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HALLUX LIMITUS AND RIGIDUS SURGERY

Hallux limitus / rigidus is defined as a condition of degenerative arthrosis in the first 
metatarsophalangeal joint that leads to a decrease (limitus) and eventually absence (rigidus) of joint 
motion.   In 2006, a leading clinical authority on the subject was Dr. John V. Vanore, of Gadsden 
Alabama.

ETIOLOGY 

In 1940, Lambrinudi defined metatarsus primus elevatus and suggested that it was responsible for a 
certain number of cases of hallux rigidus.  Lapidus later included the paralytic deformities such as 
talipes equinovarus and talipes planovalgus as potential causes of hallux rigidus.  Jack then 
proposed that it was the inability of the short flexors to stabilize the first metatarsal on its proximal 
phalanx that caused the condition. This allowed the metatarsal head to ride upward and forward in
its articulation.  With normal gait, the hallux purchases the ground.  The heel rises and the first 
metatarsal rotates on the proximal phalangeal base.  In hallux rigidus, with an elevated first 
metatarsal, motion cannot occur and the dorsal aspect of the metatarsal head is traumatized in its 
attempt at normal motion. Degenerative arthrosis usually ensues.  Jack also described a protective 
spasm on the part of the short flexors and their additive effect producing hallux flexus.  

There are many potential causes of degenerative arthrosis of the first metatarsophalangeal joint that 
can be segregated into both primary and secondary disorders.   Some authorities use this distinction 
for the purposes of classification but it is too easy and unsupported to blame an elevated first 
metatarsal for all cases of hallux rigidus.  The literature supports a primary disorder of the first
metatarso-phalangeal joint wherein symptoms often manifest during adolescence.  This has further 
lead to the separation of the condition into adolescent and adult varieties. 

Nilsonne was probably the first to identify the primary disorder found predominantly in young 
females.  The lesion would develop with a lack of dorsiflexion with enlargement of the first 
metatarsal head and progress to a loss of all dorsiflexion.  The result was hallux flexus with 
compensatory hyperextension at the interphalangeal joint of the great toe.  
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Nilsonne associated hallux rigidus with a long narrow pronatory foot type and long first metatarsal 
with the great toe in a rectus position. He further stated that the secondary form of hallux rigidus is
arthrosis deformans, or degenerative condition, secondary to trauma, hallux valgus or gout.  This 
form develops in older patients in contradistinction to the primary form that occurs in younger 
patients.  The secondary form also tends to be unilateral while the latter form is often bilateral.

A long first metatarsal has been associated with hallux rigidus by a number of investigators.  A 
long first metatarsal places the axis of the first metatarsophalangeal joint distal to the second. By 
doing so, lateral weight transfer to the medial column is blocked during gait. Toe-off is limited and 
the reciprocal movement between the hallux and first metatarsal is blocked. Ground reactive forces 
influence first metatarsal position enough to result in elevation and abutment of the articular 
surfaces dorsally.

Regnauld identified the long first metatarsal as part of the Egyptian metatarsal parabola or square 
toe configuration.  He cited absence of transverse mobility of the first metatarsal and the shock of 
hallucal loading transmitted directly to the metatarso-phalangeal joint as causative of the 
cartilaginous degeneration. 

Another European study of Vilaseca and Ribes, demonstrated that a distal secondary center of 
ossification was present in 75% of 420 feet   examined radio graphically in children, between the 
ages of 2 and 11 years old.  They felt that this physis was functional and contributed to the index-
plus metatarsal conformation often found in hallux rigidus.  The long first metatarsal results from
a physis that was open or functional for a longer time period than normal. This is contrary to 
contemporary views that the radiographic finding represents a "non-functional pseudophysis", and 
as such, has no influence on metatarsal length.

In support of the primary form of this condition in adolescents, Bingold and Collins identified a 
developmental abnormality of the proximal phalangeal base.  No other secondary causes of arthritis 
were found in this group.  Their conclusion was that there is no pathologic difference between the 
primary and secondary forms but that they merely reflected the disease at different chronological 
periods in the process of degenerative arthrosis.

Kessel and Bonney also favored a primary disorder in which the limitation of dorsiflexion at the 
first metatarsophalangeal joint was responsible for the symptoms of hallux rigidus.  They felt that 
metatarsal primus elevatus was the etiologic factor but also described an osteochondritic lesion of 
the first metatarsal head in two of their ten adolescent cases.   There is some evidence for a primary 
disorder of the first metatarsophalangeal joint where symptoms can be seen in adolescence.  There 
is a definite predilection for unilateral involvement in this group of patients.  The condition is 
associated with osteochondritis dissecans, a long first metatarsal, a long narrow pronated foot type 
and metatarsus primus elevatus. 

The secondary form of hallux rigidus has been termed the adult form and is felt to be secondary to 
some primary joint pathology, such as trauma, inflammation or septic arthrosis. Most likely, this 
disorder probably begins in childhood or adolescence and the radiographic findings merely 
represent the progressive pathologic joint alterations characteristic of the condition. 
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Although it is probably most appropriate to call the pathology idiopathic versus primary, such cases 
ultimately fall into a category of primary anatomic or biomechanical derangement resulting in 
secondary joint deterioration.

