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In this study, psychometric principles were used to develop an outcomes questionnaire 
capable of measuring health state domains important to patients wi th hand disorders. These 
domains were hypothesized to include (1) overall hand function, (2) activities of daily l iving 
(ADL), (3) pain, (4) work performance, (5) aesthetics, and (6) patient satisfaction wi th hand 
function. An initial pool of 100 questions was pilot-tested for clarity in 20 patients; fo l lowing 
factor analysis, the number of questions was reduced to a 37-item Michigan Hand Outcomes 
Questionnaire (MHQ). The M H Q , along wi th the Short Form-12, a generic health status 
outcomes questionnaire, was then administered to 200 consecutive patients at a university-
based hand surgery cl inic and was subjected to reliabil ity and validity testing. The mean time 
required to complete the questionnaire was 10 minutes (range, 7 - 2 0 minutes). Factor analysis 
supported the 6 hypothesized scales. Test-retest reliabil ity using Spearman's correlation 
demonstrated substantial agreement, ranging from 0.81 for the aesthetics scale to 0.97 for the 
ADL scale. In testing for internal consistency, Cronbach's alphas ranged from 0.86 for the pain 
scale to 0.97 for the ADL scale (values > 0 . 7 for Cronbach's alpha are considered a good 
internal consistency). Correlation between scales gave evidence of construct validity. In 
compar ing similar scales in the M H Q and the Short Form-12, a moderate correlation (range, 
0 .54 -0 .79 ) for the ADL, work performance, and pain scales was found. In evaluating the 
discriminate validity of the aesthetics scale, a significant difference (p = .0012) was found 
between the aesthetics scores for patients wi th carpal tunnel syndrome and patients wi th 
rheumatoid arthritis. The M H Q is a reliable and valid instrument for measuring hand out-
comes. It can be used in a cl inic setting wi th minimal burden to patients. The questions in the 
M H Q have undergone rigorous psychometric testing, and the M H Q is a promising instrument 
for evaluation of outcomes fo l lowing hand surgery. (J Hand Surg 1998;23A:575-587. 
Copyright © 1998 by the American Society for Surgery of the Hand.) 

Upper extremity injuries are common in the 
United States. The National Center for Health Sta-
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tistics Health Interview Survey (1975-1976) esti-
mated that 16 million upper extremity injuries occur 
each year, resulting in 16 million days lost from 
work.' In 1980, the estimated total cost of upper 
extremity disorders, including both direct and indi-
rect costs, exceeded $10 billion.2 Because of the 
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huge social and economic costs of treating upper 
extremity disorders, evaluating treatment outcomes 
of hand disorders should be an important component 
in the current government and private-sector initia-
tives to assess quality in the American health care 
system. In contrast to well-defined treatment out-
comes such as mortality, outcomes in hand surgery 
are more difficult to assess because the major area of 
interest is improvement in quality of life and func-
tion, variables that are, hard to quantify. In 1983, 
Robert A. Chase,3 on behalf of the Socioeconomic 
Committee of the American Society for Surgery of 
the Hand, recommended the development of "a uni-
versally available system for measurement of out-
come of disorders treatable by surgery." He also 
stated that "patient questionnaires and measurement 
checklists need to be developed and validated." 

To measure outcomes pertinent to patients with 
hand disorders, we developed a hand-specific out-
comes instrument, the Michigan Hand Outcomes 
Questionnaire (MHQ), to assess outcomes that were 
considered important by a panel of patients with 
hand disorders, hand therapists, and hand surgeons. 
This report describes the development of the M H Q 
and its initial psychometric testing for reliability and 
validity. Our goal was to develop a questionnaire to 
be used as a standardized instrument capable of 
measuring outcomes for patients with all types of 
hand disorders. 

Materials and Methods 

To construct a preliminary version of the MHQ, 
we used a MEDLINE search to evaluate existing 
questionnaires containing items related to the mea-
surement of upper extremity function. Of the ques-
tionnaires evaluated, the Short Form-36 (SF-36)4 and 
the Arthritis Impact Measurement Scale'' contained 
hand-related work performance and physical func-
tion questions; we incorporated these questions into 
the preliminary MHQ. The McGill Pain Scale6 and 
the Carpal Tunnel Questionnaire7 were used as 
guides for the development of a list of questions that 
quantified pain. In addition, a group of patients with 
hand disorders generated additional items that they 
considered important to hand function. One hundred 
items were generated for the early versions of the 
MHQ. A panel comprising patients with hand disor-
ders, hand therapists, and hand surgeons evaluated 
this preliminary list of 100 questions and hypothe-
sized that the questions would fit into 6 scales: (1) 
overall hand function, (2) activities of daily living 

(ADLs), (3) pain, (4) work performance, (5) aesthet-
ics, and (6) patient satisfaction with hand function. 

Two psychometricians, both experienced in ques-
tionnaire design, reviewed the preliminary version of 
the MHQ for question structure and clarity. Redun-
dant questions were eliminated and ambiguous word-
ing in some questions was modified. The question 
response categories in each scale were derived from 
a study that assessed the magnitude of response 
categories, which reflected the numerical values 
given by a group of subjects during psychometric 
testing.* For example, in the pain scale, the response 
category (always, often, sometimes, rarely, and 
never) represented nearly equal numerical intervals 
between the responses. 

