All 3 were relevant to osteoarthri-
selected and these included general health and dis- of the knee, and all 3 were valid, reliable and
ease/site specific measures. The disease/site spesponsive (Table 1). The Oxford-12 had not been
cific measures unrelated to arthritis of the kneased in Sweden.
were not included. The SF-12 was selected for further study, de-
Once a list of questionnaires were compiled, spite its failure to meet the predefined criteria. The
further literature review using the same databasationale for selecting the SF-12 was based on the
was applied to the list looking in particular for reffact that it is a select 12 of the 36 questions in the
erences to five modifying criteria. These includeadriginal SF-36, which had been widely applied to
1) application of the questionnaire to knee arthrahis patient population and is perhaps the most ex-
plasty patients, 2) application to patients with ogensively validated and applied questionnaire.
teoarthritis, 3) previous validation studies, 4) usBurthermore, one of the underlying hypothesis of
of the questionnaire in a postal survey format, arngtoposed studies was that the simpler a question-
5) translation and validation of the instrument intmaire is, then the greater the rate of compliance
Swedish. and efficiency of return from a postal version.
12 outcome measures were identified as pote@ontrasting the SF-12 to the SF-36 would allow
tial candidates for further study—9 general healtfor direct investigation of this hypothesis.
and 3 disease specific (Table 1). 5 of the generalThere were few disease/site specific question-
health questionnaires were excluded from furtheraires for knee pathology that do not rely on the
study as they had limited representation in the litobjective” input of a clinical rater, usually the
erature with respect to osteoarthritis and morgurgeon. Obviously, such questionnaires were not
specifically, arthroplasty. These included thesuitable for a postal survey and could be automat-
COOP/WONCA, EuroQol, Functional Status In4cally eliminated from further consideration. This
dex, Index of Well Being, Duke-17, and the Musieft few disease specific questionnaires for inves-
culoskeletal Functional Assessment (Table 1). tigation, namely the WOMAC, Oxford-12 and
The remaining general health questionnaire§equesne. The Lequesne is an established ques-
with the exception of the SF-12, all had precetionnaire which has been compared to the WOM-
dence for application to osteoarthritis and arthroAC in a double blind clinical trial (Bellamy et al.
plasty patients, had all been translated into Swed992). Furthermore, the Osteoarthritis Research
ish, had all been shown suitable for postal suBociety and the 5th WHO/ILAR Task Force have
veys, and all had their validity, reliability, and re-advocated both the Lequesne and WOMAC as im-
sponsiveness previously determined (Table 1)portant outcome measures (Bellamy 1995). The
3 disease/site specific outcome measures wdrequesne and WOMAC have both been used in
selected for further study, despite the large nunsweden.
ber identified in the literature (Drake et al. 1994, The Oxford-12 item Knee Score was a new out-
Sun et al. 1997). The principle reason that the maeme measure derived from the Oxford-12 item
jority of disease/site specific questionnaires relatdip Score (Dawson et al. 1996b). This question-
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Table 1. Studies listed by reference number previously demonstrating satisfactory fulfillment of each criteria for a
given questionnaire

Questionnaire  Knee arthro-

plasty

Osteoarthritis

Validation
studies

Use in postal
survey

Swedish
translation

COOP/
WONCA

Duke-UNC/
Duke-17

EuroQol

FSI

IWB

MFA

SF-12

SF-36

SIP

Lequesne

Oxford-12

WOMAC

None identified

None identified

None identified

Liang et al. 1990

Liang et al. 1990

None identified

Rissanen et al. 1995
Hilding et al. 1997

None identified

Bombardier et al. 1995
Hawker et al. 1995
Williams et al. 1997

Liang et al. 1990

Ryd et al. 1997

Dawson et al. 1998

Bombardier et al. 1995
Hawker et al. 1995
Anderson et al. 1996
Williams et al. 1997

None identified

None identified

None identified

Liang et al. 1990

Liang et al. 1990

Martin et al. 1997

Hunt et al. 1981b
Wiklund et al. 1988
Wiklund et al. 1991
Nilsson et al. 1994
Lescoe-Long et al. 1996
Franzen et al. 1997
Hilding et al. 1997

Di Fabio et al. 1998

Bombardier et al. 1995
Hawker et al. 1995
Braeken et al. 1997
Williams et al. 1997

Bergner et al. 1981
Laupacis et al. 1993
Stucki et al. 1995

Lequesne et al. 1987
Lequesne et al. 1991
Bellamy et al. 1992
Lohmander et al. 1996
Lequesne et al. 1997

Dawson et al. 1996a
Dawson et al. 1996b
Dawson et al. 1998

Bellamy et al. 1988
Bellamy 1989

Bellamy et al. 1991
Bellamy et al. 1992
Laupacis et al. 1993
Bombardier et al. 1995

Kinnersley et al. 1994
McHorney et al. 1992

Kaplan et al. 1976
Liang et al. 1990

Brazier et al. 1993
Hurst et al. 1997

Jette et al. 1986
Jette 1987
Liang et al. 1990

Jette et al. 1986
Jette 1987
Liang et al. 1990

Engelberg et al. 1996
Martin et al. 1996
Martin et al. 1997

Hunt et al. 1980

Essink-Bot et al. 1997

Ware et al. 1996
Jenkinson et al. 1997
Gandek et al. 1998)

Brazier et al. 1992
McHorney et al. 1992
Jenkinson et al. 1994

Bergner et al. 1981
Deyo et al. 1983

Lequesne et al. 1987
Lequesne 1989

Dawson et al. 1998

Bellamy et al. 1988
Bellamy et al. 1992
Roos et al. 1998

Essink-Bot et al. 1997

None identified

Brazier et al. 1993
Dolan et al. 1996
Essink-Bot et al. 1997
Wolfe et al. 1997

Liang et al. 1990

Liang et al. 1990

Martin et al. 1997

Hunt et al. 1981b
Wiklund et al. 1991
Lescoe-Long et al. 1996
Plant et al. 1996

MacDonagh et al. 1997

None identified

Sullivan 1994
Sullivan et al. 1995

Sullivan 1985

Sullivan et al. 1986

None identified

None identified

Hawker et al. 1995

None identified

None identified

None identified

None identified

None identified

None identified

Wiklund et al. 1988
Wiklund et al. 1990
Wiklund et al. 1991

Gandek et al. 1998

Sullivan 1994
Sullivan et al. 1995

Sullivan 1985
Sullivan et al. 1986

Lohmander et al. 1996
Ryd et al. 1997
Translated but not
validated

None identified

Roos et al. 1998

FSI = Functional Status Index
IWB = Index of Well-Being
MFA = Musculoskeletal Functional Assessment
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naire had been applied to knee arthroplasty arf§-Item Short-Form Health Survey (SF-36)
osteoarthritis patients and had been shown to @razier et al. 1992, Ware et al. 1992, Sullivan

valid, reliable and responsive (Dawson et agtal. 1995)

1998). However, it had not been used in Swedéfhe SF-36 consists of 36 questions with Likert-
previously. Still, the Oxford-12 Item Knee Scorebox response keys. Item scaling is both dichoto-
is simplistic enough in its question format withoutmous and polychotomous. 8 domains scores are
any particular cultural reference so that a rapigenerated ranging from 0—-100. The 8 domains are
translation to Swedish would be sufficient to alas follows: Body Pain, Physical Functioning,
low for further testing (Mathias et al. 1994). Vitality, General Health, Social Functioning,
Role-Physical, Role-Emotion, and Mental Health.
A score of 100 represents the best possible health
state. 2 summary scales are also generated for the
SF-36 (Physical and Mental Component Summa-
ry) and their scoring is similar as for the summary
Nottingham Health Profile (NHP) (Hunt et al. scores of the SF-12. Like the SF-12, the scores for
1980, Hunt et al. 1981a, Wiklund et al. 1988) the SF-36 have been inverted for comparative
The NHP poses 45 questions organized into urposes.

parts to which a response of yes or no is given. In

Part 1, 38 questions are utilized to generateickness Impact Profile (SIP) (Pollard et al.
weighted scores for 6 domains, while in Part 2, ¥976, Sullivan 1985)

non-weighted questions are generated regardifigne SIP is a 136-item questionnaire that calls on
perceived health problems affecting activities opatients to affirm a question with a simple check
daily life. Part 2 was not utilized in this study.mark if it applies. Otherwise, the question re-
Scores in Part 1 range from 0-100 with O represponse key is left blank (Damiano 1996). The
senting the best possible health state. The domaiqsestionnaire produces weighted results for 12
for Part 1 are as follows: Pain, Physical Mobilitydomains as well as 3 summary scores. The
Energy, Emotional Reaction, Sleep, and Socialomains of the SIP include Body Care and Move-

Questionnaires (General Health)

Isolation ment, Ambulation, Home Management, Mobility,
Sleep and Rest, Alertness Behaviour, Recreation

12-Item Short-Form Health Survey (SF-12) and Pastimes, Social Interaction, Emotional

(Ware et al. 1996) Behaviour, Communication, Work, and Eating.

The SF-12 consists of 12 questions with LikertThe summary scores include a Physical Dimen-

box response key. Item scaling is both dichotssion, a Psychosocial Dimension, and a Total

mous and polychotomous. Scores are transform&tore. Scores range from 0-100 with O represent-

into 2 weighted summary scores called Physicahg the best possible health state.

Component Summary and Mental Component

Summary. The weights are calculated via a z and

t-transformation so that an average population

sample will record a score of 50 for each summar

and a score change of 10 points represents o

standard deviation. A score above 50 representd-gduesne Index of Severity-Knee (Lequesne)

perception of better health than the average popl-equesne et al. 1987, Lequesne 1997b)

lation. For comparative purposes to other que3he Lequesne consists of 11 questions with vari-

tionnaires, the SF-12 scores have been invertedans scales utilized for different questions. Ques-

this study so that a score above 50 representgiens refer to Pain (5 questions), Walking (2 ques-

perception of worse health than compared to dions) and Activities of Daily Living (4 questions).

average population. Weights are applied in the scoring algorithm and a
score range from O to 24 is produced. A score of 0
represents a perfect health state.

élestionnaires (Disease Specific)
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Western Ontario and McMaster Universities questionnaire on general health was developed for
Osteoarthritis Index (WOMAC) (Bellamy etal.  yse with the SKAR. The question posed was as
1988, Roos et al. 1998) follows: On a scale from 1 to 10, how would you

The WOMAC consists of 24 Likert-box questionsrate your overall health (1 being the best possible
broken down into 3 domains: Pain (5 questionsgnd 10 being the worst possible result).
Stiffness (2 questions) and Physical Function (17

questions). Scores range from 0-20 for Pain, 0-8

for Stiffness and 0-68 for Physical Function. A . . .
score of 0 represents the best possible health StaQéJ_estlonnalres (Co-morbidity)

The items are scaled with five boxes for eaclodified Charnley Class for Knee Arthroplasty
question ranging from O to 4. Charnley proposed a co-morbidity scale when as-
sessing the outcomes after total hip arthroplasty in
1979 (Charnley 1979). This rating scale used 4
graduated classes for co-morbidity ranging from
monoarticular hip arthroplasty (Charnley A),
monoarticular hip arthroplasty with contralateral
Oxford-12 Item Knee Score (Oxford-12) hip osteoarthritis (Charnley B), bilateral hip ar-
(Dawson et al. 1998) throplasty (Charnley BB), and a systemic medical
12 questions are posed relating specifically to theondition or remote osteoarthritis (e.g. knees,
knee. Each question has a Likert-box response kegine, etc) that impaired locomotory ability
from 1 to 5. A single score is produced rangingCharnley C). Once a patient progressed from 1
from 12 to 60, with 12 indicating the best possibleategory to the next, such as from Charnley B to
health state. C, they always remained in the worse category.
That is, a change in Charnley class is unidirection-
al.

For the purposes of this study, the Charnley
class was modified as follows: monoarticular knee
arthroplasty (Charnley A), monoarticular knee ar-
Satisfaction Questionnaire throplasty with contralateral knee osteoarthritis
A single-item questionnaire was employed usin¢Charnley B1), bilateral knee arthroplasty (Charn-
Likert-type boxes over a 4-point scale. Patientey B2), and a systemic medical condition or re-
were asked specifically if they were satisfied wittmote osteoarthritis (e.g. hips, spine, etc) that im-
their knee arthroplasty. The 4 possible responspaired locomotory ability (Charnley C). Charnley
were 1) very satisfied 2) satisfied 3) uncertain d8 and BB were changed to B1 and B2 in order to
4) unsatisfied. This questionnaire is unique to thiacilitate easier computer based data searches, as a
SKAR and has not been previously validated. search for Charnley B would otherwise yield all

B’s and BB’s.
Single-Item Knee Questionnaire All patients by definition had at least one knee
In an effort to avoid possible confounding noisarthroplasty in-situ as they were registered with
from a multitude of items within a disease or jointhe SKAR and therefore by default were consid-
specific questionnaire, a single-item questionnairered Charnley A. Patients, as mentioned above,
was developed for use with the SKAR. The quesvho had bilateral knee arthroplasties had one knee
tion posed was as follows: On a scale from 1 to 1Qeft or right) randomly selected for the purpose of
how would you rate the result of your knee arthranquiry. The modified Charnley Class was deter-
plasty (1 being the best possible result and 10 beyned using a 4-item questionnaire. The questions

Questionnaires (Joint Specific)

Questionnaires (Single-ltem Global
Scores)

ing the worst possible result). posed were as follows: 1) Do you have arthritis in
your other knee (Charley B1), 2) do you have an
Single-ltem General Health Questionnaire artificial knee joint in your other knee (Charnley

Like the single-item knee score, a single-itenB2), 3) do you have arthritis in other joints besides



Acta Orthop Scand (Suppl 301) 2001; 72 21

your knees, for example, your hips, feet or spind,2, separated by a 5-day interval, to further asses
that limits your ability to walk (Charnley C) andthe translation.

4) do you have a medical condition that limits

your ability to walk, for example, ischemic heart

disease, congestive heart failure, emphysema, eic. .
(Charnley C). bemographlcs recorded by the SKAR

Personal identification number

All citizens of Sweden receive a unique personal
identification number (PIN) that is supplied and
followed by the National Census Register (NCR).
In order to determine the burden imposed on queShe PIN contains information regarding a per-
tionnaire respondents, a simple questionnaire waen'’s date of birth and must be presented upon any
developed. Patients were asked to record the timencounter with government agencies, including
in minutes, that they required to complete a partidrospitals. Ultimately, the PIN is linked to date of
ular questionnaire and to record if they requiredeath. Because of the pervasiveness and accep-
assistance in order to complete the questionnait@nce of the PIN, knee arthroplasty patients, for
(yes or no). example, are able to be comprehensively followed
with regards to address change and initial and re-
peat encounters with the health care system up to
and including date of death. This has made the
Swedish National registries possible and the lack
Questionnaire feasibility was investigated by mulef such a cohesive number is an obstacle to com-
tiplying the return rate of a questionnaire by th@rehensive outcome registries in North America.
percentage of those questionnaires returned whi€@ther Scandinavian countries also use a PIN
were complete with responses for all items. Impuwequivalent.

tation was not used for missing items.

