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ABSTRACT.

Objective. This prospective study investigated the comparative responsiveness to change of 4 different
elbow scoring instruments: 2 Hospital for Special Surgery elbow assessment scales, the Mayo Clinic
Elbow Performance Index, and the Elbow Functional Assessment (EFA) Scale.
Methods. A group of patients with rheumatoid arthritis (RA) (median age 60 yrs) undergoing either
elbow arthroplasty (22 elbows) or synovectomy with radial head excision (3 elbows) were evaluated
both before and after surgery (median 7 mo postoperatively). Changes in the scores obtained using the
scales under study were calculated and analyzed. The patient’s opinion of global perceived effect of the
intervention was used as an external criterion to classify them as “improved” or “non-changed.”
Responsiveness was evaluated with 3 different statistical approaches: using paired t statistics (pre and
postsurgery scores), effect size statistics (standardized response mean, effect size, and responsiveness
ratios), and receiver operator characteristic curves. Minimal clinically important difference was estimated using patient satisfaction as the external criterion.
Results. Each of the elbow rating measures under study proved to be responsive to change when evaluating patients with RA undergoing elbow arthroplasty or synovectomy. The EFA scale had the highest power to detect a clinically meaningful difference and had the best discriminative ability to distinguish improved from no-change patients, as shown by all responsiveness statistics applied.
Conclusion. Using the EFA scale requires smaller sample sizes to achieve a fixed level of statistical
power than the other scales we studied. (J Rheumatol 2001;28:2616–23)
Key Indexing Terms:
RESPONSIVENESS

RHEUMATOID ARTHRITIS

Over the last decades, the use of rating instruments has
become widespread in clinical practice as they provide a practical tool to report the effectiveness of orthopedic interventions. Further, their use may allow comparison of different
disease processes, patient populations, and types of treatment.
For a long time, rating scales have often been used without
formal testing of their measurement characteristics. Yet in
recent years increasing emphasis has been placed on measurement theory in the evaluation of surgical orthopedic treatments, and there is a broad consensus that outcome scales
should have established and proven reliability and validity
before they are used as an outcome measure1-8. Nevertheless,
properly designed reliability and validity studies are still
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ELBOW SCORING SCALES

needed for the majority of commonly employed scores in
orthopedic surgery1,7.
Review of the literature reveals a number of elbow scoring
indices9-12, each assigning their own numerical values on a
variety of subscales like pain, range of motion (ROM), and
function. These instruments are frequently used in clinical
orthopedic research, both to measure cross sectional differences between patients or groups (discriminative purpose),
e.g., to compare the outcomes of different surgical procedures,
but especially to detect longitudinal change within individuals
over time (evaluative purpose)13,14.
The usefulness of evaluative instruments as an outcome
measure depends on their sensitivity to the type and magnitude of changes that occur as a result of treatment15-18. This
property is also termed sensitivity to clinically important
change, or responsiveness13,14,17,19,20. Knowledge of the instrument’s responsiveness to intervention effects is essential as it
permits accurate estimation of sample size to assure adequate
statistical power19,21. Instruments are not useful in evaluative
studies when their power to detect a difference is too low, that
is, requiring an unattainable sample size to achieve a fixed
level of statistical power14. Accordingly, highly responsive
instruments are crucial to decrease the number of subjects
required in studies of the efficacy of interventions15,21. Despite
its importance, this measurement attribute is least well tested
and documented for most measures of outcome in rheumatic
disease17,20,23.
As conceptualized by Guyatt, et al13,16,24, the necessary
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measurement properties of outcome instruments should be 2fold; they have to be valid and also characterized by a high
ratio of signal to noise. The latter can be summarized in a reliability coefficient for discriminative instruments and in a
responsiveness index for evaluative instruments. As such,
responsiveness should be considered as a separate concept,
and not as another aspect of validity13,24. On the other hand,
although reliability and responsiveness to change are different
properties, they are related25.
Recently, the discriminative properties of various elbow
scoring instruments were compared8,26. However, their usefulness as evaluative instruments remained to be shown. We
compared the relative responsiveness of frequently used
elbow rating instruments, as applied to patients with rheumatoid arthritis (RA) who were undergoing primary total elbow
joint replacement or elbow synovectomy with radial head
excision.

