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Summary

In a retrospective study we reviewed our results of treatment of stage II posterior tibial tendon rupture

in 129 patients for whom surgery was performed between 1990 and 1997. During this period of

time, 148 patients were treated with surgery following failure of non-surgical methods of treatment.

The 129 patients (117 female, 12 male) with an average age of 53 years (range, 34-75 years) had

been symptomatic for an average of 2.8 years (range, 0.5-7 years). The indication for surgery was

the presence of foot pain, which was refractory to shoe modifications, orthoses and brace support.

All patients had a painful flexible flatfoot without a fixed forefoot supination deformity.  The surgery

performed included a medial translational osteotomy of the calcaneus and transfer of the flexor

digitorum longus tendon into the navicular. There were additional surgeries performed in 49 pa-

tients including repair of a tear of the spring ligament, talonavicular capsule or deltoid ligament

(45), lengthening of the Achilles tendon (26), correction of hallux valgus deformity (5), and arthr-

odesis of the first tarsometatarsal joint (4).  129 patients were examined, radiographs obtained, and

isokinetic evaluation of both feet and lower limbs performed with the Kin/Com apparatus at a mean

of 4.6 years following surgery (range, 3-8 years). The AOFAS hindfoot scale was used to evaluate

each patient, although due to the time elapsed from the initiation of treatment, preoperative AO-

FAS scores were not retrospectively determined.  The mean AOFAS score at the time of the follow

up examination was 79 points (range, 54-93). There were 7 significant complications in 6 patients

including: significant progressive hindfoot valgus deformity in 1 patient treated with a triple ar-

throdesis; overcorrection of the hindfoot in 2 patients necessitating revision with a lateral closing

wedge calcaneus osteotomy; 3 patients with symptomatic sural neuritis, and 1 patient with weak-

ness of the gastrocnemius resulting from overlengthening of the Achilles tendon. Isokinetic inver-

sion and plantar flexion power and strength was compared with the contralateral limb for 121 patients,

and was noted to be symmetric in 95, mildly weak in 18, and moderately weak in 8. Motion of

the subtalar joint was normal in 44%, slightly decreased in 51%, and moderately decreased in 5%

of patients. Anteroposterior and lateral radiographs were evaluated for the talonavicular coverage

angle, talus 1st metatarsal angle, talocalcaneal angle, and the height of the medial cuneiform to the

floor. For 4 of these 5 parameters evaluated, the correction obtained was statistically significant

(p<0.05). 123 patients were entirely satisfied, 4 partially satisfied, and 2 were dissatisfied with the

outcome of the procedure.  Most patients experienced pain relief (97%), an improvement of func-

tion (94%),  noted an improvement in the arch of the foot (87%), and were able to wear shoes

comfortably without resorting to shoe modifications or orthotic arch support (84%). In conclusion,

the surgical correction of Stage II posterior tibial tendon rupture with medial translational calca-

neus osteotomy and flexor digitorum longus tendon transfer to the navicular yielded excellent results

with minimal complications, and a high patient satisfaction rate.
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INTRODUCTION
In the adult loss of function of the posterior tibial tendon

(PTT) results to a progressive collapse of the medial

longitudinal arch of the foot and therefore causes, adult

acquired flatfoot deformity.

Electromyographic studies suggest that the primary

support of the medial longitudinal arch is ligamentous

rather than muscular. The principal function of the pos-

terior tibial muscle appears to be to invert the subtalar

joint during the heel rise phase of the gait cycle. This

helps lock the transverse tarsal joint so that weight of the

body can be transferred along the lateral aspect of the foot

onto the first metatarsal head. When the (PTT) being

ruptured the transverse tarsal joint does not lock with heel

rise. This leads to prolonged calcaneal eversion and

forefoot pronation. Tension on the medial-plantar side of

the transverse tarsal joint is transferred to local soft tis-

sue. Eventually this causes rupture and resultant flatfoot

deformity. This followed by progressive valgus deformi-

ty of the calcaneus, plntarflexion of the talus, abduction

of the fore part of the foot, and pronation deformity of

the foot.

According to Johnson and Strom modified by Myer-

son classification system of the posterior tibial tendon

dysfunction, in stage II the (PTT) is torn, the limb is weak

and the patient is unable to perform a single heel rise on

the affected side. The midfoot pronates and the forefoot

abducts at the transverse tarsal joint, there is valgus

angulation of the heel, the subtalar joint, however remains

flexible.

