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Abstract:
Introduction: There is limited evidence between lumbar disk degeneration and normal lumbar segmental range of mo-

tions (SRMs), because previous studies were skewed by age and lacked large cohort of asymptomatic data. We aimed to

characterize the normal lumbar SRMs according to age and gender and determine its association with disk degeneration.

Methods: A total of 639 healthy Japanese volunteers (�50 individuals of each decade of age from 20 to 79) without any

symptom or morphological spinal abnormalities, who underwent lumbar radiograph and magnetic resonance image (MRI),

were selected retrospectively. SRMs were evaluated by the flexion-extension radiographs taken in the recumbent position.

Disk degenerations were assessed according to the Pfirrmann grade using MRI T2 imaging.

Results: The mean SRMs became larger in the lower lumbar level. The range of the mean SRMs was smallest at L1-2

and largest at L4-5: 6 to 9 degrees at L1/2, to peaking at 11-14 degrees at L4/5 in male, and 6-8 degrees at L1/2, to peak-

ing at 11-17 degrees at L4/5 in female. Lumbar disk degeneration progressed faster with age in the lower lumbar spine than

in the upper lumbar level. SRM did not change depending on the severity of disk degeneration in upper lumbar spine, but

significantly decreased with progressive disk degeneration in the lower lumbar spine.

Conclusions: These findings could help to identify the normal lumbar SRMs that might be useful to evaluate the instabil-

ity or inflexibility in the clinical situation. Furthermore, our results demonstrated the transition of the normative lumbar

SRMs based on age, gender, and lumbar level.
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Introduction

Examining lumbar segmental range of motions (SRMs) is

important in evaluating the instability and inflexibility of the

lumbar spine1). Increased SRMs lead to facet instability, fol-

lowing to the recurrent disk herniation2), and spinal range of

motion has been related with elderly quality of life3). More

than 40 years ago, Kirkaldy-Willis et al. described a pathol-

ogy of low back pain and the cascade of degenerative insta-

bility through three stages: temporary dysfunction, unstable

phase, and re-stabilization4). Others report a negative correla-

tion between lumbar SRMs and disk degeneration5,6). To ver-

ify those cadaveric studies, a considerable amount of the

clinical literature has also been published on the lumbar

SRMs7,8). In addition to disk degeneration, age and body

mass index (BMI) have a negative impact on lumbar

SRMs9).

However, the relationship between normal SRMs and disk

degeneration remains unclear, because previous studies in-

cluded symptomatic patients with low back pain and mor-

phological spine abnormalities9-11). Furthermore, there has

been a limited analysis of the gender difference in SRMs
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Figure　1.　Lateral lumbar radiograph in the recumbent position.

(A). Lumbar flexion radiograph. α indicates the flexion angle.

(B). Lumbar extension radiograph. β indicates the extension angle.

β–α=segmental range of motion. 

Table　1.　Subjects’ Age and Gender 

Distribution.

Age 

(year) 
Male Female Total

20-29  51  53 104

30-39  52  52 104

40-49  51  60 111

50-59  59  53 112

60-69  50  60 110

70-79  49  49  98

Total 312 327 639

because most studies consist of male or female gender-

biased ratio10,11). We believe that it is crucial to clarify for the

relation between SRMs and aging disk degeneration using

normal volunteers’ lumbar radiograph and MRI image.

We hypothesized that there may be differences in the rela-

tionship between SRM and disk degeneration depending on

the level of the disk and gender. In other words, the impact

of progressive disk degeneration on SRM may differ de-

pending on whether the subject is male or female and

whether the disk level is upper or lower lumbar. This study

aimed to investigate the relationship between the normal

lumbar SRMs with disk degeneration using MRI image in

each male and female, ranging from the 20s to 70s.

Materials and Methods

Study participants

Healthy Japanese volunteers were recruited after the study

purpose was officially announced and approval was obtained

from the institutional review board of author’s hospital (IRB

approval no. 2009-2). Written informed consent was ob-

tained from all subjects. The exclusion criteria were as fol-

lows: symptoms related to sensory and motor disorders,

such as numbness, clumsiness, and gait disturbance, history

of spinal trauma or congenital spinal deformity, and history

of brain or spine surgery, such as stroke or neuropathy.

Pregnant women, those who received compensation for

work-related injuries, and those who presented symptoms af-

ter an automobile accident were also excluded. Moreover,

subjects with lumbar morphological abnormalities, such as

spondylolisthesis, spondylolysis, morphological vertebra

fracture, and transitional vertebra were excluded. Finally,

639 healthy subjects with appropriate images were enrolled;

the study population included at least 50 subjects from each

age decade (20s-70s) (Table 1).

