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Abstract Background Neuromuscular diseases are acquired or inherited diseases that affect
the function of the muscles in our body, including respiratory muscles.
Objective We aimed to discover more cost-effective and practical tools to predict
respiratory function status, which causes serious problems with patients with neuro-
muscular disease.
Methods The Vignos and Brooke Upper Extremity Functional Scales were used to
evaluate functional status for patient recruitment. The handgrip strength and dexterity
of patients were measured using a dynamometer and nine-hole peg test. Respiratory
function parameters: forced vital capacity, forced expiratory volume in one second,
and peak expiratory flow were evaluated using spirometry.
Results The mean age of the 30 patients was 11.5�3.79 years old. Significant
relationships were found between nine-hole-peg-test scores and respiratory function
parameters on both sides. Significant correlations were found between both handgrip
strength and respiratory function parameters (p<0.05). In the linear regression
analysis, it was seen that the forced expiratory volume in 1 second, and peak expiratory
flow values could be explained in different percentages (p< 0.05).
Conclusions Handgrip strength and dexterity measurements can be used as indica-
tors for estimating respiratory function parameters in terms of cost and accessibility,
although it is known that they will not replace respiratory function tests.
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INTRODUCTION

Neuromuscular diseases (NMDs) are acquired or hereditary
diseases of the spinal anterior horn cells, peripheral nerves,
neuromuscular junction, and muscles.1 Neuromuscular dis-
ease-induced insufficiencies are predisposing factors caused
bymultisegmental disorders in addition to the musculoskel-
etal system. Respiratory system involvement affects many
patients with these problems in different periods of life.
Respiratory muscle strength loss causes ineffective cough
and hypoventilation. Although this condition is dormant at
the beginning, it paves the way for atelectasis, pneumonia,
and respiratory failure, which may also be observed during
later stageswhen themuscle strength isweaker. Dysfunction
due to the weakness in respiratory muscles is one of the
major problems that cause mortality and morbidity in
patients with NMDs of different ages. Therefore, the fol-
low-up of respiratory functions in patients with progressive
NMD is recommended.1–3

Many practitioners and researchers are trying to work on
increasing the life span and/or quality of life with medical
and rehabilitative approaches because NMDs have a crucial
life-threatening natural progression. Before choosing these
approaches, first, it is necessary to determine the current
condition of the patient. Fatigue due to the disease is the
most important limitation that causes the comprehensive
evaluation periods to be kept short. At this point, using
simple clinical assessment tools is useful for physicians
and patients in overcoming time limitations and fatigue
risk in practice. Today, functional outcome measures and

respiratory assessments are the most common methods for
the determination of the condition of patients.

Handgrip strength measurement is a widely used periph-
eralmuscle strengthassessmentmethod inhealthy subjects or
patients. It is also known that many functional parameters
interact with grip strength.4,5 Similarly, handdexterity assess-
ment is a useful tool to evaluate many functional parameters
such as cognitive and functional performance due to its cost-
effective and practical nature.6,7 Although spirometry and
respiratory muscle strength measurements are used to assess
respiratory function, these may not always be available in
pediatric/adult rehabilitationcenters due to their elevated cost
and accessibility. In addition, respiratory muscle strength loss
and fatigue factors that develop due to the nature of NMDmay
negatively affect the reliability of the results.

Practitioners working with patients with NMD should be
aware of the effects of muscle weakness and cognitive
dysfunction on the respiratory system. Symptoms can be
insidious and may cause progressive loss of function, respi-
ratory failure, and even death.8 Although the effects of grip
strength and cognitive functions on respiratory function
have been shown in different diseases,9,10 there is a dearth
of literature in NMD. Many studies have focused on the
relationship between the ambulation levels of patients and
respiratory functions and upper extremity functional status.
However, the relationship between upper extremity func-
tions and respiratory functions in patients with NMD
remains unclear.

