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INTRODUCTION
During the OMERACT 3 and 4 conferences, the clinimetric
properties of outcome measures in osteoporosis were used
to identify a potential core set of outcome measures1-3. One
of the properties assessed was responsiveness, measured by
the effect size in randomized controlled trials (RCT). The
set of outcomes, in ordering of increasing effect size, were
fractures (both vertebral and nonvertebral), pain, quality of
life, height, bone mineral density, and biochemical markers.

We aimed to identify existing work related to discrimi-
nation, responsiveness, and minimal clinically important
differences (MCID) for 4 key clinical outcomes in osteo-
porosis to serve as a background to discussions about how
to define MCID for both individuals and groups. The
outcomes assessed are bone density, fractures, quality of
life, and function.

METHODS
A systematic literature search was conducted in MEDLINE,
EMBASE, and Current Contents up to December 1999,
using text words for osteoporosis and minimal clinically
important difference, minimum observable or detectable
difference, responsiveness, and improvement criteria. In
addition, recent conference proceedings and journals were
searched for additional relevant studies. The literature
search identified 238 articles. Two independent reviewers
assessed the titles and abstracts to determine eligibility.
Articles were included if they assessed one of bone density,
fractures, quality of life, or function in terms of one of the
concepts of the cube, i.e., defining and discriminating
changes and differences between groups or individuals.
Articles were excluded if they were correlation studies
among different outcomes. A total of 78 articles were
considered potentially relevant and were retrieved for closer
examination.

The literature search identified some RCT that used the
words “clinical importance” or “sample size calculation” in
their abstract. Because the search was not designed to iden-
tify RCT in a comprehensive fashion, the inclusion of these
RCT in this report would not be a systematic review of all
RCT. Therefore, 4 recent RCT in osteoporosis were
selected, based on their clinical relevance, for review of
their sample size calculations.

Two independent reviewers assessed the articles and
determined which concepts of the responsiveness cube were
assessed. The methods and results of each article were
extracted in a tabular format and assessed to determine how
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ABSTRACT. The purpose of this paper was to identify existing work related to discrimination, responsiveness,
and minimal clinically important differences (MCID) for 4 key clinical outcomes in osteoporosis, to
serve as a background to discussions about how to define MCID for both individuals and groups.
The outcomes assessed were bone density, fractures, quality of life, and function. We conducted a
systematic literature search in MEDLINE, EMBASE, and Current Contents for articles that
discussed responsiveness, detectable difference, improvement criteria, and clinical importance. We
used the Beaton cube to classify the studies depending on whether they compared differences
between or changes within individuals or groups. Although a number of studies were identified that
presented data on detectable differences beyond error and observed differences, few studies
presented data on how to define clinically important differences. A key priority for future research
is to define minimally clinical important differences for clinically important osteoporosis outcomes
using a consensus based approach that will be accepted by the osteoporosis community at large.
Furthermore, these MCID will likely be different for individual patients seen in clinical practice than
for individuals in a clinical trial. (J Rheumatol 2001;28:413–21)

Key Indexing Terms:
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their results addressed the concepts in the cube. Articles
were classified according to the setting (individual or group)
and type (change, difference, or both).

RESULTS
Bone mineral density (Table 1)
Bone mineral density (BMD) is a surrogate marker of ther-
apeutic effectiveness and can be assessed by several
different methods, including dual x-ray absorptiometry
(DXA), single x-ray absorptiometry (SXA), quantitative
computerized tomography (QCT), and ultrasound4,5.
Ultrasound has been shown to be as good as DXA bone
density at predicting hip fracture in large prospective, popu-

lation based studies6,7. DXA bone density can discriminate
between patients with fractures and nonfracture controls8-10.
Changes in DXA bone density during a clinical trial have
been shown to predict the clinical outcome of vertebral and
hip fracture incidence11.