Questionnaires (Patient Burden)

Feasibility

PIN, knee arthroplasty, and side operated on

The SKAR records the PIN for each patient that
undergoes knee arthroplasty surgery. A letter rep-
resenting left or right side is added to the PIN so
It is insufficient to simply translate a questionthat each knee arthroplasty has a unique identifi-
naire into another language (Guillemin et al. 1993ation number. Subsequently, reports from the
Guyatt 1993). Therefore, an effort was made iBKAR often contain reports of x number of knees
this thesis to use questionnaires that had previousperated on for a given period in y number of pa-
ly been translated into Swedish. The only quegients. The number of knees operated on is obvi-
tionnaire employed that had not been previouslyusly larger than the number of patients, as some
translated and validated in Swedish was the Opatients have bilateral knee arthroplasties.
ford-12, and its translation and validation forms

part of this thesis (Paper V). The translation pro-

cesses followed general guidelines from the litera-

ture (Guillemin et al. 1993, Mathias et al. 1994)
The Oxford-12 was independently translated int
Swedish and back translated by 1 professionBRpers |

translator and 1 bilingual Orthopaedic surgeon. All knees operated on from 1981 to 1995 were
bilingual panel assessed adequacy of the translatentified and the associated PIN was cross-refer-
ed versions and a final translated version wasnced to the NCR. This allowed for the identifica-
agreed upon. A pilot study was conducted on 8 biion of 28,962 unique knees operated on over this
lingual subjects who completed in random ordeperiod in patients that were not recorded as de-
the Swedish and English version of the Oxfordeeased. Of the 28,962 knees operated on during

Translation into Swedish

gatient selection
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1981-1995, the postal office could not locate 122ame as for in Paper |. A reminder letter was sent
and 133 envelopes were returned because the pa2 weeks for non-responders.

tient was said to be too ill or infirm to answer. The The average patient age at the time of mail-out
question on satisfaction was answered for 27,3%as 78 (57-94) years and 71 (55-90) years at the
knees (95%), and these were the basis for the antitre of index surgery. The average follow-up time
yses. 22,866 (83.5%) knees had been operated Yeais 7 (1-23) years. 69.8% (n=2511) of the sample
osteoarthrosis, 3,490 (12.8%) for rheumatoid awere women and 30.2% (n=1089) were men.
thritis, 515 (1.9%) for posttraumatic disorders an84.5% had not undergone revision surgery (re-
206 (0.8%) for osteonecrosis. Various conditionsioval, addition or exchange of a component).
accounted for the remaining 295 knees (1.0%%7.9% had tri-compartmental knee replacements,
The average follow-up period was 6 (2-17) year36.0% had medial uni-compartmental knee

after primary arthroplasty replacements, leaving 6.1% with either a lateral
uni-compartmental or both compartments of the
Papers Il Ill, and IV same knee replaced with a uni-compartmental

9 months after the postal survey in Paper I, 3,6Qf¥osthesis.
knees were randomly selected from the 27,372
knees selected for Paper I. A patient with bilaterdaper V
knee arthroplasties had an equal chance of the |&ftsubset of 1200 of the patients (knees) from Pa-
or right knee selected, however, once a side haers Il, Ill, and IV were analyzed in this paper.
been selected for a patient, the patient was r&he 1200 patients were from the 4 groups of 300,
moved from the eligible pool so that patients witleach receiving a combination of 1 of 4 general
bilateral knee arthroplasties would only receive health questionnaires along with the Oxford-12.
questionnaire package. Therefore, in this aspectA§ in Papers I, 1ll, and 1V, all patients received a
the thesis, number of knees equals number of pesver letter with instructions and a postage-paid
tients. The random sample was restricted to paeturn envelope, a 3rd questionnaire inquiring
tients with a diagnosis of primary osteoarthritisabout the length of time required and the need for
age= 55 at time of surgery, age95 at the time of assistance to complete the questionnaires, and a
mail-out and prosthesis type of medial uni-com4th questionnaire regarding satisfaction. A re-
partmental, lateral uni-compartmental, bilateraminder letter was sent at 2 weeks for non-respond-
(same knee) uni-compartmental and total knee afs. At 3 weeks, 120 patients were randomly se-
throplasty. Patients who were registered as havitected from those that completed the Oxford-12
undergone a revision were eligible, providing thegnd were sent a WOMAC.
were not known to have had an extraction arthro- The average patient age at the time of mail-out
plasty, amputation or arthrodesis. was 78 (58-94) years and 71 (55-90) years at the
The 3,600 selected patients were randomly ditme of index surgery. The average follow-up time
vided into 12 groups of 300, each receiving avas 7 (1-21) years. 70% (n=840) of the sample
combination of 1 general health and 1 disease/siteere women and 30% (n=360) were men. 94%
specific questionnaire (4 general health questiomvere primary arthroplasties. 59% of all patients
naires x 3 disease/site specific questionnaires). Alad tri-compartmental knee replacements, 35%
patients received a cover letter with instructionead medial uni-compartmental knee replace-
and a postage-paid return envelope, a 3rd quesents, and 6.0% had either a lateral uni-compart-
tionnaire regarding co-morbidity (Co-morbidity mental or both compartments of the same knee re-
Questionnaire, described above), a 4th questiopkaced with an uni-compartmental prosthesis.
naire inquiring about the length of time required
and the need for assistance to complete the qué&aper VI
tionnaires (patient Burden Questionnaire, det56 primary total knee arthroplasties with a diag-
scribed above), and a 5th questionnaire regardimgsis of osteoarthritis operated on from period
satisfaction (Satisfaction Questionnaire, describddovember 1995 to April 1998 were followed pro-
above). The Satisfaction Questionnaire was thepectively in a multi-centre Canadian trial. The
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Part 1: Cross-sectional health outcomes data for knee arthroplasty from Sweden

All living patients 1981-1995

Paper| <——— . .
n = 37,373 knees in 23,239 patien{s

Random selection—>l Selection criteria
Osteoarthrosis

Age= 55 and < 95

n = 3,600 knees/patientls Type = TKA and UKA

Postal survey
i Paper IV Paper Il

General Health Questionnaire
Disease/Site Specific Questionnai
Paper Il Satisfaction Questionnaire

Modified Charnley Qustionnaire
Burden Questionnaire

Subset n = 1,200

-

Paper V

Part 2: Longitudinal health outcomes data for knee arthroplasty from Canada

Paper VI 1 year
n =156 —————| n=156
WOMAC WOMAC
Time 1 Time 1
Pre-op. Post-op.

Figure 5. Schematic representation of patient selection and breakdown for Papers contained in this thesis.

average patient age at the time of surgery was ©Sed to investigate differences in frequency distri-
(50-92) years. 53% (n=83) were women. 14Butions of data. Parametric tests (Student’s t-test,
Genesis and 7 Genesis Il prosthesis were insertddlOVA) have been used with continuous data,
in 156 patients using a paramedial arthrotomyguch as time required to complete a questionnaire,
96% (n=149) had a patellar resurfacing and thehile non-parametric tests (Mann Whitney U-test,
PCL was preserved in all cases. All patients conikruskal Wallis test) have been used with the ordi-
pleted a WOMAC preoperatively and at 1-yeanal data produced by questionnaires. Multinomial

postoperatively. regression was performed to determine the vari-
An overview of the patient selection for thisables that significantly affected the modified
thesis appears in Figure 5. Charnley Class. Multilinear regression was per-

formed to determine the variables that significant-
ly affected each specific questionnaire.

The non-parametric Spearman’s correlation co-
efficient was used when correlating the results of a
For all tests in which a P-value has been calculaguestionnaire against a construct. The intraclass
ed, P <0.05 has been considered as significacbrrelation coefficient was used for test-retest reli-
95% confidence intervals have been suppliedbility and Cronbach’s alpha statistic was used to
where appropriate. The Chi Squared test has bei@vestigate internal consistency reliability. Values

Statistics
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of 0.6—-0.8 for these 2 tests have been defined as .

fair, 0.8-0.9 as good, and >0.9 as excellent. Fglh'cs approval

single-item questionnaires, the weighted KappBRor research conducted in Sweden (Papers I-V),

coefficient has been used for test-retest reliabilitgomprehensive permission from the Swedish

A Kappa coefficient of 0.4-0.6 was defined a#lealth Authority (Socialstyrelsen) and the Na-

fair, 0.6-0.8 good, and >0.8 excellent. Resportional Controlling Body for Computer Registries

siveness was indirectly assessed using the R@DBatainspektionen) was granted to obtain and

Curve method, with an area under the curve of Orgcord patient factors related to knee arthroplasty.

defined as a non-discriminating test and an area Bbr research conducted in Canada (Paper VI), eth-

1.0 as a perfectly discriminating test. ics approval was obtained from the Ethical review
SPSS® Version 9.0 software was used for alBoards of the participating university hospitals.

calculations other than the weighted Kappa for

which Analys-It® was used.
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Summary of Papers

Results

27,372 (95%) patients operated on between 1981
and 1995 responded. Of those responding 81%
were satisfied or very satisfied, 11% uncertain and
8% were unsatisfied. The proportion of satisfied
Introduction patients was affected by the pre-operative diagno-
The validation of the SKAR afforded an opportusis, with patients with rheumatoid arthritis being
nity to inquire about patient satisfaction regardinghe most satisfied, followed by patients operated
their knee arthroplasty. However, to avoid a pdor osteoarthrosis, post-traumatic condition and
tential reduction in response rate to the criticadsteonecrosis (Kruskal Wallis, p<0.001) (Figure
validation questionnaire, an inquiry about satisé). There was no difference in the proportional
faction needed to be short and simple. A singlalistribution of satisfaction status between patient
item Likert-type questionnaire regarding satisfacgroups operated on with a TKA, a medial UKA, or
tion was developed. Patients were asked to affiren lateral UKA (Figure 7). Bilateral (same knee)
1 of a continuum of 4 possible responses, indicat’KA, however, had a significantly higher propor-
ing how satisfied they were with the operatetion of dissatisfied patients (Kruskal Wallis,
knee. The possible responses were as follows: 350.04). Patellar resurfacing in primary TKA
very satisfied 2) satisfied 3) uncertain or 4) unsatdelded a higher ratio of satisfied patients than for

Paper I: Patient satisfaction after knee

arthroplasty. A report on 27,372 knees

operated on between 1981 and 1995 in
Sweden

isfied. unresurfaced patellae, but this increased ratio di-
minished with time passed since the primary oper-
Methods ation. In unrevised cases the overall satisfaction

28,962 living patients identified were mailed a 2rate was unchanged regardless of the time passed
part questionnaire regarding the revision status of

their knee along with the single-item satisfactionDistribution of satisfaction, percent

guestionnaire. A reminder letter was sent at 400
weeks for non-responders. As the satisfaction
questionnaire was single-item, missing responses
could not be imputed. The question on satisfaction
was answered for 27,372 knees (95%), and these
are the basis for the analyses. The questionnairgg
regarding revision was used in a validation study
of the SKAR (Robertsson et al. 1999b).

Answers were classified on an ordinal scale 40
(unsatisfied < uncertain < satisfied < very satis-
fied) and compared and evaluated for different se-o
lections of patients. When comparing age differ- -
ences between sexes, Student’s t-test was used.
Non-parametric analyses (Mann Whitney U-test O
and Kruskal Wallis H-test) were used when com- OA
paring satisfaction between groups. For correla-

tion, the non-parametric Spearman correlation cigure 6. In unrevised cases, 14% of 3,203 RA patients,

.. 18% of 21,165 OA patients, 2% of 449 postraumatic OA
efficient was used. patients and 30% of 191 patients with osteonecrosis were
unsatisfied or uncertain.

Very satisfied

tis
RA OA  Posttraum. Osteo-

necrosis
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Distribution of satisfaction, percent
100

801
60|
40|
201
0
TKA UKA UKA UKA
medial lateral bilateral

Figure 7. In unrevised OA cases, 18% of 12,298 TKAs,
17% of 7,860 medial UKAs, 20% of 686 lateral UKAs and
23% of 150 medial + lateral UKAs were unsatisfied or un-
certain.

Distribution of satisfaction, percent
100 -

80

60

40

20 ;

TKA

UKA medial

Figure 9. In OA, 48% of 668 revised TKAs and 39% of 887
revised medial UKAs were unsatisfied or uncertain.

since the primary operation. The proportion of saed a higher ratio of unsatisfied patients than for
isfied patients was higher in unrevised knees thasvision for other reasons (Mann Whitney,

Distribution of satisfaction, percent
100 ;

80

60 |

40

20 |

Not revised Revised

Figure 8. 17% of 25,275 unrevised cases (all types and
diagnoses) and 41% of 2,097 revised cases were unsatis-
fied or uncertain.

Distribution of satisfaction, percent
100 ;

gof

60

40|

20|

Not infected

Infected

Figure 10. In revised cases, 53% of 232 who were revised
for infection and 39% of 1,865 who were revised for other
reasons were unsatisfied or uncertain.

in revised knees in which 22% of patients were<0.001) (Figure 10).
unsatisfied after a mean follow-up of 5 (0-16)
years (Mann Whitney, p<0.001) (Figure 8). ReConclusions

vised UKA had a higher proportion of satisfiedA simple satisfaction questionnaire has an excep-
patients than a revised TKA (Mann Whitneytionally high response rate, for this population,
p<0.001) (Figure 9). Revision for infection yield-and can generate useful comparative outcomes
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data. For example, the chronicity of onset of paby questionnaire and that some would be more ap-
thology leading to knee arthroplasty directly corpropriate for this application than others.
relates to post-operative patient satisfaction.
Large proportions of knee arthroplasty patientylethods
are satisfied with the intervention, even after revid general health questionnaires (NHP, SF-12, SF-
sion, for non-infected reasons. Infection has a pr86, and the SIP) and 3 disease/site specific ques-
found effect on patient satisfaction. Successfulonnaires (Lequesne, Oxford-12 and the WOM-
knee arthroplasty can be expected to result IC) were sent in a postal survey to 3600 random-
long-lasting patient satisfaction. ly selected patients from Paper |. Patients were
randomly divided into 12 groups of 300, each re-
ceiving a combination of 1 general health and 1
disease/site specific questionnaire (4 general
health questionnaires x 3 disease/site specific
questionnaires).

