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ABSTRACT 

Spine degeneration is one of the most common causes of musculoskeletal pain, disability, and decreased quality of life 

globally. The combination of spine degeneration, osteoporosis, and functional impairment creates diagnostic difficulties 

that require special attention to be paid to the development of appropriate assessment methods. The present study is 

devoted to the review of the existing scientific research on the use of quantitative bone imaging and functional 

physiotherapy tests to diagnose and manage spine degenerative disorders. To this end, peer-reviewed publications and 

clinical cases were analyzed in order to identify the developments in imaging techniques, bone quality evaluation, 

functional tests in physiotherapy, and diagnostics. The conclusions show that quantitative imaging modalities, including 

DEXA, QCT, MRI, and advanced imaging biomarkers, give useful insights into vertebral integrity, bone quality, and 

structural degeneration. On the other hand, physiotherapy assessments of posture, mobility, muscular strength, balance, 

gait, pain, and disability supplement imaging findings through evaluation of the clinical impact of structural alterations. 

Integration of structural and functional assessments increases the diagnostic accuracy, allows for risk stratification, and 

facilitates the development of a personalized rehabilitation plan. Moreover, modern technologies such as AI, radiomics, 

wearables, and tele-rehabilitation systems bring new perspectives to precision spine care. Thus, combining quantitative 

bone imaging and physiotherapy functional assessment can be considered a basis for improvement of early diagnosis, 

rehabilitation, and treatment of spine degeneration disorders. 

 

KEYWORDS: Degenerative spine disorders; Quantitative bone imaging; Physiotherapy assessment; Osteoporosis; 

Rehabilitation. 

 

1. INTRODUCTION 

Spinal degeneration disorders are one of the most common orthopedic diseases throughout the world, being the main 

reasons for chronic pain and disability. These diseases include a wide variety of pathological processes that occur in the 

intervertebral discs, vertebrae, facet joints, ligaments, and muscles of the spine. The development of the increased 

incidence of spinal degeneration has been associated with ageing, a sedentary lifestyle, obesity, stress at work, and an 

increase in life expectancy. Spinal degenerative disorders often lead to chronic neck and low back pain and radiculopathy, 

creating a significant socioeconomic burden due to healthcare costs, absenteeism from work, and disability. The progress 

of diagnostic approaches has highlighted the significance of early diagnosis and comprehensive assessment for improving 

patient outcomes [1]. 

Ageing is one of the primary factors that cause spinal disorders and their aggravation. Age-associated factors include 

dehydration of intervertebral discs, a decrease in the height of discs, degeneration of facet joints, loss of muscle mass, and 

changes in the biomechanics of the spine. Osteoporosis, in turn, leads to low bone strength of vertebrae, making 

individuals prone to vertebral fractures, spinal deformities, and pain. The combination of osteoporosis and degeneration 

of the spine is especially widespread in elderly people, as age-related deterioration and bone fragility can exacerbate each 

other. With the increasing average age of populations worldwide, the incidence of degenerative diseases of the spine will 

rise significantly [2]. 
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Early detection of degenerative spinal disorders is difficult since structural changes tend to happen slowly and do not 

necessarily correspond to the degree of symptoms. While many people show no symptoms despite having radiological 

evidence of degeneration, others suffer from severe symptoms with only minimal degenerative structures. Symptoms of 

spinal degeneration may also coincide with symptoms of other disorders of the musculoskeletal system and nervous 

system, thus making the process of diagnosis more difficult. Screening for these types of cases needs a holistic approach 

that involves clinical assessment, patient history, and testing. A system that employs warning signs when screening 

patients has become common in distinguishing spinal degenerative problems from the serious spinal diseases that need 

prompt medical attention [3]. 

The development of imaging technology in medicine has had an immense influence on the way degenerative spinal 

conditions can be assessed by virtue of making the visualization of spinal structure possible. The objective data concerning 

bone mineral density, vertebral shape, intervertebral disc degeneration, spinal deformities, and musculoskeletal tissue 

health can be obtained through the use of quantifiable imaging methods. With the aid of technologies such as dual-energy 

X-ray absorptiometry, quantitative computed tomography, and magnetic resonance imaging, it has become increasingly 

easier to identify pathological features before any functional deficits arise [4]. 