Individual differences and changes. Bone density can be
used for 2 purposes in an individual: (1) to diagnose osteo-
porosis and (2) to monitor changes over time. In 1994, the
WHO proposed a definition of osteoporosis based on BMD.
They reached consensus that a T score of –2.5 standard
deviations (SD) below the young adult mean or presence of
fractures be used as a diagnosis of osteoporosis, using DXA
or QCT bone density. The prevalence of osteoporosis using

The Journal of Rheumatology 2001; 28:2414

Table 1. Summary of bone density studies. Table continues opposite.
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Table 2. Fractures, group changes, and differences.
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Figure 1. Classification of discrimination and changes in studies of osteoporosis.  (a) Individual. 1. Clinician judgment that individual change should be 
> group SD to be considered important = 5% spine4. 2. A. Individual change beyond error for DXA BMD = 3 * CV = 4.5% spine20,21. 3. Regression to the
mean is a threat to using BMD to monitor individual changes over short-term28. 4. No correlation in change in DXA BMD and ultrasound in RCT with demon-
strated improvement5. 5. Clinician judgment = 2% change in spine BMD for responder to therapy27. 6. The prevalence of osteoporosis in the population differs
according to method of BMD assessment10,13,14. 7. Discrimination between women with spine or hip fractures and nonfracture controls was similar for DXA-
spine and QCT-spine using area under the curve (AUC) of ROC10. 
(b) Group. 8. The longterm intra and intersubject variability in DXA spine and femur were used to calculate sample size required to detect a difference in the
rate of change per year (mg/cm2/yr)32. 9. The responsiveness, using effect size of percentage change, of the core set outcomes was calculated from RCT, where
differences were shown between groups2,3. 10. A minimum important difference of 0.5 units was proposed for the osteoporosis quality of life questionnaire54.
11. Hochberg, et al found a decreasing rate of vertebral fractures in groups of women with a change in BMD of 0%, 0–3%, or > 3%, respectively8. 12. Different
criteria for the diagnosis of vertebral fracture did not change the observed lack of difference between 2 groups in a fluoride trial42. 13. The mean scores and
SD of groups of osteoporotic patients and controls for QOL questionnaires have shown differences in pain, energy, and function49–52,54,55. 14. Vertebral frac-
ture reductions of 30–50% in women with prevalent vertebral fractures have been used for sample size calculations9,44-48. 
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these criteria varies widely depending on the method of
assessment (both the site and whether BMD or bone mineral
content is used)12-14.

The discrimination of hip or vertebral fracture patients
from controls has been examined for QCT, DXA, and ultra-
sound. Spine DXA classified only 48.7% and 71% of
women with spine and hip fractures, respectively, as osteo-
porotic using the –2.5 SD criteria. In contrast, 94% of
women with spine fractures met the –2.5 SD criteria using
QCT10. The discrimination of osteoporotic patients from
controls is poor with calcaneal broadband ultrasound atten-
uation, speed of sound (SOS) and tibia SOS with poor sensi-
tivity as low as 37%15. However, another ultrasound
variable, stiffness, was found to be as good as spine DXA16.
Also, a combination of calcaneal and distal radius ultra-
sound found a sensitivity and specificity of 94% for the
discrimination of hip fracture patients17.

For minimal detectable differences beyond error, a
consensus panel on bone density endorsed the use of 2.8
times the precision error (measured by coefficient of varia-
tion) as a cutoff for individual changes that are larger than
measurement error19. More recent studies of longterm error
(7 years) also suggest cutoffs of 2–3 times the CV20-22.
Because of better precision, the minimum percentage
change beyond error detectable in an individual is lower for
DXA spine (ranging from 1.8 to 5.6%) than DXA femoral
neck (ranging from 3.2 to 8.4%).

The minimal detectable difference for individual change
has been looked at using the Bland and Altman limits of
agreement to calculate the smallest detectable difference for
2 methods: coefficient of variation (as percentage change
from baseline) and SD in absolute units (g/cm2)23. This
approach has also been used in rheumatoid arthritis to
examine the smallest detectable difference in studies of
imaging24. For bone density, Ravaud, et al found that the
smallest detectable difference in absolute units (g/cm2) is
independent of baseline BMD, in contrast to percentage
change, which depends on baseline bone density and age.

In the context of clinical trials, there is a trend to defining
“responders”25. This is a similar approach taken by the
American College of Rheumatology for definition of
improvement in rheumatoid arthritis26. The cutoff for a
“responder” can be considered an MCID for an individual.
Clinician judgment of individual MCID varies. Based on the
SD of group measurements, changes of 5% at the spine and
8% at the femoral neck have been suggested as MCID4. A
lower cutoff of 2% at the spine was proposed as criteria for
“responders” to alendronate by Hosking, et al27.

A problem of using BMD to monitor individual
responses to therapy over time is that the measurements tend
to regress toward the mean. The women with the largest
decreases in bone density in the first year in RCT of alen-
dronate or raloxifene demonstrated the largest increases in
the second year28.

