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Abstract
Aim: This study was done to determine the association between chronic low back pain and vertebral fractures,

intervertebral disc space (IDS) narrowing, vertebral osteophytes and spondylolisthesis among adults.

Method: This case control study was done in Sri Lanka. Cases were patients with low back pain and controls

were without low back pain. Postero-anterior and lateral radiographs of lumbar sacral spine of both groups were

studied. To detect vertebral fractures in fourth and fifth lumbar vertebrae, anterior and posterior heights of verte-

brae were measured using a Vernier caliper and antero-posterior ratio (A/P) was calculated. Having an A/P ratio

value of < 0.89 was considered as a vertebral fracture. Presence of disc space narrowing, vertebral osteophytes

and spondylolisthesis was assessed by two radiologists working independently. Bivariate and logistic regression

analysis was done to find associations.

Results: There were 140 cases and 140 controls. Mean (SD) age for cases was 51.6 (17) years. Mean (SD) age for

controls was 50 (15) years. Females made up 62% of cases and controls. Fifth lumbar vertebral fracture (odds

ratio [OR] = 10.2; P = 0.001), fourth lumbar vertebral fracture (OR = 2.5; P = 0.017) and IDS narrowing (OR =
4.15, P = 0.009) had a significant association with low back pain and vertebral osteophytes and spondylolisthe-

sis did not have a significant association with low back pain.

Conclusion: Only vertebral fractures and IDS narrowing had a significant association with chronic low back

pain.

Key words: degeneration, intervertebral disc, low back pain, spondylolisthesis, vertebral fractures, vertebral

osteophytes.

INTRODUCTION

Low back pain (LBP) is defined as pain or stiffness in

the region between the costal margin and the inferior

gluteal folds with or without pain radiating along the

lower limbs.1 Approximately 80% of Americans

experience at least one episode of LBP during their life-

time.2 Wide practice variations still exist in the diagno-

sis and treatment of low back pain.3 Non-specific LBP is

the most common form of LBP.4 LBP is thought to be

multifactorial in origin with a broad range of risk fac-

tors.5 The most common type of LBP is the mechanical

type and the causes for this type are injuries and age-

related changes of the vertebrae, intervertebral discs,

ligaments and muscles.6

Osteoporosis is the main cause of low-energy verte-

bral fractures in aging populations.7 Osteoporotic
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vertebral fractures affect a large number of women

and men over 50 years of age.8 Wedge is the com-

monest type of vertebral fracture.9 Vertebral fractures

are associated with back pain, physical deformity, loss

of self-esteem, impaired quality of life and increased

morbidity and mortality.8 One-third of all vertebral

fractures are never clinically diagnosed due to symp-

toms being absent or missed.10 Although osteoporotic

vertebral fractures may pass unnoticed, they may lead

to long-term immobility and disability.11 Dual energy

X-ray absorptiometry (DEXA) method measures bone

mineral density (BMD). Many studies have reported a

weak correlation between bone fracture risk and

BMD.12 Geometrical parameters of vertebrae mea-

sured on spine radiograms could be used to diagnose

vertebral fractures.13

Lumbar spine degenerative changes are common with

increase in age. Typical degenerative changes in the

spine are intervertebral disc space narrowing and verte-

bral osteophytes.14 In addition to causing LBP, interver-

tebral disc space narrowing can also cause sciatica and

abnormal movements of the spine.15 Antero-posterior

and lateral radiographs are used to detect features of

degenerative disc disease.14

Vertebral osteophytes are bony projections which

extend from the rim of the vertebral body. Posterior ver-

tebral osteophytes can cause narrowing of the vertebral

canal and also impinge on nerve roots and cause LBP

and sciatica.16

Spondylolisthesis is defined as a migration of a verte-

bral body in relation to the vertebra located immedi-

ately inferior. The symptoms associated with

spondylolisthesis are LBP, numbness and weakness in

the legs.17

Frequent identification of radiographic abnormalities

influence medical decision-making with regard to addi-

tional evaluation and selection of treatment options.

