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Preface 

With Lower Back Pain (LBP) affecting a large proportion of the population at one 

point in their life, it is important to explore the potential causes of such pain. Under 

the umbrella term of LBP, there is Spondylolisthesis (SPL) which affects around a 

tenth of the population. With such a proportion of the population being affected by 

the condition, it is important to explore and be aware of the different conservative 

management options available. 

 

The following thesis has been separated into four sections. The first section is a 

literature review which provides important background knowledge to understand the 

anatomy of the lumbar spine and how it relates to the progression of SPL. The 

literature review also provides key definitions to better understand SPL, a broad 

background of the models of pain, LBP, epidemiology and clinical symptoms of SPL. 

It also explores the different management interventions available for SPL and how 

they may benefit individuals with SPL. 

 

The second section outlines the methodology that is used in this thesis. It provides a 

background of scoping reviews and compares them to the more well-known 

systematic reviews. Subsequently, the rationale, aims, and objectives of this scoping 

review are discussed. Finally, the methodological framework is outlined and explored 

within the context of this scoping review.  

 

Section three contains a manuscript of the present study formatted for submission to 

the Spine Journal for publication. The manuscript provides a detailed account of the 

methods used to identify the articles in this scoping review. It follows on to provide 

the detailed findings identified during the charting of the information. Section three 

finishes with an in-depth discussion of the three emerging themes from the literature.  

 

The last section of this document comprises all the appended resources, including 

evidence such as the Unitec Ethics exemption approval and details around the 

characteristics of the studies included. To promote transparency during the review 

process and prevent duplication, the scoping review protocol was developed and 

registered on the Open Science Framework website.  
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Definitions 

Spondylolisthesis 

A forward displacement of a superior vertebrae on an inferior vertebra.[1,2]  

 

Multi-level Spondylolisthesis 

A spondylolisthesis of two or more consecutive vertebrae.[3] 

 

Isthmic Spondylolisthesis 

A forward displacement of vertebrae due to a structural defect of the pars 

interarticularis, which could be a lytic stress fracture, an elongation, or a fracture.[4,5]  

 

Degenerative Spondylolisthesis 

An acquired displacement of one vertebra over another vertebra with degenerative 

processes occurring in the associated intervertebral disc and degenerative arthritis of 

the facet.[6–8]  

 

Spondylolysis 

An anatomic defect in the vertebral pars interarticularis is usually a result of a stress 

fracture.[9] 

 

Spinal Instability 

Instability of the spine includes a laxity of the vertebral segment in its neutral resting 

position.[10–12] This instability can be a result of dysfunction of the passive (ligaments) 

or active (muscles) structures.[13] The above dysfunctions are marking a decreased 

capacity of the spine to stabilise and maintain in its neutral zone.[13] 

 

Neutral Zone 

The neutral zone of a vertebral segment is the range of motion of those vertebrae 

where there are minimal overall internal stresses on the vertebrae and the vertebrae 

are resting in a neutral position where there is minimal resistance.[13]
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Introduction 

Lower back pain (LBP) is a major toll on healthcare systems as it is one of the most 

common disabling health problems to date.[14,15] It is estimated that up to 84% of 

people suffer from LBP at least once in their lifetime.[16,17] Around 10% of the New 

Zealand population is affected by LBP, which costs the Accident Compensation 

Corporation (ACC) ~$325,000,000 per annum.[16] Up to 85% of these LBP cases do 

not present with a clear nociceptive cause; they are classified as non-specific 

LBP.[15] Spondylolisthesis (SPL) however, can have a clear nociceptive cause 

related to radiographically visible pathology and can account for 20% to 30% of LBP 

cases.[17] Currently, there are six aetiological variations of SPL recognised. This 

literature review provides background information on all types of SPL; however, it 

focuses on the degenerative and isthmic variations because these two types of SPL 

are the most common type of SPL to be managed conservatively. 

 

This literature review provides an overview of relevant anatomical structures that 

may be involved in a SPL. It then provides background on current models of pain 

and how they are applicable to LBP and SPL. Additionally, topics pertaining to the 

management of SPL are explored. Finally, a conclusion and statement of research 

aims are provided. 

 

Lumbar Spine Anatomy 

The lumbar spine is between the twelfth thoracic vertebrae and first sacral vertebrae 

(see Figure 1).[18] The lumbar spine is comprised of the five largest vertebrae in the 

body.[18] A typical lumbar vertebra consists of a vertebral body, vertebral arch, 

laminae, pedicles, a superior and inferior zygapophysial (facet) joint, two transverse 

processes and one spinous process.[18] The transverse processes are generally 

longer and thinner than the ones found in the cervical and thoracic spine,[18] except 

the transverse processes of the fifth lumbar vertebrae (L5), which are large and 

cone-shaped due to the iliolumbar ligament attachment.[18] The spinous process of 

L5 is shorter than the other four vertebrae.[18] The shortening of the L5 spinous 

process might be due to its anterior wedge-like body shape.[19] Congenital anomalies 

can alter the total number of lumbar vertebrae. Lumbo-sacral (L/S) transitional 

vertebrae are a common congenital anomaly.[20] They can present as a sacralisation 

of the lowest lumbar vertebrae, resulting in four lumbar vertebrae.[20] Conversely, the 
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first sacral vertebra does not fuse resulting in a lumbarisation or a L6.[20] Between 

each vertebra, there are intervertebral discs that create and maintain a space 

between the articular processes of the adjacent vertebrae, which allows the spinal 

nerves to exit.[19] The lumbar lordosis is measured using a Cobb angle between the 

L1 endplate to the sacral base, this angle can be highly variable between 

populations and ranges between 20 to 70 degrees.[21] Spinopelvic orientation has a 

large contribution to the lordosis of the lumbar spine, as the majority of the angle is 

made up by L4 down to the sacral base.[21] 

 

Spinopelvic Inclination 

Spinopelvic morphology and orientation can affect the balance and stresses 

experienced at the L/S junction (see Figure 2).[22,23] Four types of spinopelvic 

alignment have been observed in the average population.[24] The alignment is 

measured by the sacral slope angle.[24] Type one and two alignments have a less 

than 35-degree sacral slope angle.[24] Type three and four have a 35 to 45-degree 

and >45-degree sacral slope, respectively.[24] This increase in angle puts more 

significant mechanical stress on the spine, especially the posterior aspects like facet 

joints, and increases the risk of anterolisthesis or facet arthritis.[24] 

 

 

Figure 1. Osteology of lumbar spine.[18] 
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Dysfunction of the spinopelvic orientation can affect the spine’s natural lordotic 

curvature and therefore affect the global sagittal balance of the spine.[22] An 

increased lumbar spine lordosis usually accompanies an increased spinopelvic 

angle.[23,24] It has been proposed that an increased angle of tilt at the L5 vertebrae 

can be a predictive factor for a SPL.[24,25] Both these factors result in an increased 

shear force on the lumbar spine, especially the L/S junction.[24] Spondylolisthesis 

plays a vital role in the declining balancing capacity of the L/S junction.[22] The 

anterolisthesis further perpetuates itself as the spinopelvic balance can have a 

significant impact on the progression and instability of SPL.[2]  

 

 

 

Figure 2. A diagram of lumbopelvic angles.[21] 

Angles included Pelvic Inclination (PI), Pelvic Tilt (PT), and Sacral Slope (SS).[21] 

 

Spinal Instability 

A decrease in spinal stability is expressed by an increase in the neutral zone 

available in a spinal segment.[26] This increase in spinal instability could be due to 

traumatic or degenerative changes in the passive (ligaments) and active (muscles 

and tendons) structures.[13] Instabilities are classified into either functional or 

structural instability.[27] Functional instability can be described as an inability to 
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maintain a standard spinal shape under normal physiological loading due to a loss of 

dynamic neuromuscular stability.[13,27] By comparison, structural instability is the 

static inability to maintain spinal stability during lumbar flexion or end-of-range 

extension.[13,27] Spondylolisthesis is a clinical expression of segmental instability.[10] 

As a result of the instability, with excessive movement of the vulnerable segment, 

physical stress builds up and further stresses the already compromised segment.[10] 

Therefore, spinal instability can be a contributing factor to the maintenance of 

chronic LBP.[28,29] Furthermore, chronic LBP may impair the proprioceptive feedback 

from the local neuromuscular system.[28] A lack of proprioceptive feedback could lead 

to a loss of dynamic stability which may result in instability.[13,28] An instability can be 

stabilised via spinal fusion surgery, increasing muscular strength, or retraining the 

neuromuscular system to activate in a more favourable motor pattern.[26] If these 

methods are successful at improving the stability of the lower back, it may help to 

reduce the pain associated with the instability. As pain is one of the main symptoms 

of SPL, it is important to briefly discuss the suggested mechanism of pain relevant to 

SPL. 

 

History of Pain Models 

Pain is a complex multidimensional phenomenon involving an output from the 

brain.[30] The International Association for the Study of Pain (IASP) defines pain as 

"an unpleasant sensory and emotional experience associated with, or resembling 

that associated with, actual or potential tissue damage".[31 p1] In 1965 the Gate 

Control Theory of pain theorised by Melzack[32] was used to explain the phenomenon 

of pain. The theory suggested that pain was not only a locally driven process but was 

also influenced by central processes.[32] Melzack[32] likened pain perception to a gate 

and that pain could be modulated by the central nervous system.[32] When the gate is 

‘open’ the nociceptive input is sent from the periphery to the brain, conversely, a 

‘closed’ gate reduces the perception of pain.[33] Current literature suggests that there 

is more to pain than what is explained by this theory. Therefore, this simple theory 

has now been superseded by a newer theory that is more brain centric called the 

Neuromatrix Theory.[30,34] The Neuromatrix Theory proposes that pain is an output by 

the brain and it is modulated by our previous experiences.[35] The theory suggests 

that there is a wide array of neurones that spans between the thalamus, cortex, and 

limbic system.[30] This network of neurones is cyclically sculpted by previous 
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experiences imparting a neurosignature.[30] The more an input/experience is 

repeated, the stronger the neurosignature becomes.[30] The neurosignature is 

imparted on all impulses that flow through the neuromatrix and alter and/or modulate 

our experience of pain.[30]  

 

Mechanisms of Nociception 

The pain phenomenon can involve an array of inputs from the peripheral and central 

nervous systems. Normally, nociception and the perception of pain are evoked by 

pressures, chemicals, and temperatures that could be noxious and cause injury to 

human tissues.[36] If the injury disrupts homeostasis it activates a neural, hormonal, 

and/or behavioural activity aimed at returning the body to homeostasis.[30] Afferent 

nociceptors are neuronal structures that are responsible for sending nociceptive 

signals to the brain.[37] These nociceptive neurones receive input from the majority of 

body tissues, including skin, muscles, joints, and viscera.[38] An action potential will 

only be sent if these structures receive an adequate mechanical, thermal, or 

chemical stimulus that causes the peripheral nociceptive neurones to 

depolarise.[36,38] The action potential is then sent up the afferent nociceptive neurone 

to the dorsal horn of the spinal cord.[36] From there, the afferent signal synapses with 

a secondary neurone which carries the signal to the brain.[36] Once arriving at the 

brain, the nociceptive input is influenced by the neurosignature.[30] From there, the 

brain can interpret the experience and create an output.[30] Depending on the 

duration of the pain, it can be classified as acute or chronic pain. 

 

Acute Pain 

Pain with a duration of fewer than three months can be classified as acute pain. Pain 

at this stage is typically due to a specific tissue injury. Therefore, pain is serving as a 

protective mechanism and a warning system to avoid further tissue damage and 

harm.[39]. As acute pain is usually associated with tissue damage, local infiltration of 

inflammatory mediators is initiated to facilitate the healing process.[37] The 

inflammatory process has a secondary effect in which it can cause peripheral 

sensitisation, which will cause increased sensitivity in the local area.[40] Increasing 

tissue sensitivity is another protective mechanism to prevent overuse of the local 

area during its healing process.[33] Acute pain generally resolves before the area of 
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tissue damage has completely healed.[33] If pain persists longer than three months, it 

transitions from being classified as acute pain to chronic pain.[41,42] 

 

Chronic Pain 

The transition from acute pain to chronic pain can be characterised by 

pathophysiological and histopathological changes.[41] The tissue injury that once 

caused the acute pain has now healed, but the pain perception is now maintained by 

other factors.[41,42] One method that has been recognised to maintain chronic pain is 

central sensitisation.[41] Central sensitisation represents the neurodynamic changes 

that occur in the central nervous system.[37] Some of these changes include reduced 

cortical inhibition, increased synaptic efficacy, or co-activation of areas of the brain 

that do not typically communicate.[37] The above changes can demonstrate the 

neuroplasticity available in the somatosensory nervous system.[41] Other factors that 

contribute to the development of pain are psychological status, female sex, genetic 

predisposition, and pre-existing pain conditions in other body areas.[41] Peripheral 

and central changes can occur in participants with acute or chronic LBP.[41] In the 

acute phases, the changes are beneficial to help prevent any further injury. But upon 

entering a chronic pain state, these changes can become maladaptive and hinder 

recovery.[39] Around 20% of LBP cases advance to the chronic state.[17,43] 

 

Spondylolisthesis 

The term SPL is derived from the Greek term "olisthesis" which directly translates as 

"to slip".[44,45] Hence SPL can be defined as a superior vertebra anteriorly translating 

compared to the inferior vertebrae.[46] The Wiltse-Newman classification system 

suggests that the anterolisthesis in SPL occurs for one of five reasons.[47] A revision 

of these five aetiologies suggests there is also a much less common sixth variant.[48] 

The six classifications include 1) dysplastic/congenital malformations of the facets, 2) 

isthmic origin, 3) degenerative SPL, 4) traumatic, 5) pathological, and 6) iatrogenic 

SPL.[47,48] 

 

The first aetiology of SPL is due to dysplastic or congenital malformations of the 

facet joints changing the orientation to sagittal rather than coronal plane.[48] This 

malformation places extra stress on the pars interarticularis resulting in an elongation 

or stress fracture of the pars interarticularis.[48] This type constitutes about 20% of all 
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SPL cases and almost exclusively occurs at the L5/S1 vertebral level.[48] Primarily 

affecting females (2:1 female > male), this SPL increases the risk of compression of 

the spinal cord or nerve root, increasing the individual's chance of suffering from 

signs and symptoms of cauda equina syndrome, these include bowel and bladder 

dysfunction and/or saddle anaesthesia.[48]  

 

The second aetiology of SPL is related to three types of spondylolysis; subtype A) a 

classic lytic stress fracture of the pars interarticularis; subtype B) an intact elongation 

of the pars interarticularis; finally, the rarest form, subtype C), which involves an 

acute fracture of the pars.[48,49] This SPL origin is multifactorial and involves a 

combination of mechanical, hereditary, and hormonal factors.[49] The onset is usually 

during childhood, but it remains asymptomatic until later in life.[48,49] It is one of the 

most common types of SPL in males over the age of 50 years.[48,49]  

 

Another common cause of SPL is related to degenerative changes in the structures 

around the vertebral body.[46,48,50] These degenerative changes involve facet joint 

osteoarthrosis or misorientation, vertebral osteophytosis, subchondral sclerosis, and 

hypertrophy/ossification of ligamentum flavum.[6,46,48,50,51] Despite the ligament 

undergoing hypertrophy, the ligament becomes more relaxed and provides less 

static stability to the vertebral joints.[6] The reduction in ligamentous stability results in 

more stress being placed on the surrounding joints and further perpetuating the 

degenerative changes.[6] These degenerative changes cause narrowing of the disc 

spaces leading to micro instability of the vertebral segments, which is associated 

with an increased incidence of cauda equina syndrome.[46,48] This type of SPL is 

more commonly found in the older female population SPL and primarily affects 

L4/L5.[2,6,46,48,51–53]  

 

The fourth aetiology of SPL is the uncommon traumatic type of SPL.[48] This injury 

arises from a complex high energy trauma, usually a hyperextension or flexion injury 

causing a fracture and/or dislocation of the neural arch.[54,55] This type of SPL leads 

to anterolisthesis and instability at the L/S junction.[48,49,54] The last commonly 

recognised aetiology of SPL is of pathological origin.[56,57] This type of SPL is very 

rare and can be subdivided into local or systemic processes.[58] The local 

subcategory is a secondary type of SPL that is expressed at a focal level.[58] 
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Compared to systemic aetiology which is usually a result of a generalised bone or 

connective tissue disorder such as Paget's Disease, osteogenesis imperfecta, 

Marfan's syndrome or Ehlers-Danlos syndrome.[58] Finally, a newly recognised type 

of SPL is iatrogenic or postoperative SPL.[59] This type of SPL makes up three to five 

percent of all surgically treated cases.[59,60] These cases usually occur after a 

laminectomy or failed instrumental fusion of a current SPL.[59,60] 

 

Pathophysiology of Spondylolisthesis 

The aetiology of each SPL may vary. However, the pathophysiology remains 

relatively similar.[58] The process begins with an instability occurring at a vertebral 

segment due to a malfunctioning facet joint or a defect in the pars interarticularis.[58] 

This process weakens the support of the vertebral body causing an instability and 

allowing an anterolisthesis to occur.[48] The instability can also be caused by 

repetitive loading into hyperextension or applying twisting forces to the lumbar 

spine.[61] Due to the structure of the pars interarticularis, it has some of the greatest 

gravitational stresses placed upon it and is at the highest risk of injury during spinal 

extension.[49] Other predisposing factors associated with SPL include a trapezoidal-

shaped L5 vertebral body or a rounded sacral base.[62] A study by Bydon et al.[46] 

found that there was only a small amount of natural slippage (≤18%) over 44-years 

during the natural history of SPL. They also found that the magnitude of slippage can 

decrease over time.[46,63] However, the relationship between grade of SPL and 

clinical presentation are not always well correlated.[46,63]  

 

Clinical Presentation  

The clinical presentation of SPL can vary significantly among participants and is not 

always linked to radiographic evidence.[63] Although dependent on the aetiology of 

the SPL, on average, six to 13.6% of the general population have radiographic signs 

of anterolisthesis.[14,62,64–66] Out of that population, around 50% of them are 

asymptomatic.[65] Of the remaining 50% of symptomatic SPL cases, around 10% of 

them have symptoms that require intervention.[65,66] Within the population that 

requires treatment, 50% of them have considerable pain and dysfunction.[65] 

Approximately 75% of all SPL cases are grade one, which can be symptom 

provoking.[48] There is a population with low-grade asymptomatic SPL, but there is no 

intervention indicated for them.[62] The likelihood of developing a SPL tends to 



 

19 
 

increase with age.[17] There has been some disagreement on the demographic that is 

primarily affected by SPL. Bouras et al.[61] and Haun et al.[62] suggest that, on 

average, Caucasian males are two to three times more likely to be affected by SPL. 

In contrast, Love et al.[67] argues that females are up to four times more likely to 

develop SPL due to having different morphologies and hormone levels. 

Morphological changes predisposing females to SPL include increased facet 

sagittalisation, lumbar hyperlordosis, and pregnancy.[68] Furthermore, high oestrogen 

levels have been recognised as a risk factor for developing SPL.[68] Other risk factors 

for SPL include external influences such as sports. Sports that require an athlete to 

go through extreme ranges of lumbar extension can predispose them to develop a 

SPL.[57,69] These sports include gymnasts, weightlifters, wrestlers, and football 

players.[57,69] This condition can have detrimental effects on an athlete's ability to 

continue in their sport, therefore the condition must be diagnosed and managed 

accordingly.[57,69]  

 

Diagnosis  

The process to diagnose SPL starts with a thorough case history, to assess for the 

signs and symptoms that SPL commonly presents with. After that, the next stage is 

an X-ray to make the initial diagnosis.[48,62] Lateral plain film X-rays are the standard 

diagnostic angle, as it allows for increased clarity when there is a pars interarticularis 

defect present.[48] If a lateral X-ray is not completed, it can increase the risk of 

misdiagnosis by 20%.[70] This pars defect is commonly seen in individuals with the 

isthmic variety of SPL.[71] The defect has been given the Scotty dog collar's name as 

the defect/fracture resembles a cartoon dog's collar on the X-ray (see Figure 3).[48] 

Anteroposterior and lateral flexion-extension plain films are also commonly used in 

the diagnostic process.[48,62] These angles are used to look for abnormal alignment of 

the vertebral segment.[48,62] The X-rays can be performed in the anatomical position 

with added flexion or extension of the lumbar spine.[48,62] The ideal method of 

diagnosis or measuring the degree of slippage is via a Computer Tomography (CT) 

scan of the spine, as it provides the highest sensitivity and specificity via 

imaging.[48,64] The CT scan is highly regarded for diagnosing bone abnormalities, 

compared to a Magnetic Resonance Imaging (MRI) scan, which is more suited to 

identifying soft tissue structures that may be affected adjacent to the lesion. [48,64] 

Bone scanning can be performed to determine the age of the fracture.[49] 
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Imaging can measure the magnitude of anterolisthesis. However, the magnitude of 

displacement does not directly equate to the severity of the individual's pain and 

disability.[63,64] Spondylolisthesis can be an incidental finding during lumbar spine 

imaging, so it is important to compare the scan findings with case history 

findings.[62,64] Medical imaging is not the only way to diagnose a SPL, it can also be 

found via manual palpation of the lumbar spine.[64] A trained manual therapist can 

palpate for the lumbar vertebra step deformity commonly associated with SPL at a 

specificity of 87-100% and a sensitivity of 60-88%.[64,70] These high percentages 

promise high detection rates, but the authors did not mention what grade of SPL 

these test results are associated with.[64] Manual palpation might be a reliable 

diagnostic test, but the participant should always be referred for imaging to correctly 

diagnose the presents and grade of SPL.[64]  

 

 

Figure 3. Visual representation of the ‘Scotty Dog collar’ fracture.[72] 

A) A diagrammatic representation of a posterior oblique view of a SPL with the 

‘Scotty Dog collar’ fracture. B) A posterior oblique view of an X-ray of the ‘Scotty Dog 

collar’ of a SPL at L2.[72] 

 

Grading 

The Taillard or Meyerding method can be used to grade the magnitude of 

displacement for SPL.[48,64] The Taillard method involves using an exact percentage 

of anterior displacement of the vertebral endplate over the inferior vertebral 
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endplate.[48,64] The more commonly used Meyerding method is based on a five-level 

grading system which divides the vertebral body into 25% increments: grade one 

(zero to 25% slip), grade two (25 to 50% slip), grade three (50% to 75% slip), grade 

four (75% to 100%), and grade five (>100% slip) (see Figure 4).[49,58,65,73] A grade 

five anterolisthesis signifies an anterolisthesis of greater than 100%, otherwise 

known as a spondyloptosis.[74] During a spondyloptosis, the superior vertebrae begin 

to descend past the vertebral end plate of the inferior vertebrae.[74] The grade of SPL 

does not always correlate to the symptoms the participant may experience, but it can 

give an indication of the severity. 