3 weeks after the first mailing, 420 (60 patients
X 7 questionnaires) patients were randomly select-
Introduction ed from those that had responded to the first mail-
The only outcome metric available for use witlout and were sent 1 repeat questionnaire (generic
the SKAR has been revision status. While definier disease/site specific) in order to test the repro-
tive and precise, revision status yields data on tlieicibility of each questionnaire.
small minority of operations that fail but tells us Response rate, patient burden, content validity
nothing of the status of the majority of patientsand reliability were calculated for each of the 4
Health outcome questionnaires can be used to dgeneral health and 3 disease/site specific ques-
fine more comprehensive endpoints. Numerousonnaires. Ranks were assigned for each of the
questionnaires are available for application to gested parameters for each questionnaire. An aver-
knee arthroplasty population, but there is no corage rank for each questionnaire by class (general
sensus as to which are the most appropriate to ukealth or disease/site specific) was generated.
Reaching a consensus is confounded by the fact
that there are no gold standards by which to juddgesults
guestionnaires for knee arthroplasty. 84.8% (n=3052) of patients responded by return-

Direct comparison of questionnaires for kneéng their questionnaire. The response rates for the
arthroplasty is not possible with the published litSF-12, SF-36, and NHP (87.4%, 86.6%, and
erature, as the psychometric properties of many 86.3%, respectively), were significantly higher
the questionnaires advocated have not been detdran for the SIP (81.4%, Chi-square p < 0.001).
mined. Of those that have, the properties have ofhere was no difference in the response rates for
ten been determined on a general populatiothe disease/site specific questionnaires.
Knee arthroplasty patients are distinct from an For the general health questionnaires the SF-12
aged matched general population in that they alad the highest percentage of questionnaires re-
fitter and have a longer life expectancy. Previousurned completed (75.4%, Chi-square, p < 0.001).
ly defined properties of questionnaires may theré-he SIP (67.9%) and the NHP (67.2%) were indis-
fore not be directly transferable to this uniqueinct form each other. The SF-36 had a significant-
population. ly lower efficiency of completion (63.0%, Chi-

The purpose of this study was to identify relesquare, p < 0.001). The Oxford-12 had a signifi-
vant general health and disease/site specific owantly higher (Chi-square, p < 0.001) percentage
come questionnaires for knee arthroplasty and ¥ complete questionnaires for the disease/site
multaneously test them on a large random sampeecific questionnaires (89.4%) followed by the
from the SKAR. It was hypothesized that differAWOMAC (83.0%) and the Lequesne (79.1%)
ences in the validity and reliability properties agTable 2).
well as feasibility and patient burden would differ

Paper II: Appropriate questionnaires for
knee arthroplasty: Results of a survey to
3600 patients from the Swedish Knee
Arthroplasty Registry
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Table 2. Gross and net response rates for general health and disease/site specific questionnaires

Questionnaire Number received Number Gross % returned % complete P Net % return ©

by patients 2 returned (95% C19) (95% C1 ) (95% C19)

General health

Nottingham Health Profile ~ 896 764 85.3 (85.2-85.4) 67.2 (67.1-67.3) 57.3 (57.2-57.4)

SF-12 895 782 87.4 (87.3-87.5) 75.4 (75.3-75.5) 65.9 (65.8-66.0)

SF-36 899 779 86.6 (86.5-86.7) 63.0 (62.9-63.1) 54.6 (54.5-54.7)

Sickness Impact Profile 893 727 81.4 (81.3-81.5) 67.9 (67.8-68.0) 55.3 (55.2-55.4)
Disease specific

Lequesne 1194 1012 84.8 (84.7-84.9) 79.1 (79.0-79.2) 59.2 (59.1-59.3)

Oxford-12 1194 1026 85.9 (85.8-86.0) 89.4 (89.3-89.5) 76.7 (76.6-76.8)

WOMAC 1195 1014 84.9 (84.8-85.0) 83.0 (82.9-83.1) 70.5 (70.4-70.6)

2 Number of patients sent a questionnaire package minus those returned by post office or with note indicating that the
patient was deceased.

b percentage of questionnaires returned that were fully completed.

¢ Percent net return equals percent returned multiplied by percentage complete.

4959 Confidence interval

The highest net percentage of completed gener-The SF-12 ranked best overall for the general
al health questionnaires was for the SF-1Bealth questionnaires and the Oxford-12 ranked
(65.9%) followed by the NHP (57.3%), SlIPbest overall for the disease/site specific question-
(55.3%) and the SF-36 (54.6%). The Oxford-1Baires when the individual ranks for each parame-
was the highest for the disease/site specific queer were averaged (Table 4).
tionnaires (76.7%) followed by the WOMAC
(70.5%) and the Lequesne (59.2%). Conclusions

The time required to complete all general healt@onsiderable variation was found in the perfor-
and disease/site specific questionnaires were sigrance of multiple questionnaires when measured
nificantly different (ANOVA, p < 0.0001). The by various standards. The SF-12 and Oxford-12,
SIP required the most time for completion (2however, had the best overall ranking for a general
minutes) and the SF-12 the least (8 minutes). Theealth and disease/site specific questionnaire, re-
WOMAC required the most time to complete forspectively based on the tested criteria. These ques-
the disease/site specific questionnaires (12 mitionnaires can be considered the most appropriate
utes) and the Lequesne the least (8 minutedpr use in a wide-scale discriminative postal-sur-
Patients reported a significantly greater frequencyey to the SKAR. The Lequesne, WOMAC, SF-
(29%) of requiring assistance to complete the SB6 and NHP performed satisfactory. Based on
36 as compared to the other general health qugssor performance over multiple parameters, the
tionnaires (Chi-square, p = 0.005). Similar freuse of the SIP in this context can not be recom-
quencies for requiring assistance were observadended. Questionnaires should be tested on the
for the disease/site specific questionnaires. target population prior to wide-scale use.

Considerable variation in floor and ceiling effects
were seen between general health and disease/site
specific questionnaires (Table 3). The average intra-
class correlation coefficients for the general health
questionnaire group ranged from 0.91 (NHP) to 0.75
(SF-36). The highest intraclass correlation coeffi-
cient for the disease/site specific questionnaires
ranged from 0.94 (Oxford-12) to 0.85 (Lequesne).

Cronbach’s alpha coefficient for the SF-12 was low-
er than for all others (0.62).
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Table 3. Breakdown of reliability and construct validity factors as well as scores by domains for general health and
disease/site specific questionnaires

Questionnaire Reliability Content validity Scores
Cronbach’s Avgerage © Possible
alpha? ICCP Floor Ceiling Skew (95% C.I) score range

GENERAL HEALTH

Nottingham Health Profile  (n=764)
Emotional Reaction 0.85 0.84 58.37 116 2.04 13.3 (11.6-15.0) 0-100
Sleep 0.72 0.89 27.99 279 110 25.1 (23.1-27.1) 0-100
Energy 0.64 0.91 4959 19.61 0.68 33.8 (30.9-36.7) 0-100
Pain 0.85 0.95 38.10 277 118 23.0 (20.9-25.0) 0-100
Physical Mobility 0.80 0.97 25.11 156 0.71 28.2 (26.4-30.1) 0-100
Social Isolation 0.60 0.87 74.97 042 237 9.3 (7.9-10.7) 0-100

Average 0.74 0.91 45.69 472 135 N/A

SF-12 (n=782)

Physical Component Summary 0.62 0.85 0.02 0.00 0.25 37.3 (36.4-38.1) 0-100

Mental Component Summary 0.62 0.92 0.02 0.00 -0.42 49.7 (48.8-50.7) 0-100

Average 0.62 0.88 0.02 0.00 -0.09 N/A

SF-36 (n=779)
Physical Functioning 0.90 0.89 0.79 583 -0.14 43.2 (41.2-45.2) 0-100
Role-Physical 0.88 0.57 21.32 4950 -0.69 34.1 (31.1-37.0) 0-100
Body Pain 0.92 0.86 17.70 3.37 -0.14 56.3 (54.1-57.6) 0-100
General Health 0.81 0.88 3.26 0.59 0.02 55.9 (54.1-57.6) 0-100
Vitality 0.82 0.69 3.26 1.88 0.08 52.9 (51.0-54.8) 0-100
Social Functioning 0.75 0.77 36.02 245 0.85 73.5 (71.4-75.5) 0-100
Role-Emotion 0.88 0.71 4141 36.08 0.09 52.4 (49.1-55.7) 0-100
Mental Health 0.83 0.80 12.82 0.43 0.68 72.1 (70.5-73.8) 0-100
Transition N/A 0.56 N/A N/A 0.21 3.2 (2.3-4.2) 0-100

Average 0.85 0.75 17.07 1252 0.11 N/A

Physical Component Summary  N/A 0.93 N/A N/A -0.29 33.3 (32.4-34.3) 0-100

Mental Component Summary N/A 0.82 N/A N/A 0.43 47.9 (46.8-49.1) 0-100

Sickness Impact Profile  (n=727)
Sleep and Rest 0.62 0.81 40.54 0.57 1.84 22.4 (21.2-23.6) 0-100
Emotional Behaviour 0.80 0.96 68.49 0.72 3.16 23.4 (22.2-24.6) 0-100
Body Care and Movement 0.88 0.87 42.67 058 237 18.5 (17.3-19.6) 0-100
Home Management 0.86 0.87 52.77  46.37 1.62 34.1 (32.3-35.8) 0-100
Mobility 0.81 0.89 59.97 0.88 259 23.0 (21.8-24.3) 0-100
Social Interaction 0.88 0.76 46.04 0.72 3.83 13.2 (12.3-14.2) 0-100
Ambulation 0.82 0.88 28.12 043 114 18.6 (17.3-20.0 0-100
Alertness Behaviour 0.85 0.63 67.91 116 3.2 255 (24.2-26.8) 0-100
Communication 0.75 0.73 75.00 0.58  4.27 19.8 (18.9-20.6) 0-100
Work N/C 0.68 69.00 023 114 61.7 (58.8-64.5) 0-100
Recreation and Pastimes 0.71 0.85 37.98 0.30 1.25 27.6 (26.1-29.1) 0-100
Eating 0.84 0.52 80.97 059 8.64 2.3 (1.6-2.9) 0-100

Average 0.80 0.79 55.79 4.43 291 N/A

Physical Dimension N/A 0.92 28.15 0.30 2.18 12.3 (11.1-13.4) 0-100

Psychosocial Dimension N/A 0.87 41.63 0.44 4.07 6.8 (5.9-7.6) 0-100

Total Score N/A 0.97 22.98 0.00 257 8.9 (7.9-9.9) 0-100

DISEASE/SITE SPECIFIC

Lequesne (n=1012) 0.77 0.85 6.38 0.00 042 8.9 (8.6-9.3) 0-25

Oxford-12 (n=1026) 0.93 0.94 6.76 0.11 0.73 25,5 (24.9-26.2) 12-60

WOMAC (n=1014)
Pain 0.91 0.95 20.48 0.52 0.72 5.1 (4.8-5.4) 5-25
Stiffness 0.91 0.90 25.76 193 054 23 (2.2-2.4) 2-10
Physical Function 0.98 0.92 8.59 0.12 0.34 23.0 (21.9-24.2) 17-75

Average 0.93 0.92 18.27 0.85 0.53 N/A

a See methods for description of Cronbach’s Alpha.

b|CC = Intra-Class Correlation Coefficient — see methods for description.

¢ Geometric mean.
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Table 4. Average ranked values for general health and disease/site specific questionnaires for each parameter (1 =
highest rank, 4 = lowest rank)

Questionnaire Burden Feasability Content validity Reliability Average
rank

Time Help Response % Compl. Floor Ceiling Skew ICC?2 Cr.alphaP

General health

Nottingham Health Profile 2 2 8 3 3 8 8 1 3 2.6
SF-12 1 3 1 1 1 1 15 2 4 17
SF-36 3 4 2 4 2 4 1.5 4 1 2.8
Sickness Impact Profile 4 1 4 2 4 2 4 3 2 2.9
Disease/site specific
Lequesne 1 3 3 3 1 1 1 3 3 2.1
Oxford-12 2 1 1 1 2 2 3 1 15 1.6
WOMAC 3 2 2 2 3 3 2 2 1.5 2.3

2]CC = Intraclass Correlation Coefficient — see methods for description.
b Cr. alpha = Cronbach’s alpha — see methods for description.

validate the questionnaire, the results of the pa-
tient satisfaction questionnaire were compared
with the results of general health (NHP, SF-36,
SF-12) and disease/site specific (Oxford-12,
WOMAC) questionnaires.

