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Abstract

Objective: The purpose of this study was to investigate the intra-rater reliability and validity of a 

designed load cell setup for the measurement of back extensor muscle force and endurance.

Participants: The study sample included 19 older women with hyperkyphosis, mean age 67.0 

± 5.0 years, and 14 older women without hyperkyphosis mean age 63.0 ± 6.0 years.

Methods: Maximum back extensor force and endurance were measured in a sitting position with 

a designed load cell setup. Tests were performed by the same examiner on 2 separate days within a 

72-hour interval. The intra-rater reliability of the measurements was analyzed using Intraclass 

correlation coefficient (ICC), standard errors of measurement (SEM) and minimal detectable 

change (MDC). The validity of the setup was determined using Pearson correlation analysis and 

independent t-test.

Results: Using our designed load cell, the values of ICC indicated very high reliability of force 

measurement (hyperkyphosis group: 0.96, normal group: 0.97) and high reliability of endurance 

measurement (hyperkyphosis group: 0.82, normal group: 0.89). For all tests, the values of SEM 

and MDC were low in both groups. A significant correlation between two documented forces 

(load cell force and target force) and significant differences in the muscle force and endurance 

among the two groups were found.

Conclusion: The measurements of static back muscle force and endurance are reliable and valid 

with our designed setup in older women with and without hyperkyphosis.
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INTRODUCTION

Hyperkyphosis is a common condition that often progresses with aging. Greater kyphosis is 

associated with impaired physical performance, and has a negative impact on health and 

quality of life (Chow and Harrison, 1987; Kado, 2009; Katzman et al, 2012; Katzman et al, 

2013; Takahashi et al, 2005). Back extensor muscle strength and endurance are important in 

the preservation of normal spinal alignment and prevention of future spinal deformity (Mika, 

Unnithan, and Mika, 2005; O’Sullivan et al, 2006). Back extensor muscle strengthening 

interventions have reportedly improved age-related hyperkyphosis (Bansal, Katzman, and 

Giangregorio, 2014; Bautmans, Van Arken, Van Mackelenberg, and Mets, 2010; Greig, 

Bennell, Briggs, and Hodges, 2008). Thus, reliable and simple devices are needed for 

monitoring the effects of spinal muscle strength and endurance interventions on kyphosis in 

older adults.

Various analytic methods for testing back muscle force and endurance are described in the 

literature. Static measurements use pushing and pulling tests are the most common. The 

maximum static spinal extensor force, a measure of muscle strength (Chapman, 1970) is 

often assessed in a pushing test using hand-held dynamometer (Valentin and Maribo, 2014) 

and permanent strain-gauge installations (Mika, Unnithan, and Mika, 2005; Paalanne et al, 

2009; Sinaki et al, 2005) in different testing positions and in diverse participant groups. 

Specialized dynamometers are also used in pushing tests for the measurement of trunk 

muscle torque (Granito et al, 2012; Smidt et al, 1983), however, all of these methods have 

their limitations. The assessment of static back muscle force using a hand-held 

dynamometer, in the prone position, has poor reliability (Moreland et al, 1997), because the 

examiner may not be able to provide a sufficient counter pressure against the participant’s 

effort, especially in the prone position. Valentin and Maribo solved this problem with a 

hand-held dynamometer fixed with a tripod and a belt system. They reported strong 

reliability (ICC: 0.90) using this setup in prone lying for the assessment of maximal back 

extensor force (Valentin and Maribo, 2014). Participants of their study were older women 

with osteoporotic vertebral compression fractures, but the degree of thoracic kyphosis was 

not specifically reported. In other studies of older women, back muscle force has been 

assessed using a pushing test with a strain-gauge device (Mika, Unnithan, and Mika, 2005; 

Miyakoshi et al, 2005; Sinaki et al, 2005), but none of them investigated the reliability of 

their method. Moreover, these setups are permanent installations that have been primarily 

used for research and not integrated into clinical practice because of their high cost (Valentin 

and Maribo, 2014). Specialized equipment such as the MedX™ dynamometer (Graves et al, 

1990) and isokinetic dynamometer (Karatas, Gogus, and Meray, 2002) showed strong 

reliability in normal participants, however they are expensive and time-consuming to 

perform.
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Another method for testing static back muscle force and endurance is a pulling test. Previous 

studies described this type of testing to be practical (Jorgensen and Nicolaisen, 1986; 

