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Abstract
Background/Aim: In physical therapy and rehabilitation practices, it is important to diagnose
radiographic spondylolisthesis for correct choice of exercise in patients with low back pain. There are
different results about the rates and the characteristics of spondylolisthesis. The aims of this study were to
compare the radiographical findings, and evaluate the frequency and the radiographic characteristics of
spondylolisthesis according to gender.
Methods: Nine hundred and four patients with low back pain, who were over 18 years of age with records
of age, gender, and lumbar spine radiographs (both anterior and lateral) were included in this retrospective
cross sectional study. Three hundred and forty-eight patients (245 females, 103 males) who met our
criteria were included in the study and reviewed for age, gender, and anterior/lateral-lumbar spine
radiographies. Spine radiographies were assessed for the presence of spondylosis, scoliosis, fracture,
flattening of the lordosis, hyperlordosis, sacralization, lumbarization and spondylolisthesis. The
spondylolisthesis measurements were made according to the Meyerding Grading Scale. The levels and the
pattern of anterior or posterior listhesis, and co-existing radiological findings such as osteophyte,
sclerosis, intervertebral disk space narrowing and scoliosis, were noted.
Results: The rate of hyperlordosis (P=0.003) and spondylolisthesis (P=0.012) were significantly higher
in females compared to males. The rate of spondylolisthesis among all patients was 11.4% (female/male
ratio:2.95/1). All male patients and 91.5% of female patients with spondylolisthesis had it at the L5-S1
level only. Among all, 90.6% of spondylolisthesis patients had anterolisthesis and 79.1% had grade 1
spondylolisthesis according to Meyerding. The most common radiological findings were sclerosis (95%),
osteophytes (62.5%), intervertebral disk narrowing (62.5%), scoliosis (37.5%) in spondylolisthesis
patients.
Conclusion: The results of our study showed that hyperlordosis and spondylolisthesis were more
common in females. The characteristics of spondylolisthesis include occurring mostly at one level only,
being Meyerding grade 1 and showing anterolisthesis pattern. The most frequent coexisting radiological
findings were sclerosis, osteophytes, and intervertebral disk narrowing. These result support the idea that
the pathogenesis of spondylolisthesis is associated with spondylosis. The rate of spondylolisthesis was
higher compared to many previous studies. Before deciding on an exercise, it is important to see the direct
radiography of the patient with low back pain.
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Introduction
Spondylolisthesis is defined as the slippage (anterior or
posterior) of a vertebral body relative to the next caudad vertebra
[1]. It is one of the major causes of low back pain and disability
[2], it mostly occurs in the lumbar region and is considered to
have two major etiologies: Isthmic and degenerative [1]. Isthmic
spondylolisthesis is associated with spondylolysis distinguished
by fracture of the pars interarticularis and mostly occurs at L5S1. Degenerative spondylolisthesis is associated with progressive
degeneration of both intervertebral discs and facet joints with
aging, and mostly occurs at L4-5 [3]. Despite usually being
asymptomatic, neurogenic claudication and neurological
symptoms can occur, such as pain in the legs, weakness,
numbness due to spinal stenosis.
The incidence of spondylolisthesis is reported as 4-6%
[4]. The prevalence of spondylolisthesis among 1147 patients
with low back pain was 6% [5]. There are contradictory results
about prevalence in males and females, it was 2.7% in elderly
males, and 8.4% in elderly females in The Copenhagen
Osteoarthritis Study [6]. In another study conducted on the
elderly Chinese population, 25% of females and 19.1% of males
had spondylolisthesis. There are also conflicting results about its
relationship with age [7]. Horikawa et al. reported no significant
correlation between the presence of spondylolisthesis and age in
Japan [8]; however, Denard et al. reported that spondylolisthesis
prevalence increased with age [9].
The pathogenesis of degenerative spondylolisthesis is
multifactorial and starts with the degeneration of intervertebral
discs and facet joints. Progressive degeneration can lead to
instability [10]. Chanchairujira et al. reported that osteophyte
formation may cause segment instability [11], and Wang et al.
reported that intervertebral disc space narrowing can lead to
degenerative lumbar spondylolisthesis [12]. There are also
studies about other vertebral pathologies that increase the risk of
spondylolisthesis. It was reported that the risk of
spondylolisthesis increases four times in the presence of
sacralization in L5 [4]. In another study on athletes, stress
fractures were the most dominating cause of spondylolysis,
which is associated with isthmic spondylolisthesis [13]. In a
study investigating the relationship between scoliosis and
spondylolisthesis, scoliosis was found in 42% of the patients
with symptomatic spondylolisthesis [14].
Previous studies reported conflicting results about the
gender-based comparison of radiographical findings. Some of
them stated that spondylosis was more common in males [15],
while the others stated otherwise [16]. Also, there are different
results about the rates and the characteristics of
spondylolisthesis.
In clinical practice, it is necessary to diagnose
spondylolisthesis due to the exercise choice. Exercises which are
given in spondylolisthesis differ from those needed in other
conditions of low back pain [17].
This study aimed to assess radiographical findings in
patients with low back pain as well as the frequency and the
radiographic characteristics of spondylolisthesis according to
gender.