 

 

 

Figure 4. Grades of SPL according to the Meyerding scale.[75] 

 

Signs and Symptoms 

The signs and symptoms a person may experience can differ depending on the 

SPL's aetiology. Generalised symptoms commonly expressed include a dull diffuse 

lower back pain localised to the paraspinal muscles, which may radiate unilaterally or 
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bilaterally down to the gluteal and/or the posterior thigh.[14,48,49] Visual or palpable 

symptoms may also include an increased lumbar lordosis due to paraspinal muscle 

spasm [14,49], followed by a posterior rotation of the pelvis and flexion of the knees 

due to chronic hamstring tightness.[14,49] These muscle imbalances cause the 

Phalen-Dickson sign (flexed hip and knee gait), which has been correlated to a 

generally poorer prognosis.[76] There may be a decreased Range Of Motion (ROM) 

of the lumbar spine and mechanical pain associated with flexion, extension, or lifting 

movements of the affected segment.[14,48,49] A palpable step deformity at the affected 

vertebral segment may also be present.[14,48,49] It is more common to have a single-

level anterolisthesis, but multiple segmental slippages can occur.[77,78] Multi-level 

slippages have been thought to be more painful and associated with increased 

disability.[77] More concerning symptoms may include radicular pain or neurological 

claudication of the lower extremity.[79] If the anterolisthesis is substantial, the 

participant may experience signs and symptoms of cauda equina syndrome.[4,46] 

These symptoms indicate immediate referral for surgical intervention as they can 

cause irreversible damage.[51,79]  

 

Symptomatic vs. Asymptomatic 

The utilisation of imaging is becoming more common to evaluate participants with 

LBP.[80] Radiographic signs of facet hypertrophy or spinal degeneration are 

commonly observed in both symptomatic and asymptomatic populations.[80] 

Observing these objective findings on imaging can commonly be interpreted as 

being the cause of the participant’s pain.[80] But these findings do not always 

correlate to the pain the participant is experiencing.[62,64] This approach to treating 

radiographic signs of pathology can lead to unsuccessful medical interventions or 

surgery.[81] The same is true for SPL, as SPL has obvious pathological defects in the 

spine that can be clearly observed on imaging, it is easy to interpret them as the 

cause of someone’s LBP.[52,82] But the truth is that signs of SPL are commonly an 

incidental asymptomatic finding during imaging.[52,82] Having radiographic evidence 

of an SPL does not precipitate LBP; early literature claimed that there was no 

correlation between pain and SPL presence.[73,83] It can be challenging to correlate 

SPL and the pain-causing origin; therefore it is essential to link clinical findings to 

radiological evaluations.[82,84] Asymptomatic findings of SPL are found in 23% of 

individuals over the age of 60, with a significant increase to 50% of people over 



 

23 
 

80.[85] Similar findings are present in other conditions such as disc herniation, Brinji 

et al.[85] estimate that at age 40, 50% of the population have radiographic signs of an 

asymptomatic disc herniation. These findings suggest that degenerative findings are 

commonly found in spinal imaging and may be a part of normal ageing and are 

unrelated to LBP.[85] It is currently unknown/unclear why some SPL are symptomatic 

or asymptomatic. But a review by Kasliwal et al.[76] suggests that if an asymptomatic 

SPL is found, the best form of management is to observe if it progresses or starts 

becoming symptomatic.  

 

Management Interventions 

Depending on the SPL grade and the signs and symptoms the participant is 

experiencing, a variety of management options are available, ranging from 

conservative to invasive. Conservative management is usually the first line of 

intervention and can involve various approaches, including rest from aggravating 

factors, activity modification, or body weight reductions.[14,29,48,50,57] Pharmacological 

interventions such as Non-Steroidal Anti-Inflammatory Drugs (NSAIDs), opioids, or 

Epidural Steroid Injection (ESI) may also be used.[14,46,48,50,53] Other forms of 

treatment can utilise Transcutaneous Electrical Nerve Stimulation (TENS) or 

thoraco-lumbar braces for passive support.[14,48,50] Finally, two widely accepted 

management approaches are hands-on treatment by a manual therapist and/or 

exercise prescription.[14,28,53,66] All of these approaches work in either reducing the 

slippage or the symptoms associated with SPL.[14,46,48,50,53,66] 

 

Conservative Management 

For low-grade SPL without radicular symptoms or signs of neurogenic claudication, 

conservative management is generally regarded as the first-line intervention.[46,82,86] 

The following section will provide a background of the different conservative 

management options available for SPL. 

 

Acupuncture 

Acupuncture is a commonly used management option for safely treating acute and 

chronic pain, such as LBP associated with SPL.[87–89] Acupuncture supposedly works 

by augmenting how the brain perceives pain.[88] The proposed mechanism behind 

acupuncture involves the Gate Control Theory of pain control.[87] Through the 
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insertion of a needle into the skin, a signal is sent to the central nervous system to 

activate an analgesic physiological cascade.[87,90] The spinal cord, brain stem 

(periaqueductal grey area) and hypothalamic neurones are activated which triggers 

the endogenous opioid mechanism.[87,88,90] Through this mechanism there are 

changes in levels of endogenous opioids (endorphins) and stress-related hormones 

(adrenocorticotrophic hormone) in the plasma and corticospinal fluid.[88,90] This 

cascade could lead to acupuncture-induced analgesia that can help to decrease the 

pain associated with musculoskeletal disorders, neuralgia, and neuropathy.[90] 

 

Cognitive Behavioural Therapy 

Cognitive Behavioural Therapy (CBT) has a primary focus on challenging and 

altering unhelpful cognitive processes to affect a person's overall emotions, cognition 

and behaviour.[91] Altering the above processes is important because a person's 

understanding impacts their mood and emotions which can affect their neuromatrix 

and neurosignature and, consequently, their outlook on their pain.[35,92] Therefore, it 

can be a helpful coping strategy for individuals suffering from both acute and chronic 

pain.[93] 

 

Chronic conditions, such as SPL, tend to cause continuous stress in a person's life. 

The participant can interpret a diagnosis of SPL as a severe, progressive, non-

reversible condition.[94] These negative beliefs can strongly play into a person's 

negative narrative of their condition.[94] These stresses can lead to the development 

of chronic pain, decreased Quality of Life (QOL), and physical impairment.[94] This 

can motivate people to seek help, which can take the form of surgery.[94] With 

surgery, the physical manifestation of the condition can be changed, but 

postoperative studies show that the impairments of QOL and chronic pain persist in 

40% of cases, demonstrating that there may be other factors contributing to the 

chronicity of the issues.[95] These additional factors to consider could include 

attitudes, beliefs and behaviours, which is why it can be useful to utilise a 

biopsychosocial management approach.[94,95] 

 

Based on the fear-avoidance model of chronic pain, graded exposure is an approach 

developed to help participants confront fears and alter how they experience 

pain.[94,96] This method involves exposing the participant to fear-inducing stimuli to 
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reduce anxiety and feelings of fear in the short term. [96] The method works on the 

theme that body movements that cause pain can cause fear of movement 

(kinesiophobia) and related dysfunctional movement beliefs.[96] In the short-term 

kinesiophobia is an advantageous motor change as it helps to minimise pain.[26] But 

when it becomes a long-term habit it can become maladaptive as it can lead to 

increasing levels of pain and becoming restrictive and disabling.[26] Therefore, the 

treatment is based on correcting the dysfunctional beliefs and gradual introduction of 

the feared actions until the participant feels confident with the movements and no 

longer needs any support.[94,96] This approach positively influences the anxiety and 

negative ideas of the future and any aggravating activities.[94,96]  

 

People who suffer from LBP are two to three times more likely to develop 

depression, while people with depression are at a higher risk of developing LBP.[77,97] 

Other psychological factors expressed in someone with LBP include distress, 

negative expectations, anxiety, and fear-avoidance behaviour.[77,93] These 

psychological factors can negatively influence the perception and intensity of pain 

and the course of the LBP and treatment outcomes.[93] All these adverse outcomes 

affect the participant's QOL; therefore they must be addressed for the best 

participant outcomes.[77,93,97] 

 

Epidural Steroid Injections 

ESI involve a targeted delivery approach for introducing corticosteroids, such as 

methylprednisolone.[98,99] Introducing corticosteroids to areas such as the cauda 

equina or nerve roots can relieve the LBP and neurogenic symptoms associated with 

SPL.[100] The use of ESI is indicated for a reduction in inflammation and pain to 

improve functional ability.[9,99] By decreasing pain levels in an individual with SPL, the 

individual can take part in other concurrent management options to improve their 

outcomes.[100] For example, back stretching and strengthening routines can be 

implemented to improve the functionality of the lower back.[63,100] Epidural steroid 

injections are also beneficial as they may decrease the need for surgery later in 

life.[63,100] They are also a viable management intervention for older adults with 

multiple co-morbidities that cannot have surgery for their SPL.[63,100] A drawback of 

ESI is that it can commonly fail if the injectate is misplaced during the administration 

process.[101] This can occur in up to 40% of cases.[102] Even though considered a 
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conservative form of management, there have been some concerns about ESI's 

safety.[63] In October 2012, the Centre for Disease Control reported 12 deaths 

associated with meningitis caused by a contaminated ESI site, infecting the epidural 

sack.[63] Although rare, this complication can be reduced through the administration 

of antibiotics or, more seriously, laminectomy surgery.[63] 

 

Non-Steroidal Anti-Inflammatory Drugs/Opioids 

Pharmacological interventions are commonly used in conjunction with other 

conservative forms of management. These involve the use of drugs such as 

NSAIDs, opioids or acetaminophen.[82,100,103] These drugs are considered the first-

line treatment and share the common goal of helping to control the pain associated 

with SPL.[100] However, there is little evidence for their efficacy in the long-term 

management of SPL.[86] Contraindications arise with NSAIDs' use if there is a history 

of gastrointestinal issues, as NSAIDs increase the chance of developing 

gastrointestinal ulcers.[104] Furthermore, NSAIDs can potentially slow the healing 

process of bone, which could negatively affect the healing rate of isthmic SPL.[105] 

The use of opioids must also be carefully monitored as it is common to develop 

substance dependence.[16] The use of opioids has also been linked to poor 

prognostic outcomes and an increased likelihood of failing conservative treatment 

and having worse surgical outcomes.[1,50]  

 

Transcutaneous Electrical Nerve Stimulation 

Transcutaneous electrical nerve stimulation is a non-pharmacological pain control 

management option.[106] This management option involves the therapeutic 

application of electricity to the central nervous system to trigger opioid receptors.[106] 

The activation of these receptors affects similar neural pathways to exogenous 

opioids.[106] Electrotherapy via TENS can utilise high frequency or low frequency, 

each using a different mechanism to achieve pain reduction.[107] High-frequency 

TENS has been thought to affect the nervous system's counter stimulation to modify 

the input from other nociceptive sources.[107] While lower frequency TENS has been 

likened to acupuncture, by which endogenous endorphin levels are thought to be 

raised.[107]  
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Manual Therapy 

Manual therapy involves applying manual techniques to an individual with a 

therapeutic intent to increase function and decrease pain or disability.[14,108] The 

techniques can involve stretching of muscles, massage of muscles, muscle energy 

techniques (MET), spinal manipulation or High-Velocity Low-Amplitude (HVLA) 

manipulation, and joint articulation/traction.[4,29,73,109,110] Manual therapy can affect the 

body at a mechanical or neural level.[111] Mechanical effects are improvements in the 

length and extensibility of muscles and improved ROM of a joint.[14,108,111] Neural 

changes include neurophysiological changes from the application of manual 

therapy.[108] These changes are achieved via mechanoreceptors' stimulation in facet 

joints, Golgi Tendons Organs (GTO) in muscle spindles, intravertebral discs, and 

spinal ligaments that decrease the afferent input from the respective areas.[108,111]  

 

Changes to the GTO can be affected via MET.[112,113] A commonly used variation of 

MET is using the post-isometric relaxation protocol.[112,113] This protocol requires the 

agonist muscle to be stretched to the pathological barrier, an equal counter force is 

introduced by the participant to activate the agonist muscle for three to seven 

seconds.[112,113] This muscle activation is sufficient to stimulate the GTO, which then 

reflexively sends inhibitory signals to an interneuron that synapses with a motor 

neurone to physiologically relax the activated muscle.[113] The participant then 

consciously relaxes the muscle, and the practitioner then stretches the muscle to the 

newly established barrier.[113] This pattern can be repeated one to four times until the 

intended ROM is established, or the procedure is intolerable.[113] By following this 

protocol practitioners can help to decrease the tone of spasmed/hypertonic muscles, 

lengthen shortened muscles, and decreases joint restrictions.[4] Another technique 

that can be used to achieve similar outcomes to an MET is spinal 

manipulation.[114,115] It is given this name because it describes the intended motion 

that occurs at the joint.[114] During a manipulation, a quick thrust or “impulse” is 

delivered to the specific joint.[114] The thrust duration is very short lasting between 

200 to 420 milliseconds.[114] This quick impulse is delivered to the joint near the end 

of its physiological barrier and can result in the characteristic popping noise 

associated with this technique.[114] Physiological changes that occur from a HVLA 

manipulation include releasing of trapped meniscoid tissue, releasing segmental 

adhesions, and normalising nociceptive input from surrounding tissue (paraspinal 
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muscles, skin, tendons, ligaments, or intervertebral discs).[114] Manipulations can be 

applied to hypomobile joints to increase their ROM and decrease the sensitivity of 

neural elements.[23] There are many more neurophysiological responses to spinal 

manipulation, but they would be outside the scope of this review. 

 

Manual therapy can be applied directly to the site of SPL or distally, affecting the 

compensations that may occur due to SPL.[66,73] Direct areas to address could 

include dysfunctional biomechanical muscles such as a shortened psoas major 

pulling the lower back into greater lordosis and anteriorly shearing the affected 

lumbar vertebra.[4,53] The orientation of the pelvis can affect the curvatures of the 

spine and the overall posture of the person.[2,4,53,111] For example, if a vertebra is 

fractured, lordosis can impact the recovery rate of that fracture.[4] Manual therapy 

also addresses trigger points in lumbar paravertebral muscles such as the quadratus 

lumborum or lumbar erector spinae muscles.[2,4,111] Indirect approaches could include 

lumbar spine or sacro-iliac joint manipulation of areas above or below the affected 

vertebral segments, to cause neurophysiological relaxation of the surrounding 

paravertebral muscles.[111] Other biomechanical dysfunctions of the spine, such as 

those seen in the thoracic spine, can be addressed to improve spinal curvatures and 

improve the overall function of the body as a unit.[29,116] 

 

Activity Modification 

Another common form of conservative management for SPL is activity modification. 

These modifications include minimising pain causing daily activities, such as lumbar 

extension and/or rotation, and activities including reaching overhead.[57,111,117] By 

avoiding these aggravating factors, it would minimise the strain placed on the pars 

interarticularis.[57] This would allow the lesion to heal and also reduce pain.[118] As 

SPL can be a common finding in athletes it is vital for them to reduce/temporarily 

discontinue aggravating spinal movements as it could slow their recovery and be 

detrimental to their sporting life.[117]  

 

Exercise Prescription 

Another standard conservative management option for SPL is through the exercise 

prescription to strengthen and improve neuromuscular control of muscles.[7,26,53] 

Muscular stabilisation exercises are the most common approach as they can assist 
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in the vertebral segments' dynamic stability.[26,28] Stabilisation exercises can general 

exercise approach to focus on global stabiliser muscles or be more specific to focus 

on segmental muscles.[26,28] Both these exercise approaches have been shown to 

decrease LBP and disability associated with SPL.[26,28,50,109] For both exercise types, 

the principle concept is that the individual lacks dynamic stability of the vertebral 

segments; therefore, the approach aims to strengthen stabilising muscles.[28,109] 

However, specific exercises might be more beneficial as they are designed to target 

and strengthen the commonly weak muscles associated with SPL.[28]  

 

Stability Exercise 

Within global and specific stabilisation exercises, there are many different 

approaches. These include focusing on trunk stability with flexion and extension 

exercises,[50,53,109] functional movement retraining,[53] and isometric muscle 

strengthening in an open or closed kinematic chain.[28] Global non-specific trunk 

stabilisation exercises include the training of larger torque-producing muscle groups 

such as the erector spinae, gluteal, hamstrings, hip flexors, rectus abdominis, and 

external oblique muscles.[109] It has been suggested that weakness of the trunk 

muscles causes an increased ventral shear on the spinal segments of the SPL.[53] A 

common exercise option for individuals with LBP or SPL is Williams’s protocol.[119] 

The Williams’s protocol is a flexion-based exercise routine for the lumbar spine, it 

consists of single knee-to-chest, double knee-to-chest, posterior pelvic tilts, partial 

sit-ups, hamstring and hip-flexor stretching, and squatting.[119] These exercises are 

aimed at improving lumbar flexion, and strengthening the gluteal and abdominal 

muscles to provide stability for the lower back.[119] It is postulated that performing 

exercises to activate, strengthen, and improve these muscles' endurance would help 

increase conscious awareness of these trunk muscles and aid in the stabilisation of 

the affected vertebral segment.[4,12] Specific targeted trunk-stabilising muscles 

include the deep abdominal muscles such as the transverse abdominis, internal 

oblique, pelvic floor muscles, and lumbar multifidi.[7,12,57,109] These muscles are 

tonically active during standing to provide segmental stability.[12] The transverse 

abdominus is the first muscle to be active with movement initiation, and it works 

together with the lumbar multifidi to produce a corset-type effect during dynamic 

tasks to boost segmental stability.[12] It is suggested that these muscles help to 

control the stiffness and maintain the segmental positioning of each segment.[26]  
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In chronic pain cases, commonly seen in SPL cases, it has been proposed that there 

is a neural inhibition of the postural muscles.[28,94,120] This neural inhibition leads to 

muscular atrophy and decreases in strength and proprioceptive function.[28,94,120] 

Therefore, increasing neural function, proprioception and reducing the pain of these 

muscles positively affects postural balance that could be lost with SPL.[4,28,62] 

Training the deep abdominal muscles to co-contract with the lumbar multifidi 

provides a stabilising effect on the vertebral segments and reduces instability at the 

affected segment.[109] Therefore, retraining deep multifidi, which exerts compressive 

forces and aids in the control of spinal motion at the segmental level, could improve 

spinal biomechanics and decrease the spinal stiffness associated with SPL.[28,57] The 

training effect related to strengthening these muscles provides a motor control 

stabilising effect on the lumbar spine.[57,121] The intervention involves the training and 

pre-activation of the deep trunk muscles, with a progression towards more complex 

static, dynamic and functional tasks, integrating the activation of deep and global 

trunk muscles during open and closed kinematic chains.[7,28,109] Some potential 

disadvantages associated with increasing this muscular co-activation of the lumbar 

spine are reducing the ability and the rate of the body's response to environmental 

perturbations.[28]  

 

Aerobic Exercise 

Some authors suggest that low-impact aerobic exercise should be included in all 

conservative management interventions for SPL.[69,86,104,111,117] However, no author 

provides an explanation why generalised aerobic exercise would be important for 

individuals with SPL.[122] The suggestion of including aerobic exercise in a program 

to rehabilitate a SPL could be because it is well established that exercise is 

beneficial for general LBP.[122]  

 

Low-impact aerobic exercise options include stationary cycling, walking, swimming 

and elliptical training.[69,117] Like conventional exercise therapy for SPL, aerobic 

exercise protocols should emphasise flexion-based exercise and core and back 

strengthening.[104] Stationary cycling fits these requirements perfectly as it fosters an 

ideal lumbar flexion-based position during the activity.[104] This spinal position 

promotes a decompression of the thecal sac, which can help alleviate neurogenic 

claudication symptoms.[86,104] 
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Stretching 

Stretching is commonly implemented alongside strengthening and stabilising 

exercises. The body's common muscles to stretch include; hip flexors, hamstrings, 

piriformis, and the lumbar erector spinae.[7,28,53,66] Stretching these muscles has a 

similar goal to manual therapy, which is releasing tension on the muscles and 

reducing extension stress at the L/S area.[29] This in turn can help prevent or correct 

forward slippage of the vertebral column. Models such as the global postural re-

education approach use the idea that the shortened muscles in SPL can be 

lengthened utilising the muscle's viscoelastic property,[123] which also enhances the 

antagonistic muscle contractility, thereby avoiding postural asymmetry.[123]  

 

Weight Loss  

A correlation has been found between being overweight or obese and experiencing 

more severe LBP.[124,125] For this reason, reducing overall body fat may help reduce 

the stress placed on the lower back structures and therefore relieve the symptoms of 

LBP due to SPL.[82,124,125] However, it is important to differentiate between lean 

muscle mass and adipose tissue.[125] Unlike the correlation between having extra 

adipose tissue and increased LBP, increased lean muscle mass is not related to 

increased pain and disability.[125] Furthermore, being obese has been correlated with 

opting for surgical intervention over conservative treatment.[1] Although a positive 

outcome is seen in pain and disability in participants with SPL, weight reduction has 

not been shown to help with the associated neurological symptoms.[100] 

 

Thoraco-lumbar Bracing 

Thoraco-lumbar bracing has been around for many years, but it is not commonly 

utilised in the current management of SPL.[126] This intervention was primarily 

indicated for children with low-grade SPL pars interarticularis defects.[126,127] 

However, it has been reported in order to be effective, children must wear the brace 

for 23 to 24 hours a day for two years.[126] After those two years, the child may 

reduce the wear time of the brace to 12 hours per day.[126] As the child matures and 

approaches skeletal maturity, they may again reduce the overall time they wear the 

brace.[126] The cessation of the brace is a gradual process to allow the body to adapt 

to the new changes forced upon it.[126] The proposed mechanism of bracing is based 

on decreasing the excessive lumbar lordosis and anterior pelvic inclination, therefore 
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reducing the excessive anterior sheer force of the involved lumbar vertebral 

segment.[126,128] As these changes are a passive process it is important for the child 

to begin exercise to strengthen their spinal stabilising muscles to minimise the 

reliance they have created on the brace.[128] It is still undecided whether bracing 

should still be a viable option in the management of SPL, as there is limited evidence 

of whether the results achieved from bracing are maintained after it is removed.[129]  

 

Indicators for Surgery 

Many indicators suggest an individual should graduate from conservative 

management to a more invasive approach.[46,51,79] These include; persistent severe 

lower back or leg pain, progressive lower extremity neurological deficits, or 

neurogenic claudication that prevent the individual from standing or walking for a 

considerable distance or time.[51,66,79] If there are no signs of improvement after three 

to six months of conservative management and the pain is severely debilitating and 

has a major impact on QOL, a more invasive approach may be required.[46,48,51] 

 

Surgery 

When surgical intervention is indicated, there are different options available 

depending on the individual case. Typically, the surgical intervention involves a 

combination of a vertebral fusion and a lumbar decompression.[103] With each of 

these approaches, there are different options to best suit the case. A lumbar spinal 

fusion is a surgical procedure that is designed to decompress and stabilise the 

lumbar spine for people suffering from SPL.[130] Within the realm of lumbar fusion, 

there have been many different surgical techniques proposed for treating SPL.[131] 

These involve posterolateral, anterior lumbar interbody, posterior lumbar interbody or 

transverse lumbar fusion.[131] Research suggests that posterolateral and posterior 

lumbar interbody fusion with instrumentation are the most reliable to establish a 

fusion of the vertebrae and decompression of the thecal sac and, therefore, have the 

best surgical outcomes.[131–133] Alongside fusion, decompression surgery can also be 

performed, which allows for direct decompression of the central canal via removing 

the vertebral laminae.[46]  

 

Even though an individual's symptoms indicate the need for surgical intervention, 

they may have contraindications that make surgery a non-viable option.[128] These 
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contraindications include osteoporosis, severe chronic co-morbidities and multiple-

level spinal stenosis.[128] However, if surgery is undertaken on an individual that does 

not have any of these contraindications, they may still suffer from postoperative 

complications.[51,130] Complications associated with fusion may be related to 

instrumentation failure,[133] neurological complications such as permanent nerve root 

injury,[51,133,134] graft-specific complications (five to 10% of the time) or infections of 

the surgical site.[133] In comparison, complications associated with decompression 

surgery involve recurrent stenosis, disc herniation, pneumonia, infections or 

haematomas.[51] Even if the fusion surgery is a success, there is a higher chance of 

having degenerative changes in the surrounding joints due to local hypomobility.[73]  

 

Summary 

Lower back pain, which has multiple aetiologies, affects the majority of the general 

population at one point in life. Spinal instability can result from tissue injury that can 

lead to SPL. Spondylolisthesis has six classifications, and each of these 

classifications follows different pathophysiology; however, it results in a similar 

anterolisthesis of the affected vertebra. The magnitude of the anterolisthesis does 

not always correlate to the pain and symptoms that an individual is experiencing. It is 

measured by a standardised grading system, which can be determined using 

imaging. 