We used factor analysis to further decrease the 
number of questions in each scale. Factor analysis is 
a statistical technique used in the social sciences to 
reduce the number of items in a questionnaire, but 
still allows the reduced questionnaire to accurately 
measure the domains or factors of interest.9"11 For 
example, in the pain scale, factor analysis revealed 
that a question regarding duration of pain had a 
response pattern that was not congruent with other 
questions in measuring pain severity. Therefore, that 
question could be eliminated without affecting the 
overall measurement of pain. Likewise, a question 
regarding whether pain interfered with social activi-
ties was removed because it measured a factor other 
than pain. Using the factor analytic technique, we 
further reduced the questionnaire to 37 distinct items 
that would measure the 6 domains of interest. Within 
each scale, factor analysis showed that all the re-
maining questions focused on only 1 major factor, 
which indicated that all the questions in each scale 
measured only the factor of interest. 

Of the 6 scales in the MHQ, 4 (overall hand 
function, ADLs, aesthetics, and satisfaction with 
hand function) contain items that measure both right-
and left-hand outcomes. Because items relating to 
hand function are confounded by hand dominance, 
measuring the function of both right and left hands 
will control the confounding effect of hand domi-
nance and preserve the richness of the data. A pre-
vious study has shown that hand dominance can 
significantly affect responses to various tasks.12 

Right-hand dominant persons with right-hand disor-
ders obviously have more difficulty performing tasks 
than if their left hands arc injured. Therefore, by 
evaluating the function in each hand, the M H Q can 
accurately measure the performance of the affected 
hand. In the ADL scale, an item regarding writing 
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was eliminated because of hand-dominance issues. 
In the aesthetics scale, measuring both hands is par-
ticularly pertinent to rheumatoid patients who have 
varying degrees of deformities in their hands. 

After questionnaire revisions and pilot testing, the 
M H Q was administered to 200 consecutive patients 
at a university-based hand clinic. While waiting for 
their appointments, patients were asked to fill out the 
M H Q and the Short Form-12 (SF-12),1 3 a shorter 
version of the SF-36. Because the MHQ and the 
SF-12 contain several comparable questions for 
physical function, items in the SF-12 were used to 
validate scales in the MHQ. 

Patients were included in the study if they were 
new patients to the clinic and if they had hand 
symptoms of at least 3 months ' duration. Recruiting 
only new patients for this study eliminated potential 
selection bias using existing patients who were un-
dergoing treatment. Patients were excluded if they 
were (1) younger than 18 years (because of consent-
ing issues in minors), (2) if their hands were cur-
rently immobilized in splints or casts, or (3) if they 
were unable to complete the questionnaire in En-
glish. 

To test for reliability and validity, the responses 
from the 200 patients were analyzed using the Stata 
statistical package,1 4 For test-retest reliability, 25 
patients completed the initial questionnaire in the 
clinic and a second identical questionnaire approxi-
mately 1 week later. The 1-week time interval was 
chosen to minimize recall bias. Because all the pa-
tients did not return for a visit the following week, 
they were asked to complete the second question-
naire at home. As a result, we received 3 question-
naires that were completed just 1 day after the com-
pletion of the initial questionnaires. These 3 
questionnaires were excluded from the analysis. The 
scores for each of the 6 scales were correlated for the 
first and the second administrations using interclass 
correlation.15 

Scor ing M e c h a n i s m 

Multiple linear regression was initially used to 
derive weights for each of the questions in a scale. 
We also scored the M H Q using the unweighted 
method, by adding the responses (ranging from 1 to 
5) in each scale, and normalizing the scores to a scale 
from 0 to 100 (Appendix I). Correlations between 
these 2 scoring mechanisms showed correlations 
over 0.99 in all the scales. Because the weighted 
method is cumbersome and does not present a clear 
advantage, we used the unweighted method for scor-

ing the MHQ. In 5 of the scales (overall hand func-
tion, ADLs, work performance, aesthetics, and sat-
isfaction with hand function), higher scores indicated 
better hand performance while lower scores indi-
cated poorer hand performance. In the pain score, 
higher scores indicated greater pain while lower 
scores indicated less pain. 

Reliabil ity 

Two types of reliability (test-retest and internal 
consistency) were evaluated for the MHQ. Tes t -
retest reliability means repeatability, the extent to 
which an experiment, test, or any measuring proce-
dure yields the same result in repeated trials.16 For 
example, a Jamar dynamometer is considered reli-
able if grip strength testing on the same patient 
during 2 successive trials yields the same value; 
therefore, the dynamometer provides consistent re-
sults across repeated measures. Internal consistency 
reliability measures the homogeneity of the items 
comprising a scale; that is, whether the items in a 
scale are highly correlated with each other. High 
inter-item correlations suggest that the items in a 
scale are all measuring the same thing.1 ' We also 
calculated the mean difference in the scores between 
the 2 administrations as a test of agreement. A mean 
difference of 0 indicates perfect agreement in the 
test-retest. 

Validi ty 

Validity assesses whether the instrument actually 
measures the phenomena of interest. In other words, 
if the MHQ is designed to measure various dimen-
sions of hand function, patients who score poorly on 
this questionnaire (worse function) will have greater 
difficulty in performing various hand-related tasks. 
Although many different types of validity have been 
proposed in the social science literature, 3 types of 
validity (content, criterion, and construct validity) 
are important general categories. 

Content Val id i ty 

Content validity is sometimes referred to as face 
validity. It indicates whether the questionnaire in-
strument appears logical to a group of experts. For 
example, a hand outcomes questionnaire will not 
have content validity if it does not contain questions 
that measure performance of ADLs. A panel of hand 
surgeons, hand therapists, and patients with hand 
disorders evaluated the MHQ for content validity. It 
also was subjected to extensive pilot testing to derive 
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the 6 scales, which the panel regarded as important 
and pertinent in measuring hand outcomes. 