Some patients with hallux-valgus also present with limitus, probably secondary to first ray 
hypermobility and / or forefoot varus.  An unstable first ray will elevate and limit first 
metatarsophalangeal joint extension.  The European community utilizes the term hallux/valgus 
rigidus as a unique pathologic state whose nomenclature should be continued. The majority of these 
patients would be identified with a primary diagnosis of hallux valgus.  However, upon more 
complete examination, these patients initially possess a functional elevatus leading to more rigid 
state with chronicity.  Lateral subluxation and axial rotation of the hallux upon metatarsal head 
replaces joint gliding with abutment along the peripheral margins of the joint leading to arthrosis.

The endstage deformity is usually one of a moderate hallux abductus with a relatively low 
intermetatarsal angle. Joint    subluxation with a proliferative arthrosis ensures a rigid deformity of 
the first MPJ joint complex.    

ETIOLOGY OF HALLUX LIMITUS / RIGIDUS    

Mitchell and Cruess discussed articular degeneration from the standpoint of either abnormal 
articular cartilage or abnormal forces across a normal joint.  The development of hallux rigidus can 
be viewed as an abnormal force imposed upon a normal articulation. The faulty mechanics 
associated with the development of hallux rigidus or hallux valgus/rigidus are responsible for 
deterioration of the joint.  In hallux limitus /rigidus, the proximal phalangeal base is subluxed 
plantarly on the first metatarsal head.  The first metatarsal is usually in an extended or dorsiflexed 
position.  

In mid-stance, weight becomes distributed across the forefoot. The activity of flexor hallucis brevis 
and the adjacent intrinsic muscles stabilize the hallux on the ground and against the metatarsal 
head.  As the heel rises, corresponding extension at the first metatarso-phalangeal joint is required 
as well as stabilization of the first metatarsal by peroneus longus.  If any of the prior factors are 
deficient, stabilization does not occur and jamming of the first metatarso-phalangeal joint ensues. 

According to Root, the first MPJ articulation exhibits the hinge type of motion of a ginglymus joint.  
The hinge motion is seen from end plantarflexion through the first 20-30 degrees of dorsiflexion. 
Beyond the initial 20-30 degrees of dorsiflexion, reciprocal plantarflexion of the first MPJ is 
required.

Sammarco's data using instantaneous centers of rotation as estimates of the axis of motion shows 
that the joint axis is constantly changing.  At onset of joint rotation distraction of the joint surfaces 
occur, while at endstage rotation, impaction of the margins occur. Root demonstrated that 65 
degrees os dorsiflexion is required for normal gait.  The maximal degree of dorsiflexion is 
necessary in the late stance of propulsion with the femur vertical, the tibia 45 degrees flexed at the 
knees, the ankle in 20 degrees of plantarflexion and the hallux planted firmly on the ground.
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Clinical examination of the first metatarsophalangeal joint should involve placing the joint through 
a range of motion.  The examination is performed with the foot non-weight bearing which is 
contrary to its motion in gait.  The examination should therefore be performed both with the foot 
loaded and unloaded.  This allows assessment of a functional versus a structural deformity. 

In an open kinetic chain examination, movement of the hallux and its phalanges occurs as rotation 
on the metatarsal head.  The metatarsal is freely able to dorsiflex or plantarflex and falsely gives an 
impression of adequate joint excursion.  

The closed kinetic chain motion of the first metatarsophalangeal joint that involves rotation of the 
first metatarsal on a hallux that is planted on the ground.  The first metatarsophalangeal joint 
sesamoids are beneath the metatarsal head.  As the heel rises, the metatarsal rotates over the gleno-
sesamoidal articulation with movement occurring at the metatarso-phalangeal joint.  As the relative 
degree of dorsal extension at the first metatarso-phalangeal joint increases, there is reciprocal 
plantarflexion of the first metatarsal and an increase in Meary's angle.  This allows further 
dorsiflexion.  

Due to its attachments, the plantar fascia plays any important role in first MPJ motion and foot 
stability. It has been described as a truss or Spanish windlass.  Upon digital dorsiflexion, the plantar 
fascia or base of the truss shortens. This in turn raises the medial arch allowing for resupination of
the sub-talar joint which aids in stability. If the first metatarsal cannot be stabilized or dorsiflexes in 
stance, motion is limited.  The first metatarsal head will now actually block motion as the 
phalangeal base abuts the metatarsal head.  Compressive osteochondral injury is probably the first 
damage resulting from hallux limitus and the pathologic lesion can be identified radiographically. 
The joint pathology that follows can all be related to the progression of degenerative changes 
resulting from the biomechanical abnormality. Osteochondral defects early in the disease are well 
documented.  Early joint pathology can be seen in childhood and adolescence.  The degeneration of 
the first metatarsophalangeal joint results from the now abnormal degree and distribution of forces 
the metatarsal head.  

