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Abstract:
Advanced hallux rigidus associated with subchondral insufficiency or following microfracture from articular
thinning and/or cartilaginous defects have been shown to have inferior clinical outcomes after reparative
techniques such as bone marrow stimulation or even metatarsal resurfacing implant arthroplasty
procedures. Autologous osteochondral transplantation has been viewed as an alternative for treating these
lesions, but donor-site morbidity and cost has limited its application. Early clinical outcomes following
treatment of subchondral insufficiency and focal articular defects with intra-osseous stabilizing platform
technology has been encouraging, and these outcomes have been achieved at a lower cost and without
donor-site morbidity.

Definition:
Subchondral insufficiency fractures (SIF) are a type of stress fracture which occurs below the cartilage on
the weight bearing surface of a bone. SIF occur when normal physiological forces are repeatedly applied to
an area of bone compromised by non-tumorous disease, resulting in fracture.

Introduction:
Hallux rigidus is a general term which can be used to describe several conditions involving the first
metatarsal-phalangeal joint complex resulting in articular joint disease deterioration with cartilage thinning or
even the complete loss of cartilage, proliferative bone formation involving both the head of the first
metatarsal and base of the proximal phalanx. Pain and reduced motion are classic hallmarks of hallux
rigidus. Degenerative arthritis (DJD) is a debilitating disease of the musculoskeletal system that presents with
progressive degeneration of both articular cartilage and subchondral osseous tissues, causing pain and adversely limits
functional capabilities. It is estimated that degenerative joint disease affects close to 30 million people in the United
States alone. (1, 2) A comprehensive clinical evaluation of the entire first metatarsal-phalangeal joint complex,
including imaging in conjunction with an in depth history and physical examination, can assist a surgeon to
formulate an appropriate clinical plan.

Perceived Problem:
Controlling the post-operative progression of degenerative osteoarthritis, and the pain associated with this
progression, has been an ongoing challenge for musculoskeletal surgeons. To date, it has been reported
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that bone marrow stimulation procedures, as a primary treatment strategy, have shown a reparative effect
for subchondral insufficiency and osteochondral lesions either with or without the presence of small cysts.
With the lack of healthy



subchondral bone and the paucity of native stem cells, the healing response after bone marrow
stimulation for patients is poor. (3)

As foot and ankle surgeons we routinely perform realignment osteotomies of the first ray to repair hallux
valgus deformities. During the procedure, inspection of the articular cartilage may indicate the presence of
an area of dimpling of the articular surface, or the presence of full thickness articular erosion. Heretofore,
our belief was that the realignment of the first ray, including re-establishment of congruity of the
metatarsal-phalangeal joint, would be sufficient to provide a satisfactory surgical result; any articular defect
was felt to be insignificant to the overall success of the realignment procedure. While these procedures
were performed meticulously, and the osteotomies healed without incident, many patients continued to
report intra-articular pain.

Following these patients’ long term, have led us to understand that these lesions involving the articular
cartilage and associated subchondral region can cause substantial symptoms, such as pain, swelling, joint
stiffness, and reduction of physical activity. This may result in quality-of-life issues and progressive articular
joint deterioration.

With long term follow-up, progressive articular degenerative changes of the first metatarsal-phalangeal
joint became evident. This occurred while the immediate post-operative radiographs showed excellent
surgical alignment without any evidence of degenerative disease.

Could it be that subchondral instability and/or microfracture syndrome
was present yet undetected?

Degenerative joint disease in hallux rigidus:
The hallmark of hallux rigidus is degenerative arthritis presenting with pain, loss of joint motion, disability and
is a progressive degenerative joint disorder. (4) The treatment of choice for this condition for years has been
a cheilectomy/bunionectomy with or without microfracture with the hope of negating the need for joint
stabilization, fusion, or joint replacement procedures. These patients clearly have articular defects with
subchondral disease and instability and long-term results have been disappointing, with the need for
subsequent surgery. (5)

Causation:
Multiple factors may play a role in the development of hallux rigidus. These include but are not limited to
trauma, degenerative and inflammatory arthritis, genetics, faulty biomechanics, etc.