The characteristics of spondylolisthesis

Materials and methods
This retrospective analysis included patients with low
back pain evaluated at the Department of Physical Medicine and
Rehabilitation in Eskisehir City Hospital (Eskisehir, Turkey)
between August 2019 and April 2020. Data were obtained from
the hospital database and patient files. The medical records of
904 patients with low back pain (ICD-10: M48.06, M51, M51.0,
M51.1, M53.3, M54.5, M54.4) were reviewed for age, gender,
lumbar spine radiographs.
Patients over 18 years of age with records of age, sex,
and lumbar spine radiographs (both anterior and lateral), were
included in the study. Those under the age of 18 years, patients
who do not have both anterior and lateral radiographs, and those
with lumbar spine radiographs not suitable for accurate
assessment were excluded from the study. A total of 348 (245
female, 103 male) patients who met the criteria were included.
Anterior and lateral radiographs obtained from T12 to
S1 were interpreted by two physical therapy and rehabilitation
specialists for the presence of osteophytes, intervertebral disk
space narrowing, spondylosis, scoliosis, fracture, flattening of
lordosis, hyperlordosis, sacralization, lumbarization and
spondylolisthesis.
The spondylolisthesis measurements were made
according to The Meyerding Grading Scale by the same
specialists by dividing the slip distance by the caudad body
width: No slip: Grade 0, 5-25% slippage: Grade 1, 26-50%
slippage: Grade 2, 51-75% slippage: Grade 3, 76-100% slippage:
Grade 4, complete slippage: Grade 5. Slips of less than 5% were
not considered spondylolisthesis [18]. In our study, degenerative
and isthmic spondylolisthesis were not evaluated due to the
absence of oblique radiographies, and the results for
anterolisthesis and retrolisthesis were present. This study did not
differentiate between spondylolisthesis and spondylolytic
spondylolisthesis because only lateral radiographs were obtained.
Antero- and retrolisthesis are grouped under spondylolisthesis.
A loss of anterior, middle, and posterior vertebral height
(>20%) or a crush fracture in the vertebra were evaluated as the
presence of vertebral fracture [19]. Sclerosis, disk space
narrowing, spur formation (osteophyte) indicated the presence of
spondylosis [20]. Lumbar lordosis is defined as the angle
between the line passing through the upper end plate of L1
vertebra and the sacral endplate. Normal lumbar lordosis is
between 40 and 70 degrees when the L3-4 distance is considered
as the peak point. A lordotic angle of less than 40 degrees
indicated flattening of the lordosis and more than 70 degrees
indicated hyperlordosis [21]. A Cobb angle of more than 10
degrees in the frontal plain was considered scoliosis [22].
Addition of sacral elements by the incorporation of L5 was
evaluated as sacralization [23]. Separation of the S1 segment
from the S2 segment was evaluated as lumbarization [24].
The study was conducted with the approval of the
Council of Ethics of the Faculty of Medicine of Eskisehir
Osmangazi University with the decision no 35 on 14.07.2020.
Statistical analysis
IBM SPSS Statistics 22.0 (SPSS Inc., Chicago, Illinois)
program was used for statistical analysis. The categorical
variables were evaluated with Chi-square tests and presented as
numbers (n) and percentages (%). Descriptive statistics were
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given as mean (standard deviation [SD]). A P-value<0.05 was
considered significant.