As the process continues, there is flattening of the metatarsal head and lipping around the periphery 
of the articular surfaces of both the metatarsal head and proximal phalanx. The capsular 
osteophytosis is characteristic and often advances from a spur or exostosis, dorsally on the 
metatarsal head. Similar outgrowths around the periphery of the phalangeal base are also seen. 
These eventually complete ankylosis of the joint. The osteophytes on the metatarsal head advance 
to form a large spur or exostosis. There is wearing away of the articular surface in a segmental 
fashion and radiographically this is seen as non-uniform narrowing of the joint space.  

In subchondral bone, these increased forces cause thickening of the bony trabeculae and reduce 
resiliency of the articular surface. A vicious cycle of subchondral bone changes, articular cartilage 
damage and further stress on the internal architecture of the first metatarsal head ensues.  The result 
is a full-scale arthrosis deformans, and it may be impossible to determine its precise etiology, since 
it will look the same whether trauma or a biomechanical defect initiated the process.    
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Juxta-articular cyst formation is part of the pathologic alteration within the cancellous subchondral 
trabeculae.  Resnick identified two possible mechanisms of cyst formation in degenerative joint 
disease. The synovial intrusion theory holds that the joint fluid is driven into the subchondral bone 
through defects in cartilaginous degeneration. The bony contusion theory holds that cyst formation 
is secondary to alteration of the reparative process following subchondral bone micro-fracture.     A 
midstance or late stance phase lateral radiograph will give a more adequate estimate of first 
metatarsal function.  In hallux limitus/rigidus, the first metatarsal may be elevated with a loss of 
normal proximal phalangeal extension.  A normal midstance lateral radiograph should show the 
proximal phalanx in a position of fifteen to twenty degrees of extension.  In most cases of hallux 
rigidus, this is lost. The proximal phalanx may lie in a straight 180-degree position or even be 
plantarflexed relative to the metatarsal. The lateral radiograph may also reveal compensatory 
hyperextension at the interphalangeal joint of the hallux.  In an effort to give more dorsiflexion at 
the first metatarsophalangeal joint, the interphalangeal joint is forced beyond its normal excursion.         

CLASSIFICATION OF HALLUX LIMITUS-RIGIDUS 

Hallux rigidus may be classified according to the degree of arthrosis present.  Goodfellow 
described four stages of primary hallux rigidus developing from a lesion in the first metatarsal 
head:  

 Stage 1 is the initial lesion not detectable on X-ray but present as early as childhood.  
 Stage 2 is the healed articular lesion of adolescence.  
 Stage 3 is progression of the lesion with flattening of the articulation.  
 Stage 4 is subsequent arthrosis.

Regnauld classified hallux rigidus according to stages of development:  

Stage 1 (first degree arthrosis) is the period of developing arthrosis in which radiographic/clinical 
signs/symptoms demonstrate its progression. Stage 2 (second degree arthrosis) is the phase of 
established degeneration with a typical radiographic picture.  Stage 3 (third degree arthrosis) is the 
phase of ankylosis that is the end stage deformity.  This classification is simple to understand and 
allows for direct correlation with radiographic evaluation of the pathologic process.

Similarly, Drago, Oloff and Jacobs addressed the deformity of hallux rigidus regardless of cause. 
Hallux rigidus is progressive osteoarthrosis of the first metatarso-phalangeal joint and their grading 
system utilizes the progression of radiographic and clinical pathology through four stages along this 
continuum.

Grade 1 is a pre-hallux limitus with metatarsus primus elevatus and the presence of hallux flexus 
without adaptive joint changes.  Grade 2 includes early joint adaptation while Grade 3 reflects 
significant flattening of the metatarsal head and osteophyte production.  Grade 4 is the end stage 
deformity with total joint obliteration.
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From a staging perspective, the staging process of Regnauld and Drago is preferred.  However, 
from a practical treatment perspective, a staging process that is independent of cause would be 
beneficial.  Obviously, the treatment objective is an asymptomatic patient with a functional foot.  
Therefore, pathology may be divided into stages.  Initially, the joint disease is minimal to non-
existent with only the biomechanical derangement present.  As the joint disorder progresses 
proliferative and reparative processes become apparent.  Later, these progress and the arthrosis is 
prominent until an endpoint is realized.  As with the Drago system, a practical grading system has 
been developed and is represented in four stages along a continuum of joint deterioration.

Beginning with a stage of functional limitus, a Grade I joint, the first metatarso-phalangeal joint is 
not pathologic from a tissue standpoint but biomechanic abnormalities are present.  Clinically, the 
patient may be completely asymptomatic or with early symptoms secondary to joint jamming.  This 
may occur due to metatarsus primus elevatus, a long metatarsal or plantar subluxation of the 
proximal phalanx on the metatarsal head. 