of health status scales that measures quality of life of individuals, which
assesses physical, emotional, and social well being, designed for individuals
with rheumatic diseases. A normalization procedure converts scores to a normal standard of 0–10, the higher the score, the more disabled the patient. All
scores were corrected for comorbidity, following the original instructions.
At followup the questionnaire package also asked the patients whether the
results of surgery differed from their expectations of it, and in what way.
Further, the patient was asked to indicate the global perceived effect of the
intervention on a 5 point ordinal scale with the following levels of measurement: much improved, slightly improved, no change, slightly worsened,
much worsened. This measure of improvement was used as an external criterion for evaluating responsiveness. If the patient had indicated much improvement, we categorized the patient as “improved”; if slightly improved, no
change, or slightly worsened we categorized as “non-changed.” Additionally,
patients were asked to point out their overall satisfaction with the result of
elbow surgery on a horizontal unscaled 10 cm VAS. On this scale the left
extremity represented “dissatisfied” (score 0) and the right extremity “very
satisfied” (10 points). A score of 0 to 2.5 was considered “dissatisfied,” from
2.5 to 5.0 “somewhat satisfied,” a score of 5.0 to 7.5 represented “moderately satisfied” patients, and the category patients rated between 7.5 and 10 was
considered “very satisfied.”

MATERIALS AND METHODS

Physical examination. A standard form composed of various objective variables concerning the upper extremity was completed prior to the operation by
one single registrar in orthopedic surgery (YADB). Active ROM of both
elbows, shoulders, and wrists were measured and registered in degrees, using
a two arm 8-inch plastic goniometer and standard positioning32, with zero
degrees as the neutral starting position. Varus-valgus instability of the elbow
was assessed in 45° elbow flexion, or at maximum extension if flexion deformity exceeded 45°, and rated as stable (no apparent laxity), moderate instability (< 10°) and gross instability (> 10°). Isometric muscle strength of elbow
flexion and extension was measured by placing a manual dynamometer
(Microfet, Hoggan, Health Industries Inc., Draper, OR, USA) just above the
wrist joint, recording the mean value of 3 measurements.
Shoulder function was assessed using the Shoulder Function Assessment
scale33, an instrument that reliably measures shoulder function in patients
with RA, producing an overall score out of 70.

