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Abstract

Introduction: Lumbar degenerative disc disease (DDD) is a
major cause of chronic low back pain and functional
limitation among adults. While spinal fusion has been the
traditional surgical approach for advanced DDD, lumbar
arthroplasty including total disc replacement (TDR) and
facet joint replacement has emerged as a motion-preserving
alternative aimed at restoring segmental mobility and
reducing adjacent segment degeneration.

Objective: This systematic review aims to evaluate the
current evidence on the diagnostic criteria, surgical
management, postoperative care, and functional outcomes
associated with lumbar arthroplasty procedures in patients
with symptomatic DDD.

Methods: The review followed PRISMA guidelines. A
structured search was conducted in PubMed, Scopus,
Embase, and Web of Science to identify studies published
between January 2000 and July 2025. Inclusion criteria
comprised randomized controlled trials, cohort studies, and
systematic reviews involving adult patients undergoing
TDR, facet arthroplasty, or hybrid procedures. Two
independent reviewers conducted data extraction and quality
appraisal using the Cochrane Risk of Bias tool and

Newcastle-Ottawa Scale. Data were synthesized narratively
due to heterogeneity among studies.

Results: Thirty-seven high-quality studies were included.
Diagnostic confirmation relied on clinical and radiological
indicators such as axial low back pain, Modic changes, disc
height loss, and MRI or CT findings. Surgical interventions
using prostheses like ProDisc-L, Charité, and TOPS
demonstrated efficacy in maintaining motion, reducing pain
(VAS), and improving functional indices (ODI).
Postoperative strategies prioritized early mobilization,
physiotherapy, and radiographic monitoring. Complication
rates were comparable or lower than fusion, and outcomes
were favorable up to 10 years postoperatively.

Conclusion: Lumbar arthroplasty is a safe and effective
surgical option for selected patients with DDD. When
guided by appropriate diagnostic protocols and applied
within evidence-based indications, motion-preserving
surgery offers significant improvements in pain, function,
and quality of life. Future longitudinal studies and
refinement of patient selection criteria are essential to
optimize long-term success.

Keywords: Intervertebral Disc Displacement, Arthroplasty, Replacement, Lumbar Vertebrae, Postoperative Care, Range of

Motion, Articular

1. Introduction

Lumbar degenerative disc disease (DDD) remains a leading cause of chronic low back pain and disability in the working-age
population, with considerable socioeconomic and quality-of-life implications worldwide. This condition is characterized by
structural deterioration of the intervertebral disc, often associated with biochemical degeneration, annular fissures, disc space
narrowing, and loss of segmental motion control. Clinically, patients may present with axial pain, reduced functional capacity,
and varying degrees of radiculopathy, frequently unresponsive to conservative therapy after several months ['-3],

Historically, lumbar fusion has been the mainstay of surgical management in cases of symptomatic DDD refractory to
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non-operative treatment. Although effective in stabilizing
pathological motion segments and alleviating symptoms,
fusion is intrinsically associated with loss of mobility and
has been implicated in the development of adjacent segment
degeneration (ASD) over time. This phenomenon, in which
biomechanical stress is redistributed to adjacent non-fused
segments, can lead to accelerated degeneration and may
necessitate further surgical intervention ™ 31,

In response to the limitations of fusion, lumbar arthroplasty
techniques have been developed to preserve spinal motion
and restore physiological segmental biomechanics. Total
disc replacement (TDR), in particular, emerged as a motion-
preserving alternative aimed at maintaining disc height,
restoring kinematic function, and potentially minimizing
ASD. Devices such as the ProDisc-L, Charité, and activL
disc prostheses have demonstrated promising outcomes in
terms of pain reduction, functional improvement, and
radiographic stability in both short- and long-term follow-
ups [¢81. Unlike fusion, which aims to eliminate motion at a
pathological segment, TDR attempts to replicate the natural
movement of the spine through artificial intervertebral
devices that allow controlled flexion-extension, lateral
bending, and axial rotation [ 1.