Grade II has been termed the stage of joint adaptation since the earliest radiographic joint changes
are visible. These consist of proliferative adaptation on both sides of the joint with periarticular 
lipping along the periphery of the basal hallucal phalanx and capsular margins of the metatarsal 
head.  Articular lesions may be present centrally and localized narrowing of the joint space is seen.  
The radiographic findings reflect thinning of the cartilage with fibrillations and erosions.  The 
increased stress placed on the subchondral bone will increase the thickness of bony trabeculae and 
radiographic bony sclerosis or eburnation is present.

As the joint continues to deteriorate, both the proliferative and the regressive nature of the 
conditions become more distinct, in Grade III.  Arthritis and capsular osteophytosis may be 
prominent with loose joint mice, denudation of the articular surface and subchondral cyst 
formation.  The stage is evidence of the articular destruction and pathologic adaptation that ensures. 
The first metatarsal head becomes severely flattened and the proximal phalangeal base broadens.  
Similar prolific pathologic elements as well as articular degeneration are seen at the level of the 
sesamoids.  At this stage, the dorsal range of motion is significantly limited but enough motion is 
present to precipitate joint synovitis and capsulitis.  Inflammatory flares may be common 
depending upon the stress imposed 

Finally in Grade IV, the end stage of joint ankylosis, results from obliteration of the joint space and 
extensive remodeling. The flattened articular surfaces are surrounded by the extensive 
peri©articular bone formation.  Joint motion is severely limited to non-existent and the patient may 
revert to an asymptomatic interval.  Occasionally, the dorsal proliferation of bone may be extreme 
with a hyperkeratotic pressure lesion over the metatarsal head.  These have been known to break 
down and ulcerate with sinus tract formation, cellulitis and infection.

CONSERVATIVE TREATMENT 

The conservative treatment of hallux rigidus must address not only the chronic joint process of 
degenerative arthrosis but also the acute inflammatory synoviopathy.  Generally, most clinicians 
identify the chronic degenerative nature of hallux rigidus.  
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The etiologic process is mechanical with abnormal force imposed upon a normal joint. During the 
stage of established arthrosis, an acute inflammatory process may be induced. 

A patient with inflammatory arthritis, secondary to chronic degenerative arthrosis, may present 
with signs and symptoms often associated with an acute gout attack.  The patient usually presents 
with periarticular inflammation and a warm, erythematous or edematous joint that is tender and 
painful on range of motion.  The prodromal period is usually longer than with gout and its intensity 
is not as severe.  The distinguishing characteristic is that radiographs are typical of hallux rigidus.

Treatment of the acute episode may include periarticular injection of dexamethasone phosphate 
with 0.5% bupivacaine, or infiltrated as a Mayo type block.  Temporary immobilization for a few 
days in a gello cast or compressive dressing with surgical shoe is helpful. Follow-up of the acute 
attack should include physical therapy and protection such as a dancer's cut-out pad.   

The chronic arthrosis of hallux rigidus is typically symptomatic with increased activity and weather 
changes.  Patients have signs of developing arthrosis with clinical features such as chronic 
periarticular bogginess to the joint with a limitation of motion.  Pain is usually present on the end 
range of motion and crepitus is often noted.   

The chronic joint process is treated by measures to limit loading of the hallux and thereby limit 
motion at the metatarso-phalangeal joint. Changes in activity and possibly occupation may be 
considered.  Shoes should have a rigid sole and possibly a rocker-bottom.  High heels must be 
avoided and an orthotic device with a Morton's extension is recommended.  Medical management
may include oral non-steroidal anti-inflammatory drugs.  Local physical therapy with ultrasound, 
electrical stimulation or other modalities is utilized as necessary. 

SURGICAL TREATMENT

A. Cheilectomy 

Chielectomy is an arthroplasty involving removal of proliferative bony changes around the 
periphery of the first metatarsophalangeal articulation which may otherwise limit motion and cause 
pain.   

In hallux rigidus, the proliferative degenerative activity is most marked along the dorsal ridge of the 
first metatarsal head.  As the condition progresses, lipping along the circumference of the proximal 
phalangeal base occurs.  Osteophytosis of the first metatarsal head usually becomes pronounced 
and the bridging that causes joint mice may occur.  

Most surgeons practice cheilectomy as described by Du Vries. Cheilectomy for hallux rigidus 
involves resection of the proliferative activity on either side of the joint.  In addition, Mann and 
Clanton proposed radical excision of the dorsal exostosis including the upper one-third of the 
articular surface and first metatarsal head.  This is because much of the unenthusiastic support for
cheilectomy was due to the conservative nature of bone resection. 
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Cheilectomy, as previously performed without removal of the dorsal portion of the first metatarsal 
head, was un-successful as it did not eliminate the impingement that prohibited dorsiflexion. 
Hattrup and Johnson presented their results of cheilectomy in the following manner. 

 I    Mild to Moderate Osteophytes but Good Joint      
 II   Moderate Osteophytes with Joint Space    Narrowing and Subchondral Sclerosis  
 III  Marked Osteophytosis with loss of Joint Space with or without Subchondral Cysts    

            
They performed cheilectomy in 58 patients and found a rather large proportion of unsatisfactory 
results predominantly in Grade II and III joints.  They concluded that cheilectomy was more 
appropriate for Grade I lesions while arthrodesis was still the treatment of choice in more severe 
degrees of arthrosis.  