Patients. Consecutive RA patients scheduled for primary total elbow joint
replacement in the Leiden University Medical Center and for elbow synovectomy with radial head excision at the Slotervaart Hospital in Amsterdam were
recruited for this prospective followup study. The study was approved by the
institutional review boards of each hospital.
From November 1996 up to and including February 1998, 23 patients
were included, 2 of whom underwent bilateral procedures. Bilateral procedures were performed in 2 different sessions, with a period of at least 5
months between them. All patients had to be free of serious cognitive impairments, had to meet the American Rheumatism Association 1987 criteria for
definite or classic RA27, and have preoperative radiographs of the elbow
showing articular damage grade III, IV, or V according to the classification of
Larsen, et al28. Patients were informed about the aim of the study and gave
their consent. Their main symptoms included pain in the elbow and restricted
movement. In 22 cases a Souter-Strathclyde total elbow prosthesis was inserted, in 3 patients a synovectomy of the elbow was performed.
All patients were evaluated preoperatively and at followup, using 4 different elbow scoring systems: the Hospital for Special Surgery (HSS) Total
Elbow Scoring Systems10,11, the Mayo Clinic (Mayo) Performance Index for
the Elbow12, and the Elbow Function Assessment (EFA) Scale26.
Description of the elbow scoring instruments. The HSS Elbow Assessment
Scale is a 100 point rating system composed of ordinal scores for pain when
bending (15 points) and at rest (15 points), function and activity (20 points),
ROM (28 points), strength (10 points), and deformity (12 points)11.
A shortened version of this scale (HSS2), in which no physical examination is required, is divided into 3 sections, assessing pain on a 5 point ordinal
subscale (50 points), function (30 points), and activity (20 points)10.
The Mayo Clinic Performance Index for the Elbow12 is made up of a 4
point ordinal subscale for pain (45 points), daily function (25 points), motion
(20 points), and stability (10 points), resulting in a possible maximum of 100
points.
Designed as a functional elbow evaluation tool, the EFA Scale26 concentrates on self-reported performance of elbow-specific activities of daily living
(ADL; 35 points). Unlike other elbow assessment instruments, it assesses the
degree of pain (30 points) on a visual analog scale (VAS). Measurements of
range of elbow motion (35) complete the final score to a possible maximum
of 100 points.
Questionnaires. The subjective items of the cited elbow scoring instruments
were compiled in one self-assessment questionnaire, which was completed by
the patients one day prior to the operation as well as at followup evaluation.
In addition, on both occasions a Dutch equivalent of the revised Arthritis
Impact Measurement Scales29-31 (AIMS-2) was completed. It is a combination

Followup evaluation. All patients included were seen in followup evaluation
from June 1, 1997, to September 30, 1998. We combined most patient evaluations needed for this study with their regular appointments at the outpatient
department with their orthopedic surgeon or rheumatologist. The average
time from operation to followup was 7 months [standard deviation (SD) 4.2
mo; range 2–15]. The questionnaire package was mailed to the patients one
week prior to followup evaluation and completed at home. Next, subjects
were examined at the outpatient department by the same registrar who performed the preoperative examinations.
In one patient, who had a long history of RA with multiple joint arthroplasties, there was disturbed wound healing, which was followed by deep
infection; completion of the questionnaires and followup measurements were
performed after the treatment for infection and implant removal.
Statistical analysis. The collected data were entered on a computer, using a
specialized data management application (Project Manager, MRDM Leiden).
Analyses were performed using the SPSS statistical package for Windows
(Release 7.5.2) and MedCalc (Version 5.0).
Aggregated preoperative and postoperative scores were computed for the
operated side for each elbow rating scale. Subsequently, scores were stratified
for the improved and the non-changed patient group, and differences between
score levels were calculated by subtracting the preoperative score from that
obtained at followup. Thus, a positive change indicates improvement. Next,
the confidence intervals (95%) of the paired differences were calculated.
Differences were judged to be statistically significant if p < 0.05.
A variety of strategies have been proposed to determine responsiveness.
In the absence of a single standard20, we selected 2 different strategies: paired
t tests on difference scores and effect size statistics. Further, the discrimina-
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tive ability of each scale was calculated using the receiver operating characteristic (ROC) method. Each method will be clarified below.
Paired t statistics comparisons and relative efficiency. An index of responsiveness can be calculated by comparing preoperative and postoperative values of improved patients, using paired t test analyses for within-patient
changes19,22,34. The scale with the largest value of t statistics is judged to be
the most responsive.
In addition, the relative efficiency to detect changes was calculated by
comparing each instrument with the Hospital for Special Surgery scale11. The
choice of the latter as standard was arbitrary. Relative efficiency was computed by squaring the ratio of appropriate t values22, e.g.,
relative efficiency (Mayo versus HSS) = (tMayo/tHSS)2
A relative efficiency > 1 means that this scale was a more efficient tool for
measuring change than the HSS scale11. In addition, the instrument with highest relative efficiency has the highest power for a fixed sample size, or
requires fewer patients to achieve a fixed level of statistical power22.
Effect size statistics. Effect size statistics relate the magnitude of the change
to the variability in the score35. Larger effect sizes indicate higher responsiveness. Several SD are used as a denominator for calculating effect sizes, as
will be explicated below. The usual determination of effect size is calculated
by taking the mean change for a single group and dividing it by the SD of
baseline score of that group19,36.
The standardized response mean (SRM) is a variant of the effect size. It
is calculated as the mean change between followup and preoperative scores
divided by the SD of these changes35,37. Absolute values of 0.2 are considered
small, values of 0.5 are moderate, and those 0.8 or more represent large
effects35. The values have direct implications for sample size determinations,
since the ratio of sample sizes required to detect a given clinical effect is equal
to the square of the ratio of the SRM20.
A third index is the responsiveness ratio, which relates the minimal clinically important difference (MCID)38 to the variability in stable subjects17.
This concept was also illustrated in analogy with signal-to-noise ratios16,17,24,
in which the (smallest) meaningful clinical change one wishes to detect in a
specific population of patients stands for the signal, and the within-subject
variability unrelated to true clinical change represents the noise. As the magnitudes of the MCID for the scales under study are unknown, the mean
change score for patients who were somewhat satisfied was used as an estimation for the MCID for improvement21. Accordingly, responsiveness rates
were determined by calculating the ratio of the MCID to the intersubject variability of the change scores in non-changed patients.
Receiver operating characteristic method. ROC curves visualize the relation
of true positive rate (sensitivity) on the y-axis against false-positive rate (100
– specificity) plotted on the x-axis for multiple cutoff points of a diagnostic
test. Similarly, Deyo and Centor34 advocated this method to qualify an instrument in its ability to discriminate between patients who have changed as a
result of treatment (sensitivity) and those who have not benefited (specificity). Using the patient’s opinion of global perceived effect of the intervention
as a dichotomously external criterion of change, ROC curves can be constructed for various instrument cutpoints in change score. In this way, the
ROC curves provide information on the sensitivity and specificity to discriminate between improved and non-changed patients. The area under the ROC
curve indicates the probability that the instrument classifies improved patients
correctly from randomly selected pairs of improved and non-changed
patients34, the larger the area, the better the scale. A line that runs diagonally
across the figure from lower left to upper right will have an area of 0.5; this
represents an instrument that does not discriminate. In addition, a ROC curve
can provide an indication of which change score represents the optimal cutoff
point to discriminate between improved and non-changed patients, by selecting the point closest to the upper left corner of the curve19. The corresponding value represents the optimal combination between sensitivity and specificity for deciding whether the instrument change score of an individual represents a true clinical improvement.

