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Abstract. [Purpose] We aimed to determine the relationship between gait speed and diaphragm thickness in
community-residing patients with hemiplegia caused by cerebrovascular accidents. [Participants and Methods] We
recruited 11 elderly participants (six male and five female, mean age 71.1 + 13.6 years) from an outpatient rehabili-
tation unit. The inclusion criteria were as follows: patients with hemiplegia caused by cerebrovascular accidents,
those able to walk without assistance, and those able to understand our instructions. We measured the diaphragm
thickness on both the paretic and non-paretic sides in each participant during maximum exhalation and inhalation
during three laboured breaths by ultrasonography with a 7.5-MHz linear scanner. The liner scanner was placed on
the eighth or ninth rib between the anterior and middle axillary lines. And their gait speed was measured during a
10 m walk. [Results] There was a strong positive correlation between gait speed and the ratio of diaphragm thick-
ness between the paretic and the non-paretic sides during maximal inspiration. The other measured parameters did
not show significant correlation with gait speed. [Conclusion] The symmetrical thickness of the diaphragm is a key
factor in increasing gait speed in patients with hemiplegia. These findings may contribute to the development of
trunk muscle strength-training programs that improve trunk function and gait speed in patients with hemiplegia.
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INTRODUCTION

Due to the rapidly aging society, the number of elderly people requiring long-term care is increasing in Japan. According
to the Annual Report on the Aging Society 2019, by the Cabinet Office, the population aged above 65 years was 35.89 mil-
lion. This comprises 28.4% of the total Japanese population, and this is the highest proportion of aged people in a population
globally. The National Life Basic Survey by the Ministry of Health, Labour, and Welfare in 2019 released the ranking of the
causes for long-term care. The most common cause was dementia (17.6%), followed by cerebrovascular accident (16.1%)
in the elderly population. For patients with hemiplegia caused by cerebrovascular accident residing in the community, a
restricted movement within the community environment may lead to a decrease in activity, level of independence, quality
of life, and self-efficacy®. Consequently, these factors increase the need for long-term care. The movement ability in the
community environment for patients with hemiplegia caused by cerebrovascular accident relates to their gait speed®), and
decreased gait speed may interfere with walking independently® 7). In recent years, studies have shown that the gait speed af-
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fects health conditions®, and there is a strong relationship between the gait speed and survival rate”). Hence, focusing on gait
speed is an essential parameter for health, regardless of the disease status. The gait speed in patients with hemiplegia caused
by cerebrovascular accident depends on the function of the lower limbs and the trunk!%-'¥. Verheyden et al.'® illustrated
the importance of trunk function; patients with hemiplegia caused by cerebrovascular accident showed a decline in trunk
function, which was strongly related to their gait speed. Patients with hemiplegia caused by cerebrovascular accident develop
dysfunction of the diaphragm, which is a core muscle of the trunk. Therefore, such patients have difficulty in maintaining
trunk stability and postural control during movements'®'®). However, rehabilitation training for the diaphragm can contribute
to improve in postural control during movements in patients with hemiplegia caused by cerebrovascular accident!® 1), A
significant correlation between gait speed and the Trunk Control Test and Trunk Impairment Scale has been reported!>.
Yoon et al.!”) described a significant correlation between gait ability and the Functional Ambulation Category, which is
a clinical index of gait ability based on the amount of assistance. Few studies have investigated the relationship between
gait ability and diaphragmatic function in patients with hemiplegia caused by cerebrovascular accident. This study focused
on the diaphragm, which is clinically important for maintaining the trunk function in patients with hemiplegia caused by
cerebrovascular accident. We aimed to determine the relationship between gait speed and thickness of the diaphragm.

PARTICIPANTS AND METHODS

Eleven participants were recruited from elderly patients who attended the outpatient rehabilitation centre. All participants
were community residents and could walk without assistance from any person and could understand our instructions. Their
attributes are shown in Table 1. Ethical approval for the study was granted by the Ethics Committee of Kanazawa Orthopedics
Sports Medicine Clinic (Kanazawa-OSMC-2019-001), and all participants and their families were provided all information
regarding this study, and the participants signed an informed consent form.