The treatment of an acquired flatfoot deformity due

to a ruptured (PTT) is usually through a surgical recon-

struction. Conservative modalities have place in patients

who are poor surgical candidates, can alleviate the symp-

toms and give some pain relief but cannot control the

deformity. For stage II rupture of the (PTT) the conser-

vative treatment includes shoe modifications, a foam

rubber-soled shoe to which a Ľ-inch medial heel and sole

wedge is added, tilts the foot into neutral varus valgus

alignment and takes the strained off the tendon. An

medial arch support orthotic device is helpful also in this

stage, however a rigid insole sometimes is not well tol-

erated, in our series an insole made of a combination of

hard and soft density plastizote, Pelite, and leather is more

comfortable and better tolerated. A short articulated AFO

(ankle foot orthosis), or a rigid (AFO), or a leather lace-

up Arizona brace might be helpful for elderly patients

who have relatively sedentary life. The effect of cortisone

injections into the sinus tarsi, and the anti-inflammatory/

analgesic drugs is controversial. They can offer tempo-

rary symptomatic relief only but also they mask symp-

toms sufficiently so that an additional rupture occurs

through overuse.

In our study all the patients that underwent surgical

treatment with flexor digitorum tendon transfer and cal-

caneal osteotomy for stage II (PTT) rupture failed pre-

vious conservative treatment.

MATERIAL AND METHODS

Patient population. Over an eight-year period (1990 to

1997), we treated 412 patients with posterior tibial ten-

don (PTT) rupture. This group included patients with all

four stages of PTT rupture. (Myerson ref, JBJS), of whom

163 had a Stage II deformity.  This was defined accord-

ing to the Johnson and Strom modified by Myerson

classification system that was published in JBJS journal

on May 1996, and we already mentioned before in the

introduction.

Each of the 163 patients were offered non-surgical

treatment which was initiated for 148 patients, and sur-

gery performed more promptly for seventeen patients,

who had already received adequate non-surgical care.

Twenty-nine patients improved with non-surgical treat-

ment, leaving 134 patients who formed the basis for this

retrospective review. All the patients had received var-

ious non-surgical treatments prior to referral, including

a 6mm medial heel and sole wedge for 36 patients, a rigid

orthotic arch support in 48, a firm accommodative orthot-

ic arch support in 20, a hinged polypropylene ankle foot

orthosis in 26, and a stirrup brace used for 33 patients.

From 163 patients the 52 (32%) used a combination of

these devices. The most common combination was

a stirrup brace with a medial arch support insole, 31 pa-

tients from the 52 (59%).

Activity modification was recommended for each

patient, and in addition to shoe wear and orthotic treat-

ments, non-steroidal anti-inflammatory medication was

prescribed for 48 patients who could tolerate this med-

ication, and if tenosynovitis was present. Patients were

recommended to modify their activities by limiting the

number of hours which they were ambulatory, and stand-

ing for prolonged periods of time, and to modify athletic

activities in activities that they don’t load so much the

lower extremities. They advised to use always when they

walk their orthosis device. Tenosynovitis was present if

swelling, warmth and edema around the tendon was

present. Physical therapy was prescribed for 23 patients,

and focused upon plantar flexion and inversion strength-

ening exercises, and decreasing inflammation using ul-

trasound and electrical stimulation. We did not use oral

nor locally injected corticosteroids, although 18 of the

patients had received prior treatment with corticosteroid

injection, including seven patients with two or more

injections. The mean duration of the conservative treat-

ments, which we initiated, was (4 1/2 months, range from

1to 13 months). This data includes 102 patients. The other

patient group includes 59 patients who underwent con-

servative elsewhere and then referred to our institution.

The mean duration of conservative treatment on this

patient population in our institution was limited (1 1/2

months, range from 0 to 3 1/2 months. Prior to referral

in our institution they had conservative treatment for

a mean duration of 7 months, range from 2 to 23 months.

