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Abstract

Hallux rigidus describes the osteoarthritis of the first
metatarsophalangeal joint. It was first mentioned
in 1887. Since then a multitude of terms have been
introduced referring to the same disease. The main
complaints are pain especially during movement and
a limited range of motion. Radiographically the typical
signs of osteoarthritis can be observed starting at the
dorsal portion of the joint. Numerous classifications
make the comparison of the different studies difficult. If
non-operative treatment fails to resolve the symptoms
operative treatment is indicated. The most studied
procedure with reproducible results is the arthrodesis.
Nevertheless, many patients refuse this treatment op-
tion, favouring a procedure preserving motion. Differ-
ent motion preserving and joint sacrificing operations
such as arthroplasty are available. In this review we fo-
cus on motion and joint preserving procedures. Numer-
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ous joint preserving osteotomies have been described.
Most of them try to relocate the viable plantar cartilage
more dorsally, to decompress the joint and to increase
dorsiflexion of the first metatarsal bone. Multiple stud-
ies are available investigating these procedures. Most
of them suffer from low quality, short follow up and
small patient numbers. Consequently the grade of
recommendation is low. Nonetheless, joint preserving
procedures are appealing because if they fail to relief
the symptoms an arthrodesis or arthroplasty can still be
performed thereafter.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: If nonoperative treatment fails to relieve the
symptoms of hallux rigidus surgery is indicated. The
procedure with the most evidence for success is the ar-
throdesis of the first metatarsophalangeal joint. Never-
theless, many patients prefer treatment options which
preserve the joint motion. The evidence for different
arthroplastic procedures is of low quality. Furthermore,
in case the procedure fails to relieve the symptoms to
perform an arthrodesis after resection of the joint is
much more difficult and may require bone graft. Conse-
quently, joint and motion preserving osteotomies are of
great interest for treatment of hallux rigidus. We here
provide a review of the different joint and motion pre-
serving alternatives for treating hallux rigidus and the
studies available investigating these procedures.
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INTRODUCTION

The term “hallux rigidus” refers to the osteoarthritis
of the metatarsophalangeal joint (MTP]) of the first
toe. This disease was first reported in 1887 by Davies-
Colley". He suggested the name “hallux flexus”. Shortly
thereafter Cotterill was the first to introduce the term
“hallux rigidus”". Since then multiple names have been
suggested, such as metatarsus primus elevatus, dorsal

bunion, hallux dolorosus, or hallux malleus, to describe

the same diagnosis. It is one of the most common prob-

lems of the great toe'”.

ETIOLOGY

Hallux rigidus is a common form of osteoarthrosis in
the foot'". Radiographic signs for the disease can be
recognized in 10% of people aged 20-34 years and 44%
of people over the age of 80 years”. The exact cause
for hallux rigidus is controversial. Coughlin ez al®™ (2003)
demonstrated that 80% of all patients suffering from bi-
lateral hallux rigidus have a family history. Furthermore,
in a long term study they could depict that most patients
develop a bilateral hallux rigidus over time!”, Some au-
thors blame poor shoewear''!, a tight achilles tendon!”
or believe in a spontaneous onset”. Another popular
concept is that an elevated first ray, the so called metatar-
sus primus elevatus, leads to hallux rigidus. While many
authors are in favour of this theory” ", there are multiple
surgeons opposing it ', Coughlin ¢z /" even propose
that the metatarsus primus elevatus might be a secondary
change due to hallux rigidus. Taken together, the exact

cause leading to hallux rigidus remains controversial.
Nevertheless, it is known that females show a higher
incidence!""™*'"™"* and that it mainly occurs after the age
of 40 years". The most common cause for unilateral hal-
lux rigidus is believed to be traumatic, cither by isolated

14,19,20)
. | These can cause

injury or repetitive microtraumata
chondral injury and lead to progressive arthritic changes.
However, most of these concepts are theoretical and lack

scientific evidence.

