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easuring Activity Limitations in Climbing Stairs:
evelopment of a Hierarchical Scale for Patients With Lower-
xtremity Disorders Living at Home
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ABSTRACT. Roorda LD, Roebroeck ME, van Tilburg T,
ankhorst GJ, Bouter LM, Measuring Mobility Study Group.
easuring activity limitations in climbing stairs: development

f a hierarchical scale for patients with lower-extremity disor-
ers living at home. Arch Phys Med Rehabil 2004;85:967-71.

Objective: To develop a hierarchical scale that measures
ctivity limitations in climbing stairs in patients with lower-
xtremity disorders living at home.

Design: Cross-sectional study with Mokken scale analysis of
5 dichotomous items.
Setting: Outpatient clinics of secondary and tertiary care

enters.
Participants: Patients (N�759; mean age � standard devi-

tion, 59.8�15.0y; 48% men) living at home, with different
ower-extremity disorders: stroke, poliomyelitis, osteoarthritis,
mputation, complex regional pain syndrome type I, and dia-
etic foot problems.

Interventions: Not applicable.
Main Outcome Measures: (1) Fit of the monotone homo-

eneity model, indicating whether items can be used for mea-
uring patients; (2) fit of the double monotonicity model,
ndicating invariant (hierarchical) item ordering; (3) intratest
eliability, indicating repeatability of the sum score; and (4)
ifferential item functioning, addressing the validity of com-
arisons between subgroups of patients.
Results: There was (1) good fit of the monotone homoge-

eity model (coefficient H�.50) for all items for all patients,
nd for subgroups defined by age, gender, and diagnosis; (2)
ood fit of the double monotonicity model (coefficient
T�.58); (3) good intratest reliability (coefficient ��.90); and

4) no differential item functioning with respect to age and
ender, but differential item functioning for 4 items in ampu-
ees compared with nonamputees.

Conclusions: A hierarchical scale, with excellent scaling
haracteristics, has been developed for measuring activity lim-
tations in climbing stairs in patients with lower-extremity
isorders who live at home. However, measurements should be
nterpreted with caution when comparisons are made between
atients with and without amputation.
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TAIR CLIMBING IS IMPORTANT for maintaining mobility
and independence. However, activity limitations in climb-

ng stairs are prevalent, especially in the elderly and in patients
ith lower-extremity disorders. Despite the importance of stair

limbing and the high prevalence of limitations in this activity,
ittle is known about the actual limitations in climbing stairs
erceived by patients at home. Furthermore, little is known
bout the severity of these limitations in subgroups of patients
nd about the determinants of activity limitations in climbing
tairs. Finally, little is known about the severity of the activity
imitations indicated by specific statements about these limita-
ions. Most doctors would agree that a statement like “I go up
he stairs and always hold onto the banister” indicates a minor
imitation, whereas a statement such as “I go up the stairs and
m always helped by someone” indicates a severe limitation.
ut what is implied by statements such as “I go up the stairs but
ith difficulty” or “I do go up and down stairs but less often”?
prerequisite in addressing these research questions is the

vailability of a suitable measurement instrument.
We are not aware of any existing measurement instrument

hat provides a detailed assessment of activity limitations in
limbing stairs.1 Currently available generic measurement in-
truments2-7 and disease-specific instruments8-12 provide only a
lobal measurement of activity limitations. Although climbing
tairs is included in many of these instruments, this activity is
ften addressed by 1 or 2 items only.
Because existing measurement instruments were not adequate

o provide a detailed assessment of activity limitations in climbing
tairs, we developed a new scale with the following properties: (1)
he scale should be suitable for the assessment of patients with
ower-extremity disorders living at home; (2) the scale must pro-
ide a detailed measurement of activity limitations in climbing
tairs; (3) the scale must be a discriminative index, measuring
ross-sectional differences in limitations in climbing stairs be-
ween patients or subgroups of patients; and (4) the scale should
e hierarchical, which implies that it consists of items indicating
ifferent levels of severity in activity limitations.

This article reports on the development and testing of a
etailed and hierarchical scale to measure activity limitations in
limbing stairs in patients with lower-extremity disorders liv-
ng at home.