Paper llI: Patient satisfaction compared
with general health and disease specific
questionnaires in 3600 patients operated
on with knee arthroplasty

Introduction
Health outcome questionnaires can be cumbeylethods
some, and it is known that for self-administrateth August of 1997 a postal survey was sent to all
postal surveys that the higher the patient’s burdeliving patients (32,428 knees in 27,114 patients)
the lower the response rate. Thus, when evaluaegistered with the SKAR as part of a validation
ing questionnaires for use in postal surveys, natudy. A single-item questionnaire regarding satis-
only does the usual psychometric properties havaction was included in this survey. 9 months later,
to be taken into account, but also the response rateMay 1998, a more elaborate study of health sta-
and completeness. When studying a phenomentrs was performed by a postal survey to 3600 ran-
with a low incidence or prevalence in the targelomly selected osteoarthrosis patients from the
population, a small loss in patient response ra@KAR (Paper Il). The patients were divided into
may significantly effect the analysis. In such inrandom groups that were sent different combina-
stances, or when extensive questionnaires can nians of health questionnaires so that each patient
be used for practical reasons, a single-item que®ceived 1 general health and 1 disease/site specif-
tionnaire on satisfaction might yield useful infor-ic questionnaire along with the above mentioned
mation regarding the effect of the interventionsingle-item satisfaction questionnaire.
Further, when the preoperative status has not beehe reliability (Kappa coefficient) of the short
recorded, as was the case with the SKAR, patiergatisfaction question was determined by compar-
can be assumed to take their pre-operative condig the August 1997 answers of previously unre-
tion into account when answering and thus act agsed patients with their answers from May 1998.
their own comparison. Partly for these reasons,Ratients revised between the 2 postal surveys
simple questionnaire on satisfaction was devetould be assumed to have a change in their knee
oped and sent to all living patients registered witbondition and were excluded. This left 2711
the SKAR from 1981 to 1995 (Paper I). patients that had answered on both occasions.
To evaluate what knee arthroplasty patients aResponsiveness of the satisfaction questionnaire
referring to when answering a question regardingas indirectly assessed using the ROC Curve
satisfaction with the procedure, and to partiallynethod using revised and unrevised patients as
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% tionnaire was 0.64, which can be interpreted as

100 good agreement quality (reliability)
90 Of the 3,583 patients asked the short question
80 | 206 | both in 1997 and 1998, 73 patients did not answer
on either occasion while 2,935 patients answered
70 i |
on both occasions. The 515 patients that answered
60 Bl verysatisfied  the short question in 1997 but not in 1998 were
50 [ satisfied older (Student-t, p<0.001, 95% CI 1.9-3.2 years),
40 185 [ Uncertain more often women (Chi-square, p=0.04) and more
30 807 [] pissatisied  Often unsatisfied in 1997 (MW, p<0.001) than
those that answered on both occasions (Figure
20 71 11). There were an additional 60 patients that did
10 — not answer the first inquiry in 1997 but answered
0 208 % in 1998, but also among these there was a higher
Answered both  No answer proportion of unsatisfied patients. The short ques-

) . - . tion on satisfaction and the Oxford-12 question-
Figure 11. The relative percentage of satisfied patients in X L.
1997. Patients that answered on both occasions (n=2935) haire were found to have similar areas under the
were more satisfied than those that did not respond in  ROC Curve of 0.628 and 0.632, respectively (Fig-
1998 (n=515) (Chi square p < 0.001). ure 12). The revised patients were not as satisfied

with their knee as those unrevised (MW, p<0.001)

the groups to be discriminated. For comparisoand their mean Oxford-12 score was worse (mean
the discriminative ability of the Oxford-12 wasscore=30/60) than that for the unrevised (mean
also tested. The Mann Whitney U-test was alsscore=25/60) (MW p<0.001). The satisfaction
used to compare differences in questionnaire rguestionnaire had the highest correlation with the
sults between these 2 groups. The construct validisease specific scores followed by those domains
ity of the satisfaction questionnaire was deteiin the general health questionnaires that related to
mined by correlating the answers to that of thpain and to physical function (Table 5). For emo-
other more extensive questionnaires using Speaienal parameters, the correlation was much lower.
man’s non-parametric correlation coefficients.
The weighted Kappa coefficient was calculate§onclusions
using the level of satisfaction on an ordinal scal€he single-item satisfaction questionnaire has ac-
(1-4). A Kappa coefficient of 0.4— 0.6 was consideeptable reliability, responsiveness and construct
ered fair, 0.6-0.8 good, and >0.8 excellent. Thealidity, hence meeting the basic requirements for
Kruskal Wallis test was used to compare differpsychometric validation. Furthermore, the re-
ences in mean outcome scores with satisfaction sggonse rate for the satisfaction questionnaire

the grouping variable. alone is higher than for the longer health outcome
guestionnaires, but this response rate decreases
Results when it is coupled with the longer questionnaires.

The satisfaction questionnaire posed to all 27,114When knee arthroplasty patients state, in a post-
living patients in 1997 was answered by 95% odl survey, that they are satisfied with their knee,
the patients. When the 3600 patients were askedtteey are mainly referring to the fact that they have
answer the satisfaction questionnaire a 2nd timgained good pain relief and improved function.
in combination with the longer health outcomaNhen inquiring about the results of a treatment, in
questionnaires in 1998, only 84% answered thghich the general benefit has already been proven
satisfaction questionnaire. The response rates fand a preoperative health score is not known, a
the various health outcome questionnaires varidthee surgeon might be just as interested in patient
from 85% to 87%, diminishing to 57%—77% ifsatisfaction as in a score resulting from a more
only fully completed questionnaires were includelaborate health outcome questionnaire.

ed. The weighted Kappa for the satisfaction ques-
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Sensitivity Sensitivity
1.00 1.00
0.75 0.75 1
0.50 - 0.50 1
0.25 { 0.25 1
0.00 . - - 0.00 - : -
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Figure 12. ROC curves indicating the ability to discriminate between revised and un-revised patients (n=823 and n=76).
This is expressed as the area under the curve which is 0.628 for the single item satisfaction questionnaire (left) and 0.632

for the Oxford-12 (right).

Table 5. Correlation between patient satisfaction and
different domains of general health and disease-specific

questionnaires. P<0.001 for all correlation’s

Questionnaire Spearman n
NHP
Pain 0.62 669
Physical Mobility 0.47 690
Energy 0.42 711
Emotional Reaction 0.36 674
Sleep 0.33 702
Social Isolation 0.20 699
SF-12
Physical Component Summary 0.42 579
Mental Component Summary 0.25 579
SF-36
Body Pain 0.48 704
Physical Component Summary 0.45 485
Physical Functioning 0.43 628
General Health 0.39 666
Social Functioning 0.38 687
Vitality 0.35 684
Mental Health 0.34 686
Role-Emotion 0.32 687
Mental Component Summary 0.32 485
Role-Physical 0.29 693
Oxford-12 0.68 899
WOMAC
Pain 0.67 957
Physical Function 0.64 854
Stiffness 0.63 977

Paper IV: What’s all that noise? The effect

of co-morbidity on health outcome
questionnaire results after knee arthro-

plasty

Introduction

The Orthopedic community is increasingly rely-
ing on health outcome questionnaires to define
and contrast the value of joint replacement sur-
gery. However, questionnaires are imperfect and
their results can be confounded by noise from
sources other than the signal of interest. Sources
of noise include age, gender, pre-operative diag-
nosis, and co-morbidity. Without recognizing and
controlling for the sources of noise, the value of
guestionnaires for assessing outcomes after ar-
throplasty is suspect (Gross 1988).

Charnley recognized the importance of account-
ing for co-morbidity when assessing outcomes af-
ter hip arthroplasty and advocated stratifying pa-
tients by degree of co-morbidity to allow for
meaningful comparisons. The resulting patient
strata represent a functional classification and are
often referred to as the “Charnley Class”. Previ-
ously, results of health outcome questionnaires
applied to hip arthroplasty patients were found to
be significantly influenced by Charnley Class
(Garellick et al. 1998).

The effect of Charnley Class, or co-morbidity,
on the results of health outcome questionnaires
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applied to knee arthroplasty patients has not beddistribution of modified Charnley Class
well defined. Therefore, the purpose of this studyooe
was to first modify the Charnley Classification for
application to knee arthroplasty patients and then
determine what effect co-morbidity, as defined by80% -
the modified Charnley Class, had on the results of

a spectrum of outcome questionnaires. The

hypothesis was that general health questionnaire®” c

would be influenced by modified Charnley Class, C

disease specific questionnaires less so, joint SPe,, | c &=

cific questionnaires minimally, and a single item o c B2

questionnaire about the index knee not at all. o 51
20% - |B1 =2

Methods B1

A postal survey was sent to 3600 patients random-

ly selected from the SKAR (Paper II). All patients oo & - - -

were sent 1 of 4 general health questionnaires in Age<rs  Age>75  Age<rs  Age>75

Female Female Male Male

combination with 1 of 3 disease/site specific ques- o B
tionnaires. All 3600 patients were also sent th?r?d“;ij'e r_D'St”b”“O" of modified Charniey Class by age
single-item satisfaction questionnaire, a question-
naire regarding patient burden, and 2 single-itejpostal survey, gender, time since operation, type
questionnaires regarding their index knee (Singl®f prosthesis (uni-compartmental versus total), re-
Item Knee Score) and the other regarding theiision status, and modified Charnley Class as the
overall health (Single-ltem Health Score). Theéndependent variables. Logarithmic transforma-
Single-ltem Knee Score asked the patient to rat®ns were performed to normalize the distribution
their impression of how their index knee felt on af skewed scores when performing linear regres-
scale of 1 to 10, and the Single-ltem Health Scomgons.
asked the patient to rate the impression of their
general health on a scale of 1 to 10. For both quesesults
tionnaires a score of 1 represented the best podsiultinomial regression demonstrated that gender
ble score and a score of 10 represented the worad patient age at the time of mail-out significant-
The modified Charnley Class questionnaire waly affected the modified Charnley Class distribu-
also sent. tion (p <0.001). ANOVA confirmed the differenc-
Multinomial regression was performed to deteres in age between Charnley Classes, but the differ-
mine the variables that affected modified Charrences were clinically small (maximum difference
ley Class. Gender was used in the regression ag gears) and were only significant for females.
factor with patient age at the time of postal survey The distribution of Charnley Classes differed
and the year of operation as covariates. ANOVAetween females and males (p <0.001) with fe-
was used to compare mean ages between Charntegles having a higher proportion of patients in
Classes while the Chi Squared test was used @harnley Class C even after age distribution had
compare the frequency distribution of Charnleypeen accounted for. While there was no difference
Class by gender and by age category (<75 yedrsthe distribution of Charnley Classes between
and = 75 years). Differences in questionnaireage groups for males, females younger than 75
scores by modified Charnley Class were deteyears had a different distribution compared to
mined with the Kruskal Wallis tesk-values of those 75 years and older (p<0.001) with older fe-
less than 0.05 were considered significant. Lineamales having a higher frequency of Charnley
regression analyses were performed for ead@lass C patients (Figure 13).
questionnaire with the questionnaire score as theFor all questionnaires tested, significant differ-
dependent variable and patient age at the time efices were found in the scores when analyzed by
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Figure 14. Variation in SF-36 Physical Component Sum-
mary scores by Charnley Class for females < age 75. Er-
ror bars represent 95% confidence intervals. Range of
scores listed on the Y-axis represent 2 standard devia-
tions. N.B. scores have been inverted for comparative
purposes.

WOMAC Physical Function
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40 -

{

Average — — — — — - — — - —— — —
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"l

A B1 B2 c
Charnley Class

Figure 15. Variation in WOMAC Physical Function scores
by Charnley Class for females < age 75. Error bars repre-
sent 95% confidence intervals. Range of scores listed on
the Y-axis represent 2 standard deviations.

Single-ltem Knee Score
8

47 Average — — — — — — — % ______________

A B1 B2 ¢
Charnley Class

Figure 16. Variation in Single-ltem Global Knee scores by
Charnley Class for females < age 75. Error bars represent
95% confidence intervals. Range of scores listed on the Y-
axis represent 2 standard deviations.

scored the best while patients with 1 arthroplasty
and arthritis in the contralateral knee (Class B1)
scored significantly worse. Patients with bilateral
arthroplasties (Class B2) tended to score as if they
had no arthritis in the knee contralateral to the in-
dex knee (i.e. Class A). Patients with knee arthro-
plasty and remote arthritis or systemic disease
affecting their ability to ambulate (Class C) scored
worse than all other classes. These results were
found regardless of the type of questionnaire or
stratification of scores by gender or patient age.
While a consistent pattern in questionnaire
scores by Charnley Class was noted, the magni-
tude of the change varied by questionnaire (Table
6). The WOMAC scores varied the most, with a
75% increase in Physical Function scores when
comparing Charnley Class A to B1, and a 138%
increase from class A to C. The Oxford-12 scores
varied to a lesser degree with a 34% increase in
scores between Charnley Class A and Bl and a
55% increase between Charnley Class A and C.
Similar changes were noted for the Single-ltem

Charnley Class. A consistent pattern emerged fémee and Single-ltem Health Scores. However,
the distribution of scores by Charnley Class (Figthe Single-ltem Knee and Single-ltem Health
ures 14-16). Patients with mono-articular knee irscores had less of a change between Charnley
volvement, treated with arthroplasty (Class AClass A and B2. The SF-36 Physical and Mental
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Table 6. Percentage change in questionnaire scores by questionnaire the modified Charnley Class was a
Charnely Class (all patients) .

significant factor, even when all other factors
were accounted for in the regression equation
QLEsEmElE % change in Chamley Class  (5<0.001). No other factors were significant for

Ato Ato Ato I . .
B1 B2 c  allquestionnaires.

SF-36 Physical Comp. Sum. (n=484) 12.8 7.7 22.1 Conclusions

SF-36 Mental Comp. Sum.(n=484) -16 -3.9 104 - P
Sigle-Item Health spcore (ni2736)) 199 18 581 Co-morbidity had a significant effect on outcome

WOMAC Pain (n=934) 67.0 22.7 126.6 questionnaires after knee arthroplasty, regardless
Bt e (s 728 197 1069  of the specificity of the questionnaire used. Re-
WOMAC Physical Function (n=836) 75.2 35.0 138.0 . . .
Oxford-12 Knee Score (n=882) 339 181 547 Sultsof questionnaires varied by as much as 138%
Single-ltem Knee Score (n=2773) 29.2 5.0 545 between Charnley Classes. Co-morbidity should
be accounted for in outcome studies, especially
with a discriminative questionnaire application.
Component Summary scores changed the least Bge modified Charnley Classification question-
Charnley Class. naire for knee arthroplasty is a useful method for
Linear regression analyses for the variouassessing co-morbidity in this population. In
scores tested demonstrated a variety of covariatessence, it is not possible to isolate the knee with
as having an effect on the scores, depending on thealth outcome questionnaires.
questionnaire (Table 7). However, for every

Table 7. Results of linear regression demonstrating significant factors that
effect scores of health outcome questionnaires applied to knee arthroplasty

patients
Questionnaire n Transf.* Factor p value
SF-36 Physical Comp. Sum. 484 None  Charnley <0.001
Age at survey <0.001
Gender 0.013
Type (Uni. Vs Total) 0.026
SF-36 Mental Comp. Sum. 484 None  Charnley 0.001
Single-ltem Health Score 2736 None  Charnley <0.001
Age at survey <0.001
Gender <0.001
Operative year 0.008
Revision status 0.048
WOMAC Pain 934 logl0  Charnley <0.001
Revision status <0.001
Gender 0.004
WOMAC Stiffness 951 None  Charnley <0.001
Revision status <0.001
WOMAC Physical Function 836 None  Charnley <0.001
Revision status <0.001
Age at survey 0.016
Operative year 0.004
Gender 0.011
Type (Uni. Vs Total) 0.028
Oxford 882 logl0  Charnley <0.001
Operative year <0.001
Revision status 0.024
Type (Uni. Vs Total) 0.033
Single-ltem Knee Score 2773 logl0  Charnley <0.001
Revision status <0.001

* Transformation required to normalize regression residuals plot.
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pared to the domains of the general health ques-
tionnaires and the WOMAC. It was hypothesized
that the Oxford-12 should correlate highest with
the physical and pain domains of the other ques-
Introduction tionnaires (convergent validity) and lowest with
The Oxford-12 Item Knee Score was a new anihe Eating domain of the SIP and the psychosocial
well-validated outcome questionnaire designedomains of the general health questionnaires
for use with knee arthroplasty patients. The Sweddivergent validity). Content validity was investi-
ish translated version of the Oxford-12 performedated by examining the skew of the distribution as
optimally across multiple parameters in a croswell as floor and ceiling effects.

sectional study (Paper II). However, it is insuffi- To determine test-retest reliability, 60 patients
cient to solely translate a questionnaire into a fowere randomly selected from those who had com-
eign language without validating the translategleted the Oxford-12. Each was mailed a repeat
version (Guillemin et al. 1993, Mathias et alOxford-12 at 4 weeks. Both the ICC and the coef-
1994). Therefore, the purpose of this study was fient of repeatability were calculated (Bland et
translate and validate the Oxford-12 for use ial. 1986).