 

There are multiple different interventions available within two options of conservative 

and invasive management for SPL. Generally, conservative management is 

suggested for low-grade SPL, while invasive management is usually recommended 

for high-grade SPL cases. Some conservative management options include 

acupuncture, manual therapy, activity modification, exercise prescription, and weight 

loss. The literature review suggests that a combination of these management options 

may be more effective. However, if there is no sign of improvement after three-to-six 

months of conservative management, or the pain becomes severely debilitating, 

surgery may be the next advisable step. 
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Section 2: Methodology 
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Methodological Approach 

The methodological approach for this study was a scoping review. Scoping reviews 

are a relatively new standalone reconnaissance tool that can clarify and synthesise 

key concepts and collate evidence on a broad topic.[135–137] Scoping reviews are 

beneficial when a research field has not yet been comprehensively reviewed and is 

still maturing.[137,138] Therefore, they are especially useful for synthesising large and 

heterogenous bodies of literature.[137] Additionally, they help identify gaps and trends 

within the literature to inform further research.[135,138] To identify gaps, a scoping 

review requires a comprehensive coverage of the breadth of a topic.[135] This may be 

achieved by creating less restrictive selection criteria compared to other reviews 

such as systematic reviews.[139]  

 

Similar to systematic reviews, scoping reviews follow structured, transparent, and 

rigorous procedures to summarise the existing literature relating to a research 

question.[135,140] However, the nature of the research question in systematic and 

scoping reviews is characteristically different. Systematic reviews aim to summarise 

the highest quality of evidence around a specific topic against selection criteria.[138] 

They lend themselves to answering a specific narrow research question.[137] 

Systematic reviews have a pre-set high-standard process in place to ensure the 

creation of trustworthy and robust review articles.[138] By comparison, scoping 

reviews allow for more general questions and flexibility, encouraging researchers to 

be more responsive to all relevant studies regardless of study quality.[135] An iterative 

process is applied, which requires researchers to engage in ongoing modifications at 

each stage of the review to ensure comprehensive coverage of the literature.[135]  

 

Limitations of Scoping Reviews 

One of the important limitations of scoping reviews is the possibility of not 

discovering and including relevant studies due to database selection.[137] To mitigate 

this, the reference lists of all included research articles and systematic reviews were 

searched for additional sources that may be relevant to help answer the research 

question.[137] A second common limitation of scoping reviews is the lack of critical 

appraisal of the included studies.[137] It is not common practice to include an 

assessment of the methods of a study or risk of bias in scoping reviews.[137] Although 



 

36 
 

this can be viewed as a limitation, it can have a positive effect on the review as it 

does allow for the broader inclusion of studies.[137]  

 

Rationale for Conducting a Scoping Review 

This review specifically seeks to investigate and map the range of evidence available 

on conservative management of symptomatic degenerative and isthmic 

spondylolisthesis (SPL) in adults. It has been suggested that the purpose of 

conducting a scoping review is to (1) identify available types of evidence in a field, 

(2) to identify key characteristics or factors related to a concept, (3) to identify and 

analyse potential gaps within the literature, (4) to clarify key concepts/ definitions in 

the literature, (5) to examine how research is conducted on a certain topic or field, 

and (6) to be a precursor to a systematic review.[138] The rationale behind this 

scoping review encompasses the first three reasons stated above. The current body 

of literature on the conservative management of symptomatic degenerative and 

isthmic SPL in adults seems to be limited and not comprehensively reviewed. Thus, 

there is a lack of robust evidence on this topic. Although a few systematic reviews 

are available, they continuously utilise the same citations and under-represent a 

portion of the literature. Therefore, the scoping review methodology with a broader 

inclusion of articles is appropriate to meet the purpose and address the objectives of 

this study.  

 

Scoping Review Framework 

The first scoping review framework established in 2005 by Arksey and O’Malley[135] 

was later revised by Levac et al.[136] and Peters et al.[137] to provide greater detail for 

each stage. These stages are needed to ensure that an in-depth review of the 

literature has been achieved. The framework consists of five mandatory stages with 

an optional sixth consultation stage.[135–137] The five stages of the framework include 

identifying the research question, identifying relevant studies, selecting studies, 

charting the data and collating, summarising and reporting the results.[136] 

 

Stage One: Identifying the Research Question 

The first step in the methodological framework is to identify a research question, 

from which the search strategies can be created.[135] Due to the nature of a scoping 

review, the question has to be open enough to encompass a comprehensive range 
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of the literature and maintain a broad scope while still being precise about the area 

of the topic.[135,136] This is because the primary focus of a scoping review is to 

summarise a broad range of evidence on a topic.[136] In this review, the research 

question was designed after a review of the literature. This led to the present 

research question “What does the peer-reviewed literature suggest about the 

conservative management of symptomatic degenerative and isthmic 

spondylolisthesis in adults?”. The open nature of the question allowed the researcher 

to comprehensively map and examine existing peer-reviewed literature and to 

potentially provide a foundation to be built on by future systematic reviews and 

research. 

 

Stage Two: Identifying Relevant Studies 

Since a scoping review is designed to encompass a comprehensive breadth of 

information, it is important to find as many primary resources as possible to answer 

the research question. Before taking this step, a Library Knowledge Specialist was 

consulted to help create search syntaxes, using Medical Subject Headings (MeSH) 

terms. The search terms were piloted to check for the eligibility of the research 

question and then were refined and limited to exclude search results such as 

“surgery” and “adolescent”. These search results were excluded as this scoping 

review was designed to focus on conservative management in adults. Some of the 

search terms used were “spondylolisthesis”, “conservative”, “management”, and 

“rehabilitation”. To achieve such a comprehensive search of a topic, the researcher 

selected and searched key electronic databases (mentioned later) for articles and 

then further handpicked references from the identified articles' reference lists. These 

included the reference lists of reviews and systematic reviews that were not 

identified from the primarily used databases. This process was performed to the 

point of complete study saturation. The inclusion and exclusion criteria were refined 

to encompass a wide breadth of articles on the preliminary search. The search was 

conducted throughout November 2020 and the final search to include new 

publications was the on first of May 2021. 

 

To guarantee adequate and efficient coverage of the subject, a variety of commonly 

used electronic databases were searched.[136,141] The EBSCO Health Database was 

the first database searched as it helped to provide important keywords and MeSH 
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subject headings. The EBSCO Health Database includes several other well-

respected databases such as CINAHL Complete, MEDLINE Complete, and 

SPORTDiscus with full text, which helps to cover a broad range of research.[142] This 

database was also decided to include Scopus (Elsevier) as it is the largest citation 

and abstract database of scientific journals and literature.[143] Two other databases 

employed in this review were PubMed and ScienceDirect. PubMed is a research 

database primarily based on biomedical and health fields.[144] ScienceDirect has a 

collection of health science articles and peer-reviewed journals with a scientific 

basis.[145] The Google Scholar search engine, which indexes the full texts of a wide 

array of different disciplines, was also used to find the research articles that were not 

available elsewhere.[146,147]  

 

Grey Literature 

Grey literature is a body of diverse information that has not been published in 

traditional academic articles but rather in other non-peer-reviewed platforms.[148] 

Examples of grey literature include blogs, power points, websites, and web 

media.[148] Grey literature has the potential to be included in a scoping review, 

alongside published peer-review research.[137] However, there is a lack of formal 

quality assessment tools available for grey literature, making it difficult to verify the 

quality of the information.[148] Therefore this review did not include grey literature and 

only utilised primary peer-reviewed empirical literature. 

 

The scoping review protocol was registered prospectively with the Open Science 

Framework in July 2021 (see Appendix A: Open Science Framework Registration). 

This registration enabled the study to be transparent and made researchers aware 

that a scoping review on SPL was in progress to prevent duplication and promote 

open discussion. 

 

Stage Three: Study Selection 

The third stage involves selecting appropriate studies to include in the scoping 

review.[135] The studies are appropriate if they meet the aims and objectives of the 

study and answer the research question.[136] The objectives of this review were to: 

(1) complete a scoping review of peer-reviewed studies concerning conservative 

management for symptomatic degenerative and isthmic SPL in adults, (2) provide a 
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critical overview of up-to-date literature to attempt to identify gaps in current 

knowledge of literature pertaining to the topic, and (3) gather an understanding of the 

current literature and treatment/management protocols of SPL with regard to specific 

conservative treatment.  

 

This stage involves an iterative approach to refine the inclusion and exclusion criteria 

continuously.[135] An example of this process was that it was decided only to include 

articles with symptomatic SPL. This was decided because around 50% of SPL cases 

are asymptomatic and do not require management.[65] The eligibility criteria were 

established before conducting the search. Any modifications to the criteria were 

implemented post hoc as familiarity with the subject matter improved.[135] This helped 

to ensure that the selected studies were relevant to the research question. The 

inclusion criteria were: (1) published primary peer-reviewed studies; (2) studies 

available in full-text; (3) studies including participants aged 18 and over, as children 

with SPL are usually surgically treated or undergo bracing and are observed for any 

deterioration in their condition;[149] (4) studies on all grades of degenerative and/or 

isthmic SPL; (5) studies including at least one of the following interventions: weight 

loss, activity modification, exercise prescription, pharmacological intervention, 

epidural steroid injection, transcutaneous electrical nerve stimulation, manual 

therapy, acupuncture, or cognitive behavioural therapy.  

 

Studies were excluded if they were unavailable in English or were regarded as grey 

literature. Studies focused on types of SPL besides degenerative or isthmic were 

also excluded because they are epidemiologically less common. Furthermore, 

traumatic, iatrogenic, and pathologic SPL are commonly treated with surgical 

intervention, and congenital or dysplastic SPL is commonly picked up in children and 

adolescents and treated accordingly. Studies that included SPL of regions besides 

the lumbar or sacral region were also excluded because they require a different 

intervention protocol. Additionally, any studies that utilised surgical management as 

the primary intervention were excluded, because this scoping review set out to 

summarise the overall knowledge on the studies surrounding conservative 

management and SPL, and surgery is not considered to be conservative 

management.[150] Lastly, studies that used thoraco-lumbar bracing as a primary 

intervention were excluded. Even though thoraco-lumbar bracing is considered as 
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conservative management, it is so different from the other forms of conservative 

management included in this review. For a thoraco-lumbar brace to be effective a 

participant must wear it for an extended period.[126] One study suggests that thoraco-

lumbar bracing is only effective if it is worn by a child or adolescent for 23 to 24 

hours per day for around two years.[126] In contrast, many of the other conservative 

management interventions reviewed in this study focus on a specific number of 

sessions for a specific amount of time. In addition, having to utilise the brace for such 

a long duration can make for a very invasive intervention. Furthermore, its viability as 

an intervention for adults is questionable, as there is limited evidence available that 

shows the results from the brace are sustained once it is removed.[129] 

 

Where discrepancies between reviews occurred, inclusion and exclusion were 

refined for clarity. A second more stringent review of the articles was then made by 

checking the full text of each article. The researcher and the principal supervisor 

reviewed all the articles to ensure the inter-rater reliability of the review process. A 

near-perfect agreement Kappa score of 0.84 was achieved between the researcher 

(Rater 1) and principal supervisor (Rater 2) (see Appendix B: Kappa Equation). This 

process led to the inclusion of a total of 41 studies in the scoping review (see 

Appendix C: Characteristics of Included Studies in the Scoping Review). 

 

Stage Four: Charting the Data 

Charting the data is analogous to “data extraction” in a systematic review.[135] In a 

scoping review, charting the data synthesises and interprets qualitative data by 

sorting material around key ideas or themes.[135,151] At this stage, each article was 

printed to create a physical copy, and then categorised alphabetically and numbered. 

Individual articles were then read and the key information from each article was 

extracted and documented in Microsoft Excel spreadsheets (see Appendix D: 

Example of Preliminary Study Characteristics). This method allowed for easy sifting 

and interpreting of the data that could then be used for more efficient charting and 

synthesis of the data. 

 

Stage Five: Collating, Summarising and Reporting the Results 

The fifth stage of a scoping review framework includes "some analytic framework or 

thematic construction in order to present a narrative account of existing literature".[135 
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p27] It is important to remember that a scoping review does not set out to assess the 

strength and quality of research and instead seeks to synthesise evidence.[135] 

Arksey and O’Malley[135] suggested that critical appraisal is not an essential aspect of 

scoping reviews. This is supported by other current reporting guidelines indicating 

that a critical appraisal is an optional component of scoping reviews.[152] Despite the 

clear intentions of this stage, it is commonly reduced to a superficial overview of 

themes.[153] There is a risk that the essence of this stage is missed, and researchers 

do not wholly or carefully collate, summarise, and report their findings.[153] 

 

Inductive thematic analysis is a model of analysis that begins with the organisation of 

raw data to derive key concepts or themes through the researcher's interpretation of 

that raw data.[154] To start this stage, the researcher read all the articles and 

identified the keywords/codes in each article. These keywords/codes were then 

discussed with the supervisors for input. This process was repeated until the sub-

themes were identified. The sub-themes were then categorised and analysed to 

explore the main themes.  

 

Reporting checklists increase the transparency of research methods and allow 

readers to judge the reliability and validity of the research.[152,155] In 2018, a panel of 

experts developed a reporting checklist to guide researchers in conducting scoping 

reviews.[152] This checklist was based on the already well-established Preferred 

Reporting Items for Systematic reviews and Meta-Analysis (PRISMA) checklist for 

systematic reviews.[152] Although systematic and scoping reviews share similarities, 

they serve different purposes.[152] Therefore, modifications were made to the existing 

checklist to create a PRISMA checklist with a Scoping Review (ScR) extension to 

make it more specific for scoping reviews.[152] The PRISMA-ScR extension was 

created in accordance with the EQUATOR network for reporting guidelines.[156] 

Later, in 2019, a 22-item scoping review checklist was created by Copper et al.[155] to 

ensure a more rigorous review of articles is achieved. In this scoping review, both 

the PRISMA-ScR (see Appendix E: Preferred Reporting Items for Systematic 

reviews and Meta-Analysis with a Scoping Review PRISMA-ScR Checklist) and 

scoping review checklists (see Appendix F: Cooper’s Checklist for Scoping Reviews) 

were employed as reporting guides. Furthermore, the PRISMA-ScR flow chart was 

created to report the process of the third stage of the framework (see Figure 5). 
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Stage Six: Consultation 

The optional sixth stage can happen at any step of the scoping review, from 

formulating the research question to disseminating the information, however, it 

usually follows stage five.[135,136] The aim of this stage is to work with stakeholders to 

enhance the utility of the results for policymakers and consumers of evidence.[135] 

Additionally, this stage is used for formulating recommendations for future research 

or finding appropriate means to disseminate the results.[136] For this project, the 

decision was not to incorporate the optional sixth stage as it was not feasible to 

complete it within the timeframe afforded by a Master's thesis and the available 

resources.  
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Abstract  

Background: Lower back pain is a significant health issue that burdens healthcare 

systems. Up to 84% of people are affected by it at one point in their lifetime. 

Spondylolisthesis is a pathoanatomical condition that can cause lower back pain. 

Spondylolisthesis can occur at any time in a person’s life, with six to 13.6% of the 

general population showing radiographic signs of spondylolisthesis. However, only 

50% of people with spondylolisthesis are symptomatic; of that population, only 10% 

have symptoms that require intervention. In spondylolisthesis management, 

conservative intervention options are recognised as first-line management, but 

evidence of their utility is unclear.  

Purpose: To investigate and map the range of peer-reviewed studies on the 

conservative management of symptomatic degenerative and isthmic 

spondylolisthesis in adults, and to identify gaps for future research.  

Study Design: Scoping review 

Participant Sample: Adults over the age of 18 years with degenerative or isthmic 

spondylolisthesis 

Methods: The five-step scoping review framework developed by Arksey and 

O’Malley was used to ensure that an in-depth review of the literature has been 

achieved.  

Results: From a total of 2715 studies, 41 studies were included and classified into 

three main themes: (1) impact of conservative management, (2) spinal kinematics 

and biomechanics, and (3) factors influencing recovery. Overall, limited research 

was available on the conservative management of symptomatic degenerative and 

isthmic spondylolisthesis in adults. Most of the studies indicated that conservative 

management of spondylolisthesis was effective. The literature on different exercise 

interventions was well-mapped. Connections were made between spondylolisthesis 

and factors that may affect the progression or recovery of the individual with this 

condition.  

Conclusion: This review covered a breadth of studies that included conservative 

management of participants with degenerative or isthmic spondylolisthesis. 

Conservative management is a viable option for most participants with low- and high-

grade degenerative or isthmic spondylolisthesis. However, manual therapy and 
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exercise interventions may yield better and more consistent results than other 

options such as epidural steroid injections. 

 

Keywords/Classifications 

Isthmic lumbar spondylolisthesis, degenerative lumbar spondylolisthesis, 

conservative management, non-operative treatment, lower back pain, spinal 

condition, musculoskeletal pain 

 

Introduction 

Lower back pain (LBP) is a significant health issue that takes a major toll on 

healthcare systems.[1,2] Up to 84% of people suffer from LBP at least once in their 

lifetime, making it one of the leading causes of activity limitation worldwide.[3,4] 

Approximately 10% of people suffering from LBP develop a disability, and another 

23% of people develop chronic LBP.[4] With 85% of LBP cases not presenting with a 

clear nociceptive aetiology, those cases are usually categorised as non-specific 

LBP.[2] By comparison, Spondylolisthesis (SPL) often has clear radiographic signs of 

pathology which can be related to a nociceptive cause.[4]  

 

SPL is a condition where the superior vertebrae translate anteriorly in a sagittal 

plane on top of the inferior vertebrae.[5,6] According to the Wiltse-Newman 

classification system, the anterolisthesis in a SPL occurs for one of five reasons.[7] A 

revision of these five aetiologies suggests a much less commonly recognised sixth 

variant.[8] The six classifications include 1) dysplastic/congenital malformations of the 

facet joints, 2) isthmic defect of the pars interarticularis, 3) degenerative, 4) 

traumatic, 5) pathological, and 6) iatrogenic SPL.[7,8] The degenerative and isthmic 

aetiology are the most common types of SPL.[8,9] The isthmic variation occurs due to 

a fracture or elongation of the pars interarticularis.[8,9] The onset of isthmic SPL is 

usually during childhood, but it often remains asymptomatic until later in life.[8,9] 

Spondylolisthesis is additionally commonly caused by degenerative changes such as 

facet joint osteoarthrosis, osteophytosis, subchondral sclerosis and ligamentous 

ossification of the affected vertebrae.[6,8,10–12] This type of SPL is recognised as 

degenerative SPL and is most commonly seen in females over 50 years of age and it 

usually affects the fourth and fifth lumbar vertebrae (L4/5).[6,11] Although dependent 
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on the aetiology of the SPL, on average, six to 13.6% of the general population have 

radiographic signs of anterolisthesis,[1,13–16] of that population, around 50% of them 

are asymptomatic.[15] 

 

The process to diagnose the potential presence of a SPL, begins with a thorough 

case history of the signs and symptoms. The case history should then be followed by 

a lateral lumbar spine X-ray, as it is the best angle to determine the presence of a 

SPL.[8] X-rays can also be used to measure the magnitude of the displacement of the 

vertebrae. However, the ideal method of diagnosis or measuring the degree of a SPL 

is via a Computer Tomography (CT) scan of the spine, as this provides the highest 

sensitivity and specificity via imaging.[8,13] The magnitude of vertebral displacement is 

graded via the Meyerding method, which is a five-level grading system used to 

determine the severity of vertebral translation.[9,17] In the Meyerding method the 

vertebral body is split into 25% increments: grade one (zero to 25% slip), grade two 

(25% to 50% slip), grade three (50% to 75% slip), grade four (75% to 100%), and 

grade five (>100% slip).[1] A grade five slip is the most severe and it involves the end 

plate of the superior vertebrae translating anteroinferior on the inferior vertebrae, this 

grade is recognised as a spondyloptosis.[18] 

 

Available management options for SPL include conservative and invasive options. 

Conservative options include pharmacological interventions for pain control, 

exercises to improve core and back muscle motor control, Epidural Steroid Injection 

(ESI), Transcutaneous Electric Nerve Stimulation (TENS), manual therapy, Cognitive 

and Behavioural Therapy (CBT), acupuncture, and thoraco-lumbar bracing. These 

management options are usually the first line of treatment for individuals with low-

grade (grade one to two) SPL.[1,19]  

 

Invasive management options include surgical options to fuse the slipped vertebrae 

or spinal decompression surgery, which aims to relieve pressure off surrounding 

neural structures (nerve roots or thecal sac).[20] Surgical management is usually 

advised for individuals who have failed conservative management, have high-grade 

(grade three and above) SPL, persistent severe leg or LBP, lower extremity 

neurological deficit, or are developing symptoms of cauda equina (including bowel 

and bladder dysfunction and/or saddle anaesthesia).[6,21,22]  



 

59 
 

Given that this condition affects around 10% of the population, a scoping review to 

map the conservative management options available for SPL would be valuable. At 

present, the body of literature on the conservative management of degenerative and 

isthmic SPL in adults is limited and not comprehensively reviewed. Currently, there 

are a few systematic reviews available on the topic, although they utilise the same 

citations and underrepresent a portion of the literature.[1,19] The aim of this scoping is 

to investigate and map the range of peer-reviewed studies on conservative 

management of symptomatic degenerative and isthmic spondylolisthesis in adults, 

and to identify gaps for future research. 

 

Methods 

This scoping review followed the methodology framework according to Arksey and 

O’Malley[23], in conjunction with the Preferred Reporting Items for Systematic reviews 

and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) checklist by 

Tricco et al.[24]. The scoping review framework utilises a five-stage process with an 

optional sixth. These include identifying the research question; identifying the 

relevant studies; study selection; charting the data; and collating, summarising, and 

reporting the results.[23] This study was deemed exempt from ethical approval by the 

Unitec Research Ethics Committee (see Appendix G: Ethics Exemption). 

 

Stage One: Identifying the Research Question 

This scoping review was guided by the following research question “What does the 

peer-reviewed literature suggest about the conservative management of 

symptomatic degenerative and isthmic spondylolisthesis in adults?”. This broad 

research question was formed to include as many articles as possible, as previous 

systematic reviews have underrepresented the current literature as they have 

included a limited number of articles. 

 

Stage Two: Identifying Relevant Studies 

A comprehensive search of electronic databases was conducted with input from a 

Library Knowledge Specialist. The databases that were searched included Ebsco 

Health Database, PubMed, Scopus, Science Direct, and Google Scholar. The search 

terms that were used included Medical Subject Headings (MeSH) terms such as 
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“spondylolisthesis”, “conservative”, “management”, and “rehabilitation” (see 

Appendix H: Search Strategy). The above databases were searched in November 

2020 and were revisited in May 2021. This large gap between searches allowed for 

maximal time for new research articles to be published and included in this study. 

These databases were chosen as they include some of the largest biomedical 

databases currently available.[25–27] Through searching databases, a total of 2715 

articles were identified. These articles were then imported into the desktop version of 

the Mendeley Reference Manager (Version 1.19.8). Duplicates were removed, and 

the remaining articles were imported into a Microsoft Excel spreadsheet. In addition 

to the above search strategy, a second search was performed through the identified 

articles' reference lists, which yielded an additional 15 articles to include in the 

scoping review. A point of saturation was reached as no new articles of relevance 

could be identified by these processes. It was decided not to include grey literature in 

this scoping review to boost the strength of the overall study by only using empirical 

evidence. The protocol of this scoping review was registered prospectively with the 

Open Science Framework in July 2021 (see Appendix A: Open Science Framework). 

 

Stage Three: Study Selection 

The third stage of this framework requires a careful selection of articles to answer 

the research question. The nature of scoping reviews allows for the inclusion and 

exclusion criteria to be modified post hoc.[23] This allows for continuous refinement of 

the criteria as familiarity with the subject is acquired (see Table 1).[23] To ensure 

consistency during the study selection process, the researcher and the supervisors 

screened the title and abstracts of the relevant articles to ensure they met the 

inclusion criteria. 
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Table 1. Inclusion and exclusion study criteria 

Inclusion Criteria Exclusion Criteria 

● All studies which include the initial search 

terms within the title and/or abstract 

● Articles not available in English 

● Peer-reviewed published studies ● Grey literature 

● Full-text available online ● Pre-operative intervention  

● Mean cohort age ≥18 years ● Post-operative intervention 

● Participants must have either symptomatic 

degenerative or isthmic spondylolisthesis 

● Areas affected besides the lumbo-sacral 

region 

● All grades of spondylolisthesis ● Thoraco-lumbar bracing 

● Must include at least one of the following 

interventions: 

o Activity modification 

o Acupuncture 

o Epidural steroid injection 

o Exercise prescription 

o Manual therapy 

o Psychological intervention 

o Pharmacological intervention 

o Transcutaneous electrical nerve 

stimulation 

o Weight loss 

 

 

The primary researcher reviewed the full text of each study. The researcher (Rater 1) 

and the principal supervisor (Rater 2) reviewed all the articles to ensure inter-rater 

reliability of the review process (Kappa = 0.84, see Appendix B: Kappa Equation). 

The remaining inconsistencies were resolved by consulting with the associate 

supervisor. Any disagreements were compared and discussed between the 

researchers to either whether to include, fence, or exclude a study. The fenced 

articles were compared to the inclusion and exclusion criteria and then voted on if 

they would be included. The studies were collated into a Microsoft Excel 

spreadsheet to allow easier comparison. This process led to the inclusion of 41 

studies in the scoping review. 