Despite the increasing adoption of TDR, clinical practice
remains heterogencous regarding patient selection, surgical
indications, and outcome measures. Additionally, recent
advances in motion-preserving spinal surgery have
introduced posterior-based technologies, including facet
joint arthroplasty and hybrid procedures combining disc
replacement with posterior dynamic stabilization. These
innovations have further expanded the indications for
arthroplasty and generated new questions regarding long-
term effectiveness, complication profiles, and optimal
surgical strategies > 71,

Given the rapid evolution of implant designs, surgical
techniques, and biomechanical paradigms in lumbar
arthroplasty, a comprehensive review of the available
literature is warranted. This systematic review seeks to
integrate current evidence regarding diagnostic criteria,
surgical approaches, postoperative management, and
functional outcomes of lumbar disc and facet arthroplasty in
adult patients with degenerative spinal disease.

2. Methodology

This systematic review was developed based on the
guidelines proposed by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA),
ensuring  methodological  rigor, transparency, and
reproducibility. The objective was to gather, evaluate, and
synthesize scientific evidence related to lumbar spine
arthroplasty, particularly total disc replacement (TDR), facet
joint replacement, and hybrid motion-preserving strategies,
in the context of degenerative disc disease (DDD).

The first stage involved the formulation of a focused
research question, structured according to the PICOS
framework  (Population, Intervention, = Comparison,
Outcomes, Study design). The population included adult
patients diagnosed with symptomatic lumbar DDD; the
interventions were lumbar TDR or facet arthroplasty;
comparisons, where applicable, involved spinal fusion or
conservative treatment; outcomes included clinical,
functional, and radiographic results; and eligible study
designs were randomized controlled trials (RCTs),
prospective or retrospective cohort studies, and systematic
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reviews.

The second stage was the literature search, which involved a
comprehensive and systematic query of four electronic
databases: PubMed (MEDLINE), Embase, Scopus, and Web
of Science. The search included studies published between
January 2000 and July 2025 to ensure both historical and
current data were captured. A combination of Medical
Subject Headings (MeSH) and free-text terms was used to
maximize sensitivity. Search strings included terms such as
“lumbar disc replacement,” “lumbar arthroplasty,”
“degenerative disc disease,” “facet replacement,” “motion
preservation,” and “total disc prosthesis.” Boolean operators
("AND," "OR") structured the search logic to retrieve all
relevant records. To increase coverage, reference lists of
included studies were also screened manually for additional
articles not identified through database queries.

In the third stage, all retrieved records were exported to a
reference management tool, and duplicates were removed.
Two reviewers independently screened titles and abstracts
based on pre-established inclusion and exclusion criteria.
Eligible studies were then reviewed in full text. Inclusion
criteria were: (1) studies involving adult patients (>18 years)
with confirmed lumbar DDD; (2) interventions involving
lumbar TDR, facet arthroplasty, or combined/hybrid
surgical strategies; (3) studies reporting at least one clinical
or radiological outcome (e.g., pain, function, ROM,
complications); and (4) studies designed as RCTs,
controlled clinical trials, cohort studies, case-control studies,
or systematic reviews. Exclusion criteria included: (1) case
series with fewer than 10 patients; (2) biomechanical or in
vitro studies without clinical follow-up; (3) studies limited
to cervical or thoracic spine; (4) editorials, letters,
conference abstracts without full data; and (5) non-peer-
reviewed publications.

Once eligible studies were selected, the fourth stage
consisted of data extraction. A standardized extraction form
was used to collect relevant information from each study,
including: authorship, publication year, country, study
design, sample size, patient demographics, type of
intervention and prosthesis, comparison groups (if
applicable), duration of follow-up, outcome measures (e.g.,
Oswestry Disability Index [ODI], Visual Analog Scale
[VAS], range of motion [ROM)]), reported complications,
and conclusions. This systematic extraction ensured
uniformity in the data collected across all included studies.
In the fifth stage, the risk of bias and methodological quality
of the included studies were assessed. For randomized
controlled trials, the Cochrane Risk of Bias tool was applied,
evaluating domains such as random sequence generation,
allocation concealment, blinding, incomplete outcome data,
and selective reporting. For non-randomized observational
studies, the Newcastle-Ottawa Scale (NOS) was employed,
which assesses selection of participants, comparability
between groups, and adequacy of outcome assessment.
Discrepancies in scoring were resolved through consensus
between the two reviewers or adjudicated by a third
reviewer.

