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ANKYLOSIS

ANKYLOSIS

Primary Disciplinary Field(s): Medicine, Rheumatology, Orthopedics

1. Core Definition and Pathophysiology

Ankylosis refers to a pathological state characterized by the severe reduction or complete loss of
mobility within a joint, resulting from the fusion of the bones forming that joint. This condition arises
when the normal articulate structures--which typically include cartilage, synovial membranes, and
articular capsules--are destroyed and replaced by abnormal tissue, often dense fibrous tissue or,
critically, bone. The resultant consolidation, or bony fusion (often termed true ankylosis or
synostosis), renders the joint permanently immobile. The consequence for the patient is profound
restriction of movement, leading to functional impairment depending on the affected joint, such as
the spine, hip, or knee, fundamentally altering the body's natural biomechanics. The degree of
immobility is often progressive, worsening as the underlying pathological process continues its
destructive course within the joint structure.

Pathophysiologically, ankylosis can develop through several distinct pathways, all involving chronic
inflammation or trauma that disrupts the delicate balance of tissue repair within the joint space. In
inflammatory conditions like rheumatoid arthritis or spondyloarthritis, inflammatory mediators
lead to pannus formation and erosion of the articular cartilage and subchondral bone. This erosion
exposes the underlying bone surfaces, allowing them to make contact. As the body attempts to
repair this widespread damage, fibrous tissue may initially bridge the joint space (fibrous
ankylosis). This intermediate state allows for minimal, often painful, motion. If the destructive
process continues unabated, calcification and subsequent ossification occur, replacing the fibrous
bridge with solid bone, thus achieving complete bony fusion. This process is a complex interplay
between pro-inflammatory cytokines, osteoblasts, and osteoclasts, often driven by persistent
signaling pathways associated with autoimmune disease or chronic infection, leading ultimately to
the joint becoming a single, consolidated bone structure that is incapable of articulation.

The severity of ankylosis is directly related to the extent of joint destruction and the nature of the
material replacing the joint space. While fibrous ankylosis, sometimes referred to as false
ankylosis, maintains a potential pathway for motion, though severely limited, true bony ankylosis
eliminates all motion, fundamentally altering the biomechanics of the affected limb or spine. This
difference in fusion material significantly impacts therapeutic options; fibrous ankylosis may
respond to intense physical therapy and stretching, whereas bony ankylosis typically requires
surgical intervention to restore alignment or mobility. Understanding this complex progression from
initial inflammation and cartilage erosion to permanent fusion is crucial for therapeutic intervention,
as preventative measures are most effective when applied before the onset of extensive,
irreversible bone deposition.
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2. Classification and Types of Ankylosis

Ankylosis is broadly categorized based on the biological nature of the fusion material and the
underlying cause. The most fundamental distinction is made between true, or bony, ankylosis and
false, or fibrous/capsular, ankylosis. True ankylosis, scientifically referred to as synostosis,
involves the complete fusion of two bones across a joint space by osseous tissue, representing the
most severe and irreversible form of joint immobility. This state typically follows profound, chronic
inflammatory conditions, severe trauma, or aggressive surgical procedures designed specifically to
stabilize a joint, known as arthrodesis. When ankylosis is pathological--that is, caused by disease--
it often affects the patient negatively; however, when it is surgically induced (arthrodesis), the goal
is planned, stable fusion, often utilized to eliminate chronic, debilitating pain in severely damaged
joints like the ankle or wrist, trading mobility for stability and pain relief.

False ankylosis involves joint immobility caused by factors outside the articulation of the bony
surfaces themselves. This type includes restriction due to contractures of muscles, ligaments, or
tendons surrounding the joint, or the formation of dense scar tissue and fibrous material within the
joint capsule (fibrous ankylosis) without complete bony bridging. While motion is severely restricted
and the joint may feel "stuck," the bony surfaces themselves have not yet fully ossified, offering a
greater potential for rehabilitation and non-surgical restoration of movement. Conditions such as
prolonged immobilization following trauma, or specific types of acute arthritis that do not progress
immediately to bone erosion, may result in this intermediate state. Differentiation between true and
false ankylosis is paramount for effective treatment planning, often requiring advanced imaging
techniques like computed tomography (CT scans) or ultrasound to confirm the definitive presence
or absence of a complete bony bridge across the joint line.

