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Abstract: The relationship between various factors predisposing to the formation of spondylolisthesis,
including degenerative spondylolisthesis, has been analyzed by many authors. However, not all
observations are consistent. In this review, we identified factors whose impact on the prevalence
of spondylolisthesis was most often mentioned in the literature. These included gender, age, bone
mineral density, ethnic origin, and oophorectomy. The results were inclusive in terms of physical
activity, pregnancy status, and use of hormone replacement therapy. Associations between diabetes
and smoking were very poorly marked. The literature so far has identified a number of factors
significantly affecting the incidence of degenerative spondylolisthesis. These include age, gender,
body weight, ethnic origin, bone mineral density, and hormonal balance. Radiological parameters,
which include iliac crest, pelvic tilt, pelvic incidence, sacral slope, and lumbar lordosis, may also be
of great importance for assessing changes in the occurrence and progression. However, the authors
do not agree on the real significance of individual factors. The aim of this review was to identify the
factors predisposing to the formation of degenerative spondylolisthesis, the importance of which has
been suggested in the current literature. The systematization of knowledge in this field can allow a
more accurate adjustment of the treatment plan for each patient affected by this condition.

Keywords: lumbar spine; degenerative spondylolisthesis; risk factors; diagnostic radiology;
degenerative disease; sex hormones

1. Introduction

The human spine is a very complex structure whose individual elements play a key role
in the mechanisms maintaining vertical body posture and movement. Unfortunately, due to
the very heavy loads that affect the spine, we often deal with the formation of various types
of degenerative changes. One of the diseases in this group is degenerative spondylolisthesis.
Spondylolisthesis is defined as the displacement of at least one vertebra in relation to the
vertebra (or sacrum) below it. The most common type of spondylolisthesis is a forward
displacement of a vertebra (anterolisthesis), but retrolisthesis is also a relatively common
phenomenon [1,2]. It is estimated that in the world, this problem affects from 3% to even
30% of the population depending on gender and ethnicity [3–11]. Congenital abnormalities,
previous injuries, surgical procedures, concomitant diseases, and degenerative processes
can lead to the formation of a slip [12]. Due to the aging of society, degenerative processes
pose an increasing challenge to modern medicine.

Degenerative spondylolisthesis (DS) is a type of lesion arising from the loss of spine
stability and chronic degenerative changes [12,13]. It is characteristic of older people (Adult
Spondylolisthesis in the Low Back, American Academy of Orthopedic Surgeons). As
the population ages, older adults pose an increasingly serious problem for modern spine
surgery. For this reason, this review focuses on degenerative spondylolisthesis.
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The purpose of this review is to thoroughly assess and summarize the existing knowl-
edge about socio-demographic and environmental factors affecting the prevalence of
degenerative spondylolisthesis in the population. To the best of our knowledge, this is the
only review that presents all the described risk factors for the development and progression
of degenerative spondylolisthesis. In order to conduct such a thorough analysis of all
the risk factors for the development of degenerative spondylolisthesis, in this review, we
considered scientific papers whose age and quality do not meet contemporary standards
of the scientific literature. For this reason, the proper preparation of a systemic review in
the traditional form was very difficult. Therefore, the following review is intended as a
narrative review to highlight the conclusions of these studies and contrast them with more
contemporary reports. The characteristics of studies included in the analysis are presented
in Table 1.
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Table 1. Characteristics of groups and criteria for inclusion and exclusion applied to the studies analyzed in this review; y—years, DS—degenerative spondylolisthesis.

Study Study Groups Inclusion Criteria Exclusion Criteria: Article Type Main
Conclusions

Dent [14]

N = 300
Age (range)—50–90 y
Gender:

• Women—100%;
• Men—0%.

• Group A—rural Bantu;
• Group B—urban Bantu;
• Group C—women of

European origin.

• Immobilization for more than
a week;

• Systemic disease;
• Receiving drugs known to

affect bone metabolism.

• Original research

• Ethnic origin has an impact on the
incidence of spondylolisthesis (it is
higher in a population of
African women).

Rosenberg [15]

N = 200
Age (range): 44–89 y
Gender:

• Women—79.5%;
• Men—20.5%.

Diagnosis of degenerative
spondylolisthesis.

• Patients with slipping of less
than 5% • Original research

• Sex, age, and diabetes are listed as
predisposing risk factors.

Imada [16]

Study group:
N = 210
Age (mean):

• DS: 58.8 ± 6.49 y;
• Control: 58.7 ± 6.54 y.

Gender:

• Women—100%;
• Men—0%.

Cohort:
N =138
Gender:

• Women—100%;
• Men—0%.

Age (mean):

• Oophorectomy: 53.8 y;
• Non-oophorectomy: 53.6 y.

Study Group:

• Women with low back pain;
• Diagnosis of degenerative

spondylolisthesis.

Controls:

• A total of 105 patients matched by
age, gender, and occupation.

Cohort:

• A total of 69 patients after
bilateral oophorectomy, before
menopause and without hormone
replacement therapy;

• Randomly sampled comparison
group of 69 non-oophorectomized
patients.

• None reported • Case-control study • Decreased level of sex hormones is a risk
factor for degenerative spondylolisthesis.

Sanderson [17]

N = 1069
Age (mean):

• Men—64.1 ± 5.8 y;
• Parous women—63.1 ± 5.1 y;
• Nulliparous

women—61.2 ± 6.4 y.

Gender:

• Women—88.8%;
• Men—11.2%.

• Lower back pain;
• History of spine surgery.

• None reported • Original research
• Pregnancy is a risk factor for the

development of degenerative
spondylolisthesis.
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Table 1. Cont.

Study Study Groups Inclusion Criteria Exclusion Criteria: Article Type Main
Conclusions

Kauppila [18]
N = 617

• Females—400;
• Man—217.

• A 25-year follow-up study in
Framingham Cohort;

• Lumbar radiographs available.
• None reported • Original research • The incidence of spondylolisthesis is

associated with age.

Vogt [4]

N = 788
Age (mean): 71.5 y
Gender:

• Women—100%;
• Men—0%.

• White women;
• Aged more than 65 y;
• Participants of a multicenter

study on osteoporotic fractures
(SOFs);

• Living in the general community
within a 25-mile radius of
the clinic.

• Man;
• African american women;
• Women who were

institutionalized;
• Women after bilateral hip

replacement;
• Inability to walk without the

assistance of another person.

• Cross-sectional
study

• Age, sex, and ethnic origin are factors
predisposing for spondylolisthesis.