Although MRI is the imaging modality of choice, in

the primary care settings, the most common spine

imaging test for assessing LBP is plain film radio-

graphs.18 In Sri Lanka the most common radiological

method used to investigate LBP is plain radiographs of

the lumbar sacral spine. This is due to low cost and

availability in most hospitals.19 To date very little doc-

umented evidence is available with regard to radiologi-

cal features associated with LBP in Asian countries.

Therefore, this study was carried out to determine the

association between chronic LBP and vertebral osteo-

phytes, disc space narrowing, spondylolisthesis and

vertebral fractures.

MATERIALS AND METHODS

This case control study was done in the two largest fam-

ily medicine clinics in Ragama Sri Lanka from January

2012 to June 2013. Ragama is a suburb of the capital

city of Colombo.

To determine the sample size, the prevalence of verte-

bral osteophytes in the spine was selected as a causative

factor. According to a prevalence study 78% of people

had vertebral osteophytes in their spines.20 By using

this data and an odds ratio (OR) of 3 and a power of

80 the sample size was calculated. A minimum sample

size of 126 cases and 126 controls were required and

selected from these clinics. Consecutive male and

female persons aged 18 years and above with chronic

LBP were selected as cases and without LBP were

selected as controls. Pain that lasted for more than

3 months (continuous or intermittent pain) was con-

sidered as chronic pain.21 The numerical rating scale

(NRS) (e.g., 0 to 10-point scale. 0 equals no pain, 1–2
equals very mild pain, 3–4 equals mild pain, 5–6 equals

moderate pain, 7–8 equals severe pain, 9–10 equals

very severe pain) is an important uni-dimensional mea-

sure of pain which can be easily understood by many

patients. The response to this scale can be used to deter-

mine the proportion of participants with pain, its inten-

sity and the relationship between pain and other

health-related conditions.22 We used the NRS to mea-

sure the intensity of pain among the participants in our

study.

Cases
The patients who had a pain NRS scale of more than 2

and had LBP that lasted for more than 3 months con-

tinuously or intermittently and who had radiographs of

the lumbar sacral region were included as cases.

Exclusion criteria
The patients who had LBP due to systemic causes such

as spinal tumors and infections or due to a direct signif-

icant blow to the spine were excluded. However,

patients who developed LBP as a result of performing

activities of daily living, occupation and recreation were

included as cases.

Controls
Patients who did not have LBP but had other symptoms

such as abdominal pain which necessitated them to

have radiographs of the lumbar sacral region were

included as controls.
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Cases and controls were matched for age and sex. The

cases were divided into 10-year age groups to enable

frequency matching of controls on the basis of age.

The protocol for the research project was approved by

a suitably constituted Ethics Committee of a Faculty of

Medicine in the Colombo North region of Sri Lanka.

The work was performed in accordance with the ethics

standards laid down in an appropriate version of the

Declaration of Helsinki (as revised in Brazil 2013). All

persons gave their informed consent prior to their

inclusion in the study.

A pre-tested structured interviewer-administered

questionnaire was used to collect information about

demographic data, data relating to physical activities

done at home and at work and character of pain. The

final questionnaire was prepared after two pretests.

Weights and heights were measured to calculate the

BMI using standard procedures.

Commonly used method to investigate patients with

LBP is plain radiography of the spine.23 Therefore, pos-

tero-anterior and lateral radiographs of the lumbar

sacral spine of patients with chronic LBP and without

back pain were selected for the study. The radiographs

with technical errors such as poor penetration, and

those not properly centered as determined by two inde-

pendent radiologists were excluded. All radiographs

were read by two radiologists working independently

for the presence of osteophytes, disc space narrowing,

spondylolisthesis and vertebral fractures.

Osteophytes were divided into three categories

according to the presence or absence of osteophytes

and according to the sizes of osteophytes as described

by Hicks et al.16

Method used to detect disc space narrowing
The lateral radiographs were used for this purpose. A

line was drawn along the inferior border of the verte-

bral body in an anterior posterior direction and

extended posteriorly toward the facet joints24 (Fig. 1).