Paper V: Translation and validation of the
Oxford-12 Item Knee Score for use in
Sweden

Sweden. Internal consistency was determined by calcu-
lating Cronbach’s. A value for Cronbach’s alpha
Methods greater than 0.8 was considered good while a val-

The Oxford-12 standard English version was inde greater than 0.9 was considered excellent.
dependently translated into Swedish and backDiscriminative ability was tested by comparing
translated by a professional translator and a bilithe Oxford-12 scores generated for revised and
gual Orthopaedic surgeon. Adequacy of the transnrevised knees with the Mann Whitney U test
lated versions was assessed and a final translaget by calculating the area under the ROC Curve.
version was agreed upon. A pilot study was corfhe same tests were performed for the WOMAC.
ducted on 8 bilingual subjects who completed it was hypothesized that the WOMAC and
random order the Swedish and English version @xford-12 should have similar discriminative
the Oxford-12, separated by a 5-day interval, tability.
further asses the translation.
A 1200 patient subset of the 3600 patients rafresults
domly selected from the SKAR (Paper Il) wasThe 2 translated versions of the Oxford-12 were
used. The subset represents all patients who reery similar, and a common version was accepted
ceived the NHP, SF-12, SF-36, or SIP in combinancorporating aspects of both translations. Back
tion with the Oxford-12. Inclusion criteria are thetranslation of the accepted version was stable. The
same as for Paper II, above. A cover letter was ioriginal and translated versions were judged to be
cluded along with a postage-paid return envelopsulturally and linguistically equivalent.
and a 3rd questionnaire regarding patient burden.On average, patients reported requiring 10 min-
A reminder letter was sent at 2 weeks for non-rastes to complete the questionnaire and 23% of
sponders. At 3 weeks, 120 patients were randompatients stated that they required assistance to
selected from those that completed the Oxford-1&mplete it.
and were sent a WOMAC. Of the 1200 Oxford-12 questionnaires posted, 2
Feasibility was determined by calculating thevere returned by the post office for incorrect ad-
percentage of questionnaires returned and the pdress and 3 were returned with a note by a family
centage of questionnaires that were returned comember or caregiver indicating that the patient
prehensively completed. Missing responses wemas deceased. 1026 questionnaires were returned
not imputed. at least partially completed, yielding a response
Convergent and divergent construct validityate of 86%. Of these, 89% were complete. The
were tested by examining the Spearman’s correlaet response rate therefore was 77%.
tion coefficients of the Oxford-12 scores com-
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Table 8. Ability of Oxford-12 and WOMAC to distinguish between revised and unrevised knee ar-
throplasty patients

Questionnaire n Mann-Whitney  Area under 95% ClI for ~ Asymptotic sig.
U-test ROC 2 curve ROC curve ROC curve
Oxford-12 917 p <0.0001 0.64 (0.58-0.70) p <0.001
WOMAC pain 967 p < 0.0001 0.70 (0.64-0.76) p <0.001
WOMAC stiffness 986 p < 0.0001 0.66 (0.60-0.72) p <0.001
WOMAC physical function 862 p < 0.0001 0.67 (0.60-0.74) p <0.001

a Receiver operating characteristic curve

Sensitivity The ICC for the Oxford-12 was high at 0.94

1 (95% confidence interval 0.89-0.96). The mean
difference between the 2 sets of scores was —0.7
(95% CI -2.0-0.6), which was not significantly
different from 0 (one sample t-test). The coeffi-
cient of repeatability was 9.6 and 95% of the val-
0.6 ues were within —0.Z 9.6.

The internal consistency was excellent with a
Cronbach’s alpha of 0.93 (95% confidence inter-
val 0.63-0.84). Removal of any of the 12 items in
WG Stffness the calculation of Cronbach’s alpha did not result
0.2 WG Physioal Function in a value greater than 0.93.

All 3 domains of the WOMAC discerned a dif-
ference between the unrevised and revised groups
both with the Mann Whitney U test and the area
under ROC Curve (Table 8, Figure 17). The
Oxford-12 displayed similar ability using the
same methods.

0.8

0.4
—e—WC Pain

0 0.2 0.4 0.6 0.8 1
1 - Specificity

Figure 17. Receiver Operating Characteristic Curve dem-
onstrating comparable ability of the Oxford-12 and WOM-
AC to discriminate between patients with unrevised and Conclusions

revised knee arthroplasties. Discriminative ability is related . .
10 the area under the curve. The Swedish translation of the Oxford-12 Knee

Score is linguistically and culturally equivalent to
the English version and it has solid psychometric
The Oxford-12 correlated closely with the physeharacteristics in keeping with the original ques-
ical domains and less so with the mental and stiennaire. This translated version is appropriate
cial domains in all general health questionnaire$or general use with knee arthroplasty patients in
Correlations with the WOMAC domains were theSweden.
highest (Pain, Rho = 0.87, Stiffness, Rho = 0.83
and Physical Function, Rho = 0.74). The Oxford-
12 correlated poorly with the Eating Domain of
the SIP (Rho = 0.14) hence demonstrating go

divergent construct validity. OIgaper VI: Post-operative patient disposi-

6.8% of patients surveyed who completed thgon aft.er knee arthroplasty based on pre-
questionnaire recorded the best possible scm%PeratNe WOMAC scores
Only 0.1% recorded the worst possible score. THatroduction
frequency distribution of the score was skewed tHealth outcome questionnaires applied to the
the right (better) with a skew value of 0.73. SKAR, to date, have been used in a cross-section-
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al, discriminative fashion. Questionnaires hav&MNorse” as patients scoring one standard devia-
not been applied pre-operatively. The longitudinaion above the mean score. The two pre-operative
nature of the questionnaires tested has not, thegroups were used as a factor in determining differ-
fore, been directly investigated. ences in post-operative WOMAC results using the
In Canada and Sweden, waiting times for suron-parametric Mann Whitney test. The effect of
gery are increasing as surgeons are forced to ratage, gender, body mass index, patellar resurfacing
nalize the delivery of knee arthroplasty. Furtherstatus and co-morbidity on pre and post-operative
more, demand for knee arthroplasty is predicted &WOMAC scores was determined using multiple
increase over the next three decades (Robertssegression.
et al. 2000). However, there is no consensus re-To investigate the effect of pre-operative
garding the prioritization of patients on a knee aWOMAC scores on the change in pre and post-
throplasty waiting list and furthermore, the effecoperative WOMAC scores, the scores were again
of delaying the delivery of the surgery are ungrouped into the same two groups as defined
known. above. A delta score was calculated for groups
The Western Ontario and MacMaster UniversiBetter” and “Worse” for each question within the
ties Osteoarthritis Index (WOMAC) is a well-val-Pain and Physical Function domain. Differences
idated and widely used health outcome questioim delta scores for each question by group and do-
naire that has relevance for a knee arthroplastyain were checked using the Kruskal Wallis test.
population. The first purpose of this study was to
determine the pre-operative WOMAC scores foResults
patients on an elective total knee arthroplasty wa@f the covariates tested, only gender had a signifi-
list and to determine the post-operative disposcant effect on preoperative WOMAC scores
tion of those patients based on their pre-operati\p<0.05). Patients scoring 1 standard deviation
WOMAC scores. The hypothesis was that patientigher (group “Worse”) on preoperative WOMAC
scoring substantially worse on pre-operativecores for Pain and Physical Function had signifi-
WOMAC scores would not obtain the same postantly worse post-operative scores for the respec-
operative WOMAC scores as the other patientsive domains (Pain p=0.011, Physical Function
The second purpose of this study was to invesip=0.023, Figures 18 and 19). Despite the fact that
gate which questions, if any, within the WOMACthe postoperative scores were significantly differ-
accounted for the variation in the pre and post-o@nt, patients in groups “Worse” and “Better” had a

erative scores. similar net change for the Pain domain (60.0%
change for group “Better” and 69.5% change for
Methods group “Worse”). The net change for the Physical

156 primary total knee arthroplasties with a diagFunction domain differed by group with group
nosis of osteoarthritis were followed prospective®Worse” having a higher average change from
ly in a multicentre trial. The standard North Amerpre- to postoperative (35.4% change for group
ican Version of the WOMAC was employed in &Better” and 60.6% change for group “Worse”).
patient self-completed format preoperatively and 9.5% of patients in group “Better” were worse
1 year post-operatively. Patients were prompted fmstoperatively compared to 0% in group
complete missing responses and any residual defidéorse” for the Pain domain (Figure 20). These
ciencies in responses were imputed. Only the Padlifferences did not reach statistical significance
and Physical Function domains were used for tH&isher exact test p=0.08). For the Physical Func-
purposes of this study because of the significatibn domain, 37.5% of patients in group “Better”
floor and ceiling effect seen with the Stiffness dowere worse postoperatively compared to 0% in
main. group “Worse”. These differences were signifi-
Preoperative WOMAC scores were categorizedant (Fisher exact test p=0.006).

into two ordinal groups for each domain. Group There was no difference in single item scores
“Better” was defined as patients scoring one staffier the Pain and Physical Function domains for
dard deviation below the mean score, and groymtients with group “Worse” WOMAC scores
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Figure 18. Post-operative disposition of WOMAC Pain  Figure 19. Post-operative disposition of WOMAC Physical
scores when stratified by pre-operative score. Post-opera-  Function scores when stratified by pre-operative score.
tive scores are significantly different (Mann—-Whitney, Post-operative scores are significantly different (Mann—
P=0.11). Whitney, P=0.23).

(Kruskal Wallis, p>0.05). However, for the samePost-operative disposition of patients reports
domains with group “Better” patients, there wereioo%
significant differences between changes in single
item scores for both the Pain (p=0.009) and the
Physical Function (p=0.04) domains. Questions 180%
and 2 (pain while walking on flat surface and pain
going up or down stairs, respectively) for the Pain
domain demonstrated the greatest change i
scores while questions 3 and 4 (pain at night while
in bed and pain while sitting or lying, respective- ,,, |
ly) demonstrated the least change (Table 9). Ques-
tions 1 and 2 for the Physical Function domain
(descending stairs and ascending stairs, respeee
tively) demonstrated the greatest change while
questions 13, 14 and 15 (getting in/out of a bath, m Worse
sitting, and getting on/off a toilet, respectively) ©% sy peiow  1sDabove 1D below 15D above
demonstrated the least change. Pain Physical Function

Improved Improved Improved Improved

%

Conclusions Figure 20. qut-operative diqusition (Impr_oved versus
] ) Worse) of patients reports of Pain and Physical Function
When using the WOMAC to compare a relativelyor the WOMAC based on pre-operative score stratifica-

large group of knee arthroplasty patients, patient"-

scoring significantly higher (worse) pre-opera-

tively can not be expected to obtain the same ab-

solute result, as measured by the WOMAC. Howthe WOMAC Pain and Physical Function domains
ever, some patients scoring significantly loweregarding ascending and descending stairs consis-
(better) on the WOMAC pre-operatively actuallytently registered the best net improvement in
registered worse WOMAC pain and Physicascores, regardless of pre-operative status.
Function scores post-operatively. The questions in
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Table 9. Change in WOMAC Pain and Physical Function Domain scores between pre and post-operative application
broken down by question. Scores are stratified for each domain by the pre-operative score’s relationship to the
mean

Group “Worse” Group “Better”
1 SD above the mean domain score 1 SD below the mean domain score
% of change in % of change in
Domain and A pre-op. domain score A pre-op. domain score
Question # to post-op. 95% CI by question to post-op. 95% CI by question
Pain
Question 1 1.76 1.23-2.29 17.4 0.85 0.52-1.18 29.0
Question 2 1.92 1.49-2.35 19.0 1.04 0.61-1.47 3515
Question 3 2.15 1.80-2.50 21.3 0.31 0.04-0.58 10.6
Question 4 2.19 1.86-2.52 21.7 0.27 0.02-0.52 9.2
Question 5 2.08 1.75-2.41 20.6 0.46 0.03-0.89 15.7
Physical Function
Question 1 1.96 1.57-2.35 6.1 1.00 0.53-1.47 13.2
Question 2 2.15 1.78-2.52 6.7 0.85 0.40-1.30 11.3
Question 3 2.04 1.67-2.41 6.4 0.54 1.07-1.01 7.2
Question 4 1.96 1.51-2.41 6.1 0.42 0.09-0.75 5.6
Question 5 1.58 1.13-2.03 4.9 0.50 —0.05-1.05 6.6
Question 6 2.04 1.69-2.39 6.4 0.65 0.24-1.06 8.6
Question 7 1.77 1.42-2.12 515 0.62 0.27-0.97 8.2
Question 8 1.85 1.46-2.24 5.8 0.62 0.27-0.97 8.2
Question 9 2.04 1.65-2.43 6.4 0.19 —-0.18-0.56 25
Question 10 2.00 1.63-2.37 6.2 0.46 0.07-0.85 6.1
Question 11 2.12 1.75-2.49 6.6 0.19 -0.22-0.6 25
Question 12 1.62 1.27-1.97 5.0 0.23 —-0.14-0.6 3.0
Question 13 1.62 1.05-2.19 5.0 0.08 —-0.29-0.45 1.1
Question 14 1.65 1.32-1.98 5.1 0.12 —-0.21-0.45 1.6
Question 15 2.31 1.96-2.66 7.2 0.12 —-0.27-0.51 1.6
Question 16 1.50 1.15-1.85 4.7 0.58 0.09-1.07 7.7

Question 17 1.88 1.61-2.15 5.9 0.38 0.03-0.73 5.0
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Discussion