Moreau, Green, Johnson, and Moreau, 2001) and not easily influenced by anthropometric 

factors (Jorgensen and Nicolaisen, 1986). In pulling tests of the back extensors, the 

participants sit (Bonde-Petersen, Mork, and Nielsen, 1975) or stand (Nicolaisen and 

Jorgensen, 1985; Singh, Bailey, and Lee, 2013) facing a strain-gauge dynamometer and 

attempt backward extension with the pelvis supported. The reliability of the pulling tests for 

back muscle force measurement has been moderate-high in healthy young populations 

(Jorgensen, 1997; Lariviere et al, 2001), however, the reliability of this type of test has not 

been tested in older women with or without hyperkyphosis.

Similar to maximal back muscle force, back muscle endurance has been assessed using 

several tests including: timed loaded standing (Shipp et al, 2000); the Sorensen test 

(Moffroid et al, 1994); isokinetic dynamometer test (Mayer, Gatchel, Betancur, and Bovasso, 

1995); and electromyographic analysis (Kramer et al, 2005). Shipp et al. (2000) investigated 

the reliability of a combined measure of trunk and arm endurance using the timed loaded 

standing test in older women with and without vertebral fracture. This standing test 

measures the time a participant maintains both arms at 90 degrees shoulder flexion while 

holding 2-pound weights. They demonstrated good reliability in both groups (ICC > 0.8) 

(Shipp et al, 2000). They measured the degree of thoracic kyphosis in their participants, 

however, they assessed reliability of the endurance test in older women in general, not 

specifically those with hyperkyphosis. The Sorensen test, a test measuring the time the 

participant is able to extend their torso from a prone position on a table without support, may 

not be well tolerated because the participant does not receive feedback about the amount of 

force exerted (Moreau, Green, Johnson, and Moreau, 2001) and the prone test position is 

challenging for older adults with limited spinal mobility. Previous studies reported: back and 

leg pain (Biering-Sorensen, 1984); breathlessness (Moreland et al, 1997); and cramps of 

calves and discomfort in the head (Latikka, Battie, Videman, and Gibbons, 1995) which 

suggest intolerance to this test. Although electromyographic analysis of back extensor 

muscles is a safe technique, and a good indicator of muscle endurance, it is time-consuming 

and requires a trained examiner that is not generally available in a clinic. Pulling tests are 

another practical type of back muscle endurance measurement (Moreau, Green, Johnson, 

and Moreau, 2001). However, the reliability of the pulling tests has been reported in healthy, 

young populations (Jorgensen and Nicolaisen, 1986), but has not been investigated in older 

women.

Apart from reliability, the other important factor is the validity of device. The assessment of 

agreement between measurements by a target device and standard values is the most 

practical approach for evaluating instrument validity (Portney and Watkins, 2009). To ensure 

that a device is applicable in clinical practice, symptomatic participants should be included 

in validation studies of a new device (Weaver, Price, Czerniecki, and Sangeorzan, 2001), and 

the ability of the device to discriminate between healthy and symptomatic participants 

should be investigated (Pienaar and Barnard, 2017). None of previous studies reported 

instrument or construct validity of the device in older women with and without 

hyperkyphosis.
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Due to the limited evidence about the reliability and validity of devices for measuring back 

extensor muscles force and endurance in older women with hyperkyphosis, we designed a 

pulling load cell for testing back extension force and endurance in a seated position with a 

simple and inexpensive device. Our first aim was to investigate the intra-rater reliability of a 

pulling load cell for measurement of maximum isometric back extensor force and endurance 

in older women with and without hyperkyphosis. Our secondary aim was to evaluate 

instrument validity and construct validity using known group methods for the outcomes of 

muscle force and endurance in older women with and without hyperkyphosis.

METHODS

Participants and Experimental Design

This study was carried out in a University biomechanics laboratory. Participants consisted of 

healthy, community-based older women (N=55), recruited through advertisements at urban 

entertainment districts. Inclusion criteria were 60– 80 years old, body mass index (BMI) of 

25– 33 (the regional norm for BMI among women 60–64 years old) ( Abbaszadeh Ahranjani 

et al, 2012), and the ability to stand and walk without an assistive device. Exclusion criteria 

included: cases of scoliosis; kyphoscoliosis; a history of back pain within the last year 

requiring medical attention; high blood pressure (more than 150/90); angina pectoris; spinal 

malignancy; or use of medications over the prior 12 months that could affect muscle 

performance (information was obtained from medical records). The study was approved by 

the Ethical Committee of Shahid Beheshti University of Medical Sciences. Prior to 

participation, each participant signed a written informed consent.

