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ABSTRACT
We report the results of three patients (four

feet) who had surgical correction of adolescent
flatfeet performed over fifty years ago. The sur-
gery involved medial column stabilization with
fusion procedures and tibialis anterior transposi-
tion into the navicular (Young's tenosuspension
procedure). In this small sample, we found a high
rate of painful arthrosis that developed over time
in the contiguous joints of the foot.

INTRODUCIION
The majority of patients with flexible pes planus are

asymptomatic. For the symptomatic, flexible flat foot,
numerous authors have described various nonsurgical
approaches1'2 5'1224. In the majority of patients, symptoms
are alleviated with nonoperative measures. However,
there are occasional patients with persistent symptoms
whom are considered for surgical treatment. A wide
variety of surgical procedures have been described for
the correction of these flatfoot deformities'6"0""'2"5"621'22

In 1923 Lowman described his procedure involving
talonavicular arthrodesis with transposition and tight-
ening of the tibialis anterior on the navicular with or
without tendo Achilles lengthening'8. Four years later,
Miller described a technique involving naviculo-medial
cuneiform-first metatarsal arthrodesis with distal ad-
vancement of an osteoperiosteal flap based on the tibi-
alis posterior tendon at the navicular20. He reported
good results in sixteen patients with an average follow-
up of 2.5 years with an average age at operation of twelve
years. In 1929, Kidner described his procedure for re-
moving the accessory navicular when present, freeing
the tibialis posterior, and transplanting the tendon infe-
riorly on the navicular to pull directly upward, theoreti-
cally maintaining the medial longitudinal arch'7. Hoke,
in 1931, reported his success in the treatment of the
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the flexible flatfoot with medial and middle cuneiform-
navicular arthrodesis with tendo Achilles lengthening
in four patients'3. Six years later, Butte described his
study of 138 patients with flatfoot who underwent
naviculocuneiform arthrodesis3. He reported excellent
results in thirty feet, good in forty, fair in thirty-four
feet, and poor in thirty-four. The length of follow-up was
as long as nine years, with the majority between one
and five years, and an average age at operation of four-
teen years.

In 1939, Young published his results with transposi-
tion of the tibialis anterior insertion into the navicular
with tendo Achilles lengthening in order to prevent de-
pression of the arch and abduction of the forefoot25. He
reported symptomatic relief, correction of the depressed
arch, and eversion and abduction of the forefoot in seven
patients with pes planus.

From our review of his surgical record cards, it ap-
pears that in that same year (1939) Dr. Arthur Steindler
incorporated Young's tenosuspension operation with
medial column fusion stabilization for the treatment of
flatfeet. In this report we describe the long term re-
sults of those surgeries.

METHODS
Fifteen surgical procedures were performed by Dr.

Steindler on thirteen patients with flatfoot deformities
between 1939 and 1943. These procedures included
twelve naviculocuneiform arthrodeses with tibialis an-
terior transposition into the navicular, and three talo-
navicular arthrodesis with tibialis anterior transposition
into the navicular.

In 1995, we attempted to locate these patients for
follow-up. We identified three living patients (four
cases). Seven patients were deceased and three others
were lost to follow-up. Of the three living patients, one
patient with bilateral surgery returned for a complete
examination and radiographic assessment, and the other
two completed a telephone interview and had radio-
graphs taken of both feet. In this study we report the
results of these four cases in three patients with greater
than fifty years of follow-up.
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CASE REPORTS_! ................... -/ _ ........Patient 1
B.W. first presented to the University of Iowa Hospi-

tals and Clinics (UIHC) at the age of fourteen with com-
plaints of right foot instability and fatigue. Three years
earlier she had jumped over some flowers and severely
injured her right foot. Subsequently, she developed a
progressive pronation deformity of the midfoot. There
was no complaint of pain.