Practical and predictive approaches are needed for the
evaluation of the respiratory function, since it is one of the
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most important monitoring parameters in individuals with
NMD and the accessibility of the pulmonary function test is
not always possible (such as during the pandemic period).
Furthermore, it is relatively expensive as the pulmonary
function test must be performed by a specialist using a
medical device. Besides, it may be difficult to complete the
test in small children and doubtful resultsmay be obtained in
this group. For these reasons, although it is not intended to
replace the pulmonary function test, there is a clinical need
to examine the novel parameters and question their usability
in predicting pulmonary function losses nowadays. Consid-
ering the relationship between upper extremity functions
and respiratory functions in NMD, we think that it can be
helpful in predicting respiratory functions, especially the
involvement of accessory respiratory muscles.

In the present study, we aimed to investigate the relation-
ship of handgrip strength and dexterity with respiratory
functions, and to find out whether these measurements
were more accessible and practical tools to predict respira-
tory functional status in patients with NMD.

METHODS

Written informed consent was received from the families of
the children and from patients �18 years old for participat-
ing in the study. The research was approved by the Medipol
University Ethics Committee, and it was conducted in accor-
dance with the Helsinki Declaration. The study was regis-
tered in the International Clinical Trials Registry (www.
clinicaltrials.gov; ClinicalTrials.gov Identifier: NCTXXXXXX).

Participants
Thirty patients with NMD aged between 6 and 18 years old
who were referred by a Counseling and Research Center to a
rehabilitation center were included in the study. Patients
who met the following criteria were included in the study:
being diagnosed as having NMD, a Vignos scale of stage 5 or
below (walking without assistance), and a Brooke scale of
stage 1 to 4. Patients with severe systemic disease, ambula-
tory problems, cognitive problems, and upper extremity
deformities were excluded.

Assessments
Upper Extremity Functional Level and Ambulation Status:
The most used functional scales for determining the severity
of disease and for grading disease are the Brooke and Vignos
scales. Both scales were designed primarily for patients with
Duchennemuscular dystrophy (DMD) and are currently used
for many NMDs.11 The upper extremity functional levels of
the patients included in our studywere determinedusing the
6-point Brooke Upper Extremity Functional Scale (BUEFS).12

To determine the patients to be included in the study, the
ambulation levels of the patients were evaluated using the
Vignos scale. Vignos is a 10-point scale used to evaluate lower
extremity functions and the ambulation status of patients
with NMDs.13 Patients who had a Vignos scale � stage 5
(walking without assistance) and a Brooke scale of stage 1 to
4 were included in the study.

Handgrip strength
A Jamar (Lafayette Instrument, Lafayette-IN, USA) handgrip
dynamometer, which was recommended by the American
Society of Hand Therapists, was used in the measurement of
the handgrip strength of the patients. Jamar dynamometers
had high validity and reliability in many studies and there-
fore were accepted as the gold standard for this assess-
ment.14 Participants were instructed to sit in a straight-
backed chair with their feet placed flat on the floor, shoulder
in abduction and neutral rotation, elbow flexion at 90°, with
the forearm and wrist in the neutral position. The partic-
ipants were asked to squeeze the dynamometer with as
much force as possible and to perform maximal isometric
grip. A total of three measurements were made and a 1-
minute rest period was given after each measurement. The
average of the three measurements was recorded.15

Hand dexterity
The nine-hole peg test (NHPT) was used to measure hand
dexterity.16 Patientswere asked to take ninewood sticks, one
by one, from the container, place them into holes, then
collect them from the holes and put them back in the
container. In this test procedure, the board should be posi-
tioned in the patient’smidline. Thehand that is not evaluated
should hold the edge of the board and provide stability. The
times to complete the test were recorded using a stopwatch
in seconds.17A total of threemeasurementsweremade and a
1-minute rest period was given after each measurement. An
average of the three measurements was recorded.18

Assessment of respiratory function parameters
Respiratory function parameters were evaluated using a
spirometer (COSMED Pony FX; COSMED, Italy). Themeasure-
ments were taken in accordance with the standardization
criteria jointly determined by the American Thoracic Society
(ATS) and the European Respiratory Society (ERS).19,20 In the
study, the forced expiratory volume in one second (FEV1),
forced vital capacity (FVC), FEV1/FVC, peak expiratory flow
(PEF), and predictive values of these parameters were
examined.