Vogt [19]

N = 1366
Age (mean)—71.2 ± 5.1 y
Gender:

• Women—100%;
• Men—0%.

• White women;
• Aged more than 65 y;
• Participants of a multicenter

study on osteoporotic fractures
(SOFs);

• Living in the general community
within 25-mile radius of the clinic.

• Institutionalized, bilateral hip
replacement;

• Patients unable to walk
without assistance of another
person;

• Man;
• African American women.

• Cross-sectional and
prospective study

• Elevated spinal bone mineral density is a
risk factor for retrospondylolisthesis.

Iguchi [10]

N = 201
Age (mean): 64.6 y
Gender:

• Females—115;
• Males—86.

• Diagnosis of degenerative
spondylolisthesis.

• Trauma, tumors, osteoporotic
compression fractures, and
major systemic diseases
(cerebrovascular disease,
diabetes mellitus);

• Degenerative scoliosis of
>10◦;

• Spondylolysis and
spondylolytic
spondylolisthesis

• Original research
• Anterolisthesis is much more common in

women; the prevalence of retrolisthesis is
similar in both sexes.

Vogt [5]

N = 470
Age (mean)—75.1 ± 4.9 y
Gender:

• Women—100%;
• Men—0%.

• African American women;
• Aged at least 65 years.

• Women who were
institutionalized;

• Women after bilateral hip
replacement;

• Inability to walk without the
assistance of another person.

• Cross-sectional
epidemiological
study

• Ethnic origin is a risk factor for
spondylolisthesis;

• HRT reduces risk of anterolisthesis;
• Diabetes is excluded as a risk factor.



Medicina 2023, 59, 1430 5 of 23

Table 1. Cont.

Study Study Groups Inclusion Criteria Exclusion Criteria: Article Type Main
Conclusions

Chen [6]

N = 1242
Age (mean)—44.5 ± 8.7 y
Gender:

• Women—4%;
• Men—96%.

• Participants in the Taxi Drivers’
Health Study (TDHS);

• Registered taxi driver in Taipei
City for at least one year;

• Willing to participate;
• Able to read.

• Isthmic spondylolisthesis.
• Cross-sectional

epidemiological
study

• Sex (female), age, high BMI, and type of
exercise and occupation are associated
with higher incidence of
spondylolisthesis.

Horikawa [20]

N = 528
Age (mean): 70.6 y
Gender:

• Women—61.2%;
• Men—38.8%.

• Age ≥ 65 y;
• Residing in a village located in

Nansei-cho, Mie prefecture, Japan.

• Less than 65 y;
• History of trauma to the

thoracolumbar spine.
• Original research

• Age is not a risk factor;
• Ethnic origin and sex (female) are

associated with higher incidence of
spondylolisthesis.

Jacobsen [7]

N = 4001
Age (range)—22–93 y
Gender:

• Women—62.6%;
• Men—37.4%.

• Participants in the Copenhagen
Osteoarthritis Study;

• X-rays available.
• History of spine surgery.

• Cross-sectional
epidemiological
study

• Professional activity did not affect
incidence of spondylolisthesis;

• Age, BMI, and angle of lordosis are
associated with spondylolisthesis in
women;

• No correlation in men.

Mariconda [21]

N = 120
Age (mean)—57.5 ± 11.8 y
Gender:

• Women—52%;
• Men—48%.

• Lower back pain >1 year;
• MRI examination;
• Speak Italian.

• Less than 40 y;
• Secondary causes of low back

pain: tumor, infection,
congenital anomaly, trauma,
psoriasis, chronic
polyarthritis, or osteoporosis;

• Previous back surgery.

• Original research • Aging, sport, and occupation are risk
factors.

Hosoe [22]

N = 250
Age (mean):

• DS—68.2 y;
• Control—46.8 y.

Gender:

• Women—62.2%;
• Men—37.8%.

• X-ray available.

DS group:

• Diagnosed DS of the L5 vertebra.

Control group:

• Random sample of 293 without
changes in X-rays.

• None reported
• Original research;

observational
study

• Aging and sex (female) are risk factors
for the development of anterolisthesis.
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Table 1. Cont.

Study Study Groups Inclusion Criteria Exclusion Criteria: Article Type Main
Conclusions

Chen [23]

N = 132
Age (mean):

• DS—55.36 ± 5.61 y;
• Control: 54.90 ± 5.52 y.

Gender:

• Women—100%;
• Men—0%.

Study group:

• First time diagnosis of lumbar
spondylolisthesis;

• Lower back pain;
• Women;
• Age: 45–64 y.

Control:
• No spondylolisthesis;
• Age and gender matched to study

group.

• Missing or inadequate results
of radiological examinations;

• Combined with lumbar
retrolisthesis;

• Posttraumatic lumbar
spondylolisthesis;

• Received further surgical
treatment.

• Case-control
radiographic study

• Disc degeneration and increased lumbar
index are the only independent factors
for spondylolisthesis.

Schuller [24]

Study group:
N = 49
Age (mean)—65.9 y
Gender:
• Women—75.6%;
• Men- 24.4%.

Control:
N = 77
Age (mean)—65.5 y
Gender:

• Women—46.8%;
• Men—53.2%.

Study group:

• Diagnosed degenerative
spondylolisthesis at L4–L5.

Control:

• Lower back pain due to moderate
degenerative disc disease;

• No spondylolisthesis.

• Aged less than 40 years;
• Idiopathic or degenerative

scoliosis;
• Isthmic spondylolisthesis;
• Degenerative

spondylolisthesis at a
different level than L4–L5;

• Previous spinal fractures,
tumors, or previous surgery.

• Original research
• Overweight and sagittal orientation of

L4-L5 facet joints are predisposing
factors for anterolisthesis.

Kalichman [8] N = 188
• Participants of the Framingham

study;
• Diagnosis of spondylolisthesis.

• None reported • Cross-sectional
study

• Age and sex (female) are factors
predisposing to degenerative
spondylolisthesis.

Aono [25]

N = 142
Age (mean):
Gender:

• Women—100%;
• Men—0%.

• Women;
• No spondylolisthesis at baseline

radiographs;
• Baseline age of 40 years or older;
• Could be followed up for more

than 8 years.

• Males;
• Serious medical history or

prior spinal interventions.
• Prospective study

• Pelvic incidence, L4 inclination, and facet
sagittalization are independent factors
predisposing to degenerative
spondylolisthesis.
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Table 1. Cont.

