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PURPOSE: The respiratory function and range of joint 

mobility deteriorate due to aging, respectively, and the 

respiratory function may be related to the range of joint 

mobility. To the best of the authors’ knowledge, there has been 

little research on how the deterioration of the range of joint 

mobility caused by aging is related directly to the respiratory 

function. This study investigated the relationship between the 

respiratory function and the range of joint motion in the 

cervical and lumbar regions of older adults.

METHODS: Thirty-two older adults participated in the 

study. The forced vital capacity (peak expiratory flow: PEF 

and forced expiratory volume in 1 second: FEV1) and the 

range of cervical joint motion were assessed in all subjects. 

The results were analyzed using the Pearson`s correlation 

coefficient.
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RESULTS: The respiratory function moderately correlated 

with age. A moderate correlation was observed between 

FEV1 and right cervical lateral flexion. PEF was moderately 

correlated with the lumbar lateral flexion. In addition, FEV1 

correlated strongly with lumbar lateral flexion.

CONCLUSION: The respiratory function was correlated 

with the cervical and lumbar lateral flexion. Therefore, 

rehabilitation of the respiratory function should involve 

improving the limited range of motion of the joints, and a 

stretching program is needed for older adults.
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Ⅰ. Introduction

The respiratory function in elderly adults decreases 

gradually as aging progresses. With age, increased 

ventilator demand is accompanied by increased oxygen cost 

during breathing, weakness of ventilator muscles, and 

dyspnea, which can be a significant constraint [1,2]. In 

addition, the potential consequences are accompanied by 

a decrease in muscle strength of the respiratory muscles 

and an increased resistance to ventilation, leading to a 

decrease in the peak respiratory forces and peak effort of 
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ventilation, which can cause fatigue in continuous ventilator 

demand [2]. 

Another change in the elderly population is the decreased 

range of joint motion, which generally decreases both active 

and passive motion and decreases the active range of motion 

(ROM) more than passive motion [3]. In particular, the 

ROM of the neck joint decreased gradually from 30 years 

of age, and there was a significant decrease in extension 

and lateral flexion [4]. When comparing the cervical ROM 

between younger (20-30 years of age) and older people 

(79-90 years of age), the elderly group showed a significant 

decrease in flexion, extension, and lateral flexion of the 

neck [5]. In addition, limitations were observed in the older 

adults during movement of the hip joint, particularly the 

most restrictive ones with extension and lateral flexion3). 

Lumbar flexion, extension, and lateral flexion also 

decreased in elderly people [6]. 

The respiratory function should mainly involve the 

diaphragm. On the other hand, if there is respiratory 

depression, the muscles attached to the diaphragm will be 

used to force breathing using the large muscles, such as 

the rectus abdominis, obliques, and quadratus lumborum 

(QL) [7]. In particular, the unilateral QL muscle and the 

lumbar lateral flexor [8,9] fixes the twelfth rib during 

movements of the thoracic cage during forced expiration 

[10,11] and may be related to the peak expiratory flow 

(PEF), which is the maximal speed of expiration, or forced 

expiratory volume in one second (FEV1), which is the 

volume of air forced expiration in one second after maximal 

inspiration [12]. While the QL activates symmetrically, it 

retains the stability of the lower rib cage [10,13]. Thus, 

it may perform a better forced expiration function than 

the contraction of the unilateral QL. 

As discussed above, the respiratory function and range 

of joint mobility deteriorated during aging, and the 

respiratory function may be related to the range of joint 

mobility. To the best of the authors’ knowledge, there are 

no reports on how the deterioration of the range of joint 

mobility due to aging is related to the respiratory function. 

Some researchers showed that the cervical and lumbar 

mobility is limited in patients with chronic obstructive 

pulmonary disease (COPD) [14]. Therefore, it is necessary 

to examine the correlation between the cervical and lumbar 

mobility and respiration in the elderly. 

Therefore, this study examined the relationship between 

the range of joint motion and respiratory function in older 

adults. The aims were to determine the respiratory function 

of the PEF and FEV1 and the correlation between 

respiratory function and cervical and lumbar ROM in older 

adults. The hypothesis of this study was that the decreased 

respiratory function of PEF and FEV1 correlated with the 

limitation of cervical and lumbar ROM in older adults.