Group differences and changes. DXA BMD has good
responsiveness in RCT, requiring sample sizes of less than
150 patients to detect a significant difference between
groups, depending on the intervention2,3.

Of the various sites, lumbar spine BMD is the most sensi-
tive to longitudinal change29. A new region of interest in the
forearm has also been shown to be sensitive to change in an
RCT of alendronate30. Calcaneal broadband ultrasound
attenuation and stiffness have group response indices
(difference in percentage change between groups at end of
study divided by the standardized precision) about 40%
smaller than with DXA at the spine, suggesting that the time
period for followup would need to be 2–3 times longer for
QUS than DXA spine because of poorer precision31. There
is no significant correlation between longitudinal changes in
ultrasound variables and changes in femoral neck or spine
DXA, suggesting that ultrasound cannot be used to predict
changes in spine or femoral neck bone density5.

The sample size required to detect rates of change in
DXA BMD was calculated, using intra and intersubject SD
measured from a population of postmenopausal women.
The sample size decreased as the length of followup
increased (from 1 to 10 yrs) and the frequency of measure-
ments increased from one to 1032.

Responder analysis uses cutoffs for response to therapy
to compare groups in an RCT33,34. However, the choice of
cutoff has been shown to affect the results25. For example,
low cutoffs underestimate the difference between groups in
an RCT of alendronate in postmenopausal women25,35.

Fractures 
Fractures can be detected by clinical presentation of pain
and disability or radiographically. The Study of
Osteoporotic Fractures population has shown that vertebral
fractures (both radiographic-asymptomatic and clinically
detected) are significantly associated with mortality, back
pain, and disability37-39. Data from the alendronate and
raloxifene trials support this association40,41.

Individual differences and changes. There have been no arti-
cles on how or whether to determine individual MCID in
terms of fracture incidence. However, discussion at
OMERACT 5 clearly showed that clinicians consider one
fracture as an important event.

Group differences and changes (Table 2). Clinical vertebral
and nonvertebral fractures should be reported as the number
of people with new (or worsening) fractures. Hence, to
compare 2 groups, the relative risk of a new fracture is
calculated in the treatment group compared to the control
group. The relative risk of any type of fracture occurrence is
the least responsive outcome to change, requiring sample
sizes of 150 to greater than 900 patients for most interven-
tions in the treatment of postmenopausal osteoporosis2,3.
Although there has been some debate about how the defini-
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tion of a radiographic vertebral fracture (for example by
15% or 20% reduction in height) affects the rate of false
positives, a reanalysis of a fluoride RCT demonstrated no
difference in the outcome of the trial with 9 different
methods of classifying a vertebral fracture42.

The sample size and power calculations of RCT are not
explicitly MCID. However, they reflect the clinician judg-
ment of an important change that is worth detecting with
statistical confidence. Sample size calculations have used a
30% reduction in fractures associated with low bone mass9

and a 40% to 50% risk reduction in vertebral fractures in
women43,44. The sample size calculations of the 4 RCT
reviewed used a 40% reduction in vertebral fracture inci-
dence to assess the efficacy of fracture reduction of ralox-
ifene45, risedronate46, alendronate47, and hormone
replacement therapy48 for postmenopausal osteoporosis.

A working party of European experts proposed a 15%
reduction in all types of fracture frequency as an MCID,
depending on the unwanted effects36.

A different approach to MCID is to calculate what differ-
ence would be needed for the intervention to be cost-effec-
tive, using the incremental cost per averted hip fracture,
compared to existing therapies (relevant to the country and
setting). The calculation for thiazides for the prevention of

hip fracture showed that a difference of 10% in hip fracture
incidence would be cost-neutral in the United Kingdom49.

Quality of life
Osteoporosis has psychosocial consequences that include
reduced self-esteem, anxiety, and chronic pain. Recent
research has focused on the development and validation of
disease-specific quality of life (QoL) instruments for osteo-
porosis. Disease-specific instruments include the OPAQ,
Osteoporosis-Targeted Quality of Life Survey Instrument
(OPTQoL), Quality of Life Questionnaire of the European
Foundation for Osteoporosis (QUALEFFO), and
OQLQ50–55. Furthermore, there is interest in using patient
derived preferences as outcomes of clinical trials and for
economic assessments56.

Individual differences and changes. Very little research has
been done on MCID of quality of life in individuals.