Mann's most recent recommendations regarding cheilectomy involved a greater degree of 
metatarsal head resection than would normally be thought prudent.  This resulted in more of a 
Stone type procedure or resection arthroplasty at the level of the metatarsal head.  

In conclusion, cheilectomy in and of itself is rarely indicated as a sole procedure.  Use of 
cheilectomy is necessary in an ancillary role.  Regardless of osteotomy or joint resection, it is 
necessary to clean the adjacent periphery of the first metatarsophalangeal joint. In addition, 
cheilectomy or resection of prominent lipping on either, or both, of the metatarsophalangeal joint 
sesamoids, is quite possible.  Inspection of the sesamoids and correlation with radiographic 
appearance is recommended. 

B. Subchondral Drilling

The natural progression of arthrosis involves the gradual articular degeneration of adjacent articular 
surfaces.  Degenerative arthrosis is noted for its asymmetric joint abnormalities while the erosion of 
articular cartilage may be very localized.  The cartilage degeneration begins as thinning, with 
fibrillation and fissures, and progresses to full thickness erosions.  Once the pathologic disruption 
of cartilage matrix has begun, even normal loading of a joint without orthopedic deformity 
continues the downward cycle of degeneration. 

The repair of articular cartilage has been the subject of much investigation since Salter 
demonstrated that full thickness deficits can undergo new chondrogenesis, and hyaline repair, when 
the joint is subjected to continuous passive motion.  This gave a scientific basis to the clinical 
practice of denuding diseased segments of articular cartilage followed by subchondral drilling. 

Curettage and fenestration of the subchondral bone has been advocated for localized lesions of full 
thickness cartilage loss. It has been shown that healing of articular defects will not occur unless the 
subchondral bony plate is violated and vascular ingrowth allowed to-proceed.  Therefore, recent 
investigators have utilized curettage and subchondral drilling in cases of full thickness cartilage 
loss.  The procedure has been utilized in early stage II arthrosis when most of the joint still 
possessed healthy articular cartilage.  



9

The segmental deficits in the articular surfaces of the first metatarsal head are then addressed.  This 
procedure has been performed as an adjunct to primary joint reconstruction including cheilectomy 
and with the various 

Phalangeal Osteotomy

The application of phalangeal osteotomy for hallux rigidus is usually performed as historically 
described by Kessel and Bonney.  This included a dorsiflexory wedge osteotomy at the proximal
phalangeal base in adolescents and young adults.  The osteotomy is recommended for fixed 
plantarflexion of the hallux. 

Kessel and Bonney reported on ten procedures in nine patients, ranging in age from eleven to 
twenty-one.  They noted a significant increase in dorsiflexion, or apparent dorsiflexion, which 
ranged from five degrees pre-operatively to forty-four degrees post-operatively. The operation is 
advocated as a non-destructive operation in cases of fixed plantarflexion and limited degenerative 
changes of the first metatarsophalangeal joint.  In essence, this is a joint realignment procedure that
attempts to reduce the hallux equines

D. Metatarsal Osteotomy

The rationale for first metatarsal osteotomy in hallux rigidus reconstruction can be derived from the 
operative procedures of Waterman, Lambrinudi and Supping.  

Waterman identified the inability of the first metatarso-phalangeal joint to dorsiflex.  His solution 
was to re-orient the articular surface of the metatarsal head.  He did so through a dorsally based 
wedge osteotomy of the metatarsal head.  This osteotomy, in and of itself, does not increase range 
of motion but re-orients the available motion in a more dorsal attitude. 

The procedure identifies the hallux flexus and attempts to reduce it through osteotomy on the 
proximal side of the joint. Lambrinudi identified metatarsus primus elevatus as a clinical entity was 
well as ancillary deformity, and recommended plantar-flexory osteotomies, as needed.  Bonney and 
McNab also advocated plantar-flexory osteotomies in cases of adult hallux rigidus with elevated 
first metatarsal and limited degenerative joint disease. Over the past decade, both proximal and 
distal osteotomies have been advocated for plantarflexion of the metatarsal.   Later, Suppan realized 
the value of first metatarsal shortening in the correction of both hallux valgus and hallux rigidus.  
Suppan was one of the first to advocate articular preservation at a time when most surgeons were 
promoting the value of implant arthroplasty. His procedure was simply a transverse shortening 
osteotomy within the capital portion of the metatarsal.  The greater the degree of deformity, the 
more shortening that needed be achieved.  The procedure is of value because it creates laxity or 
decompression on the joint articulation.   

Often the hallux rigidus foot is inflexible and most procedures, other than resection arthroplasty, do 
not address the lack of joint space. Although exact for osteotomy is unknown, several different 
types have been used to plantarflex the first metatarsal. 
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They include distally cut Austin, Hohmann or Hohmann-Watermann types, while proximally based 
plantar-flexory wedges, crescentic osteotomies and metatarso-cuneiform fusions have been of 
limited value.  More recently, shaft osteotomies like the Mau, Ludloff or a sagittal plane"Z" cut 
have been attempted. Simple cheilectomy, my means of cleaning the periphery of the metatarsal 
head and proximal phalanx, is usually performed with any procedure, just as capsule tendon 
balance is incorporated in each case of hallux valgus.   