Physical examination revealed bilaterally pronated
feet with her right more affected than her left. She was
noted to have a tight heelcord on the right. The right
peronei were recorded as slightly contracted. Plain ra-
diographs of her right foot revealed an old, healed frac-
ture of the sustentaculum tali. She was diagnosed with
a traumatic flatfoot deformity and was treated with a
brace. One year later, she underwent naviculocuneiform
fusion, tendo Achilles lengthening, and transposition of

_.A.:;6 -040;0^; -0 : _the tibialis anterior into the navicular of her right foot.
Thirty-five years later, the patient underwent a

subtalar fusion for degenerative arthritis. Fifty-five years
after the initial operation we contacted the patient and
obtained radiographs (Figure 1). At that time she stated
that use of the injured foot caused intermittent pain lim-
iting her daily activities, but also noted that for many
years she enjoyed relatively painless function of the foot.

Figure IA.

Figure lB.

Figure 1. Standing (A) anteroposterior and (B) lateral radiographs of a patient fifty-five years post-surgery on the right foot. A subtalar
arthrodesis was performed for painful arthrosis thirty-five years after the initial procedure. Diffuse degenerative changes in the transverse
tarsal and midfoot joints correlate with residual symptoms. Comparative radiographs of the nonoperated foot (C,D) reveal no arthritic
changes.
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Patient 2
J.M. first presented to the UIHC at the age of eleven

with complaints of a weakness of his left ankle. His par-
ents reported an incident at age two when he sustained
an infra-medial malleolar laceration with resulting hindfoot
deformity. Since that time, he had progressive ankle weak-
ness with a noticeable talar head prominence.

Physical examination of the left lower extremity re-
vealed atrophy of the calf musculature with a valgus
hindfoot. No palpable activity of the tibialis posterior
muscle or tendon was observed. The talus was promi-
nent on the medial aspect of the ankle, and the patient
had a tight heelcord.

J.M. subsequently underwent talonavicular fusion
and tibialis anterior transposition to the navicular. His
postoperative course was complicated by a wound in-
fection and a failure of the talonavicular joint to fuse.
Five months following surgery, there was no radio-
graphic evidence of talonavicular fusion, but the patient
was ambulating without difficulties and was free of com-
plaints. There was some evidence of hindfoot valgus.
At a period of twelve months following surgery the tibi-
alis anterior was noted to actively fire, and there was
residual mild hindfoot valgus and forefoot pronation. He
was given solid leather insoles to wear and was not con-
tacted for over fifty-six years.

In final follow-up, he had no complaints regarding
his foot. He claimed that although he was still flatfooted
on both sides, it did not prevent him from walking sev-
eral miles a day. Plain radiographs obtained of both feet
(Figure 2) revealed evidence of the previously attempted
talonavicuar fusion and mild degenerative changes in
the hindfoot.

Figure 1C.

Figure 1D.
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Figure 2. Standing (A) anteroposterior radiograph of a patient fift-
six years after failed fusion of the talonavicular joint and Young's
tenosuspension of the left foot (B) The lateral radiograph of the
left foot shows evidence of mild degenerative changes as compared
to the nonoperated right foot (C).

Figure 2A.

Patient 3
S.R. first presented to our clinic at the age of eleven

with a five to six year history of bilateral, painful, weak
feet that tended to go into valgus. She complained of
pain in the arch of her feet and fatigue in her calf
muscles after any significant period of ambulation. On
physical exam, both of her feet were noted to be in val-
gus with prominent tali medially. She was tender to pal-
pation under the talonavicular joint. Her heel cords were
not noticed to be tight. She was given inserts (bilateral
inner wedges and anterior heels) to wear in her shoes.
She was also given exercises to perform.
The patient's symptoms resolved soon thereafter. She

returned six years later complaining of pain and ten-
derness in both of her feet. Physical examination re-
vealed bilateral, long, narrow feet with tender promi-
nences over the navicular bones. She was also found to
be tender over the spring ligaments bilaterally. Her feet
were in equinus and valgus. She was again treated with
exercise and shoe corrections and started on contrast
baths.

Her symptoms persisted and progressed over the
following year. At age nineteen, she underwent bilat-
eral accessory navicular excisions, naviculocuneiform
fusions and transplantation of the tibialis anterior ten-
dons into the naviculars. Three months after her initial
surgery she had bilateral tendo Achilles lengthenings
performed. She did well and by age twenty-one stated
she was walking as much as she wanted and could play
tennis without pain. Her arches were maintained and
no tenderness was elicited on examination of both feet.
She was able to wear shoes without orthotic support.