Criterion Validity 

Criterion validity assesses how an instrument mea-
sures up against a well-accepted "gold standard." For 
example, in evaluating the validity of ventilation/ 
perfusion scans in the diagnosis of pulmonary em-
bolism, criterion validity can be assessed by compar-
ing ventilation/perfusion scan findings to pulmonary 
angiograms, which are considered the "gold stan-
dard" for the diagnosis of pulmonary embolism. 
However, in outcomes questionnaire testing, a "gold 
standard" generally is not available for comparison 
because outcomes questionnaires are designed to 
measure patients' perceptions of their health and 
function, concepts that cannot be quantified by any 
other means. Therefore, criterion validity cannot be 
used to establish the validity of the MHQ. 

Construct Validity 

In contrast to criterion validity, construct validity 
is a major component in the testing of all outcomes 
instruments. Construct validity means that the scales 
in the questionnaire behave as expected. For exam-
ple, in the MHQ, patients with poor overall hand 
function are expected to have poor performance in 
their work. Similarly, patients who perform well in 
their ADLs should be more satisfied with their hand 
function. By establishing the theoretical relationships 
between scales, we were able to test the validity of 
the MHQ. We established these theoretical relation-
ships a priori and included here all construct validity 
tests performed. 

We also evaluated items that were similar in both 
the MHQ and the SF-12. The SF-12 contained ge-
neric questions that related to pain and upper extrem-
ity function. We hypothesized that the generic items 
in the SF-12 would have moderate correlation to the 
scales in the MHQ. Using an existing validated ques-
tionnaire, such as the SF-12, helped to establish 
construct validity in the MHQ. 

Results 
Two hundred consecutive eligible patients com-

pleted the MHQ (Appendix 2). The response rate 
was 99%. Table 1 lists the demographic data. 

Reliability Testing 

Test-retest reliability. Twenty-two patients com-
pleted the initial questionnaire in the clinic and a 

Table 1. Demographic Data for the 200 Patients 
Who Completed the Michigan Hand Outcomes 

Questionnaire 

Mean age, yr (mean ± SD) 45 ± 14.4 
Male sex (%) 53.0 
Right-hand dominant (%) 85.5 
Injured hand (%) 

Right 45.0 
Left 45.5 
Both 9.5 

Ethnic background (% white) 82.5 
Education (%) 

High school 30,0 
CCollege 47.5 
>College 22.5 

Income (%) 
<$20,000 28.5 
$20,00Q-$49.t)® 35.5 
>$50 ,000 36.0 

Worker 's Compensation (%) 67.0 

second identical questionnaire approximately 1 week 
later. Table 2 presents the results of the intraclass 
correlation for the test-retest reliability.1^ 

Test-retest showed excellent correlation in the 6 
hypothesized scales. Scores of 1.0 indicate perfect 
correlation and scores of 0 indicate no correlation. 
Five of the 6 scales had correlation scores over 0.85. 
The aesthetics scores had slightly lower correlation, 
which might reflect fluctuations in a patient's attitude 
about body image and sense of beauty. 

To measure whether the scores between the 2 
MHQ administrations agreed with each other, we 

Table 2. Test-Retest Correlation for the Six Scales 
in the Michigan Hand Outcomes Questionnaire 

(N = 22) 

Intraclass Correlation13 

1. Overall hand function 
Right hand 0.89 
Left hand 0.95 

2. Activities of daily living 
Right hand 0.95 
Left hand 0.97 
Both hands 0.94 

3. Work performance 0.93 
4. Pain 0.91 
5. Aesthetics 

Right hand 0.90 
Left hand 0.81 

6. Satisfaction with hand function 
Right hand 0.96 
Left hand 0.96 
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calculated the mean difference in the scores between 
the 2 administrations (Table 3). Mean differences in 
the scores that are closer to 0 indicate better agree-
ment . I s As shown in Table 3, the mean difference in 
the scores between the 2 administrations were less 
than 5 points in 10 of 1 I scales (based on a scoring 
scheme of 0 to 100). The 95% confidence intervals 
were close to 0 in all the scales. The excellent agree-
ment in the scores gave further support to the test-
retest reliability of the MHQ. 
Internal consistency. Internal consistency mea-
sures how well all the questions in a scale are correlated 
with each other, and high interitem correlations may 
suggest that all the questions measure the factor of 
interest. For example, in the aesthetics scale, all the 
questions should contribute to measuring the aesthetics 
factor. If each of the questions in the scale measure a 
factor other than aesthetics, the internal consistency for 
the aesthetic scale will be poor. Internal consistency is 
expressed by Cronbach's alpha, which is a measure of 
the reliability of the summative rating scale.19 Cron-
bach's alphas can range from 0 to 1.0, where 1.0 
indicates perfect internal consistency. Generally, Cron-
bach's alphas of greater than 0.80 in a scale are con-
sidered acceptable.20 Table 4 summarizes the alphas for 
the 6 scales. 

Table 3. Limits of Agreement in the Test-Retest 
for the Michigan Hand Outcomes Questionnaire 

(N = 22) 

95% 
Mean 

Difference * 
Confidence 

Interval 

Overall hand junction 
Right hand 2.42 - 3 . 2 3 8.07 
Left hand 3,80 - 0 . 3 0 7.90 
Activities of daily living 
Right hand - 0 . 9 2 - 5 . 8 1 3.96 
Left hand 2.27 - 1 . 2 2 5.76 
Both hands 6.03 3.45 8.71 
Work performance - 1.00 - 5 . 8 3 3.83 
Pain - 0 . 5 0 - 5 . 7 7 4.76 
Aesthetics 
Right hand -1.80 - 8 . 6 5 5.04 
Left hand 4.50 - 6 . 0 1 15.00 
Satisfaction with hand 

function 
Right hand - 2 , 7 5 - 7 . 6 9 2.19 
Left hand - 0 . 8 2 - 5 . 0 0 3.35 

* The mean difference represents the difference in the scores 
between the first and second administration of the Michigan 
Hand Outcomes Questionnaire (based on a scoring scheme 
from 0 to 100). 