Study Study Groups Inclusion Criteria Exclusion Criteria: Article Type Main
Conclusions

Denard [9]

N = 190
Age (mean): 74 ± 6 y
Gender:

• Women—0%;
• Men—100%.

Osteoporotic Fractures in Men

• Male;
• Aged at least 65 year;
• Ability to walk unassisted by

another person;
• Had at least on natural hip for

femoral bone density
measurement;

• Radiograph available.

• None reported • Prospective cohort
study

• Age and physical activity are risk factors,
whereas height, BMI, diabetes, and
smoking were excluded as such.

Marty-
Poumarat
[26]

N = 146

• HRT group—75;
• No HRT group—71.

Age (mean): 65.8 ± 5.7 y

• Women;
• Over 5 years after menopause.

HRT group:

• Taking HRT for over a year.

No HRT group:

• Not taking HRT or taking HRT
for less than a year.

• No total body bone density
measurements;

• Having X-rays that were not
good enough to allow the
correct measurement of spine

Indices;

• History of spinal surgery,
vertebral fractures, and
lumbo-sacral transitional
vertebra.

• Original research

• HRT decreases risk of degenerative
spondylolisthesis in a population of
women;

• Aging is a risk factor.

He [27]

N = 3990
Age. mean:

• Women—72,6 y;
• Men—77,4 y.

Gender

• Women—50%;
• Men—50%.

• Participants of survey for
osteoporotic fractures in Hong Kong;

• Aged 65 years or above;
• Living in community dwelling;
• Ability to walk without assistance;
• Potential to survive the duration

of a primary study based on their
general medical health;

• Radiograph available.

• Bilateral hip replacement;
• Malignancy;
• Previous lumbar spine

surgery.

• Prospective
population-based
study

• Daily exercise plays a protective role
indeveloping spondylolisthesis;

• High BMI, short height, age, and high
BMD are associated with a higher
prevalence of spondylolisthesis;

• Sex, level of estrogen, number of
childbirths and diabetes were excluded
as risk factors.

Ferrero [28]

N = 654
Age (mean): 67.3 ± 10.6 y
Gender:

• Women—72%;
• Men—28%.

• Aged 18 years or above;
• Surgical treatment for one or two

levels lumbar DS.

• Coronal Cobb angle greater
than 10;

• Previous spinal surgery;
• Pelvis or joint diseases such

as severe osteoarthritis in the
lower limbs, tumor, or
fracture of the pelvis or
lower limbs.

• Retrospective
multicenter study
of prospectively
collected data

• High pelvic incidence, age, and female
gender are risk factors for developing
degenerative spondylolisthesis.
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Table 1. Cont.

Study Study Groups Inclusion Criteria Exclusion Criteria: Article Type Main
Conclusions

Enyo [29]

N = 200
Gender:

• Women—59.5%;
• Men—40.5%.

• Residents of Miyama, in
Wakayama Prefecture, Japan;

• Measurement of bone mineral
density (BMD);

• Radiograph available.

• None reported • Original research

• Ethnic origin, facet sagittalization, and
female gender have and impact on
developing degenerative
spondylolisthesis.

Wang [30]

N = 3065
Age (mean):

• Women—75.7 y;
• Men—75.5 y.

Gender:

• Women—50.4%;
• Men—49.6%.

• Participants of survey for
osteoporotic fractures in Hong
Kong;

• Aged 65 years or above;
• Living in community dwelling;
• Ability to walk without

assistance;
• Potential to survive the duration of

a primary study based on their
general medical health.

• Bilateral hip replacement;
• Malignancy;
• Previous lumbar spine

surgery.

• Longitudinal
follow-up study

• Professional activity, gender, and level of
estrogen do not influence the prevalence
of spondylolisthesis;

• Physical activity has a protective role;
• Short height, age, high BMI, high BMD,

and high values of blood pressure in
women are associated with higher
prevalence of spondylolisthesis.

Cholewicki [31]

N = 322

• DS—149;
• Controls—173.

Age (range)—40–80 y
Gender:

• Women—100%;
• Men—0%.

• Diagnosed DS with minimum of
5% anterior slip measured in the
lumbar region.

• Previous spinal surgery;
• Traumatic injury of the spine;
• Not being independently

ambulatory.

• Case-control study
• Pregnancy, number of childbirths, and

histerectomy are risk factors for
degenerative spondylolisthesis.

Fraser [32]

N = 205
Age (mean): 68.3 y
Gender:

• Women—52%;
• Men—48%.

• Aged at least 50 y.
• Previous lumbar surgery;
• Spinal infection, neoplasm, or

a fracture.

• Prospective
cross-sectional
cohort study

• Weakness of abdominal muscles,
pregnancy, and number of childbirths are
risk factors associated with a higher
prevalence of spondylolisthesis.

Ishimoto [33]

N = 722

• Spondylolisthesis—117;
• Control—605.

Age (mean): 70.1 y
Gender:

• Women—66%;
• Men—34%.

• Participants of Wakayama Spine
Study (WSS);

• Radiograph available.

• The impossibility of
performing an MRI
examination;

• Previous lumbar operation.

• Cross-sectional
observational
study

• Occupational driving is a risk factor,
whereas daily exercise reduces the risk of
developing spondylolisthesis.

• No correlation with age was found.
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Etiology

The etiology of degenerative spondylolisthesis is associated with the degenerative
changes in individual elements of the spinal column, which, as the changes progress,
lose the ability to resist the stresses affecting them, gradually leading to intersegmental
instability at the lumbar motion segment [34–37]. The importance of the three main
disorders that result in the formation of a slip is emphasized as follows:

• Arthritis and orientation of the facet joint favoring increased mobility;
• Disturbances in the functions of the ligament system stabilizing the column;
• Ineffective functioning of postural muscles [35–44].

Some authors believe that intervertebral disc degeneration may initiate spondylolis-
thesis [45,46]. Interestingly, in an analysis of CT discograms in patients with DS, Ito et al.
indicated a number of degenerative changes in discs predisposing to the formation of
a slip [47]. In 66% of cases, degenerative spondylolisthesis affects only one level of the
spine, most often L4-L5 [10,37,48]. This may be due to the high value of the pedicle–
facet angle [49], the coronal orientation of the L5-S1 facets, and the sagittal-placed facet
joint [15,38,40,50–55]. An additional factor predisposing to the formation of a slip at this
level may be the weakening of the iliopsoas ligaments. Proceedings on the condition of the
ligament apparatus in the etiology of degenerative spondylolisthesis can be found in sev-
eral studies [17,56–58]. The paraspinal muscles and other muscle groups, such as the deep
abdominal muscles, are involved in maintaining the stability of the spine. Weakening of
the multifidus, transverse abdominis, or pelvic floor muscles are other factors predisposing
to the formation of degenerative spondylolisthesis [59–63].