CLINICAL FINDINGS

Hallux rigidus is characterised by arthralgia, which is usu-
ally worsened by walking. With time the joint enlarges
and the symptoms become more pronounced with pain
at the dorsal bony prominence of the first MTPJ” and
decreased range of motion, especially dorsiflexion. In
this process the destruction of the cartilage commonly
starts at the dorsal portion of the metatarsal head® and
the bony prominence might impinge against the proximal
phalanx (Figure 1). Physical examination usually shows a
painful, tender and swollen first MTP] with limited mo-
tion and pain usually when dorsiflexed.

RADIOGRAPHIC FINDINGS

Radiographic examination should include weight-bearing
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anteroposterior and lateral radiographs””. The typical ra-
diographic findings are asymmetric joint narrowing and a
flattened metatarsal head (Figure 1). With advancement of
the disease more of the joint surface is involved and sub-
chondral cysts, sclerosis and bony proliferation at the joint

. .. . 22,23
margins occur and the joint narrowing progresses[ !

GRADING

Multiple different grading system for hallux rigidus have
been introduced differentiating between two and five dif-
ferent grades“]’12’21’22’24’3(”. A classification system should
aid the decision on treatment and allow a meaningful
comparison of different treatment strategies. Further-
more, in order to compare the results of different studies
and procedures a consistent classification is crucial. Bee-
son ef al’!' (2008) performed a systematic review of the
literature to critically evaluate the different classification
systems for hallux rigidus. The authors criticize, that none
of the classification systems has been tested in regard to
reliability and validity. Taking this shortcoming into ac-
count they consider the classification system by Coughlin
et al™ to be the closest to a “gold standard”. These au-
thors base their classification on subjective and objective

clinical and radiographic findings (Table 1).

NONOPERATIVE TREATMENT

Nonoperative treatment of hallux rigidus should be ap-
plied in accordance to the degree of symptoms. Anti-
inflammatory medications and strapping of the toe might
be sufficient. Furthermore, shoe modification or the use
of rigid shoe inserts and modification of activities might
be beneficial™, Little evidence is available for injection
of sodium hyaluronate, but it seems to be beneficial only
in the early state™!, Zammit e /™ performed a system-
atic review and identified only one high class randomised
controlled trial evaluating conservative interventions for
hallux rigidus. Shamus ez /" compared physical therapy
alone to physical therapy combined with sesamoid mobi-
lization, flexor hallucis strengthening exercises, and gait
training, The authors concluded that combined multifac-
eted physical therapy reduces pain and restores function
more sufficiently. When nonoperative treatment fails to

provide relief, surgery should be performed.

JOINT DESTRUCTIVE SURGICAL
TECHNIQUES

Arthrodesis

The best evidence available is in support of arthrodesis
for the first MTPJ]. When compared to total arthro-
plasty””, hemiarthroplasty™, resection arthroplasty®™,
interpositional arthroplasty or cheilectomy™™*", arthrod-
esis yielded better reduction of pain, better functional
satisfaction, shorter hospital stays, lower revision rates
and faster return to normal activity. Nevertheless, joint
and motion preserving operations are appealing, because

January 18, 2014 | Volume5 | Issuel |



Polzer H et a/. Joint preserving surgery for hallux rigidus

Figure 1 Radiographic images of a hallux rigidus
grade 2. A: Dorso-plantar view; B: Oblique view; C: Stress
radiographs in dorsiflexion revealing bony impingement.

Table 1 Clinical and radiogr.

Grade Dorsiflexion Radiographic findings Clinical findings

0 40°-60° and/ or 10%-20% loss Normal No pain; only stiffness and loss of motion
compared with normal side

1 30°-40° and/ or 20%-50% loss Dorsal osteophyte (main finding), Mild or occasional pain and

compared with normal side

2 10°-30° and/or 50%-75% loss
compared with normal side

3 < 10° and/or 75%-100% loss
compared with normal side.
Notable loss of plantar flexion
(often < 10°)

minimal joint space narrowing, periarticular
sclerosis, flattening of metatarsal head
Dorsal, lateral, and possibly medial
osteophytes (flattened metatarsal head) <1/4
of dorsal joint space involved (lateral
radiograph), mild to moderate joint-space
narrowing and sclerosis, sesamoids not involved
Same as in Grade 2 but with substantial
narrowing, possibly periarticular cysts, > 1/4 of
dorsal joint space involved (lateral radiograph),
sesamoids enlarged and/or cystic and/or irregular

stiffness, pain at extremes of
dorsiflexion and/ or plantar flexion

Moderate to severe pain and
stiffness that may be constant; pain
just before maximum dorsiflexion

and maximum plantar flexion

Nearly constant pain and substantial
stiffness at extremes of range of
motion but not at mid-range