Whereas imaging assists in detecting structural problems, functional assessment in physiotherapy provides valuable 

information on the influence of structural changes of the spine on bodily functions like movement, balance, muscle 

strength, mobility, and activities of daily living. Functional assessment allows to detect the impairments that cannot be 

detected simply by analysis of the results obtained with the use of imaging methods and creates the basis for planning the 

individual rehabilitation program. Physiotherapy assessment typically involves assessment of posture, mobility, muscle 

function, gait, balance, and disability. Functional assessment is an important instrument for monitoring the progress of the 

patient and optimizing his treatment. Functional assessment has gained wide recognition as a vital part of musculoskeletal 

treatment recently [5]. 

A comprehensive diagnosis strategy that takes into account structural, functional, and biological perspectives is necessary 

for degenerative spine disorders. The management strategy through rehabilitation has proved the usefulness of blending 

the clinical and functional diagnoses to achieve better results [6]. Similarly, developments in the area of biomarkers have 

shown the possibility of utilizing objective biomarkers to identify disease changes even before there is any manifestation 

of clinical signs [7]. Orthopedic biomarker technology developments have also underlined the need for combination of 

various sources of diagnostic information [8]. 

The combination of quantitative bone imaging with functional physiotherapy tests, thus, represents a potential approach 

for increasing diagnostic accuracy and initiating early intervention in degenerative spine disorders. This review attempts 

to explore the scientific literature on the use of quantitative bone imaging and functional physiotherapy tests in early 

detection and treatment of degenerative spine disorders. The importance of quantitative imaging methods, bone quality 

assessment, functional physiotherapy testing, and other multi-disciplinary approaches has been highlighted in particular. 

 

2. METHODOLOGY 

The current investigation adopted the method of a comprehensive review to assess the role of quantitative imaging of 

bones and physiotherapy functional evaluation for the early detection and management of degenerative spine conditions. 

The related literature has been selected through peer-reviewed journal publications, reviews, clinical guidelines, and 

reputable academic literature available on databases like Google Scholar, DOAJ, and ScienceDirect. A systematic search 

strategy has been employed using relevant combinations of search terms like degenerative spine disorders, spine 

degeneration, low back pain, cervical degeneration, quantitative bone imaging, MRI, DXA, QCT, physiotherapy 

evaluation, rehabilitation, osteoporosis, bone quality, radiomics, and artificial intelligence in spine health care. Literature 

on non-spinal musculoskeletal disorders, without any connection with degenerative spine disorders, was excluded. The 

literature selected was then divided into main themes, namely, epidemiology and pathophysiology of degenerative spine 

disorders, quantitative imaging modalities, bone quality and osteoporosis, physiotherapy function tests, correlations 

between imaging results and functional impairment, and new modalities for diagnostic and therapeutic purposes. Evidence 

from the studies included in the review was narratively synthesized in order to understand the existing evidence, its 

applications, limitations, and future directions. Figure 1 below illustrates the steps undertaken in identifying, selecting, 

classifying the literature, and synthesizing evidence in this review. 

 
Figure 1. Overview of the Comprehensive Review Process 
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3. RESULTS 

3.1 Degenerative Spine Disorders: Pathophysiology and Clinical Burden 

Degenerative conditions affecting the spine are one of the most common causes of chronic musculoskeletal pain and 

dysfunction worldwide, especially in elderly people. This condition is characterized by degeneration of intervertebral 

discs, facet joints, vertebral plates, and soft tissue structures, leading to impaired biomechanics and function of the spine. 

Lumbar and cervical degenerations are the most frequent forms, and are often accompanied by low back pain, neck pain, 

radiculopathy, reduced range of motion, and a poor quality of life. In addition to aging-induced degeneration of spinal 

structures, osteoporosis and fragility of vertebrae play an important role in disease progression. The knowledge of 

pathophysiology of spinal degeneration is important in terms of diagnostic approaches and rehabilitation. The features of 

common degenerative spine conditions are presented in Table 1. 