Finally, in the sixth stage, the results were synthesized and
interpreted. Due to the heterogeneity in study designs,
patient populations, surgical techniques, follow-up periods,
and outcome reporting, a narrative synthesis approach was
adopted rather than meta-analysis. Studies were grouped and
analyzed according to four thematic categories: (1)
diagnostic criteria and patient selection for lumbar
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arthroplasty; (2) surgical procedures and implant designs;
(3) postoperative management and rehabilitation protocols;
and (4) clinical, functional, and radiographic outcomes.
Patterns of convergence and divergence among the findings
were identified, and the strength of evidence supporting
each category was evaluated qualitatively based on the
quality and consistency of the included studies.

3. Results and Discussion

3.1 Diagnostic Considerations

Lumbar spine arthroplasty is indicated primarily in patients
with symptomatic lumbar degenerative disc disease (DDD)
who have not responded to comprehensive conservative
management for a minimum of six months. Clinical features
typically include persistent axial low back pain, which may
or may not radiate, and is often exacerbated by lumbar
flexion, prolonged sitting, or static postures [I-3,
Radiological assessment is crucial for accurate diagnosis
and patient selection. Magnetic resonance imaging (MRI)
remains the gold standard for identifying disc desiccation,
Modic changes, annular tears, and nerve root compression.
It also provides essential information regarding the
condition of the adjacent vertebral endplates and facet joints
(241 Dynamic flexion-extension radiographs help evaluate
segmental instability, while upright standing radiographs
allow assessment of sagittal alignment 34,

The presence of instability beyond grade I spondylolisthesis,
significant facet arthropathy, severe central canal stenosis,
or deformity may constitute contraindications to arthroplasty
[5-7], In these cases, alternative surgical approaches such as
fusion or hybrid procedures may be considered more
appropriate. CT scans provide additional insights into bony
anatomy, particularly facet joint morphology and osteophyte
formation 6 81,

Although controversial, discography may be employed in
selected cases to confirm the symptomatic level, especially
when imaging findings are equivocal or multiple
degenerative levels are present ¥l However, due to its
invasiveness and risk of exacerbating symptoms,
discography should be reserved for carefully selected cases
and interpreted in conjunction with clinical and radiological
data.

Precise diagnosis and rigorous selection criteria are
paramount to ensuring favorable outcomes following lumbar
arthroplasty. Misdiagnosis or failure to identify exclusion
criteria such as osteoporosis, infection, or deformity may
lead to suboptimal results or surgical failure -7,

3.2 Surgical Treatment

Surgical treatment of lumbar degenerative disc disease
(DDD) has evolved significantly with the emergence of
motion-preserving techniques, particularly total disc
replacement (TDR) and facet joint arthroplasty. These
procedures aim to maintain segmental mobility, restore
physiological disc height, and reduce the incidence of
adjacent segment degeneration (ASD), a common
complication associated with spinal fusion P11,

TDR is most indicated for one- or two-level DDD between
L3 and S1 in patients under the age of 60 who present with
preserved posterior elements and no significant spinal
instability or deformity ['>'4], Stringent selection criteria are
essential to optimize clinical outcomes and avoid
complications such as prosthesis migration, heterotopic
ossification, or implant failure. Candidates must have
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maintained sagittal balance, intact facet joints, and no signs
of osteoporosis or inflammatory spinal conditions [ 131,
Multiple lumbar disc prostheses have been developed to
replicate the kinematics of the native intervertebral disc.
Devices such as ProDisc-L, Charité, and activL offer unique
biomechanical properties, including varying degrees of
constraint and mobility. The Charité prosthesis features a
mobile polyethylene core between metallic endplates,
facilitating multiaxial motion, whereas the ProDisc-L is
semi-constrained with a fixed center of rotation designed to
enhance segmental stability > ' The activL system
introduces design modifications that aim to improve
anteroposterior translation and reduce facet overload '],

In cases where DDD coexists with facet joint degeneration,
or when the primary pathology involves the posterior
column, facet replacement systems are increasingly
considered. The Total Posterior Spine System (TOPS) is a
dynamic stabilization device that replaces the bilateral facet
joints and lamina while preserving motion and load sharing.
This system has shown efficacy in managing isolated facet
arthropathy, recurrent Iumbar stenosis, and low-grade
spondylolisthesis ['>'71. Clinical studies have reported
sustained improvement in pain relief, segmental range of
motion, and functional outcomes at mid-term follow-up,
with complication rates comparable to TDR alone ['®],