Eligible women were assigned at enrollment to either a hyperkyphosis (n= 30) group or 

normal (n = 25) group, based upon measurement of kyphosis using the Spinal Mouse 

(Mannion et al, 2004; Post and Leferink, 2004). Hyperkyphosis was defined as having a 

thoracic kyphosis of 50 degrees or higher (Granito et al, 2012; Sinaki et al, 2005). Six 

women with hyperkyphosis were excluded due inability to perform the test procedures 

correctly. Eleven women did not participate in day 2 testing session due to: low back pain 

after day 1 testing (4 in hyperkyphosis group, 7 in normal group) and prior to the initial 

testing session; and 5 participants withdrew from the study for personal reasons (1 in 

hyperkyphosis group, 4 in normal group). Finally, 33 healthy older women (hyperkyphosis 

group: n= 19, normal group: n= 14) completed the study and were included in the analysis 

(Figure 1).

Body Composition

Height (cm) using a standard stadiometer, and weight (kg) using a standard scale were 

collected at the initial visit. BMI was calculated (kg/m2).

Static Back Extensor Force and Endurance Protocol

An “S” shape load cell (H3-C3–100 kg-3B-D55, Zemic, China) was used for measurement 

of maximum isometric force and endurance of back extensor muscles in a seated position 

(Figure 2). The setup included a stool with it’s anterior legs fixed to a wooden board, a fixed 

vertical bar and an “S” shape load cell. A lumbar back support with abdominal and pelvic 
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restraints was used to stabilize the pelvis. The height of the load cell on the vertical bar 

could be adjusted according to the height of participants. This vertical bar was firmly fused 

to the wall at 3 points and two screws on the vertical bar allowed adjustment of the load cell 

to the height of the participants (Figure 2). A vest and four inflexible ropes connected the 

participant to the load cell. Two rows of rings sewn at thoracic and lumbar levels allowed the 

rope length and load cell alignment to be adjusted.

Test procedures were standardized and the setup was calibrated before each initial test and 

retest. Each test started 5 minutes (min) after a walking/back stretching warm-up. 

Participants were instructed to sit on the stool with the hips and knees flexed to 90 degree 

(Mika, Unnithan, and Mika, 2005), with the thighs parallel to the seat. Arms were crossed 

on the abdomen and the feet rested on the wooden board. Abdominal and pelvic restraints 

were placed over the abdomen and secured to the back support of the stool. Another strap 

(thigh restraint) was placed over the top of the thighs (Graves et al, 1990) at the level of 

ASIS and tightened to prevent any vertical or forward movement of the thighs or pelvis 

during the test. After positioning the participant on the stool in neutral upright sitting, the 

load cell was moved vertically on the bar and aligned with the superior border of the 

manubrium in midline. Four inflexible ropes were connected to the load cell hook and fixed 

to rings of the vest. The ropes were shortened individually according to participant-vertical 

bar distance and participant height (Figure 3).

The participants were instructed to gradually increase backward force over 1–2 s then exert 

maximal force for 3–5 s before gradually relaxing over 1–2 s (Figure 3). The participants 

received verbal encouragement and visual feedback (participants observed a digital display 

and were encouraged to increase the number displayed on the monitor) for achieving 

maximum force. Each warm up trial was followed by three successive maximum effort trials 

separated by 60 s rest periods (Mika, Unnithan, and Mika, 2005). The force generated was 

processed by an electronic measuring device and converted to a digital display. The 

maximum force was documented (kg). An additional trial was made if the third trial was 

more than 5% higher than either of the two preceding trials to ensure that the highest 

possible value had been achieved (Limburg et al, 1991). 50% of the maximum force was 

determined. After a 20– 30 min rest interval, participants performed a sustained contraction 

at 50% of the maximum force as their target. Participants received verbal and visual 

feedback on the digital display to maintain the sustained contraction at the target force. 

When the force could no longer be maintained above 90% of the target level, the test was 

stopped (Moreau, Green, Johnson, and Moreau, 2001). After verbal instruction and one 

warm up trial, three endurance trials, separated by 30 seconds rest, were performed and 

maximum time was recorded.