RESULTS
Characteristics of the study population. Demographic data of
the patients are presented in Table 1. The median age at elbow
surgery of the subjects was 60 years (range 40–79) and disease duration was between 8 and 66 years (median 24).
Sixteen patients had the operation on the dominant side.
By self-assessment of global perceived effect of the operation performed, 18 patients rated themselves as much
improved (improved), and 6 patients as no change or slightly
improved (non-changed) at time of followup. The latter group
indicated that surgery did not meet their expectations: e.g.,
one patient could not reach her mouth, another could not
extend the arm as far as he had expected to be able to do. As
only one patient indicated herself as much worsened, analysis
for detecting deterioration could not be performed. This
patient was excluded from analysis of responsiveness, analogously to the definition of responsiveness by Guyatt, et al17.
Clinical characteristics and scores on the elbow instruments.
Table 2 provides information on the clinical characteristics
and the mean aggregated scores on the Dutch Arthritis Impact
Measurement Scale 2 (AIMS-2) and the various elbow rating
instruments of the patients in the improved and non-changed
group, as measured and calculated at both occasions.
Preoperatively, the non-changed group experienced less
pain on the elbow but showed a lower arc of motion of the
elbow, in comparison to the improved group. The preoperative
scores on the Mayo Clinic and HSS scale11 showed only small
differences between the improved and non-changed group,
but was evidently higher for the improved group on the HSS2
scale10 and Elbow Function Assessment scale.
Postoperatively, the improved group established a distinctly higher elbow score on all instruments, and also a higher
sagittal range of elbow motion, in comparison to the nonchanged group. Moreover, the improved group showed a significant rise (p < 0.05) in range of elbow motion and improveTable 1. Patient characteristics (N = 25 elbows), expressed as median
(range) unless stated otherwise.
Sex, male/female, number
Age at time of intervention, yrs
Disease characteristics
Rheumatoid factor positive, %
Disease duration, yrs
ESR, mm/h
Right handed, %
Side of operation right/left, number
Operation at dominant side, %
Joint destruction operated side, Larsen score, % III/IV/V
Followup period, mo
Previous surgical procedures at the operated side
Elbow*, number
Shoulder†, number
Wrist††, number
* Synovectomy/excision radial head. † Synovectomy.
arthrodesis/distal ulnar resection/arthroplasty.