Results
The radiograph qualities of 348 patients were high
enough for analysis. Among them, 245 (70.4%) were females,
and 103 (29.6%) were males. The overall mean age of the
patients, and those of males and females were 47.7 (16.12) years,
45.6 (17.78) years, and 48.3 (15.79) years, respectively (range:
18-87 years).
Among all, %11.7 of the patients had normal
radiographic findings. The most common finding in radiographs
was spondylosis (75.8%) in both males (77.6%) and females
(75.1%). The number and percentage of other radiological
findings was shown in Table 1. Spondylolisthesis were seen in
11.4% of the patients, with a F:M ratio of 2.95:1. The rates of
hyperlordosis (P=0.003) and spondylolisthesis (P=0.012) were
significantly higher in females (Table 1).
Table 1: The comparison of radiological findings according to gender

Normal radiography
Lumbarization
Sacralization
Hyperlordosis
Fracture
Fracture in L1
Fracture in L2
Multiple vertebral fractures
Total
Scoliosis
Flattening of lumbar
lordosis
Spondylosis
Spondylolisthesis

Female
(n=245)
(%)
28 (11.4%)
2 (0.8%)
2 (0.8%)
28 (11.4%)

Male
(n=103)
n (%)
13 (12.6%)
2 (1.9%)
1 (0.9%)
2 (1.9%)

Pvalue
0.753
0.728
0.887
0.003

Total
(n=348)
n (%)
41 (11.7%)
4 (1.1%)
3 (0.8%)
30 (8.6%)

6 (2.4%)
3 (1.2%)
8 (3.2%)
17 (6.9%)
66 (26.9%)
62 (25.3%)

5 (4.8%)
5 (4.8%)
2 (1.9%)
12 (11.6%)
22 (21.3%)
32 (31%)

0.242
0.095
0.147
0.500
0.274
0.269

11 (3.1%)
8 (2.2%)
10 (2.8%)
29 (8.3%)
88 (25.2%)
94 (27%)

184 (75.1%)
35 (14.2%)

80 (77.6%)
5 (4.8%)

0.609
0.012

264 (75.8%)
40 (11.4%)

We detected 43 spondylolistheses in 40 patients. Thirtytwo of 35 female patients and all male patients had
spondylolistheses at L5-S1 only. All males had Meyerding grade
1 spondylolisthesis, and all were in the form of anterolisthesis.
Anterolistheses were seen in 90.6% all spondylolistheses, all
single-level anterolistheses were at the L5-S1 in both females
and males. Two anterolistheses were at two levels in females (At
L2-3 and L5-S1 in one, and at L4-5 and L1-2 in the other
patient). Most spondylolisthesis (79.1%) were Meyerding grade
1. Retrolisthesis was seen in only 3 (7.5%) patients, all of which
were female and Meyerding grade 1. Two retrolistheses were at
the L4-5 level, and the other retrolisthesis patient had slips at two
levels (both L2-3 and L5-S1) (Table 2).
Table 2: The vertebral level and the grade of the spondylolisthesis patients

Female
Anterolisthesis grade 1
Anterolisthesis grade 2
Retrolisthesis grade 1
Male
Anterolisthesis grade 1
Total