Ⅱ. Methods

1. Subjects

Thirty-two older adults participated in this study (men: 

6, women: 26). The inclusion criteria were as follows: 1) 

age > 65 years, 2) no cognitive impairment, 3) ability to 

walk indoors independently, and 4) ability to blow the 

mouthpiece independently in the assessment of respiratory 

function. The subjects were excluded if they could not 

walk indoors independently for at least three minutes and 

had neurological or musculoskeletal disorders that 

disturbed an independent gait. Study approval was obtained 

from the Hoseo University Institutional Review Board 

(1041231-190816-HR-097-02) and written informed 

consent was obtained from all participants.

2. Measurement

A Vitalograph PEF/FEV1Diary (Vitalograph Inc., Ennis, 

Ireland) was used to measure the PEF and FEV1 as 

indicators of pulmonary function in elderly subjects (Fig. 1). 

The reliability of the Vitalograph PEF/ FEV1 Diary was 

reported to be 77% [15], and the validity of FEV1 was 

.97-.99 [16,17]. 
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A dual digital inclinometer (ACUMARTM, Model ACU 

360; Lafayette Instrument Company, Lafayette, IN, USA) 

was used to assess the cervical and lumbar mobility (Fig. 2). 

The intra-rater reliability of the digital inclinometer was 

≥ .95, and the validity between the goniometer and digital 

inclinometer was ≥ .85 [18].

3. Procedures

All participants were seated comfortably on a chair for 

the PEF and FEV1 measurements three times. The 

investigators demonstrated to the participants how to bite 

the mouthpiece fully and breathe in and out. The 

participants were instructed to bite the mouthpiece fully, 

take a deep breath, breathe out as quickly and as hard 

as possible, and take a one-minute rest between trials. If 

a headache or dizziness occurred during the test, the 

investigators stopped immediately to rest for sufficient time 

and tried them again after recovery. The difference between 

the two highest FEV1 values obtained from the subjects 

was within 150ml to achieve reproducibility. 

To measure the cervical ROM, the participants were 

instructed to sit on a chair with their hip and knee joints 

flexed to 90°. The participants maintained an upright 

posture in the sitting position as best as they possibly could 

so a physical therapist with more than 10 years of 

experience could test the active ROM of neck flexion, 

extension, and lateral flexion on both sides. As it is simple 

for the investigators to prevent the subjects from moving 

their neck, the measurements of the range of motion of 

the neck were taken gently while sitting. Furthermore, the 

measurements of the cervical ROM, mainly in sitting 

position, using a dual inclinometer were used [19]. 

While the participants were in the upright standing 

position with their feet shoulder-width apart, the 

investigator measured the ROM of lumbar flexion, 

extension, and lateral flexion on both sides. The intra-trial 

reliability was high when using a dual inclinometer to 

measure the lumbar mobility in the standing position. 

4. Statistical Analysis

The Pearson correlation coefficient was used to examine 

the correlations between the data of respiratory function 

and the ROM. The level of statistical significance (p) was 

set at .05. PASW Statistics version 20.0 (IBM Corp., 

Armonk, NY, USA) was used for all statistical analyses.

Ⅲ. Results

Table 1 lists the characteristics of the 32 elderly 

participants. The mean values of the parameters assessed 

were as follows: lung capacity: PEF, 176.09 ± 89.01 L/min, 

FEV1, 1.44 ± .59 L; neck ROM: flexion, 41.16 ± 13.48°, 

extension, 41.28 ± 15.75°, right lateral flexion, 28.03 ± 

8.79°, left lateral flexion, 26.66. ± 9.07°; and lumbar ROM: 

flexion, 19.16 ± 5.87°, extension, 7.88 ± 5.20°, right lateral 

flexion, 10.75 ± 5.35°, left lateral flexion, 10.97 ± 6.26° 

Fig. 1. Vitalograph to measure PEF and FEV1.

Characteristic Mean ± SD

Age (years)  76.75 ± 8.35

Height (cm) 151.05 ± 6.68

Body weight (kg)  56.28 ± 8.11

Values are means ± standard deviation (SD)

Table 1. General Characteristics of the Subjects (n = 32)
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(Table 2). Age was related to a negative PEF (r = -.392, 

p < .05), FEV1 (r = -.535, p < .01), cervical lateral flexion 

on both sides (right side: r = -.423, p < .05; left side: 

-.448, p < .05), and lumbar lateral flexion on both sides 

(right side: r = -.611, p < .01; left side: r = -.689, p < 

.01). PEF had a very strong correlation with FEV1 (r = 

.865, p < .01). FEV1 showed a moderate correlation with 

the ROM of lumbar flexion (r = .421, p < .05). The right 

cervical lateral flexion showed a moderate correlation with 

FEV1 (r = .445, p < .01). The ROM of lumbar lateral 

flexion showed a moderate correlation with PEF (right side: 

r = .512, p < .01; left side: r = .492, p < .01). In addition, 

there was a moderate correlation between the lumbar lateral 

flexion and FEV1 (right side: r = .610, p < .01; left side: 

r = .643, p < .01) (Table 3).