4 Same as in Grade 3

Same as in Grade 3

Same as in Grade 3 but definite pain
at mid-range of passive motion

if they fail to relief the symptoms, an arthrodesis can still
be petformed.

Arthroplasty

Different methods of arthroplasty are available. The
studies comparing arthroplasty using nontissue implants
compared various different implants””** and produced
conflicting results™. Arthroplasty by resection also seems
to be effective for treatment of hallux rigidus[39’41’46],
though it could not be demonstrated that it is supetior to
other techniques. The same applies to the interpositional
arthroplasty[m’%'w.

al-

Cheilectomy

This procedure was introduced in 1979 by Mann e7 al™.
In addition to the osteophytes of the base of the proxi-
mal phalanx 25%-30% of the dorsal metatarsal head are
removed (Figure 2A). Consequently, the procedure must
be classified as a partially joint sacrificing technique. Too
aggressive resection may lead to a MTP] subluxation.
Furthermore, arthrodesis or arthroplasty are more diffi-
cult thereafter. Only retrospective trials are available com-
paring cheilectomy to other surgical interventions'"**,
There is no consistent evidence that cheilectomy is supe-
rior to other operative interventions'™™, while it was used
mainly in low grades of hallux rigidus.
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JOINT PRESERVERING SURGICAL
TECHNICES

Proximal phalanx osteotomy (Moberg)

One of the main clinical findings in hallux rigidus is the
painful limited range of motion, especially of dorsiflex-
ion. Therefore, the concept of the proximal phalanx
osteotomy is to reset the arc of motion by placing the toe
into a more extended position (Figure 2B). This should
better accommodate the need for dorsiflexion”™. Bonney
et al”" were the first to describe this concept in 1952 and
called it “greenstick extension osteotomy of the proximal
phalanx”. Kessel ¢ a/*” and Moberg"” were the first to
perform retrospective case series reporting promising re-
sults and suggesting “that further testing of this method
should be worthwhile”. The only prospective trial in-
vestigating proximal phalanx osteotomy was performed
by Kilmartin®”, They compared the proximal phalanx
osteotomy (49 joints) to different metatarsal decompres-
sion osteotomies (59 joints). Unfortunately the sample
size for each procedure in the metatarsal decompression
osteotomy group was decreased by mixing the proximal
plantar displacement osteotomy, the modified Reverdin
Green osteotomy and the shortening scarf osteotomy. In
both groups a significant increase of the AOFAS score
could be noted. A higher satisfaction rate and a lower
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Figure 2 Diagrammatic presentations. A: A Cheilectomy; B: A proximal pha-
lanx osteotomy (Moberg); C: A dorsal closing wedge osteotomy (Watermann);
D: A Watermann Green procedure; E: A Youngswick procedure; F: A Reverdin
Green osteotomy; G: A distal oblique sliding osteotomy; H: The Sagittal Z oste-
otomy; I: A Drago procedure.