METHODS

nstrument Development
To create a detailed measurement instrument, items were

erived from an extensive literature review on climbing stairs.
Arch Phys Med Rehabil Vol 85, June 2004
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A

first-draft version of the scale was subjected to the opinions
f experts (physicians, physical and occupational therapists,
ociologists), and pretested. A second draft version was tested
n 345 patients with orthopedic and rheumatologic disorders of
he lower extremity,13,14 resulting in rewording of some items.
he final version of the instrument that was tested was a
elf-administered questionnaire consisting of 15 items, formu-
ated in behavioral terms. The items refer to what a patient
ctually does, and not to what a patient thinks that he/she can
o. Dichotomous response options (YES box marked/YES box
ot marked) were chosen to facilitate interpretation. A sum-
ary of the patient instructions and the final list of items can be

ound in appendix 1.

articipants

To test the measurement instrument, patients were recruited
rom several studies of subjects with lower-extremity disorders
iving at home. First, patients with chronic stroke were sampled
rom a community-based cohort study,15 at the 2-year fol-
ow-up measurement. Second, patients with poliomyelitis were
ampled from a community-based cohort study,16 also at the
-year follow-up measurement. Third, outpatients with hip or
nee osteoarthritis (OA) undergoing arthroplasty were sampled
rom 2 general hospitals and 1 university hospital in an ongoing
nception cohort study, directly after placement on the waiting
ist.17 Fourth, outpatients with lower-extremity amputation un-
ergoing multidisciplinary rehabilitation treatment were sam-
led from an ongoing inception cohort study, at the end of
ehabilitation treatment. In addition, outpatient amputees were
ampled from 2 orthopedic workshops. Fifth, patients with
ower-extremity complex regional pain syndrome type I (CRPS
) were sampled from the anesthesiology and surgical outpa-
ient clinics of 2 university hospitals.18,19 Some of these pa-
ients were also participants in a randomized controlled trial,18

nd these patients were sampled at the first measurement.
ixth, outpatients with diabetic foot problems (with and with-
ut foot ulcers) from a rehabilitation center were sampled from
he cases in an ongoing case-control study.20 In addition, out-
atients with diabetic foot problems receiving podiatric care
rom a general and a university hospital were sampled from an
bservational study,21 at the first measurement. All patients
ompleted the questionnaire and provided additional informa-
ion about their age and gender.

nalysis
Scalability and invariant item ordering. Scalability of an

tem set implies that it can be used for the measurement of
atients, whereas invariant item ordering implies that the (hi-
rarchical) ordering of the items is the same for all patients. To
nvestigate the scalability and the ordering of the items,

okken scale analysis22-25 was used in this study. Mokken
cale analysis can be viewed as a nonparametric approach to
he item response theory (IRT). According to the IRT, the
bilities of patients are latent traits. Mokken scale analysis
rovides only ordinal information about the location of patients
nd items on the scale of the latent trait. Within the framework
f Mokken scale analysis, the scalability of an item set is
tudied by investigating the fit of the monotone homogeneity
MH) model, whereas the invariant ordering of the items is
tudied by investigating the fit of the double monotonicity
DM) model.

Evaluation of the MH model. The fit of the MH model is
valuated by calculating the scalability coefficient H.23,24 Scal-
bility coefficient H is a global indicator of the degree to which
atients can be accurately ordered on the latent trait by means
rch Phys Med Rehabil Vol 85, June 2004
f their sum score. Scale criteria are met when the coefficients
f scalability for all item pairs (Hij) are positive, whereas the
calability coefficients for the items in relation to the scale at
ssue (Hi) and for the scale (H) are at least .30. Higher values
or Hi and H imply fewer violations and thus a better scale. A
ule of thumb is that a scale is considered to be weak if
30�H�.40. Medium scalability is obtained if .40�H�.50.

scale is considered to be strong if H is equal to or greater
han .50.

Evaluation of the DM model. The evaluation of the fit of
he DM model with the data starts with investigating the fit of
he MH model and continues with calculating the coefficient

T.23,24 The coefficient HT is a global indicator of the degree to
hich the ordering of the items is invariant across the latent

rait. Criteria for invariant item ordering are met when the
ercentage of negative coefficients at the level of the individual
atients (Ha

T) is less than 10% and the coefficient for the total
et of patients (HT) is at least .30. The larger the HT, the greater
he confidence that can be assigned to the invariant ordering of
tems across the latent trait.

