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Introduction 
 
Low back pain (LBP) is a major health problem in 
Asian societies as well as in western societies today 
(1). Instability of the lumbar motor segment is 
considered important in chronic LBP (2). LBP is 
associated with aging, decreased physical activity, 
lumbar muscle mass, overall health or level of 
function, and other causes (3). 

Parathyroid muscle dysfunction may be important 
for the pathogenesis of LBP (4, 5). Several of them 
focus on lumbar muscles, which are multifidus and 
paraspinal in LBP patients and the general popu-
lation. The role of lumbar muscle multifidus and 
paraspinal in segment stiffness (6), control of the 
neutral region of the spinal segment (7), and the 
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Background: The purpose of this study was to find the basic data of medical and exercise therapy by indexing 
lumbar extension muscle strength of low back pain (LBP) patients.  
Methods: In this cross-sectional study, 3078 chronic LBP participants from The J hospital, Seoul, Republic of 
Korea, from 2003 to 2010 were enrolled. Maximum muscle strength was measured at maximum flexion angle and 
maximum extension angle according to range of motion (ROM) results. For each isometric test, participants were 
seated and secured in the MEDX (medx lumbar extension machine, Ocala, FL, USA) machine.  
Results: The relative ROM (P=0.012) differed significantly among the aged groups in all participants. In addition, 
mean of strength (P<0.001), maximal of strength (P<0.001), mean of strength %BW (P<0.001) and maximal of 
strength %BW (P<0.001) are significant differences in all participants. The results of multiple regression analysis 
was the ‘model A’, maximal of strength for 32.1% of the variance in weigh, body mass index and range of motion. 
In addition, ‘model B’ was 30.4%, ‘model C’ was 28.8%, ‘model D’ was 28.5%, ‘model E’ was 21.7%, and ‘model 
F’ was 23.5% of the variance in weigh, body mass index and range of motion.  
Conclusion: We found the three predictor (weight, BMI, and ROM) variables accounted for 32.1% of the vari-
ance in maximal of strength %BW, the highest in < 29 yr groups. Our data indicate the basic data of medical and 
exercise therapy by indexing lumbar extension muscle strength of LBP patients. 
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ability to stabilize the spine when challenging spi-
nal stability (8). Multifidus and paraspinal muscle 
fatigue were greater in patients with chronic back 
pain compared to controls without LBP (9). In ad-
dition, atrophy examination of multifidus and 
paraspinal muscles was indicated in patients with 
chronic LBP (10). Therefore, an accurate assess-
ment of muscle function may require examination 
of the back and spine muscles. 
Lumbar extender, recently developed by MEDX 
(MEDX Lumbar Extender, Ocala, MA) to accu-
rately measure the full range of lumbar extenders 
(11). It is a dynamometer that can be used to meas-
ure the isometric strength of muscles that extend 
the lumbar spine and provide dynamic and varia-
ble resistance exercise for the same muscles, 
proven to be a reliable and valid measurement and 
training tool (12, 13) 
Thus, the presentation of lumbar extension mus-
cle strength according to gender and age group of 

patients with LBP will be a measure of their lum-
bar muscle strength. It is necessary to provide data 
that is the basis of various pain relief and treatment 
of LBP patients, but it is very insufficient. There-
fore, the purpose of this study was to find the basic 
data of medical and exercise therapy by indexing 
lumbar extension muscle strength of LBP patients. 

 

Materials and Methods 
 
Study participants 
From January 2003 to December 2010, 3078 
chronic LBP participants (male=1544, fe-
male=1534) were recruited from The J Hospital, 
Seoul, Republic of Korea (Table 1). All partici-
pants were complaining of nonspecific LBP with-
out any structural or neuropsychological cause, for 
more than 3 months. 

  
Table 1: The characteristic of the all participants 

 

Variable Age (yr) Height (cm) Weight (kg) BMI (kg/m2) 
< 29 yr (n = 369) 24.66 ± 3.30 171.4 ± 8.17 66.20 ± 13.22 22.37 ± 3.37 
30-39 yr (n = 539) 34.58 ± 2.83 170.2 ± 7.92 66.94 ± 12.52 22.96 ± 3.11 
40-49 yr (n = 571) 44.78 ± 2.80 166.0 ± 7.95 65.22 ± 11.12 23.54 ± 2.79 
50-59 yr (n = 676) 54.32 ± 2.88 163.1 ± 8.01 63.21 ± 9.69 23.66 ± 2.66 
60-69 yr (n = 595) 64.48 ± 2.71 160.6 ± 7.85 62.31 ± 8.48 24.12 ± 2.70 
>70 yr (n = 328) 74.63 ± 4.17 159.6 ± 8.65 60.87 ± 9.24 23.84 ± 2.94 

