
we strongly encourage the use of chairs
with strain gauge measurements, which
have been shown to be clinically feasible,
to evaluate strength, endurance, and fati-
gability of limb muscles in people with
cystic fibrosis.9 Ultimately, the use of com-
mon methodology across cystic fibrosis cen-
ters to assess limb muscle function will pro-
mote the development of large prospective
and retrospective multi-center studies, which
are needed to (1) help us truly understand
the prevalence, incidence, and development
of limb muscle abnormalities in modern day
cystic fibrosis; and (2) develop personalized
therapeutic strategies targeting these issues.
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4. Gruet M, Peyré-Tartaruga LA, Mely L, Val-
lier JM. The 1-minute sit-to-stand test in
adults with cystic fibrosis: correlations with
cardiopulmonary exercise test, 6-minute
walk test, and quadriceps strength. Respir
Care 2016;61(12):1620-1628.

5. Radtke T, Puhan MA, Hebestreit H, Kri-
emler S. The 1-min sit-to-stand test–A sim-
ple functional capacity test in cystic fibro-
sis? J Cyst Fibros 2016;15(2):223-226.

6. Machado Rodrigues F, Demeyer H,
Hornikx M, Camillo CA, Calik-Kutukcu
E, Burtin C, et al. Validity and reliability
of strain gauge measurement of volitional
quadriceps force in patients with COPD.
Chron Respir Dis 2017;14(3):289-297.

7. Bachasson D, Millet GY, Decorte N,
Wuyam B, Levy P, Verges S. Quadriceps
function assessment using an incremental

test and magnetic neurostimulation: a reli-
ability study. J Electromyogr Kinesiol 2013;
23(3):649-658.

8. Hogrel JY, Payan CA, Ollivier G, Tanant
V, Attarian S, Couillandre A, et al. Devel-
opment of a French isometric strength nor-
mative database for adults using quantita-
tive muscle testing. Arch Phys Med Rehabil
2007;88(10):1289-1297.

9. Gruet M, Decorte N, Mely L, Vallier JM,
Camara B, Quetant S, et al. Skeletal muscle
contractilityandfatigability inadultswithcys-
tic fibrosis. J Cyst Fibros 2016;15(1):e1-8.

10. Maltais F, Decramer M, Casaburi R, Bar-
reiro E, Burelle Y, Debigaré R, et al.; ATS/
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Clinical Usefulness of Functional
Tests of Leg Muscle Strength
and Power in Adults With
Cystic Fibrosis

We thank Drs Gruet and Saynor for their
insightful comments on our article, “Func-
tional tests of leg muscle strength and power
in adults with cystic fibrosis.”1 We believe
that the comments they raised have stimu-

lated an interesting discussion on the clini-
cal implications of our study. First, Gruet
and Saynor correctly stated that there are no
reference values from age-matched healthy
controls for the 4 tests selected for our study
(stair-climb power test, 30-s sit-to-stand test,
vertical jumpheight,and triplehopdistance).
We agree that, to establish a “diagnosis” or
to determine the degree of functional im-
pairment, as a percentage of predicted, we
certainly need some normative values for
comparison. Nevertheless, in clinical prac-
tice, many times, it is the change over time
that is important to evaluate progression of
disease. In certain circumstances, a compar-
ison of an individual’s own baseline may be
more meaningful than the percentage of pre-
dicted compared with normative data from
healthy controls. This is especially so with
chronic diseases, for example, cystic fibro-
sis. For example, sometimes the change of
lung function, that is FEV1, is used as one
of the criteria to define cystic fibrosis pul-
monary exacerbation or to determine the ef-
fectiveness of clinical interventions during
a pulmonary exacerbation. Therefore, we
think that, even without appropriate age-
matched normative reference values for the
tests at this point, these 4 tests still have
their usefulness clinically for assessment of
the change over time in leg muscle strength
and power in adults with cystic fibrosis. Be-
sides, it is often debatable about the most
appropriate “control” for people with cystic
fibrosis. When healthy people are used as
controls in cystic fibrosis studies, it always
raises the question whether the differences
in the outcomes are due to a respiratory
disease or are specifically due to the condi-
tion of cystic fibrosis. To overcome this is-
sue, Wells et al2 included subjects with pri-
mary ciliary dyskinesia as a “respiratory
comparison group” to control for the effects
of impaired respiratory function on their out-
come of interest, skeletal muscle metabo-
lism. Further discussion is needed to decide
on the best controls for people with cystic
fibrosis.

Second, we agree with Gruet and Saynor
that the vertical jump test and triple hop
distance tests require motor skills, coordi-
nation, and good balance to perform well.
For this reason, in our study, we ensured
that the tester first demonstrated the task
and that the subjects were allowed to have a
trial run before the measurements were
made. The subjects repeated each test
3 times, and the average score was used for
analysis to account for variability in perfor-
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mance. Also, none of our subjects experi-
enced difficulties or loss of balance while
performing any of the functional tests, al-
though, we only had a small sample. We
suggest that when conducting these tests
clinically similar procedures should be fol-
lowed. Reliability studies of these tests in
larger samples of adults with cystic fibrosis
would be informative to clinicians and re-
searchers.

Third, we agree with Gruet and Saynor
that it would be ideal to conduct an objec-
tive measure of muscle strength in the clin-
ical setting. The fixed strain gauge and fixed
hand-held dynamometer have good reliabil-
ity for quadriceps strength testing and are
more feasible than computerized dynamom-
etry to conduct in a clinical setting.3,4 Given
the limited resources in many clinical set-
tings (eg, cost, time constraints, and space
availability), we suggest that implementa-
tion studies be conducted in out-patient and
in-patient settings with patients with cystic
fibrosis to further understand the barriers
and facilitators of implementing muscle
strength testing clinically.5 Until there is
greater uptake of muscle strength assess-
ment in clinical practice, we suggest that
functional tests, for example, the stair-climb
power test, can be used by clinicians to eval-
uate lower extremity function in adults with
cystic fibrosis.

In conclusion, we think that functional
tests, for example, the stair-climb power test,
are useful and safe tools, for clinical assess-
ment of change over time in leg muscle
strength and power in adults with cystic fi-
brosis. Future studies on their clinical utility
and implementationwillprovide further sup-
port for the clinical use of functional tests.
With a better understanding of the clinical
implications of skeletal muscle weakness in
cystic fibrosis, we anticipate that more em-
phasis, and therefore resources, will be
placed on the assessment of muscle strength,
and direct measures of muscle strength with
fixed strain gauge can be incorporated into
clinical practice. However, the lag between
knowledgegeneration topractice implemen-
tation must also be considered.
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