Reliability. Reliability concerns the degree of repeatability
f the sum score. The intratest reliability was quantified by
alculating the reliability coefficient �.23,24 A reliability coef-
cient of .90 or more is recommended for decisions about

ndividual patients.26

Robustness. Robustness concerns the scalability of the
tem set and the invariant item ordering within subgroups of
atients. In our study, robustness was investigated with respect
o age, gender, and diagnosis. For the purpose of investigating
obustness with respect to age, the study population was di-
hotomized on the basis of the median age (�61.5y vs
61.5y). Because good estimates of scalability require large

roups of patients (at least 200, but preferably at least 500),23

obustness with respect to diagnosis was investigated only for
he subgroups of patients with OA and amputation and for a
est group consisting of patients with the other diagnoses.
calability and invariant item ordering within subgroups of
atients were evaluated, as described, for all patients.
Differential item functioning. Differential item function-

ng (DIF) addresses the issue of making valid comparisons
etween subgroups of patients. First, suppose that 2 subgroups
f patients—for instance, OA patients and amputees—have a
imilar severity of activity limitations. Second, suppose that an
tem functions differently in OA patients and amputees—for
nstance, that it indicates less activity limitations in amputees.
n such a case, amputees will more often respond positively to
his item, and they will tend to have higher scores than the OA
atients. So, an item that functions differently in subgroups of
atients causes differences in subgroup scores, even when the
ubgroups have a similar severity of activity limitations. As a
onsequence, DIF impedes valid comparison between these
ubgroups. In this study, DIF was investigated for age, gender,
nd diagnosis. The subgroups were the same as described for
he analysis of robustness. DIF is visualized in a scatterplot.

RESULTS

articipants
Of the 822 patients enrolled in our study, 63 stated that they

id not climb stairs at all. These 63 patients were excluded
rom the scale analysis. As a consequence, data on 759 patients
ere included in the scale analysis. The mean age � standard
eviation of these patients was 59.8�15.0 years, and the gen-
er of 48% (n�364) of the patients was male. Patients had the
ollowing diagnoses: stroke (n�65)15; poliomyelitis (n�89)16;
ip OA (n�203)17; knee OA (n�79); transfemoral amputation
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969MEASURING CLIMBING STAIRS, Roorda
n�74); knee disarticulation amputation (n�12); transtibial
mputation (n�89); other amputation (n�17); CRPS I
n�69)18,19; and diabetic foot problems (n�62).20,21

okken Scale Analysis
MH model. The scale criteria were met (table 1), which

ndicates that the item set can be used for the measurement of
atients. The coefficient of scalability for all item pairs (Hij)
as positive, the scalability coefficient for the items in relation

o the scale at issue (Hi) was .39 or greater, and the scalability
oefficient of the scale (H) was .50, indicating a strong scale.

DM model. The criteria for invariant item ordering were
et, which indicates that the (hierarchical) ordering of the

tems, from items indicating minor limitations to items indi-
ating severe limitations, was the same for the whole range of
atients with minor to severe limitations. The coefficient for
he total set of patients (HT) was .58, while the percentage of
egative coefficients at the level of the individual patients (Ha

T)
as 3% (table 1).
Reliability. The intratest reliability coefficient � was .90,
hich indicates that the intratest reliability was good enough

or decisions about individual patients.
Robustness. Robustness with respect to age, gender, and

iagnosis was satisfactory (table 1), which indicates that the
tem set can be used for measurement within the subgroups of
atients and that the item ordering is invariant within these
ubgroups. For the subgroup of OA patients only, items 6 and
2 showed misfit of the MH model (H �.30).

able 1: Coefficient of Scalability of the 15 Items, and Coefficients of
Sum Scores of the Scale of Activity Limitations in Cl

Defined by Age, G

Item*

All (N�759)

Age

Young (n�380) Old (n�

Mean† Hi
‡ Mean Hi Mean

Minor limitations§

Down: hold on to the banister (10) .83 .59 .80 .56 .86
Up: hold on to the banister (4) .82 .58 .79 .52 .84
Up: it takes longer (1) .66 .62 .67 .67 .66
Down: it takes longer (7) .61 .58 .61 .61 .62
Down: with difficulty (9) .56 .53 .56 .58 .56
Up: with difficulty (3) .56 .52 .58 .56 .54
Up and down: less often (13) .50 .42 .50 .46 .50
Up: in a different way (2) .50 .45 .46 .46 .53
Down: in a different way (8) .43 .44 .39 .44 .47
Up and down: avoid both (14) .39 .45 .42 .47 .35
Up and down: less stairs/floors (15) .29 .43 .31 .42 .26
Up: use a walking aid (5) .14 .45 .11 .55 .18
Down: use a walking aid (11) .14 .51 .10 .59 .17
Up: am helped by someone (6) .04 .42 .02 .51 .05
Down: am helped by someone (12) .03 .39 .02 .33 .05