The forces acting on the spinal column system are closely related to the role of the
population and environmental factors in the formation of this type of pathology.

2. Literature Search for Evidence

The following databases were used to search the literature: PubMed, Google Scholar,
BMC, Embase, and SCOPUS search engines. Additionally, the papers identified by search-
ing bibliographies and those suggested by experts during the preparation of this review
were included in the analysis. All included papers were written in English.

The database search was carried out between March 2020 and February 2022.
Studies related to trauma, iatrogenic lesions, and isthmic spondylolisthesis were

excluded. Studies on people under the age of 18 and on patients diagnosed with cancer
diseases were also excluded. In addition, observations focusing only on radiological factors
affecting the spread of a slip were also excluded from this review.

3. Risk Factors
3.1. Physical Effort and Professional Activity

The human spine is a very complex mechanical system that enables efficient func-
tioning under physiological loads. However, when its elements are subjected to excessive
forces, degenerative changes occur [64–66]. This phenomenon may result from both pro-
fessional work and recreational activity. Many authors have investigated the relationship
between excessive loads acting on the spinal column with a predisposition to degenerative
slip formation. For example, Mariconda et al. analyzed 120 cases of back pain patients
with spondylolisthesis. They showed a greater prevalence of slips among patients who
actively played sports [15]. A similar relationship was demonstrated by Denard et al. in
their observations on men over 65. They used the Physical Activity Scale for the Elderly
(PASE) to measure daily physical activity. The authors noted that the prevalence of spondy-
lolisthesis was greater among men with higher PASE scores. A detailed analysis showed
a greater prevalence in people who spend their free time being active (43% vs. 31%) [9].
Many authors also analyzed the professional activity of patients. For example, a study by
Mariconda et al. suggested a relationship between high physical effort and lifetime work
exposure on the prevalence of spondylolisthesis [15]. A more detailed analysis of activity
type was performed by Matsunga et al. They analyzed the progression of degenerative
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changes in 40 patients with spondylolisthesis. Their results showed that occupations that
require repetitive anterior flexion, such as farming or fishing, are a risk factor for slide
progression. In the group of people with intensified changes, as many as 75% of patients
performed this type of activity, while among people without progression, this percentage
was only 10% [39]. This issue was also studied by Ischimoto et al. using observations of
Japanese adults from the Wakayama Spine Study. The authors demonstrated that among
people under the age of 75, the most important risk factor for the occurrence of slip was
work in the agricultural/fishing industries, which was associated with a 3 times greater
risk of this type of change [33]. Similar conclusions were shown in the observations of
other authors [67–70]. Interestingly, not only is occupational exposure to greater physical
effort important but also the long-term operation in a certain position of the body. This
applies, among others, to professional drivers who spend many hours in cars. Chen et al.
analyzed the Taxi Drivers’ Health Study (TDHS) population of professional drivers in
Taipei for spondylolisthesis. Out of all the examined persons, the presence of slip was
detected in 40 cases (3.2%). The authors showed that the length of time working as a
taxi driver significantly affected the risk of spondylolisthesis. In the group of drivers
working in the profession for up to 5 years, the frequency of spondylolisthesis was only
1.1%, while for those working 6–15 years, this value was more than twice as high. Among
those working for over 15 years, 7.1% were affected by a slip. Interestingly, the authors
did not show the impact of physical activities (lifting tasks, bending/twisting) at work
on the occurrence of this type of change [6]. The impact of a forced body position was
also noted in the observations by Mariconda et al. In their study group, occupational
driving was the only factor associated with a greater degree of vertebral slip. Moreover,
they demonstrated the influence of prolonged occupational sitting on the prevalence of
spondylolisthesis [15]. Ishimoto et al. also noted a relationship between slip and time spent
driving a car. In this case, patients who reported occupational driving for ≥4 h/day were
more than two times more likely to develop spondylolisthesis. The situation was similar
in the group of people aged ≥75 years who reported sedentary work for ≥2 h/day [33].
Additionally, some authors suggested a role of whole-body vibration, to which vehicle
drivers were exposed as the main mechanism influencing the pathogenesis of a slip [71–73].
On the other hand, data from some centers seem to contradict this thesis. A study by
Jacobsen et al. did not suggest any relationship between professional activity and the
prevalence of spondylolisthesis [7]. Similar results regarding professional activity were
seen in the prospective population-based study by Wang et al. They showed no effect of
a long-term occupation requiring physical effort on the prevalence of spondylolisthesis
or on the progression of spondylolisthesis in both women and men. Moreover, among
women, lower physical activity was a significant factor associated with spondylolisthesis
progression [74]. He et al. analyzed a similar group of patients and showed that the level of
physical activity measured with PASE was significantly higher in the male group without
a slip compared to the male group with a slip. They suggested the role of daily exercise
in preventing spondylolisthesis [27]. This was also consistent with the observations of
Ishimoto et al. These authors showed that people under 75 years of age were less likely
to develop spondylolisthesis if they climbed up stairs and slopes (≥1 h/day). Similarly,
in the older group (≥75 years), walks of ≥3 km/day were a protective factor against a
slip, in contrast to the observations of Denard et al. [33]. It is worth noting that in the
study by Denard et al., daily walking was a risk factor for a listhesis [9]. The above data
indicate an ambiguous role of physical activity in the predisposition to the formation of
slip. The role of physical activity probably depends on the intensity of the effort and its
characteristics. Certain exercises and types of physical activity may improve the natural
mechanisms underlying protection against instability, such as paraspinal muscle tension,
while others will lead to overloading and exacerbating degenerative changes. However, a
full understanding of this issue requires further, more detailed observations.
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3.2. Body Mass