Table 4. Cronbach's Alpha for the Six Scales Ln 
the Michigan Hand Outcomes Questionnaire 

Cronbach '.v Alphas 

1. Overall hand function 
Right hand 0.93 
Left hand 0.93 

2. Activities of daily living 
Right hand 0.96 
Left hand 0.97 
Both hands 0.95 

3. Work performance 0.94 
4. Pain 0.86 
5. Aesthetics 

Right hand 0.90 
Left hand 0.87 

6. Satisfaction with hand function 
Right hand 0.93 
Left hand 0.94 

All the scales in the MHQ had Cronbach's alphas 
greater than 0.85, and 9 of the 11 scales had Cron-
bach's alphas greater than 0.90. The MHQ had ex-
cellent internal consistency in all the scales. 
Construct validity. We hypothesized that the 
functional scales in the MHQ (overall hand function, 
ADLs, work performance, pain, and satisfaction with 
hand function) would be significantly correlated with 
each other. For example, patients with poor overall 
hand function would have poor work performance. 
Likewise, patients with more pain in their hands 
would have difficulties performing ADLs. Table 5 
lists the Spearman's rank correlation for the 6 scales 
in the MHQ. 

There is high correlation among the 5 scales that 
measure functional outcomes: overall hand function, 
ADLs, work performance, pain, and satisfaction with 
hand function. The overall hand function scale was 
highly correlated with the other functional scales. 
Patients who perceive that their hands are function-
ing well perform well in the ADLs and in their work, 
and also have less pain and are more satisfied with 
their hand performance. Similarly, patients with in-
creased pain in their hands did poorly in all the other 
scales. Therefore, the 5 functional scales had corre-
lation in the expected direction. The aesthetics scale 
showed weaker correlation with the other scales be-
cause the aesthetics scale measured a factor that was 
distinct from the other functional scales. 

Three of the scales in the MHQ (ADLs, work 
performance, and pain) were compared with similar 
questions in the SF-12, which asked about physical 
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Table 5. Spearman's Correlation for the Six Scales in the Michigan Hand Outcomes Questionnaire* 

Overall Activities of Work Satisfaction With 
Hand Function Daily Living Performance Paint Aesthetics Hand Function 

Overall hand function 1.00 
Activities of daily living 0.78 1.00 
Work performance 0.69 0.74 1.00 
Paint - 0 . 6 5 - 0 . 6 9 - 0 . 7 2 1.00 
Aesthetics 0.36 0.46 0.35 - 0 . 2 9 1.00 
Satisfaction with hand function 0.75 0.73 0.63 - 0 . 7 4 0.32 1.00 

* Four scales (overall hand function, activities of daily living, aesthetics, and satisfaction with hand function) represent the scores for 
the injured hand. All the correlations are statistically significant at p < .0001, with adjustment for multiple comparison using 
Bonfervoni's method.2 9 

1'The negative sign in the pain scale indicates reverse scoring: patients with a higher pain score (more pain) have worse hand 
performance. 

limitations due to health. Because questions in the 
SF-12 inquired about health and not specifically 
about hand performance, we hypothesized that there 
would only be moderate correlation between similar 
items in these 2 questionnaires. Table 6 lists the 
correlation. The ADL and work performance scales 
had moderate correlation with items in the SF-12. 
The pain scale had substantial correlation (0.79) with 
the pain question in the SF-12. 

In the validity testing for the aesthetics scale, we 
compared patients with carpal tunnel syndrome and 
patients with rheumatoid arthritis who had severe 
hand deformities. Carpal tunnel syndrome patients 
were selected if they had no physical changes, such 
as thenar atrophy, or if they had not had prior hand 
operations. Rheumatoid hand patients were selected 
if they had greater than 30° of ulnar deviation to the 
fingers or if they had severe destruction of their 
wrists. We hypothesized that rheumatoid hand pa-
tients with hand deformities would have significantly 

lower aesthetic scores than the carpal tunnel syn-
drome patients. We used the unpaired Student 's Me si 
to compare the mean aesthetics scores between the 2 
groups. The mean aesthetics score for the carpal 
tunnel syndrome patients (83.7) differed significantly 
from that of the rheumatoid arthritis patients (50.4) 
(p = .0012). 

To determine which scales in the M H Q were sig-
nificant predictors of physical function, we regressed 
the scales in the M H Q against the physical function 
component of the SF-12 (Table 7). Of the 6 scales in 
the MHQ, the pain scale was the strongest predictor 
of physical function (p = .001) and the aesthetics 
scale was the weakest (p m .933). Therefore, patients 
with less hand pain reported better physical function. 
When we regressed the 6 scales in the M H Q against 
the mental function component of the SF-12, only 
the aesthetics scale was a significant predictor (p = 
.007). Patients with poor aesthetic appearance in 
their hands generally reported poor mental function. 

Table 6. Spearman's Correlations Between Similar 
Questions in the Michigan Hand Outcomes 

Questionnaire and the Short Form-12 

Questions in the SF-12 

Work 
MHO, ADLs Performance* Pain 

ADLs 0.64 
Work performance 0.58 0.54 
Pain 0.79 

MHQ, Michigan Hand Outcomes Questionnaire; SF-12, Short 
Form-12; ADLs, activities of daily living. 