 

Stage Four: Charting the Data 

Charting the data involves the process of extracting standardised data from the 

literature and inputting it into a table on Microsoft Excel (version 2111). The following 

27 characteristics were recorded: descriptive citation details (author’s name, article 

title, date, country of publication and journal), intervention(s) in the study, study 

duration and follow-up, purpose of study, study sample/demographic, study 
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methodology, details on type and grade of SPL, outcomes and findings, weakness 

and strengths, and future research suggestions (see Appendix D: Example of 

Preliminary Study Characteristics). 

 

Stage Five: Collating, Summarising and Reporting the Results 

The fifth stage is usually broken into three distinct steps: (1) analysis, (2) reporting 

the results and producing the outcome that refers to the research question, and (3) 

considering the meaning of the findings as they relate to the overall study 

purpose.[28] Within this scoping review, the final 41 studies were assessed for 

similarities and differences using inductive thematic analysis. The articles were then 

classified into three themes; (1) impact of conservative management, (2) spinal 

kinematics and biomechanics, and (3) factors influencing recovery, and each main 

theme included two to three sub-themes 

 

Results 

Through the refined database search, a total of 2715 studies were identified, of 

which, 355 duplicates were removed, and the titles and abstracts of 2360 were 

screened. Screening the title and abstract of each article resulted in the exclusion of 

2320 studies, which left the remaining 40 studies. A further 14 studies were excluded 

after screening the full texts as they did not meet the inclusion criteria. Through 

manual searching of the reference lists, an additional 15 studies were identified 

which increased the overall number of included studies to 41 (see Figure 5).  

 



 

63 
 

 

Figure 5. PRISMA-ScR flow diagram of the search strategy and study selection.[29] 

 

Characteristics of Studies 

This scoping review incorporated 41 primary research articles published between 

1988 and 2021 (see Appendix C: Characteristics of Included Studies in the Scoping 

Review). Out of the included studies, 20 and 17 articles investigated the effects of 

conservative management on degenerative and isthmic SPL, respectively. However, 

10 articles did not specify the type of SPL. Included studies researched different 

grades of SPL; 28 were grade one, 17 were grade two, one was grade three, two 
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were grade four, and seven articles did not mention the grade of the included SPL 

(see Figure 6).  

 

 

Figure 6. The grades of SPL in included studies (n=41) 

 
 

Of the included studies, there was a combined total of 535,160 participants. The total 

number of males and females was 217,708 and 316,139, respectively. A total of 

1,330 participants were unaccounted for in the gender identification as the included 

studies failed to identify them in their study demographics. An overview of the study 

designs used by the articles is provided in Table 2. 
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Table 2. Overview of study design (n=41) 

Study Design Total number of studies Percentage out of 
total studies1 

Case-Based Studies 
Case Report 16 39% 
Case Series 2 5% 

Randomised Studies 
RCT 5 12% 
Parallel RCT 1 2% 
Double Blind Randomised Trial 1 2% 
Randomised Cohort  2 5% 
Randomised Trial 1 2% 

Non-Randomised Study 
Non-Randomised Clinical Trial 1 2% 

Prospective Studies 
Prospective Randomised Trial 1 2% 
Prospective Study 3 7% 
Prospective Comparative 1 2% 

Retrospective Studies 
Retrospective Study 6 15% 
Retrospective Comparative Trial 1 2% 
Acronyms: RCT, Randomised Controlled Trial 
1Percentage is out of total studies (rounded to the nearest percentage 

 

Characteristics of Themes 

The included studies were classified into three main themes: impact of conservative 

management, spinal kinematics and biomechanics, and factors influencing recovery 

(see Table 3). 

 
Table 3. Overview of emerged themes (n=41) 

Theme   Categories Number of studies 
reporting category n 

(%)1 

Impact of Conservative Management 
 Positive Outcome 

Degenerative vs Isthmic SPL 
High-Grade SPL 
Long-Term Follow-up 
Unsuccessful Outcomes 
 

70% 
5% 
5% 
48% 
20% 

Spinal Kinematics and Biomechanics 
 Neuromuscular Control 

Vertebral Displacement 
Multi-Level Involvement 

48% 
22% 
12% 

 

Factors Influencing Recovery  
Duration of Pain 
Anatomical/Pathological Influences 
  

78% 
37% 

1Percentage of total number of studies included (n=41)  
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Theme One: Impact of Conservative Management  

The “impact of conservative management” theme included 33 from the total 41 

studies. Of these 33 studies, 70% of them found a positive impact on pain, 

functionality, or disability associated with SPL. However, 20% of the studies reported 

that conservative management failed to attain significant positive benefits from 

conservative intervention (see Table 3). A successful intervention was recognised if 

the participants’ pain significantly improved (for example, a change of greater than 

two points must occur for it to be recognised as a Minimal Important Difference (MID) 

for a Visual Analogue Scale (VAS) or Numerical Rating Scale (NRS) scales of 0 to 

10), if participants’ function improved, or if there was a decrease in disability (MID is 

defined as a change in 10% out of a 100% on the Oswestry Disability Index 

(ODI)).[30] The conservative management was considered failed if it did not achieve 

the MID, there was no improvement, or there was a deterioration in the participants’ 

condition.  

 

Positive Outcomes from Conservative Management 

Acupuncture 

Only one case series, including two participants, incorporated acupuncture as an 

intervention for managing isthmic SPL.[31] The study reported a complete resolution 

of the participants’ symptoms after 12 sessions of acupuncture.[31]  

 

Cognitive and Behavioural Therapy 

Two studies investigated the effects of CBT combined with homestyle exercises.[32,33] 

In one study, 10 participants with SPL had four to 10 physical therapy sessions 

lasting over two-to-four months.[32] After the 10 treatments, seven participants 

achieved the MID for NRS, ODI, and the Pain Self-Efficacy Questionnaire Italian 

(PSEQ-I) scales.[32] The average rating for NRS decreased by 2/10, the average ODI 

decreased by 12%, and the average PSEQ-I score increased by 20/60.[32] In the 

same study, they also conducted clinical instability and clinical endurance tests.[32] 

The results from these tests found that six participants ‘definitely improved’, three 

participants ‘partially improved’, and one participant did not improve.[32] Another 

study utilised CBT alongside a graded bridge-based exercise program.[33] Over 10 

sessions, the participants in that study were educated about SPL and pain science 

concepts.[33] After the 10 sessions, the participants’ NRS scores significantly 
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decreased from 43.9/100 to 15.8/100, and ODI scores decreased from 22.5% to 

10.7%.[33] 

 

Epidural Steroid Injections 

Two studies found that ESI improved pain and disability scores associated with 

SPL.[34,35] However, the studies had differing results with the duration of the benefits. 

Sencan et al.[35] found that degenerative SPL had a better response to ESI over the 

long term, compared to isthmic SPL. Compared to Kraiwattanapong et al.[34] who 

found ESI to provide positive results in the short-term, but limited application in the 

long term. 

 

Manual Therapy and Exercise 

A total of six studies successfully managed the condition by only using manual 

therapy.[22,36–40] Those studies utilised a range of manual therapy techniques ranging 

from spinal mobilisation/manipulation of the lumbar or thoracic spine to more 

generalised soft tissue massage.[22,36–40] The total number of treatments significantly 

differed between studies, ranging from four to 60 treatments.[32,37]  

 

Another eight studies investigated the effects that an exercise-based management 

program had on the outcomes of participants with SPL.[33,41–47] All studies used either 

specified or generalised lower back or core strengthening exercises to provide 

stability to the area of SPL.[33,41–47] Five studies utilised a variation of the abdominal 

hollowing or abdominal drawing in manoeuvres in their management.[41–45] Two 

studies used supine or prone bridging manoeuvres to improve the muscular 

endurance of the lumbar and core musculature.[33,46] The duration of the intervention 

ranged from two weeks to three years.[33,41–47] 

 

Eight studies incorporated both manual therapy and exercise into the management 

of their participants with SPL.[48–55] Two studies compared the outcomes of 

performing the interventions separately or combining them in one management 

plan.[54,55] Both studies found superior outcomes in pain and disability if the 

interventions were combined.[54,55] The other five studies were case studies that 

successfully utilised both interventions as a complete management program.[47–49,51–

53] 
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Transcutaneous Electrical Nerve Stimulation 

Only one study utilised Transcutaneous Electrical Nerve Stimulation (TENS) as a 

management option for their participants.[54] In the study by Salam et al.[54] they 

compared TENS to other forms of conservative management such as exercise and 

manual manipulation. The TENS unit was used to stimulate the painful area of the 

lower back and leg.[54] The frequency was set to four to eight Hertz, and the current 

intensity was set to the participants’ tolerance.[54] Compared to the other groups, the 

TENS group had the smallest (<10%) change in the sciatic scale and Roland Morris 

Disability Questionnaire (RMQ).[54] 

 

Degenerative vs Isthmic Spondylolisthesis 

Two studies compared the effectiveness of conservative management for 

degenerative and isthmic SPL.[10,35] Both studies combined bilateral transforaminal 

ESI and core exercises as their conservative management.[10,35] The outcomes from 

these studies indicated that participants with degenerative SPL were older and had 

more co-morbidities.[10] Despite being older, they had higher success rates, greater 

reductions in pain, and a longer duration of pain relief than the isthmic SPL group.[35] 

Participants with degenerative SPL were more inclined to utilise higher rates of 

neuropathic medication.[10] However, both types of SPL had similar consumption 

rates of opioids and Non-Steroidal Anti-inflammatory Drugs (NSAIDs).[10] Finally, 

participants with isthmic SPL had higher cross-over rates to surgical intervention 

than degenerative SPL, 21.6% compared to 31.1% cross-over, respectively.[10] 

 

High-grade Spondylolisthesis 

Two case studies exclusively included participants with grade four isthmic SPL.[51,56] 

Both participants had a sixth lumbar vertebra and an accompanying lumbar disc 

herniation.[51,56] Both participants had LBP that radiated into their thighs and 

legs.[51,56] The participant in the study by Excoffon and Wallace[56] had a naturally 

occurring bony fusion at L6/S1 and was also experiencing motor weakness in his 

quadriceps muscle. Despite the Emary et al.[51] study participant having a grade four 

SPL, she subjectively had a full lumbar Range of Motion (ROM). After nine 

treatments spread over five weeks, Emary’s et al.[51] participant’s pain significantly 

decreased from a 6/10 to 2/10. Excoffon and Wallace’s[56] participant had immediate 

pain relief after his first chiropractic treatment. The participant was treated for 40 
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weeks.[56] Passive treatment consisted of thoracic, lumbar, and sacroiliac joint 

manipulation.[56] Active management consisted of isometric and isotonic leg raise 

exercises, hamstring and quadriceps stretches, and the participant also started 

moderate-intensity cycling three times per week.[56] At the end of the 40 weeks, he 

regained all of his quadricep’s strength and lower extremity muscle size.[56] 

 

Long-Term Follow-up 

There were 18 studies that investigated the long-term outcomes of conservative 

management.[10,31,32,34,35,38,40,42,44,45,48,57–63] Studies included in the “long-term” 

outcomes must have a follow-up of greater than two months. Out of the 18 studies 

included, 14 reported a positive correlation between conservative management and 

long-term outcomes,[31,32,34,38,40,42,44,45,48,57,58,59] three studies found surgery to be a 

better alternative to conservative management,[60–62] and one retrospective 

comparative study found mixed results.[63] 

  

Two-Month Follow-up 

Two case studies investigated the effect of manual therapy on SPL with a two-month 

follow-up.[48,64] Jones and Bux[64] treated their participant with 13 treatments of 

anteroposterior lumbar manipulations. After all the treatments, the participant 

regained full pain-free spinal ROM and their ODI score reduced from 62% to 0%.[64] 

Wong[48] managed a participant with two to three treatments of massage, 

manipulation, and home exercises for two months. After the treatments, the 

participant’s NRS score decreased from 8/10 to 3/10, and their ODI score decreased 

from 78% to 10%.[48] Both studies found a significant reduction in pain and disability 

after their initial intervention.[48,64] These improvements were maintained at the two-

month follow-up.[48,64]  

 

Six-Month Follow-up 

Nava-Bringas et al.[42,44] conducted two studies in 2014 and 2021 that investigated 

the effect of stabilisation exercises on chronic LBP with low-grade degenerative SPL. 

The 2014 study investigated the effects of a six-month stabilisation program on pain 

and functionality in 20 participants over the age of 50.[42] The stabilisation exercises 

included improving motor control and strength of the core, pelvic floor, and 

diaphragm.[42,44] The authors found a significant improvement in the participants’ 
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VAS, ODI, and flexor and extensor strength ratio at the six-month follow-up.[42] The 

participants in the 2021 study performed the same six-month of stabilisation 

exercises, but they also compared it to the Williams’s flexion-based routine.[44] They 

found no significant differences between the groups in terms of VAS score related to 

lumbar spine pain and radicular pain, RMQ, and ODI score.[44] Both groups achieved 

MID of the above measures at the six-month follow-up.[44] 

 

One-Year Follow-up 

Two studies investigated the effect of either spinal manipulation or ESI.[34,38] One 

study found positive effects associated with 50 chiropractic spinal treatments.[38] In 

the study they found the participant’s neurogenic leg symptoms resolved, his bodily 

pain score significantly improved from 35/100 to 90/100, and his physical function 

rating improved from 45/100 to 95/100 on the Short Form-36 (SF-36) Quality of Life 

(QOL) scale at the 1.75-year follow-up.[38] The study by Kraiwattanapong et al.[34] 

performed one to three (average 1.9) transforaminal ESI under fluoroscopic guided 

ultrasound with 80mg of methylprednisolone and 2mL of 1% lidocaine hydrochloride 

on 33 participants with grade one degenerative SPL. Two weeks after the injections, 

the group’s VAS score significantly reduced from 6.06/10 to 2.45/10, but over 12 

months the VAS slowly increased to 4.06/10.[34] The Roland 5-point pain scale, 

standing tolerance, and walking tolerance scales, also significantly improved at the 

two-week follow-up, but returned to baseline at the 12-month follow-up.[34] 

 

Two-to-Four-Year Follow-up 

Four studies investigated the effects of different conservative management 

strategies with a two-to-four-years follow-up.[10,31,35,45] The first study was a 

Randomised Controlled Trial (RCT) by O’Sullivan et al.[45]. In that study, they tested 

the effects of a 10-week stabilisation exercise on 44 participants with isthmic SPL 

with a 30-month follow-up. The exercise program consisted of a daily 10-to-15-

minute lower back isometric strengthening routine.[45] At the 30-month follow-up, the 

participants’ pain intensity significantly decreased from 59/100 to 19/100, the ODI 

score decreased from 29/100 to 15/100, while lumbar spine flexion and extension 

ROM remained unchanged.[45] A study by Miao[31] investigated the outcomes of two 

participants with SPL that were managed with acupuncture and electroacupuncture. 

Each participant had 12 treatments over six weeks.[31] One participant who was only 
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treated with acupuncture had an acute on a chronic bout of LBP and leg pain which 

resolved after two treatments.[45] The other participant was treated with acupuncture 

and electroacupuncture had a similar outcome after eight treatments.[31] Both 

participants were treated for a total of 12 sessions with no reoccurrence of their LBP 

at the three-year follow-up.[45] 

 

Furthermore, a retrospective study by Demir-Deviren et al.[10] in 2019 set out to 

compare the effectiveness of conservative management to surgical management for 

low-grade degenerative and isthmic SPL. The conservative management consisted 

of abdominal muscle strengthening exercises and pain control via transforaminal ESI 

and/or analgesic medication.[10] The conservative group had a 73.6% reduction in 

pain, compared to the surgical group which only had a 55% reduction.[10] The 

average duration of pain relief for the conservative group was 152.8-days compared 

to the surgical group which was 45.6-days.[10] The conservative group utilised 

2.2±1.6 bilateral transforaminal ESIs, while the surgical group used 1.8±1.2.[10] Two 

years prior, a study by Sencan et al.[35] investigated similar parameters, in which they 

compared the effectiveness of bilateral transforaminal ESI in degenerative and 

isthmic SPL with a 3.3-year follow-up.[35] The degenerative SPL group responded 

better to the ESI with 72.11% of participants reporting pain relief, while only 54.38% 

of the isthmic SPL participants reported pain relief.[35] On average, the pain-relief 

period lasted for 136-days in the degenerative group, and only 82-days in the isthmic 

group.[35] The groups were further split into two groups: pain-relief >80% and 

<80%.[35] If the participants had >80% pain relief, both groups had similar outcomes 

at follow-up.[35] However, if the groups scored <80% pain-relief, the degenerative 

SPL group had a longer pain-relief period, but they also had a higher number of 

injections (2.03±1.51 vs 1.6±0.92 ESIs, respectively).[35] 

 

A comparative study by Sinaki et al.[63] found positive and negative outcomes at a 

three-year follow-up of flexion and extension-based exercise intervention.[63] The 

flexion-based exercises included isometric and isotonic abdominal flexion 

strengthening, pelvic tilts, and chest-to-thigh forward flexion.[63] The extension-based 

group performed prone isometric upper back extension and a prone hip extension 

exercise as a part of their exercise regime.[63] In the flexion-based group, 81% 

described their pain as ‘mild to no pain’ at the three-year follow-up.[63] The same 
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group also claimed that 76% of the participants could return to work, and 62% of the 

group considered themselves as recovered at the follow-up.[63] Compared to the 

extension-based group, where 33% of them described their pain as ‘mild to no pain’ 

and the other 67% described it as ‘moderate or severe’ pain at a three-year follow-

up.[63] Once again, the same group claimed that 39% of the participants could return 

to work, and 0% considered themselves as recovered.[63] 

 

Three studies found that surgical intervention was superior to conservative 

management at a two-to-four-year follow-up. The prospective randomised study by 

Möller and Hedlund[60] concluded that posterolateral fusion (with or without fusion) 

was superior in managing low-grade isthmic SPL. The conservative management 

included in this study consisted of a yearlong exercise program performed two to 

three times per week to strengthen the back and abdominal muscles and improve 

posture.[60] At a two-year follow-up with the surgical group, they found that the 

disability and pain rating associated with the participants' SPL had significantly 

decreased from 48/100 to 29/100 and 63/100 to 37/100, respectively.[60] While the 

disability rating in the exercise-based group remained unchanged at 44/100, and the 

pain index minimally changed from 65/100 to 56/100.[60] Again, the surgical group 

significantly decreased the percentage of participants on sick leave from 75% to 46% 

over two years, compared to the exercise group, which decreased from 61% to 

45%.[60] Finally, a comment from each group showed that 55% of participants in the 

surgery group felt “much better”, 11% felt “unchanged”, and 15% felt “worse” at the 

two-year follow-up. While in the exercise group, only 13% of participants said they 

felt “much better”, 30% felt “better”, 35% felt “unchanged”, and 22% felt “worse”.[60] 

The two studies by Weinstein et al.[61,62] concluded that standard posterior 

decompressive laminectomy with or without bilateral single-level fusion was a better 

alternative than conservative management for degenerative SPL. The conservative 

management used in their studies consisted of active physical therapy, education, 

ESI, home exercises, and NSAIDs or opioids if tolerable.[61,62] At the four-year follow-

up for both studies an average of 33% to 54% of the 175 participants that chose or 

were randomly assigned to receive non-surgical intervention swapped over to 

surgical care.[61,62] The outcomes from the surgical intervention were two to three 

times better at the three years than the non-surgical from baseline.[61,62] However, 
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there was minimal improvement or change at the four-year follow-up compared to 

the three-year follow-up for both the surgical and non-surgical groups.[61] 

 

Five-Year and Longer Follow-up 

The last four studies had a five-year or greater follow-up.[40,47,57,65] The 2018 

prospective cohort study by Cushnie et al.[57] investigated the effect of conservative 

management on the QOL in 66 participants with low-grade degenerative SPL. They 

found that the overall LBP and leg pain NRS scale scores significantly decreased at 

a five-year follow-up.[57] They also found that the ODI scores non-significantly 

decreased.[57] Next, Ying et al.[65] reported on an acute case of a 50-year-old male 

with a grade one isthmic SPL that was managed with isometric lower back 

strengthening exercises and unspecified analgesic medication. The only measure 

they utilised in the study was CT imaging of the isthmic fracture.[65] The participant 

repeated the CT imaging at the five-year follow-up to confirm that a satisfying bony 

union occurred.[65] A case study by Ferrari et al.[47] in 2012 studied the effects of a 

home style-specific motor stabilisation exercise intervention on a 44-year-old woman 

with a grade two isthmic SPL. At the six-year follow-up, the participant’s VAS scale 

and ODI score significantly decreased from 60/100 to 10/100 and 44% to 12%, 

respectively.[47] Both those measures had fluctuation with flare-ups throughout the 

years.[47] Another case study by Kruse et al.[40] used flexion-distraction manipulation 

for nine treatments over four weeks on a 40-year-old male with a disc extrusion at 

L4/5 and a grade one isthmic SPL at L5/S1. The participant had LBP with 

radiculopathy down one leg.[40] The LBP and radiculopathy resolved after the nine 

treatments, with the VRS starting at 9/10 and decreasing to 0/10.[40] These results 

were maintained at a ten-years follow-up.[40] 

 

Unsuccessful Conservative Management 

Eight studies mentioned a cross-over to surgical management due to deterioration or 

lack of improvement in symptoms or outcomes.[34,39,57,59,61,62,66,67] A study by Cushine 

et al.[57] found that 24.4% of participants with degenerative SPL elected to switch to 

surgical intervention. These participants crossed over to surgical management 

because of their intolerance of spinal stenosis symptoms (neurogenic claudication, 

radiculopathy) despite having no increase in slip progression. [57] In the study by Sai 

Krishna et al.,[39] 10% of their total participants were advised to undergo surgery due 
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to the lack of improvement and increase in the magnitude of the participants’ 

anterolisthesis (an average of 17.2%, ranging from 4% to 42%). Four studies utilised 

ESI as the primary intervention; one study had 13% of participants cross-over to 

surgical care due to intractable pain with severe neurogenic symptoms or developing 

a foot drop.[34] Another study had 52% of participants who received an ESI crossover 

to surgical care, compared to 39% of participants who did not have an ESI crossover 

to surgical care.[59] Another study found a slight correlation between increased cross-

over to surgical intervention and older age; they had 15% of participants cross-over 

with an average age of 63.[67] Similar findings were apparent in the study by Davison 

et al.[66] they had a lower cross-over rate of 1.7% (based on 8,949/531,980 

participants failing conservative management), they found that participants that 

utilised ESI had a higher rate (3.7%) of cross-over to surgical care. Davison et al.[66] 

also found the highest failure rate was seen in the 70–74-year-old age range (2.3%), 

with the second-highest being the same as the above study. Finally, both of 

Weinstein’s studies had the highest cross-over rates ranging from 33% to 54% per 

study.[61,62] 

 

Theme Two: Spinal Kinematics and Biomechanics 

There were 27 studies related to theme two (see Table 3). The studies on this theme 

were related to the stabilisation or progression of the SPL. The sub-themes explored 

in this theme included different types of exercise to improve muscle strength or 

motor control around the lumbar spine, the progression and regression of the 

anterolisthesis associated with the SPL, and the natural spontaneous re-stabilisation 

of a SPL. 

 

Neuromuscular control 

General Exercise 

Five articles successfully utilised general aerobic exercise as part of their 

rehabilitation routine,[47,48,52,53,56] three studies specified the usage of stationary 

cycling to improve the cardiovascular condition.[48,53,56] The other two studies only 

reported they implemented general aerobic activity to aid in the participants’ recovery 

and decrease body weight.[47,52] These studies showed aerobic exercise to be a 

beneficial addition to a SPL management plan.[47,48,52,53] 
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Core Specific Exercise 

Three studies utilised specific exercises, intending to strengthen and improve the 

motor control of the transverse and intercostal obliques, multifidus, and pelvic floor 

muscles. The exercises used by Nava-Bringas et al.[42,44] and Emary et al.[51] 

revolved around abdominal bridge variations, crunches, and the bird dog exercise. 

The results from these studies indicated that these types of interventions can lead to 

favourable improvements in pain and disability.[42,44,51] Whereas one study by 

Mohanty et al.[16] asked their participant to perform daily unspecified static abdominal 

exercises and stretching of the lower extremity to accompany the physiotherapy. 