The non-surgical treatments we provided were mod-

erately successful for 95 of the 134 patients although
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symptoms persisted to some extent for all the 117 patients

for whom we provided these treatments. Nine patients

treated with an ankle-foot orthosis were markedly im-

proved, however once the use of the brace was discon-

tinued, symptoms promptly returned, and each of these

patients preferred the option of surgery to continued brace

immobilization. In addition to the seventeen patients for

whom surgery was performed more promptly, the remain-

ing 117 patients did not improve sufficiently with non-

surgical treatments, and reconstruction was performed

with flexor digitorum longus tendon transfer combined

with medial translational calcaneal osteotomy. Of these

134 patients who were treated with surgery, we obtained

adequate follow-up for 129 patients. One patient was

deceased, two were unwilling to participate in this study,

and we were unable to contact the remaining two patients.

These 129 patients (117 female, 12 male) with an aver-

age age of 53 years (range, 34-75 years) had been symp-

tomatic for an average of 2.8 years (range, 0.5-7 years)

prior to surgery. The average body weight at the time of

the surgery was 183 pounds (range from 105 pounds to

246). The average height at the time of the last clinical

study examination was 5 inches and 4 feet (range from

4 inches and 9 feet to 6.0). Average body mass index

height/weight 54/183=0.295.

For one hundred and seventeen (117) of the 129

patients the etiology of the tendon   rupture was consid-

ered to be non specific idiopathic primary degenerative

tendinosis, and 12 patients had underlying systemic

pathology, including ten with a seronegative inflamma-

tory disease, one patient with Marfan syndrome, and one

with Ehlers-Danlos syndrome. Although we treated pa-

tients with rheumatoid arthritis who had deformities

suggestive of posterior tibial tendon rupture, due to the

variable presentation of their deformities and pathology,

they were excluded from this study. The mean age of the

twelve patients with systemic disease was 41 (range, 34

to 51) and 10 out of 12 were women, while the mean age

of the patients with degenerative tendinosis was 55

(range, 39 to 75).  Any additional foot and ankle pathol-

ogy was noted. The indication for surgery was the pres-

ence of foot pain, which was refractory to shoe modifi-

cations, orthoses and brace support.  All patients had

a painful flexible flatfoot without a fixed forefoot supi-

nation deformity, or if forefoot supination was present,

this was less than ten degrees. Clinically we can identify

the fixed forefoot supination by holding the subtalar joint

reduced in neutral position and radiographically with the

Coleman block test. Also prior to the operation the pa-

tients were being examined for Achilles tendon contrac-

ture. We assessed the ankle dorsiflexion with the subta-

lar joint in neutral position and with the knee first in

extension and then in flexion.

Operative procedure. The patient is placed in the lat-

eral decubitus position on a beanbag. The incision begins

superior to the calcaneus and posterior to the peroneal

tendons and sural nerve. The incision curves gently in

a distal and inferior direction, ending at the plantar edge

of the calcaneus. The lateral aspect of the calcaneus is

exposed and a transverse calcaneal osteotomy is per-

formed with an oscillating saw blade in line with the skin

incision. Care is taken to remain approximately 1cm

posterior to the posterior process of the talus to avoid

violating the articular surface of the posterior facet at its

posterior proximity.

The osteotomy is at a right angle to the lateral border

of the calcaneus and is inclined posteriorly approximately

45% to the plantar surface of the hindfoot. No wedge is

removed from the calcaneus, and no attempt is made to

tilt the tuberosity into varus. A toothless lamina spread-

er is placed in the osteotomy site and the medial soft

tissue attachments to the calcaneus are relaxed by spread-

ing the lamina spreader. The lamina spreader is with-

drawn, and the posterior calcaneal tuberosity is then

translated medially by 10mm and fixed with a 7-mm

cancellous lag screw. Care is taken to prevent the pos-

terior tuberosity from sliding proximally. The screw is

inserted from posterior, lateral and inferior to anterior,

medial and superior. The lateral incision is then closed,

the beanbag is deflated, and the patient is turned supine.

The tendon transfer is performed through a postero-

medial incision in the line of the PTT. The flexor reti-

naculum is opened and the ruptured PTT is inspected.

Operative findings. The operative findings vary accord-

ing to the underlying systemic pathology of the (PTT).

The 10 patients, who had seronegative inflammatory

disease, had a proliferative synovial membrane that ad-

heres to the tendon. In these patients, the tendon was

found to be attenuated and to contain longitudinal fis-

sures, and a chronic non-specific infiltrate is noted his-

tologically.