complication rate were observed for the proximal phalan-
geal osteotomy although without significant differences.
In a retrospective long term follow up study Citron ez
al™ found complete pain relief shortly after the opera-
tion compared with 50% pain relief after an average
follow up of 22 years (10 joints). Blyth ez al™ retrospec-
tively analysed 18 osteotomies with a follow up period of
four years and found significant improvement for pain,
footwear difficulties and range of motion. Fourteen of
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the cighteen patients evaluated the result of the surgery
as good or excellent. Southgate ¢z a/* retrospectively
compared the proximal phalanx osteotomy (10 joints) to
arthrodesis (20 joints) with an average follow up of 12
years. Without performing statistical analysis they found
comparable results for both procedures, with less compli-
cations but greater changes of the foot pressure for the
osteotomies. Mesa-Ramos ¢ al”” evaluated 26 minimal
invasive procedures including a proximal phalanx oste-
otomy in combination with a capsular release and resec-
tion of bony spurs. The authors also found a good pain
reduction with an increasing AOFSAS score and a high
patient satisfaction. Furthermore, few low quality retro-
spective case series investigated either only the proximal
phalanx osteotomy™ or the combination with cheilec-
tomylss]. Due to the low quality the only conclusion from
these trials is, that the procedure is safe and that it seems
to provide relief of symptoms.

Taken together, the evidence available is not good
enough to draw a definitive conclusion, whether the
proximal phalanx osteotomy is superior to other opera-
tive techniques. Nevertheless, the procedure seems to be
safe and to reduce pain.

Dorsal closing wedge osteotomy (Watermann)

Watermann was the first to report a dorsal closing wedge
trapezoidal osteotomy of the distal metatarsal (Figure
20", 1t was designed to relocate the viable plantar
cartilage to a more dorsal location, thereby allowing
more dorsiflexion of the hallux®”. It further causes a
decompression of the joint®’, Cavolo ez a/*" reported
two cases and found an increased range of motion and a
high patient satisfaction. To our knowledge there are no
further studies available evaluating this technique. From
our point of view the major disadvantage is that the os-
teotomy is relatively unstable due to the perpendicular
orientation of the osteotomy in relation to the metatarsal
shaft and the resulting difficult fixation”. Furthermore,
some authors state that this procedure is contraindicated
in metatarsus primus clevates, as it could increase the
symptoms'"). From the little evidence available, no rec-
ommendation for this procedure can be made.

Watermann Green

The name Watermann Green is misleading as the pro-
cedure originally was not designed to rotate the articular
cartilage compared to the original Watermann procedure.
The procedure describes a 2-arm osteotomy. The dor-
sal arm consists of two incomplete osteotomies 0.5 cm
proximal to the articular cartilage of the first metatarsal
head in order to shorten the first metatarsal. If these two
cuts form a trapezoid, the proximal articular set angle
can be changed. The plantar osteotomy of was originally
angled 135 degrees to the dorsal arm and causes a plantar
transposition (Figure 2D). This angle can be modified
thereby changing the ratio of the first metatarsal shorten-
ing to the plantar transposition of the capital fragment.
It is often combined with a cheilectomy. It is difficult to
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clearly delineate this procedure from the Youngswick os-
teotomy as the angle between the two limbs can vary de-
pending on whether the shortening or the plantar transla-
tion is more importantm for both procedures resulting in
comparable osteotomies.

Dickerson e a/* also retrospectively analysed 28
Watermann Green procedures with an average follow
up of four years. Ninety-four percent of all patients re-
ported an extensive relief of pain and 75% experienced
a subjective increase of the range of motion. Roukis ez
al® prospectively compared the periarticular osteotomy
cither according to Watermann Green or Youngswick (16
patients) to a resurfacing endoprosthesis (9 patients). The
authors did not find significant differences for subjective
and objective measures. The only difference found was
a reduced metatarsal protrusion distance, but due to the
limited follow up of one year, the importance of this
finding could not be delineated. Furthermore, the authors
do not state how many Watermann Green and how many
Youngswick procedures were performed and do not
evaluate the results for the two procedures independently.
Consequently, the conclusions drawn are limited.

Youngswick

This procedure was introduced by Youngswickm in
1982 as a modification of the Chevron osteotomy. First
a V-shaped osteotomy is performed with the apex di-
rected distally and two diagonal arms are directed dorsal
proximal and plantar proximal at a 60 degree angle. Then,
a second osteotomy is performed parallel to the dorsal
limb of the first osteotomy (Figure 2E). This results in
a shortening of the first metatarsal thereby leading to a
decompression of the first MTP]. Further it tries to plan-
tar translate the first metatarsal head which may decrease
metatarsalgia and dorsal impingement.