For complex clinical scenarios involving multilevel
degeneration or partial instability, hybrid procedures
combining anterior TDR with posterior dynamic
stabilization have been introduced. These approaches allow
for tailored management of both anterior and posterior
column deficiencies without resorting to rigid fusion.
Preliminary data suggest that such combined constructs can
provide effective stabilization while preserving mobility and
reducing stress on adjacent segments [1% 201,

Lumbar arthroplasty through disc and facet joint
replacement, alone or in combination, represents a
biomechanically sound and clinically effective strategy in
selected patients with symptomatic DDD. Patient selection,
preoperative imaging, and surgical technique remain critical
to achieving favorable long-term outcomes.

3.3 Postoperative Management

The postoperative phase following lumbar arthroplasty plays
a fundamental role in determining long-term surgical
success, functional recovery, and prosthesis longevity.
Rehabilitation protocols are specifically designed to
safeguard implant integrity while promoting early
mobilization and the reestablishment of neuromuscular
control. The overarching objective is to preserve the motion-
preserving advantage of the implant, facilitate soft tissue
recovery, and prevent complications associated with
immobility or improper biomechanical loading 2!1.

Early mobilization, typically within the first 24 hours of
post-surgery, is considered both safe and beneficial. It
mitigates the risk of thromboembolic events, facilitates
pulmonary hygiene, and stimulates proprioceptive pathways
critical to spinal balance and coordination. Nonetheless, this
mobilization is conducted under controlled conditions,
avoiding extremes of lumbar flexion, extension, and axial
rotation movements that could jeopardize implant alignment
or stress adjacent segments 211,

Physiotherapy regimens are initiated shortly thereafter,
focusing initially on isometric activation and progressing
toward dynamic stabilization of the lumbar spine. Emphasis
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is placed on core strengthening, pelvic-lumbar coordination,
and neuromuscular reeducation, with the aim of restoring
segmental control and enhancing proprioception. Functional
progression is individualized, accounting for patient-specific
variables such as preoperative conditioning, comorbidities,
and intraoperative findings 21,

The use of orthoses (lumbar braces) remains contentious in
the context of motion-preserving procedures. Some centers
discourage their use, arguing that they may attenuate the
rehabilitative benefits of early mobilization and muscle
reactivation. However, in selected cases such as patients
with perioperative complications, osteoporotic bone
structure, or poor initial segmental control short-term
orthotic intervention may provide supplementary protection
and proprioceptive feedback 2223,

Radiographic monitoring is indispensable for the early
detection of complications, including implant subsidence,
anterior or posterior migration, segmental instability, and
adjacent facet joint degeneration. Standard radiographs
(anteroposterior and lateral views in neutral and dynamic
positions) are obtained routinely at 6 weeks, 3 months, and 6
months, with further imaging guided by clinical symptoms.
Although MRI is a valuable modality, its application may be
restricted due to artifact from metallic components or
implant incompatibility, in which case CT scans offer
superior osseous resolution for evaluating implant
integration and facet joint status >4,

Return to physical activity follows a staged protocol. Light
activities including walking, stretching, and basic daily
movements are generally resumed within 6 to 12 weeks,
depending on individual recovery kinetics. Full reintegration
into occupational tasks, particularly those involving
repetitive lifting, bending, or axial loading, typically occurs
between 3 to 6 months postoperatively. This timeline,
however, is influenced by several factors such as patient
motivation, occupation type, psychosocial status, and the
biomechanical demands imposed on the lumbar spine 231,
Overall, postoperative management in lumbar arthroplasty
necessitates a multidisciplinary and patient-centered
approach, balancing motion preservation with mechanical
protection. Adherence to structured rehabilitation protocols
and vigilant follow-up enables optimal implant function,
maximizes clinical outcomes, and contributes to long-term
patient satisfaction.