Overloading the spinal column does not have to be caused by excessive physical activ-
ity. It may also be the result of excessive body weight. It has been demonstrated repeatedly
that with an increase in body mass index (BMI), the axial load on the discs and facet joints,
as well as compressive force acting on the vertebrae, increases. Chronic exposure to this
type of stressor may contribute to increased intersegmental mobility, anterior displacement
of the trunk, and an enhanced risk of degenerative spondylolisthesis [6,7,24,26,31,57,75]. In
the aforementioned work, Jacobsen et al. drew attention to another feature that may affect
the prevalence of degenerative spondylolisthesis: the weight of patients. The authors noted
a more frequent occurrence of slips in individuals with higher BMI values. Interestingly,
this only concerned women. In the case of men, a similar relationship was not observed [7].
In several other studies on spondylolisthesis, the authors also emphasized the role of body
weight in the etiology of such changes. A study carried out by He et al. on the elderly
population in China showed that a larger BMI is a risk factor for slippage among both
women and men [27]. Chen et al. obtained similar conclusions by examining the prevalence
of slips among professional drivers. In their study, the relationship concerned both sexes.
However, it should be noted that the majority of respondents consisted of men [6]. The
influence of BMI on the prevalence of degenerative spondylolisthesis was also observed
by Schuller et al. In their study, the mean body mass index value for the group of people
with spondylolisthesis was 28.2, while for the control group, it was only 24.8. Moreover,
the authors showed that as many as 71.4% of patients with a slip are overweight or obese.
This problem affected 50.6% of the control group. Schuller et al. also noted the relationship
between high BMI values and the sagittal facet joint orientation at the L4-L5 level [24]. It
has been repeatedly suggested that this type of setting is a risk factor for degenerative
spondylolisthesis [76–79]. The existence of an analog relationship between the prevalence of
spondylolisthesis and BMI values was also noted by other authors [26,31,74,80]. Moreover,
this factor may also influence the effects of applied treatments. Ebstein et al. found high
body weight as the main cause of surgery failures in patients with degenerative slips [81].
Rihn et al. analyzed the treatment results of patients with degenerative spondylolisthesis
depending on body weight. The authors divided patients into two groups: obese (with
BMI > 30) and non-obese (with BMI < 30). Then, the groups were examined using widely
recognized scales and questionnaires to assess the intensity of their symptoms and quality
of life after treatment. In non-operated patients, obesity had worse results in the ODI
and the SF-36 physical function. An analysis of the history of surgically treated patients
showed that BMI > 30 was associated with twice the risk of reoperation (20% vs. 11%) and
a 5 times higher infection rate (5% vs. 1%). In addition, they achieved worse results in
the SF36 physical function score. It is worth mentioning that in the same study, the effect
of obesity on the treatment of patients with lumbar stenosis was also examined, but no
relationship was found in the case of operated patients [82]. On the other hand, the results
obtained by some researchers did not show a significant relationship between BMI values
and the prevalence of spondylolisthesis [9,25,32,57,83,84]. Surprising observations were
made by Kauppila et al. The authors showed no correlation between the prevalence of
spondylolisthesis and the weight of patients in the case of single-level changes. However,
the subjects with two or more slipped vertebrae were characterized by a lower body weight
compared to subjects without slips (63 ± 9.6 kg vs. 69 ± 13 kg) [18].

3.3. Anatomical Features

Several anatomical factors can also influence the complex system of forces acting on
the spinal column. One of them is height. Jacobsen et al. suggested that increasing height
may induce the adverse distribution of weight and postural anomalies influencing the
formation of pathological forces affecting the vertebrae, which may predispose to slip
formation [7]. Both He et al. and Wang et al. reported that people with spondylolisthesis
were more likely to be shorter. This relationship applied to both women and men [27,74].
A similar tendency was visible in the group analyzed by Kauppila et al. However, it
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concerned only subjects with a degenerative slip at two or more lumbar levels. In the case
of people with spondylolisthesis at one level, similar relationships were not found [18].
A group of patients with spondylolisthesis, compared to a control group, was also char-
acterized by a lower height in a study by Schuller et al. However, in this case, height
was not statistically significant [24]. Also, Denard et al. and Fraser et al. did not find a
significant correlation between height and spondylolisthesis in their observations [9,32].
Interesting conclusions were found in a study by Jacobsen et al. In their analysis, there
was a relationship between the height of the patients and the presence of a slip. However,
increasing age was a risk factor for spondylolisthesis both at the L4 and L5 levels [7]. There
is a lot of data in the literature on the relationship between other anatomical parameters and
the prevalence of spondylolisthesis. This applies in particular to the parameters defining
the morphology of the appendages and joint surfaces. This feature is crucial in maintaining
the stability of the spine and the appropriate distribution of loads acting on its elements
because facet joints are responsible for the transmission of 35% of the static load and 33% of
the dynamic load affecting the spinal column [85–87]. These parameters include facet joint
angle (FJA), sacral slope, pelvic tilt, pelvic incidence, iliac crest, and the lumbar lordosis
angle [25,29,33,57,88–90]. However, it is not clear whether these anomalies determine a
predisposition to the formation of a slip or are only the result of remodeling from already
existing degenerative changes. Currently, their role is limited mainly to the radiologi-
cal description of patients affected by the problem of instability; therefore, the precise
characterization of these parameters is beyond the scope of this review.