Giannini ef a/*” retrospectively evaluated eight patients
with less severe hallux rigidus and found an improvement
of both the AOFAS score as well as joint motion. Un-
fortunately no statistical analysis was performed and the
results of this procedure were not clearly confined from
the results of other osteotomies. Oloff ¢ a/”’ retrospec-
tively evaluated the outcome of the Youngswick proce-
dure in 28 feet in late stage hallux rigidus. The operation
led to a significant improvement of pain, function, range
of motion in pain, the AOFAS score and significant less
shoe restrictions. The authors reported an overall patient
satisfaction of more than 85%, with the patients’ chief
complaint alleviated in more than 75%. Yet, the authors
included combinations of the osteotomy with or without
cheilectomy and/or chondroplasty and do not specify
the number of these adjunct procedures. This makes
the interpretation of these results difficult. Roukis ez al™
conducted a prospective trial comparing the Youngswick
as well as the Watermann Green osteotomy to a resurfac-
ing endoprothesis. The authors did not find significant
differences for the AOFAS scores between the two study
groups, while the AOFAS score in both groups signifi-
cantly increased from pre- to postoperatively. Main limi-
tations of the study were, that it was not identified how
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many Youngswick and Watermann Green osteotomies
were performed. Furthermore, they did not provide a de-
tailed statistical analysis and only performed a follow up
to twelve months. They concluded that further long-term
studies are needed in order to draw a definitive conclu-
sion. Bryant ¢z /" demonstrated that the Youngswick
procedure changes the plantar peak pressure distribution
in the forefoot. Yet, the importance of this finding is still
unclear.

Reverdin Green

The Reverdin Green osteotomy is a modification of the
Youngswick procedure. After performing the V-shaped
osteotomy a second osteotomy is performed parallel to
the dorsal limb of the V-shaped osteotomy and the ex-
cised bone block is implanted in the plantar limb of the
osteotomy to further translate the metatarsal head plan-
tarwards (Figure 2F). The only prospective trial inves-
tigating the Reverdin Green osteotomy was performed
by Kilmartin®”. They included three different metatarsal
decompression osteotomies, namely the Reverdin Green,
the plantar proximal displacement and the shortening
Scarf osteotomy and compared them to the proximal
phalanx osteotomy. The authors performed 30 Reverdin
Green osteotomies, but due to complications they instead
continued with a plantar proximal displacement oste-
otomy. Unfortunately the authors do not state the nature
of the complications. Furthermore, they do not report
the results of the different osteotomies. The authors state
that the decompression osteotomies resulted in a lower
patient satisfaction rate and a higher complication rate
when compared to the phalangeal osteotomy and con-
clude that neither of the procedures could be considered
definitive for hallux rigidus.

We believe that the results of the Reverdin Green
procedure cannot be judged due to the low quality of the
data available. Nevertheless, the high rate of reported but
not further specified complications must be noted.

Distal oblique sliding osteotomy

This osteotomy is carried out in a distal to proximal
direction beginning slightly proximal of the articular
surface in an angle of 35°-45° oblique to the sagittal
plane. The capital fragment is then displaced proximally
and thereby leading to plantar displacement (Figure 2G).
Consequently this procedure leads to both a decompres-
sion of the first MTP] and a plantar displacement of the
first metatarsal head. Lundeen ef o/ initially introduced
this concept for treatment of hallux valgus associated
with hallux limitus, but it has been adopted for treatment
of hallux rigidus only.