3.4 Functional Outcomes

Functional outcomes following lumbar arthroplasty have
been extensively investigated over the past two decades,
with evidence supporting its efficacy in improving pain,
mobility, and quality of life in appropriately selected
patients. Compared to traditional lumbar fusion, total disc
replacement (TDR) offers the distinct advantage of
preserving motion at the operated segment, which has been
linked to reduced rates of adjacent segment degeneration
and improved long-term functional independence 26-281,
Numerous prospective randomized controlled trials and
longitudinal cohort studies have demonstrated that lumbar
arthroplasty leads to significant reductions in both back and
radicular pain, as measured by validated clinical instruments
such as the Visual Analog Scale (VAS) and the Oswestry
Disability Index (ODI). These improvements are typically
evident as early as 6 weeks postoperatively and are
sustained through mid- and long-term follow-up, often
exceeding five years 272,
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Patient-reported outcomes also favor motion-preserving
procedures over fusion. In comparative analyses, individuals
undergoing TDR reported greater satisfaction, faster return
to work, and lower opioid dependence, as well as better
preservation of spinal kinematics during dynamic activities
such as walking, lifting, and sit-to-stand transitions 27> 3%,
Functional MRI and kinematic studies have further
confirmed that patients with arthroplasty maintain more
physiological patterns of movement compared to those with
rigid segmental fixation.

Additionally, long-term data reveal durable functional
outcomes, with studies indicating stable implant positioning,
preserved range of motion (ROM), and minimal
radiographic progression of adjacent segment pathology
over 10 years of follow-up 2% 3. One of the most
compelling arguments in favor of arthroplasty is the reduced
incidence of adjacent segment disease (ASD) requiring
surgical revision a well-documented complication following
spinal fusion procedures B%32,

TDR is also associated with superior health-related quality
of life (HRQoL) outcomes, as measured by instruments like
the SF-36 and EQ-5D. These improvements span multiple
domains, including physical functioning, role limitations,
and pain interference, underscoring the broader impact of
motion preservation beyond spinal biomechanics 232,
Nevertheless, the success of lumbar arthroplasty is highly
contingent upon proper patient selection, surgical technique,
and adherence to postoperative rehabilitation protocols.
Suboptimal outcomes are more likely in individuals with
unrecognized facet joint pathology, sagittal imbalance, or
technical errors in implant positioning, which can lead to
complications such as heterotopic ossification, implant
subsidence, or persistent mechanical pain %27,

The lumbar arthroplasty has emerged as a viable and
effective surgical alternative to spinal fusion in select
populations, offering consistent improvements in pain relief,
function, and patient satisfaction. While not universally
applicable, its motion-preserving potential represents a
substantial advancement in the surgical management of
lumbar degenerative disc disease.

4. Conclusion

This systematic review provides a comprehensive synthesis
of current evidence regarding Ilumbar arthroplasty,
encompassing total disc replacement (TDR), facet
arthroplasty, and hybrid motion-preserving techniques. The
analysis of 37 peer-reviewed studies reveals that, when
appropriately  indicated, lumbar arthroplasty offers
significant clinical and functional benefits in patients with
symptomatic degenerative disc disease who have failed
conservative therapy. Proper diagnosis, supported by
advanced imaging modalities and strict selection criteria, is
essential for surgical success, particularly in identifying
candidates with preserved facet joints, no significant
instability, and localized disc pathology.

Surgically, TDR has consistently demonstrated non-inferior
if not superior outcomes compared to lumbar fusion,
particularly in terms of pain reduction, preservation of range
of motion (ROM), and decreased incidence of adjacent
segment degeneration. Recent developments in facet
arthroplasty and combined anterior-posterior approaches
further expand the applicability of motion-preserving
strategies, although long-term comparative data are still
limited.
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Postoperative management protocols, including early
mobilization, targeted physiotherapy, and radiographic
surveillance, are critical to optimizing implant performance
and minimizing complications such as subsidence,
malposition, and heterotopic ossification. Functional
outcomes across the reviewed studies indicate sustained
improvements in disability indices and quality of life,
particularly in cohorts followed beyond five years.

In conclusion, lumbar arthroplasty represents a viable and
increasingly validated alternative to fusion for selected
patients with lumbar DDD. Continued innovation in implant
technology, coupled with rigorous long-term clinical
studies, will be necessary to refine patient selection, reduce
complication rates, and establish standardized treatment
protocols across surgical centers. This review underscores
the need for individualized, evidence-based surgical
planning to maximize clinical benefit and preserve spinal
kinematics in the management of degenerative lumbar
conditions.
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