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ABSTRACT
Introduction: Estrogen helps to maintain the health of collagen-containing tissues including the interver-
tebral disc. Estrogen deficiency after menopause negatively affects the quality of vertebral end plates and
induces development of degenerative disc disease (DDD). However, there is no study examining the rela-
tionship between parity and spinal degeneration in young women. The aim of this study was to define
the relationship between parity and development of vertebral endplate signal changes and DDD in young
premenopausal women.
Materials and methods: This case-control case study included 224 patients aged 20–40 years with a his-
tory of low back pain for at least 3 months. Pfirrmann’s grade, Modic changes (MCs), and Schmorl’s nodes
(SNs) were graded based on magnetic resonance images. Patients’ parity, demographics, body mass index,
physical activity level, and disability scores were assessed using a questionnaire.
Results: The prevalence of abnormal total Pfirrmann’s score (>10) and MCs was higher in primiparous
patients than multiparous and grand-multiparous; however, it was not statistically significant. The pres-
ence of SN was statistically significantly associated with low parity. According to multivariate logistic
regression analysis, it was found that the number of births increases by 1 unit, the abnormality in
Pfirrmann’s score decreases by 1.36 times.
Conclusions: This cross-sectional study shows that parity is associated with DDD and vertebral end plate
changes. SNs were significantly associated with parity. Modic changes and DDD were less common in
grand multipara and multipara young women than in primipara women. These results indicate that low
parity may possibly be associated with the development of spinal degeneration.
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Introduction

Degenerative disc disease (DDD) and vertebral endplate signal
changes (VESCs) are known to be leading causes of low back pain.
Recent evidence suggests that sex hormones affect the severity of
disc degeneration and may cause VESC.1 Estrogen and progester-
one hormone receptors are expressed in the end plate cartilage tis-
sue,2 suggesting that cartilage can respond to sex hormones.
Therefore, changes in the rate of estrogen release during pregnancy
may significantly influence the risk of developing VESC and DDD.

Postmenopausal women who did not receive hormone
replacement therapy have lower disc height than both premeno-
pausal women and postmenopausal women receiving hormone
replacement treatment.3 Estrogen deficiency increases the risk of
disc degeneration in the postmenopausal period.1 Thus, many
studies have shown that estrogen deficiency following menopause
negatively affects the quality of vertebral end plates and induces
development of DDD.

However, as far as we know, the relationship between parity
and development of VESC and DDD in young women has not
been studied. It is not known whether sex hormones have pro-
tective effects on spinal degeneration in premenopausal women.
The aim of this study was to define the relationship between par-
ity and development of VESC and DDD in young premenopausal
women.

Materials and methods

Study population

Two hundred and twenty-four consecutive, women who have
low back pain and aged 20–40 years (mean 30 years) were exam-
ined from January 2016 to August 2016. The inclusion criteria
were: women patients with a history of low back pain for at least
3 months. The exclusion criteria were: spinal tumors, vertebral
fractures, metabolic diseases, infections, chronic inflammatory
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conditions, marked/severe spinal deformities, or a history of lum-
ber spine surgery trauma, rheumatoid arthritis, spinal tumors
and history of cervical spine surgery. This study was approved by
the local ethics committee and informed consent was obtained
from each participant.

At the time of admission, all patients completed a question-
naire requesting data including age, body weight (kg), height
(cm), gravidity, and parity. As part of the clinical evaluation, the
clinical profile of the patients was evaluated by standard ques-
tionnaires. Functional disability associated with low back pain
was evaluated by an experienced algologist using the Oswestry
Disability Index and visual analog scale. MRI was performed
within a week of clinic examination. MRI examinations were per-
formed using a 1.5T scanner (Intera NT; Philips Medical
Systems, Best, The Netherlands). All patients underwent sagittal
T1-weighted and T2-weighted imaging and axial T2-
weighted imaging.

Statistical analysis

Women with one delivery were said to be ‘primiparous,’ and
women with a history of several (2–4) deliveries were classified
as ‘multiparous.’ Those with �5 deliveries were classified as
‘grand multiparous.’ The BMI (kg/m2) of each patient was calcu-
lated. Due to the small number of patients in the slim and obese
categories in our study group, patients were classified as
‘overweight or obese’ (BMI� 25) or ‘slim or normal’ (BMI< 25).
Patients were categorized into two different age groups: patients
aged 20–30 years (group 1) and patients aged 31–40 years
(group 2).