After 20 physiotherapy and exercise sessions, the participant's VAS decreased from 

9/10 to 0/10, and the anterolisthesis reduced from 35.2% to 15.63%.[16] Another five 

studies applied the concepts from the Richardson et al.[68] exercise 

protocol.[32,33,45,50,69] The Richardson exercise protocol can be used to strengthen the 

deep co-contracting muscles of the core.[68] None of the five studies mentioned what 

exercises were used in the participants’ management.[32,33,45,50,69] However, all the 

participants showed great reductions in pain, and disability, and improvements in 

strength and endurance of their lower back and abdominal muscles.[32,33,45,50,69] 

 

Two studies compared a specified exercise protocol to a more generalised exercise 

protocol.[41,43] Both studies had similar outcomes, as they both found an overall 

significant decrease in pain and disability, but no significant differences between 

groups.[41,43] Mohammadimajd et al.[41] also found that the specific stability exercises 

significantly decreased the translatory and angular motion of the vertebrae, but these 

outcomes were not present in the general exercise group.[41] Finally, both exercise 

options did not have a significant impact on slip percentage.[41] 

 

Williams’s Exercise Protocol 

Mohanty and Pattnaik[70] and Nava-Bringas et al.[44] both utilised the Williams’s 

exercise protocol as an adjunct exercise protocol with other interventions. Mohanty 

and Pattnaik[70] compared Williams’s exercise to a combination of Williams’s exercise 

and mobilisation of the upper thoracic joints. They found that both groups decreased 

ODI and slip progression, but the group that did both interventions had superior 

outcomes.[70] Nava-Bringas et al.[44] compared the Williams’s protocol to other lumbar 

stabilisation exercises and found no significant difference in outcome for pain, ODI, 
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or RMQ. Two articles implemented only the posterior pelvic tuck exercise in the 

Williams’s protocol.[54,63] Sinaki et al.[63] used it as one exercise in a flexion-based 

exercise protocol, while Salam et al.[54] used it alongside upper lumbar spine 

manipulation to manage sciatica symptoms associated with SPL. Both studies found 

posterior pelvic tilts to help significantly decrease the pain associated with SPL.[54,63] 

 

Lumbar Flexion and Extension Exercise  

Three articles utilised lumbar flexion and/or extension exercises in their 

strengthening protocol.[46,52,63] Two of the articles compared the effects of flexion 

exercise to an extension-based intervention.[46,63] The study by Kim et al.[46] found a 

significant reduction in the ODI score in the flexion-based intervention group after 

two weeks. Each group significantly improved their respective movement strength, 

but interestingly, each group improved the opposite spinal ROM (flexion group 

increased extension ROM and vice versa).[46] Another study with the same premise 

found that the participants responded well to the flexion-based intervention.[63] The 

participants with “moderate to severe” pain, had their pain decrease from 27% to 

19% after three years,[63] compared to the outcomes from the extension-based 

group, where 67% of them maintained the same pain over three years.[63] In a case 

study by Rouse[52], a participant was asked to perform both flexion and extension 

exercises. This intervention improved the participant’s extension-to-flexion ratio, as 

they had diminished extension strength.[52] Alongside passive manual therapy, this 

participant decreased his back-disability index from 50% to 30%.[52] The authors did 

not re-measure the extension-to-flexion strength ratio.[52] 

 

Vertebral Displacement 

Reduction in Magnitude of Anterolisthesis 

Four cases found a reduction in the magnitude of the initial anterolisthesis 

associated with the participants' SPL.[16,37,38,70] Two studies recorded a reduction 

from a grade two SPL to grade one,[16,70] and the other two studies decreased the 

percentage slip associated with their grade one or two SPL.[37,38] One case study had 

a slip reduction from 5.4mm to 1mm after a 20-week follow-up, and then at the one-

year follow-up, it increased to 1.6mm.[38] The same case also had a grade one 

retrolisthesis at the above vertebral segment.[38] The displacement was reduced from 

a -5.3mm displacement to a -1.5mm after a 20-week follow-up but then reverted to a 
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-2.6mm displacement at the one-year follow-up.[38] Another case study found a 

similar reduction in the magnitude of the SPL in a degenerative SPL from 13.3mm 

(grade two) to 2.4mm (grade one) after a 45-week of spinal manipulations and 

traction.[37] Another randomised trial compared two groups of 100 participants, one 

performed the Williams’s spinal flexion stretches and stretches for hip flexors and 

piriformis, and the other performed the same, but they also had their upper thoracic 

spine mobilised.[70] The group that had their upper thoracic spine mobilised reduced 

their anterolisthesis from 28% to 19% after 20 treatments.[70] This compared to the 

group that only performed the Williams’s exercise protocol, which decreased their 

vertebral slip from 26% to 24%.[70] Similar findings were apparent in another study by 

Mohanty et al.[16] where they mobilised the Cervico-Thoracic (C/T) junction of a 43-

year-old woman. After 20 treatments they decreased the percentage of 

anterolisthesis from 32.2% to 15.62%.[16] 

 

Progression of Anterolisthesis 

It has commonly been thought that the magnitude of anterolisthesis will progress 

throughout the natural history of the SPL. The following articles were the only studies 

that mention a progression of the anterolisthesis. A study by Sai Krishna et al.[39] 

compared the progression of 79 symptomatic SPL and 75 asymptomatic participants 

that underwent an unspecified standardised physical therapy protocol with a six-

month follow-up. At the six-month follow-up, they found that 46% of participants had 

improved, whereas eight participants were advised to undergo surgery for their 

anterolisthesis.[39] There was an average of 17.2% increase among those eight, with 

a maximum of 42% increase, resulting in a participant’s SPL increasing from 60% to 

102% (grades three to five).[39] Another study had similar results, they found that on 

average the slip progression was less than 5% of low-grade SPL at a five-year 

follow-up.[57] However, they also found that the participants that had a slip 

progression of >5%, on average had an increase of 8.9% with a maximum increase 

of 16.4% at a five-year follow-up.[57] In contrast, another study by Mohammadimajd 

et al.[41] found no difference in slip progression in the control or lumbar exercise-

based intervention group over eight weeks in a group of 26 participants with grade 

one SPL. 
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Spontaneous Re-Stabilisation of a Spondylolisthesis 

Spontaneous re-stabilisation of a vertebral level affected by SPL can occur when the 

two segments bridge together and make connections at either the anterior or 

posterior of the vertebrae. These connections can then ossify and create natural 

fusion points in the spine.[47] There were two documented cases of a spontaneous 

re-stabilisation of a SPL with conservative management.[47] A study by Ferrari et 

al.[47] published a case of grade two isthmic SPL at L5/S1 that re-stabilised with CT 

scan confirmation. The participant underwent physiotherapy to enhance motor 

control of the lumbar spine area. Although, they did not state when the stabilisation 

occurred during the natural history of the SPL.[47] Another study by Excoffon and 

Wallace[56] also had a non-surgically induced spontaneous re-stabilisation of the SPL 

in a case with grade four isthmic SPL. The participant in that study developed a bony 

bridging between the poster aspect of L6 and the anterior aspect of S1.[56] 

 

Multi-level Spondylolisthesis 

Only one study found that having multi-level stenosis due to degenerative SPL had 

worse outcomes than single-level stenosis due to SPL.[34] In comparison, a study by 

Sencan et al.[35] found that degenerative SPL was almost twice as likely to have 

multi-level stenosis, but there was no negative effect associated with the multi-level 

involvement.[35] For example, some participants had multi-level spinal stenosis due to 

the degenerative SPL, but they had similar outcomes with pain relief as single-level 

SPL.[35] Another case study consisted of an eight-week intervention of ten treatments 

of lumbar manipulation to a 43-year-old male with 20-year chronic LBP with a grade 

one isthmic SPL at L3/4 and grade two at L4/5.[49] The study found that the MID for 

the VRS and ODI was not achieved.[49] However, the other two case studies found 

that manipulation-based interventions were a viable management option for 

decreasing pain and increasing function for participants with multi-level SPL.[38,48]  

 

Theme Three: Factors Influencing Recovery 

The third theme included studies that explored factors that affected the recovery of 

the participants with SPL. These factors included the duration of pain, commonly 

associated anatomical and pathological conditions, and co-morbidities/lifestyle 

factors that may impede or predispose individuals to developing SPL.  
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Duration of Pain 

Out of the 41 studies included, four studied on participants with acute LPB due to 

SPL,[40,50,53,65] and 28 included participants who had chronic LPB due to 

SPL,[16,22,32,31,36-38,41-45,47–52,55,56,57,59–62,64,67,70] with or without lower extremity 

symptoms (one study by Ferrari et al.[50] had both acute and chronic participants in 

the same study). Ten studies did not indicate the duration of the symptoms that the 

participants were experiencing.[10,33–35,39,46,54,63,66,69] The four studies with participants 

with acute pain, had a complete resolution of their pain.[40,50,53,65] Compared to the 28 

studies with chronic pain participants, [16,22,31,32,36–38,41–45,47–52,55,56,57,59–62,64,67,70] 23 

studies indicated significant improvement in symptoms or achieved the 

MID.[16,22,31,32,36–38,41–45,47–52,55,56,60,64,70] The other five studies concluded that 

conservative management had little to no improvement in symptoms (see Figure 

7).[57,59,61,62,67]  

 

 

Figure 7. The number of studies that considered the duration of pain 

 

Out of the four studies with acute isthmic SPL, three utilised an exercise intervention 

as the primary management option,[50,53,65] and one used chiropractic 

management.[40] All the participants in the studies had a resolution of their symptoms 

after one to four months of treatment.[40,50,53] The majority of studies (n = 22) 

indicated that conservative management effectively manages chronic pain due to 

SPL.[16,22,31,32,36–38,41–45,47–52,55,56,57,70] Of those studies, 13 of them included isthmic 
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SPL,[22,31,32,36,45,47–52,56,70] four had degenerative SPL,[37,42,44,57] and five did not report 

the type of SPL.[16,38,41,43,55] Of the studies that found a benefit associated with 

conservative management, eight of them were solely exercise-based, six utilised 

only manual therapy, six used a combination of manual therapy and exercise, one 

was acupuncture-based, and one was CBT principles combined with exercises. 

However, six studies indicated that conservative management may have little to no 

benefit for people who have SPL. Five of these studies included degenerative 

SPL[57,59,61,62,67] and the other one was isthmic.[60] The interventions used in the 

chronic pain cases consisted of; five studies that used a combination of activity 

modification, analgesic medication (opioids or non-steroidal anti-inflammatory drugs), 

physiotherapy, ESI, or chiropractic care,[57,59,61,62,67] and one that used back and core 

exercises.[60] 

 

Anatomical/Pathological Considerations 

Spondylolisthesis with Concomitant Spinal Stenosis 

Six articles reported spinal stenosis; all were related to degenerative 

SPL.[35,57,59,61,62,67] Three studies primarily used ESI as the conservative 

management option. The study by Sencan et al.[35] stated that multi-level stenosis 

was almost twice as common in the degenerative type of SPL compared to isthmic 

SPL. Having a multi-level SPL with stenosis was not related to worse outcomes 

when treated with ESI.[35] The study by Barre et al.[67] included 80 participants with 

spinal stenosis and 37 with degenerative SPL at L4/5. The results from that study 

found a correlation between having a SPL and better success rates (51.5%) 

compared to the participants that only had spinal stenosis (30.5% success rate).[67] 

Gerling et al.[59] compared conservative management strategies with or without ESI. 

They found that the group that performed conservative management without ESI had 

better pain, function, ODI, and stenosis bothersomeness index outcomes.[59] Cushnie 

et al.[57] found that a significant subset of 24.4% (39/160) of participants with SPL 

and spinal stenosis had a decreased tolerance to conservative management. 

Therefore, that group had a higher cross-over to surgical management, despite a 

lack of progression of the SPL.[57] Similar findings were apparent in the studies by 

Weinstein et al.[61,62] as they found that 87% to 95% of participants with degenerative 

SPL had some form of stenosis, with a 59% to 62% “moderate to severe” rating of 

stenosis. They also found that 59% to 64% of participants had a single-level of 
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stenosis, 25% to 32% had double-level stenosis, and 6% had three or greater levels 

of stenosis associated with their SPL.[61] However, they did not provide any 

information on the results related to each type of stenosis.[61,62] 

 

Pathological Considerations 

There were two case studies of participants having a high-grade isthmic SPL with a 

concomitant lumbarisation.[51,56] Both participants had an anterolisthesis at L6/S1 

with a concomitant lumbar disc herniation.[51,56] Four other studies reported the 

prevalence of a disc herniation with SPL.[40,50,53,64] One case study of a 53-year-old 

male with a grade one degenerative SPL and disc herniation at L4/5.[64] Another 

case study presented a 34-year-old male with a grade one isthmic SPL and disc 

herniation at L5/S1.[53] In a case series by Ferrari et al.,[50] a 25-year-old participating 

female with acute LBP with a grade one bilateral isthmic SPL had a disc prolapse 

and pseudo-protrusion at L5/S1. The final case was by Kruse et al.[40] in 2019, in 

which they presented the case of a 40-year-old male with acute LBP with an 

associated bilateral isthmic SPL at L5/S1, a disc extrusion at L4/5 and spina bifida 

occulta at S1. All the above cases with SPL and disc involvement had neurogenic 

lower extremity symptoms associated with their presentation.[40,50,53,64] There were 

two other documented cases of participants with a grade one isthmic SPL and spina 

bifida occulta at L5/S1.[48,65]  

 

Impact of Co-morbidities on Spondylolisthesis 

In a 2021 retrospective study of 531,980 participants with degenerative SPL and 

stenosis, Davison et al.[66] found that 26.2% of participants were categorised as 

obese (as they had a BMI >30), 37.2% had type 2 diabetes mellitus, and 15.2% were 

smokers. Davison et al.[66] found that if an individual had SPL and any of the above 

co-morbidities, they had a significantly greater chance to fail conservative 

management (1.8%, 1.7%, and 2.1% failure rate, respectively).[66] Furthermore, they 

found that the utilisation of other non-operative therapies such as the use of 

NSAIDS, opioids, muscle relaxants, lumbar ESI, physiotherapy sessions, 

chiropractic visits, lumbar imaging, or emergency department visits had a significant 

impact on increasing the failure rate from anywhere between 2.1% to 4.8%.[66] They 

concluded that the more management options a participant tried, the higher their 

failure rate was, which led them to try additional modalities and seek more 
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pharmacological prescriptions or imaging.[66] They indicated that opioid use, being 

obese, or having a history of smoking were independent predictors to failing 

conservative management.[66] Similar to Davison et al.[66], Cushnie et al.[57] found that 

being obese was highly related (61.9%) to the progression of the slippage of SPL.[57] 

In contrast to these findings, another study reported no correlation between co-

morbidity scores and the improvement they achieved.[35] 

 

Discussion 

Comparison of Different Conservative Interventions  

Acupuncture 

Only one article was identified that investigated acupuncture's effects on 

degenerative and isthmic SPL.[31] The study reported a complete resolution of both 

participants’ symptoms.[31] As this is the only study of its kind and it utilised a case 

series methodology, it is difficult to know the risk of bias in selecting the 

participants.[31] Even though this is a commonly recognised flaw in this uncontrolled 

study design, it makes it difficult to know the reliability of the effect of acupuncture on 

SPL.[71]  

 

Two other studies examined the effects of acupuncture or electro-acupuncture on 

SPL.[72,73] The articles were written in Korean; therefore, only their English abstracts 

were read for this discussion. A study by Hur et al.[73] utilised similar acupoints 

(BL23, 25, 40) as Miao[31] for 22 participants over three to four weeks. Their study 

found that 27.3% of participants regarded their pain reduction as “excellent”, and 

54.6% achieved a “good” pain reduction.[73] Similar to the study by Miao[31], Jung et 

al.[72] used electro-acupuncture and their results showed an average pain reduction 

of 3.4/10 in their five participants with SPL. 

 

Kim et al.[74] and Han[75] offered a hypothesis regarding acupuncture’s endogenous 

pain-relief mechanism. They suggested that acupuncture triggers a systemic 

analgesic effect via the release of endogenous opioids that was coordinated by the 

central nervous system.[74,75] Another proposed mechanism for why acupuncture was 

successful for participants with SPL could be due to the systemic and local anti-

inflammatory effects driven by the vagus nerve.[76] The vagus nerve can be 
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stimulated via an acupoint on the external conchae of the ear.[76,77] Once stimulated, 

the vagus nerve sends an efferent signal that produces an overall parasympathetic 

effect and deactivates macrophage activity.[77] Both outcomes would contribute to the 

anti-inflammatory effect that acupuncture has on SPL.[76] 

 

Cognitive and Behavioural Therapy 

The two studies that successfully incorporated CBT focused on improving their 

participants’ self-efficacy through addressing negative thoughts/behaviours, personal 

beliefs, and fear of disability associated with SPL.[32,33] They both also incorporated a 

graded exercise program designed to challenge the participant’s core strength and 

control gradually.[32,33] Both studies found that their participant’s pain and disability 

decreased significantly after their treatments.[32,33] Additionally, both studies utilised a 

similar number of treatments, except for Vanti et al.[33] completed their 10 sessions 

almost twice as fast.[32] It is difficult to gauge whether the participants improved from 

the CBT or exercise, as neither study used a control group.[32,33] However, the results 

from a systematic review by Hajihasani et al.[78] found no significant difference for 

pain, disability, or QOL between physical therapy and CBT vs physical therapy alone 

for chronic LBP participants. Interestingly the same study found if the interventions 

were utilised separately, they decreased depression scores but if the interventions 

were combined, they would exacerbate depression symptoms.[78] The authors did 

not explain why the participants’ depression symptoms were exacerbated when the 

two interventions were combined. The study by Ferrari et al.[32] differed in that aspect 

as the PSEQ-I significantly improved in seven of the 10 participants. In a different 

systematic review by Tenger et al.[79], they found that a management plan based 

solely on CBT yielded a small-to-moderate decrease in pain and disability for chronic 

LBP participants. However, another study by Sarac et al.[80] educated their 

participants about pain science concepts and also applied manual therapy. After only 

four CBT and eight manual therapy sessions, they found a significant decrease in 

LBP severity in chronic LBP participants.[80] 

 

Manual Therapy and Exercise 

Manual therapy was a highly successful conservative management option for SPL. 

There is no consensus regarding the optimal number or frequency of treatment 

sessions for LBP or SPL participants.[81] This may be because every case of SPL is 
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participant-specific and should be treated accordingly. This section of the scoping 

review does not attempt to provide a prediction-based model for the number of 

treatments required for SPL. However, this section aims to provide an example and 

explanation of why the studies selected the frequency of treatment they did. 

 

The frequency of treatments in this scoping review varied from four to 60 

treatments.[32,37] Three different chiropractic studies performed 40, 50, or 60 

treatments for participants with SPL.[37,38,56] Although the participant in Excoffon and 

Wallace’s[73] study was almost immediately pain-free after their first treatment, the 

participant returned for another 39 treatments.[56] A frequency such as this one is 

significantly higher than the other physical therapy-based management options. This 

could be because chiropractic and physical therapy philosophies are different. 

Leboeuf-Yde et al.[82] stated that the philosophy behind chiropractic management is 

that spinal health equates to good overall health; however, the physical therapy 

philosophy is based around empowering participants to manage their condition/injury 

through active self-care.[83]  

 

Only one study compared the outcomes of conservative management for SPL based 

on treatment duration.[69] This study did not find a different outcome in pain or 

disability based on treatment duration.[69] They concluded that the participants who 

required more treatment sessions might have lower self-efficacy, self-confidence, or 

coping abilities.[69] The limitation recognised by the authors was that the difference 

between the total number of treatment sessions between the groups was too small to 

make a difference in the treatment outcomes.[69] The authors suggested that future 

research should include a larger difference in the number of treatments to further 

evaluate if the number of treatments resulted in different treatment outcomes.[69] 

Another study also found that the average number of physical therapy sessions for 

treating acute and chronic LBP was 10.[84] However, no specification of the patients’ 

conditions was included in the study.[84] A different study compared the response of 

participants with chronic mechanical LBP on a five-days-per-week treatment 

frequency to a two-days-per-week frequency.[81] They found similar outcomes 

regarding pain, disability, and depression in both groups.[81] Therefore, they deemed 

the two-day per week more viable as it resulted in a lower cost and fewer work days 

lost for the participants.[81] 
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Eight studies successfully incorporated both manual therapy and exercise in 

managing their participants with SPL.[48–55] Two studies compared the outcomes if 

the interventions were combined and they found that if the two management options 

were combined, they yielded superior results than if either solo intervention.[54,55] 

These results were shared by a systematic review by Hidalgo et al.[85], where they 

found a moderate level of evidence to support that if manual therapy and exercise 

were concurrently utilised, it may improve participant outcomes, pain, function, and 

QOL in the short and long term for participants with non-specific LBP. Lawrence et 

al.[86] also found if spinal manipulation and exercise were combined, it is likely to 

speed up recovery and minimise episodic reoccurrences of chronic LBP. 

 

Transcutaneous Electrical Nerve Stimulation 

To date, the clinical efficacy of TENS is controversial.[87,88] Only one study utilised 

TENS as a part of the management of their participants.[54] The participants that only 

had TENS as their intervention had the worst outcomes compared to the other 

interventions.[54] This could be because TENS is usually used with other 

management options.[61,89–91] One study conducted a similar four-week intervention 

of TENS on a chronic LBP population.[87] They had similar findings to Salam et al.[54], 

where they found no significant improvement in perceived pain, but they did have an 

improvement in pressure pain threshold in the lower back 30-minutes following the 

intervention, which lasted up to four weeks.[87] In comparison, another study with a 

two-to-three-week intervention found more promising applications of TENS in 

participants with chronic LBP.[92] Even with a shorter intervention duration, they had 

a more significant decrease in pain and central nervous system excitement.[92] This 

could be because the authors utilised a significantly stronger TENS Hertz compared 

to the other two studies. Simon et al.[92] stated that participants are routinely 

underdosed with TENS, which could have been the case in the study by Salam et 

al.[54]. 

 

Degenerative vs Isthmic Spondylolisthesis 

Two studies compared the outcomes of conservative management on degenerative 

and isthmic SPL.[10,35] The results from these two studies showed that degenerative 

SPL responded better to ESI compared with isthmic SPL.[10,35] However, these 

findings may not represent the breadth of conservative management outcomes on 



 

86 
 

degenerative and isthmic SPL. This could be due to degenerative SPL having higher 

inflammation levels than isthmic SPL.[93–95] These higher levels of inflammation could 

suggest why the anti-inflammatory properties of the ESI performed better, resulting 

in superior pain relief. Since the degenerative SPL group responded better to an 

anti-inflammatory-based intervention, it may explain why this group had a greater 

use of NSAIDs when compared to the isthmic SPL group.[10] As degenerative SPL 

affects an older population,[96] understandably, they would have a greater co-

morbidity score than the isthmic SPL group.[10,35] However, it would have been 

beneficial to know which co-morbidities were present in each population, as it would 

have been interesting to see if there was any correlation between the participant’s 

co-morbidities and their impact on the participant’s outcomes. Finally, because the 

isthmic SPL group responded less to the ESI intervention, it explains why they had a 

higher cross-over to surgical intervention.[10] 

 

High-Grade Spondylolisthesis 

This scoping review included two cases of high-grade SPL with neurological 

symptoms that were successfully managed with manual therapy.[51,56] Contrary to 

common belief, a recent literature review found that high-grade SPL does not usually 

present with neurological symptoms.[97] This lack of neurological symptoms seems 

unusual as it seems like there should be a high degree of neurological compromise 

with such an advanced anterolisthesis. Even though there might not be any initial 

neurological involvement, a high-grade SPL does increase the risk of developing a 

neurological deficit or cauda equina syndrome, which may cause individuals to seek 

invasive management urgently.[98] This could explain why there are a limited number 

of publications on the conservative management of high-grade SPL in adults.[98] 

Most conservatively managed cases of high-grade SPL include an adolescent 

population. The high number of published articles that include adolescents with high-

grade SPL could be due to the increased likelihood of SPL progressing in younger 

populations.[99,100] A study that compared the outcomes of conservatively or 

surgically managed paediatric participants found that both management options had 

positive outcomes with no significant differences.[101] Another study concluded that 

conservative management can help two-thirds of adolescents with high-grade 

SPL.[102] Further two other studies found that observing high-grade SPL in children 

and adults can be safe and if the participant’s symptoms worsen, they could undergo 
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delayed surgery with no repercussions.[103,104] Having the ability to delay surgical 

treatment for participants with high-grade SPL may allow them to attempt 

conservative management first. 