In the major group with the patients who had degen-

erative rupture of the tendon, the tendon sheath was

edematous and thickened. Fibrous adhesions usually were

present and often extended posteriorly from the inner

(medial) aspect of the tendon. The degenerative tear was

commonly present one to two centimeters distal to the

medial malleolus. Partial or complete rupture of the ten-

don occurred approximately two centimeters proximal to

the tubercle of the navicular. In most cases, the scared

tendon was adhered to the tendon sheath. Longitudinal

fissures commonly were found in the posterior aspect of

the tendon that lies in proximity to the deeper soft tis-

sues and tendon sheath.

Of the 129 patients 48 had complete disruption of the

PTT without any visible presence of the tendon either

proximally or distally; 39 had complete rupture of the

tendon but without any elasticity of the proximal tendon

upon testing it’s excursion; 23 had complete rupture of

the tendon but with maintenance of some elasticity of the

tendon proximally; 11 had grossly visible longitudinal

fissuring and attritional intrasubstance tears but without

any elasticity of the proximal tendon; and 8 had in ad-

dition to edema and tenosynovitis, intratendinous degen-
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eration on the deep aspect of the tendon but the tendon

kept it’s elasticity.

Additionally we had operative findings from the ad-

jaced soft tissues on the medial aspect of the foot that

contributes to the severity of the unilateral flatfoot defor-

mity.

We recorded 38 spring ligaments tears, 11 of them

were associated with a torn talonavicular capsule, and

7 deltoid ligament tears.

The tendon is either advanced or used for a side-to-

side tenodesis. If no functional excursion of the muscu-

lotendinous unit occurs when the proximal tendon rem-

nant is pulled, the transected end is left free behind the

medial malleolus. The tendon sheath of the flexor dig-

itorum longus (FDL) tendon is then opened and exposed

beneath the arch of the foot where it crosses superficial

to the flexor hallucis longus tendon at the level of the

naviculocuneiform joint; plantar retraction of the abduc-

tor hallucis brevis muscle belly improves exposure. Care

is taken to avoid injury to the plantar vessels and nerve

in close proximity. A tenodesis of the stump of the FDL

to the flexor hallucis longus tendon is unnecessary if the

FDL is transected proximal to the interconnection of these

two tendons. A 4.5-mm drill hole is made in the navic-

ular 1cm lateral to its medial border and the tendon is

passed through the drill hole from plantar to dorsal.

Before suture of the tendon transfer, with the foot held

inverted and slightly plantarflexed, the capsule of the

talonavicular joint is plicated by excising a vertical el-

lipse approximately 6 to 8 mm in diameter. The FDL

tendon is then secured in this position to the adjacent

periosteum. If the stump is long enough, additional

strength of repair is achieved by suturing the tendon back

on itself. The tension on the tendon is set halfway be-

tween its position at rest and maximum excursion, with

the foot held in maximum inversion and slight plan-

tarflexion.  There were additional surgeries performed in

49 patients including repair of a tear of the spring lig-

ament, talonavicular capsule or deltoid ligament (45),

lengthening of the Achilles tendon (26), correction of

hallux valgus deformity (5), and arthrodesis of the first

tarsometatarsal joint (4). When we determined clinical-

ly, as we described previously that tendon Achilles length-

ening (TAL) needed to be done, first we proceed with the

(TAL) and we continued with the main course of the

operative procedure. We use the three-cut percutaneus

(TAL). The surgeon grips the heel between his thumb and

his index finger and inserts the knife vertically; a small

(11 number blade) knife is used. The knife blade is in-

serted into the center of the tendon first just proximal to

its insertion onto the calcaneus. The knife is then rotated

to the medial side and pressed against the index finger,

the medial half of the tendon is cut. A second cut is being

made medially with the same way at the junction between

the gastrocnemious muscle and the tendon. Midway

between the two incisions, a lateral hemisection is made.

The knee is then extended and the ankle dorsiflexed by

a slow firm pressure. With the three-step cut, the tendon

gives or lengthens more gradually and distinct slide is

often not palpable. The dorsiflexion force should not be

excessively applied or the tendon will rupture suddenly,

producing too much lengthening.