Paper | cantly affected the level of satisfaction, with pa-

The reasons for performing a knee arthroplastyents suffering long-standing disease being more
and the goals to be achieved by the surgery asatisfied. Assuming that the patients remember
various. Typical objectives are to reduce pain arttieir own pre-operative status as a comparison
deformity as well as improve mobility and walk-when answering a question regarding satisfaction,
ing ability. Depending on the pre-operative statuthis seems logical. A patient with chronic rheuma-
of the patient, a varying change in these factotsid arthritis, for example, usually affecting sever-
can be expected. However, the ultimate goal fora joints, has a different pre-operative function
treatment modality must be to have satisfied pahan a patient with osteonecrosis who probably
tients who remain so over the long-term. experienced a sudden onset of pain and dysfunc-
By quantitating the subjective outcome of satistion in an isolated joint. Previously, it has also
faction, the validity of the satisfaction questionbeen shown that the absence of problems in the
naire as a measure of the condition of interest e®ntralateral knee is a predictor of better physical
guestioned. Even though satisfaction is a confunction (Hawker et al. 1998). These findings il-
monly used concept, it is not a concept that can hestrate the importance of taking the pre-operative
directly measured, or can be validated againstcandition of patients into account when evaluating
specific criterion. Instead, the construct validity otlinical results.
the satisfaction score has to be tested by correlat-The consistency regarding satisfaction in the
ing satisfaction to the results of other definedinrevised cases over the 15 years shows that a
measures such as more extensive health or disccessful knee arthroplasty can be expected to
ease/site specific questionnaires. It has been degive a lasting good clinical result.
onstrated previously, for example, that patient sat- Patient satisfaction after TKA and UKA was
isfaction after arthroplasty has a significant corresimilar. In the case of a revision, revised UKA's
lation to pain and to physical function (Andersomwere more satisfied than revised TKAs. This can
et al. 1996, Heck et al. 1998). be partly explained by the fact that TKA is more
Although satisfaction may be affected by facprone to infections and related complications
tors that seem unrelated to the surgical intervefRobertsson et al. 1999a). However, the advantage
tion (e.g. patient-surgeon relationship, attitude aff the UKA is counteracted by the fact that the risk
staff, availability of parking spots, etc.), it can beof revision is lower for the TKA.
assumed that patients’ answers regarding their satPatients with patellar resurfacing were found to
isfaction with a treatment is of general interest tbe more satisfied than patients without. The use of
surgeons and that the questionnaire thus is waratellar components in TKA has long been a mat-
ranted. ter of debate. Some authors claim an advantage of
In some previous studies where patient satisfaa- patellar resurfacing (Schroeder-Boersch et al.
tion has been accessed, the percentage of satisfi&®98), while others fail to find such advantage
patients has been quoted as 85-89% (Anderson(Barrack et al. 1997). The cause of the different
al. 1996, Hawker et al. 1998, Heck et al. 1998). Ifindings might be explained by the finding that the
this study, the overall percentage of satisfied pdenefit of the patellar component diminishes with
tients was 81%, but only 8% were unsatisfietime.
while 11% remained uncertain, however, this Not surprisingly, it was found that revised pa-
study included a wider range of diagnoses and inients were less satisfied than those unrevised.
plants, which may account for the difference.  One would expect that being subjected to two or
The pathology leading to arthroplasty signifi-more operations affected the level of satisfaction.
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That only 22% of cases were dissatisfied witlngs are in complete agreement with the findings
their knee after revision must be considered as &om this study.
indicator of the benefit of the revision surgery. A methodological approach was taken in this
study in order to rationalize the choice of appro-
priate questionnaires for future application to the
SKAR. The questionnaires deemed most appro-
priate, the SF-12 and Oxford-12, were so only
This study has avoided comparing the construgthen factoring with equal weight all the criteria
validity of the questionnaires tested because of tltested, including feasibility, burden, content valid-
potential for circuitous and sophistic logical trapsity, and reliability. It is likely that these question-
Therefore, it was decided to concentrate on th®aires may not be the most appropriate for other
content validity of each questionnaire. Comparingypes of applications, such as an evaluative postal
the responsiveness of the questionnaires testsgrvey, or when the different parameters are
was also avoided, as the purpose of this study wagighted differently. A methodological approach
to define questionnaires that would be appropriatgelded useful data and is worthwhile when inves-
for a cross-sectional and discriminative postal sutigating candidate questionnaires.
vey. This study was intentionally not limited to tri-
compartmental or primary arthroplasties so that
the results would be applicable for a wide range ?:[ "
patients registered with the SKAR. aper
Previous comparative studies have been pub-is important for every surgeon to have some in-
lished investigating various aspects of specifitormation regarding the results of their interven-
outcome questionnaires. All questionnaires testeébns. However, using extensively tested and vali-
had higher than expected response rates compadeded health outcomes questionnaires to inquire
to other published results (Asch et al. 1994about post-operative status is not without difficul-
McHorney et al. 1994a, Plant et al. 1996). Stuckies. To be meaningful, a score produced by a
et al. (1995)compared the SF-36 to the SIP on 54uestionnaire has to be compared to some kind of
patients undergoing elective total hip replacemetric, such as the pre-operative score, or the
ment. They also found large floor effects for thescore of a matched otherwise healthy cohort. Un-
SIP and concluded that it was a less relevant qudertunately, standardized questionnaire results for
tionnaire than the SF-36 for total hip arthroplastycomparable cohorts are not widely available, par-
This agrees with our results. Beaton et al. (199Ticularly for elderly knee arthroplasty cohorts. Ad-
investigated the reliability and responsiveness diitionally, it cannot be automatically assumed that
five general health questionnaires as applied tbe operation was meant to restitute the knee to
workers with musculoskeletal complaints. Thehat of a completely “healthy” individual, not to
guestionnaires tested included the NHP, SF-3@ention the general health. Thus, if a pre-opera-
and SIP. Reliability estimates (ICC's) for theseive score is not known, it is difficult to decide
guestionnaires were slightly higher than the findirom a post-operative score alone what the
ings reported here; perhaps reflective of thstrengths and weaknesses of the intervention
younger patient population studied. Howevenvere. This is in line with the findings of Brinker et
their reliability estimates ranked in the same ordexl. (1997) who concluded that observed differenc-
as the results reported here (NHP > SIP > SF-3@s in knee scores between study groups were at
Essink-Bot et al. (1997¢ompared four general least as likely to represent differences in the pa-
health questionnaires, including the SF-36 antient populations as the differences in the opera-
NHP, on a population suffering from migrainestive technique or design of the implant.
They found the NHP to have better feasibility, but In longitudinal studies a directional change in
a more skewed distribution with a larger percerdn outcome score has a meaning, while in cross-
of minimum scores and lower internal consistencgectional studies the raw numerical value of a
(Cronbach’s Alpha) than the SF-36. These findscore can be difficult to interpret in isolation. This

Paper Il
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has led authors to convert the raw numeric scomeasure is not a panacea for easy interpretation or
into nominal categories (Insall et al. 1976). A cerusefulness of results.
tain range of scores thus becomes classified as exit should be stressed that the intention of this
cellent, another good, etc. Such arbitrary categoaper was never to advocate the replacement of
zation is often post hoc and although it may beell-known and respected health questionnaires
valid for a specific population, it can not be genemwith the single-item satisfaction questionnaire.
alized. Such generalization also leads to a reduthe intention was only to evaluate the relation of
tion in statistical power. patient satisfaction to some known validated mea-
In lieu of a standardized metric of operativesures. However, in the process of doing this, some
success, Orthopaedic surgeons performing knégeresting questions were raised. What is a rea-
arthroplasties have often asked their patients $ionable measure of achievement after knee arthro-
they are satisfied with the operated knee. Patieplasty? Is a measure of the general benefit of sur-
satisfaction is admittedly a subjective descriptiogery also a good measure when comparing differ-
that is based on a variety of factors. However, thent types of surgery, implants, etc.?
assumption can be made that when asked abouflthough answers to these questions are not ob-
post-operative satisfaction, patients relate thewious, it can be concluded that when patients who
perceived surgical result to that expected of theave undergone knee arthroplasty, in a postal sur-
operation, even though the knee function is natey state that they are satisfied with their knee,
necessarily comparable to that of a healththey were mainly referring to the fact that they
subject. have gained good pain relief and improved func-
In the postal surveys, it was found that a singlgion. Furthermore, when inquiring about the re-
item satisfaction questionnaire had a high results of a treatment, in which the general benefit
sponse rate and good reliability. Furthermordjas already been proven and a pre-operative
more patients answered the short question than thealth score is not known, a knee surgeon might
more extensive questionnaires, and those that dié just as interested in patient satisfaction as in the
not respond were not a random subset of the popesults of a more elaborate health questionnaire.
lation regarding satisfaction, age or sex. The shofhe subtleties of prosthetic intra-design differenc-
question on satisfaction was as good as the vadis are lost in the positive effects of the knee ar-
dated Oxford-12 knee score in discriminating bethroplasty intervention, as such.
tween previously revised and unrevised patients.
Correlation between satisfaction and both gener-
al-health and disease specific scores was found,
which is in agreement with Anderson et al. (199g§aper v
findings for the WOMAC and SF-36. However,Patient co-morbidity, as stratified by the modified
the strength of the correlation varied, with the&Charnley Classification, was a significant factor
highest correlations seen for pain related domairier all questionnaires tested, regardless of the
followed by physical domains. Patients with thespecificity of the questions to the index knee. This
same level of satisfaction represented a wid@as an unexpected finding. In order to be certain
range of results for health questionnaires, whictihat these result were not a function of different
indicates difficulties when interpreting healthage or sex distributions for modified Charnley
scores. Class, data were analyzed while stratifying by
Having been subject to intensive testing, rethese variables for the Kruskal Wallis test, and by
garding properties such as reliability, responsivencluding them along with other covariates in the
ness and validity, many extensive outcome queszgression equation. After accounting for all fore-
tionnaires seem feasible for a variety of useseeable sources of error, it was still found that
However, it was demonstrated that psychometricharnley Classes significantly affected the results
validation methodology can also be applied to af questionnaires.
simple questionnaire on satisfaction, which illus- Statistically significant changes in question-
trates that successful testing and validation of rmaire scores by Charnley Class do not necessarily
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imply clinically significant changes. To assess théhat there were significant differences in this score
quantitative impact, the percentage change imhen compared by Charnley Class. Furthermore,
scores by Charnley Class was investigatethe same magnitude of change in score occurred
WOMAC scores more than doubled by Charnlewith this questionnaire as seen with the Oxford-
Class, while the Oxford-12 and Single-ltem Kned 2.
and Health scores increased by as much as 55%The effect of co-morbidity on surgeon-derived
Clearly, these changes would be clinically relescores for knee arthroplasty patients (e.g., Knee
vant. The SF-36 Physical and Mental ComponetSociety Score, Hospital for Special Surgery Knee
Summary scores varied to a lesser degree. It is Ubeore) have been previously investigated (Brinker
clear if changes in these scores would be clinicallgt al. 1997). Patients having two or more signifi-
relevant. cant medical conditions were found to have worse
It could be assumed that the general questiossores than others without the same level of co-
within the SF-36 regarding concepts such as bodyorbidity. Furthermore, the authors concluded
pain and physical function would be susceptible tthat when analyzing groups, without matching for
the “noise” of co-morbidity when inquiring aboutsources of noise, differences in common knee
the index knee. Hence, the significant differencescores between the groups are at least as likely to
between Charnley Classes for the SF-36 Physicapresent differences in the patient populations as
Component Summary were predictable. The fad their treatments (Brinker et al. 1997). This is in
that the changes in score by Charnley Class wegeneral agreement with our findings, although our
small and questionably clinically relevant probastudy shows that both remote arthritis and medical
bly refers to the fact that there are no specificonditions affect patient derived outcome scores.
guestions regarding the knee in the SF-36. There-Garellick et al. (1998) found that the Charnley
fore, the signal for knee pathology in this quesclass for hips significantly influenced the results
tionnaire can be assumed to be low to begin witlaf outcome scores applied to hip arthroplasty pa-
The disease specific WOMAC questionnaire intients. This too is in agreement with our results for
quires about pain with activity and the ability toknee arthroplasty patients. Dawson and co-work-
perform activities such as stair climbing, puttingers investigated the effect of remote joint co-mor-
on shoes and socks, etc. The noise of remote &idity on the change in the SF-36, Arthritis Impact
thritis could be expected to impact on the WOMMeasurement Scales and the Oxford-12 Item Hip
AC scores, as hip or spine arthritis could cause r&core from pre and post-operative application
ferred pain and interfere with a patient’s ability tqDawson et al. 1996b, Dawson et al. 1996c¢). They
complete these tasks. The Oxford-12 score asteund that the Oxford-12 Item Hip Score did not
more specific questions related to the knee. In thaetect any difference between groups with and
case, less variation in scores by modified Charnvithout remote arthritis, while the other question-
ley Class could be expected. This could accoungires did. Based on this, they concluded that the
for the difference in the magnitude of the chang®xford-12 Item Hip Score was highly joint-spe-
in scores. Still, the Oxford-12 score was suscepttific and was not susceptible to the noise of re-
ble to the noise of co-morbidity. However, closemote arthritis. However, it should be emphasized
inspection of the Oxford-12 reveals that it too askthat the differences between these patient groups
questions concerning stair climbing and puttingenerated by the remote arthritis (noise) may have
on shoes and socks, hence it too can be rationbken lost in the profound change in scores seen
ized to be susceptible to noise. between pre-operative and post-operative patients
In an effort to concentrate singularly on the in{signal), regardless of the co-morbid status (Lau-
dex knee, and to remove any extraneous questiguecis et al. 1993, Dawson et al. 1996b). This could
that may pick up on remote arthritis or systemiexplain the discrepancy between results in this pa-
disease, all patients were asked a single questipar and theirs, especially since the Oxford-12
regarding how their index knee felt on a scale diem Knee Score was applied in a discriminative
1-10. Surprisingly, the same pattern occurred dashion in this study.
for the other questionnaires and it was again found
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The implication of this study is that the mind Both the ICC and the coefficient of repeatability
and body are one. Subsequently, it is not possib(Bland et al. 1986) showed good test-retest reli-
to assess the knee joint with questionnaires in isability. The coefficient of repeatability was higher
lation from the rest of the body, but instead, cathan that published by Dawson et al. (1998), but
morbidity must be accounted for. This is particuthis may reflect the larger sample size and higher
larly true when patients are evaluated in a discriraverage patient age in this study. The internal con-
inative fashion. Without such knowledge, erronesistency of the translated version of the Oxford-12
ous conclusions could be drawn because of theas excellent (Feinstein 1987). Identical values as
significant impact that co-morbidity has on quesreported by Dawson et al. (1998) for their post-
tionnaire results. The Charnley Class questiormperative patients were found.
naire that was employed seems like a convenientBecause of the cross-sectional nature of this
and effective way to assess patient co-morbiditstudy, classic measures of responsiveness were
when applying outcome questionnaires to knee amot applicable (Hays et al. 1993). The ROC Curve
throplasty patients. method had instead been used as an indirect mea-
sure of responsiveness (Essink-Bot et al. 1997).
The WOMAC and Oxford-12 have comparable
discriminative ability. Since the WOMAC has
been previously found to be responsive using
It is insufficient to simply translate a questionimore conventional metrics (Roos et al. 1998),
naire into another language (Guillemin et al. 1993hen these similarities suggest that the Oxford-12
Guyatt 1993). Instead, a more extensive approagould be equally responsive.
is required in which cultural and language equiva- Dawson et al. (1998) were able to directly com-
lence, as well as psychometric soundness, gpete responsiveness using the effect-size (Kazis et
checked. The Oxford-12 is a relatively concretal. 1989) with pre-operative and post-operative
questionnaire, hence, cultural and language equi@xford-12 scores. An effect size of > 0.8 is con-
alence were anticipated and subsequently foundsalered large, and Dawson et al. reported a pro-
be maximal. found effect size of 2.0. Because of the psycho-

Patient burden imposed by administering thenetric similarities between the English and Swed-
Oxford-12 was minimal, while the feasibility ish Oxford-12 Knee Scores, an effect size greater
properties were maximal. than 0.8 between pre and post-operative applica-

The Swedish translation of the Oxford-12 hasions of the Swedish Oxford-12 is likely. There-
been shown to be psychometrically sound. As exere, the lack of a direct responsiveness statistic
pected, good convergent and divergent construshould not preclude the general use of the Oxford-
validity was demonstrated by the Spearman’$2 in Sweden at this time. Validity is usually a
correlations to the other questionnaires testethatter of degree rather than an all-or-none proper-
These correlations mirror those reported by Davty, and validation is an unending process (Nunnal-
son et al. (1998) for the English validation of thdy et al. 1994).