If there is no disc space narrowing this line passes

along or just over the superior margin of the facet

joints. When there is a mild disc space narrowing this

line passes below the superior margin of the facet

joints. In severe disc space narrowing this line passes

below the mid-height level of the facet joints.25 These

criteria were used to categorize disc space narrowing

into three grades.24

Method used to detect spondylolisthesis
To detect spondylolisthesis lateral radiographs were

used. Vertical lines were drawn along the anterior and

posterior borders of the vertebral bodies (Fig. 2). These

two lines were used to detect an anterior or a posterior

shifting of a vertebra in relation to the other verte-

brae.25

Spondylolisthesis was defined as a forward slip or

backward slip of one vertebral body by at least 5% in

relation to the next most caudal vertebral body. Accord-

ing to the severity of the slip the spondylolisthesis was

categorized into five grades.25

Method used to detect vertebral fractures
Lateral radiographs were used to detect vertebral frac-

tures. Two points were marked at the highest points of

the anterior end and the posterior end of the superior

border of the vertebral body. From these two points

direct vertical lines were drawn to the inferior border of

the vertebral body and two points were marked in the

inferior border13 (Fig. 3).

These four points were used to measure the anterior

and posterior vertebral heights with a Vernier

caliper. A radiologist checked for the accuracy of these

measurements.

Figure 1 Lateral view X-ray of a lumbar sacral spine to detect
intervertebral disc space narrowing. The AB and CD lines pass
along the upper margins of the facet joints between the third
and fourth and fourth and fifth lumbar vertebrae, respectively.
EF line passes below the mid-level of the facet joint between
the fifth lumbar and the first sacral vertebra. It indicates a sev-
ere intervertebral disc space narrowing between the fifth lum-
bar and the first sacral vertebrae.
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To see whether the results were reproducible, repeat

measurements were carried out on 10 radiographs.

This showed that the individual measurements would

be within � 0.16 cm of the actual value at 95%

significance.26

The antero-posterior ratio (A/P ratio) was calculated

by dividing the anterior height of the vertebra by the

posterior height of the same vertebra.

There are no calculated A/P ratio values for South

Asian populations. Therefore, a value below 0.66 that

was considered as having an osteoporotic vertebral frac-

ture by Johansson et al. was used to detect vertebral

fractures.27 This value has been used to detect vertebral

fractures of people who were above 85 years of age and

in our population the mean age was 50 years.

Since we assumed that this value may not be an ideal

value to detect vertebral fractures in our population, in

addition to the value of 0.66 we used another A/P ratio

value to detect vertebral fractures.

The mean A/P ratio value minus 1.64 SD in the con-

trol group was selected as the cutoff value to detect ver-

tebral fractures. The A/P ratio values of less than mean

minus 1.64 SD will classify about 5% of the controls as

having an abnormal A/P ratio.26 The new A/P ratio

value calculated by this method was 0.89.

Bivariant analysis was done to find out the individual

associations between vertebral fractures, disc space nar-

rowing, spondylolisthesis and vertebral osteophytes

with LBP. Multivariant analysis was done to find out

the factors that had a significant association with LBP

after adjusting for confounding effects. The data were

analyzed using Stata 14 software.28

RESULTS

Radiographs of 140 cases and 140 controls were stud-

ied. Mean (SD) age for cases was 51.6 years (17). Mean

(SD) age for controls was 50 years (15). There were

62% females among cases and controls.

Vertebral osteophytes and LBP
Vertebral osteophytes were present in 77% of cases and

67% of controls. This difference was statistically not sig-

nificant (P = 0.102) (Table 1).

Disc space narrowing and LBP
Disc space narrowing was present in 15% of cases (mild

disc space narrowing in 11% and severe disc space nar-

rowing in 4%) and 6% of controls (mild disc space

Figure 2 Lateral view X-ray of a lumbar sacral spine to detect
spondylolisthesis. Two vertical lines are drawn along the anterior
and posterior borders of the vertebral bodies to detect a spondy-
lolisthesis. There is no spondylolisthesis visible in this X-ray.