Values are mean (SD). BMI, body mass index 

 
Exclusion criteria included a history of neurologi-
cal, infectious, and systemic diseases, including 
cerebrovascular disease, spinal cord disease, spon-
dylitis, cancer, rheumatologic disorders, and other 
chronic diseases that cause long-term immobiliza-
tion. Participants who had undergone prior sur-
gery for back pain were also excluded. The enrol-
ment of study participants is shown in the flow 
char.  
All the participants who agreed to participate in 
this study had the study explained to them to en-
sure a complete understanding of its purpose and 
the methods, in accordance with the ethical prin-
ciples of the Declaration of Helsinki. The study 
passed Medical Ethics Committee review. The 

subjects also signed an informed consent form be-
fore participation.  
 
Measurements Lumbar extension strength 
All participants completed isometric lumbar ex-
tension strength tests. Prior to testing, the partici-
pants completed 2–3 practice sessions to become 
familiar with the testing equipment and procedure. 
After the familiarization sessions, range of motion 
(ROM) was first measured for lumbar flexion be-
fore lumbar extension muscle strength test was 
performed considering all participants were LBP 
patients. Maximum muscle strength was measured 
at maximum flexion angle and maximum exten-
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sion angle according to ROM results. For each iso-
metric test, participants were seated and secured in 
the MEDX machine (medx lumbar extension ma-
chine, Ocala, FL, USA). Participants were then 
asked slowly to increase the lumber extension 
torque over 5 s. Once they reached the maximum 
torque, they were instructed to slowly reduce the 
torque. A 5-min rest period was provided between 
angle conditions. The results of the 2 tests were 
averaged and used as reference values. The iso-
metric lumbar extension strength was measured 

using a MEDX lumbar extension machine at 7 an-
gular positions of the upper body, which included 
72º, 60º, 48º, 36º, 24º, 12º, and 0º of the trunk an-
gle. Participants were positioned sitting upright in 
the equipment according to the procedure de-
scribed in previous research. Previous studies 
showed that this equipment was highly reliable (r 
= 0.94–0.98) and valid for the quantification of 
isometric lumbar extension strength (14). The or-
ders of angles were balanced across all partici-
pants. 

 

 
 

Fig. 1: Scatter plot of the multiple regression analysis in enter model 
Predictors: (Constant), a = Weight, b = Body Mass Index (BMI), and c = Range of Motion (ROM). 

A. < 29 yr (n=369). Adjusted R2 = 0.321, (df = 3, F = 57.594, P< .001), a, β = .919 (P<.001), b, β = -.674 (P<.001), c, β = .422 (P<.001) 
B. 30~39 yr (n=539). Adjusted R2 = 0.304, (df = 3, F = 77.516, P < .001), a, β = .777 (P<.001), b, β = -.472 (P<.001), c, β = .363 (P<.001) 
C. 40~49 yr (n=571). Adjusted R2 = 0.288 (df = 3, F = 76.415, P < .001), a, β = .727 (P<.001), b, β = -.389 (P<.001), c, β = .350 (P<.001) 
D. 50~59 yr (n=676). Adjusted R2 = 0.285 (df = 3, F = 89.051, P < .001), a, β = .742 (P<.001), b, β = -.508 (P<.001), c, β = .271 (P<.001) 
E. 60~69 yr (n=595). Adjusted R2 = 0.217 (df = 3, F = 54.636, P< .001), a, β = .536 (P<.001), b, β = -.328 (P<.001), c, β = .264 (P<.001) 
F. > 70 yr (n=328). Adjusted R2 = 0.235 (df = 3, F = 33.095, P < .001), a, β = .488 (P<.001), b, β = -.210 (P = .002), c, β = .348 (P<.001) 