Reliability Procedure

Participants were tested at two visits within a 72-hour interval to allow time to recover from 

any residual fatigue or soreness that might have been associated with the tests. Before the 

initial test day, women participated in one session to familiarize themselves with the 

equipment and procedures (no practice involved). All measurements were performed by the 

same examiner experienced in using the setup of back force and endurance measurements. 

Roghani et al. Page 5

Physiother Theory Pract. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



On both test days, equipment and assessment procedures were the same. All tests were 

repeated on the 2nd testing day, at approximately the same time of day 1 for each participant. 

During the second test, the examiner was blinded to the test results of the previous day.

Validity Procedure

Due to inaccessibility to the gold standard Isokinetic dynamometer for instrument validity 

determination, we assessed the correlation between an external load (incremental calibrated 

weights (kg) and the load cell force (kg) (Pienaar and Barnard, 2017) using a rope-pulley 

system and standard weights. First, the weights were calibrated on a force plate. The load 

cell was fixed horizontally on a vertical bar and a rope-pulley system was embedded on 

another bar facing the load cell. One end of an inflexible rope was connected to the hook of 

the load cell and a standard weight was hung on the other end of rope, creating a pull force 

on the load cell, simulating the procedure of a back extensor force test. This procedure was 

repeated in 0.5 kg weight increments between 0.5 and 10 kg, and the load cell force was 

recorded from digital display.

Also, we assessed construct validity of the setup using known groups method (Portney and 

Watkins, 2009). On both groups, the outcomes of muscle force and endurance of test and 

retest were extracted. The mean force and endurance of each session were compared 

between older women with and without hyperkyphosis posture.

Statistical Analysis

Normality of distribution for all variables was determined using the Shapiro Wilk test in 

both groups (P > 0.05). Baseline demographic characteristics were presented as mean ± SD. 

To determine intra-tester reliability of the designed setup, a paired t-test was used to test 

systematic differences between day 1 testing and day 2 testing. Intra-class correlation (ICC) 

(two-way mixed and average 2 measurement was calculated (3.2) with a corresponding 95% 

confidence intervals. The criteria of Munro was used for interpretation of ICC: 0.00– 0.29 as 

very low correlation, 0.30– 0.49 as low correlation, 0.50– 0.69 as moderate correlation, 

0.70– 0.89 as high correlation and 0.90– 1.00 as very high correlation (Munro and 

Visintainer, 2005). Standard error of measurement (SEM= SD of 1st test ˟ (square root of (1-

ICC)) and minimal detectable change (MDC= SEM ˟ 1.96 ˟ square root of 2)) for the back 

muscle tests were calculated.

Instrument validity was assessed using the Pearson correlation coefficient (r) to examine the 

correlation between load cell force (kg) and an applied external force (calibrated weights in 

kg) (Pienaar and Barnard, 2017). Bland-Altman plot with 95% limits of agreement was 

calculated to quantify the level of agreement between load cell force and external force 

(Giavarina, 2015). We used known groups method to support construct validity in a 

between-group comparison (Portney and Watkins, 2009). Mean muscle force and endurance 

of session 1 and 2 were compared using an independent t-test. For all statistical tests, a 

significance level of 0.05 was used. All analyses were performed with SPSS software 

package (version 16.0).
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RESULTS

The study sample consisted of two groups of healthy, community-dwelling older women, 19 

with hyperkyphosis (mean kyphosis 55.5 (SD: 6.4) degrees) and 14 with a normal curvature 

(mean kyphosis 39.5 (SD: 5.3) degrees). The mean age was 67.0 (SD: 5.0) years in the 

hyperkyphosis group and 63.0 (SD: 6.0) years in the normal group (Table 1).

The mean for all measurements on both testing days and the results of paired t-tests are 

presented in Table 2. For back extensor muscle force, the ICC of the hyperkyphosis and 

normal group was 0.96 and 0.97 respectively (Table 3). The SEM for maximal back extensor 

force was 1.4 kg for the hypkyphosis group and 1.0 kg for the normal group. The MDC was 

3.9 kg for the hypkyphosis group and 2.7 kg for the normal group. The ICC of back extensor 

muscle endurance was 0.82 in the hyperkyphosis and 0.89 in the normal group. The SEM for 

back extensor endurance was 27.0 s in the hyperkyphosis group and 24.9 seconds in the 

normal group. The MDC for back extensor endurance was 74.9 s in the hyperkyphosis group 

and 69.2 seconds in the normal group (Table 3).