Characteristics of Degenerative Osteoarthritis in Hallux Rigidus:
The first metatarsal-phalangeal complex undergoes structural changes of cartilage thinning articular joint destruction,
osteophyte formation, synovial and capsular inflammation, and insufficiency of subchondral osseous structures. (6) It is
the failure of the subchondral complex that is oftentimes undetected and leads to procedure failure. Subchondral bone
sclerosis, together with progressive cartilage degradation, is widely considered as a hallmark of
osteoarthritis (OA).
The subchondral bone is hypo-mineralized, due to abnormal bone remodeling and histopathological
changes in the subchondral bone have also been detected, including microdamage, bone marrow edema
and bone cysts formation.
(7,8))

Risk Factors for Subchondral Bone Dysfunction:
OA is a progressive degenerative joint disease with different etiologies, and multifaceted risk factors have
been suggested for its onset of OA, which include genetic predisposition, gender, aging, obesity, physical
activity, previous joint injury, joint malalignment, and abnormal joint shape. (9,10)



Recognizing the Total Problem:
This discussion recognizes the two important and distinct components of the joint: the articular cartilage and
the subchondral bone, and their role in the success or failure of surgical efforts.(11)



Subchondral bone can be separated into two distinct anatomic entities: the sub- chondral bone plate and the
subchondral trabecular bone.

The subchondral bone plate lies directly beneath the calcified cartilage and contains the thin cortical lamella. The
bone plate is porous and contains channels which allows access to the articular cartilage by arteries, veins, and nerves
from the subchondral trabecular bone.

Arising from the subchondral bone plate are the supporting trabeculae, which comprises subchondral
trabecular bone, together with deeper bone structure. Subchondral trabecular bone exerts important
shock-absorbing and supportive functions in normal joints and may also be important for cartilage nutrient supply and
metabolism. (12) Relative to the subchondral bone plate, subchondral trabecular bone is more porous and metabolically
active, containing blood vessels, sensory nerves, and bone marrow. (13) Subchondral bone is a dynamic structure and
adapts to the mechanical forces imposed across the joint. Mechanical stress also modifies the contour and shape of
subchondral bone by means of bone modeling and remodeling.

Functional Interaction between articular cartilage and subchondral bone:
The articular cartilage covers the subchondral bone and helps to maintain the normal chemical balance and
function within the joint. It contains both superficial non-calcified and deep calcified cartilage which are
separated by the tidemark. The tidemark provides a transitional structure between the soft and hard
cartilage. (14) This functional unit forms the osteochondral junction. The osteochondral junction is complex and
consists of a deeper layer of
non-calcified cartilage, the tidemark, calcified cartilage, the cement line, and subchondral bone. (15) Any
alteration of any one of the components will alter the functions of any of the other parts. All the components
work in concert with each other. Subchondral bone provides a supportive platform for the overlying articular
cartilage and distributes the load in an appropriate manner. When there is degenerative and articular joint
destructive disease present there is a significant increase in the load that is transmitted through the articular
cartilage to the subchondral osseous structures. (16,17)

Microdamage of Articular Cartilage and Subchondral Bone in Osteoarthritis(18)
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Sequela of Subchondral Insufficiency Syndrome:
When functional alignment and joint motion become out of synch and dysfunctional, the pathologic
process of bone loss develops as the unstable articular surfaces track unevenly. This functional
abnormality leads to joint space narrowing, degeneration and thinning of the articular cartilage. This leads
to a progression of the biomechanical imbalances and the destructive changes progress.