Postoperative treatments. During the first four years of

this study, fifty-two patients were immobilized in equi-

nus and varus for 4 weeks, and then a more plantigrade

position was assumed in a cast or removable boot over

the subsequent 4 weeks. Bearing of weight was not

permitted for 6 weeks, followed by weight bearing as

tolerated. During the latter part of this study, the remain-

ing seventy seven patients were allowed to commence

range of motion exercises at two weeks, a cast was not

used, and weight bearing was permitted commencing at

two weeks in a walker boot with the foot positioned in

slight inversion, and ten degrees of equinus.  Once out

of the   boot, all patients wore a stirrup ankle brace for

an additional four weeks, during which time strengthen-

ing exercises either in a supervised physical therapy

program or at home were performed.  Walking, cycling

and other strengthening exercises were commenced at

3 months, and other sports activities were permitted by

4 months, provided the patients were able to perform re-

petitive heel rises without pain.

Each of the 129 patients in this study was examined

at a mean of 5.2 years following surgery (range, 3-8

years), and examined in a systematic manner, with ob-

jective and subjective criteria used for determining the

outcome of treatment.  The AOFAS hindfoot scale and

the Short Form Health Survey SF-36 was used to eval-

uate patient satisfaction and hindfoot function of each

patient although scores were not assigned retrospective-

ly. Although preoperative scores were available for

a limited number of patients, it has been demonstrated

that assigning AOFAS scores to patients retrospectively

are not valid. (ref. Michael Brage). We determined the

level of patient satisfaction, their functional status using

a questionnaire and clinical examination, their work hab-

its, recreational ability, level and intensity of their post-

operative pain, walking endurance, and if the use of any

supportive devices, braces or orthoses.

Radiographic assessment was performed using stan-

dardized weight bearing anteroposterior and lateral radio-

graphs. On the anteroposterior view, the parameters stud-

ied were the talus first metatarsal angle and the talonav-

icular coverage angle. On the lateral radiograph the ta-

lus first metatarsal angle and the height of the plantar

cortex of the medial cuneiform to the floor was measured

and compared with the preoperative radiographs. We

compared in addition, the post-operative radiographs

taken at three months with those taken at the final fol-

low up examination to determine if there was loss of

correction over time.

The isokinetic strength of one hundred and twenty one

patients was evaluated using a dynamometer designed for

torque measurements of concentric and eccentric muscle

action (Kinetic Communicator [KinCom]) The isokinet-
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ic inversion and plantar flexion power and strength was

compared with the controlateral limb. We were uncertain

as to whether the transferred FDL would contract, ful-

filling the function of the PTT in plantar flexion and

inversion. We therefore performed electromyographic

(EMG) studies of the FDL tendon transfers in selected

(5) patients prior to studying the isokinetic strength with

the KinCom apparatus. For these patients, the surgically

treated foot was compared using EMG with the opposite

foot to compare the inversion strengths, noting that the

FDL transfer was firing in plantar flexion and inversion

in the prior position of the PTT. This we used to com-

pare the FDL tendon transfer with the controlateral foot

to give an objective measurement of inversion and plan-

tarflexion concentric and eccentric muscle power and

strength.

Results of treatment. Of the 129 patients who were

included in the study 118 were entirely satisfied with the

outcome of the surgical treatment, and indicated that they

would undergo a similar procedure again. Of the eleven

patients who were not satisfied, five had ruptures asso-

ciated with systemic disease: (3 had seronegative inflam-

matory disease, 1 Marfan syndrome, and 1 Enlers-Dan-

los syndrome).

Walking and activities. With respect to prolonged walk-

ing and activities, 107 patients experienced no pain nor

discomfort and were not in any way limited; 11 patients

experienced mild pain or discomfort on an intermittent

basis which did not limit their activities, 7 patients noted

similar limitations with activities which they had expe-

rienced prior to surgery, and 4 patients felt that they were

worse off with respect to activities and ambulation than

they had been prior to surgery. Nine patients resumed

recreational jogging, including three patients who re-

turned to competitive long distance running completing

the marathon distance.  The majority of patients experi-

enced pain relief  (97%), and improvement of function

(87%).  When we evaluated pain relief and return to

function, 95% of patients reported a noticeable improve-

ment at a mean of seven months (range, 3-9 months)

following surgery, but that this improvement continued

for a mean of an additional five months (range, 2-11

months). The mean duration of improvement noted until

the patients reached a functional plateau following sur-

gery was fourteen months (range, 9-18 months).  The

recreational interests and activities improved dramatically

in 115 patients (87%), remained the same for 10 patients

(9%), and worsened in 4 patients (4%) became worst.