Furthermore, ankylosis is classified by its etiology. Pathological ankylosis occurs spontaneously
due to systemic disease, most famously Ankylosing Spondylitis (AS), but also severe cases of
rheumatoid arthritis, psoriatic arthritis, or infectious arthritis (septic arthritis). These conditions
generally lead to bilateral and multi-joint involvement, progressing in a systemic pattern.
Conversely, surgical ankylosis, or arthrodesis, is intentionally created by surgeons to treat
severe joint instability, chronic disabling pain, or deformity, particularly in the lower back, wrist, or
ankle. While the physical result--a fused, immobile joint--is similar, the prognosis and functional
outcome differ greatly; planned surgical fusion generally results in a functionally optimized, pain-
free limb segment, whereas pathological fusion often involves chronic inflammation, pain, and
progressive disability in multiple areas, necessitating complex management strategies.

3. Etiology: Causes and Risk Factors

The development of ankylosis stems from a variety of distinct causes, categorized primarily into
inflammatory/autoimmune disorders, trauma, infection, and iatrogenic causes. The most
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recognized systemic cause leading to severe bony fusion is Ankylosing Spondylitis (AS), a
chronic inflammatory disease predominantly affecting the axial skeleton and sacroiliac joints. In
AS, uncontrolled inflammation at the entheses (where ligaments and tendons attach to bone) leads
to erosion and subsequent formation of syndesmophytes--bony outgrowths that bridge the
vertebral bodies. This progressive osseous fusion culminates in the classic "bamboo spine”
appearance, a definitive and debilitating form of bony ankylosis that completely eliminates spinal
flexibility and severely compromises mobility and posture.

Other autoimmune and inflammatory diseases contribute significantly to the prevalence of
ankylosis. Rheumatoid Arthritis (RA), especially in severe, long-standing cases that exhibit
inadequate control, results in profound joint destruction. While RA often leads to capsular and
fibrous ankylosis of smaller peripheral joints (hands and feet), progression to true bony fusion is a
recognized outcome following extensive cartilage loss and subchondral bone erosion. Specific
subtypes of juvenile idiopathic arthritis also carry a high risk of fusion, particularly if treatment is
delayed or ineffective during critical growth periods. Beyond autoimmune processes, septic
arthritis, caused by bacterial or other microbial infections within the joint, represents an acute and
highly destructive cause. If the infection is not rapidly cleared, the intense inflammatory cascade
quickly destroys the cartilage, leading to rapid fibrous or bony fusion as the body attempts to
contain the damaged area and stabilize the joint.

Risk factors extend beyond systemic disease to include mechanical factors such as trauma and
immobilization. Severe intra-articular fractures, particularly those that disrupt the joint surface
congruence or result in severe soft tissue damage, often lead to post-traumatic arthritis, which can
progress to permanent ankylosis if alignment is not perfectly restored. Furthermore, prolonged or
improper immobilization following injury or surgery, while sometimes necessary for healing, can
paradoxically contribute to joint immobility by causing severe capsular contracture and periarticular
soft tissue restriction, leading to false ankylosis. Genetic predisposition is also critical; individuals
with the HLA-B27 allele, for example, have a vastly elevated risk profile for developing
spondyloarthropathies like AS, which are the leading non-iatrogenic causes of extensive bony
fusion.

4. Clinical Presentation and Diagnosis

The cardinal clinical manifestation of ankylosis is the severe restriction or complete absence of
active and passive joint motion, almost invariably accompanied by chronic or intermittent pain,
particularly prominent during the active inflammatory phase preceding definitive fusion. Patients
typically articulate experiencing increasing stiffness, which is characteristically worse in the
morning or following periods of prolonged rest--a phenomenon known as the "gelling" effect.
Depending on the joint affected, functional limitations range widely: hand and wrist ankylosis
impairs fine motor skills and gripping; hip and knee ankylosis causes severe gait disturbances and
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difficulty sitting; and cervical or spinal ankylosis results in the inability to turn the head or flex the
spine, leading to fixed postures that compromise vision and essential daily functions. The fixed,
often maladaptive, position of the fused joint significantly compromises the patient's independence,
necessitating fundamental adjustments in movement patterns and potentially the reliance on
assistive devices.