Figure 3 Lateral view X-ray of a lumbar sacral spine to mea-
sure the anterior and posterior heights of the fourth and fifth
lumbar vertebral bodies. AB lines denote the anterior heights
of the fourth and fifth vertebral bodies. CD lines denote the
posterior heights of the fourth and fifth vertebral bodies.
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narrowing in 5% and severe disc space narrowing in

1%). This difference was statistically significant (OR =
2.45; P = 0.032) (Table 1).

Spondylolisthesis and LBP
Nine percent of cases and 6% of controls had spondy-

lolisthesis. This difference was statistically not signifi-

cant (P = 0.496) (Table 1). All the cases and controls

only had mild (Grade 1) spondylolisthesis.

Vertebral fractures and LBP
When an A/P ratio value of 0.66 was used as the cutoff

point to detect vertebral fractures, only 1% of cases and

controls had a vertebral fracture in the fifth lumbar ver-

tebra. This difference was statistically not significant

(P = 0.566) (Table 1).

When an A/P ratio value of 0.89 was used as the cut-

off point to detect vertebral fractures of the fourth lum-

bar vertebra, 38% of cases and 11% of controls had

vertebral fractures. This difference was statistically sig-

nificant (OR= 5.07; P < 0.001) (Table 1).

When an A/P ratio value of 0.89 was used as the cut-

off point to detect vertebral fractures of the fifth lumbar

vertebra, 66% of cases and 14% of controls had verte-

bral fractures. This difference was statistically significant

(OR = 11.5; P < 0.001) (Table 1).

As most of the above causes (variables) are related

and confound each other, the results of bivariant analy-

sis may be misleading. To identify the predictor vari-

ables which had a significant association with LBP

while controlling all other predictor variables, logistic

regression analysis was undertaken. According to the

Table 1 Results of bivariant analysis for association between low back pain and changes of the spine

Radiological change Low backache OR v2 P-value

Yes % No %

Osteophytes

Grade 0 32 23 47 33 1.15 4.57 0.102

Grade 1 32 23 23 17

Grade 2 76 54 70 50

Total 140 100 140 100

Disc space narrowing

Grade 0 119 85 132 94 2.45 6.86 0.032

Grade1 16 11 7 5

Grade 2 5 4 1 1

Total 140 100 140 100

Spondylolisthesis

Grade 0 128 91 131 94 1.36 0.46 0.496

Grade 1 12 9 9 6

Total 140 100 140 100

L4 vertebral fracture (A/P ratio ≤ 0.89)

Grade 0 87 62 125 89 5.07 28.05 < 0.001

Grade 1 53 38 15 11

Total 140 100 140 100

L5 vertebral fracture (A/P ratio ≤ 0.89)

Grade 0 48 34 120 86 11.5 78.64 < 0.001

Grade 1 92 66 20 14

Total 140 100 140 100

L5 vertebral fracture (A/P ratio ≤ 0.66)

Grade 0 138 99 139 99.3 2.0 0.33 0.566

Grade 1 2 1 1 0.7

Total 140 100 140 100.0

OR, odds ratio; A/P ratio, antero-posterior ratio; L4, fourth lumbar vertebra; L5, fifth lumbar vertebra.
Osteophytes: Grade 0 – no evidence of osteophytes, Grade 1 - presence of small (< 3 mm) osteophytes and Grade 2 – presence of small and large
(≥ 3 mm) osteophytes.
Disc space narrowing: Grade 0 – no evidence of disc space narrowing, Grade 1 – presence of mild disc space narrowing and Grade 2 – presence of
severe disc space narrowing.
Spondylolisthesis was graded in the following manner. Grade 0: no slip; Grade 1: ≥ 5% and < 25%; Grade 2: 26–50%; Grade 3: 51–75%; Grade 4:
76–100%; and Grade 5: complete slippage.
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results of logistic regression after adjustments for con-

founding effects, only disc space narrowing (P = 0.009)

and vertebral fractures of fourth (P = 0.017) and fifth

(P ≤ 0.001) lumbar vertebrae had significant associa-

tions with LBP (Table 2).