* These are the 2 questions in the SF-12 that relate to work 
performance. 

Table 7. Independent Predictors of Short Form-12 
Physical Function Scale Using the Six Scales in the 

Michigan Hand Outcomes Questionnaire 

MHQ Scale Beta Coefficient* p Value 

Pain - 0 . 3 6 .001 
Satisfaction with hand function 0.24 .020 
Work performance 0.20 .033 
Activities of daily living 0.17 .087 
Overall hand function - 0 . 1 4 .147 
Aesthetics 0.005 .933 

MHQ, Michigan Hand Outcomes Questionnaire. 
* The beta coefficient is a standardized coefficient that uses 

standard deviation as the unit of interest. 
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Discussion 

In recent years, the United States has undergone a 
fundamental change in how it perceives health. In-
stead of emphasizing only disease processes, the new 
paradigm focuses on other outcomes relating to 
health, function, and well-being.21 This new para-
digm acknowledges that the patients' points of view 
should be central1 and it values patients' perceptions 
as to whether their medical treatments have im-
proved their quality of life. Recognizing the impor-
tance of measuring outcomes in hand surgery, E. F. 
Shaw Wilgis,2 2 in his presidential address at the 
Forty-third Annual Meeting of the American Society 
for Surgery of the Hand, called for more outcomes 
studies to critically evaluate hand surgery proce-
dures. 

Traditionally, outcomes in hand surgery are based 
on "objective" measures, such as grip strength and 
range of motion. Although these variables are useful 
in assessing physical changes in the hand, they do 
not measure outcomes that directly affect patients' 
daily lives. Hand-related outcomes include (1) the 
ability to carry out ADLs, (2) work performance, and 
(3) pain control. In recent years, health services 
researchers have developed questionnaires that can 
measure and quantify these health status variables. 
Two of the most widely used questionnaires are the 
SF-36 and the Sickness Impact Profile,23 which are 
generic instruments for measuring overall health. 
Using psychometric principles in developing these 
instruments, researchers have shown that these ques-
tionnaires are reliable and valid tools for the assess-
ment of outcomes involving a broad range of dis-

24 —">6 

eases. 
To evaluate outcomes, hand surgeons need reliable 

and valid instruments capable of measuring factors 
that affect patients' everyday lives. In structuring the 
MHQ, we undertook several pilot studies to derive 
the 6 factors considered central to the measurement 
of outcomes for patients with hand disorders. Using 
the factor analysis technique, we reduced the M H Q 
to 37 distinct items. The self-administered M H Q 
could be completed in 10 minutes and patients indi-
cated that it was an acceptable length. The ease of 
administr ation allowed the M H Q to be easily given 
in clinic settings, which markedly increased the re-
sponse rate. 

In reliability testing, the M H Q was found to have 
high test-retest reliability and internal consistency. 
For test-retest reliability, Spearman's correlation ex-
ceeded 0.9 in 9 of the 11 scales, indicating that the 

scales were highly reliable in repeated testing and 
were stable over time. The Cronbach 's alphas were 
over 0.9 in 8 of the 11 scales in testing for internal 
consistency. The high Cronbach 's alphas verified 
that all the questions in the scales were highly cor-
related with each other and provided assurance that 
random errors were minimized in the scales. How-
ever, high Cronbach's alphas could also indicate 
redundancy in the scales, and efforts to develop an 
even shorter version of the MHQ should be consid-
ered. For example, the single pain question in the 
SF-12 correlated highly with the pain scale in the 
MHQ (Spearman's correlation = 0.79); therefore, 
severity of pain might be measured with 1 or 2 
questions. 

In validity testing for the MHQ, 2 types of con-
struct validity were examined: convergent or predic-
tive validity and divergent or discriminate validity. 
Convergent validity indicated whether the M H Q dis-
played patterns as predicted. In testing for conver-
gent validity, predictive relationships between the 
scales were proposed a priori. 

We hypothesized that the functional scales in the 
MHQ would have high correlation to each other. As 
expected, the scales correlated significantly with 
each other in predictable directions (Table 5). Pa-
tients having difficulties with ADLs reported poorer 
overall hand function (correlation = 0.78), impaired 
work performance (correlation = 0.74), and less 
satisfaction with their hand function (correlation = 
0.75). Furthermore, pain was a significant variable in 
predicting hand function. Patients experiencing more 
pain in their hands had greater functional difficulties. 

Although aesthetics was considered an important 
outcomes variable by patients, it had much lower 
correlation to the other functional scales. Divergent 
validity was applied in testing the validity of the 
aesthetics scale. Divergent validity evaluated a 
scale 's ability to discriminate between conditions. In 
comparing 2 groups of patients (carpal tunnel syn-
drome and rheumatoid arthritis) who had marked 
differences in their hand appearance, there also was 
a significant difference in their aesthetic scores. 
Among the 6 scales in the MHQ, the aesthetics scale 
was the only predictor of mental function in the 
SF-12. 

Concurrent validity assesses the degree to which 
an instrument correlates with another well •estab-
lished measure. We used similar items in the SF-12 
to establish concurrent validity for the MHQ. As 
shown in Table 6, the ADL and work performance 
scales had moderate correlation to similar items in 
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t h e S F - 1 2 . B e c a u s e S F - 1 2 is a g e n e r i c m e a s u r e , w e 

e x p e c t o n l y m o d e r a t e c o r r e l a t i o n . T h e p a i n s c a l e h a d 

a h i g h c o r r e l a t i o n b e t w e e n t h e 2 i n s t r u m e n t s , w h i c h 

m i g h t s u g g e s t t ha t t h e m e a s u r e m e n t o f p a i n c o u l d b e 

a c h i e v e d u s i n g a s m a l l e r n u m b e r o f q u e s t i o n s . 