L1-2
n(%)

L2-3
n(%)

L4-5
n(%)

L5-S1
n(%)

Total

1 (2.3%)

1 (2.3%)

1 (2.3%)

1 (2.3%)

2 (4.6%)

22 (51.1%)
9 (20.9%)
1 (2.3%)

25 (58.1%)
9 (20.9%)
4 (9.3%)

2 (4.6%)

3 (6.9%)

5 (11.6%)
37 (86%)

5 (11.6%)
43 (100%)

1 (2.3%)

The most common coexisting radiological finding was
end-plate sclerosis present in almost all patients with
spondylolisthesis (95%), followed by osteophytes (62.5%) and
intervertebral disc space narrowing (62.5%) (Table 3).

Table 3: Coexistence of other radiological findings according to gender in spondylolisthesis
patients

Hyperlordosis
Flattening of the
lumbar lordosis
Fracture
Scoliosis
Intervertebral disc
space narrowing
Osteophyte
Sclerosis

Spondylolisthesis in
Female (n=35)
n (%)
5 (14.2)
6 (17.1)

Spondylolisthesis in
Male (n=5)
n (%)
0
0

Total
(n=40)

5 (14.2)
13 (37.1)
20 (57.1)

1 (20%)
2 (40%)
5 (100%)

6 (15%)
15 (37.5%)
25 (62.5%)

23 (65.7)
34 (97%)

2 (40%)
4 (80%)

25 (62.5%)
38 (95%)

5 (12.5%)
6 (15%)