There was a high correlation between load cell force and applied external force (r = 0.99, P 

< 0.001). Figure 4 illustrates the results of a Bland-Altman plot with the average of the 

forces (load cell force and applied external weight) plotted against the absolute difference 

between the two forces. On both days, the hyperkyphosis group showed significantly lower 

mean back extensor force (P = 0.001 (day 1), P < 0.001 (day 2)) and endurance (P = 0.001 

(day 1), P < 0.001 (day 2)) than the normal group (Table 4).

DISCUSSION

The present study evaluated the reliability and validity of the pulling load-cell setup for 

measuring static back muscle force and endurance, and demonstrated that the designed load-

cell setup is reliable when repeated by the same tester assessing maximal back extensor 

force and endurance in women with hyperkyphosis and normal kyphosis. Instrument validity 

was demonstrated by a high correlation between load cell and calibrated external forces. We 

also found differences in the muscle force and endurance between the two groups which 

supports the known group validity, and ability of the designed setup to discriminate between 

groups for the outcomes of maximal back extensor force and endurance. Pulling tests are 

simple, easy to use and low cost (Moreau, Green, Johnson, and Moreau, 2001), but the 

reliability and validity of them has not been previously tested in older populations. Our study 

was the first study to examine the reliability and construct validity of a mounted pulling test 

to assess static spinal extensor muscle force and endurance in older women with and without 

hyperkyphosis.

Our results confirmed the reliability results of pulling tests in younger adults (Demoulin et 

al, 2012; Essendrop, Schibye, and Hansen, 2001). The reliability of back extensor force 

testing was greater than 0.95 and the values of SEM and MDC were low in both groups 

(SEM < 1.5, MDC < 4 kg) in our study (Table 3). Our results are also better than a previous 

study by Valentin and Maribo (2014) comparing intra-rater reliability of two measurement 

methods of static back extensor force in older osteoporotic women in the prone position. 
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They reported better reliability using a hand-held dynamometer fixed with a tripod (ICC: 

0.90, SEM: 20.5 (N), smallest detectable change SDC, considered the same as MDC: 56.7 

(N)) compared with a hand-held dynamometer fixed by the tester (ICC: 0.75, SEM: 27.1 

(N), SDC: 75.2 (N)). This difference may have several explanations. Valentin and Maribo 

(2014) enrolled older women (mean age: 72 (9.3)) with osteoporotic vertebral compression 

fractures. Our participations were healthy older women (mean age of 67 (5)). The average 

back muscle force at session 1 in the study by Valentin and Maribo (2014) was 

approximately 136 N compared to approximately 28 kg (274 N) in our hyperkyphosis group. 

Therefore, it is possible that the different results in the two studies may be participant, not 

setup related. On the other hand, there are methodological differences in the test position and 

the amount of external fixation during the tests. In Valentin and Maribo (2014) study, the 

participant was positioned in prone lying on a couch, with the hips and knees in a neutral 

position without external fixation. It is also possible that it was difficult for participants to 

maintain sufficient contact between their back and the dynamometer in the prone position 

testing. We tested participants in a seated position which is usually better tolerated by many 

persons with spinal deformities (Mika, Unnithan, and Mika, 2005). We also used a belt for 

stabilizing the thigh and pelvis, and we provided a familiarization session before the initial 

test which may have reduced measurement error (Essendrop, Schibye, and Hansen, 2001). 

Another difference between the two studies is the calculation of SEM. Valentine and Maribo 

used the formula “SD/square root of 2” (Hopkins, 2000), and we used the formula “SEM = 

SD* square root of 1-ICC” (Weir, 2005) which limits the ability to compare the SEM results 

of two studies. To overcome this problem, we recalculated SEM using their formula, and the 

values of SEM in both of our groups were lower than the Valentin and Maribo (2014) study 