6/19
60 (40–79)
84
24 (8–66)
37 (9–106)
92
15/10
64
16/44/40
7.1 (2–15)
7
1
6
‡

Synovectomy/
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Table 2. Mean clinical characteristics and mean scores on the elbow rating scales under study of the improved and non-changed patient group, preoperatively (Pre) and at followup (FU), and the mean paired change (postsurgery-presurgery) with the 95% confidence interval (CI) of the difference.

Pre

Improved Patients (n = 18)
FU
Change

Dutch AIMS-2
Physical dimension, points
4.0
Arm function, points
4.2
Pain dimension, points
6.6
Elbow
Sagittal arc of motion, degrees
93
Score on Mayo scale, points
53
Score on HSS scale, points
52
Score on HSS2 scale, points
33
Score on EFA scale, points
45
Ipsilateral shoulder
Score on SFA scale (range 0–70) 43

(95% Cl)

Pre

Non-Changed Patients (n = 6)
FU
Change
(95% Cl)

3.8
2.9
5.7

–0.18
–1.1
–0.67

(–0.6, 0.2)
(–2.1, –0.08)*
(–1.3, 0.02)

3.5
4.5
6.1

3.5
4.1
3.9

–0.03
–0.4
–2.2

(–1.6, 1.5)
(–3.3, –2.5)**
(–3.1, –1.3)**

104
87
75
74
76

12
33
26
41
33

(–22, –1)*
(26, 41)**
(19, 33)**
(29, 53)**
(27, 39)**

78
52
55
46
54

93
71
64
53
65

15
19
9
7
10

(–38, 8)
(– 2, 40)
(–3, 20)
(–8, 22)
(–2, 23)

43

0.7

(–2, 4)

50

52

2

(–10, 14)

*p < 0.05;** p < 0.01. HSS: Hospital for Special Surgery, EFA: Elbow Function Assessment, SFA: Shoulder Functional Assessment.
Table 3. Mean change scores [standard deviation (SD)] of the improved (Imp) and non-changed (Non) patient groups for the Hospital for Special Surgery
(HSS11 and HSS210), Mayo Clinic12, and Elbow Function Assessment (EFA26) elbow rating scales. Also, t values (relative efficiency) on differences between
pre and post-surgery scores, several calculations of effect sizes, and the area under the receiver operating characteristic (ROC) curves are given for each scale.
Instrument
Mean change
on Scale Score (SD)
HSS
Imp 26 (13.9)
Non 9 (10.8)
HSS2
Imp 41 (24.1)
Non 7 (13.9)
Mayo
Imp 33 (15.2)
Non 19 (19.9)
EFA
Imp 33 (12.6)
Non 10 (11.9)

t Value*(RE)
SRM

Effect Size Calculations
ES

ROC Area

7.9 (1.00)
1.9

1.86
0.79

1.47
0.63

1.12 (12.0)

0.83

7.2 (0.83)
1.2

1.70
0.50

1.55
0.42

0.94 (13.0)