Multiple findings could be observed in one spondylolisthesis patient

Discussion
The major finding of our study is the nearly doubled
rates of lumbar spondylolisthesis in patients with low back pain
than previously reported [5]. In the Framingham Heart Study,
spondylolisthesis was found in 20.7% of studied population,
similar to ours [15]. Another study in China reported the
prevalence of spondylolisthesis as 25% among females, and
19.1% among males [7]. The female predominance in that study
resembles our results. Although the rates of spondylolisthesis
may differ with ethnic difference, it cannot be the major factor.
In another study in Turkey, the spondylolisthesis ratio was 5%,
less than half reported in our study [25].
Gender-based comparison of radiological findings have
revealed conflicting results. Kalichman et al. [15] reported that
spondylosis was more common in males, while Lee et al. [16]
stated otherwise. In another study, scoliosis was more common
among females [26]. Contrary to these studies, we found no
significant differences between the genders in terms of
spondylosis, scoliosis, and other findings. Only hyperlordosis
and spondylolisthesis were more common in females with low
back pain. Similar to our study, Stagnara et al. [27] reported that
hyperlordosis was more common among females compared to
males due to their greater buttock size. Furthermore, the lumbar
lordosis angle and spondylolisthesis were related [28].
In our study, spondylolisthesis rate was higher among
females. Other studies also reported similar findings, but
differences were observed in female/male ratios [6,7,15]. The
general belief is that it is approximately four times more
common in women [4]. The F:M ratio in our study was 2.95:1.
Similar to our study, Horikawa et al. reported the female/male
ratio as 2.34:1 in Japan [8]. In a Chinese study, female/male ratio
of lumbar spondylolisthesis was 1.3:1 [7] and the Copenhagen
Osteoarthritis Study reported it as 6.1:1 [6]. The laxity in joints,
pregnancy [29] and oophorectomy [30] are thought to be
predisposing factors in spondylolisthesis. Also, intervertebral
disc narrowing was more severe in women in some studies [31],
which may lead to higher ratios of degenerative spondylolisthesis
among women.
In our study, most female patients (91.5%), and all male
patients had a slip at a single level. A chinese study reported the
rate of multi-level slips as 13.8% among female subjects [7].
Denard et al. reported that 96% of listhesis were only at the
vertebral level in 300 elderly males [32].
In previous studies, the rate of anterior spondylolisthesis
was higher, similar to our study. Anterolisthesis rate in our study
is high among both female and male spondylolisthesis patients
(females: 91%, males: 100%) Although the rate in female was
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similar to those in the previous studies, the rate in males were
slightly higher than the other studies. He et al. reported the same
rate (91%) of anterolisthesis with our study in 499 females with
spondylolisthesis, however, male anterolisthesis rates (74%)
were lower than our study [7]. This may be due to the low
number of male patients with spondylolisthesis in our study.
Single spondylolistheses were all at L5-S1. In the
Framingham Heart Study, isthmic types were mostly found at the
L5-S1 spinal level, while the degenerative types were mostly at
the L4-5 level [15]. Isthmic spondylolisthesis is mostly seen in
male patients and at the L5-S1 level, and degenerative
spondylolisthesis is mostly seen in female patients and at the L45 level [4]. Due to the absence of oblique spine radiographs,
differentiation of isthmic and degenerative spondylolisthesis
could not be evaluated. It is not known which type of
spondylolisthesis rate is higher in our study.
Our study showed that all listheses of males and 76.3%
listheses of females were Meyerding grade 1. Similar to our
results, in many studies, grade 1 listhesis was much more
common than the other grades. Denard et al. [32] reported that
all listheses were classified as grade 1 according to the
Meyerding Scale in 300 elderly men. The Chinese study reported
that 94% of female patients with spondylolisthesis were
Meyerding grade 1 [7].
There are limited studies investigating the relationship
between spondylolisthesis and other radiological findings. It is
known that progressive degeneration in intervertebral discs and
facet joints and osteophyte formation can lead to pain and
segment instability [10]. In our study, the most common
radiological findings were sclerosis (95%), osteophytes (62.5%)
and intervertebral disk narrowing (62.5%) in spondylolisthesis
patients. This supports the idea that the pathogenesis of
spondylolisthesis is associated with spondylosis. We also studied
the relationship of other radiological findings with
spondylolisthesis and found that while fracture rate was not high
(15%), scoliosis rate was 37.5%. In published data, there is
evidence regarding the relationship between degenerative
scoliosis and lateral spondylolisthesis [33]. However, there are
limited studies about the relationship of scoliosis and anteriorposterior spondylolisthesis. A study reported 42% scoliosis rate
in patients with symptomatic spondylolisthesis [14]. This
relationship between scoliosis and spondylolisthesis may be
associated with the development of various curves due to the
muscle contracture and increased pars interarticularis defects in
scoliosis compared to the normal population [34]. It is known
that the risk of spondylolisthesis increases four times in the
presence of sacralization in L5 [4]; however, we had no patient
with sacralization and spondylolisthesis in our study. In another
study, the prevalence of sacralization was 5.1% [34], while it
was 0.8% in ours. The lack of a relationship may be because of
the low number of patients with sacralization.
Limitations
This study has some limitations. First, degenerative and
isthmic spondylolisthesis was not investigated due to the absence
of oblique radiographs. Also, because of retrospective design, we
were not able to evaluate pain levels, functionality, pelvic
inclination, or the degree of lordosis. Increased lumbar lordosis
may impose additional stress on the spinal ligaments and play a
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role in spondylolisthesis pathogenesis. Further studies are needed
which evaluate the relationship between degree of lordosis and
spondylolisthesis. The strength of our study was not only
evaluating the frequency, age and sex distribution, but also
evaluating the relationship between spondylolisthesis and other
radiological findings.
Conclusion
In this study, the rates and the characteristics of
spondylolistheses was presented. In physical medicine and
rehabilitation practice, it is important to differentiate
spondylolisthesis because the choice of exercise differs
accordingly. The rate of spondylolisthesis was higher compared
to many previous studies. Most spondylolistheses occurred in
females, higher rates of anterolistheses were observed compared
to retrolisthesis, and most were grade 1 at the L5-S1 level. The
most common radiological findings were sclerosis, osteophytes
and intervertebral disk narrowing in spondylolisthesis patients.
Our results support the idea that the pathogenesis of
spondylolisthesis is associated with spondylosis.