Diagnosis of ankylosis relies heavily upon a thorough clinical history, detailed physical
examination, and objective confirmation via advanced imaging. During the physical examination,
the physician systematically assesses the range of motion (ROM), specifically noting the
characteristics of the restriction. A hard, abrupt endpoint typically signifies bony fusion, whereas a
more gradual, often painful, endpoint may indicate fibrous or capsular ankylosis. Standard
radiography (X-ray) remains the initial and most accessible imaging modality, effectively
demonstrating the pathological changes, including the loss of the normal joint space, severe joint
surface irregularities, and, most definitively, the presence of bone bridges spanning the articular
gap. Characteristic radiographic signs, such as the complete fusion of the sacroiliac joints or the
classic "bamboo spine" resulting from vertebral body squaring and syndesmophyte formation, are
pathognomonic findings for advanced ankylosing spondyflitis.

To refine the diagnosis and guide complex surgical interventions, further specialized imaging is
often required. Computed Tomography (CT) scans provide significantly superior spatial
resolution regarding the osseous structures compared to standard X-rays, confirming the exact
extent and density of bony fusion, which is vital information for orthopedic surgical planning,
particularly prior to osteotomy. Magnetic Resonance Imaging (MRI) is crucial in the earlier
stages, before extensive bony consolidation has occurred, as it excels at visualizing soft tissue
abnormalities, inflammatory activity (edema), cartilage erosion, and the formation of destructive
pannus or fibrous tissue, thereby helping clinicians distinguish between active inflammatory
disease requiring aggressive medical therapy and established, quiescent ankylosis.
Complementary laboratory studies, including measurement of acute phase reactants (ESR, CRP)
and specific genetic markers (e.g., HLA-B27), further aid in confirming the underlying systemic
inflammatory or autoimmune disease driving the pathological fusion process.

5. Treatment and Management Strategies

The management strategy for ankylosis is critically determined by its stage: prevention during the
active inflammatory phase versus mechanical correction once irreversible fusion is established. In
the early, active inflammatory stage, the paramount goal is to suppress the underlying disease
activity and maintain residual joint mobility to forestall permanent fusion. This prophylactic
approach typically involves aggressive pharmacological intervention, including the strategic use of
disease-modifying antirheumatic drugs (DMARDS) and, notably, advanced biologic agents such as
TNF inhibitors. These biologics have fundamentally transformed the prognosis for conditions like
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ankylosing spondylitis, demonstrably reducing the rate of spinal and peripheral joint fusion.
Pharmacological treatment is synergistically combined with intensive, supervised physical
therapy, focused meticulously on maximizing joint range of motion, improving flexibility, and
strengthening the surrounding musculature to counteract the body's natural tendency toward
stiffness and contracture.

Once definitive bony ankylosis is established and results in severe functional limitation or pain,
non-surgical treatment focuses primarily on pain palliation, functional adaptation, and the
management of secondary complications. However, the only definitive treatment for established,
functionally incapacitating bony ankylosis is surgical correction. The most common restorative
procedure is osteotomy, in which the fused bone is surgically cut (resectioned), meticulously
repositioned into a more functional and biomechanically stable alignment, and subsequently
stabilized using internal fixation (plates, rods) until the bone fuses again in the corrected position.
This technique is frequently utilized in the spine and hip to correct severe, fixed deformities that
prohibit basic activities such as walking, sitting, or maintaining horizontal gaze. In instances where
the joint structure is catastrophically destroyed but mobility, rather than stability, is prioritized, an
arthroplasty (total joint replacement surgery) may be considered, though this is surgically complex
due to altered anatomical planes resulting from long-standing fusion.