The diaphragm thickness was measured using a B-mode ultrasonographic apparatus (SSD-3500SV; Hitachi Aloka Medi-
cal, Japan) with a 7.5-MHz liner scanner. Participants were asked to lie in the supine position on a plinth. The liner scanner
was placed on the eighth or ninth rib between the anterior and middle axillary lines (zone of apposition)?%21). The diaphragm
thickness on both the paretic and non-paretic sides were measured during maximal exhalation and inhalation during three
laboured breaths, and their average values were calculated. The mean of the measured diaphragm thickness was normalized
based on each participant’s weight. The diaphragm thickness at maximal inhalation and the amount of change in thick-
ness (maximal inhalation diaphragm thickness — maximal exhalation diaphragm thickness) were calculated for both the
paretic and non-paretic sides. Furthermore, to compare the symmetry of the thickness between the paretic and non-paretic
sides, the diaphragm thickness at maximal exhalation and maximal inhalation were calculated, respectively, as follows:
diaphragm thickness on the non-paretic side / diaphragm thickness on the paretic side X 100. To measure the 10-meter walk,
the participants were asked to walk for 14 m, including a 2-m runway at the starting point and a 2-m deceleration way at

Table 1. Demographic information

Gender Male: 6
Female: 5
Age (years) 71.1+13.6
Height (cm) 1544 +9.2
Weight (kg) 569+ 11.6
Diagnosis Cerebral hemorrhage: 4
Cerebral infarction: 7
Paretic side Right: 7
Left: 4
Brunnstrorm Recovery Stage (upper extremity) 1: 2
mL: 1
Iv:1
V:3
VI: 4
Brunnstrorm Recovery Stage (lower extremity) 1I: 2
Iv:2
V:3
VI: 4
Period from onset (years) 73+4.5

Mean value + Standard Deviation (SD).
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the finishing points to measure the free gait speed. All participants walked twice, and the average time was calculated. All
statistical analyses were performed using SPSS software (version 21.0; IBM, Japan). The association between free gait speed
and diaphragm thickness was investigated by calculating Spearman’s correlation coefficient. The level of significance was
set at p<0.05.

RESULTS

The mean diaphragm thickness at maximal exhalation and maximal inhalation, the change amount in diaphragm thickness,
and the ratio of symmetry in diaphragm thickness at maximal exhalation and inhalation between the paretic and non-paretic
sides, and the gait speed are shown in Table 2. There was a strong significant correlation between gait speed and the ratio of
the diaphragm thickness between the paretic and non-paretic sides on maximal inhalation (r=0.892, p<0.05). Other values did
not show a significant correlation with gait speed (Table 3).

Table 2. Values of diaphragm thickness and gait speed

Diaphragm thickness on the paretic side

Maximal exhalation (mm/kg) 0.037 +£0.013

Maximal inhalation (mm/kg) 0.054 + 0.017
Diaphragm thickness on the non-paretic side

Maximal exhalation (mm/kg) 0.039 £ 0.015

Maximal inhalation (mm/kg) 0.060 £ 0.020

The amount of change in diaphragm thickness (maximal inhalation diaphragm thickness—
maximal exhalation diaphragm thickness)

The paretic side (mm/kg) 0.018 £ 0.021
The non-paretic side (mm/kg) 0.011 £ 0.011

The ratio of symmetry in diaphragm thickness (diaphragm thickness on the non-paretic side/
diaphragm thickness on the paretic side x 100)

Maximal exhalation (%) 105.0+15.3

Maximal inhalation (%) 90.8 +9.0
Gait parameter

Gait speed (m/s) 0.66 +0.26

The mean of the measured diaphragm thickness (mm) was normalized based on each participant’s weight (kg). Mean
value + Standard Deviation (SD).

Table 3. Correlation between diaphragm thickness and gait speed

Gait speed
Diaphragm thickness on the paretic side
Maximal exhalation 0.05
Maximal inhalation 0.09
Diaphragm thickness on the non-paretic side
Maximal exhalation -0.29
Maximal inhalation —0.04
The amount of change in diaphragm thickness (maximal inhalation diaphragm thickness—
maximal exhalation diaphragm thickness)
The paretic side 0.26
The non-paretic side —0.12
The ratio of symmetry in diaphragm thickness (diaphragm thickness on the non-paretic side/
diaphragm thickness on the paretic side x 100)
Maximal exhalation —-0.30
Maximal inhalation 0.89*