Radiological and magnetic resonance imaging examina-
tions

Lumbar lateral, flexion-extension radiographs were taken

in the recumbent position (Fig. 1). Experienced radiation

technologists used imaging software (Osiris4; Icestar Media

Ltd., Essex, UK) to measure each parameter under the su-

pervision of a certified spine surgeon. We performed MRI

scan on a 1.5-Tesla superconducting magnet (Sigma Horizon
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Figure　2.　Lumbar segmental range of motion at each level in both male and female.
(A). L 1/2. (B). L 2/3. (C). L 3/4. (D). L 4/5. (E). L5/S1. *Statistically significant.
* p<0.05, ** p<0.01. 

Excite HD version 12; GE Healthcare, UK). Disk degenera-

tions were evaluated according to the Pfirrmann grade (1-5)

using MRI T2 imaging12).

Statistical analysis

Descriptive statistics, such as means and standard devia-

tions, were calculated from demographic data and radio-

graphic parameters. Differences in individual parameters

based on BMI and radiographic parameters were assessed

using unpaired t test and ANOVA and post hoc test. Differ-

ences in disk degeneration were assessed using chi-square

test and Fisher’s exact test. All statistical analyses were per-

formed using the IBM SPSS software ver. 26.0 (IBM Corp.,

Armonk, NY, USA). A p-value of <0.05 was considered sta-

tistically significant.

Results

Lumbar segmental range of motion at each lumbar level

Fig. 2 shows lumbar SRMs at each decade in both male

and female. In male, the range of mean SRM was 6-9 de-

grees at L1/2, increased, as it went to caudally, to peaked

10-14 degrees at L4/5. Each level of SRM gradually de-

creased with aging. In female, the range of mean SRM was

6-8 degrees at L1/2, increasing, as it went to caudally, to

peaked 11-17 degrees at L4/5. Each level of SRM gradually

decreased with aging in 20s-60s. Females in 40s at L2/3,

70s at L3/4, 20s at L4/5, 40s at L4/5, and 70s at L5/S1 sig-

nificantly showed higher SRMs than males in the same dec-

ades.

Disk degeneration and segmental range of motion at each
lumbar level

Fig. 3 shows disk degeneration that gradually increased

with aging in both male and female. Disk degeneration more

rapidly progressed in the lower lumbar spine than in the up-

per lumbar spine. Females in 50s at L1/2, 50s at L3/4, 30s

at L4/5, 20s at L5/S1, and 30s at L5/S1 showed signifi-

cantly higher degeneration than males in the same decade.

We then investigated the difference of SRMs based on

disk degeneration at each level (Table 2). SRM based on the
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Figure　3.　Disk degeneration at each level in both male and female.
(A). L 1/2. (B). L 2/3. (C). L 3/4. (D). L 4/5. (E). L5/S1. *Statistically significant.
* p<0.05, ** p<0.01.

disk degeneration did not change in L1/2 level. However, as

it went to the lower level, SRM showed decrease as the disk

degeneration progressed. Females with grades 1 and 5 at

L3/4, grades 2 and 4 at L4/5, and grade 4 at L5/S1 showed

significantly higher SRMs than males.

Discussion

This study aimed to describe the difference of the norma-

tive range of each lumbar segment and its association for

disk degeneration between both genders per each generation.

The result of this study showed that SRMs decreased at

each lumbar level with aging and disk degeneration progres-

sion appeared earlier in the lower lumbar level and that a

higher disk degeneration was associated with SRM decrease

in the lower lumbar level.

Recent evidence suggests that the presence of lumbar disk

degeneration, evaluated using MRI, has been associated with

decreased range of motion in healthy adult8,13). Age has been

the strongest factor for prediction of SRMs, and that SRMs

decreased with aging, amounting to an approximate 3 de-

grees decrease in total SRMs in the cranial 4 lumbar seg-

ments every decade9). Adding to disk degeneration and ag-

ing, BMI has been useful for predicting each lumbar range

or motion9). Using the same cohort analysis, Machino et al.

reported that L3/4-L5/S1 were outstanding as mobile seg-

ments14). Unlike males, females had already developed disk

degeneration in their 20s and 30s15). Consistent with those

previous studies, disk degeneration progressed and each

SRM decreased with aging except the 70s female at L5/S.

Interestingly, female SRMs were preserved at certain lev-

els than male SRMs of the same decades, even though there

was no difference in disk degeneration. It seems possible

that old gender difference of the spinal shape or pelvic flexi-

bility would cause the difference of L5/S1 SRM between

male and female. In terms of the spinal shapes, recent evi-

dence suggested that older females are more likely to be-

come kyphosis at thoracic than males16), which exhibited

compensatory increase of lumbar lordosis17). The same co-

hort analysis suggested that flexion ROM was less affected

than the extension ROM18). Given under the same state of

the disk degeneration, a higher lordosis would then be asso-
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Table　2.　Segmental Range of Motions in Each Lumbar Level Based on Disk Degeneration in Male and Female.