 

Most of the above studies included a younger participant population, potentially 

limiting the correlation between them and the studies included in this scoping review. 

A potential reason for this limitation could be due to the chronicity of the high-grade 

SPL, as long-standing SPL seems to stabilise due to the secondary degenerative 

changes that occur.[104] Only 11% of SPL cases are categorised as high-grade and 

usually have a benign LBP presentation, which lessens the need for imaging and 

can be overlooked.[97] For example, there is a documented case of an asymptomatic 

pregnant female in her third trimester with diagnosed grade 4 SPL.[105] She had been 

asymptomatic for the past seven years and was still showing an unremarkable 

clinical examination;[105] even with having a high-grade SPL and being in her third 

trimester, where her centre of gravity would be pulled anterosuperior and her lumbar 

spine would go into an exaggerated lordosis to compensate for the added anterior 

weight.[105,106] However, with all these biomechanical changes, she was still 

asymptomatic and free of any neural symptoms.[105,106]  

 

Long-term Follow-up 

There were 18 studies included in this scoping review that followed up with their 

participants for two months and up to ten years.[10,31,34,35,38,40,42,44,45,47,48,57,60–65] Most 

of the studies found that conservative management positively impacted the 

participant’s condition.[10,31,34,35,38,40,42,44,45,47,48,57,60–65] The participants that improved 

from conservative management maintained their improvement with minimal flare-ups 

throughout the entire follow-up period. In the study by Sencan et al.[35], the 

participants were more likely to have a shorter pain-relief period and undergo 

another ESI if their pain did not improve by 80% post-ESI. Having multiple ESIs was 

thought to increase the chance of a successful outcome.[35] Kennedy et al.[107] and 

Yang et al.[108] both found that ESI worked well for participants with lumbar 

radiculopathy in the short term (less than six months). However, they found that ESI 

had limited application in the long term, with most participants experiencing a 

reoccurrence of their symptoms within the next five years.[107,108] They suggested 

that this is probably due to the pharmacological effects of the ESI wearing off over 
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time.[107,108] This is possibly what happened in the study by Sencan et al.[35], or the 

ESI may be failed as it was not performed under fluoroscopy guidance and the 

injected solution was not administered to the correct area.[109,110] 

 

The studies which found conservative management did not have a successful long-

term outcome were usually in the two-to-four-year follow-up section.[60–62] These 

studies compared a non-specific conservative management intervention to a surgical 

intervention.[60–62] As the studies utilised non-specific conservative management 

protocols, it makes it challenging to provide a reason why these participants 

failed.[60–62] The participants that did not improve during conservative management 

followed the suggested protocol and crossed-over to surgical intervention. 

 

The interventions with a good long-term outcomes were usually manual therapy or 

exercise-based. The study by Matsunaga et al.[99] with a 10-to-18-year follow-up 

period investigated the effects of anti-inflammatory drugs, lumbar bracing, and 

lumbar strengthening exercises on degenerative SPL.[99] At the follow-up point, they 

found that conservative management successfully relieved LBP and neurogenic 

lower extremity symptoms in most participants.[99] The study by Cambron et al.[111] 

incorporated the same flexion-distraction manipulation intervention as Kruse et al.[40] 

used in their study. Cambron et al.[111] found that flexion-distraction manipulation was 

superior at reducing pain and disability compared to an exercise intervention in 

chronic LBP participants. This improvement was maintained at a one-year follow-up 

questionnaire re-assessment.[111] These findings support the theory that most 

conservative management options can provide long-lasting positive effects for SPL.  

 

Unsuccessful Conservative Management  

The results from this scoping review suggested that ESI was the intervention with the 

highest failure or surgical cross-over rate.[59,61,62,66,67] However, multiple studies and 

systematic reviews indicated that ESI worked well for chronic LBP, lumbar spine 

stenosis, and discogenic pain.[112–118] The pain relief provided by ESI could last up to 

12 months.[112] As the literature supports the use of ESI for discogenic pain, it can 

indicate that discogenic pain may not always be a major contributor to the pain 

experienced with SPL. Therefore, treatment for SPL may not need to be based on 

concomitant disc herniations. The proposed mechanism of action behind ESI is not 
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well understood.[118] However, it is believed that the injection aims to deliver a 

solution adjacent to the site of inflammation.[109] If it is placed correctly, the 

corticosteroids may reduce inflammation via inhibiting pro-inflammatory 

mediators.[116,118] This may interrupt the nociceptive input and break the pain cycle 

and pain reflex induced by the afferent nociceptive fibres.[116,118] 

 

The delivery location of the corticosteroid is important, and there are three commonly 

used injection routes: transforaminal, interlaminar, and caudal injections.[119] The 

success of an ESI relies on the injected solution being introduced to the correct area, 

therefore, it is best to perform them under fluoroscopy or CT guidance.[109,110] Only 

two studies of the included studies mentioned that they performed the injections 

under fluoroscopy guidance.[34,67] The best place to inject the steroid solution is still 

controversial. However, transforaminal ESI seemed to be the most popular approach 

recommended by the literature.[118] There are two major types of injectable solutions; 

particulates and non-particulates.[119,120] Particulate injectables include 

methylprednisolone, betamethasone, and triamcinolone; and non-particulate ones 

include dexamethasone phosphate.[120] Currently, it is still debatable which is the 

best solution to inject. Methylprednisolone is commonly used for its particulate size, 

as it allows for greater deposition of the solution, theoretically allowing for more 

medication to be injected in the area, which would last longer.[119] Makkar et al.[120] 

suggested that particulate corticosteroids should be used as they have superior 

outcomes with pain and disability in lumbar and cervical pain. Non-particulate 

corticosteroids are water-soluble steroids with a smaller particle size which has been 

shown to limit aggregation of the solution.[119] Two studies in this scoping review did 

not specify what corticosteroid they used, how many injections they performed, or 

the injection route.[59,66] However, Kraiwattanapong et al.[34] and Barre et al.[67] both 

used a similar protocol of transforaminal or caudal injecting an average of 1.6 or 1.9 

injections of 80mg of methylpredisone or triamcinolone with lidocaine under 

fluoroscopy guidance. Compared to Sencan et al.[35] who only provided that the 

injections were performed via a transforaminal pathway, Gerling et al.[59] gave no 

information about their protocol. Without more information, it is difficult to give a 

reason why the ESI was unsuccessful in those studies.[35,59] 
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Increases in Pain Despite No Progression 

In this scoping review, one study found that participants’ symptoms became worse 

despite there being no radiographic changes in the anterolisthesis.[57] The literature 

showed that there is no correlation between slip progression and clinical 

deterioration.[121,122] A study by Matsunaga et al.[99] also had their participant’s 

symptoms worsen despite no increase in their anterolisthesis. Firstly, this could be 

because the pain associated with SPL is not as simple as just the anterolisthesis, as 

around 50% of those with SPL are symptomatic.[15] Rather, the symptom-provoking 

mechanism is very complicated and multifactorial, involving multiple intrinsic 

factors.[99] Another reason for the deterioration of the participant’s condition could be 

that pain is a complex phenomenon influenced by biopsychosocial factors. The 

participants in Emary’s et al.[51] and Ferrari’s et al.[32] studies stated that they had 

negative thoughts and impressions about their spine. In those studies, the 

participants seemed to be developing maladaptive beliefs and views of their 

condition, such as, never getting better or ending up in a wheelchair.[32,51] The pain 

experienced by participants may be influenced by the fear-avoidance model, in 

which participant negatively perceives their pain and catastrophise, which further 

perpetuates their pain.[123] Therefore, even with a lack of physical progression of their 

SPL, their perception of the pain increases.[123] With time, the more fearful and 

hypervigilant a participant becomes the less likely they will be able to shift their 

attention from the pain,[123] possibly leading to peripheral and central sensitisation, 

further adding to the cycle of pain.[124] These fear-causing maladaptive beliefs should 

be addressed to break the vicious cycle of pain and fear avoidance.[123] 

 

The Response of an Older Population to Conservative Management 

The results from this scoping review indicated that older participants might be more 

likely to fail conservative management than younger participants.[66] Failing 

conservative management meant that they were more likely to undergo surgery. This 

was the opposite of the findings of Frankel et al.[125] study, as they found that 

younger participants tended to be more proactive than older participants regarding 

seeking surgery for osteoarthritis. 

 

An increase in cross-over to surgical management among elderly participants is 

understandable if there is a concurrent increase in conservative management failure 



 

91 
 

rates. Frankel et al.[125] stated that pain severity was a major contributing factor to 

whether the participants underwent surgery. As the participants still desired a 

resolution to their pain, they followed the next logical step, which was surgery. 

Although, a study examining the attitudes of individuals over 80 years of age 

suggested that elderly people were less likely to seek help for restrictive LBP or they 

held negative views on surgical intervention.[126] The older participants were also less 

motivated to seek help for their pain as they perceived their LBP as less important 

than their other co-morbidities.[126] Although the participants were older than the 

average age of the population in this scoping review (60 to 74 years of age),[66] the 

information from the study could still provide insight into the attitudes that the older 

population had toward surgery. 

 

Extension-Based Exercises Aggravated Spondylolisthesis Symptoms 

Out of all the studies that were included in this scoping review, there was only one 

intervention that could be directly linked to worsening the symptoms related to 

SPL.[63] In Sinaki et al.[63] study, the symptoms of the participants who performed the 

extension-based intervention became significantly worse. Other studies similarly 

showed that the participants’ condition became worse, however, this could have 

been due to the condition's natural progression.[60–62] Sinaki’s et al.[63] also asked 

their study participants to perform prone hip extensions and prone upper back 

extensions. These are commonly prescribed exercises to improve lumbopelvic 

control.[127] Typically, in non-LBP participants, the prone hip extension muscle firing 

pattern begins with the semitendinosus, then the lumbar erector spinae, followed by 

the gluteus maximus.[128] It has been found in chronic LBP populations that 

participants tend to have a higher EMG firing rate of the lumbar erector spinae in an 

attempt to stabilise their lower back while performing the movement.[129] This 

increase in muscular firing rate has also been seen in other activities, such as 

bending forward.[130] The increased lumbar erector spinae muscle firing during 

forward bending may contribute to the pain experienced by an individual with SPL 

during an otherwise benign movement.[129] Other movements that occur during the 

prone hip extension include the pelvis anteriorly rotating, which pulls the lumbar 

spine into a hyperextension.[131] This extra lumbar spine extension may aggravate 

the already compromised posterior spinal structures, which possibly caused the 

worsening symptoms in the participants in Sinaki’s et al.[63] study. A study by Spratt 
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et al.[132] found that a correctly prescribed extension-based intervention was 

beneficial for participants with SPL or a retro discal displacement.[132] This is 

interesting because they utilised an extension-based approach which likely should 

exacerbate the symptoms associated with SPL. However, this variation of an 

extension-based intervention may have been successful because the exercise was 

passively performed, and the lower back muscles did not active and therefore did not 

aggravate the SPL. 

 

Breakdown of Exercise Interventions 

Specific Exercise 

Exercise protocols to strengthen and improve the endurance of the paraspinal 

muscles was a common intervention used in the included articles.[32,33,42,44,45,50,51,69] 

The improvements in motor control and proprioception from the exercises seemed to 

show promising decreases in LBP and disability associated with SPL.[43] It was 

theorised that increasing paraspinal motor control would increase the dynamic 

stability of the spine, therefore stabilising the suspected instability due to SPL.[45] 

Improving the lumbar spine's stability could also decrease biomechanical stress 

placed on the vertebral infrastructure, which could help take pressure off pain-

causing structures.[133] To improve stability, the exercises would need to increase 

deep trunk muscle function, coactivation of transverse abdominis muscle, internal 

obliques, and the lumbar multifidi.[134] Fraser et al.[135] highlighted the importance that 

the abdominal musculature played in stabilising the spine, and that insufficient motor 

control from these muscles might be a potential risk factor for developing SPL.[136] 

Fraser et al.[135] identified multiple risk factors that contributed to decreased 

abdominal strength which included; females with multiple pregnancies, abdominal 

surgeries, and males with ventral hernias. Therefore, exercises that improve deep 

abdominal muscle activation could help to reduce lumbar segmental translation 

during spinal ROM and prevent the development of SPL.[137] A commonly used 

stabilisation exercise to reduce segmental translation is abdominal hollowing or the 

abdominal draw-in manoeuvre, as it helps to activate the deep trunk stabilisers.[137] 

Yang et al.[138] incorporated a similar study protocol as Mohanty and Pattnaik,[70] 

utilising the protocol that consisted of a thoracic mobilisation in conjunction with 

stabilisation exercises for participants with chronic LBP. Yang et al.[138] found that the 

group that performed both interventions simultaneously had a superior improvement 



 

93 
 

in muscular strength compared to the group that only performed stabilisation 

exercises. They thus theorised that reducing vertebral joint restrictions allowed for 

greater thoracic extension, and as a result, decreased the need for the lumbar spine 

to be hypermobile.[138] Another interesting finding by Yang et al.[138] was that if the 

participants performed their exercises slower, they would experience less pain. 

Luque-Surez et al.[139] agreed that exercise speed is an important factor to consider 

as it helps with the accuracy and control of the stabilisation exercise. Therefore, to 

maximise the gain from stabilisation exercise programs, there should be an 

emphasis on accuracy and proportional speed of motion early on, and an increase in 

speed should be focused on later.[139] 

 

The results from the articles included in the scoping review suggested that specific 

exercises might be superior to generalised exercise protocols. These findings were 

backed up by a study by Puntumetakul et al.[137] who had two groups of participants 

with lumbar instability, each group undertook a specific or generalised exercise 

protocol. The results from that study were similar for both groups but slightly 

favouring the specific exercise group regarding pain, abdominal muscle activation, 

and vertebral translation.[137] Another study by Coulombe et al.[140] applied a similar 

protocol for two groups of participants with LBP, and they found that specific 

exercise was superior in decreasing pain and improving function after three months, 

but not after six months. 

 

Williams’s Exercise Protocol 

A total of two studies incorporated the full Williams’s exercise protocol.[44,70] The 

studies found the protocol to successfully decrease pain, disability, and the 

magnitude of SPL.[44,70] An eight-week study by Fatemi et al.[141] incorporated the 

Williams’s exercise protocol in 44 female students with hyperlordosis and LBP. The 

results from the study showed significant decreases in LBP and lumbar angle, 

increases in the flexibility of the hamstrings and hip flexors, and increases in 

abdominal strength.[141] The decrease in the tone of those muscles may have had an 

impact on reducing the hyperlordosis of the lumbar spine. A decrease in lumbar 

lordosis would have taken the pressure off the lumbar ligaments and facet joints 

which can commonly be aggravated in participants with SPL.[142,143] By decreasing 

the tone of those muscles and strengthening the abdominal muscles, it could explain 
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how the study by Mohanty and Pattnaik[70] achieved a decrease in anterolisthesis. It 

would have been interesting to see if the study by Nava-Bringas et al.[44] would have 

had the same reduction in the SPL, if they used it as a measure. Another two studies 

examined the effect of the Williams’s exercise protocol on chronic mechanical 

LBP.[144,145] Both studies found the Williams’s flexion-based protocol successfully 

decreased pain, despite the study by Jeganathan et al.[145] only lasting one week. It 

must be noted that the study was not conducted on participants with SPL, making it 

difficult to directly correlate the two. 

 

Flexion and Extension Exercises 

Three articles examined the effect that flexion and extension exercises had on 

participants with SPL.[46,52,63] The outcomes from these three studies suggested that 

flexion-based intervention may be more beneficial than extension-based exercise for 

participants with SPL.[46,52,63] Sinaki et al.[63] was the only study that found extension-

based exercise made no change or made the pain worse (which was discussed 

above). In contrast, Kim et al.[46] and Rouse[52] both successfully incorporated 

extension-based exercise as an intervention. Instead of isotonic exercises, Kim et 

al.[46] utilised isometric exercises. Isometric exercises can induce an analgesic effect 

while using a less provocative ROM to still challenge the back-extensor muscles.[146] 

However, it must be pointed out that Kim’s et al.[46] intervention only lasted two 

weeks, which is shorter than the other studies. Sinaki et al.[63] and Rouse[52] had a 

similar protocol, except Rouse[52] used a weaker case report study and asked their 

participant to perform both the extension and flexion exercises, as opposed to Sinaki 

et al.[63] which had separate groups for each intervention. Performing both exercise 

protocols may have been beneficial in promoting improvements in strength and ROM 

for both spinal directions.[46] This rehabilitation program approach is supported by 

Nava-Bringas et al.[147], they suggested that exercise programs should be focused on 

improving the muscular balance between agonists and antagonists. Furthermore, it 

is suggested that exercise that is concordant with a participant's directional 

preference is superior to exercise prescriptions that do not match their directional 

preference findings.[148] Which for SPL would be flexion-based interventions as 

participants with SPL usually have a spinal flexion-based directional preference.[6] 

Regardless, the results from the scoping review indicate that if prescribed correctly, 



 

95 
 

extension-based exercise can be beneficial, but flexion-based exercise may still be 

superior and potentially safer. 

 

Aerobic Exercise 

Currently, there are no studies linking aerobic exercise to being beneficial for SPL. 

However, an encouraging body of literature supports aerobic exercise-induced 

analgesia.[149,150] In this scoping review, four studies utilised some form of aerobic 

exercise, two of which were stationary cycling.[48,53] Vibert et al.[151] suggests that 

stationary cycling is a great form of exercise for participants with SPL. This is 

because cycling promotes a flexed spinal position that would decompress the thecal 

sac and help alleviate any symptoms of neurogenic claudication.[151] Furthermore, 

cycling may be a superior form of aerobic exercise for participants with SPL as it is a 

lower-impact intervention than running.[151] Another form of aerobic exercise 

commonly used in the literature includes walking.[152] Walking is a great form of 

exercise for participants with chronic LBP as it helps to strengthen, hypertrophy, and 

build endurance in the lower back muscles.[152] Exercise intensity and frequency 

have also been identified as variable factors, for example, a faster walking speed is 

superior to a regular walking speed for hypertrophy of the paraspinal muscles, 

especially multifidi.[152,153] This is important as the lumbar multifidi are key paraspinal 

muscles that provide dynamic stabilisation to the lumbar spine,[19,43,154] however, they 

commonly atrophy with chronic LBP.[155] Another possible mechanism contributing to 

aerobic exercise-induced analgesia could be due to the release of endogenous 

opioids during exercise.[156] The above mechanisms could explain why aerobic 

exercise is beneficial in chronic LBP and SPL cases.[48,52,53,56,69] 

 

Limitations of Exercise 

Some notable limitations of exercise-based management options are that it can be 

challenging to ensure adherence to the intervention. This is especially important with 

the studies that go on for a long duration, as motivation decreases.[157] An umbrella 

review identified 14 key factors that can affect a person’s adherence to the exercise 

program.[158] They identified that aspects related to the supervision of exercise, goal 

setting, and information on exercise progression are important factors to 

consider.[158] Some of the articles included in this scoping review either failed to 

provide goals and progression for participants to aim for or were designed as home 
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exercise programs, making it difficult to ensure the exercises were performed. 

Therefore, it would be important to address these factors for future research to 

ensure maximum adherence to any exercise program used to manage SPL. 

 

Another disadvantage pointed out by O’Sullivan et al.[45] was that it can be 

challenging to teach individuals to accurately co-contract the small specific muscles, 

which may slow down the progression of the exercise protocol.[45] This is opposed to 

more general exercises that have no specific target muscles to activate, require less 

supervision, and are easier to incorporate into a program. However, the results from 

this scoping review indicated that specific exercise was superior to general exercise 

for SPL. This shows that the trade-off between what is more effective, and the 

participant's capability should be considered when prescribing exercises for SPL. 

 

Vertebral Displacement 

Reduction in Magnitude of Anterolisthesis 

In this scoping review, there were four instances of low-grade SPL naturally reducing 

during conservative management.[16,37,38,70] A reduction in SPL commonly occurs 

through a surgical procedure with instrument-assisted fusion.[37,159] Currently, a few 

articles show that it can happen non-operatively.[37,159] One study showed no 

correlation between the obtained radiographic reduction of a SPL and clinical 

symptoms.[160] In contrast, Wegmann et al.[161] performed a posterior lateral interbody 

fusion surgery on 40 participants with degenerative SPL. They found a correlation 

between a reduction in the sagittal alignment of the affected vertebrae and improved 

clinical outcomes with a 24-month follow-up.[161] However, the current research is 

unclear whether a reduction is necessary for participants to be pain-free and have a 

full spinal function.[160,161] 

 

Decreasing symptoms via the reduction of a SPL is an appealing theory as it seems 

advantageous to reduce the pressure on encroached neural structures.[99,121,160] For 

instance, with a high-grade SPL, there would be a high degree of foraminal 

encroachment, therefore it seems necessary to reduce the anterolisthesis for any 

symptomatic relief.[99,121,160] However, it must be considered that there may have 

been possible compensatory elongation of neural structures, and so surgical 

reduction may have to be avoided to prevent iatrogenic neural injury.[161] Compared 
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with low-grade SPL, there is a possibility that surgically correcting the sagittal 

misalignment would decrease the stress and reduce the risk of neural damage.[162] 

However, Hagenmaier et al.[160] stated, that there was no evidence showing that 

reducing a low-grade SPL via spinal fusion positively affected any clinical outcomes 

in the short term. Furthermore, there is no significant correlation between the extent 

of the slip reduction and the improvement in VAS or ODI after fusion reduction 

surgery.[160] In contrast, the studies in the scoping review demonstrated that 

participants' symptoms decreased once their SPL was reduced.[16,37,38,70] This raises 

the question if reductions that occur via conservative management are better than 

surgical reductions, as conservatively managed cases reduce slower and may also 

address the predisposing or maintaining factors of the SPL. 

 

Two papers in this scoping review utilised traction of the lower back to reduce their 

participant’s SPL.[163,164] Both studies had positive outcomes, with one SPL being 

reduced from a grade two to a grade one SPL.[163,164] The authors worked on the 

theory that spinal traction can stretch vertebral ligaments, intervertebral discs, and 

para-vertebral muscles.[163,164] With sustained traction (10 to 20 minutes), the above 

tissues will undergo a visco-elastic change known as creep.[38] Over a series of 

treatments, the visco-elastic changes could begin to alter the biomechanical 

structure of the spine, which could cause a reduction in SPL.[38]  

 

The other two studies in this scoping review utilised a theory that if a primary hip 

flexor, like the psoas, was shortened it would increase the anterior and inferior shear 

on the lumbar vertebrae.[16,70,165] Therefore, stretching the psoas would reduce 

hyperlordosis and help decrease the pressure on the already stressed posterior 

elements of the lumbar spine.[16,70,165] A similar outcome was present in the studies 

that utilised the Williams’s exercises. The participants in those studies stretched the 

muscles that attach to the lumbar spine which could be exaggerating the lumbar 

lordosis.[44,70] In the study by Mohanty et al.[16], the C/T junction or upper thoracic 

spine was also manipulated, theorising that the C/T junction should be in a direct 

plumb line with the Lumbo-Sacral (L/S) junction while manipulating it, which may 

reduce the compensatory hyperextension at the L/S junction.[16,166] Furthermore, 

manipulating the thoracic spine may help decrease excessive kyphosis and improve 

posture, therefore reducing extension stress at the compromised L/S junction.[70,167] 
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Finally, the articles in this scoping review also addressed any muscle tightness 

through the levator scapulae as it is a part of the posterior fascial line.[168] This fascial 

line begins from the nuchal ligament, follows down the levator scapulae muscle, 

down the latissimus dorsi muscle, then through the thoracolumbar fascia, through 

the hamstrings and ends at the soleus muscle.[168] By releasing off tension through 

the levator scapulae muscle it could decrease the pull through this fascial line, which 

could already be under high amounts of stress from commonly tight and short 

hamstrings due to SPL.[48,168,169] Furthermore, the thoracolumbar fascia can become 

dysfunctional and may interfere with its ability to efficiently transduce force, which in 

turn could affect muscular function.[70] Therefore, resolving the tension imbalances 

through the posterior longitudinal fascial line could decrease the pain arising from the 

SPL.[70]  

 

Progression of Anterolisthesis 

In this scoping review, three articles measured if there was an increase in the 

anterolisthesis of the SPL.[39,41,57] Two articles found a significant increase in the 

magnitude of the anterolisthesis during conservative care,[39,57] the other article found 

no increase in the anterolisthesis.[41] Slip progression is well-documented in the 

literature.[121] There are a few theories as to why a SPL continues to progress. One 

theory is that there could be an error in the observation of the imaging.[170] It has 

been noted that there can be a 15% difference between inter/intra-observation error 

of imaging.[170] This 15% variation can increase if a rotational element is present in 

the SPL.[170] However, some of the cases included in this scoping review well 

surpassed this by 15%. Another theory is that slip progression is correlated to 

spinopelvic alignment, meaning that a spine with an increased thoracic kyphosis 

would have an increased compensatory lumbar lordosis and pelvic inclination.[39,97] 

These increased spinal angles could increase the anterior shear pressure on the 

lordotic lumbar segments causing and progressing a SPL.[39,171] Progression of a 

SPL can also be affected by pelvic anatomy.[172,173] Throughout the duration of 

having a SPL, the base of the sacrum can begin remodelling to create an anterior 

convexity, otherwise known as sacral doming.[174] Sacral doming can affect the 

position of L5 on the sacrum, which may be a risk factor for the progression of the 

anterolisthesis.[173] One study included in this scoping review considered spinopelvic 

angles, and they found that spinopelvic parameters contributed to the progression of 
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SPL, but the progression did not depend solely on these parameters.[39] Another 

theory is related to age. It is theorised that the younger the initial anterolisthesis 

occurs, the higher chance it will progress.[99] In contrast with older participants, the 

natural degeneration of the spine may aid with the stabilisation of the slipped 

segment.[99] However, the results by Cushnie et al.[57] showed the average age of 

their participants was 66 years and they still had an increase of anterolisthesis from 

3.5% to 16.4% over five years. Beutler et al.[121] found for every decade the SPL was 

present, there was a marked slowing of the progression. Over a 45-year natural 

history, they found an average of 11% slippage progression and a maximum 

slippage increase of 40%.[121] 

 

Previously it was thought that there was a direct correlation between slip progression 

and the severity of the symptoms.[175] However, this may not always be the case, 

Lee et al.[122] and Beutler et al.[121] found that there was no correlation between slip 

progression and clinical deterioration. This reinforces the idea that pathoanatomical 

findings do not always equate to pain or symptoms, which may explain why 50% of 

the population that have SPL are asymptomatic.[15] The study by Cushnie et al.[57] 

agreed with this finding, as the participants who had an increase in their SPL did not 

always have more pain or decreased QOL. In contrast, in the study by Sai Krishna et 

al.[39] their eight participants had an increase in their slippage by 4% to 42% and 

consequently, their participants’ symptoms were worsened, and thus were advised to 

undergo surgery. 