 
Statistical analysis 
The SPSS version 25.0 for Windows (SPSS, Inc., 
Chicago, IL, USA) was used to perform all statis-
tical evaluations. The lumbar extension strength 
was further analyzed for significant difference 
among the groups using a one-way ANOVA. 
Moreover, multiple regression analysis was used to 
examine the relationships between the maximal of 
strength and predictors (weight, body mass index, 
and range of motion). The age group differences 

were assessed using a post-hoc Bonferroni test if 
the ANOVA was significant. The coefficient of 
determination r2 was calculated for the regression 
equations. r2 represents the percentage of variance 
by the independent variables to predict a depend-
ent variable. The relationships among variables 
were analyzed using Pearson’s correlation coeffi-
cients. Statistical significance was accepted at the 
0.05 level. All variables are present as means and 
standard deviations. 
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Results 
 
The lumbar extension strength according to 
gender and aged 
The lumbar extension strength according to gen-
der and aged are show in Table 2-4. The relative 

ROM (P=0.012) differed significantly among the 
aged groups in all participants. In addition, mean 
of strength (P<0.001), maximal of strength 
(P<0.001), mean of strength %BW (P<0.001) and 
maximal of strength %BW (P<0.001) were signif-
icant differences in all participants (Table 2)

 
Table 2: The lumbar extension strength of the all participants 

 

Variable ROM (°) Mean of Strength 
(lbs) 

Maximal of Strength 
(lbs) 

Mean of Strength 
(%BW) 

Maximal of 
Strength (%BW) 

< 29 yr  
(n = 369) 

68.20 ± 8.93 142.5 ± 60.3 190.6 ± 71.5 212.7 ± 73.8 283.9 ± 80.0 

30-39 yr 
(n = 540) 

68.93 ± 8.06 144.8 ± 61.0 191.2 ± 75.0 213.1 ± 70.9 280.7 ± 82.0 

40-49 yr 
(n = 571) 

69.04 ± 7.69 129.8 ± 53.8 172.5 ± 68.3 196.4 ± 64.9 259.9 ± 76.3 

50-59 yr 
(n = 676) 

69.87 ± 6.83 119.6 ± 48.2 157.5 ± 60.3 186.9 ± 61.3 245.5 ± 72.3 

60-69 yr 
(n = 595) 

69.41 ± 7.21 106.1 ± 44.3 143.7 ± 54.2 168.4 ± 59.5 227.8 ± 69.0 

>70 yr 
(n = 328) 

69.73 ± 6.97 92.1 ± 40.5 128.4 ± 67.3 149.3 ± 53.1 208.6 ± 61.7 

P-value 0.012 < 0.001 < 0.001 < 0.001 < 0.001 
Post-hoc b a, b, c, d, e, f, g, h, i, j, k, l, m, n 
Values are mean (SD). ROM, range of motion 
a=significant between < 29 and 40-49, b=significant between < 29 and 50-59, c=significant between < 29 and 60-69, d=significant between < 29 and >70, 
e=significant between 30-39 and 40-49, f=significant between 30-39 and 50-59, g=significant between 30-39 and 60-69, h=significant between 30-39 and >70, 
i=significant between 40-49 and 50-59, j=significant between 40-49 and 60-69, k=significant between 40-49 and >70, l=significant between 50-59 and 60-69, 
m=significant between 50-59 and >70, n=significant between 60-69 and >70 

 
Table 3: The lumbar extension strength of the male subjects 

 

Variable ROM (°) Mean of Strength 
(lbs) 

Maximal of Strength 
(lbs) 

Mean of Strength 
(%BW) 

Maximal of 
Strength (%BW) 

< 29 yr  
(n = 244) 

68.07 ± 8.70 168.5 ± 55.3 224.4 ± 61.2 235.2 ± 73.9 311.9 ± 75.5 

30-39 yr 
(n = 350) 

69.15 ± 7.30 172.3 ± 55.8 226.9 ± 66.4 236.4 ± 69.2 310.4 ± 77.6 

40-49 yr 
(n = 298) 

68.09 ± 8.79 160.0 ± 53.3 214.8 ± 64.1 221.6 ± 67.7 296.7 ± 71.1 

50-59 yr 
(n = 293) 

69.50 ± 7.57 154.0 ± 47.3 202.9 ± 58.2 221.8 ± 61.1 291.8 ± 71.1 

60-69 yr 
(n = 225) 

69.65 ± 7.32 139.1 ± 47.0 186.0 ± 53.5 205.2 ± 62.1 274.3 ± 68.9 

>70 yr 
(n = 135) 