(hyperkyphosis group: 1.86 kg, normal group: 1.06 kg). Even though the measurement unit 

was different in both studies, SEM is dimensionless and these values of reliability of 

measurement may be compared (Hopkins, 2000). According to these calculations, it is 

possible that our setup had better reliability, although given our small sample size, we cannot 

accurately make this definitive conclusion. Furthermore, while the hand-held dynamometer 

has been considered a reliable and valid tool for assessing muscle force in extremities (Stark 

et al, 2011), the utility of this device for testing back extensor force is questionable 

(Moreland et al, 1997). Besides the challenges of prone positioning with the hand-held 

dynamometer, it is hard to be consistent between examiners (Moreland et al, 1997). Another 

study investigated inter-rater reliability of the hand-held dynamometer for measurement of 

static back extensor force in 39 healthy younger workers. This study reported poor inter-

rater reliability (ICC: 0.24, SEM: 68 N), indicating the challenges in consistency of this 

setup between raters (Moreland et al, 1997).

The intra-tester ICC for back extensor endurance was 0.82 in hyperkyphosis group (SEM: 

27.0 seconds, MDC:74.9 seconds) and 0.89 in normal group (SEM: 24.9 seconds: MDC: 

69.2 seconds), but it is hard to compare this to other measurements of back extensor 

endurance due to so much variation in back extensor endurance testing methodology and the 

populations tested. In previously described endurance tests such as the prone double leg 

raise (McIntosh, Wilson, Affieck, and Hall, 1998) and Sorensen (Moffroid et al, 1994) tests, 

there is an unknown amount force exerted by the participant. For healthy participants and 

participants with LBP, test-retest reliability of the Sorensen and modified Sorensen tests 
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ranged from 0.54 to 0.99 (Moreau, Green, Johnson, and Moreau, 2001). One study of young 

participants, using a hand held dynamometer in position similar to Sorensen test, showed 

moderate reliability of back extensor endurance (ICC= 0.59, SEM= 20 s) (Moreland et al, 

1997). However, the Sorensen has not been investigated in older women with hyperkyphosis, 

and it could be detrimental and have an adverse effect on performance.

Our values of test-retest ICC were similar to a previous study (Shipp et al, 2000) who 

developed the Timed Loaded Standing test, a combined measure of trunk and arm 

endurance, performed standing holding 2-pound weights in each hand with the arms at 90 

degrees of shoulder flexion. The back extensor endurance test in a standing position is 

considered to be more appropriate than the Sorensen test among older adults because it is 

less sensitive to heterogeneous physiques and performed in a more comfortable standing 

position (da Silva et al, 2005; Kankaanpaa et al, 1998). Same day, intra-rater, within session 

(inter-trial) ICC was 0.89 in the group without vertebral fractures and 0.81 in the group with 

vertebral fractures. Test-retest (6–10 day) ICC (mean of both trials) was 0.84 in the group 

without vertebral fractures and 0.85 in the group with vertebral fractures (Shipp et al, 2000). 

Although both tests are simple (i.e. the TLS and our designed load cell) our method focused 

on the measurement of back extensor endurance and proved to be a reliable setup. It appears 

that the designed setup in our study is another good option for the measurement of back 

extensor endurance in older women.

The Biodex dynamometer is another alternative for testing back extensor endurance in a 

sitting position (Moreau, Green, Johnson, and Moreau, 2001), however the Biodex system is 

both space-consuming and high cost (Moreau, Green, Johnson, and Moreau, 2001). Van 

Dieen and Heijblom determined the test retest reliability of Biodex system in healthy young 

participants performing a sustained contraction at 50% of the maximum until no longer able 

to maintain above a 90% target level. Test retest ICC between sessions was 0.54 and within 

session (after a 5 min rest of the first test) was 0.94 (van Dieen and Heijblom, 1996). We 

designed a low cost and low tech setup (approximately 260 USD) with minimal space 

requirements, and our setup showed better reliability than the Biodex in the back endurance 

test. Nevertheless the small sample size in our study limits the ability to make definitive 

recommendations for clinical use. Future study with a large sample of older women with 

hyperkyphosis is needed.