 

Spontaneous Re-Stabilisation of a Spondylolisthesis  

There were two recorded instances of spontaneous re-stabilisation in this scoping 

review.[47,56] Both cases had a reduction in pain, but it was unclear if this was related 

to the natural re-stabilisation.[47,56] A study by Matsunaga et al.[99] reported that this 

phenomenon does occur in adults with degenerative SPL. However, they failed to 

document when and how many of their participants this phenomenon occurred.[99] It 

is difficult to say whether the decrease in pain was due to the spontaneous re-

stabilisation occurring or increased motor timing, stability, and functionality of the 

lower back.[45] Matsunaga et al.[99] alluded to the possibility that spontaneous re-

stabilisation could be a part of the natural history of a degenerative SPL due to the 

loss of disc height.[99] Simmonds et al.[176] agrees that alongside intervertebral disc 
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changes, ligament ossification, and osteophyte formation could contribute to the re-

stabilisation/fusion of the affected spinal segments. 

 

Two other studies found that spontaneous re-stabilisation can occur in 

children.[100,177] A retrospective study of 149 children and adolescents with >30% 

anterolisthesis and isthmic SPL, observed that the natural history of SPL could lend 

itself toward natural spontaneous re-stabilisation.[100] One other case of spontaneous 

natural re-stabilisation that has been documented in the literature was about an 

eight-year-old girl with grade 2 dysplastic SPL.[177] Due to her age, it was decided to 

abstain from surgical intervention, rather the SPL was observed via annual 

imaging.[177] Over the years, there was radiographic confirmation that the slip was 

regressing and that there was gradual ossification of the L/S junction.[177] These 

changes could be because it was dysplastic SPL and she was a child, therefore, her 

bones might have been more susceptible to remodelling in response to the demands 

placed upon them.[177] The above examples indicate that spontaneous re-

stabilisation occurs in the different types and grades of SPL. 

 

Multi-level Spondylolisthesis 

The results from this scoping review suggested that degenerative SPL was more 

susceptible to have multi-level involvement.[35] However, it was unclear whether pain 

and disability were worse with single-level or multi-level SPL.[34,35] However, the 

consistent outcome was that all participants responded well to conservative 

management regardless of the number of spinal segments affected. Up to 12% of 

SPL cases had multi-level involvement, most of them due to degenerative 

SPL.[178,179] This could be due to most multi-level SPL starting as untreated single-

level SPL and developing over time.[178] Furthermore, multi-level SPL has the same 

precipitating factors as single-level SPL, such as pelvic inclination and facet joint 

shape.[178,180] A study by Smorgick et al.[181] included 207 participants with 

degenerative SPL and found no difference in pain or disability between single-level 

and multi-level groups. In contrast, a study by Park et al.[182] found that clinical 

outcomes were better in the single-level SPL compared to multi-level SPL when 

utilising conservative and invasive management. However, they failed to provide a 

reason for this. The results from these studies confirmed that multi-level involvement 

does not always negatively impact the conservative management of SPL.  
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Duration of Pain 

All four articles that included acute presentations of LBP were due to isthmic 

SPL.[40,50,53,65] The participants from these studies responded well to the conservative 

management.[40,50,53,65] This outcome could be due to many reasons. The first could 

be that the symptoms related to the condition progressed through their natural 

history and resolved within months.[121,183] However, little is known about the natural 

history of SPL, and the literature would benefit from more research about the natural 

history of SPL.[121] It could be due to the natural bony healing that would occur with 

an isthmic SPL, which was mentioned and the CT scan verified in the study by Ying 

et al.[65]. Recovery from a bony lesion is more common among children and young 

adults with SPL;[184] as individuals age, their ability to heal from fractures slows 

down.[185] Finally, it could be that isthmic SPL may have responded to the chosen 

interventions. Taken together, the included articles were all case reports with a risk 

of bias, making it difficult to extrapolate their data to a larger population with SPL. 

 

Out of the 28 articles investigating chronic pain management associated with SPL, 

22 reported a good outcome, and six reported little to no change. Out of the 22 

cases with a good outcome, 13 cases were isthmic SPL. Combined with the four 

acute cases discussed above,[40,50,53,65] it seemed that isthmic SPL responded well to 

conservative management. As all these cases were categorised as chronic, it can be 

challenging to recognise what helped the participants alleviate their pain. Once 

again, many cases that performed well were exercise or manual therapy-based 

interventions. As discussed in the above sections of this scoping review, exercise 

and manual therapy seemed to be a viable conservative management for SPL. This 

viability was demonstrated in multiple other studies regarding chronic LBP. Three 

systematic reviews (including a total of 95 studies),[186–188] showed that specific core 

exercise, general exercise, and manual therapy successfully reduced pain and 

disability in the short- and long-term, and improved strength, function, and 

coordination.  

 

It is challenging to know exactly why there was this disparity between the 

participants who got better and those who did not because chronic pain is a complex 

multifactorial phenomenon. When pain transitions from acute to chronic, there are 

multiple changes in the pathophysiological process of pain perception.[189] The 
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phenomenon of central sensitisation occurs, which enhances the function of the 

nociceptors and excites synaptic efficacy.[124] Along with a decrease in descending 

inhibition, the threshold for the nociceptors to fire an action potential will 

decrease.[124] These physiological changes in nervous system sensitivity 

demonstrate the plasticity of the somatosensory nervous system.[124] These changes 

can also explain why pain perception may no longer be coupled with tissue injury 

during the chronic pain stage.[124] This is important to understand and may explain 

why some of the participants in the included studies did not improve. It could also 

help explain why some participants with chronic pain improved as exercise and 

manual therapy-based interventions can have a regulatory modification on the 

central nervous system.[190–193] Therefore, modulating the pain perceived by chronic 

pain suffers.[190–193] Two recent systematic reviews found that exercise or manual 

therapy can reduce fear-avoidance beliefs and kinesiophobia associated with chronic 

pain conditions, such as chronic LBP.[194,195] Individuals with chronic LBP may 

develop fear-avoidant behaviours or hypervigilance, which have been associated 

with increased levels of pain and disability.[194,195] Manual therapy and exercise offer 

an opportunity to disprove these maladaptive beliefs in the individual.[194,195] These 

interventions can achieve this through neurophysiological and biomechanical 

pathways.[196,197] The biomechanical approach is dependent on a bottom-up 

approach and relies on increases in ROM or decreases in muscle and joint stiffness 

through the application of manual therapy.[196,197] Passively moving an individual 

through a ROM can demonstrate to them that they have the capability of moving 

despite being in pain or having a condition, such as SPL.[196,197] The 

neurophysiological approach works off a top-down model by working with the 

participant's pain expectations and experiences through mechanical stimuli, such as 

graded exposure exercise therapy.[196,197] 

 

Anatomical/Pathological Considerations 

Spondylolisthesis with Concomitant Spinal Stenosis 

The results from this scoping review suggested that spinal stenosis generally 

occurred from degenerative SPL.[35] However, there is currently no epidemiological 

study to confirm the prevalence of these two conditions occurring together. It is 

plausible that during the culmination of the degenerative spinal processes, either of 

these conditions could cause each other.[122,198] This is more so made possible as 
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both conditions are associated with an older population,[199] which is reflected in our 

results as most participants were over the age of 60.[35,57,59,67,122,200] A common 

management option for spinal stenosis includes ESI, which attempts to reduce pain 

and increase function.[122] 

 

Out of the six studies that investigated participants with both spinal stenosis and 

SPL, three of the studies utilised ESI.[35,59,67] These three studies had mixed 

outcomes.[35,59,67] Currently, there is limited evidence concerning the efficacy of ESI 

for lumbar spine stenosis.[116,201] Two systematic reviews stated there was strong 

evidence suggesting that ESIs were ineffective or provided limited short- and long-

term improvement for participants with spinal stenosis.[201,202] In contrast, another 

study suggested that ESI might have good short- and long-term outcomes for 

stenosis.[203]  

 

Barre et al.[67] was the only study that provided a reason why ESI might be more 

effective for participants with both stenosis and SPL. They theorised that the pain 

arising from spinal stenosis might be due to the mechanical compression of the dura, 

resulting in an inflammatory reaction of the nerve roots.[67] This inflammatory 

response was strengthened by the extra mechanical stimulation from the SPL, which 

could explain why the combination of the two conditions together might have an 

improved response to ESI.[67] Akuthota et al.[204] supported this theory by suggesting 

that if stenotic compression was the sole cause of pain, then surgery to remove the 

bony compression would provide long-term pain relief, which was not the case in 

their study. This theory is further strengthened by the fact that similar to SPL, the 

severity of the radiographic signs of stenosis has a poor correlation with the 

participant's symptomatology.[205–207].  

 

Spondylolisthesis and Intervertebral Disc Involvement 

This scoping review included six cases of successfully managed SPL with 

concurrent disc herniation.[40,50,51,53,56,64] There is debate whether disc involvement is 

more common to occur superior or inferior to the level of SPL. Szypryt et al.[208] 

stated that most disc herniations occur inferior to the level of SPL. The findings in our 

studies concurred with this statement as three studies had disc involvement inferior 

to the level of the SPL. Beutler et al.[121] argued that the disc involvement would 
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occur above the SPL, typically at L4/5 due to its anatomy lending itself to the most 

significant stresses.[170] A herniation at L4/5 occurred in two of the studies.[40,56] One 

study by Emary et al.[51] had a disc herniation above and below the level of the SPL. 

This multi-level disc involvement could be due to the SPL being classified as a grade 

four anterolisthesis, however, the study by Excoffon and Wallace[56] also had a grade 

four SPL but only had superior disc involvement. All the participants in this scoping 

review that had disc involvement also had neurological symptoms in the lower 

extremity. Poussa et al.[209] had three similar cases of SPL with concurrent disc 

herniation and lower extremity neurological symptoms. Each participant had a 

laminectomy without fusion to take pressure off the nerve root.[209] Immediately post-

surgery, the neurological symptoms disappeared, but the LBP persisted for weeks to 

months post-surgery.[209] One of the cases post-surgery was managed with a four-

week of conservative bed rest, by which the LBP had almost completely resolved.[209] 

It is interesting that the approach of bed rest was successful, as currently the advice 

for LBP participants is to stay active and mobile as it can significantly improve 

functional status, reduce pain, and minimise sick days.[210] As the above case was 

managed invasively to solely treat the herniation, and provide no direct intervention 

for the SPL, it could be suggested that in this case the disc herniation was 

responsible for the neurological symptoms and the SPL was the main cause of 

LBP.[209]  

 

On reviewing the literature, no author had given a clear reason why disc herniations 

and SPL occur together. However, Semaan et al.[211] suggested that true disc 

herniation at the level of the SPL was over-reported in the literature. They believed it 

is due to how the participants lie in the MRI combined with the anterior displacement 

of the affected vertebrae, leading to an impression of a disc herniation.[209,211] These 

findings were supported by Alexander et al.[212], who had 15 out of 50 participants 

with SPL show impressions of a disc herniation on CT myelography. Even using the 

preferred method of CT myelography, which has the highest sensitivity and 

specificity via imaging, they only found seven of 15 participants had signs of a true 

disc herniation during surgery.[8,13,212] However, the article was published in 1985, 

just 15 years after the invention of the first CT scanner.[213] Since then, the image 

quality of CT scans has improved, which may decrease the number of false-positive 

lumbar disc herniations found these days.[213] 
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Transitional Vertebrae and Spondylolisthesis 

In this scoping review, two case studies included participants with a 

lumbarisation.[51,56] Multiple studies had given different epidemiological instances of 

the occurrences of these anomalies. Depending on the study, rates of lumbosacral 

transitional vertebrae varied, ranging from 7.1% for males and 9% for females or up 

to 9.9% for Australians.[214,215] Rates of lumbarisation and sacralisation also varied 

among each study, rates of lumbarisation ranged from 2.7% to 5.8%,[185,214,216] and 

sacralisation between 4.8% to 13.1%.[185,214,217] A correlation between transitional 

vertebrae and SPL is attractive as if there was a hypomobility of a below vertebral 

segment, the above segment would have to compensate and become hypermobile, 

thus increasing the possibility of developing a SPL.[217] However, most research 

supports that these congenital anomalies have no relationship between SPL and 

clinical symptoms such as LBP.[185,215,216] In contrast, Kim et al.[218] found participants 

with isthmic SPL and a sacralisation showed more significant anterior slippage of 

their SPL. The study also found higher levels of spinal stenosis in individuals with a 

lumbarisation.[185] 

 

Spondylolisthesis with Concomitant Spina Bifida 

Three different studies included a case of SPL with concurrent spina bifida occulta of 

the lumbar spine.[40,48,65] Spina bifida is the most common neural tube defect found in 

children, which results in the vertebral arches failing to fuse.[219] The connection 

between the two had already been established as spina bifida occulta is associated 

with spondylolysis of the lumbar spine in 11.8–35% of participants.[220–222] Although 

unilateral spondylolysis of the pars interarticularis is not always associated with the 

formation of a SPL,[121] bilateral spondylolysis leads to SPL in 40% to 66% of 

cases.[223] There have also been reports of an increased incidence of posterior spinal 

defects being associated with the formation of isthmic SPL.[7] It has also been 

proposed that due to the posterior spinal defects causing a deficient spinous 

process, the multifidi muscles lack an attachment point and so they cannot stabilise 

the area.[224] Therefore, not only becoming a risk factor for developing SPL, but also 

the progression of SPL.[224] In a study by Kim et al.[219] they had a participant with 

multi-level spondylolysis from T12 to L4, with spina bifida and a grade one isthmic 

SPL at L5. They were treated with spinal bracing and physiotherapy for four weeks 
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and their pain dropped from a 7/10 to a 2/10.[219] This shows that participants with 

SPL still respond to conservative management despite having co-morbidities. 

 

Co-morbidities 

Two studies found a correlation between being obese and the progression of 

degenerative SPL.[57,66] Current literature supports that being obese increases LBP 

severity.[225] Obesity has also been identified as a risk factor for developing chronic 

inflammatory and degenerative spinal conditions, such as degenerative SPL.[226,227] 

Currently, there is no literature relating weight loss to an improvement in SPL 

symptoms; however, there is research to support the improvement in LBP with 

weight loss.[170] A limitation of the studies that included obesity is that most of them 

used the Body Mass Index (BMI). Furthermore, it has become increasingly clear that 

BMI is a poor measure of actual body fat percentage.[228] The BMI equation only 

considers height and weight and neglects other important considerations such as 

muscle mass, age, and location/distribution of the fat mass.[228,229] The location and 

distribution of fat mass are important as they are the factors that can affect the 

intensity and disability associated with LBP.[230] The fat mass location could also 

potentially be correlated with the progression of SPL. For example, males hold more 

of their adipose around the abdominal viscera.[231] Having more visceral fat has been 

associated with an increased lumbar lordosis and a more anteriorly placed 

gravitational line.[232] By having an increased lumbar lordosis, the pelvis must 

compensate and increase its inclination to maintain spinopelvic alignment.[39,97] 

Increasing these spinal angles may increase the load on the posterior spinal 

structures, potentially increasing the chance of a SPL occurring and perpetuating the 

slippage further.[39,97] 

 

The relationship between diabetes and other co-morbidities is well-established in the 

literature, including cardiovascular disease, stroke, hypertension, and joint pain.[233] 

Studies in this scoping review found a correlation between having diabetes and 

concurrently having SPL.[234] Having diabetes was also identified as a risk factor for 

failing conservative management.[66] Anekstein et al.[235] and Park et al.[236] found the 

same correlation, as they found participants with diabetes had a higher risk of 

developing lumbar disc disorders and lumbar stenosis. The correlation between 

diabetes and lumbar stenosis is that due to diabetes, the posterior longitudinal 
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ligament ossifies, which is a risk factor for developing stenosis.[237] Another study 

found that participants with diabetes and degenerative SPL experienced significantly 

greater improvements in pain and function with surgical intervention compared with 

conservative management.[233] However, that population is at higher risk of 

developing post-surgical complications.[237] Another negative aspect of diabetes and 

insulin resistance is that it is pro-inflammatory and causes low-grade systemic 

inflammation, which can also be related to obesity.[238] This inflammatory state could 

be a contributing factor to increased joint pain associated with SPL.[238]  

 

Effects of Smoking on Spondylolisthesis 

Studies in this scoping review alluded to a correlation between having a history of 

smoking and/or currently smoking and an increased prevalence of SPL.[66] There 

was also a correlation between smoking and an increased failure rate of 

conservative management of SPL.[66] Similarly, another study found a strong 

correlation between smoking and LBP in adults.[239] There has also been a 

relationship found between smoking and disc degeneration and associated LBP.[240] 

The theory behind this relationship could be that smoking is pro-inflammatory, 

leading to an amplification of pain.[239] Furthermore, smoking causes vasoconstriction 

of the blood vessels that supply the intervertebral discs, which reduces perfusion to 

the intervertebral disc.[239] Reduced blood flow may cause degeneration of the 

surrounding structures and impaired healing.[239] Osteoporosis is another 

complication that may arise from impaired blow flow due to smoking.[239] 

Osteoporotic weakening of the bones could lead to a pathological or isthmic fracture 

of the pars interarticular resulting in a SPL.[241] In contrast, Jacobsen et al.[226] found 

that there was no correlation between smoking and having degenerative SPL. Aside 

from a recall bias limitation, the authors could not provide a reason for this 

finding.[226] 

 

Opioid Use and Spondylolisthesis 

The results of the scoping review suggested that opioid use could be an independent 

predictive factor for failing conservative management.[66] The use of opioids has 

quadrupled in the last 20 years.[242] Together with the increased use of opioids, 

opioid prescription rates, addiction, and overdose rates have all increased, which is 

problematic during an opioid epidemic/crisis.[243,244] Despite this growing trend, no 
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studies have specifically investigated the sole efficacy of opioids for the management 

of SPL. This is important as a study by Adogwa et al.[245] found that out of 27,877 

participants with SPL or spinal stenosis, 70% of them used opioids for pain 

management. As for chronic LBP, opioids seem to have a short-term analgesic effect 

for around 30% of participants.[243] However, the long-term analgesic effects of 

opioids for chronic LBP are not well-understood. What is known about opioids is that 

with continued use, the user can develop a tolerance and therefore the medication 

can become less effective.[243] Alongside the myriad of side effects that come with 

opioids, the user may develop substance dependence.[243] Therefore a better 

understanding of opioids and SPL is important as they are commonly prescribed with 

other conservative management options.[242] 

 

Limitations 

A range of limitations was identified throughout the creation of this scoping review. 

Firstly, although there was no minimum article threshold to meet, a small number of 

articles were included in this scoping review. To combat the small number of articles 

included, no date restriction was made in the inclusion criteria. To further increase 

the number of articles in this scoping review, it was decided to include articles that 

did not mention the type of SPL. This exception was made if the extra articles 

included met the aspects of inclusion and exclusion criteria. This means that different 

types of SPL may have been included in this scoping review. Furthermore, it was 

more important to include the studies to better map the literature to answer the 

research question. This led to the inclusion of 10 extra studies.[16,38,41,43,46,49,54,55,63,70] 

 

Throughout the creation of this scoping review, a limitation in the literature was also 

identified. Out of the 41 included studies, 18 of the studies conducted weaker 

methodologies such as case reports (n = 16) or case series (n = 2). Even though 

scoping reviews are designed to provide an extensive overview of the available 

literature, almost half of the studies utilised a weak study design, which results in the 

risk of publication bias. Another six studies that utilised the retrospective study 

design had stronger methodologies, however, they opened themselves up to recall 

bias. 
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Conclusion 

This scoping review identified a limited body of literature that presented a strong 

case for the benefit of conservative management for low- and high-grade 

degenerative and isthmic SPL in symptomatic adults. Many conservative 

management options were identified; most provided significant pain relief, decreased 

disability, or increased functionality. Exercise and manual therapy were identified as 

the two most researched conservative management options available for SPL. 

These management methods yielded the most positive and consistent outcomes 

compared to other conservative options such as ESIs. The current literature 

suggests that pathoanatomical findings observed via radiographic imaging do not 

directly correlate to the symptoms an individual with SPL may experience. Through 

exploring factors that influence the progression of SPL, this scoping review 

examined the impact of pathological and anatomical considerations that may affect 

the recovery of a SPL.  

 

Recommendations for Future Research 

This scoping review identified many issues with the methodology of the included 

articles. These included a lack of information regarding the types and grades of SPL, 

and an absence of sufficient explanation regarding the intervention used. Finally, a 

large number of the articles included were of lower quality, such as case reports, this 

expresses the need for higher-quality methodologies such as RCTs with larger 

sample sizes and longer follow-up durations.[41] Our current understanding of the 

natural history of SPL is fairly limited and would benefit from more research as it 

would be useful information for creating tailored management plans for 

participants.[6,121] The literature would also benefit from future research on CBT as it 

is a less-researched intervention but shows great promise and can be implemented 

in conjunction with other management interventions. 
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Appendix A: Open Science Framework Registration 

The scoping review protocol was registered prospectively with the open science 
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Appendix B: Kappa equation 

 
Definitions for level of agreement 

Kappa 

Range  Definition 

< 0 Less Than 
Chance 

0.01-0.20 Slight 

0.21-0.40 Moderate 

0.61-0.80 Substantial 

0.81-0.99 Near Perfect 

 
 

  Rater 2 
  

  
Yes No Total 

 

Rater 1 Yes 44 14 58 16% 

No 0 297 297 84% 
 

Total 44 311 355 
 

  
12% 88% 

  

 
 

Equation 

Pr(o) =  

Pr(e) =  

Kappa, K =  
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Appendix C: Characteristics of Included Studies in the Scoping Review 

Author & Year Country 
of 
Publication 

Study design, 
Intervention 
duration,  
Follow-up 

Sex: n Age 
(Years/Range) 

Type, Grade & 
Level of SPL 

Study Objectives 

Amato 2004[53] USA Case study, 
14-weeks, 
Not reported 

Male: 1 34 Isthmic 
Grade 1 
L5/S1 

To discuss a successfully managed case of a 
participant with chronic LBP, radiculopathy, and 
segmental instability. 