S.R. returned fifty-three years after her bilateral
naviculocuneiform fusions and tibialis anterior tenosus-

Figure 2B.
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Figure 2C.

Figure 3. Standing (A) anteroposterior and (B) lateral radiographs
of both feet of a patient fifty-three years after surgery. The patient
had diffuse pain throughout both feet around the midfoot and
hindfoot regions. The degenerative changes are more striking in
the more symptomatic right foot.

Fig...r.

Figure 3A.

pensions. She was referred by her primary care physi-
cian, who had been treating her bilateral foot pain for
eight years with anti-inflammatory medications and shoe
inserts. At age seventy-three, she complained of pain
around the dorsal and lateral aspects of the hindfoot
with ambulation and occasional pain at rest. She had
retired from a full career as a nurse and had difficulty
remaining active due to difficulties with her feet.

Examination of the right foot revealed tenderness in
the subtalar joint region. There was essentially no
subtalar motion. She also had some tenderness and pain
with motion in the talonavicular and calcaneocuboid
joints. On examination of the left foot, she had more
subtalar motion (approximately ten degrees) and less
pain than the right foot.. Her tenderness on the left was
mostly in the mid-foot region. Her neurovascular exam
was normal.

Plain radiographs revealed her previous fusions with
degenerative changes in the subtalar, talonavicular, and
calcaneocuboid joints (Figure 3). A bone scan showed
increased uptake in the right subtalar, talonavicular and
calcaneocuboid joints and the left midfoot (Figure 4).
She was prescribed orthotics and shoe modifications.

Despite these measures, she continued to have pain-
ful symptoms and underwent a right triple arthrodesis.
She gradually increased her ambulation, and by four
months after her hindfoot fusion, she complained only
of mild anterior ankle pain related to being on her feet
for excessive periods of time.

Eight months following her right hindfoot fusion, she
reported occasional pain in her right foot only when
she descended stairs. Otherwise, her right foot was
described as pain free and she was very satisfied with
surgery. She desired the same procedure on her left
foot, which continued to give her problems.
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Figure 3B.

The physical and radiographic examinations of the
left foot were not conclusive regarding the source of
her pain. We proceeded to sequentially inject lidocaine
under fluoroscopic guidance into the subtalar, calcaneo-
cuboid, and talonavicular joints. She experienced sub-
stantial pain relief with each of these injections. There-
fore, a left foot triple arthrodesis was performed.

Her postoperative course was remarkable for the
acute development of a tear in the tibialis anterior ten-
don after removal of the cast. The tendon was
subequently debrided and repaired. Six months later
the patient returned with the new onset of pain in the
second and third metatarsal-cuneiform joints. Radio-
graphs revealed degenerative changes at these joints.
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Figure 4. The technetium-labelled nuclear bone scan confirms increased bone turnover in the articulations adjacent to the region of previ-
ous surgery. On the left side the patient also has increased uptake at the second and third metatarsocuneiform joints.

She was given a full length carbon fiber customized in-
sert and instructed on the use of a cane. Her pain con-
tinued and three months later she underwent a left
second and third tarsometatarsal joint arthrodesis. Her
midfoot pain subsequently resolved.

DISCUSSION
In this extended case series, we report the long term

outcomes of three patients of Dr. Steindler who were
treated for adolescent flatfoot deformities with the use
of a medial stabilization procedure and a Young's teno-
suspension. The remaining patients are either deceased
(seven) or lost to follow-up (three). From this study we
conclude that the results of successful medial column
fusions and tibials anterior transpositons to the navicu-
lar are reasonably satisfactory for the major portion of
the patient's life, but if the patient lives long enough,
he/she will likely develop painful foot arthrosis.
We have no control group for these patients. One

patient who had a unilateral procedure stated that the
involved foot was never as good as the other, and at
follow-up reported that the foot restricted her activites.