The importance of SEM and MDC is to help clinicians separate true change from 

measurement error (Johnson et al, 2012), although there is disagreement about the best 

method among researchers. Atkinson and Nevill (1998) argue that SEM underestimates true 

change and suggests MDC should be used instead because MDC accurately provides an 

index of difference between measurements (Weir, 2005). According to the SEM results of 

the current study, in older women with hyperkyphosis following an exercise program, an 

increase in maximal back extensor force of more than 1.4 kg and endurance time of more 

than 27.0 s should be considered real change. If we use values of MDC, an increase more 

than 3.9 kg and 74.9 s are a therapeutic effect. In comparison with SEM, MDC is more 

conservative, and may result in clinicians ignoring clinical changes (Hopkins, 2000).
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According to the results of the Pearson correlation and Bland-Altman plot, we believe that 

instrument validity was supported. While we did not have access to a gold standard 

isokinetic dynamometer, we assessed the instrument validity by examining the correlation 

between the documented load cell force (kg) and the applied calibrated weights (kg), and 

report a strong and statistically significant correlation between the two forces (r = 0.99). 

Furthermore, the degree of agreement between the two forces determined by a Bland-

Altman plot was also strong. The middle line illustrating the mean of the difference between 

the two forces is near zero.

We assessed the construct validity of the setup using the known group method and found 

evidence of validity that the designed setup and measurement procedure discriminates 

between the two groups for the outcomes of maximal back extensor force and endurance. 

Except one study (Shipp et al, 2000), none of the previous studies investigated validity of 

their setup, so we are unable to make a comparison. Shipp et al. (2000) assessed the 

concurrent validity of TLS by examining the association between TLS and measures of 

physical impairments, functional performance and functional status among women with 

vertebral fracture. Except for thoracic kyphosis and weight, the results of their validity study 

showed statistically significant correlations between TLS and measurements. Also, women 

with vertebral fracture were categorized into 2 groups according to back pain (yes or no), 

and independent t-test determined there were differences in mean TLS time between the two 

groups (Shipp et al, 2000). Although their results demonstrated acceptable concurrent 

validity, the mean TLS time was not compared between women with and without vertebral 

fracture. Thus, the ability of the TLS to discriminate between healthy (no fracture) and 

symptomatic (fracture) participants is not known. We found statistically significant 

differences in the muscle force and endurance between the two groups which suggests that 

the designed setup has sufficient ability to detect low back extensor force and endurance in 

women with hyperkyphosis.

The decrease in back extensor force and endurance is a common problem associated with 

aging. In order to assess these changes, simple, reliable and valid measurements are needed. 

Our designed load cell is a reliable, valid and cost-effective device for measuring back 

extensor force and endurance. The values of SEM and MDC may help clinicians and 

researchers monitor true changes in the performance of back extensor muscles. The clinical 

use of this setup for assessment of static back extensor force and endurance in older women 

with and without hyperkyphosis should investigated in larger samples in future studies.

Limitations

Our study has several limitations. One important limitation is high dropout rate. 6 out of 29 

women with hyperkyphosis we’re not able to complete the test procedures correctly but did 

not have pain and 11 of 44 older women were unable to complete day 2 testing procedures 

due to pain. We excluded participants with a history of low back pain, but incorrect 

performance of the tests may have resulted in low back pain. We suggest using a practice 

trial in the familiarization session and improving the instructions to ensure slow buildup of 

force. These modifications may lead to decreased dropout rate. Another limitation is the 

small sample size that limits our ability to make definitive recommendations for clinical use 

Roghani et al. Page 10

Physiother Theory Pract. Author manuscript; available in PMC 2019 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of this setup for back muscle force and endurance measurements. These results need to be 

confirmed in a large sample with different thoracic kyphosis degrees. We did not investigate 

inter-tester reliability, because participants would have to repeat the testing by two testers on 

two days, and we considered this an excessive burden to our participants. However, we did 

contribute data on intra-rater reliability which is a first step towards demonstrating utility of 

this setup. Due to lack of evidence about the reliability of pulling tests for measuring of back 

extensor muscle in older adults, we were not able to compare ICCs of the current study with 

that of other published results. Also, different study population and different statistical 

methods from previous studies in older women prevent definitive conclusions about the 

preferred setup. Therefore, our results cannot be generalized to the overall population of 

older adults, although we have now contributed data that can be useful for future age-

grouped comparisons. Because we did not have access to the gold standard isokinetic 

dynamometer for comparison, we were unable to evaluate criterion-related validity. Future 

work is needed to address this. Even though age-related hyperkyphosis and associated back 

extensor muscle weakness affects both sexes, our study included women only. Future studies 

should be undertaken to include the reliability and validity of back extensor force and 

endurance tests in older men.