0.86

9.3 (1.39)
2.4

2.19
0.97

1.89
1.70

0.76 (15.0)

0.7

11.1 (1.97)
2.1

2.61
0.87

2.07
0.94

1.77 (21.5)

0.91

RR (MCID)

*Paired t test on differences between preoperative and postoperative scores.
RE: relative efficiency, the squared ratio of the paired t-statistic on difference score on the scales compared to that of the HSS score (see text). SRM: standardized response mean, calculated as the mean change between postoperative and preoperative scores divided by the SD of changes in score35. ES: effect
size, calculated as the mean change divided by the SD of the preoperative mean in that group36. RR: responsiveness ratio of the minimal clinically important
difference (MCID) to the SD of change score in non-changed patients17.

ment on the elbow scoring systems (p < 0.01), this in contrast
to the non-changed group, in which these increases were not
significant. Pain, both as recorded on VAS and on ordinal
scales, had significantly decreased in the improved group,
while no significant pain reduction was found in the nonchanged group. Strikingly, the latter group showed pain reduction on the general pain subdimension of the Dutch AIMS-2.
Far higher differences were found between the preoperative and postoperative scores on the various elbow rating
instruments within the improved group (Table 3). The mean
change of scores in the improved patients ranged from 26 for
the HSS scale11 up to and including 41 points for the HSS 210
scale. In the non-changed group mean changes varied from 7

points on the HSS 2 scale10 up to and including 19 points on
the Mayo scale.
Minimal clinically important difference. Comparing the order
of mean change scores on the instruments for the 4 categories
of satisfaction we found an increasing change score with higher levels of satisfaction for all instruments. That is, the greatest change in scores was found in patients who were most satisfied with the operative result. The differences in scale scores
between the dissatisfied patient and the somewhat satisfied
patients were 20 (Hospital for Special Surgery11), 29 (Hospital
for Special Surgery 2 scale10), 10 (Mayo), and 32 (Elbow
Function Assessment) points. The MCID ranged from a value
of 12 points for the HSS scale11 to 22 points for the Elbow
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Figure 1. Receiver operating characteristic curves for the Hospital for Special Surgery (HSS), Mayo, and Elbow
Functional Assessment (EFA) scales comparing improved and non-changed patients at a mean of 7 months of followup after elbow surgery. The indicated values represent the optimal instrument change score for distinguishing
between improved and non-changed patients.

Function Assessment scale (Table 3), using patient satisfaction as the external criterion.
Responsiveness. Paired t statistics. The results of the paired t
test analyses for the comparison between preoperative and
postoperative scores of the scales under study indicate that
each scale was able to detect statistically significant changes
in the improved group (Table 3). The lowest value was
achieved with the HSS 2 scale10 (t = 7.2; relative efficiency =
0.83), and the highest with the Elbow Function Assessment
scale (t = 11.1; relative efficiency = 1.54). The changes on all
scales between the pre- and postsurgery scores in the nonchanged group were not statistically significant.
Effect size statistics. For all instruments, SRM were large for
the improved group (Table 3), ranging from 1.70 (Hospital for
Special Surgery 2 scale11) to 2.61 (Elbow Function
Assessment), indicating that the scales were responsive to the
improvement experienced in this group. It was striking that the
SRM for the non-changed group were moderate to large. This
means that there was score improvement of some patients who
did not experience global improvement by surgery.
As expected, the effect size statistics in the improved group
are higher than those in the non-changed group (Table 3).
With the exception of the Mayo scale, the differences between
the effect size in the improved and non-changed group allow