Oxford-12.

The translated version of the Oxford-12 had a
definite floor effect but little ceiling effect and a
moderate skew to the right (i.e., most patients rgaper Vi
ported good results). This is reflective of the overPatients who score one standard deviation above
all favourable post-operative status afforded to thigvorse than) the mean pre-operative score have a
patients by the arthroplasty intervention. The flooless favourable impression of the health status of
effect and skew were, however, acceptable (Bréheir knee post-operatively than patients scoring
zier et al. 1992, McHorney et al. 1994b, Martin ebne standard deviation below (better than) the
al. 1997). Still, logarithmic transformation of themean do. These patients do not obtain the same
scores should be considered when performing stabsolute post-operative Pain and Physical Func-
tistical tests (Bland 1995). tion WOMAC scores and continue to have a less

Paper V
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favourable impression of the health status of the . .
knee. Nevertheless, these patients have genera}%&‘?neral discussion
the same net improvement in their perception dfhe lack of a gold standard for knee arthro-
Pain and nearly double the improvement in theilasty
perception of Physical Function. A fundamental challenge when assessing out-
Assuming that the natural history of primarycomes after knee arthroplasty is the lack of a crite-
knee osteoarthritis is for continued deteriorationion, or gold standard, by which to compare and
of the joint with a concomitant worsening incontrast the metric of interest. For example, what
WOMAC scores, the use of the WOMAC as a prishould the average patient score on the Oxford-12
oritization tool for elective knee arthroplasty wait-with a TKA at 5 years versus 10 years be? Should
list management seems justified. This is supportede score decrease with time in an otherwise well
by the fact that all the patients in group “Worsefunctioning knee? If so, how would the change in
for Pain and Physical Function scores had inthe patient’'s age and overall physical condition af-
provement in the respective domain, while somict the score? Should a UKA score be better or
patients in group “Better” scored worse post-opeworse than a TKA? The answers to these ques-
atively for Pain, and a significant number scoretions are not at all obvious from the literature.
worse for Physical Function. Subsequently, researchers must compare the met-
Still, while the use of the WOMAC in this ca-ric of interest against a hypothetical construct. For
pacity is appealing, the limitations stem from thexample, a patient who scores poorly on the
lack of a logical cut point for prioritizing one pa-WOMAC should score poorly on the Oxford-12.
tient over another and more importantly, from thélowever, if the WOMAC has itself been validated
fact that the comparisons in this paper are onamainst another construct, such as the Body Pain
group-to-group basis, not on individual patientsand Physical Function domains of the SF-36, the
Whether or not the psychometric properties of thepistemological conundrum of outcomes research
WOMAC when used for this proposed applicatiorbecomes apparent. Unlike Descantéditations,
remain valid need to be tested in further studies.there is no €ogito ergo surhor indisputable
Certain questions within the Pain and Physicaround on which to base outcomes research. What
Function domains of the WOMAC appear to repprecisely then is being measured when health out-
resent a threshold for which knee arthroplasty isome questionnaires are applied to knee arthro-
performed. For both the Pain and Physical Funplasty? The short answer to this quandary is that
tion domains, these questions relate primarily toothing is being measured “precisely” with ques-
ascending and descending stairs. While patientstionnaires. Instead, the questionnaires represent
group “Worse” had marked improvement acrosan imperfect attempt to quantify a largely qualita-
all questions within the Pain and Physical Fundive phenomenon. This on the surface is somewhat
tion domains, it was only the questions relating tdiscouraging. Still, attempting to quantify a pa-
stairs and ambulation that demonstrated marke@nt's condition with a questionnaire improves
improvement for patients in group “Better”. Pathe researchers understanding from that of a
tients in group “Better” had little or no improve-“meager and unsatisfactory kind” (Thompson
ment regarding pain at night or pain while sitting1910).
and little or no improvement regarding the ability Most medical researches have a background in
to bath, toilet, or sit. Future consideration for itenthe sciences and at the very least are familiar with
reduction of the WOMAC when applied to kneeprecise and reliable metrics for items such as he-
arthroplasty patients should take these findingmoglobin, pulmonary artery pressure and weight,
into account. Similar findings for the hip havefor example. Subsequently, most would be more
been reported by Séderman et al. (2000). comfortable working with criterion based metrics
as opposed to construct based metrics. The field of
health outcomes research generally, and specifi-
cally for arthroplasty, is strongly dependent on
construct based metrics. Embracing health out-
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comes research therefore results in a departutiscriminative fashion, the questionnaire should
from the firm footing of the criterion to the uncer-demonstrate certain properties, which may not be
tain ground of the construct. This can be initialljcomplementary for a longitudinal application.
quite disconcerting. A dichotomous item scale is more appropriate
Why does knee arthroplasty, or surgery in gerfer a discriminative application, while a polychot-

eral, lack a gold standard? The answer lies in tlenous item scale is better for an evaluative appli-
reflection that questionnaires are applied to theation. For example, if a questionnaire aims to
person, not the cell nor the organ, nor the joindiscriminate between a revised and unrevised
When researchers design and apply a questidknee, and if the items within asks, “do you have
naire on pain after knee arthroplasty, for exampl@ain in your knee when climbing stairs?”, a “yes”
an imperfect metric is applied to an uncertain cliner “no” response scale forces the respondent to
ical picture that is highly influenced by all mannerchoose one answer. Either they have pain or they
of psychosocial interactions occurring within thedo not, and the resulting answer is clear. However,
subject. The questionnaires may be picking up dn the polychotomous item scale, such as “no pain,
the patient’s satisfaction regarding how close thewild pain, moderate pain, and severe pain”, the re-
could park to the clinic door, a recent death in thsulting answer is subject to patient variability in
family, or perhaps, the placebo effect imparted bghe way they interpret pain, and one patient’'s mild
the surgeon and the procedure. This apparent dpkin may be another’s moderate pain. The vari-
uge of noise is not, however, necessarily a negability within the polychotomous answer key
tive event. Instead, the supposed noise may in fdelvours an evaluative application, for in order for
represent a portion of the signal of interest, théhe questionnaire to pick up a change over time
signal of the art, or humanistic side, of healingwith the dichotomous key, the patient would have
This is partially what the health outcomes reto change state from pain to no pain. However,
searcher is interested in. Therefore, the thoughtfulith a polychotomous key, the patient could
researcher should be aware of the limitations @hange from moderate to mild pain. The NHP has
outcomes questionnaires and do everything possi-dichotomous item scale and therefore may be
ble to amplify the signal of interest while at theparticularly relevant for a discriminative applica-

same time reducing the noise in the metric. tion. This was shown by Hilding et al. who used
the NHP in Charnley Class A patients and found

Discriminative versus evaluative outcomes that the NHP correlated well with RSA results and

studies was, in fact, able to discriminate between patients

Conceptually, outcome questionnaires can be awith continuous migration and stable migration
plied in 3 ways: predictive, discriminative, andpatterns (Hilding et al. 1997). Similar findings us-
evaluative (Kirshner et al. 1985). A predictive aping the NHP have been found for hip arthroplasty
plication is useful when a gold standard is know(Franzen et al. 1997). Admittedly, it has been sug-
and the questionnaire, in effect, functions as a diested that other questionnaires would be more
agnostic or screening tool. A predictive applicaappropriate than the NHP (Paper Il), but this is
tion in not applicable to this thesis as there is n@hen all factors, such as feasibility, patient bur-
gold standard for knee arthroplasty. A discriminaden, content validity, and reliability, are consid-
tive application is used to differentiate betweewrred and equally weighted. The NHP should not
groups, while an evaluative application is used tbe excluded from further possible use, and the
measure the magnitude of a longitudinal change findings of Hilding et al. should be investigated
the condition of interest. The two latter applicafurther.

tions do not rely on a gold standard; however, the In order for a questionnaire to be useful in a dis-
evaluative application relies on longitudinal datacriminative application the total score for a num-
which so far is not available with the SKAR.ber of items should cover a broad spectrum, for if
Therefore, the only relevant application to thighey all reported the same answers to a question-
thesis is for a discriminative application. In ordenaire, discrimination would not be possible. An-
for a questionnaire to be robust for application in ather way to conceptualize this is that the scores
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should follow a normal distribution with little or The problem of noise

no ceiling effect. This is why skew and floor andAll outcome questionnaires tested, ranging from
ceiling effect were included in the analyses of Pazomprehensive general health to a single-item
per Il. This rationale may not hold true for an evalgquestion related directly to the index knee, were
uative application. Theoretically, if the results of anfluenced by co-morbidity. In some cases this in-
questionnaire at time 1 were skewed with a largéuence was profound with the effect of changing
ceiling effect, meaning that most patients reporteithe result of a questionnaire by more than 100%.
the best possible results, then at time 2 it may l§&ther sources of noise that affected some ques-
easier to evaluate differences if the patients condiennaires, but not all, included gender, age, time
tion worsenedThis may be applicable to a post-opsince surgery, type of prosthesis (UKA versus
erative evaluative application of knee arthroplastyffKA) and revision status. Surprisingly, co-mor-
assuming that the natural history is for knee statushadity was more significant of a biasing factor
deteriorate with timeAlthough this is theoretically than revision status. This has three notable se-
plausible, the variation in evaluative ability basedjuelae.

on differences in frequency distribution has not The first sequela relates to the fact that it ap-
been proven (Liang et al. 1985). Hence, the quegears that it is not possible to isolate the knee joint
tionnaires proposed for further use in this thesis iinom the person when performing outcomes stud-
a discriminative fashion may not be the most apes with questionnaires. In this context, person

propriate for an evaluative application. means both the physical and psychosocial self.
Failure to isolate the knee joint is consistent, re-
Test-retest reliability gardless of the complexity or simplicity of the

As described above, Streiner and Norman suggegiestionnaire tested. Perhaps this evidence refutes
that the test-retest reliability of a questionnaire ithe Cartesian Dualism of mind and body proposed
directly related to the number of items within théy Descartes. Instead, perhaps Pythagoras was
guestionnaire. Based on this argument, a linear resrrect and man is indeed a measure of all things.
lationship should be evident with respect to num- It was contrary to the study hypothesis (Paper
ber of questionnaire items and ICC value and subv¥) to find that the general health questionnaires
sequently, when optimizing for ICC, a researcheseemed to be less influenced by co-morbidity, as
would want to choose the questionnaire with thepposed to even the single-item knee question. In-
highest number of items. However, the findings ituitively, a questionnaire that asks about mood,
Paper Il suggest that this linear model may be @amnergy level, and body pain with activities of daily
oversimplification. For example, the average ICdiving should be more susceptible to the effect of
value for the 136 item SIP is lower than the IC@o-morbidity than a single-item questionnaire re-
value for the 45 item NHP. Also, the 36 item SFferring exactly to the index knee. However, it
36 has a lower average ICC value than the 12 itewould appear that the general health question-
SF-12. Finally, the 12 item Oxford-12 has a highenaires are more stable in this capacity as they are
ICC than the 24 item WOMAC. The fact that ardesigned specifically for this purpose, that is, to
inverse relationship to that predicted by Steindre sensitive to the impact of disease on the physi-
and Norman has been found with these questiooal, mental and social well-being of the person.
naires may be partly explained by the averaging dhese findings support the continued use of gen-
ICC values for some questionnaires. Still, the relaral health questionnaires in this capacity, at least
tive number of items per domain is higher in thén association with disease/joint specific question-
longer questionnaires; this should not impact sigraires.

nificantly on the ICC values. An alternative expla- The second sequela is that revision status of the
nation for this discrepancy may be related more fmee may not be an appropriate discriminative in-
the variation in item scaling for each questiondex when applying such tests as the ROC Curve.
naire, such as a simple affirmation for the SIP, veiFhe natural history and the status of revised knees
sus the dichotomous key for the NHP, versus thes compared to unrevised knees when measured
polychotomous key for the SF-36. with outcomes questionnaires simply is not well
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enough understood. As the discriminative abiliterture allows for a faster shutter speed, but at the
of both a validated and non-validated questiorexpense of depth of field. A lower ISO results in a
naire have been compared against revision statiiser resolution of the picture, but requires a slow-
using the ROC Curve method more for comparar shutter speed and or an increased aperture. Con-
tive purposes of the responsiveness of the Oxfordeptually, selecting an appropriate questionnaire
12 against the WOMAC, this should not adverselis very similar to this process. Just as there is no
effect the results and conclusions of this thesisne exposure setting for a camera, so too is there
The natural history of the revised knee is probablyo one questionnaire suitable for application to all
not well defined because of the low incidence dfypes of health outcomes research.
knee revision. The material of the SKAR may al- To select a questionnaire, consideration should
low for the natural history to be better delineatedirst be given to how broadly the desired concepts
especially with the use of appropriate questiorshould be covered, or, more specifically, whether
naires. or not a general health, disease specific, site spe
The third sequela is the demonstrable requireific, or single-item questionnaire is desired.
ment for an accounting of co-morbidity when as€hoosing a general health questionnaire allows
sessing outcomes questionnaires related to knie comparisons to dissimilar groups, which may
arthroplasty. However, the stratification of pabe of value when assessing the impact on overall
tients by co-morbidity has a deleterious effect ohealth of a given procedure, particularly when
the statistical power of the study. This is comeompared to another procedure. For example,
pounded when other variables are accounted favhat is the health value of liver transplantation
such as age and gender. The large material of thersus knee arthroplasty?
SKAR may allow for adequate power, but further Once the type of questionnaire is selected, con-
investigation will be necessary. A possible solusideration is given to the method in which the
tion to this problem, which may be warranted foguestionnaire will be applied—discriminative or
small studies, would be to randomize patients ervaluative. In a discriminative application, the re-
tered into the study so that co-morbidity variablesearcher wants to “freeze the action” and sample

would be randomly distributed. the material in an accurate cross-sectional fashion.
In an evaluative application, the researchers wish-
Selecting an outcome questionnaire es to observe what happens over time, such as