Although we attempted to note a change in work status,

this was not easy to define, since the majority of these

patients had fairly sedentary work styles prior to surgery.

Of the 129 patients (73) 56% had a full time or part time

job, and for (48) of these patients (65%), their employ-

ment and work activities remained the same, 20 patients

(28%) changed their work activity noting a decrease in

their work activities, and 5 patients (7%) noted a marked

improvement in their ability to work.

AOFAS score. The arch of the foot was noted to improve

by 115 patients (87%), 10 patients (9%) felt that had been

mild improvement, and 4 patients (4%) felt that the arch

of the foot had flattened. Shoe wear was not limited nor

restricted in any manner for 109 patients (84%), and who

did not require any shoe modification; thirteen patients

(12%) felt more comfortable in a stiff soled shoe, and five

patients (4%) routinely used a more rigid supportive shoe.

Twenty-seven patients used a soft accommodative orthot-

ic arch support, and nine patients used more rigid orthotic

support for routine activities.  Two of the patients con-

tinued to wear a hinged foot an ankle orthosis and even-

tually both of them were treated with triple arthrodesis.

The AOFAS hindfoot scale was used to evaluate each

patient, although pre-operative scores were not assigned

retrospectively. The mean AOFAS score at the time of

the follow up examination was 79 points (range, 54-93).

In this examination we paid particular attention to the

patient’s ability to stand unsupported on one foot and

repetitively perform a single heel rise, noting that patients

(89%) were able to perform this function.  Seven patients

were able to perform a single heel rise although not

repetitively, and eight were unable to perform any single

heel rise.  We noted the patients walking in a corridor 20m

in length, and found that 117 (91%) of the patients had

normal gait, 9 patients (7%) had slight changes to the

cadence of gait, and 3 patients (2%) demonstrated an

obvious antalgic gait. These findings, which we noted,

corresponded to the patient’s reported observations of

their ambulation.

SF-36 Health survey. In our study we used also the

short form health survey SF-36, as an outcome assess-

ment method in order to determine the effectiveness

of this particular surgical procedure, in patients phys-

ical status and general satisfaction. We used the Phys-

ical and Mental Component Summary scales (PCS,

MCS) that this survey includes. We found 118 patients

that completed the SF-36 forms preoperatively and

these patients completed another short form health

survey SF-36  postoperatively together the other eval-

uations according to the standard protocol of this study.

This outcome assessment method in order to be valid

requires minimum two-year follow-up and our study

meets this requirement. The preoperative patient pop-

ulation stratified into three groups. Mean PCS 32 +/

- std dev. (9.4). Low function group PCS=< 19, mid-

dle function group 20=<PCS=<38,and high function

group PCS>=39. According to the SF-36 survey pre

and postoperatively we had marked improvement in

Physical Scales after the FDL tendon and the calcaneus

osteotomy. The low and middle functioning groups had

dramatic improvement of physical health after the

operation. In the high functioning group the operation

was less effective at improving physical health. In the
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last group we had also three parameters that play role

in that less satisfactory result. The gender male (13%

vs 7%), the undergoing additional procedures (31% vs

23%), the age percentage of patients under the age of

45 was 74% in the high functioning group to 54% of

the patient population under the age of 45 in the less

functioning groups. In conclusion this particular pro-

cedure appears to be more effective in quality of life

of patients with PCS scores <39, SF-36 Health survey,

we carefully need to manage the expectations of high

functioning group, particularly the younger males and

patients when additional procedures needed to be done.

Radiographic measurements. The majority of the pa-

tients demonstrated radiographic improvement in the

parameters measured postoperatively and is very inter-

esting to notice that the substantial majority 92% retain

this improvement in this long term follow up study in an

average 6.1 years period of time. The radiographic mea-

surements which we studied were: on the anteroposteri-

or projection the talonavicular coverage and the talo-

metatarsal angles, and on the lateral projection, the talus-

first-metatarsal angle and the height of the medial cune-

iform to the floor (Figure). On the anteroposterior pro-

jection, there was improvement in the talonavicular cov-

erage and the talo-metatarsal angles. Statistical analysis

was performed using an analysis of variance, (P=0.017).