#p<0.05.
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DISCUSSION

To the best of our knowledge, this is the first study to investigate the relationship between gait speed and diaphragm thick-
ness in patients with hemiplegia caused by cerebrovascular accident residing in the community. We found a strong correlation
between gait speed and the ratio of diaphragm thickness between the paretic and non-paretic sides at maximal inhalation,
while other parameters did not show a significant correlation with gait speed. These findings suggest that symmetrical thick-
ness of the diaphragm is a key factor in increasing gait speed. The more significant asymmetry gait shows slower gait speed
in patients with hemiplegia caused by cerebrovascular accident??. Kolar?® developed dynamic neuromuscular stabilization
to facilitate diaphragm function. This training can achieve symmetrical diaphragmatic movements and activation of the deep
muscles in the trunk!'?. Kolar?® reported that dynamic trunk stabilization was required for optimal performance. This cannot
be achieved by strength training of single muscle groups such as the neck-deep flexors, abdominals, back extensors, and
gluteus. Additionally, the accurate coordination of these muscles and regulation of the intra-abdominal pressure by the central
nervous system is required simultaneously.

The dynamic trunk stabilizing muscles, including the diaphragm, constitute the “deep core” and operate under the au-
tomatic and subconscious “feed-forward control mechanism” and precedes any purposeful movement®—2%). The optimal
activation of the diaphragm increases the intra-abdominal pressure equally in all directions and consequently leads to activa-
tion of the muscles of the trunk?®. Therefore, symmetrical activation of the diaphragm is a basic necessity for the dynamic
stabilization of the trunk. Tayashiki et al.?®) revealed that the highest hip extension torque occurred during breath-hold at
maximal inspiration compared to that during breath-hold at maximal exhalation and under breath-hold at normal conditions.
This suggests that activation of the inspiratory muscles, including the diaphragm, produces higher intra-abdominal pres-
sure. In the current study, there was a strong correlation between gait speed and the ratio of diaphragm thickness between
the paretic and non-paretic sides at maximal inhalation. Patients with hemiplegia caused by cerebrovascular accident with
symmetrical activation of the diaphragm had a relatively good trunk function and higher control of postural movements;
therefore, they could increase their gait speed. The limitations of this study were that we focused only on the diaphragm
among the dynamic trunk stabilizing muscles and we only measured muscle thickness. Further research is necessary to assess
other muscles related to dynamic trunk stabilization, namely, transverse abdominis, multifidus, and pelvic floor muscles. For
more robust results, not only the muscle thickness but also echo brightness, amount of movement, and electromyographic
activity of the muscles should be assessed. Moreover, to determine the contribution of the diaphragm to gait speed, a larger
number of participants are necessary, and interventional or longitudinal studies are important. In conclusion, symmetrical
activation of the diaphragm appears to be a key factor in improving gait speed. This finding may contribute to the develop-
ment of rehabilitation programs for strength training and improving the function of the muscles of the trunk in patients with
hemiplegia caused by cerebrovascular accident residing in the community.

Funding
This study received no specific grant.

Conflict of interest
There are no conflicts of interest to declare.

REFERENCES

1)  Cabinet Office: Annual Report on the Ageing Society [Summary] FY 2019. https:/www8.cao.go.jp/kourei/english/annualreport/2019/pdf/2019.pdf. (Accessed
Oct. 19, 2020)

2)  Weerdesteyn V, de Niet M, van Duijnhoven HJ, et al.: Falls in individuals with stroke. J Rehabil Res Dev, 2008, 45: 1195-1213. [Medline] [CrossRef]

3)  Lord SE, McPherson K, McNaughton HK, et al.: Community ambulation after stroke: how important and obtainable is it and what measures appear predictive?
Arch Phys Med Rehabil, 2004, 85: 234-239. [Medline] [CrossRef]

4)  PerryJ, Garrett M, Gronley JK, et al.: Classification of walking handicap in the stroke population. Stroke, 1995, 26: 982—989. [Medline] [CrossRef]

5)  Viosca E, Martinez JL, Almagro PL, et al.: Proposal and validation of a new functional ambulation classification scale for clinical use. Arch Phys Med Rehabil,
2005, 86: 1234—1238. [Medline] [CrossRef]

6) Holden MK, Gill KM, Magliozzi MR, et al.: Clinical gait assessment in the neurologically impaired. Reliability and meaningfulness. Phys Ther, 1984, 64:
35-40. [Medline] [CrossRef]