Disc degeneration was graded from 1 to 5 according to the
modified Pfirrmann classification4; the total degeneration score
was obtained by determining the Pfirrmann score at each level.
The obtained totals were divided into two categories as follows:
normal (<10) and abnormal (>10). Modic changes (MCs) in
each vertebral corpus were recorded as previously described.5 All
vertebral MCs were recorded according to their type. MCs in all
vertebrae were determined and the number of vertebras per MC
was obtained for each individual. Schmorl’s nodes (SNs) were
assessed in all cranial and caudal end plates exhibiting a devi-
ation from the typical concavity or flattened continuous shape.6

The number of SNs in all vertebral bodies and the total number
of vertebrae with SNs for each individual were determined. The
values of disc degeneration, MCs, and SNs of the participants
were compared among the three groups (primiparous/multipar-
ous/grand multiparous).

Statistical analysis was performed using the MedCalc
Statistical Software version 12.7.7 (MedCalc Software bvba,
Ostend, Belgium; http://www.medcalc.org; 2013). The normality
of continuous variables was investigated by Shapiro–Wilk’s test.

Descriptive statistics were presented using mean and standard
deviation for normally distributed variables and median (and mini-
mum–maximum) for the non-normally distributed variables. Non-
parametric statistical methods were used for values with skewed
distribution. For comparison of two non-normally distributed
groups, Mann–Whitney’s U test was used. For comparison of three
non-normally distributed groups, the Kruskal–Wallis test was used.
As post hoc test for the Kruskal–Wallis test, Bonferroni’s correction
used Mann–Whitney’s U test was performed. The v2 test was used
for categorical variables and expressed as observation counts (and
percentages). Multinomial logistic regression was used to evaluate
the effect of groups by adjusting BMI and age on scores which are
coded dichotomously. Statistical significance was accepted when
two-sided p value was lower than .05.

Results

All 224 patients enrolled in the study underwent MRI. Of these,
11 patients had the gravidity and parity numbers were different
(four patients with 5G 4P, two patients with 2G 1P, and one
patient each with 3G 1P, 6G 2P, 7G 3P, 8G 4P, and 8G 2P).
Since all of these patients had miscarriage before 10 weeks, they
were grouped according to the number of parities. Maternal
estrogens begins rise at 6–10 weeks.7 The mean age among
patients in the primipara group was 27.2 (SD 6.6), in the multip-
ara group was 30.5 (SD 5.2), and in the grand multipara group
was 33.6 (SD 4.8). There was significant difference in age
between these groups (p¼ .001). Due to the differences between
the age groups, in advanced analysis, adjusting for age was
applied. Mean BMI of all patients included in the study was 25
(SD 2.6). The mean BMI in the primipara group was 24.7 (SD
2.4), in the multipara group was 24.9 (SD 2.7), and in the grand
multipara group was 25.6 (SD 2.7). There was no significant dif-
ference in BMI among the three groups (p¼ .116). The patient
characteristics are summarized in Table 1.

The associations between reproductive factors and disc degen-
eration, MCs, and SNs are shown in Table 2. In group 1 and
group 2, Pfirrmann’s score and MCs were higher in primiparous
patients; however, it was not statistically significant. The presence
of SNs was statistically significantly associated with low birth rate
in all age groups.

When all patients were divided into groups as pathological
and normal; as pathological group: total Pfirrmann’s score >10,
MCs (þ) and SN’s (þ) and normal group: total Pfirrmann’s
score <10, MCs (–), SN’s (–). The mean number of births was
3.1 (±1.9) in patients with total Pfirrmann’s score >10, the aver-
age number of births was 3.5 (±2.1) in patients with Modic (þ)
and 2.8 (±1.8) in patients with SN’s (þ), while the mean number
of births in patients with total Pfirrmann’s score >10 was 3.3

Table 1. Characteristics and clinical data of the sample.

Primiparous (1 parity)
N¼ 61

Multiparous (2–4 parity)
N¼ 108

Grand multiparous (�5 parity)
N¼ 55

(n¼ 224) Mean SD Range Mean SD Range Mean SD Range p

Age 27.2 6.6 20–39 30.5 5.2 19–39 33.6 4.8 23–40 <.001a

Weight (kg) 67.8 8.0 55–85 68.9 8.7 49–86 69.7 7.6 54–90 .412b

Heıght (cm) 165.7 4.0 158–173 166.2 5.9 158–182 165.2 5.1 158–176 .585b

BMI (kg/m2) 24.7 2.4 20.5–30.8 24.9 2.7 19.5–33.6 25.6 2.7 20.6–35.2 .116b

Oswestry 48.0 5.3 40–60 47.7 5.2 36–60 48.6 3.7 38–56 .407b

VAS 5.1 0.9 4–7 5.3 0.8 4–7 5.4 0.5 4–6 .444b

aThe Kruskal–Wallis test and post hoc test were done by using the Mann–Whitney U test with Bonferroni’s correction.
bThe Kruskal–Wallis test.
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(±2.1), Modic (–) 2.9 (±1.7) and 3.5 (±2) in patients with SN’s
(–) (Table 3).