A m o n g t h e 6 s c a l e s in t h e M H Q tha t p r e d i c t e d 

p h y s i c a l f u n c t i o n , t h e p a i n s c a l e w a s t h e s t r o n g e s t 

p r e d i c t o r , a s p a t i e n t s w i t h m o r e p a i n in t h e i r h a n d s 

g e n e r a l l y r e p o r t e d w o r s e p h y s i c a l f u n c t i o n ( T a b l e 7 ) . 

T h e r e f o r e , if w e d i r e c t o u r t r e a t m e n t s t r a t e g i e s to 

c o n t r o l o u r p a t i e n t s ' p a i n , t h e i r p h y s i c a l p e r f o r m a n c e 

m a y i m p r o v e . 

T h e r e a r e s e v e r a l l i m i t a t i o n s in t h i s s t u d y . F i r s t , 

t h i s w a s a s i n g l e - c e n t e r s t u d y w i t h p a t i e n t s h a v i n g 

d i f f e r e n t t y p e s o f h a n d c o n d i t i o n s . T h e d a t a p r e -

s e n t e d m i g h t no t b e g e n e r a l i z a b l e t o o t h e r h a n d p r a c -

t i c e s w i t h d i f f e r e n t p a t i e n t p o p u l a t i o n s . S e c o n d , a l -

t h o u g h t h e s a m p l e s i z e w a s a d e q u a t e f o r i n s t r u m e n t 

t e s t i n g , s t r a t i f i c a t i o n b a s e d o n t y p e s o f h a n d c o n d i -

t i o n s f o r v a l i d i t y t e s t i n g w a s n o t p o s s i b l e ; s t r a t i f i c a -

t ion w o u l d h a v e d i l u t e d t h e s a m p l e s i z e a n d p r e -

v e n t e d v a l i d s t a t i s t i c a l a n a l y s e s . 

H o w e v e r , t h e M H Q h a s u n d e r g o n e s t r i c t p s y c h o -

m e t r i c t e s t i n g a n d h a s p e r f o r m e d w e l l b o t h in re l i -

a b i l i t y a n d v a l i d i t y t e s t i n g . It is e a s y to u s e a n d 

w e l l - a c c e p t e d b y p a t i e n t s . F u t u r e s t u d i e s w i l l e x a m -

ine t h e g e n e r a l i z a b i l i t y o f t h i s o u t c o m e s i n s t r u m e n t 

a c r o s s d i f f e r e n t h a n d p r a c t i c e s a n d f o r d i f f e r e n t h a n d 

c o n d i t i o n s . F u r t h e r v a l i d i t y t e s t i n g w i l l c o m p a r e t h e 

M H Q t o t r a d i t i o n a l o b j e c t i v e m e a s u r e s , s u c h a s g r i p 

s t r e n g t h a n d h a n d d e x t e r i t y . R e s p o n s i v e n e s s o f t h e 

M H Q f o r d i f f e r e n t h a n d p r o c e d u r e s w i l l n e e d t o be 

a s s e s s e d in l o n g i t u d i n a l s t u d i e s t o b e t t e r d e f i n e i ts 

u t i l i t y . F u r t h e r m o r e , c o m p a r i s o n of t h e M H Q to c u r -

r e n t l y a v a i l a b l e h a n d o u t c o m e s i n s t r u m e n t s 2 ' - 2 8 w i l l 

e n h a n c e o u r u n d e r s t a n d i n g o f t h e s t r e n g t h s a n d 

w e a k n e s s e s o f e a c h of t h e s e i n s t r u m e n t s . 

The authors appreciate the help of Nancy K. Janz, PhD, and David 
L. Ronis, PhD, in reviewing the psychometr ic properties of the M H Q , 
and acknowledge the assistance of Karen Selden, MD, in collecting 
part of the data. 
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Appendix 1: S 

T h e M i c h i g a n H a n d O u t c o m e s Q u e s t i o n n a i r e 

( M H Q ) c o n t a i n s 6 s c a l e s : ( l ) o v e r a l l h a n d f u n c t i o n , 

( 2 ) a c t i v i t i e s of d a i l y l i v i n g , ( 3 ) w o r k p e r f o r m a n c e . 

( 4 ) p a i n , ( 5 ) a e s t h e t i c s , a n d ( 6 ) s a t i s f a c t i o n w i t h h a n d 

f u n c t i o n . In t h e p a i n s c a l e , h i g h s c o r e s i n d i c a t e 

g r e a t e r p a i n ; in t h e o t h e r 5 s c a l e s , h i g h s c o r e s d e n o t e 

b e t t e r h a n d p e r f o r m a n c e . 

T h e r a w s c a l e s c o r e f o r e a c h of t h e 6 s c a l e s is t h e 

s u m o f t h e r e s p o n s e s of e a c h s c a l e i t e m . T h e raw-

s c o r e is c o n v e r t e d to a s c o r e r a n g e f r o m 0 to 100 . 

T h e s c o r i n g e q u a t i o n f o r e a c h o f t he s c a l e s is l i s t ed 

b e l o w . 

T h e s c o r e f o r t he a f f e c t e d h a n d i s o b t a i n e d b y 

ng Mechanism 

s e l e c t i n g e i t h e r t he r i g h t - o r t h e l e f t - h a n d s c o r e . If 

b o t h h a n d s a r e a f f e c t e d ( eg , r h e u m a t o i d p a t i e n t s ) , t h e 

r i g h t - a n d l e f t - h a n d s c a l e s c o r e s a r e a v e r a g e d to ge t 

t h e s c o r e . 