7)  Mehrholz J, Wagner K, Rutte K, et al.: Predictive validity and responsiveness of the functional ambulation category in hemiparetic patients after stroke. Arch
Phys Med Rehabil, 2007, 88: 1314—1319. [Medline] [CrossRef]

8)  Studenski S, Perera S, Patel K, et al.: Gait speed and survival in older adults. JAMA, 2011, 305: 50-58. [Medline] [CrossRef]

9)  Sun Q, Townsend MK, Okereke OI, et al.: Physical activity at midlife in relation to successful survival in women at age 70 years or older. Arch Intern Med,
2010, 170: 194-201. [Medline] [CrossRef]

10) Kim CM, Eng JJ: The relationship of lower-extremity muscle torque to locomotor performance in people with stroke. Phys Ther, 2003, 83: 49-57. [Medline]
[CrossRef]

11) Flansbjer UB, Downham D, Lexell J: Knee muscle strength, gait performance, and perceived participation after stroke. Arch Phys Med Rehabil, 2006, 87:

453


http://www.ncbi.nlm.nih.gov/pubmed/19235120?dopt=Abstract
http://dx.doi.org/10.1682/JRRD.2007.09.0145
http://www.ncbi.nlm.nih.gov/pubmed/14966707?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2003.05.002
http://www.ncbi.nlm.nih.gov/pubmed/7762050?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.26.6.982
http://www.ncbi.nlm.nih.gov/pubmed/15954065?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2004.11.016
http://www.ncbi.nlm.nih.gov/pubmed/6691052?dopt=Abstract
http://dx.doi.org/10.1093/ptj/64.1.35
http://www.ncbi.nlm.nih.gov/pubmed/17908575?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.06.764
http://www.ncbi.nlm.nih.gov/pubmed/21205966?dopt=Abstract
http://dx.doi.org/10.1001/jama.2010.1923
http://www.ncbi.nlm.nih.gov/pubmed/20101015?dopt=Abstract
http://dx.doi.org/10.1001/archinternmed.2009.503
http://www.ncbi.nlm.nih.gov/pubmed/12495412?dopt=Abstract
http://dx.doi.org/10.1093/ptj/83.1.49

12)

13)

14)

15)

16)

17)

18)

19)

20)
21)

22)

23)
24)

25)

26)

27)

28)

29)

974-980. [Medline] [CrossRef]

Nasciutti-Prudente C, Oliveira FG, Houri SF, et al.: Relationships between muscular torque and gait speed in chronic hemiparetic subjects. Disabil Rehabil,
2009, 31: 103—108. [Medline] [CrossRef]

Dorsch S, Ada L, Canning CG, et al.: The strength of the ankle dorsiflexors has a significant contribution to walking speed in people who can walk indepen-
dently after stroke: an observational study. Arch Phys Med Rehabil, 2012, 93: 1072-1076. [Medline] [CrossRef]

Ng SS, Hui-Chan CW: Contribution of ankle dorsiflexor strength to walking endurance in people with spastic hemiplegia after stroke. Arch Phys Med Rehabil,
2012, 93: 1046-1051. [Medline] [CrossRef]

Verheyden G, Vereeck L, Truijen S, et al.: Trunk performance after stroke and the relationship with balance, gait and functional ability. Clin Rehabil, 2006,
20: 451-458. [Medline] [CrossRef]

Cohen E, Mier A, Heywood P, et al.: Diaphragmatic movement in hemiplegic patients measured by ultrasonography. Thorax, 1994, 49: 890—895. [Medline]
[CrossRef]

Kocjan J, Gzik-Zroska B, Nowakowska K, et al.: Impact of diaphragm function parameters on balance maintenance. PLoS One, 2018, 13: €0208697. [Medline]
[CrossRef]

Lee K, Park D, Lee G: Progressive respiratory muscle training for improving trunk stability in chronic stroke survivors: a pilot randomized controlled trial. J
Stroke Cerebrovasc Dis, 2019, 28: 1200—1211. [Medline] [CrossRef]

Yoon HS, Cha YJ, You JS: Effects of dynamic core-postural chain stabilization on diaphragm movement, abdominal muscle thickness, and postural control in
patients with subacute stroke: a randomized control trial. NeuroRehabilitation, 2020, 46: 381-389. [Medline] [CrossRef]