3.4. Age

Two important aspects include the occurrence of a predisposing factor and the duration
of its action. Due to their nature, degenerative changes are usually more severe in older
people, where age is associated, among others, with longer exposure to harmful loads.
For this reason, many researchers consider age as the primary risk factor for degenerative
spondylolisthesis. Rosenberg et al. performed an analysis of two hundred patients with
degenerative spondylolisthesis and noted that this ailment is more common in patients
over 50 years of age [15]. In the following years, many authors supported this thesis.
Mariconda et al. showed that the aging process is directly related to the formation of
spondylolisthesis [21]. Similar conclusions were found by Jacobsen et al. in their analysis
carried out as part of the Copenhagen Osteoarthritis Study. The authors included data
from 2506 women and 1495 men, and the age of the patients varied from 22 to 93 years.
As one of the main risk factors for the development of degenerative spondylolisthesis,
the authors indicated the growing age of patients. This trend concerned both women
and men. Interestingly, the authors noticed the opposite trend for people over 70 years
of age. However, this was probably associated with a decrease in patient survival. It
has also been shown that degenerative spondylolisthesis at the L4-L5 level is very rare
before the age of 50 [7]. Similar conclusions were reported in the study by Kalichman et al.
The authors reported no cases of degenerative slips in patients under a certain age. For
men, the limit was 40 years, while for women, it was 50 years [8]. Ferrero et al. reviewed
654 degenerative spondylolisthesis cases and found that the percentage of patients under
40 years of age was 1%. People between 40 and 60 years old constituted 26% of the cases,
while for the age group over 60, the percentage was 73% [28]. A more detailed analysis of
the occurrence of a slip in elderly age was presented in the work of Wang et al. In this case,
the authors analyzed only patients over 65 years of age. They also showed that the risk of a
slip increases with age. Its presence was observed in 23.1% of men aged 65–69 years, 25.4%
aged 70–74 years, 30.7% aged 75–79 years, and 30.5% of men over 80 years of age. For
women, these values were respectively: 31.0%, 34.9%, 34.9%, and 39.8% [74]. Interestingly,
the work of Marty-Poumarat et al. showed a relationship between the prevalence of slip
and the age of patients only in the group of people who did not receive HRT (hormone
replacement therapy) or took it for less than 1 year. There was no such relationship among
patients who received hormones chronically [26]. Kauppila et al. also came to interesting
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conclusions. They found a relationship between age and the prevalence of degenerative
spondylolisthesis in patients with slippage in two or more levels, while no such relationship
was found when slippage was present on one lumbar level [18]. Moreover, the observations
of Enyo et al. emphasized the role of age as a risk factor for progression slip. Patients at
least 60 years of age were more exposed to the progression of degenerative changes in
the L4 level [87]. The influence of aging on the prevalence of spondylolisthesis was also
noted in studies by other authors [4,6,9,22,27,31]. The above data indicate that age is the
most frequently mentioned risk factor for the risk of slip. This may result from both longer
exposure to harmful factors and the accumulation of degenerative changes. On the other
hand, the results of some studies do not agree on this issue. Horikawa et al. conducted a
study on the Japanese population and did not show any significant correlation between
aging and the prevalence of spondylolisthesis [20]. Similar conclusions were also reported
in the study by Chen et al., Aono et al., and Ishimoto et al. [23,25,33]. The final settlement
of this issue requires further observations.

The decline in the quality of bone material that is common in the elderly may also be
significant. Pathological values of bone mineral density (BMD) were more often demon-
strated in patients with spondylolisthesis [27,74,91]. The effect of bone density changes
on the severity of degenerative processes was also analyzed by Wang et al. They found
that disc degeneration and space narrowing is more severe among elderly women com-
pared to the male population. In addition, they pointed to the relationship between the
severity of this type of lesion and high bone mineral density values. This concerned both
vertebral BMD and hip BMD. The degenerative changes in the discs can then lead to a
higher degenerative spondylolisthesis prevalence [30,92,93]. The role of other factors that
could influence the quality of bone material, such as calcium supply, intake of corticos-
teroids, history of fractures, as well as smoking and alcohol consumption, was also not
reported [4,7,9,18,33,74].

3.5. Ethnic Origin and Genetic Factors

Analyzing the observations made on different populations, some distinctions can
be seen in the prevalence of spondylolisthesis depending on ethnicity. As mentioned
previously, the data available in the literature show large discrepancies in the incidence
of slips [3–11]. One of the reasons for this may be the ethnic differences between the
studied populations. A study by Denard et al. conducted on mostly Caucasian (90%) male
representatives estimated the incidence of spondylolisthesis at 31% [9]. In another study
carried out on patients included in the Framingham Heart Study, Kauppila et al. showed
that a degenerative slip was present in 20% of the included subjects. The Framingham
Heart Study cohort was created to best match American society in terms of genealogy and
ethnic makeup [18]. The analysis of individuals included in that study was also undertaken
by Kalichman et al. In that case, the overall prevalence of spondylolisthesis was estimated
at 13.6% [8]. Vogt et al. studied the incidence of slips in 2401 Caucasian women. They
determined that degenerative spondylolisthesis concerned as many as 43.1% of the studied
women. Overall, 28.9% of the cases were anterolisthesis, while 14.2% of the cases were
retrolisthesis [4]. Similar observations were also found in a study on African American
women. In this case, the overall prevalence of anterolisthesis was 58.3%, while retrolisthesis
concerned only 4% of subjects [91]. These conclusions coincide with the observations of
Dent et al., who found two times more frequent occurrence of slips among Black Durban
residents. Spondylolisthesis L5-S1 or L4-L5 occurred in 8% of Bantu female representatives
compared to 4% of European female representatives [14]. Studies have shown that the risk
of sliding is also greater among Inuit patients [9]. A comparison of the above data with
observations from an Asian population also showed significant differences. A study by
Enyo et al. conducted on residents of Miyama, a mountain village in Wakayama Prefecture,
in Japan, determined the overall incidence of degenerative spondylolisthesis at 10% [87].
Similar values were found in a study by Iguchi et al. In their study, the incidence was
8.7% [10]. An analysis by Horikawa et al. showed that a slip was present in 4.9% of
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men and 11.5% of women included in their study [20]. This is consistent with the results
of Aono et al., who carried out a study on women in Japan. The authors estimated the
incidence of degenerative spondylolisthesis at 12.7% [25]. Chen et al. analyzed a population
of taxi drivers in Taipei that was overwhelmingly male (96%). In this case, among people
over 45 with lower back pain, the prevalence of slip was 8.9% [6]. Wang et al. studied
the presence of spondylolisthesis in the inhabitants of Hong Kong. During their study, de
novo lesions were detected in 12.7% of women and in 12.4% of men [74]. It is also worth
mentioning the observations obtained by Jacobsen et al. during their study conducted on
the European population. The authors observed the presence of a slip in only 6.5% of the
qualified subjects [7]. The relationship between the prevalence of spondylolisthesis and the
ethnic background of patients raises the suspicion of a potential role of genetic factors in its
etiology [94]. In another study, Hakim et al. investigated the severity of joint hypermobility,
widely recognized as one of the etiological factors for the formation of slip, in a population
of female twins. They showed that in the case of monozygous twins, there is a greater
agreement regarding the prevalence of spondylolisthesis compared to dizygotic twins (60%
vs. 36%). This suggests a significant role of hereditary factors in this group of subjects [95].
M.D. Ryan also focused on the incidence of a slip among twins. In his case report, he
described a pair of 73-year-old monozygotic twins with degenerative spondylolisthesis
at the L4-L5 levels. Interestingly, one of the siblings had a profession that involved major
spinal loading throughout their life, drank little alcohol, was physically active, and did not
smoke, while the other sibling had a less physical occupation, was less physically active,
drank more alcohol regularly, and was a smoker. Nevertheless, both subjects had a slip.
Currently, many genes are indicated that are implicated in the etiology of degenerative
changes in the lumbar spine [96–98]. In their work, Jiang et al. analyzed the influence of
some of these genes (rs1337185, rs5275, rs5277, rs7575934, rs3213718, and rs162509) on the
prevalence of lumbar disc degeneration in the Chinese Han population. The results showed
that the C allele of rs1337185 is a risk factor for spinal stenosis and disc herniation [99].
These conclusions raise suspicions about the potential role of other genes in the etiology of
this type of change.