DISCUSSION

Vertebral osteophytes, disc space narrowing, vertebral

fractures and spondylolisthesis were present in patients

with LBP and in people without LBP.

Disc space narrowing
In the present study disc space narrowing had a signifi-

cant association with LBP. According to the study find-

ings of Iwamoto et al. on high-school rugby players, the

people with disc space narrowing have a greater chance

of developing low backache compared to people with

no radiological changes of the spine.29 A study done

among young military recruits by Mattila et al. has

shown that 29% of the causes for LBP are due to lum-

bar disc disorders.30 Our study findings agree with the

above study findings of Iwamoto et al.30 and Mattila

et al.31

According to a community-based study (mean age of

> 65 years) prevalence of disc space narrowing has

been estimated to be 50–64%.14 In the present study

the mean age of cases was 51.6 years. The prevalence of

disc space narrowing in the present study is less than

the findings of the above study. Differences in the age

limit of the two study populations may be a

contributory factor for this difference. Disc space nar-

rowing occurs due to disc herniations. Centro-lateral

herniations have been associated with dermatomal dis-

tribution of pain due to impingement on spinal

nerves31 and central herniations have been associated

with severe back pain.32 Prostaglandin E2 plays an

important role in the radiculopathy of lumbar disc her-

niation. The cytoplasm of chondrocytes contains the

enzyme cyclooxygenace-2 (COX-2), which is necessary

to synthesize prostaglandin E2 responsible for the

inflammation, which occurs during, damaged to the

disc.33 These may be some of the reasons why disc

space narrowing is an important cause for LBP in the

present study. According to the present study findings

people with severe disc space narrowing (OR = 4.57;

P = 0.233) had a higher chance of developing LBP

compared to people with mild disc space narrowing

(OR –4.15, P = 0.009) (Table 2). However, severe disc

space narrowing failed to reach the significant level

since only a small number of cases and controls had

severe disc space narrowing.

Vertebral osteophytes
In our study vertebral osteophytes did not show a sig-

nificant association with LBP. A descriptive cross-sec-

tional study demonstrates that 73.6% of adult patients

with LBP had osteophytes and the commonest site of

osteophytes was the anterior margin of the vertebral

body.4 They also demonstrated that the chance of

developing vertebral osteophytes is greater with increas-

ing age. A retrospective small longitudinal study done

among Japanese male self-defense forces also found a

significant association between LBP and vertebral osteo-

phytes.5 Vertebral osteophytes growing from the poste-

rior edge of the vertebrae can cause narrowing of the

vertebral canal and also impinge on nerve roots and

cause LBP and leg pain, but osteophytes occurring in

the anterior region of the vertebrae and small osteo-

phytes in the posterior region of vertebrae do not com-

press the vertebral canal and impinge on nerve roots.16

In the present study, cases and controls were in the sim-

ilar age range and both groups had a high prevalence of

osteophytes. Similar age ranges may have contributed

to both groups having a similar prevalence of osteo-

phytes in our study. In the present study most of the

osteophytes among cases and controls were found in

the anterior region. Therefore, this could be another

reason why in the present study osteophytes did not

have a significant association with LBP. Most studies

that have found a significant association between osteo-

phytes and LBP are descriptive cross-sectional studies.

Table 2 Results of logistic regression for association between

low back pain and changes of the spine

Variable OR P-value 95% CI for OR

Lower Upper

Disc space narrowing

Grade 0 (base) 1.00

Grade 1 4.15 0.009 1.43 12.06

Grade 2 4.57 0.233 0.38 55.61

A/P ratio value of 0.89 for L4 vertebra

Grade 0 (base) 1.00

Grade 1 2.49 0.017 1.18 5.28

A/P ratio value of 0.89 for L5 vertebra

Grade 0 (base) 1.00

Grade 1 10.20 < 0.001 5.47 19.01

OR, odds ratio; CI, confidence Interval; A/P ratio, antero-posterior
ratio.
Disc space narrowing - Grade 0 – no evidence of disc space narrowing,
Grade 1 – presence of mild disc space narrowing and Grade 2 – pres-
ence of severe disc space narrowing.
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Prevalence of osteophytes and LBP both increase with

age. Therefore, to identify osteophytes as a significant

cause for LBP cases needs to be compared with an age-

and sex-matched control group. Case control studies

done to find the prevalence of osteophytes among peo-

ple with back pain and without back pain are very

scarce.