 

Table 1. Major Degenerative Spine Disorders and Clinical Characteristics 

Disorder 

Primary 

Pathological 

Changes 

Common 

Symptoms 

Functional 

Consequences 

Typical 

Imaging 

Findings 

Key 

Reference 

Lumbar 

Degeneration 

Disc degeneration, 

facet arthropathy, 

ligament hypertrophy 

Low back pain, 

stiffness, 

radiculopathy 

Reduced mobility 

and disability 

Disc space 

narrowing, 

osteophytes, 

stenosis 

[9] 

Cervical 

Degeneration 

Disc degeneration, 

osteophyte formation, 

spinal cord 

compression 

Neck pain, 

upper-limb 

symptoms, 

myelopathy 

Impaired neck 

function and 

balance 

Foraminal 

narrowing, cord 

compression 

[10] 

Degenerative 

Disc Disease 

Disc dehydration, 

annular fissures, loss 

of disc height 

Discogenic pain Activity limitation 

Disc height 

loss, Modic 

changes 

[11] 

Facet Joint 

Degeneration 

Cartilage erosion and 

joint hypertrophy 

Axial spinal 

pain 

Reduced spinal 

flexibility 

Facet 

hypertrophy 

and sclerosis 

[12] 

Osteoporotic 

Vertebral 

Changes 

Reduced bone 

strength and 

microarchitectural 

deterioration 

Vertebral pain 

and fractures 

Kyphosis and 

disability 

Compression 

fractures 
[13] 

 

3.2 Quantitative Bone Imaging in Degenerative Spine Disorders 

Quantitative imaging techniques are essential for early detection and characterization of degenerative changes in the spine. 

Standard radiographs still serve their purpose in terms of spinal alignment and vertebrae deformations. However, DXA 

and QCT give valuable data about bone mineral density and vertebrae bone quality. MRI serves as the most informative 

method since it allows seeing the condition of intervertebral discs, nerves, bone marrow, and paraspinal muscles. In 

addition, more advanced technologies like diffusion kurtosis imaging, quantitative MRI, and radiomics can help detect 

structural and microstructural abnormalities at an earlier stage before the development of degeneration. All the above-

mentioned methods are being implemented into clinical practice and may allow diagnosing the disease sooner and monitor 

its development. Comparison of the currently used imaging techniques is shown in Table 2. 

 

Table 2. Comparison of Quantitative Imaging Modalities for Spine Assessment 

Imaging 

Technique 
Primary Target Advantages Limitations Clinical Utility 

Key 

Reference 

Conventional 

Radiography 

Alignment and 

bony structures 

Widely 

available and 

cost-effective 

Poor soft-tissue 

visualization 

Initial assessment 

of degeneration 
[14] 

DXA 
Bone mineral 

density 

Gold standard 

for 

osteoporosis 

screening 

Limited structural 

assessment 

Fracture-risk 

evaluation 
[15] 

QCT 
Trabecular and 

cortical bone 

Volumetric 

bone analysis 

Higher radiation 

dose 

Vertebral bone 

quality assessment 
[13] 

MRI 
Discs, nerves, 

muscles, marrow 

Excellent soft-

tissue contrast 

Expensive and 

time-consuming 

Comprehensive 

spinal evaluation 
[16] 

Diffusion 

Kurtosis 

Imaging 

Tissue 

microstructure 

Detects early 

degenerative 

changes 

Limited 

availability 

Early disease 

detection 
[17] 

Quantitative Tissue Objective Requires Monitoring [18] 
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MRI composition 

biomarkers 

quantitative 

assessment 

advanced 

protocols 

disease 

progression 

Musculoskeletal 

Ultrasound 

Soft tissues and 

muscles 

Dynamic and 

non-invasive 

Operator 

dependent 

Functional 

physiotherapy 

assessment 

[19] 

Radiomics 
Quantitative 

image features 

Predictive and 

prognostic 

potential 

Lack of 

standardization 

Risk prediction 

and precision 

medicine 

[20] 

 

3.3 Bone Quality Assessment and Osteoporosis-Related Spinal Degeneration 

The concept of bone quality is significant in degenerative spine disorders. It is a critical factor that needs consideration 

because lower bone mineral density and microstructure impair the spine's ability to withstand vertebral compression 

fractures, vertebral deformation, pain, and poor functioning. Osteoporosis often accompanies degenerative spine diseases, 

especially among the elderly. However, the development of quantitative imaging techniques has made it possible to detect 

imaging biomarkers that indicate the risk of fractures and bone fragility in patients suffering from degenerative spine 

diseases. An analysis of bone quality enables healthcare specialists to determine risks and develop appropriate 

rehabilitation strategies. The most valuable vertebral bone quality biomarkers are provided in Table 3. 