M i s s i n g v a l u e s in e a c h sca le m a y a f f e c t t he va l id i ty 

of t he sco res . If 5 0 % or m o r e of the i t e m s in a sca le a r e 

m i s s i n g , then that pa r t i cu l a r sca le c a n n o t be s c o r e d . F o r 

sca les wi th less t han 5 0 % m i s s i n g , t he a v e r a g e of the 

ex i s t i ng sca le i t e m s m a y b e i m p u t e d f o r the m i s s i n g 

i t ems . A n overa l l M H Q s c o r e c a n b e o b t a i n e d by s u m -

m i n g the s co re s f o r all 6 s c a l e s a n d d i v i d e by 6. If 

s co re s f o r m o r e than 2 sca les a re mi s s ing , an ove ra l l 

M H Q s c o r e c a n n o t b e c o m p u t e d . 8 

MHQ Scoring Algorithm* 

Scale Recodet Raw Score Range+ Normalizations 

Overall hand function None 
Activities of daily 

living 

Work 
Pain 

Aesthetics 

Satisfaction 

None 

None 
Question 2: (I = 5 

(4 = 2) (5 = I) 
Question I: (1 = 5 ) (2 

( 4 = 2 ) (5 - 1) 
None 

(2 = 4) 

4) 

5 to 25 
5 to 25 I -handed 

7 to 35 2-handed 
Overall ADL 
5 to 25 
5 to 25 

4 to 16 

6 to 30 

- ( r a w score - 2 5 ) / 2 0 * I 0 0 
= - ( r a w score - 2 5 ) / 2 0 * I 0 0 

= - ( r a w score -351/28*100 
= (I-handed+2-handed)/2 
(raw score - 5 ) / 2 0 * l 0 0 
If question I = 5, then pain score = 0: if question 

1 + 5, then - ( r a w score -25 ) /20*100 
(raw score - 4 ) / 1 6 * 100 

- ( r a w score -30) /24*100 

* The scoring algorithm is available from the authors in SAS program. 
'f The response categories for some of the questions are reversed and are recoded. 
i Sum of the responses for each scale. 
8 For the pain scale, higher scores indicate more pain. For the other 5 scales, higher scores indicate better hand performance, 

scores are normali/.ed to a ranee of 0 to 100. 
The 
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Appendix 2: Michigan Hand Outcomes Questionnaire 
Instructions: This survey asks for your views about your hands and your health. This information will help 

keep track of how you feel and how well you are able to do your usual activities. Answer every question by 
marking the answer as indicated. If you are unsure about how to answer a question, please give the best answer 
you can. 

I. The following questions refer to the function of your hand(s)/wrist(s) during the past week. (Please circle 
1 answer for each question.) 

A. The following questions refer to your right hand/wrist. 

Very Good Good Fair Poor Very Poor 

1. Overall, how well did your right hand work? 1 2 3 4 5 
2. How well did your right fingers move? 1 2 3 4 5 
3. How well did your right wrist move? 1 2 3 4 5 
4. How was the strength in your right hand? 1 2 3 4 5 
5. How was the sensation (feeling) in your right hand? 1 2 3 4 5 

B. The following questions refer to your left hand/wrist. 

Very Good Good Fair Poor Very Poor 

1. Overall, how well did your left hand work? 1 2 3 4 5 
2. How well did your left fingers move? 1 2 3 4 5 
3. How well did your left wrist move? 1 2 3 4 5 
4. How was the strength in your left hand? I 2 3 4 5 
5. How was the sensation (feeling) in your left hand? 1 2 3 4 5 

II. The following questions refer to the ability of your hand(s) to do certain tasks during the past week. (Please 
circle 1 answer for each question.) 

A. How difficult was it for you to perform the following activities using your right hand? 

Not at All Difficult A Little Difficult Somewhat Difficult Moderately Difficult Very Difficult 

1. Turn a door knob 1 2 3 4 5 
2. Pick up a coin 1 2 3 4 s 
3. Hold a glass of water 1 2 3 4 5 
4. Turn a key in a lock 1 2 3 4 5 
5. Hold a frying pan 1 2 3 4 5 

B. How difficult was it for you to perform the following activities using your left hand? 

Not at All Difficult A Little Difficult Somewhat Difficult Moderately Difficult Very Difficult 

1. Turn a door knob 1 2 3 4 5 
2. Pick up a coin 1 2 3 4 5 
3. Hold a glass of water 1 2 3 4 5 
4. Turn a key in a lock 1 2 3 4 5 
5. Hold a frying pan 1 2 3 4 | 

C. How difficult was it for you to perform the followin g activities using both of your hands? 

Not at All Difficult A Little Difficult Somewhat Difficult Moderately Difficult Very Difficult 

!. Open a jar 1 2 3 4 5 
2. Button a shirt/blouse 1 2 3 4 5 
3. Eat with a knife/fork 1 2 3 4 5 
4. Carry a grocery bag 1 2 3 4 5 
5. Wash dishes 1 2 3 4 5 
6. Wash your hair 1 2 3 4 5 
7. Tie shoelaces/knots 1 2 3 4 5 
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III. The following questions refer to how you did in your normal work (including both housework and school 
work) during the past 4 weeks. (Please circle 1 answer for each question.) 