the conclusion that the instruments can discriminate between
the improved and the non-changed patients. For the nonchanged group, effect size was the lowest for the HSS 2
scale10, indicating that this scale would be the most specific to
detect change. The responsiveness rates to surgery, calculated
as the ratio of MCID to the SD of the change score in the nonchanged group (Table 3), ranged from 0.76 for the Mayo scale
to 1.77 for the Elbow Function Assessment scale. Given the
various responsiveness ratios, it was possible to calculate the
necessary sample sizes17. To achieve a statistical power of
90% for paired groups (α = 0.05), we would need 17 patients
per group using the HSS scale11, 24 patients using the HSS 2
scale10, and 37 patients per group using the Mayo scale. Using
the Elbow Function Assessment scale would only require 7
patients in each group.
Generally, the effect sizes of the Elbow Function
Assessment scale were superior to the other scales, as manifested by all responsiveness statistics applied. However, with
respect to the HSS and the Mayo scales, both the SRM and
effect size calculations revealed another rank order of responsiveness than the responsiveness ratio value. The former values indicated that the Mayo scale was more responsive to
change than the HSS scales, while according to the latter the
Mayo scale would be the least responsive.
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Receiver operating characteristic curves. Figure 1 presents
the ROC curves for changes as a result of surgical intervention
of the rheumatoid elbow on 4 elbow rating instruments, using
the patient global perceived effect as the external criterion for
discrimination between improved and non-changed. For each
instrument the curve was to the left above the diagonal, showing some discriminative ability. However, the shape of both
HSS curves and the Elbow Function Assessment curve, and
the areas under these curves (Table 3), showed that these
scales discriminated more reliably between patients who
experienced improvement and those who did not change than
the Mayo scale did.
At the point on the ROC curve closest to the left upper
angle, the sensitivity and the specificity of the Elbow Function
Assessment scale were 89 and 83%, respectively, to distinguish improved from non-changed patients, with a corresponding change score of 17 points and a positive predictive
value of 94%. Both HSS scales reached 72 and 83%, with a
change score of 18 points for the HSS scale18 and 20 points for
the HSS 2 scale10 and a positive predictive value of 93% for
either scale. The sensitivity and specificity for the Mayo scale
were 83 and 67%, at an optimal cutoff score of 15 points, with
a positive predictive value of 88%.
DISCUSSION
We studied the evaluative qualities of 4 elbow scoring scales
in a group of patients with RA being treated with total elbow
arthroplasty and synovectomy. To ensure the usefulness of
elbow rating scales for clinical purposes, it is crucial that such
measures of outcome are sensitive to the type and magnitude
of treatment changes that occur with arthroplasty and synovectomy. The present investigation made it clear that each of
the elbow rating measures under study proved to be sensitive
to change. However, while the Elbow Function Assessment
scale showed the highest responsiveness on all responsiveness
statistics applied, the rank order of responsiveness for both
Hospital for Special Surgery scales and the Mayo scales was
not consistent when comparing the results of the t values,
SRM, or effect size calculations on the one hand and the
responsiveness ratio on the other. This may be related to some
disadvantages of the statistical techniques used.
An important disadvantage of using the largest paired t statistics as a value of responsiveness is that this method does not
account well for the score variability that might have occurred
in the apparently non-changed subjects19.
Concerning the effect size calculations, the SRM and effect
sizes compare the magnitude of change to the SD of
change19,36 or the SD of the baseline scores36, respectively. A
shortcoming of the effect size is that a test may be assumed to
be responsive if the differences of the scores before and after
an intervention have a large mean and a small SD39.
Moreover, as the effect size does not incorporate the response
variance, it is thought to be unsuitable to comparing the
response means of various instruments40. A potential disad-