 

Table 3. Imaging Biomarkers Associated with Vertebral Bone Quality 

Biomarker 
Imaging 

Method 
Clinical Significance Clinical Application 

Key 

Reference 

Bone Mineral 

Density 
DXA Osteoporosis diagnosis 

Fracture-risk 

prediction 
[15] 

Trabecular Bone 

Density 
QCT 

Vertebral strength 

assessment 
Surgical planning [13] 

Vertebral Marrow 

Alterations 
MRI Early degeneration detection Disease monitoring [13] 

Endplate Defects MRI Marker of disc degeneration 
Progression 

assessment 
[11] 

Modic Changes MRI 
Associated with chronic 

spinal pain 
Prognostic evaluation [11] 

Paraspinal Muscle 

Fatty Infiltration 
MRI 

Indicator of muscle 

degeneration 

Rehabilitation 

planning 
[16] 

Radiomic Features CT/MRI 
Quantitative disease 

characterization 
Predictive modeling [20] 

 

3.4 Functional Physiotherapy Assessment and Clinical Evaluation 

Despite the useful information on the anatomy that imaging allows to receive, functional physiotherapy assessment is 

critical for the consideration of the impact of the spine deterioration on patients’ everyday life. The assessment of patients' 

posture, flexibility, strength, core stability, balance, gait, and disability provides an understanding of the functional 

problems that patients face. Functional assessment helps to detect movement disorders, neuromuscular problems, and 

activity limitations that might not be revealed using imaging. Standardized tests including the Oswestry Disability Index, 

Roland-Morris Disability Questionnaire, Neck Disability Index, and several pain assessment tools are used to objectively 

assess patients' outcomes. With the inclusion of the functional assessment in clinical practice, rehabilitation can be tailored 

to each patient individually. Physiotherapy assessment methods and their use cases are presented in Table 4. 

 

Table 4. Functional Physiotherapy Assessment Tools and Clinical Applications 

Assessment 

Domain 
Tool/Method Clinical Purpose 

Outcome 

Measured 

Key 

Reference 

Postural 

Assessment 
Postural alignment analysis 

Detect biomechanical 

abnormalities 

Postural 

deviations 
[21] 

Range of 

Motion 
Goniometry/Inclinometry 

Assess spinal 

mobility 

Flexibility and 

stiffness 
[22] 

Functional 

Movement 
Functional movement screening 

Evaluate movement 

quality 

Functional 

limitation 
[23] 

Muscle 

Strength 
Dynamometry 

Quantify muscular 

performance 
Strength deficits [24] 

Core Stability Trunk endurance tests Assess spinal control Stability capacity [23] 

Balance 

Assessment 
Berg Balance Scale/TUG Identify fall risk Postural control [25] 

Gait Analysis Instrumented gait assessment 
Evaluate locomotor 

function 

Walking 

performance 
[26] 
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Disability 

Assessment 
Oswestry Disability Index 

Assess low-back 

disability 

Functional 

impairment 
[27] 

Neck Disability 

Assessment 
Neck Disability Index 

Assess cervical 

dysfunction 
Functional status [10] 

Pain 

Assessment 
VAS/NRS/McGill Questionnaire 

Evaluate pain 

severity 

Pain intensity and 

quality 
[28] 

 

3.5 Relationship Between Imaging Findings, Pain, and Functional Impairment 

The correlation between structural changes and clinical manifestations in degenerative spine diseases is sometimes 

complicated. Although some imaging features, such as vertebral fracture, spinal stenosis, and severe degenerative changes 

in muscles, can be highly correlated with pain and dysfunction, there are cases where patients have large amounts of 

anatomical alterations, but no signs or symptoms. At the same time, those people who have minor anatomical 

abnormalities can suffer from severe pain and dysfunction. Thus, the inconsistency between the imaging characteristics 

and symptoms proves the multifactorial character of these diseases, which means that biological, biomechanical, 

psychological, and behavioral factors affect their development. Key research papers on this issue are listed in Table 5. 