3.6. Gender and the Influence of Sex Hormones

Another feature that may affect the prevalence of degenerative spondylolisthesis is
the gender of the patient. Most of the authors agree unequivocally that women are more
prone to slip performance. Research conducted by Kalichman et al. in the United States
suggested that, in the case of spondylolisthesis, the ratio of women to men is 3:1 (21.3%
vs. 7.7%) [8]. Similar results were reported in other American studies by Kauppila et al.
based on the Framingham Heart Study. In this case, de novo spondylolisthesis was re-
ported in 25% of women and only 12% of men [18]. Congruous conclusions resulted from
studies carried out in Japan. Horikawa et al. described a significant difference in the preva-
lence of spondylolisthesis by sex. In the case of the female group, this problem affected
11.5% of patients (37 of 323 cases), while for men, the percentage was only 4.9% (10 out of
205 cases) [20]. This was in line with data from other observations of the Japanese pop-
ulation. Enyo et al. demonstrated the presence of slip in 11.8% of women and 7.4% of
men [87]. Jacobsen et al. noticed a similar relationship. Their study was carried out on
the Danish population, for which there were 2.4–4 times more frequent occurrences of
degenerative spondylolisthesis at L3 and L4 levels among women. This trend was also
maintained regarding the general prevalence of DS. It concerned 8.3% of the study group of
women and 2.7% of men [7]. The existence of even greater disproportions was indicated in
studies by Sanderson et al. In their study, the prevalence of degenerative spondylolisthesis
in the female population ranged from 16.7% to 28% (depending on the number of offspring
per patient) while for men, this ratio was only 7.5% [17]. Interesting conclusions came
from the observations of Iguchi et al. The authors analyzed 201 cases of degenerative
spondylolisthesis in the Japanese population and showed that anterolisthesis is much more
common in women, while the prevalence of retrolisthesis is similar in both sexes [10].
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Analogous relationships were also observed in the works of other researchers [15,21,22,28].
Additionally, Enyo et al. estimated the risk of slip progression as being more than three
times higher in women than in men [87]. However, Matsunga et al. did not note such
a relationship [39]. Some authors did not show any statistically significant difference in
the prevalence of spondylolisthesis by gender. He et al. found only an inconsiderable
discrepancy. This type of change concerned 25% of women and 19.1% of men [27]. An
even smaller disproportion was visible in the case of de novo listhesis in a study by Wang
et al. (12.7% vs. 12.4%) [74]. Ischimoto et al. found no difference in the prevalence of slips
between women and men in the Japanese population [33].

However, despite these deviations, the vast majority of studies indicate a greater
exposure of women to the occurrence of these types of changes. The relationship be-
tween the prevalence of spondylolisthesis and the gender of patients may be related to
the influence of female sex hormones on the locomotor system. In earlier years, many
authors studied the influence of estrogens on tissues associated with the human muscu-
loskeletal system [19,30,92,93,100–107]. This thesis may be confirmed by the observations
comparing patients in whom the regulation of sex hormones is disturbed. This applies,
inter alia, to women after surgical removal of the ovaries in whom the hormone levels are
significantly lowered. Previous studies have demonstrated that bilateral oophorectomy
significantly affects the functions of the skeletal and muscular systems [108,109]. Imada
et al. observed Japanese women and noted that patients had a higher incidence of a slip
at L4-L5 after oophorectomy. Of the 69 oophorectomized patients, the occurrence of de-
generative spondylolisthesis was 3 times more frequent compared with the individuals
without the operation [16]. Congruous conclusions were made by Vogt et al. on a group of
African American women. The authors noticed that the slip prevalence was lower among
patients after oophorectomy [5]. Interestingly, Vogt et al. previously demonstrated a lower
prevalence of anterolisthesis at the L5-S1 level in women after oophorectomy. However,
a similar trend was not observed in the case of retrolisthesis [4]. Imada et al. suspected
that a decrease in hormone levels (as a result of oophorectomy) affects the lower elasticity
of the ligament apparatus leading to a slip [16]. A similar theory was also proposed by
Shitaka et al. in the etiology of hip dislocation in patients after oophorectomy [110]. This
suggests a potential relationship between the deficiency of sex hormones and changes in
the musculoskeletal system predisposing to the formation of a listhesis.

A decrease in sex hormone levels also occurs during menopause. However, Wang et al.
and Jacobsen et al. observed no relationship between menopause age and the prevalence
of spondylolisthesis [7,74]. The same relationship was evident in the results obtained by
Cholewicki et al. [31]. Similar issues were discussed by Marta-Poumarat. The authors
investigated the impact of taking hormone replacement therapy on postmenopausal women.
They showed that the prevalence of lateral rotatory oligolisthesis (LRO) was significantly
lower in the group of women taking hormones for more than 1 year than in the control
group (8 vs. 30%). The authors suggested this type of treatment as a potential prevention for
the occurrence and also the progression of slip [26]. Convergent conclusions were reported
in a study by Vogt et al. The authors noted the protective role of hormone replacement
therapy (HRT) in the occurrence of anterolisthesis. However, a similar relationship was not
observed in the case of retrolisthesis [5]. Not all data available in the literature are consistent
on this issue. Observations made by both He et al. and Wang et al. showed no effect of
estrogen intake on the prevalence of spondylolisthesis [27,74]. Earlier studies by Vogt et al.
should also be mentioned. The authors did not find a significant difference in the prevalence
of anterolisthesis or retrolisthesis depending on the HRT taken. However, women taking
estrogens were more prone to anterolisthesis at the L5-S1 level. In the case of retrolisthesis,
an increase in the incidence of slip was twofold in comparison with women not subjected
to supplementation [4]. The effectiveness of HRT application was also demonstrated in
other degenerative conditions such as attenuate atherosclerosis, osteoarthritis of facet joints,
and intervertebral disc degeneration [111,112].
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Different levels of sex hormones also occur during pregnancy. Research by Cholewicki
et al. and Sanderson and Fraser have shown that pregnancy and the number of childbirths
are risk factors for the occurrence of a slide [31,32]. However, not all authors agree on this
issue [7,27,74].