Statistical analysis
IBM SPSS Statistics for Windows version 20 (IBM Corp.,
Armonk. NY, USA) was used for data analysis. All data were
analyzed using the Kolmogorov-Smirnov test to determine
distribution characteristics. The relationship between clini-
cal parameters was evaluated according to the distribution
characteristics of the data using Pearson or Spearman corre-
lation coefficient analysis. Linear regression analysis was
conducted to analyze independent predictors of respiratory
function parameters. Statistical significance was accepted as
p<0.05 in all analyses.

RESULTS

Forty-two patients were evaluated within the scope of the
study. Twelve patients were excluded according to our
inclusion-exclusion criteria. Thirty patients with NMD, 14
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females and 16 males, between the ages of 6 and 18 (mean:
11.5�3.79) years old who met the criteria were included in
the study (►Figure 1). The dominant handwas the right hand
in all patients. Half of the patients (n¼15) had a family
history. Nonspecific myopathy (n¼11) was the most fre-
quent NMD type observed in these patients. The character-
istics of the participants are shown in ►Table 1.

The grip strength and NHPT scores of the patients were
better on the right side (p<0.05); however, the handgrip
strength of many of patients (for dominant side/non-domi-
nant side: 33.33/50% patients) and dexterity measurements
(for dominant and non-dominant sides in 86.67% patients)
were below the normative values. In addition, although
ambulated patients were included in our study, the pulmo-
nary functions of a significant number of patients were
<80% (FEV1%, FVC% and PEF% predicted; n¼18; n¼19 and
n¼21 patients, respectively) (►Table 2).

Significant negative correlations were found between the
NHPT scores of both sides and the percentage predicted
values of FEV1 and PEF, and PEF (L) (p<0.05). There were
also significant correlations between the right and left
handgrip strength of the participants and the percentage
predicted values of FEV1 and PEF, and PEF (L) (p<0.05).
Statistical analysis showing the relationship between all
upper extremity parameters and respiratory function test
parameters are shown in ►Table 3.

We examined thehandgrip strength to predict respiratory
function parameters using linear regression analysis and
found that the right-handgrip strength value could explain
33.6, 54.8, and 15.2% of the variances of FEV1 (L), PEF (L), and
PEF (% predicted) values, respectively. The left-handgrip
strength value could explain 35.2, 58.6, and 17.9% of the
variances in the FEV1 (L), PEF (L), and PEF (% predicted) values,
respectively. Concerning the level of ability of the hand
dexterity scores, we found that the right NHPT score could
explain 17.4, 31.6, and 57% of the variances in the FEV1 (%
predicted) PEF (L) and PEF (% predicted) values, respectively,
and the left hand NHPT score could explain 17, 53.9, and
27.6% of the variances in the FEV1 (% predicted), PEF (%
predicted) and PEF (L) values, respectively (►Table 4).

Figure 1 Flow chart of the study.

Table 1 Characteristics of the patients

Mean� SD

Age (years old) 11.5� 3.78

Height (cm) 133.9� 33.06

Weight (kg) 39.03� 18.41

Vignos stage (n) I 3

II 7

III 11

IV 5

V 4

Brooke stage (n) I 10

II 7

III 10

IV 3

Type of neuromuscular disease n

Duchenne muscular dystrophy 6

Becker muscular dystrophy 8

Congenital 5

Nonspecific 11

Abbreviations: m, mean; n, number; SD, standard deviation.
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DISCUSSION

In the present study, handgrip strength and dexterity and
their relationship with respiratory function in patients with
NMD were investigated. In this context, the study also
investigated whether they were more accessible and practi-
cal tools to predict respiratory function status in these
patients.