 

Table 5. Studies Examining Relationships Between Imaging Findings and Functional Outcomes 

Imaging Finding 
Functional 

Outcome 
Main Observation Clinical Interpretation 

Key 

Reference 

Disc Degeneration Low back pain Moderate association 
Requires clinical 

correlation 
[11] 

Facet Arthropathy Reduced mobility 
Associated with 

stiffness and pain 

Functional assessment 

required 
[12] 

Paraspinal Muscle 

Degeneration 
Muscle weakness 

Strong relationship 

with disability 
Rehabilitation target [16] 

Vertebral 

Compression 

Fractures 

Functional decline 
Strong association with 

disability 

Requires osteoporosis 

management 
[13] 

Modic Changes Chronic pain Variable relationship 
Not always symptom-

related 
[11] 

Spinal Stenosis 
Walking 

impairment 

Associated with 

reduced mobility 

Influences treatment 

planning 
[12] 

Reduced Bone 

Density 

Increased 

disability risk 

Greater functional 

decline in elderly 

Supports early 

intervention 
[15] 

 

3.6 Emerging Technologies and Integrated Approaches for Early Detection and Management 

The recent technological developments have revolutionized the diagnosis and management of degenerative conditions of 

the spine. Use of AI, machine learning, radiomics, wearables, inertial motion units, and tele-rehabilitation platforms have 

enhanced the ability to diagnose and monitor the progress of patients from afar. With the help of the new technologies, 

clinicians can now merge imaging data with physical performance to get a holistic picture of the disease and its 

progression. The blend of quantitative imaging, physical therapy, and digital health technologies has made precision 

medicine possible, wherein therapies are personalized based on the needs of the individual patient. The new technologies 

and their possible uses for spinal care are detailed in Table 6. 

 

Table 6. Emerging Technologies for Early Detection and Management of Degenerative Spine Disorders 

Technology Principle 
Clinical 

Application 
Future Potential 

Key 

Reference 

Artificial Intelligence 
Automated image 

interpretation 
Diagnostic support Precision diagnosis [29] 

Machine Learning Predictive analytics Risk stratification 
Personalized 

treatment planning 
[30] 

Radiomics 
Quantitative image 

analysis 
Biomarker discovery Prognostic modeling [20] 

Wearable Sensors 
Continuous movement 

monitoring 

Functional 

assessment 

Remote patient 

monitoring 
[24] 

Inertial Measurement 

Units (IMUs) 

Motion tracking 

technology 

Gait and posture 

analysis 

Early screening and 

monitoring 
[26] 

Tele-Rehabilitation 
Remote exercise 

delivery 

Long-term 

management 

Improved 

accessibility 
[31] 

Precision Spine 

Medicine 

Integrated patient 

profiling 

Personalized care 

pathways 

Future clinical 

paradigm 
[32] 
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4. DISCUSSION 

Findings from the study highlight the growing importance of the use of quantitative bone imaging in conjunction with 

functional physiotherapy assessment in the early detection and treatment of degenerative spine diseases. Degenerative 

spine disease is complex and has several factors involved in its occurrence such as deterioration of the structure, change 

in the bone quality, muscle dysfunctions, pain, and impaired function. Findings from the reviewed literature suggest that 

imaging can provide valuable data on vertebrae integrity, disc degeneration, and musculoskeletal tissues; however, they 

do not completely explain what happens in the clinical setting of the patient. In the same manner, functional physiotherapy 

assessment is essential in offering a critical information on mobility, strength, balance, and disability but might fail to 

offer a sufficient information on the underlying structural abnormality. Therefore, an integrated approach that incorporates 

these complementary methods provides a more in-depth picture of the disease condition and can contribute to the earlier 

diagnosis, better risk identification, and more personalized rehabilitation. 