vantage of both the effect sizes and the SRM is that the score
changes in the numerator may overestimate treatment effects.
This is because some change (score improvement) is often
observed even in non-changed patients19, as confirmed by our
results (Table 3). In addition, the differences in SRM and
effect sizes among instruments in part reflect differences in
weights given to the subscales and in coverage of the scale
dimensions. The latter might explain the small differences that
were found in effect size calculations between both HSS
scales, and also the high SRM when we compare them to
other instruments reported in the literature21,41.
In studies on responsiveness, responsiveness rates are calculated by using both the MCID and the mean change score in
improved patients as the numerator. A lot of investigators use
the latter42, since there is no single best method for estimating
the MCID. We decided to calculate responsiveness rates by
using the estimated MCID as a numerator, as it is likely to
suppose that the mean change score in improved patients
would be larger than the smallest change that might be considered clinically relevant, and hence would result in an overestimation of responsiveness ratio. It should be realized that
the MCID will depend on the population of patients43 and the
criterion being used as an external indicator of minimal clinical importance. Like others21, we chose patient satisfaction as
a criterion to estimate MCID because satisfaction is a relevant
variable in elective surgical procedures, although we realize
that we may not have established with certainty the single best
estimate of the MCID of each scale. Also, we are aware that
the level of satisfaction can depend on the degree of happiness
of both patient and surgeon as well as their attitude to each
other44.
As argued earlier, responsiveness rates are prone to bias
since the numerator and denominator are based on different
samples, presuming that the variance in the patients who don’t
change is about equal to the variance of the subjects who do
change20,25.
Next to sensitivity, the specificity of a scale to change is
also important, since instruments may reflect changes that
have no clinical relevance34. In this respect, the ROC method
has the advantage of visualizing not only the sensitivity of an
instrument, but also the specificity of its score changes19. In
addition, with this method one can identify the optimal cutoff
points in change scores, although it should be noted that all
cutoff points are essentially arbitrary and depend on the purpose of a study. The ROC method indicated that the Mayo
grading system discriminated less accurately than the Elbow
Function Assessment and the HSS scales between patients
who experienced improvement and those who did not change.
Although AIMS scales were shown to be sensitive to clinical changes in health status secondary to total hip and knee
joint replacement22,37,40, this seemed not to be the case in the
current patient group after elbow joint replacement (Table 2).
A decrease in disease activity in the non-changed group rather
than the operation result itself may have caused the improve-
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ment of this group on the pain subdimension. Still, generic
health measures are useful as they permit comparability
across conditions and populations16. This may be of importance especially in determining the clinical result of total
elbow arthroplasty, as concluded in a study of Weiland, et al45,
showing that the most important overall factor of success was
the patient’s baseline health status.
We must acknowledge possible limitations associated with
the data presented in this report. Generally, it should be realized that statistical techniques measuring responsiveness to
any change may not capture well its responsiveness to clinically meaningful or important change. For any method of calculating responsiveness, the choice of external criteria for
change is disputable. We used the patient’s own global perceived effect to select subgroups of improved and nonchanged patients for estimating responsiveness. There may be
concern that it is not reasonable to expect patients to assess
change themselves, as validity may be compromised by the
patient’s mood and expectations46. However, the importance
of the patient’s perception of treatment benefit for orthopedic
procedures is increasingly recognized1,3,5 as perceived pain
relief and functional improvement are relevant to the patients
themselves. Like others, we used patient satisfaction as the
external measure of MCID, because satisfaction reflects both
perceived change and preference for this change21. Since our
external criterion cannot be regarded as a gold standard, more
comparisons of elbow scales against several external criteria
may be needed. Consideration should also be given to the limited sample size, especially that of the non-changed group.
Finally, our comparisons are based on outcomes of elbow
arthroplasty and synovectomy in patients with RA, and may
not be generalizable to other patient groups or interventions.
Despite these recognized shortcomings, this study does appear
to have merit and relevance in demonstrating responsiveness
to change of elbow assessment scales in patients with RA.
In conclusion, each of the elbow rating measures under
study proved to be responsive to change, as experienced in
patients with RA undergoing either elbow arthroplasty or synovectomy. The Elbow Function Assessment scale had the
highest power to detect clinically meaningful difference and
had the best discriminative ability to distinguish improved
from non-changed patients, as revealed by all responsiveness
statistics applied. Therefore, using the EFA scale will require
smaller sample sizes to achieve a fixed level of statistical
power than the other scales under study.
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