Ⅳ. Discussion 

These results show that a relationship exists between 

the factors of the respiratory function and the specific 

cervical and lumbar ROM. This study is unique because 

it examined the correlation between the respiratory function 

and joint mobility in elderly individuals.

With age, the respiratory function (PEF and FEV1), 

cervical and lumbar lateral flexion on both sides, and 

Parameters Mean ± SD

PEF (L/min) 176.09 ± 89.01

FEV1 (L) 1.44 ± .59

Cervical Flexion (°) 41.16 ± 13.48

Cervical Extension (°)  41.28 ± 15.75

Cervical Right Lateral Flexion (°) 28.03 ± 8.79

Cervical Left Lateral Flexion (°) 26.66 ± 9.07

Lumbar Flexion (°) 19.66 ± 5.87

Lumbar Extension (°)  7.88 ± 5.20

Lumbar Right Lateral Flexion (°) 10.75 ± 5.35

Lumbar left Lateral Flexion (°) 10.97 ± 6.26

Values are means ± standard deviation (SD)

FEV1: forced expiratory volume for 1 second, PEF: peak 

expiratory rate

Table 2. Average Respiratory Function, Neck and Lumbar

Range of Motion                     (n = 32)

Age PEF FEV1 CF CE RCLF LCLF LF LE RLLF LLLF

Age 1

PEF -.392* 1

FEV1 -.535** .865** 1

CF -.220 .291 .335 1

CE -.126 -.040 .013 .187 1

RCLF -.423* .332 .445* .469** .040 1

LCLF -.448* -.043 .207 .392* .463** .700** 1

LF -.386* .281 .421* .132 -.069 .346 .305 1

LE -.320 .173 .197 -.167 .353* .068 .197 .417* 1

RLLF -.611** .512** .610** .132 .035 .514** .469** .328 .361* 1

LLLF -.689** .492** .643** .253 -.063 .563** .439** .434* .183 .793** 1

Values are the means ± standard deviation (SD)

CF: cervical flexion, CE: cervical extension, LCLF: left cervical lateral flexion, RCLF: right cervical lateral flexion, FEV1: forced 

expiratory volume for 1 second, LF: lumbar flexion, LE: lumbar extension, LLLF: left lumbar lateral flexion, RLLF: right lumbar 

lateral flexion, PEF: peak expiratory rate, *p < .05, **p < .01

Table 3. Correlation between the Respiratory Function and Neck and Lumbar Range of Motion               (n = 32)
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lumbar flexion were negatively correlated. Previous studies 

revealed a consistent decrease of approximately 1% per 

year in various indicators of the breathing mechanism and 

dynamic lung function after 30 years of age [21,22]. The 

representative predictor related to age, FEV1, generally 

decreased after 20-25 years of age [23], and the decrease was 

accelerated in women older than 65 years of age [24,25]. 

In addition, age was negatively correlated with the maximal 

expiratory pressure of the respiratory system between the 

elderly and young groups [26]. The decrease in PEF and 

FEV1 during the forced expiratory effort could be related 

to the chest wall compliance, expiratory muscle strength, 

and narrow airways [27]. This decrease is involved in one 

of the structural factors that stiffen the chest wall to decrease 

the compliance of the upper rib cage due to a deterioration 

of the costal cartilages and dorsal spine [27].

Several studies suggest that the cervical ROM decreases 

with age [28-30]. In particular, Malmström et al. (2006) 

reported reduced cervical lateral flexion ROM compared 

to cervical flexion and extension as age increased [4]. 

Furthermore, in this study, aging was correlated with 

lumbar flexion and lumbar lateral flexion on both sides, 

which is consistent with previous studies indicating that 

the spinal mobility of the sagittal and coronal planes 

decreases with age [6,31,32]. Saidu et al. also suggested 

that the trunk flexion and right lateral flexion decreased 

in an 18-year interval, but the trunk extension showed the 

most significant decrease with advancing age [33]. On the 

other hand, there was no correlation with lumbar extension, 

which might be because the average age in this study was 

approximately 76 years, a relatively advanced age.