Hormones may also influence the tone and condition of the muscular system, which, as
shown in past studies, also influences the prevalence of spondylolisthesis [74,113–119]. Another
aspect is the degradation of articular cartilage under the influence of estrogens [107,120–125].
Ha et al. investigated the relationship between the occurrence of a slip and the increase
in the expression of estrogen receptors on the surface of joints. The authors showed
that a large number of this type of receptor correlates significantly with the severity of
degenerative changes. They were manifested, among others, as erosion, changes in the
subchondral bone, and fibrillation and architectural disorders of the cartilage surface.
Significant overexpression of estrogen receptors has also been shown among patients
with degenerative spondylolisthesis [44]. Roh et al. also focused on estrogen receptors in
patients with degenerative spondylolisthesis. In their study, the authors demonstrated a
relationship between a polymorphism of this type of receptor and the severity of slip-related
symptoms [126]. A similar relationship was evident in an earlier work by Lee et al. [127].

3.7. Other Factors

The endocrine system is also of great importance, affecting the ligamentous and mus-
cular apparatus, and thus contributing to the formation of spondylolisthesis. The Farfan
study, based on the autopsy of 460 lumbar spines, showed that among the cases meeting
the criteria of degenerative spondylolisthesis (with known medical history), as many as
43% had diabetes requiring insulin supplementation [11]. Similar conclusions were sug-
gested in the observations of Rosenberg et al. Moreover, Anekstein et al. showed that
L4-5 degenerative spondylolisthesis was significantly more common in non-diabetic pa-
tients with spinal stenosis compared to those suffering from diabetes [128]. However, most
authors found no similar relationship between diabetes and slip prevalence [4,5,24,27,31].
Some authors also analyzed the influence of other comorbidities. Wang et al. checked
the relationship of arterial hypertension with the presence of slip. The authors noted that
high-pressure values were associated with spondylolisthesis in the female group. No
similar relationship was observed in the case of chronic obstructive pulmonary disease in
either men or women [74].

A summary of the risk factors analyzed in the publications included in this review is
presented in Table 2 and Figure 1.
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Table 2. The influence of individual factors on the prevalence of spondylolisthesis. +—positive impact, −—negative impact, +/− ambiguous impact, BMI—body
mass index, BMD—bone mineral density, HRT—hormone replacement therapy.

No. Study n Age BMI BMD Gender Height Ehtnic
Origin

Physical
Activity Diabetes Smoking Pregnancy

Status HRT Opherectomy

1 Dent [14] 300 +
2 Rosenberg [15] 200 + + + +
3 Imada 109] 210 +
4 Sanderson [17] 1069 + +
5 Kauppila [18] 617 − +/− + - −
6 Vogt [4] 788 + − − + +/−
7 Vogt [19] 1400 + +
8 Iguchi [10] 3259 +
9 Vogt [5] 481 + − + +

10 Chen [6] 1242 + + +
11 Horikawa [20] 528 − + +
12 Jacobsen [7] 4001 + +/− + +/− − − −
13 Mariconda [21] 120 + + +
14 Hosoe [22] 250 + +
15 Chen [23] 132 −
16 Kalichman [8] 188 + +
17 Aono [25] 142 − −
18 Denard [9] 190 + − − + − −
19 Schuller [24] 126 + +
20 Marty-Poumarat [26] 147 + +
21 He [27] 3990 + + + − + − − − − −
22 Ferrero [28] 654 + +
23 Enyo [29] 200 + +
24 Wang [30] 3065 + + + − + − − − − −
25 Cholewicki [31] 322 + + + +
26 Fraser [32] 205 − − +
27 Ishimoto [33] 722 − − − + −
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3.8. The Importance of Research

Identification of the risk factors for degenerative spondylolisthesis is very impor-
tant because it allows for a more detailed understanding of the pathophysiology of this
type of change, which may contribute to the implementation of preventive actions in
predisposed people. These preventative actions may concern lifestyle modifications, early
implementation of physiotherapeutic treatments, or appropriate planning of optimal ther-
apy in conditions potentially not related to the spine. This also applies to women in the
perimenopausal age and women who have undergone gynecological operations. A full
understanding of the role of hormones in the etiology of slip could help to properly regu-
late their endocrine balance, thus preventing listhesis. The analysis of risk factors shows
that they may also affect the effectiveness of surgical treatment and the quality of life of
patients with spondylolisthesis, helping to better define the need for surgery [81,82]. It
could allow for earlier implementation of proper diagnostic and therapeutic procedures at a
very early stage of a slip. In many cases, this would probably allow for surgery and the risk
of complications to be avoided. Additional information could also enable more effective
planning of the operation itself and supplement the analysis of profits and losses resulting
from its implementation. After stabilization of the spine, patients are exposed to loss of
stability and slip at levels adjacent to the stabilized area. Information on the occurrence of
risk factors for slippage would allow for a more in-depth analysis of the requirement to
perform surgery instead of using other methods of treatment.

4. Conclusions

There are many scientific papers identifying risk factors for the development of degen-
erative spondylolisthesis. These can be both population features such as age, gender, and
ethnicity of study participants as well as lifestyle factors. These include proper diet and
body weight, occupation, bone density, and physical activity. Along with the development of
diagnostic imaging, anatomical conditions that may contribute to vertebral slip have also
been analyzed. Much attention was devoted to the sagittalization of facet joints, but the
potential importance of such parameters such as iliac crest, pelvic tilt, pelvic incidence, sacral
slope, and lumbar lordosis was also emphasized. It should be noted that for some of the
listed risk factors (age, gender, tropism of the articular surfaces), the authors mostly agree on
their role in the etiology of spondylolisthesis, but for some factors, such as physical activity,
the observations remain ambiguous. Further thorough research will be needed for a better
understanding of this disease. Identification of risk factors for degenerative spondylolisthesis
could allow for earlier implementation of proper diagnostics, appropriate prophylactic mea-
sures, and therapeutic procedures at a very early stage of a vertebral slide and thus delay or
prevent surgical treatment. Additional information could also enable more effective planning
of the operation. After spine stabilization, patients are potentially exposed to the risk of loss of
stability and slide at levels adjacent to the stabilized area. Information on the occurrence of risk
factors for slippage would allow for a more in-depth analysis of the requirement to perform
surgery versus establishing a treatment path that is appropriate for a particular patient.
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