Group differences and changes. In most studies, the difference
between fracture and nonfracture or non-osteoporotic patients
has been estimated on the various domains of both disease-
specific and generic QoL instruments. These are outlined in
Table 3. A recent cross sectional study by Cortet, et al demon-
strated lower quality of life in domains of physical function
and energy in women with recent vertebral fractures57.

The Journal of Rheumatology 2001; 28:2418

Table 3. Quality of life group differences and changes.
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Assessment of QoL in RCT of therapeutic interventions
has been included in ongoing RCT. Very little published
work has been done on MCID for QoL in osteoporosis
patients. Cook and Guyatt, et al estimated that a 0.5 unit
change in their mini OQLQ was a reasonable MCID based
on earlier work that they did with disease-specific quality of
life instruments54.

Preferences or utilities have been evaluated in fracture
patients using the time-tradeoff technique, health utilities
index, and Quality of Well-Being scale (Table 3). Dolan, et
al assessed QoL in 50 Colles fracture patients with the EQ-
5D. They then calculated the number of quality adjusted life
years (QALY) lost as a result of a Colles fracture. The QALY
loss was about 2% in comparison to the 4% estimated by the
National Osteoporosis Foundation guidelines58.

The majority of the work in QoL has focused on women
with established osteoporosis. There is very little research
on the psychosocial effects of the awareness of osteo-
porosis/osteopenia59. Recent work has shown that these
patients have lower scores on self-esteem and life satisfac-
tion than healthy elderly women60.

Function/performance based measures
Both hip and vertebral fractures are associated with signifi-
cant functional impairment59,61,62. Some work has been done
on the reliability, validity, and sensitivity to change for
physical performance tests (e.g., strength, range of motion,
and timed functional tests) as well as questionnaires (e.g.,
the Osteoporosis Functional Disability Questionnaire,
Geriatric Depression Scale, Barthel Index)63,64.

Psychological well being, self-esteem, and functional
performance tests have been used as outcome measures in
RCT of osteoporosis interventions62,65-67. However, little
work has been done on what would be considered an MCID
for such outcome measures.

DISCUSSION
Fractures 
There is no specific work on deriving MCID for fractures,
in particular for hip fractures. Most of the clinical trials have
based sample size calculations on incident vertebral frac-
tures. Furthermore, the difference between groups used for
sample size calculations of RCT tends to be inflated in order
to keep the size of clinical trials reasonable. Further research
could include convening a consensus panel of experts and
public members to determine an acceptable MCID for verte-
bral and hip fractures. This decision would include consid-
eration of cost and adverse effects of the medications in
addition to consideration of clinical sequel of fractures.

Bone density 
There has been no definite consensus reached on an indi-
vidual clinically important difference on bone density or
ultrasound. Moreover, there has been no definite recom-

mendation on how frequently bone density should be evalu-
ated in an individual after treatment is commenced. Since
fracture reduction is not solely dependent on bone density,
the use of MCID for bone density to predict fracture reduc-
tion is of questionable value.

Quality of life 
There are a number of quality of life measures (disease-
specific and generic measures) that had been validated, but
a paucity of information on MCID for quality of life, and in
particular for pain. There is a need for research linking
change in individual quality of life to both clinical and
patient improvement to assist in the determination of MCID.

Functional measures 
Bone independent factors play an important role in the risk
of hip fractures. Therefore, future research needs to deter-
mine what is an important MCID for various performance
based measures such as muscle strength and balance.
Another priority for future research is to use existing func-
tional scales to determine a clinically relevant MCID for hip
fracture patients.

It was evident from discussion that occurred during the
breakout session that the assessment of MCID for the
various osteoporosis outcomes was not as well developed as
MCID for rheumatoid arthritis or osteoarthritis outcomes.
We agreed the MCID for surrogate markers such as bone
density are useful if they predict a relationship to magnitude
of fracture reduction. 

It was also suggested that MCID derived from an RCT
might not necessarily apply to the individual patient in clin-
ical practice. For this reason, it was recommended that it
was essential to develop tools for discriminating means
versus tools for assessing success. We also agreed that
MCID should be defined in terms of both absolute and
percentage change since the use of both provides comple-
mentary information.

At OMERACT 5, we reviewed the current status of
MCID for osteoporosis outcomes. We felt that it was impor-
tant that more research be directed at developing MCID for
outcomes of fracture, BMD, and quality of life. We recog-
nized that consensus on MCID needs to be agreed upon by
the osteoporosis research community at large.
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