The initial thrust of this thesis was to identifymay be seen with a prolonged shutter exposure. In
questionnaires that would be the most appropriateder to optimize for a discriminative application,
for use in a wider application to the SKAR. In thehe questionnaire should have demonstrated good
process, however, numerous issues have becotest-retest and internal consistency reliability, and
more apparent with the net effect of clouding tha dichotomous answer scaling is theoretically ad-
issue of which questionnaires are in fact the begantageous. Also, the questionnaire should have a
to use. The glib answer to this query can be sunear Normal frequency distribution. For an evalu-
cinctly stated as “it depends”. ative application, consideration should be given to
Selecting an appropriate questionnaire for a givdemonstrated responsiveness in a setting similar
en application is roughly analogous to selectintp the proposed study, and polychotomous item
the appropriate exposure for a camera. In order $galing may be advantageous. Here, a frequency
select the appropriate exposure, for example, sedistribution skewed to the right (preponderance of
eral factors must be accounted for, including thecores reflecting “good” health status) is favour-
ISO rating of the film, the shutter speed, and thable, providing that the expected natural history of
aperture. Essentially, the overall exposure and thlee measured construct would be for deterioration
final picture result from simultaneously fixingin health. Previously published responsiveness
each of these parameters. In doing so, one paramaues should be interpreted with caution because
eter is optimized in favour of another, with the opef the profound standardized effect size associated
timization of said parameter dependent on the deth the surgical intervention for knee arthroplas-
sired effect. For example, selecting for a larger apy patients. Consequently, a published “excellent”
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standardized effect size for a questionnaire, whesurfaced and non-resurfaced patellae, revised and
calculated between a pre and post-operative applinrevised knees, etc., may be possible. Also, this
cation, may in fact not be responsive enough foepeat application of at least some of the question-
an application between 2 post-operative times. naires would allow for an assessment of the evalu-
Another consideration when selecting a questive ability of the questionnaires. The original
tionnaire relates to the number of items within theatient selection could all be resent the original
questionnaire. It may be desirable to apply a sinquestionnaires that they received, in order to test
ple questionnaire to a large number of patients anlde evaluative ability of all the questionnaires. As
when response rate is critical, a questionnaire withentioned above, questionnaires other than those
a low number of items is desirable. The disadvarthosen as most appropriate may demonstrate
tage of this approach is the loss of detail in the réavourable status for evaluative use.
sults with a potential for a decrease in the test-re-It appears that the Modified Charnley Class is a
test reliability. In order to increase the amount afiseful and important questionnaire. Future work
sampled detail, more elaborate questionnaires cahould concentrate on validating this question-
be selected, but at the expense of response ratenaire, investigating parameters such as its con-
Finally, the questionnaire to be employedstruct validity, reliability and responsiveness over

should have been previously validated. time.
o While the distinct intention of this research was
Validation not to develop another outcome questionnaire for

With the increasing sophistication for health outknee arthroplasty, it appears that there may be a
comes research in orthopaedics, the use of a “valble to at least reduce the number of items in some
dated questionnaire” has been increasingly calleplestionnaires. Item reduction is plausible, based
for, as it should, in order to publish results. Then the findings in Paper VI and by those of Stder-
validation process is, however, not necessarilyjan et al. (2000). Such questionnaire develop-
rigorous or particularly informative. For examplement would require formal psychometric consid-
a rather simple single-item questionnaire has beenation, particularly with respect to reliability.
essentially “validated” in this thesis (Paper Ill),Generally, a reduction in the number of items
but this still does not allow the reader to fullywithin a questionnaire adversely affects the reli-
comprehend the meaning of the patient’s reportebility (Streiner et al. 1998) but would probably
satisfaction. Validation is a dynamic process anihcrease the feasibility while reducing patient
continued investigation of the performance of &urden.

questionnaire across multiple types of application The precedence of the discriminative ability of
on various cohorts is required. At the expense tifie NHP when correlated to RSA findings is in-
the creation of new questionnaires, without contriguing and worthy of further investigation. It
pelling reasons, it would be more beneficial to thevould be worthwhile to test other questionnaires
research community for resources to be directediat a similar fashion to see if they maintain the
continuing this validation process on questionsame discriminative ability. Such work is current-
naires already in use. This would also facilitate fuy ongoing.

ture standardization of health outcomes research National arthroplasty registries are well estab-

at least in orthopaedics. lished in the Nordic countries and are becoming
o established in other nations, including Canada. It
Future direction is logically predictable that the current and future

The future direction of this work would involve proliferation of information technology will moti-
both a discriminative and evaluative applicatiovate and facilitate linking of national registries.
of questionnaires. Firstly, now that appropriatdleaningful comparisons between nations using
questionnaires have been identified, a repeat pokealth outcome questionnaires are possible but
al survey to all living patients using those queswill be problematic unless several pre-requisites
tionnaires is feasible. In doing so, subtler variaare fulfilled. The first pre-requisite involves stan-
tions in outcomes between types of prostheses, @ardization of the questionnaires employed. A
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consensus between nations is necessary regardimge arthroplasty, including the effect of compli-
which questionnaires should be used. Obviouslgations. Currently, the natural history is not well
the agreed upon questionnaires should be availescribed, hence making the creation of hypothet-
able in a translated and subsequently validatéchl constructs difficult. For example, this thesis
version for the respective nations. Several types ased revised versus unrevised patients as the con-
guestionnaires should be agreed upon in order $truct for comparing the discriminative ability of
optimize for the specific applications, as outlinedhe WOMAC and Oxford-12 using the ROC
above. The second pre-requisite involves the e€urve method. As the natural subjective history
tablishment of demographic norms for each nder both revised and unrevised knee arthroplasty
tion. Such norms would provide the required “depatients is not well defined, so too is the construct.
nominator” in order to compare outcomes result§-his weakens the test results. The work of the
The final pre-requisite involves more detailedSKAR and other national registries will be instru-
subjective descriptions of the natural history ofmental in this capacity.
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Conclusions

1. Alarge-scale postal survey is feasible to kneég All questionnaires tested in this thesis were
arthroplasty patients in Sweden. High usable strongly biased by patient co-morbidity, as
response rates and low patient burden can be measured by a modified Charley Class for knee
expected with most relevant questionnaires. arthroplasty. Co-morbidity should be account-

ed for when evaluating the results of arthro-

2. The SF-12 and the Oxford-12 Item Knee Score plasty. It appears that it is not possible to isolate
appeared to be the most appropriate general the knee from the body and the mind with
health and disease/site specific questionnaires, health outcomes questionnaires.
respectively, for use in a large-scale postal sur-
vey in a cross-sectional fashion when conside6. Patients who score one standard deviation
ing feasibility, patient burden, content validity ~worse than the mean pre-operative WOMAC
and reliability. Pain and Physical Function domains scores do

not reach the same 1 year post-operative status

3. Global single-item questionnaires can yield as patients scoring one standard deviation bet-
discriminative data when applied to the SKAR, ter than the mean score.
such as variations in patient satisfaction be-
tween revised and unrevised knees. Usable ré- The Swedish translated version of the Oxford-
sponse rates are higher for the single-item 12 Item Knee Score is linguistically and cultur-
questionnaires but reliability is lower. ally equivalent to the English version and has

acceptable psychometric characteristics in

4. Generally, when patients state that they are sat- keeping with the original questionnaire. The
isfied after knee arthroplasty, they are referring validation process should continue.
to relief of pain primarily and improved func-
tion secondarily.
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Appendix (Oxford-12)
PROBLEMS WITH YOUR KNEE

. v'tick one box
During the past 4 weeks.. for every question

During the past 4 weeks........

1 | How would you describe the pain you usually have from your knee?

None Very mild Mild Moderate Severe
(. (| Q (] |

2 During the past 4 weeks........
Have you had any trouble with washing and drying yourself
(all over) because of your knee?

No trouble Very little Moderate Extreme Impossible
at all trouble trouble difficulty todo
Q a Q a |

3 During the past 4 weeks........
Have you had any trouble getting in and out of a car or using public
transport because of your knee? (whichever you would tend to use)

No trouble Very little Moderate Extreme Impossible
at all trouble trouble difficulty to do
a a (. (. Q

4 During the past 4 weeks........

For how long have you been able to walk before pain from your knee
becomes severe? (with or without a stick)

No pain/ Not at all

More than 30 16 to 30 51015 Around the - pain severe

minutes minutes minutes house only when walking
a a a a a

5 During the past 4 weeks........
After a meal (sat at a table), how painful has it been for you to stand
up from a chair because of your knee?

Not at all Slightly Moderately Very
painful painful painful painful Unbearable
Q a a d Q
During the past 4 weeks......

6 Have you been limping when walking, because of your knee?
Rarely/ Sometimes, or Often, not Most of Al of
never just at first just at first the time the time

a d d a (.

Oxford Knee Score  Department of Public Health, Institute of Health Sciences, Old Road, Oxford OX3 7LF

/IP.T.O
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During the past 4 weeks... ; fickone box

for every question

During the past 4 weeks........

7 Could you kneel down and get up again afterwards?
Yes, With little With moderate With extreme No,
Easily difficulty difficulty difficulty Impossible
a Q Q Q

During the past 4 weeks........

8 Have you been troubled by pain from your knee in bed at night?

No Only 1or2 Some Most Every
nights nights nights nights night
Q d a aQ a

During the past 4 weeks........
9 [ How much has pain from your knee interfered with your usual work
(including housework)?
Not at all A little bit Moderately Greatly Totally
(. a () a (.

During the past 4 weeks........
10 Have you felt that your knee might suddenly 'give way' or let you

down?
Rarely/ Sometimes, or Often, not Most of All of
never just at first just at first the time the time
(| a a a Q
During the past 4 weeks........
11 Could you do the household shopping on your own?
Yes, With little With moderate With extreme No,
Easily difficulty difficulty difficulty Impossible
a a a [
During the past 4 weeks........
12 Could you walk down one flight of stairs?
Yes, With little With moderate With extreme No,
Easily difficulty difficulty difficulty Impossible

Q Q Q Q Q
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Problem med ditt kna

Markera en ruta
Under de senaste fyra veckorna...

for varje fraga

Under de senaste fyra veckorna...

1 Hur skulle Du beskriva den smirta Du vanligtvishar i Ditt kn&?

Ingen Mycket lindrig Lindrig Mattlig Svar

[ [ [ L] [

Under de senaste fyra veckorna...
2 Har Du haft nédgra problem med att tvatta Dig och torka Dig (hela
kroppen) pé grund av Ditt knd ?

Inga problem Mycket lite Mattliga Mycket stora Omojligt att
alls problem problem problem gora

[ [ [ [ [

Under de senaste fyra veckorna...

3 Har Du haft nagot problem med att komma in i eller ut ur bil eller med
att anvénda offentligt transportmedel (vilket Du nu tenderar att

anvanda) pa grund av Ditt kné ?

Inga problem Mycket lite Mattliga Mycket stora Omojligt
alls problem problem problem att gora

L] [ [ [ [

Under de senaste fyra veckorna...

4 Hur lange har Du kunnat promenera innan smértan i Ditt kna blivit
svar? (Med eller utan kipp)?
Inte alls - svar

Ingen smarta/ 16 till 30 5tll 15 Endast runt smarta direkt
>30 min min min huset vid promenad

[ L] [ L ]

©Oxford Knee Score (Swedish Version) Michael Dunbar, Dept. of Orthopaedics, Lund University Hospital, 5-221 85, Lund, Sweden
Swedish Knee Arthroplasty Register© (http://www.ortlu.se/knee/} ISBN 91-630-8224-1
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Problem med ditt kna

Markera en ruta
Under de senaste fyra veckorna...

for varje fraga

Under de senaste fyra veckorna...

5 Efter en maltid (sittande till bords), hur sméartsamt har det varit for Dig
att resa Dig upp frén stolen pa grund av Ditt kng ?

Inte Latt Mattligt Vildigt o
smartsamt alls smartsamt smirtsamt smartsamt Outhardligt

[ [ [ O L]

Under de senaste fyra veckorna...

6 Har Du haltat da Du promenerat pa grund av Ditt knd ?

Séllan/ Ibland eller Ofta och inte Merparten Hela
aldrig endast i bérjan bara i borjan av tiden tiden

[l O t [l L1

Under de senaste fiyyra veckorna...

7 Kan Du sitta dig ner pa huk och komma upp igen efterat?

Ja, Med viss Med mattlig Med mycket Nej,
latt svarighet svarighet stor svérighet omdjligt

[ ] [l [ [

Under de senaste fyra veckorna...

8 Har Du besvérats av smérta i Ditt knd da Du legat till sings p& natten?

Inga Bara 1 eller Vissa De flesta Varje
natter 2 nétter natter nétter natt

[ [ U O [

©0xford Knee Score (Swedish Version) Michael Dunbar, Dept. of Orthopaedics, Lund University Hospital, $-221 85, Lund, Sweden
Swedish Knee Arthroplasty Register© (http: / /www.ort.lu.se/knee/) ISBN 91-630-8224-1
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Problem med ditt kna

Markera en ruta

Under de senaste fyra veckorna... for varje fraga

Under de senaste fyra veckorna...

9 [Ivilken grad har smértan i Ditt knd paverkat Ditt vanliga arbete
(inklusive hushéallsarbete)?

Inte Lite oo Lhog o
alls grann Mattligt grad Fullstindig

[ [ [l [ 1

Under de senaste fyra veckorna...

10 Har det kénts som om Ditt knd plotsligt skulle “vika sig” eller svika Dig?

Sallan/ Ibland eller Ofta och inte Merparten Hela
aldrig bara i bérjan bara i bérjan av tiden tiden

] O [ [ O

Under de senaste fyra veckorna...
11 Kan Du handla det som behdvs till hushallet pé egen hand?

Ja, Med viss Med mittlig ~ Med mycket stor Nej,
latt svérighet svérighet svérighet omdjligt

[ [ [ [ O

Under de senaste fyra veckorna...
12 Kan Du ga nerfor en trappa?

Ja, Med viss Med mattlig Med mycket Nej,
latt svarighet svarighet stor svarighet omdjligt

[ O [ [ [
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