For fibrous or false ankylosis, non-operative management carries a greater potential for success.
Intensive, highly focused physical therapy, stretching regimens, the use of serial casting, dynamic
splinting, and sometimes manipulation under general anesthesia can be employed to mechanically
break down the restrictive fibrous and capsular tissue, thereby restoring a degree of movement.
However, the efficacy of these non-surgical techniques is highly dependent upon the specific
underlying pathology, the duration of the immobility, and patient compliance with rigorous
rehabilitation protocols. Rehabilitation following any intervention, whether surgical or non-surgical,
is arguably the most critical component of the recovery phase. It must be prolonged and tailored to
maximize the utility of the recovered movement, ensure muscle re-education, and enable the
patient to regain proficiency in essential activities of daily living. The ultimate decision to pursue
major surgery must always involve a careful, risk-benefit assessment, weighing the potential
functional gains against significant risks such as infection, non-union of the osteotomy site, and
potential neurological damage, especially pertinent in complex spinal fusion surgery.

6. Significance and Long-Term Impact

The long-term impact of ankylosis is profound and extends far beyond the localized joint
immobility, significantly impairing a patient's overall quality of life, psychological equilibrium, and
socioeconomic standing. Functionally, ankylosis, particularly when it affects major load-bearing
joints like the hip, knee, or the entire spine, severely restricts ambulation, impacts personal self-
care, and drastically limits occupational capacity. For instance, extensive spinal fusion resulting in
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a fixed kyphotic (forward-bent) posture can severely impede forward vision, compromise the ability
to swallow, and restrict thoracic expansion, thereby negatively impacting vital respiratory function.
The prevalence of chronic, often intractable pain associated with the underlying inflammatory
conditions or the resulting biomechanical overload placed upon adjacent, hypermobile
compensating joints frequently necessitates complex, long-term pain management strategies and
coordinated psychological support.

The economic and societal burden imposed by ankylosis is substantial, comprising significant
direct costs related to expensive medications (especially biologic therapies), repeated and
sustained physical therapy sessions, multiple surgical procedures, and the necessary procurement
of specialized adaptive and assistive devices. Furthermore, the chronic, progressive disability
frequently leads to diminished or lost work capacity, necessitating early retirement, thereby
diminishing individual productivity and increasing reliance on social support systems and disability
benefits. The mandatory constant adaptation to a fixed or deformed posture also predisposes
patients to specific secondary medical complications, including the development of pressure
ulcers, contractures in non-fused joints due to compensation, and a heightened, potentially
catastrophic risk of fracture in the consolidated, often osteoporotic bone structures. Even minor
trauma in an individual with advanced spinal ankylosis (the bamboo spine) can result in a highly
unstable and life-threatening fracture, often requiring emergency stabilization.

Psychologically, the combination of chronic, unrelenting pain and progressive physical disability
associated with ankylosis is a major contributor to elevated rates of clinical depression, generalized
anxiety, and social isolation. Patients frequently struggle to cope with the challenges of altered
body image related to fixed deformities and the progressive loss of personal independence.
Consequently, effective, holistic management of established ankylosis requires a dedicated
multidisciplinary team approach, ideally involving rheumatologists, highly specialized orthopedic
surgeons, physical and occupational therapists, social workers, and mental health professionals,
ensuring that all facets of this debilitating condition are addressed. The recognition of the
overwhelming long-term significance of early and accurate diagnosis cannot be overstated, as
prompt, aggressive intervention with modern anti-inflammatory therapeutics offers the best
opportunity to arrest the destructive inflammatory process before irreversible and functionally
compromising bony fusion takes permanent hold.

Further Reading

American College of Rheumatology: Ankylosing Spondylitis

Wikipedia: Ankylosis (General Overview)

National Center for Biotechnology Information (NCBI): Arthrodesis and Joint Fusion

Johns Hopkins Medicine: Rheumatoid Arthritis and Joint Damage

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://www.rheumatology.org/I-Am-A/Patient-Caregiver/Diseases-Conditions/Ankylosing-Spondylitis
https://en.wikipedia.org/wiki/Ankylosis
https://www.ncbi.nlm.nih.gov/books/NBK539745/
https://www.hopkinsmedicine.org/health/conditions-and-diseases/rheumatoid-arthritis/rheumatoid-arthritis-and-joint-damage
https://scales.arabpsychology.com/?p=68228
https://scales.arabpsychology.com
https://scales.arabpsychology.com