Severe limitations
Coefficient of scalability H � .50 .52
Coefficient of invariant item ordering HT ¶ .58 .61
Percentage of negative Ha

T values** 2.9 2.3
Coefficient of reliability �†† .90 .89
Sum score median‡‡ 7 7
Sum score IQR 4–9 3–9

bbreviations: Amp, amputation; IQR, interquartile range.
Abbreviated item text. The numbers in parentheses refer to the nonabbreviated ite
Proportion of patients responding positively to the items.
Coefficient of scalability Hi of the items in relation to the scale (range, 0–1 under th
Severity of activity limitations increases in the scale from top to bottom.
Coefficient of scalability H for the scale (range, 0–1 under the MH model). H�.50 indica
Coefficient of invariant item ordering HT for the total set of patients. A minimum v
* Percentage of negative coefficients of invariant item ordering Ha

T at the level of th
† Reliability coefficient � for the scale (range, 0–1 under the MH model). Coefficient ��

or decisions about individual patients.
‡ Sum scores range from 0–15.
i

Differential item functioning. No DIF was found for age
r gender, and some DIF was found for diagnosis. This indi-
ates that valid comparisons can be made between younger and
lder patients, and between male and female patients, whereas
omparisons between diagnostic groups should be made with
ome caution. The DIF with respect to diagnosis for some
tems (2, 3, 8, 9, 13, 14) tended to be mainly attributable to
mputees. Consequently, in another analysis, the study popu-
ation was dichotomized (amputees vs nonamputees). This
nalysis revealed DIF with respect to the items 2, 3, 8, and 9
fig 1).

DISCUSSION

The objective of our study was to develop and test a mea-
urement instrument to provide a detailed assessment of activ-
ty limitations in climbing stairs for patients with lower-ex-
remity disorders living at home. To test the instrument on
atients living at home, only outpatients were sampled for this
tudy. In addition, and in order to test the instrument on
atients with different lower-extremity disorders, the patients
ho were sampled had different disorders of the lower extrem-

ty, originating from different parts of the body: the brain
stroke), the peripheral nerve (poliomyelitis, diabetic foot prob-
ems), the hip (OA), the upper leg (transfemoral amputation),
he knee (OA, knee disarticulation amputation), the lower leg
transtibial amputation), and the foot (CRPS I, diabetic foot
roblems, foot amputations).

bility, Invariant Item Ordering, Intratest Reliability, and Median (IQR)
g Stairs for All Patients and Subgroups of Patients,
r, and Diagnosis

Gender Diagnosis

Male (n�364) Female (n�395) OA (n�282) Amp (n�192) Other (n�285)

Mean Hi Mean Hi Mean Hi Mean Hi Mean Hi

.82 .60 .84 .59 .88 .63 .84 .59 .76 .55

.81 .55 .83 .60 .87 .60 .82 .57 .76 .54

.67 .64 .66 .60 .74 .56 .63 .62 .61 .64

.61 .57 .62 .59 .70 .53 .61 .61 .53 .58

.56 .52 .57 .53 .68 .47 .45 .50 .52 .58

.55 .53 .57 .52 .68 .48 .39 .46 .55 .60

.46 .42 .53 .42 .56 .38 .49 .44 .44 .42

.47 .46 .52 .43 .52 .42 .64 .38 .37 .51

.41 .45 .45 .43 .45 .43 .56 .42 .32 .44

.36 .44 .41 .45 .41 .45 .33 .45 .40 .44

.27 .38 .31 .46 .28 .45 .27 .46 .30 .39

.15 .34 .14 .56 .15 .35 .20 .39 .11 .61

.14 .40 .14 .61 .15 .41 .17 .51 .11 .60

.03 .40 .04 .43 .03 .27 .05 .60 .04 .37

.03 .43 .04 .35 .03 .21 .05 .62 .03 .31

.49 .50 .46 .49 .52

.57 .59 .63 .59 .56
2.7 3.0 2.2 3.4 4.0
.88 .90 .88 .90 .90

7 7 7 7 6
4–9 4–9 5–10 4–9 2–9

appendix 1.

model). A minimum value of Hi�.30 is recommended.