We conducted multivariate logistic regression analysis to
adjust for the effect of age on the Pfirrmann score. The total
Pfirrmann score was set as a dichotomous dependent variable,
with age and parity as independent variables. As the number of
births increases by 1 unit, the abnormality in Pfirrmann’s score
decreases by 1.36 times. For every year that age increases,
patients are 1.17 times more likely to have abnormal pathologies
on the Pfirrmann score (Table 4).

Discussion

A number of recent studies have investigated the relationship
between disc degeneration, end plate changes, and sex hormones.1,8

Estrogen deficiency in the postmenopausal period contributes to
the development of degenerative disorders. However, the effect of
higher than normal levels of estrogen occurring during pregnancy
on disc degeneration and VESC has not been investigated.

Most studies on pregnancy and having children have been
associated with musculoskeletal pain.9 There are not many

studies on MRI phenotypic features of spinal degeneration. It has
been reported that multiparity increases the risk of degenerative
spondylolisthesis by causing deficits in the pelvic muscles and
abdominal muscles and that each pregnancy increases the risk of
developing degenerative spondylolisthesis by 22%.10 However, in
this study group, patients were between 40 and 80 years of age.
It is known that hormonal changes in the postmenopausal period
have a higher risk of spinal degeneration especially in patients
who do not receive hormone replacement treatment.11 Beside,
Weinreb et al. reported that there was no increase in disc abnor-
malities in pregnant women in a cross-sectional study evaluating
86 participants of childbearing age who were pregnant and
asymptomatic.12 They also reported that nulliparous women had
more disc abnormalities than non-pregnant women. In a 10-year
follow-up study of women in the 28–35 age range in the same
nurse group, pregnancy was not associated with the progression
of disc degeneration.13 Besides, Rustenburg et al. found no evi-
dence that pregnancy was effective in DD progression in the
review study that they evaluated risk factors for DD progres-
sion.14 In this cross-sectional study, we investigated the associ-
ation of parity with disc degeneration and vertebral endplate
changes in young women. We found that the total disc

Table 2. The associations between reproductive factors and disc degeneration, MCs, and SNs.

Total Pfirrmann score MC (n¼ 1344 vertebrae) SN’s (n¼ 1344 vertebrae)

Normal (�10) Abnormal (>10) p Modic– Modicþ p SN’s– SN’sþ p

All age (n¼ 224)
Primipar (n¼ 61) 17 (27.9) 44 (72.1) .462� 292 (79.8) 72 (19.6) .067� 260 (71) 106 (29) <.001�
Multipar (n¼ 108) 31 (30.6) 75 (69.4) 545 (84.1) 105 (16.2) 505 (77.9) 143 (22.1)
Grand multipar (n¼ 55) 21 (38.2) 34 (61.8) 257 (77.9) 73 (22.1) 290 (87.9) 40 (12.1)

�30 (n¼ 100)
Primipar (n¼ 37) 14 (37.8) 23 (62.2) .441� 196 (88.3) 26 (11.7) .254� 172 (77.5) 50 (22.5) <.001�
Multipar (n¼ 50) 25 (50) 25 (50) 277 (92.3) 23 (7.7) 251 (83.7) 49 (16.3)
Grand multipar (n¼ 13) 7 (53.8) 6 (46.2) 72 (92.3) 6 (7.7) 76 (97.4) 2 (2.6)

>30 (n¼ 124)
Primipar (n¼ 24) 3 (12.5) 21 (87.5) .038** 96 (66.7) 48 (33.3) .059� 88 (61.1) 56 (38.9) <.001�
Multipar (n¼ 58) 8 (13.8) 50 (86.2) 268 (77) 80 (23) 254 (73) 94 (27)
Grand multipar (n¼ 42) 14 (33.3) 28 (66.7) 185 (73.4) 67 (26.6) 214 (84.9) 38 (15.1)

�
Chi-square test is used.��
Likelihood ratio descriptive statistics are given as n (%).

Bold values are statistically significant.

Table 3. The associations between number of births and disc degeneration, MCs, and SNs.