The appropriate osteotomy must be determined by the degree of elevatus evaluated through clinical 
and radiographic evaluation.  Since large amounts of elevatus can only be addressed through 
proximal osteotomy, it is fortunate that most cases of hallux rigidus do not possess significant 
elevation. Most are placed in the moderate category and therefore a distal osteotomy is more
often chosen. 

Proximal osteotomy can usually address only one element of-pathology, for example, the elevatus.  
Distal osteotomy has evolved into often-complex cuts that allow for simultaneous reduction of the 
elevatus, realignment of the articular cartilage and shortening of the metatarsal.  Shortening of the 
first metatarsal has been termed a decompression osteotomy, in that it creates joint space and will 
often reduce the degree of hallux flexus as a result of the laxity. Removal of bone with a 
modification of the Austin osteotomy (distal L) may be used for shortening and decompression of 
the first metatarsal.

Reduction of elevatus is accomplished through depression of the capital fragment.  This is easily 
accomplished with the Austin osteotomy since two parallel cuts are made dorsally.  The segment
of bone is removed and placed within the plantar osteotomy.  Plantarflexion is accomplished by 
both the removal of bone dorsally and additional plantarflexion through the placement of bone 
plantarly.   

The Austin type procedure has been utilized in cases of mild to moderate hallux valgus, where 
there is a functional limitus, as a result of mild to moderate elevatus with weight bearing.  The re-
insertion of bone plantarly negates excessive shortening, although the dorsal osteotomy is usually 
made in a medial-distal to proximal-lateral direction, so that shortening occurs with lateral 
transposition of the capital fragment. The Hohmann procedure has been modified to accomplish 
multi-plane correction, as well.  The osteotomy may be performed as a solitary cut from medial to
lateral in a somewhat distal to proximal direction.  The capital fragment can then be either 
transposed laterally, to shorten the first metatarsal, or with a depressed fragment, to plantarflex it 

A Watermann cut with a dorsally based wedge will realign the articular surface.  The osteotomy is 
performed as a through and through cut.  It allows plantarflexion and shortening to be 
accomplished through displacement of the capital fragment.  The osteotomy is oriented more 
obliquely to give greater shortening, while a more vertical osteotomy allows for greater plantar 
displacement.  Large amounts of elevatus can be reduced by either a proximal plantar-flexory 
wedge osteotomy or a crescentic osteotomy oriented in the sagittal plane. In the former, a larger 
wedge allows for greater plantar-flexion, while plantarflexion in the latter case is accomplished 
through rotation of the opposing osteotomy surfaces. The solution in severe cases of elevatus, 
particularly paralytic deformities, is to perform a metatarsal cuneiform fusion. Shortening is often 
an inherent side effect of joint arthrodesis and the degree is dictated by the surgical technique. 
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Plantarflexion has also been accomplished through insertion of a cuneiform shaped bone graft with 
the base located dorsally.  This is a variation of the Cotton osteotomy of the first cuneiform.

In cases of severe peps planes, treated by de-rotational triple arthrodesis, a large degree of forefoot 
varus may still need attention.  A Cotton procedure or cuneiform-metatarsal arthrodesis may 
provide additional correction in those cases with significant elevatus. 

Other alternatives to plantarflex the first metatarsal are accomplished through modifications of the 
Guevara and Ludloff osteotomies and sagittal plane transposition of the capital fragment.  The "Z" 
osteotomy, performed in the sagittal plane, works in much the same manner. 

In summary, metatarsal osteotomy can be utilized as a joint decompression procedure through 
shortening of the metatarsal.  This is useful to create joint space and joint laxity.  Metatarsal 
osteotomy is also utilized to plantarflex an elevatus deformity.  The exact osteotomy is dictated by 
the degree of elevatus and the clinical situation.  Finally, metatarsal osteotomy can re-orient the 
articular surface. Distal osteotomy has been particularly efficacious in that multi-planar correction 
can be accomplished.   

E. Enclavement

A more recently advocated procedure for hallux rigidus was the enclavement procedure, described 
by Regnauld in the last decade. Regnauld actually described three variants of the enclavement 
concept.  All three begin with an osteotomy located in the mid-substance of the proximal phalanx.  
The basal portion is excised, remodeled and then re-inserted as an osteocartilaginous graft.  
Regnauld utilized three configurations of the graft dependent upon the presenting deformity and 
quality of the bone. 

The "hat-shaped" graft mirrors the basic shape of a hemi-implant in that the base is remodeled and 
re-inserted into a excavated medullar canal.  A cheilectomy is performed on the entire 
circumference of the base while distally it is fashioned into a central stem.  Regnauld utilized the 
hat graft in situations of hallux valgus/rigidus when the quality of the bone stock is essentially 
normal.   