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
P 

(ANOVA) 
Post hoc

L1/2
Male 7.2±3.5 7.1±3.4 6.9±3.6 6.7±3.5 6.6±3.3 0.597

Female 6.8±3.4 7.5±3.7 6.4±3.5 7.2±3.9 9.3±5.2 0.059

P 0.704 0.213 0.422 0.637 0.112

L2/3
Male 9.8±3.3 9.1±3.6 8.2±3.6 7.3±3.6 6.6±3.9 0.01* d; 0.013*

Female 10.8±3.9 9.4±3.8 8.7±3.6 8.7±3.7 7.6±4.1 0.013* d; 0.013*

P 0.233 0.472 0.301 0.105 0.429

L3/4
Male 10.4±4.1 10.6±3.7 9.7±3.7 8.7±3.8 4.4±2.4 0.000*** d, g, i, j; 0.000***

Female 12.1±4.0 10.8±3.9 9.7±4.3 9.1±4.7 8.1±3.7 0.000*** b; 0.06*, c; 0.001**, d; 0.002**

P 0.019* 0.511 0.932 0.596 0.000***

L4/5
Male 12.9±4.1 13±4.9 13.2±4.6 10.5±4.2 8.6±3.7 0.000*** d, g, h; 0.001*, i; 0.000***

Female 14.7±5.1 14.8±4.8 12.8±5.5 13.3±7 8.9±4.1 0.000*** d; 0.000***, g; 0.000***, i; 0.001**, j; 0.001**

P 0.072 0.006** 0.569 0.0049** 0.759

L5/S1
Male 12.8±6.5 12.8±7.6 10.4±6.1 9.1±7.1 6.8±5.3 0.001** c; 0.029*, d; 0.014*, f; 0.041*, g; 0.017*

Female 12.5±6.3 11.1±5.6 12.1±7.8 12.8±7.4 8.1±5.9 0.060* d; 0.027*, i; 0.027*, j; 0.009**

P 0.783 0.136 0.079 0.0099** 0.458

a; Grade 1 vs. Grade 2, b; Grade 1 vs. Grade 3, c; Grade 1 vs Grade 4, d; Grade 1 vs. Grade 5,

e; Grade 2 vs. Grade 3, f; Grade 2 vs. Grade 4, g; Grade 2 vs. Grade 5,

h; Grade 3 vs. Grade 4, i; Grade 3 vs. Grade 5, j; Grade 4 vs. Grade 5,

*P<0.05, **P<0.01, ***P<0.001

ciated with a more capability of the flexion ROM. For the

pelvic flexibility, Ohmori et al. have declared that the ilio-

lumbar ligaments have an influence on lumbosacral stabil-

ity19), mainly regulated by iliolumbar ligaments, especially

their posterior band20). Fujiwara et al. elucidated that the

posterior iliolumbar ligaments were significantly longer in

females than in males using human cadavers6). Those mor-

phological difference of the spine to pelvis may enable fe-

males to yield higher lower lumbar SRMs than males.

To our knowledge, this study is the first to clarify lumbar

SRMs with enough volunteers to compare and evaluate the

SRMs depending on disk degeneration. There have been

several attempts to elucidate lumbar SRMs with cohort

analysis. Miyasaka et al. analyzed the data from 90 adults,

aged 20-39 years, and concluded that the greatest SRMs,

shifting gradually from the upper to lower lumbar levels, ap-

peared at L4/5 when performing maximal motion21). Simi-

larly, Yanlin et al. demonstrated that lumbar SRMs gradually

increased in the lower lumbar levels from 7.3 degrees at L1/

2 to 8.9 degrees at L4/5 using kinematic MRI13). This study

differs from other studies in that it evaluated disk degenera-

tion and SRM at each age for both men and women and

found that the relationship between disk degeneration and

SRM varied with lumbar disk level.

This study has some limitations. First, the flexion-

extension radiographs were taken in the recumbent position

because it is easier for the radiologist to control the film po-

sitioning and obtain appropriate X-rays. Second, we did not

focus on the facet joint osteoarthritis affecting facet mobil-

ity. However, some studies have found that disk degenera-

tion generally precedes facet joint osteoarthritis22). We then

believe that assessing disk degeneration would be a pre-

requisite for intervertebral mobility. Third, due to the num-

ber of measurements and the sheer number of subjects,

measurements were taken only once. However, the measure-

ments were taken in an authoritative manner by an experi-

enced radiological technician with good knowledge of the

lumbar bone structure. We believe that the result of this

study is potentially important in that morphologically nor-

mative subjects presented lumbar SRMs affected by aging,

gender, and lumbar level.

Conclusion

Our data presented lumbar SRM change between age and

gender and lumbar level based on disk degeneration in nor-

mal volunteers. Our findings emphasized the fact that SRMs

in both genders gradually decreased with aging and that cor-

relation between SRMs and disk degeneration in L2/3-L5/S.

We believe that these normal SRMs by age and gender will

assist in the evaluation of the motor segments in clinical

practice.
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