69.13 ± 7.95 113.5 ± 46.7 157.3 ± 55.8 171.1 ± 59.3 237.3 ± 67.8 

P-value 0.078 < 0.001 < 0.001 < 0.001 < 0.001 
Post-hoc  a, b, c, d, e, f, g, h, i, 

h, k, l 
a, b, c, e, f, g, h, i, j, k ,l b, c, f, g, i, k, l a, b, c, e, f, g, h, i, k, 

l 

Values are mean (SD). ROM, range of motion 
a =significant between < 29 and 50-59, b=significant between < 29 and 60-69, c=significant between < 29 and >70,  
d=significant between 30-39 and 40-49, e=significant between 30-39 and 50-59, f=significant between 30-39 and 60-69, g=significant between 30-39 and >70, h=sig-
nificant between 40-49 and 60-69, i=significant between 40-49 and >70,  

j=significant between 50-59 and 60-69, k=significant between 50-59 and >70, l=significant between 60-69 and >70 
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Table 4: The lumbar extension strength of the female subjects 

 
Variable ROM (°) Mean of Strength 

(lbs) 
Maximal of 

Strength 
(lbs) 

Mean of Strength 
(%BW) 

Maximal of 
Strength (%BW) 

< 29 yr  
(n = 125) 

68.45 ± 9.40 91.66 ± 29.22 124.6 ± 34.5 168.7 ± 50.4 229.3 ± 57.0 

30-39 yr 
(n = 189) 

68.51 ± 9.30 93.95 ± 29.37 125.1 ± 34.4 170.0 ± 51.2 225.8 ± 58.3 

40-49 yr 
(n = 273) 

70.07 ± 6.13 96.89 ± 29.59 126.4 ± 34.5 168.8 ± 48.7 219.8 ± 52.9 

50-59 yr 
(n = 383) 

70.15 ± 6.20 93.32 ± 28.23 122.7 ± 32.2 160.3 ± 46.1 210.2 ± 50.0 

60-69 yr 
(n = 370) 

69.28 ± 7.15 86.09 ± 28.50 118.0 ± 35.2 146.0 ± 45.1 199.5 ± 51.7 

>70 yr 
(n = 193) 

70.14 ± 6.19 77.34 ± 27.22 108.9 ± 32.6 134.2 ± 42.2 188.7 ± 48.2 

P-value 0.024 < 0.001 < 0.001 < 0.001 < 0.001 
Post-hoc  c, e, f, g, h, i, j, k c, f, g, h, j, k b, c, e, f, g, h, i, j a, b, c, d, e, f, g, h, j 

Values are mean (SD). ROM, range of motion 
a =significant between < 29 and 50-59, b=significant between < 29 and 60-69, c=significant between < 29 and >70,  
d=significant between 30-39 and 40-49, e=significant between 30-39 and 50-59, f=significant between 30-39 and 60-69, g=significant between 30-
39 and >70, h=significant between 40-49 and 60-69, i=significant between 40-49 and >70,  
j=significant between 50-59 and 60-69, k=significant between 50-59 and >70, l=significant between 60-69 and >70 

 
The relative mean of strength (P<0.001), maximal of 
strength (P<0.001), mean of strength %BW (P<0.001) 

and maximal of strength %BW (P<0.001) differed sig-
nificantly among the aged groups in male partici-
pants. In addition, not significant differences in 
ROM (Table 3). 
The relative ROM (P=0.024) differed significantly 
among the aged groups in all participants. In addi-
tion, mean of strength (P<0.001), maximal of strength 
(P<0.001), mean of strength %BW (P<0.001) and max-
imal of strength %BW (P<0.001) are significant differ-
ences in female participants (Table 4). 

 
Correlation coefficients with Maximal of 
strength (%BW)  
Table 5 shows the correlation coefficients of 
among the variables. Negative correlation was 
found between maximal of strength %BW and 
age. Moreover, negative correlation was found be-
tween ROM and BMI, and ROM and weight. In 
addition, positive correlations were found be-
tween maximal of strength and BMI, weight and 
ROM. 

 
Table 5: Pearson’s correlation coefficients 

 
 M_Strength 

(%BW) 
Age BMI Weight ROM 

M_Strength 
(%BW) 

-     

Age - .319** -    
BMI .048** .171** -   
Weight .348** - .177** .745** -  
ROM .259** .052** - .062** - .107** - 

M_Strength; maximal of strength, BMI; body mass index, ROM; range of motion 
* P<.05, ** P<.01 
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Multiple regression model estimating the as-
sociation with Maximal of strength (%BW) 
The multiple regression analysis was carried out 
with intelligibility as the dependent variable and 
maximal of strength %BW. The scatter plot of the 
enter-mode analysis is showed in Fig. 1. 
Based on the ‘model A’, maximal of strength for 
32.1% of the variance in weigh, body mass index 
and ROM was seen. In addition, ‘model B’ is 
30.4%, ‘model C’ is 28.8%, ‘model D’ was 28.5%, 
‘model E’ was 21.7%, and ‘model F’ was 23.5% of 
the variance in weigh, body mass index and ROM. 