Could it be that subchondral instability and/or microfracture syndrome
was present yet undetected?
It was almost 20 years ago that Dr. Coughlin researched and authored the following classification for hallux

rigidus. Coughlin Classification of Hallux Rigidus

*Grade 0 - DF of 40-60° (20% loss of normal motion), normal radiographic results, and no pain
*Grade 1 - DF of 30-40°, dorsal osteophytes, and minimal to no other joint changes
*Grade 2 - DF of 10-30°, mild flattening of the MTP joint, mild-to-moderate joint narrowing or sclerosis, and
dorsal, lateral, or medial osteophytes
*Grade 3 - DF of less than 10°, often less than 10° PF, severe radiographic changes with hypertrophied
cysts or erosions or with irregular sesamoids, constant moderate to severe pain, and pain at the
extremes of the ROM
*Grade 4 - Stiff joint, radiographs showing loose bodies or osteochondritis (OCD), and pain throughout the
entire ROM
(19)



Is it time to revisit this important study? Will we find that subchondral osseous insufficiency is present in
Grade 0 or Grade 1? What occurs first, degenerative changes of the articular cartilage or subchondral
insufficiency or do they occur simultaneously? At this point do we really know?

All components of the articular, sub-articular/transitional and subchondral structures are functionally
interdependent. Any alteration in structure of any component will alter the functions of any other component
and all components work in concert with each other. (19)

When degenerative and articular joint destructive disease is present there is significant increase in load that
is transmitted through the articular cartilage to the subchondral osseous structures. Subchondral
Insufficiency Syndrome can result in articular cartilage loss, progressive pain, and deformity. (20)

Could it be that Subchondral Insufficiency and/or Subarticular Microfracture was present yet undetected?

Could this be the answer why surgeons have sub-optimal results when the surgical procedures were
accomplished flawlessly and with excellent alignment and all anatomic structures looked great?
Patient history, subjective reporting and objective evaluations are all clinical risk factors for subchondral
insufficiency. History:
1.Hypertrophy of great toe joint
2.Progressive loss of motion, first metatarsophalangeal joint
3.Achiness and progressive pain in great toe joint
4.Trauma great toe joint
5.Repetitive stress activities
6.Activity level diminishes

Subjective: Typical patient complaints:
1.Loss of motion of the big toe joint, progressive in nature
2.Localized pain in the great toe joint
3.Painful ambulation
4.Bone spurs – osteophyte formation
5.Burning and tingling pain with pressure on dorsal digital nerve as it passes over the bony prominences
6.Limitations of shoe gear

Objective:
1.Hypertrophic bone – dorsal and dorsal lateral aspect 1st MPJ
2.Pain on palpation dorsal and dorsal lateral aspect 1st MPJ
3.Limitation of motion 1st MPJ
4.Crepitus oftentimes present
5. A positive grind test may be present – pain produced with dorsiflexion and rotation of base of
proximal phalanx on the head of the 1st MPJ
6.A positive Tinel’s with percussion of the dorsal digital nerve over the hypertrophic bone
7.Compensatory functional gait abnormality
8.Structural abnormality of the 1st ray
9.Biomechanical imbalances
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Case #2:



Conclusions:

Subchondral insufficiency fractures of the foot and ankle were considered a rare etiologic factor in
chronically progressive foot and ankle pain. These microfractures were considered a rare
complication after foot and ankle surgery and were idiopathic. [23] These subchondral insufficiency
deficits, when identified, were treated with
disease-modifying antirheumatic drugs (DMARDs), anti-TNF, analgesics, immobilization, physical therapy,
and multiple invasive procedures from micro-drilling to joint replacement/fusion procedures and more.
Definitive diagnosis, if established, was often delayed resulting in undesirable outcomes.
Also, insufficiency fractures have been attributed in patients taking DMARDs and further evaluation was not
forthcoming. [24] Another significant feature associated with SIFs is that x-ray evaluation oftentimes did not
detect microfracture, despite MRI findings confirming insufficiency fractures and dissolution of continuity of
the subchondral osseous structures. From this we can appreciate the importance of investigating patients
with MRI, which is superior at identifying early changes associated with fracture, such as bone marrow
oedema, which allows complete evaluation of the problems present, should enable the establishment of a
complete treatment plan. An incomplete or a delay in diagnosis reduces the potential for a positive and a
better prognosis.

Perhaps, subchondral insufficiency syndrome really is not a rare phenomenon. Perhaps this condition was
just undiagnosed because of the lack of objective evidence early in the disease process. Establishing an
early definitive diagnosis will enable earlier intervention which would then result in better long-term results.
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