We do not know whether this was related to the injury,
the deformity or the surgery. In the patient who had a
successful tendon transfer but talonavicular pseudar-
throsis, the long term outcome was good. In the pa-
tient who underwent bilateral fusions and tendon trans-
fers, the ultimate outcome was the development of
painful joints in the hindfoot and midfoot. Despite this
the patient was pleased with the outcome of her initial
surgery because she was able to work unrestricted as
a nurse for most of her adult life.

This report presents the longest average follow-up
of patients undergoing similar procedures. Others have
reported earlier follow-up results for patients with simi-
lar conditions. Duncan and Lovell reported a procedure
which involved a navicular-medial cuneiform fusion with
tibialis anterior and plantar fascia tightening to main-
tain the arch8. They reported an average follow-up of
1.7 years in seventeen feet with all patients experienc-
ing symptomatic relief and an improved medial longitu-
dinal arch. Jack reported his three to six year results
with forty-six feet which underwent naviculocuneiform
arthrodesis'4. Twenty-five outcomes were deemed ex-
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cellent, thirteen were good, and only eight were con-
sidered to be unsatisfactory. Caldwell described the
Durham flatfoot plasty which involved naviculocunei-
form fusion with tightening of a raised osteoperiosteal
flap into the sustentacular tunnel, thereby forming a
strong, plantar sling to support the medial longitudinal
arch of the foot4. In seventy-six feet with an average
follow-up of six years, the results in 76 percent were
considered to be excellent, 18 percent were classified
as good, and 5 percent were deemed poor.

Macnicol and Voutsinas reported their results with
both: 1) excision of an accessory navicular bone, and
2) the Kidner procedure which involved excision of an
accessory navicular bone as well as transplanting the
tibialis posterior inferiorly on the navicular19. With the
Kidner procedure, nineteen out of twenty-two patients
(86 percent) reported significant symptomatic relief and
fourteen out of twenty-two patients (64 percent) had an
improved arch. The average follow-up for the Kidner
procedure was ten years. With excision of the acces-
sory navicular alone, five out of six patients reported
relief of symptoms, and four out of six patients had an
improved arch. The average follow-up for this proce-
dure was twelve years. Crego and Ford reported their
results of several related procedures7. Young's proce-
dure with mobilization of the tibialis anterior was per-
formed in six feet with a 100 percent satisfactory result
at an average follow-up of 5.5 years. In the same series,
they reported the results of nine naviculocuneiform fu-
sions at an average of 9.5 years. In this group they had
seven poor results and two good results.

Fraser et al. reported on thirty-eight naviculocunei-
form fusions with advancement of an osteoperiosteal flap
beneath the tibialis anterior tendon with an average
twelve year follow-up9. Thirty-five of the feet underwent
tendo Achilles lengthening and seven also had a first
metatarsal-cuneiform fusion. Eighty-four percent re-
ported a satisfactory clinical result. They believed that
successful results following the Miller and Durham pro-
cedures are due, in large part, to the soft tissue sus-
pensions and tightening which appear to protect the
tarsal joints from degenerative changes9. Interestingly,
they reported a 21 percent rate of nonunion which was
unrelated to the development of pain9. The longest pub-
lished follow-up of adolescent flatfoot procedures was
reported by Seymour. He described thirty-two feet
which underwent naviculocuneiform fusion between the
ages of eleven to fourteen, with a follow-up of between
sixteen and nineteen years following surgery23. Ten (31
percent) of the cases were deemed excellent, six (19
percent) were deemed good, and sixteen (50 percent)
were considered unsatisfactory. He concluded that the
early encouraging results of naviculocuneiform fusion

for the mobile flatfoot had not been maintained and this
procedure hastens degenerative changes in the other
tarsal joints.

The present study documents the eventual demise
of contiguous joints after fusion and tenosuspension of
the medial longitudinal arch. However, the procedures
appeared to restore function and relieve pain for the
major portion of the patients' lives. Orthopaedists con-
sidering such procedures for the treatment of adoles-
cent flatfeet should realize that if the patient lives long
enough, they may develop painful arthrosis of other
joints of the hindfoot and midfoot.
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