In this study, PEF was not correlated with the cervical 

ROM, and FEV1 was positively correlated with the right 

cervical lateral flexion. López-de-Uralde-Villanueva et al. 

reported that a cervical flexion strength of 45.6% in people 

with neck pain and a cervical lateral flexion strength of 

53.9% in healthy people were predictors of the maximum 

expiration pressure [34].

The sternocleidomastoid muscle (SCM) also involves 

the accessory respiratory muscles, mainly activating as an 

inspiratory muscle [35]. When the function of the 

diaphragm and other respiratory muscles is decreased, the 

SCM compensates first, which is also activated during 

resting [36]. As muscles, such as the SCM and scalene, 

activate during cervical mobility and breathing, it could 

be inferred that the cervical motor dysfunction decreases 

the respiratory function [37]. The pressure pain threshold 

(PPT) is an indirect indication of stiffness and pain, and 

the PPT of the SCM is low in the elderly population [38]. 

This means that a low PPT value of the SCM shows a 

high potential for stiffness and pain of the SCM, which 

could affect the cervical lateral flexion and respiratory 

function. Therefore, it is necessary to utilize neck-stretching 

programs to strengthen the respiratory function of the 

elderly population.

The PEF and FEV1 were positively correlated with the 

lumbar flexion, particularly lumbar lateral flexion on both 

sides. Owing to the decrease in diaphragm function with 

age, the QL is one of the muscles also activated during 

forced expiration [39]. It originates in the traverse process 

of the L5 vertebra, iliac crest, and iliolumbar ligament and 

inserts into the transverse process of the L1-L5 vertebrae 

and inferior border of the twelfth rib. Its function is to 

depress the twelfth rib and flex the trunk laterally [40]. 

The lumbar part of the diaphragm is attached to the arcuate 

Fig. 2. Dual inclinometer to measure the cervical and 

lumbar range of motion.
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ligament and the L1-3 vertebrae with entangling fasciae 

of the QL [41]. Although small parts are involved, the 

subcostal muscle activated during expiration is also 

connected inferiorly with the QL in the terminal part. 

Hence, researchers suggested that the QL might be slightly 

effective in forced expiration [42].

The QL is divided into three layers (anterior, middle, 

and posterior) in view of anatomic structures [10]. 

According to Park et al., the posterior part of the QL showed 

increased muscular activation in the right lateral flexion 

during respiration [13], which was similar to the present 

study finding. Furthermore, the QL could help stabilize 

the vertebrae during respiration [9]. Hence, the QL may 

be used to compensate for the reduced diaphragm function 

during forced exhalation.

The right and left cervical lateral flexion showed a 

moderate correlation with cervical flexion and extension, 

which could be related to the SCM accompanied by cervical 

flexion and lateral flexion [43]. In addition, it could affect 

cervical extension considering the length-tension relationship 

of the SCM. Lumbar extension showed a moderate 

correlation with cervical extension and lumbar flexion, 

which was suggested to occur due to the relationship with 

the myofascial line connected between the neck and back 

extensors in the superficial back line [44]. Right and left 

lateral lumbar flexion showed moderate correlations with 

right and left lateral cervical flexion, as well as a strong 

correlation with the lumbar lateral flexion. Therefore, the 

SCM and external oblique muscle might be connected and 

affect the lateral line as the myofascial area [44]. The right 

lumbar lateral flexion showed a moderate correlation with 

lumbar extension. The left lumbar lateral flexion was 

moderately correlated with lumbar flexion, but these results 

are difficult to explain. 

This study had several limitations. First, it used a small 

sample size and did not include a control group. Second, 

it is difficult to generalize the findings because the sex 

distribution of participants was tilted to female participants. 

In addition, the respiration rate of males is higher than 

females [45] and the neck and trunk flexibility in males 

tends to be less than females [46]. In the future, it will 

be necessary to examine separate genders or a similar 

numbers of sexes. Third, the characteristics of the subjects, 

such as temporomandibular disease and dentures, were not 

investigated. The masseter is one of the muscles co-activated 

with the SCM [47], in which weakness is correlated with 

the cervical ROM [48]. Thus, it may be necessary for 

generalization that individuals with weakness of the 

masseter be excluded. Few studies have examined this 

correlation, so further studies will be needed in the future. 

V. Conclusion 

The respiratory function decreased with advancing age 

and was positively correlated with cervical and lumbar 

lateral flexion. Therefore, rehabilitation of the respiratory 

function for older adults could involve specifically checking 

the limited ROM of the joints and performing specific 

stretching programs.
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