CONCLUSION

Our study reports high intra-rater reliability and validity of the designed load cell setup for 

measurement of back extensor muscle force and endurance in older women with and without 

hypkyphosis. We determined the standard error of measurement and minimal detectable 

change for all measurements, and this information can be used by clinicians and researchers 

when assessing back extensor muscles after an intervention. Future studies are needed to 

assess the reliability and criterion-related validity of our designed load cell with large 

samples of participants of both sexes, and among individuals with different degrees of 

thoracic kyphosis.
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Figure 1. 
Flow chart of study participation enrollment, screening, categorized and analysis.
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Figure 2. 
The designed setup for back extensor muscle tests. a. Vertical bar, b. An" S" shape load cell, 

c. Wooden board, d. Lumbar back support, e. Two screw for adjustment of load cell, f. Hook 

for connection of vest & rope to the load cell, g. monitor.
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Figure 3. 
Assessing the maximum static back extensor force using the designed setup in sitting 

position. Subject sit on the stool facing testing apparatus, abdominal, pelvic restraints were 

placed over the abdomen and secured to the back support of the stool and thigh restraint was 

placed over the top of the thighs. The load cell was aligned with the superior border of the 

manubrium in midline. Four inflexible ropes were connected to the load cell hook and fixed 

to rings of the vest. Subject pull the trunk back as hard as they could under control of 

examiner.
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Figure 4. 
Bland–Altman plot provided no evidence of heteroscedasticy since the scatter of differences 

is uniform across the average of two forces.
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Table 1.

Baseline demographic characteristics of the 33 subjects (mean ± SD).

Variable Hyperkyphosis group
(N= 19)

Normal group
(N= 14)

Age (yr) 67.0 ± 5.0 63.0 ± 6.0

Height (cm) 156.0 ± 4.8 153.0 ± 5.5

Weight (kg) 69.3 ± 7.7 62.7 ± 9.8

BMI (kg/m2) 28.5 ± 3.4 26.7 ± 3.4

Thoracic kyphosis (0) 55.5 ± 6.4 39.5 ± 5.3

Lumbar lordosis (0) −35.3 ± 9.8 −33.0 ± 8.1

Abbreviations: yr: years; BMI: body mass index; cm: centimeter; kg: kilogram; kg/m2: kilogram/meter2; 0: degree.
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Table 2.

Descriptive statistics for back extensor force and endurance on 2 different days.

Variable Hyperkyphosis group
(N=19)

Normal group
(N= 14)

Day 1 Day 2 p value 
a Day 1 Day 2 p value 

a

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Back extensor force (kg) 28.2 (7.0) 27.5 (7.0) 0.23 36.6 (5.7) 37.7 (5.6) 0.07

Back extensor endurance (s) 153.0 (63.8) 160.3 (52.0) 0.48 238.0 (75.3) 244.6 (56.0) 0.56

Abbreviations: SD: standard deviation; kg: kilogram; s: second.

a
P value of paired-T-test comparing day1 and day 2
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Table 3.

Intrarater reliability of back extensor muscle tests.

Variable Hyperkyphosis group
(N=19)

Normal group
(N=14)

ICC
(95% CI)

SEM MDC ICC (95%CI) SEM MDC

Back extensor force (kg) 0.96
(0.90– 0.98)

1.4 3.9 0.97
(0.92–0.99)

1.0 2.7

Back extensor endurance (s) 0.82
(0.56–0.93)

27.0 74.9 0.89
(0.68–0.96)

24.9 69.2

Abbreviations: ICC: Intraclass correlation coefficient; CI: confidence interval; SEM: Standard error of measurement; MDC: minimal detectable 
change; kg: kilogram; s: second.
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Table 4.

Comparison of variables, hyperkyphosis versus normal group.

Variable Day 1 Day 2

Hyperkyphosis group
(N=19)

Normal group
(N=14) p value 

a Hyperkyphosis group
(N=19)

Normal group
(N=14) p value 

a

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Back extensor force (kg) 28.2 (7.0) 36.6 (5.7) 0.001 27.5 (7.0) 37.7 (5.6) P < 0.001

Back extensor endurance 
(s)

153.0 (63.8) 238.0 (75.3) 0.001 160.3 (52.0) 244.6 (56.0) P < 0.001

Abbreviations: SD: standard deviation; kg: kilogram; s: second.

a
significant difference between groups.
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