Our results showed that there were significant relation-
ships among handgrip strength, dexterity, and pulmonary
function. According to the regression analysis, we found that
bilateral grip strengths could explain the variances of FEV1

(L), PEF (L) and PEF (% predicted) values. Especially the fact
that the right and left side grip strength tests explain the PEF
(L) value at the level of 54.8 and 58.6%, respectively, is a
significant prediction. Also, we found that hand dexterities
could explain the variances of FEV1 (% predicted), PEF (L) and

PEF (% predicted) values according to our regression analysis.
When we look at our results related to manual dexterity, we
observe positive data in terms of usability of manual dexter-
ity scores measured with the nine-hole peg test, which is
frequently used for performance and cognitive evaluations,
as an auxiliary equipment in predicting respiratory functions
in individuals with NMD. The fact that the right- and left-
hand dexterity scores explain the PEF (% predicted) value by
57 and 54%, respectively, is a significant ratio in terms of
being used as a predictor. These results confirm our hypoth-
esis that low hand grip strength and dexterity indicate poor
respiratory function. Hand grip strength and dexterity scores
are possible practical tools that can be used to predict
pulmonary function test scores.

The patients with NMD who were included in previous
studies that evaluated upper extremity functions were
mostly nonambulatory.21,22However, a continued/protected
ambulation level/skill is important for studies that evaluate
upper extremity functions and pulmonary status in terms of
research reliability.We evaluated patients who hadmobility,
and nonambulatory patients were excluded from the study
because of the possibility that ambulation levelsmight affect
respiratory functions and test results.

Mercuri et al.23 emphasized the validity of the Brooke
scale for upper extremity assessment. Recently, Davoli
et al.24 also reported that The Brooke Upper Extremity
Instrument was one of the most used tools. Furthermore,
the Brooke and Vignos scales showed a positive relationship
between functional ability and FVC and total lung capaci-
ty.25,26 Another scale suggested for advanced stage NMD, the
Egen Classification Scale, which includes questions about
respiratory dysfunction (coughing, talking, and wellbeing),
also confirmed the relationship between worse respiratory
parameters and functional level.27

Several neuroscience studies in the literature examined the
relationship between upper extremity functions and respira-
tory functions.28,29 Lee et al.28 demonstrated a strong correla-
tion between upper extremity functions and pulmonary
function test measurements. Ricotti et al.29 examined pulmo-
nary, upper-extremity function, and dynamometry results in
ambulatory and non-ambulatory patients with DMD. Jeong
et al.30 showed that low grip strength was a risk factor in
respiratory diseases such as chronic obstructive pulmonary

Table 3 Relationship between upper extremity functions and pulmonary function

FEV1

L
FEV1

% (pred)
FVC
L

FVC
% (pred)

PEF
L

PEF
% (pred)

Right NHPT rs¼ - 0.272
p¼ 0.146

rs¼ -0.474
p¼ 0.008

rs¼ - 0.264
p¼ 0.146

rs¼ - 0.160
p¼0.398

rs¼ - 0.568
p¼0.001

rs¼ - 0.737
p¼0.001

Left NHPT rs¼ - 0.234
p¼ 0.213

rs¼ - 0.484
p¼ 0.007

rs¼ - 0.226
p¼ 0.230

rs¼ - 0.204
p¼0.280

rs¼ - 0.550
p¼0.002

rs¼ - 0.732
p<0.001

Right HGS rp¼0.580
p¼ 0.001

rp¼0.142
p¼ 0.453

rp¼0.427
p¼ 0.02

rp¼0.121
p¼0.525

rp¼ .740
p<0.001

rp¼ 0.390
p¼0.033

Left HGS rp¼0.594
p¼ 0.001

rp¼0.358
p¼ 0.174

rp¼0.465
p¼ 0.01

rp¼0.079
p¼0.676

rp¼ .766
p<0.001

rp¼ 0.423
p¼0.02

Abbreviations: FEV1, Forced Expiratory Volume in one second; FVC, Forced Vital Capacity; HGS, Handgrip strength; L, Liter; NHPT, Nine-hole Peg Test;
PEF, Peak Expiratory Flow; p, Significance; pred, Predicted value; rs, Spearman’s correlation coefficient; rp , Pearson correlation coefficient.