The current results align with other studies that have underscored the importance of the holistic musculoskeletal 

assessment systems. A professional opinion on the evaluation of musculoskeletal disease in the early years of life revealed 

the significance of integrating several diagnostic methods to enhance the detection of disease-related alterations before 

the emergence of the subsequent clinical symptoms [33]. In the same manner, a proposed framework of integrated clinical 

evaluation of patients with shoulder pain revealed that the combination of the structural, functional, and patient-centered 

assessment can improve clinical decision-making and progress in treatment [34]. Interdisciplinary options have also been 

suggested in the management of temporomandibular joint osteoarthritis where structural imaging results are observed and 

interpreted with functional and clinical assessment to enhance patient care [35]. Moreover, data on the benefits of 

physiotherapy treatments in the management of temporomandibular dysfunction has also revealed the strong association 

that exists between structural abnormalities and functional impairments, which has also supported the significance of 

multidimensional assessment strategies [36]. This review also indicates agreement with the concerns of overutilizing 

imaging as a single modality because inappropriate imaging can lead to higher health care expenditures and unwanted 

downstream effects without a likely subsequent positive impact on patient outcomes [37]. Moreover, recent studies in 

physiotherapy also stress the need to incorporate functional, behavioral, and psychosocial variables with structural 

pathology in the management of chronic musculoskeletal disorders, which is why the combination of the two suggested 

in the current review is important [38]. 

Clinically, quantitative imaging and physiotherapy assessment can enhance patient management by ensuring more 

accurate diagnosis and intervention strategies. The prevention of long-term disability can be assisted by the early detection 

of vertebral fragility, muscle degeneration, balance and movement dysfunction and moderate the outcome of 

rehabilitation. This type of strategy is especially applicable to the aging demographics, where osteoporosis and 

degeneration of the spine are commonly comorbid conditions, which cause significant healthcare costs. The use of new 

technologies, such as artificial intelligence, radiomics, wearables, and digital rehabilitation solutions, can also help 

increase the accuracy of the diagnosis and improve the monitoring opportunities. 

Although such positive results are promising, there are a number of limitations that should be noted. A large proportion 

of the existing evidence is still heterogeneous in terms of imaging protocols, functional and outcome measures therefore 

precluding a direct comparison across studies. Furthermore, most of the new technologies are still at an initial phase of 

clinical validation and their daily use in practice applicability may be limited by financial factors, their availability and 

technical skills. The qualitative nature of the review might be a further limitation to the quantitative assessment of the 

strength of individual associations presented in the literature. 

The next phase of research should be aimed at creating standardized assessment protocols that will combine imaging 

biomarkers with functional physiotherapy outcomes. To ascertain the predictive quality of combined diagnostic methods 

on disease development, treatment responsiveness, and functional outcomes in the long run, large-scale longitudinal 

research is required. Additional research on the use of artificial intelligence-based diagnostics, digital health technologies, 

and precision rehabilitation models can also aid in more personal and effective management of people with degenerative 

spine disorders. 

 

5. CONCLUSION 

Particularly in older adults, degenerative diseases of the spine are important causes of chronic pain, disability, and low 

quality of life. It is important that an integrative diagnostic approach is applied, which involves quantitative imaging of 

bones together with physical therapy assessment of functions, to achieve better outcomes. As seen from the results of the 

review, modern imaging methods such as DXA, QCT, MRI, quantitative MRI, as well as radiomics, yield useful data 

about bone structure of the vertebrae and muscle structure. Nevertheless, imaging results alone are not enough to interpret 

the level of pain and functional limitations of patients. One of the conclusions made through this literature review is that 

functional physiotherapy evaluations, such as assessments of postural issues, movement, muscle strength, balance, 

walking ability, pain, and disability, contribute significantly to providing crucial additional information to clinical 

interpretations of imaging tests. Another point indicated by the reviewed studies is that combining structural and functional 

tests might improve diagnostics, help to stratify patients at risk, plan personalized rehabilitation strategies, and increase 

effectiveness in monitoring disease development and treatment. Moreover, this study stresses the growing number of 

opportunities provided by the novel technologies that include artificial intelligence, machine learning, wearables, and tele-

rehabilitation systems in the context of precision spine care. Overall, the multidisciplinary and patient-centered approach 

based on both imaging techniques and functional physiotherapy may be taken into account when diagnosing, 

rehabilitating, and managing spine degenerations. 
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