Kaneko H, Otsuka M, Kawashima Y, et al.: The effect of upper chest wall restriction on diaphragmatic function. J Phys Ther Sci, 2010, 22: 375-380. [CrossRef]
Okura K, Kawagoshi A, Iwakura M, et al.: Contractile capability of the diaphragm assessed by ultrasonography predicts nocturnal oxygen saturation in COPD.
Respirology, 2017, 22: 301-306. [Medline] [CrossRef]

Patterson KK, Parafianowicz I, Danells CJ, et al.: Gait asymmetry in community-ambulating stroke survivors. Arch Phys Med Rehabil, 2008, 89: 304-310.
[Medline] [CrossRef]

Frank C, Kobesova A, Kolar P: Dynamic neuromuscular stabilization & sports rehabilitation. Int J Sports Phys Ther, 2013, 8: 62-73. [Medline]

Kolar P: Facilitation of agonist-antagonist co-activation by reflex stimulation methods. In: Rehabilitation of the spine—a practitioner’s manual. Philadelphia:
Lippincott Williams & Wilkins, 2006, pp 531-565.

Hodges PW, Butler JE, McKenzie DK, et al.: Contraction of the human diaphragm during rapid postural adjustments. J Physiol, 1997, 505: 539-548. [Medline]
[CrossRef]

Hodges PW, Gandevia SC, Richardson CA: Contractions of specific abdominal muscles in postural tasks are affected by respiratory maneuvers. J Appl Physiol
1985, 1997, 83: 753-760. [Medline]

Hodges PW, Richardson CA: Contraction of the abdominal muscles associated with movement of the lower limb. Phys Ther, 1997, 77: 132-142, discussion
142-144. [Medline] [CrossRef]

Hodges PW, Richardson CA: Feedforward contraction of transversus abdominis is not influenced by the direction of arm movement. Exp Brain Res, 1997, 114:
362-370. [Medline] [CrossRef]

Tayashiki K, Mizuno F, Kanehisa H, et al.: Causal effect of intra-abdominal pressure on maximal voluntary isometric hip extension torque. Eur ] Appl Physiol,
2018, 118: 93-99. [Medline] [CrossRef]

J. Phys. Ther. Sci. Vol. 33, No. 6, 2021 454


http://www.ncbi.nlm.nih.gov/pubmed/16813786?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2006.03.008
http://www.ncbi.nlm.nih.gov/pubmed/18608392?dopt=Abstract
http://dx.doi.org/10.1080/09638280701818055
http://www.ncbi.nlm.nih.gov/pubmed/22464738?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2012.01.005
http://www.ncbi.nlm.nih.gov/pubmed/22440486?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2011.12.016
http://www.ncbi.nlm.nih.gov/pubmed/16774097?dopt=Abstract
http://dx.doi.org/10.1191/0269215505cr955oa
http://www.ncbi.nlm.nih.gov/pubmed/7940429?dopt=Abstract
http://dx.doi.org/10.1136/thx.49.9.890
http://www.ncbi.nlm.nih.gov/pubmed/30592726?dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0208697
http://www.ncbi.nlm.nih.gov/pubmed/30712955?dopt=Abstract
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2019.01.008
http://www.ncbi.nlm.nih.gov/pubmed/32250328?dopt=Abstract
http://dx.doi.org/10.3233/NRE-192983
http://dx.doi.org/10.1589/jpts.22.375
http://www.ncbi.nlm.nih.gov/pubmed/27611719?dopt=Abstract
http://dx.doi.org/10.1111/resp.12897
http://www.ncbi.nlm.nih.gov/pubmed/18226655?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.08.142
http://www.ncbi.nlm.nih.gov/pubmed/23439921?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9423192?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-7793.1997.539bb.x
http://www.ncbi.nlm.nih.gov/pubmed/9292460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9037214?dopt=Abstract
http://dx.doi.org/10.1093/ptj/77.2.132
http://www.ncbi.nlm.nih.gov/pubmed/9166925?dopt=Abstract
http://dx.doi.org/10.1007/PL00005644
http://www.ncbi.nlm.nih.gov/pubmed/29085998?dopt=Abstract
http://dx.doi.org/10.1007/s00421-017-3748-0