Table 2 Results of handgrip strength, dexterity, and pulmonary
function measurements of patients with neuromuscular diseases

Parameter Mean� SD

Handgrip strength (kgf) Right side 7.74� 4.46

Left side 6.60� 4.30

p-value < 0.001

Nine-hole peg test (sec) Right side 30.99� 2.33

Left side 32.84� 14

p-value 0.002

FEV1 liter 1.54� 0.67

FEV1% (pred) 73� 17.71

FVC liter 1.74� 0.77

FVC % (pred) 76.30� 17.90

FEV1 / FVC 91.19� 14.69

PEF liter 2.58� 1.25

PEF % (pred) 64.53� 20.57

Abbreviations: FEV1, Forced Expiratory Volume in one second; FVC,
Forced Vital Capacity; PEF, Peak Expiratory Flow; kgf, Kilogram-force; sd:
standard deviation; sec, Seconds; p, Comparison between right and left
side; pred, Predicted value.
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disease. In addition, recently, Zhu et al.31 stated that grip
strength measurements might be an indicator to monitor
the cardiopulmonary disease process. On the other hand,
Mutluay et al.32 reported that upper extremity strengthening
programs positively affected respiratory parameters in
patients with multiple sclerosis. They also said that strength-
ening theaccessory respiratorymuscles of thetrunkandupper
extremities would increase respiratory functions. In the pres-
ent study,we found that handgrip strengthvalueshadpositive
moderate correlations with FEV1 (L), FVC (L), and PEF (%
predicted), while having strong correlations with PEF (L)
values. Our findings were compatible with the literature.
Respiratory care interventions for complications caused by
respiratory muscles impairment and preventive pulmonary
approaches are important for sustaining functions and quality
of life in patients with NMD. Thus, there is a need for simple
assessment tools that can indicate respiratory problems at the
early stages of the disease, when the patients are still ambula-
tory. Unfortunately, studies in the literature are still insuffi-
cient in this regard.

Handgrip strength measurements can be used on their
own instead of global muscle strength measurements, along
with different parameters. Many studies have also been
conducted in healthy individuals and it has been stated
that handgrip strength measurement can be used to predict
respiratory function values.5,33 Considering their relation-
ship between handgrip and respiratory functions, it was seen
that individuals with greater handgrip strength had better
respiratory function values.34 It has been shown in studies
that grip strength is decreased in patients with NMD com-
pared with healthy individuals, and similar to our study, the
dominant handgrip strength is slightly higher than the no-

dominant hand.35,36 Furthermore, weakness in the proximal
shoulder girdle in the early stages continues towards the
elbows, wrist and hand muscles as the disease progresses in
this group.37

Recently, Ricotti et al.29 focused on outcome measures in
DMD that were independent of ambulation and highlighted
across the ambulatory stages of the disease according to its
progression. Theymeasured distal upper limb strength using
MyoGrip and MyoPinch dynamometers and used Perfor-
mance of the Upper Limb (PUL) and respiratory function.
They found a low decrease over a year for the shoulder
subdomain. This result was in line with the proximal to
the distal progression of the disease. Annual grip values also
decreasedmore rapidly in ambulant patients. However, they
found no significant change in FVC (% predicted) but they
determined a decline in PEF (% predicted), which was seen
both in the ambulant stage of the disease and further into the
nonambulant stage with an annual deterioration of PEF (%
predicted). This decreased PEF (% predicted) value was
attributed to the already impaired maximum expiratory
muscle pressure. The handgrip strength, dexterity measure-
ments, and respiratory functions of our patients showed
different degrees of decrease than normative values, similar
to the results of Ricotti et al.29 In our evaluations, distal grip
strength and dexterity measurements of both sides were
found to be weaker than normal values in a significant
number of patients. When the results of our study were
examined in terms of handgrip and dexterity, it was seen that
our patients had lower mean values compared with healthy
individuals in the same age group.36 Additionally, it is
interesting that the results of grasping and dexterity were
found to be related to PEF (% predicted) and PEF liters in our