References
1. Wiltse LL, Newman PH, Macnab I. Classification of spondylolisis and spondylolisthesis. Clin Orthop
Relat Res. 1976;117:23-9.
2. Vibert BT, Sliva CD, Herkowitz HN. Treatment of instability and spondylolisthesis: surgical versus
nonsurgical treatment. Clin Orthop Relat Res. 2006;443:222-7.
3. Wiltse LL, Winter RB. Terminology and measurement of spondylolisthesis. J Bone Joint Surg Am.
1983;65:768–72.
4. Şenel K. Spondilolistezis. İçinde: Göksoy T, Şenel K, editörler. Ortopedik Rehabilitasyon, 2. baskı.
İstanbul: Bilmedya; 2016;209–12.
5. Virta L, Rönnemaa T, Osterman K, Aalto T, Laakso M. Prevalence of isthmic lumbar
spondylolisthesis in middle aged subjects from eastern and western Finland. J Clin Epidemiol.
1992;45:917–22.
6. Jacobsen S, Sonne-Holm S, Rovsing H, Monrad H, Gebuhr P. Degenerative lumbar spondylolisthesis:
an epidemiological perspective: the Copenhagen Osteoarthritis Study. Spine. 2007;32(1):120-5.
7. He LC, Wang YXJ, Gong JS, Griffith JF, Zeng XJ, Kwok AW, et al. Prevalence and risk factors of
lumbar spondylolisthesis in elderly Chinese men and women. European radiology. 2014;24(2):441-8.
8. Horikawa K, Kasai Y, Yamakawa T, Sudo A, Uchida A, et al. Prevalence of osteoarthritis,
osteoporotic vertebral fractures, and spondylolisthesis among the elderly in a Japanese village.
Journal of orthopaedic surgery. 2006;14(1):9-12.
9. Denard PJ, Holton KF, Miller J, Fink HA, Kado DM, Yoo JU, et al. Lumbar spondylolisthesis among
elderly men: prevalence, correlates and progression. Spine. 2010;35(10):1072.
10. Kirkaldy Willis WH. Managing Low Back Pain. Churchill Livingstone, New York 1988.
11. Chanchairujira K, Chung CB, Kim Young J, Papakonstantinou O, Lee MH, Clopton P, et al.
Intervertebral disk calcification of the spine in an elderly population: Radiographic prevalence,
location, and distribution and correlation with spinal degeneration. Radiol. 2004;230:499-503.
12. Wang G, Karki SB, Xu S, Hu Z, Chen J, Zhou Z. et al. Quantitative MRI and X-ray analysis of disc
degeneration and paraspinal muscle changes in degenerative spondylolisthesis. Journal of Back and
Musculoskeletal Rehabilitation. 2015;28(2):277-85.
13. Halvorsen TM, Nilsson S, Nakstad PH. Stress fractures. Spondylolysis and spondylolisthesis of the
lumbar vertebrae among young athletes with back pain. Tidsskrift for den Norske Laegeforening :
Tidsskrift for Praktisk Medicin, ny Raekke. 1996;116(17):1999-2001.
14. McPhee IB, O’Brien JP. Scoliosis in symptomatic spondylolisthesis. The Journal of Bone and Joint
Surgery. 1980;62B(2):155-7.
15. Kalichman L, Kim DH, Li L, Guermazi A, Berkin V, Hunter DJ. Spondylolysis and
spondylolisthesis: prevalence and association with low back pain in the adult community-based
population. Spine. 2009;34(2):199.
16. Lee SY, Cho NH, Jung YO, Seo YI, Kim HA. Prevalence and risk factors for lumbar spondylosis and
its association with low back pain among rural Korean residents. Journal of Korean Neurosurgical
Society. 2017;60(1):67.
17. Mammadov T, Senlikci HB, Ayas S. A public health concern: Chronic low back pain and the
relationship between pain, quality of life, depression, anxiety, and sleep quality. J Surg Med.
2020;4(9):808-11.
18. Meyerding HW. Spondylolisthesis. Surg Gynecol Obstet. 1932;54:371–9.
19. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture assessment using a semiquantitative
technique. J Bone Miner Res. 1993;8:1137–48.
20. Weiner DK, Distell B, Studenski S, Martinez S, Lomasney L, Bongiorni D. Does radiographic
osteoarthritis correlate with flexibility of the lumbar spine? J Am Geriatr Soc. 1994;42:257–63.
21. Le Huec JC, Saddiki R, Franke J, Rigal J, Aunoble S. Equilibrium of the human body and the gravity
line the basics. Eur Spine J. 2011;20(5):558–63.
22. Schwab F, el-Fegoun AB, Gamez L, Goodman H, Farcy JP. A lumbar classification of scoliosis in the
adult patient: preliminary approach. Spine. 2005;30(14):1670–3.
23. Magora A, Schwartz A. Relation between the low back pain syndrome and X-ray findings.
Transitional vertebra (mainly sacralization) Scan J Rehabil Med. 1978;10:135-45.
24. Mahato NK. Morphological traits in sacra associated with complete and partial lumbarization of first
sacral segment. The Spine Journal. 2010;10:910-5.
25. Tekeoğlu İ, Göksoy T, Gürbüzoğlu N. Bel ağrılı 100 olgunun klinik ve radyolojik yönden
değerlendirilmesi. Van Tıp Dergisi. 1998;5(2):72-5.
26. Konieczny MR, Senyurt H, Krauspe R. Epidemiology of adolescent idiopathic scoliosis. Journal of
children's orthopaedics. 2013;7(1):3-9.
27. Stagnara P, De Mauroy JC, Dran G, Gonon GP, Costanzo G, Dimnet J et al. Reciprocal angulation of
vertebral bodies in a sagittal plane: approach to references for the evaluation of kyphosis and lordosis.
Spine 1982;7(4):335-42.
28. Been E, Kalichman L. Lumbar lordosis. The Spine Journal. 2014;14(1), 87-97.