Always Often Sometimes Rarely Never 

1. How often were you unable to do your work 
because of problems with your 
hand(s)/wrist(s)? 

2. How often did you have to shorten your work 
day because of problems with your hand(s)/ 
wrist(s)? 

3. How often did you have to take it easy at your 
work because of problems with your hand(s)/ 
wrist(s)? 

4. How often did you accomplish less in your 
work because of problems with your hand(s)/ 
wrist(s)? 

5. How often did you take longer to do the tasks 
in your work because of problems with your 
hand(s)Avrist(s)? 

IV. The following questions refer to how much pain you had in your hand(s)/wrist(s) during the past week. 
(Please circle 1 answer for each question.) 

1. How often did you have pain in your hand(s)Avrist(s)? 
1. Always 
2. Often 
3. Sometimes 
4. Rarely 
5. Never 

If you answered never to question IV-1 above, please skip the following questions and go to the next page. 

2. Please describe the pain you have in your hand(s)/wrist(s). 
1. Very mild 
2. Mild 
3. Moderate 
4. Severe 
5. Very severe 

Always Often Sometimes Rarely Never 

3. How often did the pain in your hand(s)/wrist(s) interfere 
with your sleep? 1 2 3 4 5 

4. How often did the pain in your hand(s)Avrist(s) interfere 
with your daily activities (such as eating or bathing)? 1 2 3 4 5 

5. How often did the pain in your hand(s)Avrist(s) make 
you unhappy? 1 2 3 4 5 
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V . A . T h e f o l l o w i n g q u e s t i o n s r e f e r t o t h e a p p e a r a n c e ( l o o k ) of y o u r right h a n d d u r i n g t h e p a s t w e e k . 

( P l e a s e c i r c l e 1 a n s w e r f o r e a c h q u e s t i o n . ) 

Strongly Neither Agree Strongly 
Agree Agree Nor Disagree Disagree Disagree 

1. 1 was satisfied with the appearance (look) of my right hand. 1 2 3 4 5 
2. The appearance (look) of my right hand sometimes made me 

uncomfortable in public. 1 2 3 4 5 
3. The appearance (look) of my right hand made me depressed. 1 2 3 4 5 
4. The appearance (look) of my right hand interfered with my 

normal social activities 1 2 3 4 5 

B, T h e f o l l o w i n g ques t ions re fe r to the a p p e a r a n c e ( look) of you r left hand dur ing the past week . (P lease c i rc le 
1 a n s w e r for e a c h ques t ion . ) 

Neither 
Strongly Agree Strongly 

Agree Agi ee Nor Disagree Disagree Disagree 

1. 1 was satisfied with the appearance (look) of my 
left hand. 1 2 3 4 5 

2. The appearance (look) of my left hand sometimes 
made me uncomfortable in public. 1 2 3 4 5 

3. The appearance (look) of my left hand made me 
depressed. 1 2 3 4 5 

4. The appearance (look) of my left hand interfered 
with my normal social activities 1 2 3 4 5 

V I . A . T h e f o l l o w i n g q u e s t i o n s r e f e r to y o u r s a t i s f a c t i o n w i t h y o u r right h a n d / w r i s t d u r i n g t h e p a s t w e e k . 

( P l e a s e c i r c l e 1 a n s w e r f o r e a c h q u e s t i o n . ) 

Very Somewhat Neither Satisfied Somewhat Veiy 
Satisfied Satisfied Nor Dissatisfied Dissatisfied Dissatisfied 

1. Overall function of your right hand 1 2 3 4 5 
2. Motion of the fingers in your right 

hand 1 2 3 4 5 
3. Motion of your right wrist 1 2 3 4 5 
4. Strength of your right hand 1 2 3 4 5 
5. Pain level of your right hand 1 2 3 4 5 
6. Sensation (feeling) of your right 

hand 1 2 3 4 5 

B, T h e f o l l o w i n g q u e s t i o n s r e f e r t o y o u r s a t i s f a c t i o n w i t h y o u r left h a n d / w r i s t d u r i n g t h e p a s t w e e k . ( P l e a s e 

c i r c l e 1 a n s w e r f o r e a c h q u e s t i o n . ) 

Very Somewhat Neither Satisfied Somewhat Very 
Satisfied Satisfied Nor Dissatisfied Dissatisfied Dissatisfied 

1. Overall function of your left hand 1 2 3 4 5 
2. Motion of the fingers in your left 

hand 1 2 3 4 5 
3. Motion of your left wrist 1 2 3 4 5 
4. Strength of your left hand 1 2 3 4 5 
5. Pain level of your left hand 1 2 3 4 5 
6. Sensation (feeling) of your left hand I 2 3 4 5 
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Please provide the following information about yourself. (Please circle 1 answer for each question.) 

1. Are you right-handed or left-handed? 
a. Right-handed 
b. Left-handed 
c. Both 

2. Which hand gives you the most problem? 
a. Right hand 
b. Left hand 
c. Both 

3. Have you changed your job since you had problem with your hand(s)? 
a. Yes 
b. No 
Please describe the type of job you did before you had problem with your hand(s). 

Please describe the type of job you are doing now. 

4. What is your gender? 
a. Male 
b. Female 

5. What is your ethnic background? 
a. White 
b. Black 
c. Hispanic 
d. Asian or Pacific Islander 
e. American Indian or Alaskan Native 
f. Other (please specify) 

6. What is the highest level of education you received? 
a. Less than high school graduate 
b. High school graduate 
c. Some college 
d. College graduate 
e. Professional or graduate school 

7. What is your approximate family income, including wages, disability payment, retirement income, and welfare? 
a. <$10,000 
b. $10,000-$19,999 
c. $20,000-529,999 
d. $30,000-$39,999 
e. $40,000-$49,999 
f. $50,000-$59,999 
g. $60,000-$69,999 
h. >$70,000 

8. Is your injury covered by Workers' Compensation? 
a. Yes 
b. No 