Table 4 Regression analysis of respiratory function parameters

Dependent Variable Predictors R R2 p

FEV 1 liter Right handgrip strength 0.580 0.336 0.001

Left handgrip strength 0.594 0.352 0.001

Right nine-hole peg test 0.266 0.071 0.155

Left nine-hole peg test 0.229 0.053 0.223

FEV1% (pred) Right handgrip strength 0.142 0.020 0.956

Left handgrip strength 0.174 0.030 0.358

Right nine-hole peg test 0.417 0.174 0.022

Left nine-hole peg test 0.413 0.170 0.023

PEF liter Right handgrip strength 0.740 0.548 < 0.001

Left handgrip strength 0.766 0.586 < 0.001

Right nine-hole peg test 0.562 0.316 0.001

Left nine-hole peg test 0.525 0.276 0.003

PEF % (pred) Right handgrip strength 0.390 0.152 0.033

Left handgrip strength 0.423 0.179 0.020

Right nine-hole peg test 0.755 0.570 < 0.001

Left nine-hole peg test 0.734 0.539 < 0.001

Abbreviations: FEV1, Forced Expiratory Volume in one second; FVC, Forced Vital Capacity; PEF, Peak Expiratory Flow; p, Significance; pred, Predicted
value; R, Coefficient of regression; R2, Coefficient of determination; Note: *Bold numbers indicate statistically significant.
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study. It may be considered that these measurements
should be made from the early stages of the disease in
patients with NMD in terms of determining risks that may
be indicated by low grip strength because it is known that
pulmonary functions worsen at later stages in patients with
NMD.

One of the important problems reported in patients with
NMD is fatigue.38With the progression of the disease, fatigue
becomes evident earlier and in short-term activities that
require low effort. In addition, Kaminska et al.39 reported
that it is difficult to maintain an effective mouth seal or to
sustain a maximal inspiratory effort in children, and that
there is a possibility of obtaining misleadingly low values in
respiratorymuscle strengthmeasurements. We think that in
addition to progressive fatigue, patient-related factors in
practice may reduce the reliability of the data obtained
from pulmonary function tests. Handgrip is a quick and
easy measurement for both ambulatory and nonambulatory
NMDpatients. In the present study, we used upper extremity
handgrip strength and dexterity measurements, which are
simple and easy assessment tools. We found that the hand-
grip tests showed a moderate positive correlation with FEV1

(L), a low positive correlation with FVC (L) and PEF (%
predicted), and a strong positive correlation with PEF (L).
In addition, dexterity test results showed negative correla-
tions with FEV1 (% predicted), PEF (% predicted) and PEF (L)
values. Our results are important because they indicate the
deterioration in the respiratory functions of the patients in
the early period. Although our limited number of cases did
not allow advanced statistical analyses, the results of the
regression analyses also supported our findings. In the light
of our findings, monitoring the handgrip measurements
from the early stages may help health professionals in terms
of clinical evaluation in these children.

The limited number of participants seems to be a limita-
tion and the small sample size precluded advanced subanal-
yses. Our patient population consisted of the referral pattern
to our center and not all patients of the same age could not be
referred. However, when the literature and the patient
portfolio in the clinic are examined, it would be difficult to
include high numbers of patients in the study group, so our
number of patients can be considered as reasonable. More
importantly, the present data show the natural history of
patients with ambulatory NMD managed without respirato-
ry support and, therefore, our results are valuable.

Our study is important in terms of filling a gap in the
literature; significant positive correlations and negative
correlations were found between handgrip strength and
hand dexteritywith respiratory function parameters, respec-
tively. The results showed that handgrip strength and dex-
terity measurement follow-ups in patients with NMD can be
used as practical tools to predict respiratory function in
situations in which respiratory function tests are not avail-
able due to lack of facilities and high cost.

In conclusion, although we do not claim to replace com-
mon respiratory function tests, it has been shown that
handgrip strength and dexterity measurements may predict
respiratory function parameters. Although we consider the

nonperformance of respiratory muscle strength measure-
ments in addition to pulmonary function tests as a limita-
tion, we can point to the lack of this test in many clinics as a
justification, in terms of cost. Future studies may also inves-
tigate the results from that perspective by making compar-
isons with healthy participants.
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