Total Pfirrmann score MC SN’s

Normal (�10) Abnormal (>10) p� Modic– Modicþ p� SN’s– SN’sþ p�
All age (n¼ 224)

Mean ± SD; n
Med (min–max)

3.3 ± 2.1; 71
3 (1–11)

3.1 ± 1.9; 153
3 (1–9)

.535 2.9 ± 1.7; 104
3 (1–8)

3.5 ± 2.1; 120
3 (1–11)

.035 3.5 ± 2.0; 123
3 (1–11)

2.8 ± 1.8; 101
3 (1–9)

.004

�30 (n¼ 100)
Mean ± SD; n
Med (min–max)

2.7 ± 1.4; 46
3 (1–6)

2.4 ± 1.5; 54
2 (1–6)

.263 2.5 ± 1.4; 67
2 (1–5)

2.5 ± 1.7; 33
2 (1–6)

.832 2.8 ± 1.6; 59
3 (1–6)

2.1 ± 1.2; 41
2 (1–5)

.019

>30 (n¼ 124)
Mean ± SD; n
Med (min–max)

4.6 ± 2.5; 25
5 (1–7)

3.5 ± 1.9; 99
3 (1–9)

.034 3.5 ± 1.9; 37
3 (1–8)

3.9 ± 2.2; 87
4 (1–11)

.501 4.1 ± 2.1; 64
4 (1–11)

3.3 ± 2.0; 60
3 (1–9)

.024

�
Mann–Whitney’s U test.
Bold values are statistically significant.

Table 4. The association between parity and Pfirrmann’s score.

B S.E. Wald df Sig. Exp(B)

95% C.I. for Exp(B)

Lower Upper

Age .157 .032 23.546 1 <0.001 1.170 1.098 1.247
No. of parity �.312 .097 10.417 1 0.001 .732 .606 .885
Constant �2.868 .797 12.942 1 <0.001 .057

The number of births increases by 1 unit, the abnormality in Pfirrmann’s score decreases by 1.36 times.
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degeneration score of primipara women was higher than that of
multiparous and grand multiparous women (Table 2). In our
study, as the number of births increases by 1 unit, the abnormal-
ity in the Pfirrmann score decreases by 1.36 times (Table 4).

In addition to having a direct effect on the disc through estro-
gen receptors, estrogen accelerates vasodilatation in vascular
smooth muscle and endothelial cells, prevents neointimal thick-
ening after vascular damage, and improves atherosclerotic
lesions.15 MR-based perfusion studies have shown that vertebral
marrow perfusion is significantly lower between two degenerated
discs than between two normal discs.16 In ovariectomized rats,
dynamic MRI showed decrease in bone marrow perfusion.17

Impaired disc nutrition is also seen as an important factor in
disc degeneration.18,19 Intervertebral disc nutrition takes place by
diffusion from the vertebral endplates. Therefore, decreasing
blood flow in the vertebral body limits the diffusion necessary
for nutrition of the disc.8 Estrogen deficiency can lead to verte-
bral end plate changes due to deterioration in vertebral perfusion.
The most commonly encountered end plate changes are SNs and
MCs. SNs are formed due to focal weak spots caused by degener-
ated cartilage.20 MCs are defined as the conversion of subchon-
dral bone marrow to edema or sclerosis and conversion of
normal bone marrow cells into fatty bone marrow cells due to
ischemia.5 End plate changes (SN, MC) are associated with sub-
chondral osteonecrosis.21 This may lead to localized sclerosis and
malnutrition of the subchondral bone. In our study, SNs were
highest in primiparous women and lowest in grand multiparous
women. In addition, the risk of MC development was highest in
primiparous women in both the age groups. These results suggest
that estrogen may reduce the risk of development of SN and MC
and thus the development of DDD.

In addition to the physiological events occurring during preg-
nancy, increased number of births, weight gain during preg-
nancy, nonrecovery of weight after pregnancy, increased
housework (due to increased number of family members), and
childcare may increase the risk of developing DDD and endplate
changes due to mechanical changes independent from the
physiological effects in grandparous and multiparous women.
Previous studies have shown that increased physical loading is
associated with both DDD and end plate changes.22 However,
the levels of DDD and end plate change in grandparous and
multiparous women were lower than those of primiparous
women. These results reinforce the idea that parity may have an
impact on the natural course of DDD.

Our study has some limitations. First, it was a cross-sectional
study without any follow-up. In addition, we had no data regard-
ing the psychological status, economic status, weight gain during
pregnancy, or postpartum period for women. Second, our study
population consisted of same region women in east of Turkey,
and our results may not be valid for other ethnic groups.

Conclusions

This cross-sectional study shows that parity is associated with
DDD and vertebral end plate changes. SNs were significantly
associated with parity. Modic changes and DDD were less com-
mon in grand multipara and multipara young women than in
primipara women. These results indicate that low parity may
possibly be associated with the development of spinal
degeneration.

Ethical approval

The study was approved by the local ethics committee, and
informed consent was obtained from every participant.

Disclosure statement

The authors have no conflicts of interest to declare.
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