The "cork-shaped" graft utilizes a peripheral cheilectomy of the base, but of greater severity than 
the hat graft.  Only a central area of healthy articular cartilage is retained while the remainder of the 
distal portion is tapered to reinsert into the excavated shaft. Regnauld recommended the cork graft 
when the bone quality is poor, for example, in senile hallux valgus.   The so-called "inverted-
shaped" graft involves an almost tongue-in-groove osteotomy of the phalanx with the distal portion
inserted into a recess hollowed out in the base.  There is no description of peripheral remodeling of 
the base.  Regnauld essentially discarded this variation.  He sited stability of the graft as being least 
satisfactory compared to the prior variations.  

All three of these osteo-cartilaginous grafts are variants of the Keller procedure with re-insertion of 
the resected base without the benefit of internal fixation.  
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The therapeutic nature of these autografts is that of a decompression osteotomy with the creation of 
joint space, in addition to the peripheral cheilectomy.  Capsule tendon balance and remodeling of 
the first metatarsal is also a component of the surgical technique. 

Regnauld advocated enclavement for early forms of hallux rigidus or what he termed "first degree 
arthrosis", or the period of developing arthrosis.   Jacobs has utilized the enclavement procedure 
predominantly for hallux valgus as opposed to hallux limitus, but recommends the procedure in 
cases of a long hallucal phalanx.  He also acknowledged fixating the unstable osteotomy with 
monofilament wire. 

Interestingly, many authorities advocate primary joint reconstruction through combined 
cheilectomy/osteotomy but these auto-implants are felt to be a complicated technique performed on
the wrong side of the joint.  Due to removal and reinsertion of the phalangeal base, many of the 
negative aspects of resection arthroplasty are encountered in addition to the demands of re-
incorporation of the auto-implant.  For example, disruption of the gleno-sesamoidal joint and its 
distal attachments just cannot be advocated in cases of early arthrosis and the procedure does not 
address metatarsus primus elevatus or a long first metatarsal, as observed in most cases of hallux 
rigidus.   

F. Resection Arthroplasty 

Resection arthroplasty of the first metatarso-phalangeal joint may include sacrifice of one or both 
sides of the joint.  In the case of hallux rigidus, with severe proliferative activity and progressive 
loss of joint space, resection arthroplasty re-establishes joint space and allows movement. 

The most commonly practiced resection arthroplasty is the Keller moiety of basal resection of the 
proximal phalanx.  The hypertrophic mushroom shaped base is resected at the metaphyseal flare, 
along with cheilectomy of the first metatarsal head.  Interposition of a capsular flap has been 
advocated as well.  Keller procedures are a well-accepted part of the surgical treatment of hallux 
valgus but its use in hallux rigidus has been questioned. 

Severin, in 1947, reported on the success of Keller resections for the treatment of patients with 
hallux rigidus.  Today, Keller resections are not as appropriate in other than senile hallux rigidus. 

Other resection arthroplasties, such as those described by Mayo and Stone, deserve mention.  The 
solution to hallux rigidus is to eliminate the painful arthrosis and equinus position of the hallux.  
Resection arthroplasty re-establishes the joint space and allows repositioning of the hallux relative 
to its metatarsal. Dorsal angular resection of the first metatarsal
allows for extension.  Valenti has taken this a step further with angular resection of both the base of 
the proximal phalanx and first metatarsal head.  This procedure restores not only position but also 
allow near normal movement of the great toe.  The problem with resection arthroplasty is the 
inability of the first metatarsal to bear weight through the medial column.  

The choice of procedure must be tapered to the age and biomechanical demands of the patient.  
Resection arthroplasties are probably most appropriate for end stage arthrosis, in the older patient, 
with limited functional demands. 
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G. In-Situ Decompression (ISD)

ISD involves removing a cylindrical graft from the proximal hallux phalanx. In theory, this 
decompression osteotomy decreases the length of the hallux, but the tension inside the joint is not 
affected to the same degree. The innovative procedure was further refined and reported by Hanft, 
Vanore and Corey, 2002. 

H. Implant Arthroplasty and Constituents

Metals:
 Stainless steel
 Cobalt
 Titanium

Polymers:
 UHMW Polyethylene
 PMMA
 Silicone

 Ceramics
 Carbon

Since its introduction in the late 1960's, interpositional silicone arthroplasty has been embraced as a 
primary procedure for the condition of hallux rigidus.   

FIRST METATARSO-PHALANGEAL JOINT IMPLANTS   

As a result of the pathologic deterioration of the first metatarso-phalangeal joint, hallux rigidus 
appeared to be an ideal indication for resection arthroplasty augmented with a hemi-silicone 
implant.  Early evaluations however, were prematurely based on short-term reports void of possible 
long-term consequences, and initial recommendations helped sustain the popularity of hemi-
implant arthroplasty through the 70's and early 80's. 