 

Discussion 
 

The purpose of this study was to investigate the 
gender and age specific lumbar extension muscle 
strength of LBP patients. A decrease in maximum 
muscle strength with increasing age in male and 
female was found. In addition, negative correla-
tion was found between maximal of strength and 
age, also positive correlation was found between 
maximal of strength and ROM.  
Among the abdominal muscles, transverse ab-
dominal multifidus and internal oblique muscles 
increase intraperitoneal pressure and contribute to 
the stability of the spine and pelvis (15). Any mus-
cle that crosses the lumbar region has the potential 
to give stability to the lumbar spine (16). There-
fore, the lumbar muscles of LBP patients are also 
important for spinal stabilization.  Compared with 
other muscles close to the spinal cord, multifidus 
muscles contribute to two thirds of the increased 
stiffness by muscle contraction (6). In addition, 
lumbar spine and lumbar multifidus muscles were 
strongly associated with patient back pain (17). 
Disorders of spontaneous activation of multifidus 
and abdominal muscles have been reported in 
connection with recurrent or chronic LBP (18).  
In this study, we measured lumbar extension mus-
cle strength in LBP patients. The importance of 
this finding is the decrease in maximal strength 
and increase in age in male and female. In addition, 
the three predictor (weight, BMI, and ROM) vari-
ables accounted for 32.1% of the variance in max-
imal of strength, the highest in < 29 yr’ groups. 
Whole body muscle strength was decreased caused 

by aging (19, 20). Strong and flexible muscles of 
the trunk play an important role in preventing 
many axial compressions and preventing sprains 
and chronic muscle tension (21). The strength of 
the trunk muscle is very important for improving 
the quality of life who chronic LBP patients  
ROM measurements are necessary because it is 
important to stabilize the pelvis and lower extrem-
ities in order to isolate lumbar muscles during ac-
curate quantification of lumbar extension strength 
and during waist strength testing (11, 22). Thus, 
lumbar extension machines have been recently de-
veloped to accurately measure the range of loco-
motor extension strength, standardization of test 
and training positions (23). In this study, lumbar 
extension strength was measured according to the 
sex and age of LBP. In both males and females, 
the mean and maximal of muscle strength de-
creased with age, but there was a significant differ-
ence in ROM among females.  
The differences in ROM by gender is that maintain 
the ability of chronic back pain to increase with 
muscle tension, concentric muscles to reduce 
blood circulation and balance body muscle ten-
sion. 
The difference in ROM by gender is that chronic 
low back pain increases with muscle tension, con-
centric muscles reduce blood circulation, and 
maintains the ability to balance trunk muscle ten-
sion. 
Chronic LBP increased with muscle tension, con-
centric muscles reduced blood circulation, and 
maintained the ability to balance trunk muscle ten-
sion might be affected to difference in ROM by 
gender (24). ROM in both the exercise group and 
the control group remained unchanged after the 
10-week intervention period, with pain in a neutral 
posture rather than end-of-range symptoms (25). 
No differences in ROM were observed between 
patients with LBP and normal subjects (26). These 
results might be suggesting that neural networks 
can effect complex relationships between varia-
bles. However, we found positive correlation max-
imal of strength %BW and ROM. Eventually, pa-
tients with chronic LBP need improvement of 
lumbar muscle strength. 
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The present study had some limitations. We did 
not consider the type of LBP. However, type of 
LBP should be considered in future studies. Also 
further research is needed to assess the efficacy of 
this form of intervention in other LBP popula-
tions where the anatomic stability of the lumbar 
spine has been compromised. 

 

Conclusion 
 
We examined the lumbar extension muscle 
strength according to gender and age group of pa-
tients with LBP. The relative mean of strength and 
maximal of strength differed significantly among 
the aged groups in both males and females. How-
ever, no differences were identified regarding the 
ROM in males. Our data might be used as a basic 
data of medical and exercise therapy by indexing 
lumbar extension muscle strength of LBP patients. 
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