P a g e | 489

J Surg Med. 2021;5(5):486-490.

The characteristics of spondylolisthesis

29.Sanderson PL, Fraser RD. The influence of pregnancy on the development of degenerative
spondylolisthesis. J Bone Joint Surg Br. 1996;78:951–4.
30.Imada K, Matsui H, Tsuji H. Oophorectomy predisposes to degenerative spondylolisthesis. J Bone
Joint Surg Br. 1995;77:126–30.
31.Wang YX, Griffith JF, Ma HT, Kwok AWL, Leung JCS, Yeung DKW, et al. Relationship between
gender, bone mineral density, and disc degeneration in the lumbar spine: a study in elderly subjects
using an eight-level MRI-based disc degeneration grading system. Osteoporos Int. 2011;22:91–6.
32.Denard PJ, Holton KF, Miller J, Fink HA, Kado DM, Yoo JU, et al. Lumbar spondylolisthesis among
elderly men: prevalence, correlates and progression. Spine. 2010;35(10):1072.
33.Rick JR, Winter RB, Moe JH. The lumbosacral articulation and its relationship to scoliosis. J Bone
Joint Surg [Am]. 1974;56-A:445.
34.Altas H, Yilmaz A. Magnetic resonance imaging of the lumbar spine in adult: Evaluation of spinal
incidental findings in patients with low back pain. Annals of Medical Research. 2019;26(4):748-52.
This paper has been checked for language accuracy by JOSAM editors.
The National Library of Medicine (NLM) citation style guide has been used in this paper.

P a g e | 490