Giannini ez a/* retrospectively analysed ten joints
with low grade hallux rigidus treated by distal oblique
sliding osteotomy. The AOFAS score as well as joint
motion could be improved. As stated above no statisti-
cal analysis was performed and the results of this pro-
cedure were not cleatly confined from the results of the
Youngswick osteotomy. Ronconi e7 al® retrospectively
evaluated 30 osteotomies with a mean follow up of 21
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mo. They demonstrated an increased range of motion
of the first MTP] and a high patient satisfaction rate,
while the number of patients with excessive pressure
on the second and third metatatrsal head increased and
the forefoot supination angle decreased postoperatively.
Gonzalez et al”” performed a retrospective study of 25
joints. They included less and more severe grades (II-1II
according to Drago ez al'™). The authors report a sub-
jective satisfaction rate of 96% with a return to normal
activity within two months for 80% of all patients and a
significant increase of dorsiflexion of 41.2° in average,
while 28% reported subjective limitation of joint mo-
tion. The authors do not comment on metatarsalgia of
the lesser toes. Further limiting is the short follow up of
twelve months only, consequently it cannot be evaluated
whether this gain in motion can be maintained over time.
Maletba e al™” retrospectively analysed 20 joints treated
with a distal oblique sliding osteotomy with an average
follow-up of 11.1 years. They found a significant increase
of the AOFAS score as well as in the range of motion
and concluded that the procedure is safe and reliable and
provides a high patient satisfaction. Kilmartin® operated
15 patients with grade II hallux rigidus. The authors state
that metatarsal decompression is associated with a high
risk of transfer metatarsalgia, but as pointed out above
they used three different techniques and do not state the
results for each procedure individually. None of these
authors observed severe complications such as head ne-
crosis or non-union of the osteotomy.

Sagittal Z osteotomy

The sagittal Z osteotomy also aims at shortening and
thereby decompressing the first MTP] (Figure 2H). Fur-
ther it allows plantarflexion of the MTP]. The greatest
advantages of this procedure are the high cross-sectional
area for bone healing, the great shortening potential and
the ability to be fixated with multiple screws in combina-
tion with a low risk for avascular necrosis®”. This proce-
dure was always performed in combination with a chei-
lectomy. This combinatory approach makes it difficult
to determine the outcomes of the osteotomy and chei-
lectomy. The evidence for this procedure is low. Kissel
et al”" evaluated the results of the sagittal Z osteotomy
in combination with cheilectomy and chondroplasty and
found good patient satisfaction rate without performing
statistical analysis. Viegasm performed 13 procedures and
found only good and excellent results. Again the authors
did not acquire objective measurements and consequently
they could not perform statistical analysis.

Drago

Drago et al™" presented a double osteotomy consisting
of a Watermann procedure at the distal end of the first
MT and a proximal plantarflexing osteotomy. The idea
was to perform a proximal osteotomy in order to allow
more plantarflexion compared to the distal osteotomy.
The authors hypothezised, that this could lead to a dorsal
jamming of the first MTP]. In order to prevent this effect
and to rotate the articular surface dorsally, they combined
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this osteotomy with a Watermann procedure (Figure 2I).
To our knowledge no study has yet evaluated the results
of this procedure.

Modifications

Furthermore, there are various modifications of the pre-
viously depicted osteotomies. All studies evaluating such
procedures were retrospectively performed without a
control group. Yet, all authors claim good results for their
procedures.

Derner ez al™ presented a modification of the Young-
swick procedure. Their first cut is straight in contrast to
the V-shaped osteotomy by Youngswick. The second os-
teotomy is performed parallel to the dorsal two thirds of
the first osteotomy. The authors report an increase of the
range of motion of 38° with an excellent patient satisfac-
tion of 85%.

Selner et al™ performed a retrospective analysis of a
tricorrectional osteotomy (18 joints) with an average fol-
low up of 32 mo. It is basically a modified Youngswick
procedure but it allows to change the orientation of the
first MTP)J.

Kilmartin™ performed a shortening Scarf osteotomy
in 14 patients. They state that the increase in range of mo-
tion is limited but a high number of patients suffered from
transfer-metatarsalgia without specifying these results. As
depicted above this study suffers multiple shortcomings.

CONCLUSION

The evidence currently available investigating the differ-
ent procedures is poor. Especially the clinical heteroge-
neity and the low number of prospective trials are the
reason why it is not possible to compare outcomes for
patients undergoing the different surgical procedures.
Consequently the grade of recommendation for each
procedure is low and the choice of the procedure still is
an individual decision of the treating surgeon until better
prospective trials are available. Nevertheless, joint pre-
serving operations are appealing, because if they fail to
relief the symptoms, joint sacrificing operations can still
be performed.
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