Today the literature abounds with reported complications.  A typical example is Bass and 
colleagues, who in 1978 illustrated the ignorance of those surgeons who reported detritus synovitis 
in patients with hemi-silicone arthroplasty.  They noted that the metatarsal head was degenerated 
but simply replaced the old hemi-implant with a new device. Since then, it has become known that 
it was quite predictable to have abrasive wear particles as a result of the degenerated metatarsal 
head articulating with the softer silicone implant.  Other problems that developed were performance 
of the procedure in joints that were in the stage of developing arthrosis.  The arthritic deterioration 
was not sufficient to warrant joint destruction, yet many practitioners continued to utilize hemi-
implant arthroplasty for all stages of hallux rigidus. The end result was that many younger patients 
later presented with devastating biomechanical squeal of the procedure.
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 Fortunately, Vanore, O'Keefe and Pinscher disseminated balanced information regarding the 
complications, clinical success, and judicious use of interpositional arthroplasty techniques. A 
follow-up was released in 2002 to review new concepts, designs, biomaterials and results.

GENERAL INDICATIONS FOR FIRST METATARSO-PHALANGEAL JOINT                      
IMPLANT ARTHROPLASTY                     

1. Hallux valgus with subluxation and painful/limited range of  motion
2. Hallux Rigidus
3. Revision Surgery
4. Rheumatoid Arthritis
5. Painful degenerative joint disease
6. Gouty Arthritis
7. Osteochondral fractures (osteochondritis desiccants) 
8. Intra-articular fractures 

Double stemmed hinged silicone interpositional arthroplasty, on the other hand, appears to be a 
more useful procedure for the endstage arthrosis of hallux rigidus, not salvageable by primary joint 
reconstruction.  Current recommendations are for titanium grommets as an adjunct to implant 
arthroplasty.  These grommets minimize potential complications from the dense sclerotic bone of
the metatarsal head and proximal phalanx, in immediate contact with the implant. This refinement 
is a very gratifying procedure if performed for the correct clinical situations. Still however, every 
effort is made to avoid joint destructive procedures in the surgical treatment of hallux limitus and 
rigidus.  Recent total joint first MPJ replacement systems include those from:

 Dow-Corning-Wright
 Biomet Total Toe
 Bio-Action implant
 Acumed System
 Kinetik Great toe implant
 Osteomed total joint system

Arthrodesis of the first metatarso-phalangeal joint is usually avoided because of the reconstructive 
techniques, just reviewed. Psychologically, arthrodesis is also correlated with a poorly functioning 
foot that is prone to complications, even though several authors have reported satisfactory results. 

McKeever was among the early advocates of first metatarso-phalangeal fusion.  He identified the 
value of a stiff joint following a fortuitous ankylosis secondary to post bunionectomy infection. 
Subsequently, success with planned fusions lead to his support of the procedure. Although a screw 
was used for internal fixation, McKeever stressed the position of arthrodesis was more important 
than the method in which it was achieved.  He also identified hallux rigidus as an ideal indication 
for arthrodesis.  He recommended that the first metatarsal be held as close as possible to the 
second, and then aligned to the hallux and second toe, in the sagittal plane.  This usually left the 
hallux in 15 to 20 degrees of extension on the first metatarsal, although the hallux was placed in 
about 35 degrees of extension in women who wished to wear high heel shoes. Lipscomb was 
another authority convinced of the superiority of arthrodesis.  
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He believed that satisfaction was obtained in those who underwent first metatarso-phalangeal joint 
fusion for hallux valgus correction.  He quoted an unpublished study, at the Mayo Clinic, which 
documented a 95% satisfaction rate in hallux valgus repair.  

Therefore, arthrodesis does appear to offer certain advantages to select patients. For example, once 
bony fusion is complete, it does not wear out and recurrence of arthrosis impossible.  One of the 
particularly positive aspects of fusion is its-biomechanical-implications.  Although movement of 
the first metatarso-phalangeal joint is sacrificed, fusion offers stability of the medial
portion of the foot.  Several researchers have even identified the elimination of metatarsalgia after 
arthrodesis.  In his series of thirty-five patients who suffered from pre-operative metatarsalgia, 
Moynihan reported 63% were relieved. 

Currently, elimination of first metatarsophalangeal joint motion is not the worst alternative in 
hallux valgus surgery.  In hallux rigidus, a real dilemma exists in the younger male patient who 
requires a stable foot for heavy labor or extensive ambulation. The-need was identified by Stokes, 
who encouraged an open mind to consider fusion.  In the current medico-legal climate, it is good 
practice to offer arthrodesis as a surgical alternative to those patients in whom resection or implant 
arthroplasty is considered.

Concluding Remarks

The treatment of hallux limitus / rigidus is predominantly through surgical intervention.  
Procedures have been discussed in light of appropriateness to the degree of joint arthrosis.  Through 
introspection of past surgical regimens and their results, a broader scope of alternatives can be 
offered to afflicted patients. A guiding philosophy is to salvage the joint, particularly in the younger 
patient, and add refinements in current technique that may improve the surgical outcome, and assist 
in your board certification examination preparation endeavors.
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