strong scale; .40�H�.50 indicates a moderate scale.
HT�.30 is recommended.
idual patients. A percentage of �10% is recommended.
recommended for comparisons between patient groups, and ��.90 is recommended
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The suitability of the item set for the measurement of pa-
ients was confirmed by demonstrating good fit of the MH

odel for all and within subgroups of patients defined by age,
ender, and diagnosis. For the subgroup of OA patients only, 2
tems showed misfit of the model (Hi�.30), which might be
xplained by the small number of patients in this subgroup who
esponded positively to these 2 items (about being helped by
omeone when climbing stairs). In such a case, violation of the
odel, caused by an unusual answer from a few patients, can

asily result in a low Hi coefficient.
Invariant item ordering, and thus a hierarchy, was confirmed

y demonstrating good fit of the DM model for all, and within
ubgroups of patients. The items can therefore be ordered from
tems indicating slight limitations to items indicating severe
imitations. As expected, the items about holding onto the
anister indicate minor limitations, whereas the items about
eing helped by someone indicate severe limitations. Generally
peaking, there were no great differences between the limita-
ions indicated by the items about going upstairs and the items
bout going downstairs, such as the items 1 and 7. Because of
he invariant item ordering, a patient with a sum score of 4 will
enerally respond positively to the first 4 items indicating
inor limitations (items 10, 4, 1, 7) and negatively to the other

1 items indicating more severe limitations.
There are some concerns about the validity of comparisons

etween amputees and nonamputees, because 4 items demon-
trated DIF. Items 2 and 8 indicate less severe activity limita-
ions for amputees than for nonamputees. The finding that these
tems about climbing stairs in a different way (eg, pulling up or
own 1 leg at a time) indicated less activity limitations in
mputees may be explained by the use of a prosthesis that
orces amputees to climb stairs in a different way, even if they

ig 1. Mean item scores for amputees and nonamputees. Mean
tem scores for amputees are on the x axis and for nonamputees, on
he y axis. Low mean item scores designate the items indicating
evere limitations, and high mean item scores designate the items
ndicating minor limitations. The numbers near the data points refer
o the item numbers. For a full explanation of the items, see appen-
ix 1. An identity line is drawn through the origin with a slope of 1.

tems with major and significant deviations from the identity line
emonstrate DIF. *Items with DIF.
rch Phys Med Rehabil Vol 85, June 2004
ave only minor activity limitations. Items 3 and 9 indicate
ore severe activity limitations in climbing stairs for amputees

han for nonamputees. This finding might be explained by the
act that the nonamputee group mainly consisted of patients
ith painful disorders (OA, CRPS I, diabetic foot problems).
omplaints about pain and difficulty are often related.27 Pa-

ients with a painful disorder may immediately start reporting
difficulty” when they experience pain, which might be in a
hase in which they have only minor activity limitations.
lthough items with DIF do not always produce poor mea-

urements,28 the use of only the 11 items without DIF is
ecommended when comparisons are made between amputees
nd nonamputees.

In this study, test-retest reliability and construct validity
ere not investigated. Perez et al19 have demonstrated a satis-

actory test-retest reliability (intraclass correlation coeffi-
ient�.87) of this scale in CRPS I patients (N�21). In addi-
ion, Meijer et al20 provided some evidence for the construct
alidity of the scale by demonstrating that diabetic patients
N�38) with a high risk of developing foot complications had
ore severe activity limitations in climbing stairs. Test-retest

eliability and construct validity will, however, have to be
nvestigated more thoroughly.

CONCLUSIONS
A measurement instrument with excellent scaling character-

stics has been developed to provide a detailed assessment of
ctivity limitations in climbing stairs in patients with different
ower-extremity disorders living at home. However, the results
f the measurements made with this instrument should be
nterpreted with some caution when comparing amputees and
onamputees.
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APPENDIX 1
Please answer YES to every statement that both applies to

our current situation and is connected with your health.

oing Up and Down the Stairs
YES

1. I go up the stairs but it takes longer. □

2. I go up the stairs but in a different way,
eg, I pull up 1 leg at a time. □

3. I go up the stairs but with (some)
difficulty. □

4. I go up the stairs and (almost) always
hold onto the banister. □

5. I go up the stairs and (almost) always use
a walking aid, eg, a walking stick or a
crutch. □

6. I go up the stairs and am (almost) always
helped by someone. □
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7. I go down the stairs but it takes longer. □

8. I go down the stairs but in a different
way, eg, I pull down 1 leg at a time or I
go down “backward.” □

9. I go down the stairs but with (some)
difficulty. □

10. I go down the stairs and (almost) always
hold onto the banister. □

11. I go down the stairs and (almost) always
use a walking aid, eg, a walking stick or a
crutch. □

12. I go down the stairs and am (almost)
always helped by someone. □

13. I do go up and down the stairs but less
often. □

14. I do go up and down the stairs but I
avoid them. □

15. I do go up and down the stairs but less
stairs/floors. □
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