Barré et al. 
2004[67] 

USA Retrospective chart 
review, 
4-6-weeks, 
32 weeks follow-up 

Male: 45 
Female: 35 
(Total 80) 

40-91 Degenerative 
Not reported 
L4/5 

To assess the efficacy of fluoroscopically guided 
caudal epidural steroid injections in the management of 
degenerative lumbar spinal stenosis. 

Choopani et al. 
2019[43] 

Iran Double-blind 
randomised, 
8-weeks, 
Not reported 

Male: 3 
Female: 18 
(Total: 21) 

34-58 Not reported 
Grade <2 
Not reported 

To compare the effects of stabilisation and general 
exercises on pain, disability, and postural stability 
variables in participants with SPL. 

Crawford et al. 
1988[36] 

Canada Single-Case study 
experimental, 
8-weeks, 
4-weeks and  
16-weeks follow-up 

Female: 1 40 Isthmic (bilateral) 
Not reported 
L4/5 

To outline the chiropractic management of a case of 
bilateral isthmic SPL. 

Cushnie et al. 
2017[57] 

Canada Prospective cohort 
study of 
consecutive 
participants, 
Not specified, 
5-years follow-up 

Male: 19 
Female: 47 
(Total: 66) 

57-75 Degenerative 
Grade 1 to 2 
L3/L4 
L4/L5 
L5/S1 

To assess the quality of life and prevalence of slip 
progression in participants with degenerative lumbar 
SPL that are managed non-operatively. 
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Davison et al. 
2021[66] 

USA Retrospective, 
Not reported, 
2-years follow-up 

Male: 217,059 
Female: 314,921 
(Total: 531,980) 

>19 Degenerative 
Not reported 
Not reported 

To compare the nonoperative therapy regimens in 
degenerative lumbar spine disorder participants 
successfully managed conservatively versus 
participants who failed primary treatment and opted for 
lumbar fusion surgery. 

Demir-Deviren et 
al. 2019[10] 

Turkey Retrospective study 
on prospectively 
collected data, 
6-8 weeks post-
injection, 
3-years follow-up 

Male: 65 
Female: 138 
(Total: 201) 

52-80 Degenerative and 
Isthmic 
Grade 1 to 2 
Not reported 

To determine the effectiveness of conservative 
management in participants with degenerative and 
isthmic SPL. 

Dunn et al. 
2009[49] 

USA Case study, 
8-weeks, 
Not reported 

Male: 1 43 Isthmic 
Grade 1 to 2 
L3/4 
L4/5 

To describe the evaluation and conservative 
management of mechanical LBP secondary to multiple-
level lumbar spondylolysis with SPL. 

Emary et al. 
2017[51] 

Canada Case study, 
5-weeks, 
Not reported 

Female: 1 28 Isthmic 
Grade 4 
L6/S1 

To publish a case of conservative care of a grade 4 
SPL. 

Excoffon and 
Wallace 2006[56] 

USA Case study, 
40-weeks, 
Not reported 

Male: 1 57 Isthmic 
Grade 4 
L5/L6 

To describe the chiropractic treatment for a participant 
with SPL with sensory and motor deficits in the lower 
extremity. 

Fedorchuk et al. 
2021[38] 

USA Case study, 
7-months, 
1-year follow-up 

Male: 1 57 Not reported 
Grade 1 
L3/L4 retrolisthesis 
L4/L5 
anterolisthesis 

To report on the reduction of a double lumbar spine 
SPL by use of Chiropractic BioPhysics® technique. 
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Fedorchuk et al. 
2017[37] 

USA Case study, 
45-weeks, 
Not reported 

Female: 1 69 Degenerative 
Grade 2 
L4/5 

To discuss the use of non-surgical spinal rehabilitation 
protocol in the case of a 69-year-old female with a 
grade 2 SPL. 

Ferrari et al. 
2012[47] 

Italy Case study, 
Over 6-years, 
After 6-years 
follow-up 

Female: 1 44 Isthmic 
Grade 2 
L5/S1 

To outline the conservative management of a grade 2 
isthmic SPL with a spontaneous stabilisation. 

Ferrari et al. 
2016[32] 

Italy Case series, 
2-4-months, 
Not reported 

Male: 3 
Female: 7 
(Total: 10) 

23-48 Isthmic 
Grade 1 to 2 
L5/S1 

To examine the effects of cognitive and behavioural 
physical therapy on isthmic SPL. 

Ferrari et al. 
2012[50] 

Italy Case series, 
3-6-months, 
Not reported 

Male: 1 
Female: 3 
(Total: 4) 

25-50 Isthmic 
Grade 1 
L5/S1 

To describe clinical presentations and the conservative 
physiotherapy management of 4 participants with LBP 
and lumbar isthmic SPL. 

Ferrari et al. 
2018[69] 

Italy Retrospective 
cohort study, 
6-16-weeks, 
Not reported 

Male: 26 
Female: 38 
(Total: 64) 

18-75 Degenerative and 
Isthmic 
Grade 1 
L4/L5 
L5/S1 

To evaluate the comparative effectiveness of two 
different doses of physical therapy in reaching similar 
clinical outcomes. 
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Gerling et al. 
2020[59] 

USA Retrospective 
cohort study, 
Not reported, 
6-week, 3-month, 
6-month, then 
annually up to 4-
year follow-ups 

Male: 87 
Female: 179 
(Total: 266) 

55-77 Degenerative 
Not reported 
Not reported 

To investigate the impact that having an epidural 
steroid injection on the management of SPL. 

Halpin 2012[22] USA Case study, 
6-weeks, 
Not reported 

Female: 1 30 Isthmic 
Not reported 
L5/S1 

To find out the impact of massage techniques, 
including myofascial and muscle energy techniques, on 
the symptoms of pain, muscular hypertonicity, and 
structural misalignment associated with isthmic lumbar 
SPL. 

Jones and Bux 
2021[64] 

USA Case study, 
13 treatments, 
2-months follow-up 

Male: 1 53 Degenerative 
Grade 1 
L4/5 

To discuss the successful management of a 53-year-
old with degenerative SPL using anteroposterior 
mobilisation. 

Khan et al. 
2021[55] 

Pakistan Randomised 
Controlled Trial, 
4-weeks, 
Not reported 

Male: 47 
Female: 47 
(Total: 93) 

25-55 Not reported 
Grade 1 
Not reported 

To determine the effects of routine physical therapy 
with and without lumbar mobilisation in participants with 
grade 1 SPL. 

Kim et al. 2020[46] Korea Randomised 
controlled trial 
(single Blind), 
2-weeks, 
Not reported 

30 48-64 Not reported 
Not reported 
Not reported 

To compare the effects of forward-leaning exercise and 
supine bridging exercise in stability exercise. 
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Kraiwattanapong 
et al. 2014[34] 

Thailand Prospective cohort 
study, 
Up to 3 injections 
2-week, 6-week, 3-
month, 12-month 
follow-ups 

Male: 13 
Female:25 
(Total: 38) 

44-81 Degenerative 
Grade 1 
L4/5 

To report the short- and long-term outcomes of 
fluoroscopically guided lumbar transforaminal epidural 
steroid injection in degenerative lumbar SPL 
participants. 

Sai Krishna et al. 
2018[39] 

India Prospective, two-
group comparative 
study, 
6-months, 
Not reported 

Male: 26 
Female: 128 
(Total: 154) 

>18 Degenerative 
and developmental 
Grade 1 to 3 
L5/S1 
L4/L5 
L3/L4 

To determine the importance of the spinopelvic 
parameters in the causation and progression of SPL. 

Kruse et al. 
2019[40] 

USA Case study, 
1-month, 
10-years follow-up 

Male: 1 40 Isthmic 
Grade 1 
L5/S1 

To describe the effect of Cox flexion-distraction 
manipulation on a participant with a symptomatic L4-L5 
extruded disc above an L5-S1 spondylolytic SPL. 

Miao 2008[31] Australia Case study, 
6-weeks, 
3-years follow-up 

Male: 2 31-58 Isthmic 
Grade 1 
L4/5 
L5/S1 

To describe the acupuncture treatment of 2 participants 
with LBP due to SPL. 

Mohammadimajd 
et al. 2020[41] 

Iran Double-blind 
randomised 
controlled trial with 
a test-retest design 
and parallel groups, 
8-weeks, 
Not reported 

Male: 5 
Female: 21 
(Total: 26) 

45-57  Not reported 
Grade 1 
L4/5 

To compare the effects of 8-week lumbar segmental 
stabilisation exercises vs. general exercises on clinical 
and radiologic criteria of participants with grade 1 SPL. 
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Mohanty et al. 
2013[16] 

India Case study, 
20 treatments, 
Not reported 

Female: 1 43 Not reported 
Grade 2 
L5/5 

To describe the examination, intervention, and 
outcome of a participant with lumbar SPL. 

Mohanty and 
Patnaik 2016[70] 

India Randomised trial, 
20 treatments, 
Not reported 

Male: 65 
Female: 135 
(Total: 200) 

35-49 Isthmic 
Grade 2 
Not reported 
Not reported 

To determine the relative efficacy of conventional 
treatment protocol compared to thoracic mobilisation 
on the degree of slippage and the functions of the 
persons with isthmic lumbar SPL. 

Möller and 
Hedlund 2000[60] 

Sweden Prospective 
randomised, 
<1-year, 
2-years follow-up 

Male: 57 
Female: 54 
(Total: 111) 

18-55 Isthmic 
Grade 1 to 3 
L4/L5 
L5/S1 

To compare the outcome of an exercise program to 
posterolateral fusion in adults with isthmic SPL. 

Nava-Bringas et 
al. 2021[44] 

Mexico Randomised 
controlled trial, 
6-months, 
6-months follow-up 

Male: 14 
Female: 78 
(Total: 92) 

52-69  Degenerative 
Grade 1 and 
unaccounted  
L4/5 

To compare the effectiveness of lumbar stabilisation 
exercises and flexion exercises for pain control and 
improvements of disability in participants with chronic 
LBP and degenerative SPL. 

Nava-Bringas et 
al. 2014[42] 

Mexico Non-randomised 
clinical trial, 
6-months, 
6-months follow-up 

Male: 4 
Female: 16 
(Total: 20) 

53-68 Degenerative 
Grade 1 to 2 
L4/5 

To determine the effects of stabilisation exercises on 
pain and function in participants with degenerative 
SPL. 
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O'Sullivan et al. 
1997[45] 

Australia Randomised 
controlled trial, test-
retest, 
10-week, 
3-month, 6-month, 
30-month follow-
ups 

Male: 27 
Female: 15 
(Total: 42) 

20-42 Isthmic 
Grade 1 to 2 
L4/5 
L5/S1 

To determine the efficacy of a specific exercise 
intervention in the treatment of participants with chronic 
LBP and SPL. 

Rouse 1996[52] USA Case study, 
7-weeks, 
Not reported 

Male: 1 58 Isthmic 
Grade 1 
L5/S1 

To show how a conservative chiropractic rehabilitation 
program can effectively treat SPL. 

Salam et al. 
2020[54] 

Egypt Randomised 
controlled trial, 
4-weeks, 
Not reported 

Female: 60 45-65 Not reported 
Grade 1 
L5/S1 

To determine the effect of L4 manipulation and 
posterior pelvic tilting on sciatica in SPL. 

Sencan et al. 
2017[35] 

USA Retrospective 
study, 
1-4 injections, 
3.3-years follow-up 

Male: 65 
Female: 138 
(Total: 203) 

38-70 Degenerative and 
Isthmic 
Grade 1 to 2 
Not reported 

To compare the effectiveness of bilateral epidural 
steroid injection in degenerative and Isthmic SPL. 

Sinaki et al. 
1989[63] 

USA Comparative study, 
3-years, 
4.5-year follow-up 

Male: 18 
Female: 30 
(Total: 48) 

29-60 Non-traumatic 
Grade 1 
Not reported 

To compare the outcome of flexion-based exercises to 
extension-based exercises on SPL. 
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Vanti et al. 2017[33] Italy Prospective cohort 
observational 
study, 
6-10-weeks, 
Not reported 

Male: 48 
Female: 72 
(Total: 120) 

30-60 Degenerative and 
Isthmic 
Other 
Grade 1 to 2 
L4/L5 
L5/S1 
Other 

To examine the responsiveness of the bridge 
manoeuvre in participants with symptomatic lumbar 
SPL. 

Weinstein et al. 
2009[62] 

USA Randomised or 
observational 
cohort, 
Not reported, 
6-week, 3-month, 
6-month, annually 
up to 4-year follow-
ups 

607 54-78 Degenerative 
Not reported 
Not reported 

To compare conservative to invasive intervention in 
degenerative SPL. 

Weinstein et al. 
2007[61] 

USA Randomised or 
observational 
cohort, 
Not reported, 
6-weeks, 3-months, 
6-months, 1-year, 
2-years follow-up 

607 54-78 Degenerative 
Grade 1 to 2 
L3/4 
L4/5 

To compare surgical versus nonsurgical treatment for 
lumbar degenerative SPL. 

Wong 2014[48] Canada Case study, 
2-months, 
2-months follow-up 

Male: 1 26 Isthmic 
Grade 1 
L4/5 
L5/S1 

To discover a rare multi-level isthmic SPL in a young 
male participant following an acute onset of LBP. 
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Ying et al. 2019[65] China Case study, 
Not reported, 
5-years follow-up 

Male: 1 50 Isthmic 
Grade 1 
L5/S1 

To present the possibility of bony healing in the isthmic 
defect at terminal stage after conservative treatment. 

Acronyms and abbreviations: n: number, SPL: Spondylolisthesis, USA: United States of America, L: Lumbar, S: Sacral, LBP: Lower Back Pain 
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Appendix D: Example of Preliminary Study Characteristics 

Author Title/Date/Journal/ 

Country 

Purpose Intervention Duration/ 

Follow-up 

Gender/ 

Size/Age 

Grade, type, 

and level of 

SPL 

Inclusion/ 

Exclusion 

Methodology/

Design 

Measures Tests Statistics Main findings 

and 

conclusions 

Points of 

Interest 

Strengths/ 

Weaknesses 

Future 

research 

recommen

dations 

Emary, Peter 

C. 

Eberspaecher

, Stefan A. 

Taylor, John 

A. 

High-grade 

spondylolytic 

spondylolisthesis 

2017 

Journal of the 

Canadian 

Chiropractic 

Association  

Canada 

To publish a 

case of 

conservative 

care of a 

grade 4 SPL 

Manual therapy 

Home Spinal 

Stabilisation 

exercise 

General exercise 

5-weeks 

9 treatments 

None 

Female 

1 

28 

Grade 4 

Isthmic 

L6/S1 

N/A Case report Pain 

Functionality  

1-10 scale 

of pain 

None Decreased pain 

from 6/10 to 

2/10 

Conservative 

management 

worked for a 

high-grade 

SPL 

They had a 

sixth lumbar 

vertebrae 

Weakness: Case 

report design 

Not 

mentioned 
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Appendix E: Preferred Reporting Items for Systematic reviews and Meta-

Analysis with a Scoping Review (PRISMA-ScR) PRISMA-SCR Checklist[24] 

 
SECTION ITEM PRISMA-ScR CHECKLIST ITEM REPORTED 

ON PAGE # 

TITLE 

Title 1 Identify the report as a scoping review. 55 

ABSTRACT 

Structured 
summary 

2 Provide a structured summary that includes (as 
applicable): background, objectives, eligibility 
criteria, sources of evidence, charting methods, 
results, and conclusions that relate to the review 
questions and objectives. 

56-57 

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context 
of what is already known. Explain why the review 
questions/objectives lend themselves to a scoping 
review approach. 

59 

Objectives 4 Provide an explicit statement of the questions and 
objectives being addressed with reference to their 
key elements (e.g., population or participants, 
concepts, and context) or other relevant key 
elements used to conceptualise the review 
questions and/or objectives. 

59 

METHODS 

Protocol and 
registration 

5 Indicate whether a review protocol exists; state if 
and where it can be accessed (e.g., a Web 
address); and if available, provide registration 
information, including the registration number. 

59-60 

Eligibility criteria 6 Specify characteristics of the sources of evidence 
used as eligibility criteria (e.g., years considered, 
language, and publication status), and provide a 
rationale. 

61 

Information 
sources* 

7 Describe all information sources in the search (e.g., 
databases with dates of coverage and contact with 
authors to identify additional sources), as well as 
the date the most recent search was executed. 

59-60 

Search 8 Present the full electronic search strategy for at 
least 1 database, including any limits used, such 
that it could be repeated. 

149 

Selection of 
sources of 
evidence† 

9 State the process for selecting sources of evidence 
(i.e., screening and eligibility) included in the 
scoping review. 

61 

Data charting 
process‡ 

10 Describe the methods of charting data from the 
included sources of evidence (e.g., calibrated forms 
or forms that have been tested by the team before 
their use, and whether data charting was done 
independently or in duplicate) and any processes 
for obtaining and confirming data from investigators. 

61-62 

Data items 11 List and define all variables for which data were 
sought and any assumptions and simplifications 
made. 

61 

Critical appraisal 
of individual 
sources of 
evidence§ 

12 If done, provide a rationale for conducting a critical 
appraisal of included sources of evidence; describe 
the methods used and how this information was 
used in any data synthesis (if appropriate). 

N/A 

Synthesis of 
results 

13 Describe the methods of handling and summarising 
the data that were charted. 

61-62 
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RESULTS 

Selection of 
sources of 
evidence 

14 Give numbers of sources of evidence screened, 
assessed for eligibility, and included in the review, 
with reasons for exclusions at each stage, ideally 
using a flow diagram. 

63 

Characteristics of 
sources of 
evidence 

15 For each source of evidence, present 
characteristics for which data were charted and 
provide the citations. 

133-141 

Critical appraisal 
within sources of 
evidence 

16 If done, present data on critical appraisal of included 
sources of evidence (see item 12). 

N/A 

Results of 
individual sources 
of evidence 

17 For each included source of evidence, present the 
relevant data that were charted that relate to the 
review questions and objectives. 

133-141 

Synthesis of 
results 

18 Summarise and/or present the charting results as 
they relate to the review questions and objectives. 

62-82 

DISCUSSION 

Summary of 
evidence 

19 Summarise the main results (including an overview 
of concepts, themes, and types of evidence 
available), link to the review questions and 
objectives, and consider the relevance to key 
groups. 

82-108 

Limitations 20 Discuss the limitations of the scoping review 
process. 

108-109 

Conclusions 21 Provide a general interpretation of the results with 
respect to the review questions and objectives, as 
well as potential implications and/or next steps. 

109 

FUNDING 

Funding 22 Describe sources of funding for the included 
sources of evidence, as well as sources of funding 
for the scoping review. Describe the role of the 
funders of the scoping review. 

55 

 

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and 

Meta-Analyses extension for Scoping Reviews. 

* Where sources of evidence (see second footnote) are compiled from, such as bibliographic 

databases, social media platforms, and Web sites. 

† A more inclusive/heterogeneous term used to account for the different types of evidence or data 

sources (e.g., quantitative and/or qualitative research, expert opinion, and policy documents) that may 

be eligible in a scoping review as opposed to only studies. This is not to be confused with information 

sources (see first footnote). 

‡ The frameworks by Arksey and O’Malley[23] and Levac et al.[28] and the JBI guidance[246] refer to the 

process of data extraction in a scoping review as data charting. 

§ The process of systematically examining research evidence to assess its validity, results, and 

relevance before using it to inform a decision. This term is used for items 12 and 19 instead of "risk of 

bias" (which is more applicable to systematic reviews of interventions) to include and acknowledge 

the various sources of evidence that may be used in a scoping review (e.g., quantitative and/or 

qualitative research, expert opinion, and policy document).
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Appendix F: Cooper’s Checklist for Scoping Reviews[247] 

Key Criteria Checklist Items Score one point for 
each item 

1. Study aim, 
purpose, 
and research 
question 

1.The rationale/purpose for the scoping review was 
stated. 
2. Appropriate scoping review methodology was used. 
3. At least two reviewers conducted the review. 
4. The research question/s was/were used to guide the 
scope of inquiry 
(Participants, concept, and context includeda). 

1 
 

1 
1 
1 

2. Relevant 
studies 

5. An in-depth literature search was conducted to 
identify all relevant literature.b 
6. A comprehensive list of relevant studies that balances 
breadth with feasibility was identified. 

1 
 

1 

3. Study 
selection 

7. The inclusion and exclusion criteria were clearly 
described and were used to determine eligibility of 
studies. 
8. The study selection involved an iterative process, 
including searching the literature, refining the search 
strategy, and reviewing articles for inclusion. 
9. At least two reviewers independently reviewed the title 
and abstracts and reached consensus on studies for 
inclusion. 
10. The study selection process was summarised in a 
flow chart. 

1 
 
 

1 
 

 
1 
 
 

1 

4. Charting the 
data 

11. The research team collectively developed a data 
charting format and determined which variables to 
extract to answer the research question. 
12. The data were charted through sifting and sorting; 
tables include study details based on full-texts. 
13. A numerical analysis of the extent and nature of 
included studies was reported. 
14. The quality of papers was assessed.c  

1 
 

 
1 

 
1 
 
- 

5. Collating, 
summarising, 
and 
reporting the 
results 

15. Results were presented in a logical descriptive or 
diagrammatic or tabular format. 
16. A narrative account of results was presented. 
17. The results were aligned with the review aim, 
purpose/research question/s. 
18. Issues associated with bias were discussed. 
19. Implications for future research, education, practice, 
and/or policy were discussed. 
20. The conclusion described the current state of the 
overall literature in relation to the topic. 

1 
 

1 
1 
 

1 
1 

 
1 

 Total 19/20 

6. Optional 
stage: 
consultation 

Stakeholder/participant voices were included in the 
review when appropriate. 
If included: 
21. The process of stakeholder consultation was clearly 
described. 
22. Findings were re-examined in the light of stakeholder 
input, to justify final conclusions. 

 
 
 
- 
 
 
- 

 Total 19/22 

Additional 
Guidance 

Additional guidance: 
a. Item 4: Scoping reviews have a broad scope with 
even broader inclusion criteria, so participants may be 
selected from a wide group. 
The concept (area of interest/condition being explored, 
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etc.) will also have a wide remit and the context may be 
left open, for example, any health care setting in any 
region. 
b. Item 5: This should include searches of an adequate 
number of different sources (databases/electronic 
sources, research registers; reference lists/hand 
searches, etc.). 
c. Item 14: Paper quality should also include a check to 
ensure that reports have not been retracted. 
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Appendix G: Ethics Exemption 
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Appendix H: Search Strategy 

Preliminary search to formulate final search strategy 

Date of 
Retrieval 

Database Syntax Number of 
Articles 

1/11/2020 Ebsco 
Health 
Database 

Spondylolisthesis AND non-surgical 97 
Spondylolisthesis AND (manual therapy 
or mobilisation or manipulation) NOT 
(surgery or operation or surgical 
procedure)  

121 

Spondylolisthesis AND (exercise and 
rehabilitation) NOT surgery or operation 
or surgical procedure or surgical 
treatment 

71 

6/7/2020 Science 
Direct 
(Elsevier) 
 

Spondylolisthesis AND conservative 
management NOT surgical 

208 

Spondylolisthesis AND exercise NOT 
surgery NOT fusion 

340 

Spondylolisthesis AND manual therapy 
NOT surgery 

197 

1/11/2020 PubMed Spondylolisthesis AND rehabilitation 
NOT (surgical OR surgery) 

126 

Spondylolisthesis AND conservative 
management NOT surgery 

27 

Spondylolisthesis AND management 
NOT invasive NOT fusion 

157 
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Final and full electronic search strategy for the PubMed database 

Date of 
Retrieval 

Search Syntax Fields Results 

1/11/2020 spondylolisthesis AND 
rehabilitation NOT (surgical 
OR surgery) 

All 126 

1/11/2020 spondylolisthesis AND 
conservative management 
NOT surgery 

All 27 

8/11/2020 spondylolisthesis AND 
management NOT invasive 
NOT fusion 

All 157 

11/11/2020 spondylolisthesis AND 
epidural steroid injection 

All 44 

11/11/2020 spondylolisthesis AND 
physical activity 

All 102 

11/11/2020 spondylolisthesis AND motor 
control 

All 14 

11/11/2020 spondylolisthesis AND 
exercise therapy 

All 40 

  
 Total: 510 

 
 

 