Spondylolisthesis
According to our study findings spondylolisthesis did

not have a significant association with LBP. Spondy-

lolisthesisis is common among middle-aged and elderly

adults in the United States and the prevalence is in the

range of 14–30%.34 A descriptive cross-sectional study

done among elderly Chinese men and women demon-

strated that the prevalence among men and women is

19.1% and 25%, respectively and spondylolisthesis can

cause LBP, numbness and weakness in the legs or lower

extremities.26 Prevalence of spondylolisthesis in our

study is less than the prevalence of spondylolisthesis of

the two above studies. Age-associated degeneration of

the spine contributes to the development of spondy-

lolisthesis.4 In the present study both cases and controls

were in the similar age range and this could be a con-

tributory factor for both the cases and controls having a

similar prevalence of spondylolisthesis. Studies that

have found a significant association between spondy-

lolisthesis and LBP are descriptive cross-sectional stud-

ies. Without comparing with an age-matched control

group, it is not possible to identify spondylolisthesis as

a significant cause for LBP. Case-control studies done to

compare the prevalence of spondylolisthesis among

people with back pain and without back pain are very

limited in number.

Vertebral factures
When an A/P ratio value of equal to or less than 0.66

was used as a cutoff point to detect vertebral fractures,

our study could not find a significant association

between vertebral fractures and LBP. Johansson et al.

used this A/P ratio value to detect vertebral fractures on

a sample of people aged 85 years or more.27 In the pre-

sent study the mean age of cases and controls was

51.6 years and 50 years, respectively. Therefore, a cutoff

value of 0.66 may not be suitable to detect vertebral

fractures in the present study sample.

Since there are no accepted A/P ratio values for Sri

Lankans and other countries in the region, the new cal-

culated A/P ratio value of 0.89 was used as the cutoff

point to detect fractures of the fourth and fifth lumbar

vertebrae. When this A/P ratio value was used, vertebral

fractures of fourth and fifth lumbar vertebrae had a sig-

nificant association with LBP. There are no prevalence

studies done with regard to osteoporotic vertebral frac-

tures in Sri Lanka.

A person with an A/P ratio value of less than 0.89 for

fifth and fourth lumbar vertebrae had, respectively, 10

times and three times greater chance of having LBP

compared to a person who has an A/P ratio value of

more than 0.89. According to a study done on children

between the ages 3–17 years found that an A/P ratio of

less than 0.89 for vertebrae from the 10th thoracic to

third lumbar vertebrae raises the possibility of vertebral

injury and the A/P ratio did not have a significant asso-

ciation with age.35 Their study does not mention any A/

P ratio value for fourth and fifth lumbar vertebrae. Our

study A/P ratio value for fourth and fifth lumbar verte-

brae was similar to the above study. Therefore, the A/P

ratio value (0.89) detected in our study may be useful

in detecting vertebral injury among fourth and fifth

lumbar vertebrae of children. The present study is one

of the very few studies that have found an A/P ratio

value for fourth and fifth lumbar vertebrae that has a

significant association with LBP. However, as this cutoff

was derived at by using the current data set, it is not

possible to validate it using the current data set. In

order to validate this, cutoff value as a predictor of ver-

tebral fracture, the performance of the recommended

cutoff value for A/P ratio should be compared using it

on a different data set.

According to the findings of this study, out of the radi-

ological changes of the spine, only disc space narrowing

and vertebral fractures had a significant association with

LBP and the vertebral fracture of the fifth lumbar verte-

bra had the highest association with LBP. The cutoff

value used to detect vertebral fractures in this study will

help in the early detection of vertebral fractures. The

result of the present study will be useful to clinicians

and scientists to provide advice to patients presenting

with LBP, make decisions with regard to management

and conduct further research related to LBP.
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