The anteroposterior talometatarsal angle improved from

a preoperative mean value of 250 (range 00 to 490) to

a postoperative mean value of 60 (range, -110 to 280),

a mean improvement of 210, (P=0.018) The mean antero-

posterior talonavicular coverage angle was 370 preoper-

atively (range, 70 to 570) with a mean postoperative

improvement of 160 (range, 00 to 450) in this parameter.

We had 5 patients who showed a slight deterioration of

the anteroposterior talonavicular coverage angle. These

are patients who had a markedly deformed foot, severe

valgus and external rotation deformity of the foot. We

noticed in the latest radiographs of the long-term study

a mean deterioration of the anteroposterior talonavicular

coverage angle of 60 (range 40 to 90) in mean 5.8 years

follow up time of these patients.  On the lateral projec-

tion the mean talus-first-metatarsal angle of –270 preop-

eratively (range, -450- to –90) improved to a mean value

of –120 (range, -330 to 00) postoperatively, a mean im-

provement of 120. The height of the medial cuneiform to

the floor increased from a mean preoperative value of

7mm (range, 0 to 16mm) to a mean postoperative value

of 19mm (range 12 to 30mm). 5 patients, whose preop-

erative deformities were the most severe, showed no

improvement in the medial cuneiform to floor distance

and had maximum deformity also at the naviculocune-

iform joint. Six patients showed demonstrated deteriora-

tion of the height of the medial cuneiform to floor dis-

tance of a mean of 8mm (range 12 to 5mm) in a mean

5.2 years follow up time, of the above-mentioned patients

4 were over 270 pounds and 2 had underlying systemic

pathology. On an individual basis the value that showed

a consistent and grossly noticeable improvement after the

surgery was the height of the medial arch as judged from

the distance of the medial cuneiform to the floor.

Isokinetic function. Using the KinCom apparatus, we

examined the eccentric and the concentric muscle power

and strength of the invertors and plantarflexors of both

feet in 121 patients. The remaining eight patients could

either not comply with the instructions for use of the

apparatus, or could not be scheduled for the examination.

Isokinetic inversion strength was noted to be symmetric

in 91 patients, mildly weak in 22, and moderately weak

in 9. Plantarflexion isokinetic power was noted to be sym-

metric in 95 patients, mildly weak in 18, and moderately

weak in 8.

Subtalar joint motion. It is difficult to determine sub-

talar joint motion because the muscles that control sub-

talar joint motion are exactly the same with the mus-

cles that control the ankle joint motion. Although hold-

ing the heel firmly in the palm of one hand and passively

supinate and pronate the rest of the foot with the other

hand, we can grossly assess the pronation and supina-

tion.

Motion of the subtalar joint was normal in 44%,

slightly decreased in 51%, and moderately decreased in

5% of the patients.

Complications. There were 7 severe complications in

6 patients. One patient developed progressive hindfoot

valgus deformity one year following surgery, and was

treated with a triple arthrodesis.  The deformity in two

was overcorrected, resulting in heel varus, with lateral

foot pain, and a sense of ankle instability. It was not

possible to determine whether the varus position of the

heel was due to a malunion of the calcaneal osteotomy

or over-tightening of the FDL tendon transfer.  These two

patients were treated at 18 and 22 months with a lateral

closing wedge calcaneus osteotomy. Three patients ex-

perienced symptomatic sural neuritis; of these, one

underwent transection of the neuroma and burial of the

stump in the peroneus brevis muscle, and the remaining

two were treated with local desensitization physical ther-

apy modalities, which were successful in alleviating the

sensitivity, although the numbness persisted. One patient

had weakness and severe calf muscle atrophy resulting

from overlengthening of the Achilles tendon, which re-

solved only partially with physical therapy and strength-

ening exercises. There were five patients who experi-

enced numbness (3 transient, 2 permanent) in the distri-

bution of the medial plantar nerve. Four patients initial-

ly experienced lateral foot pain under the fifth metatar-

sal and cuboid, however these symptoms abated seven to

eleven months after the operation for all four patients.

There were no patients who developed a deep wound

infections, however five were treated for superficial

cellulites following surgery, which resolved with oral

antibiotic therapy and topical wound care.
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DISCUSSION
The acquired flatfoot deformity that develops in associ-

ation with tears of the tibialis posterior tendon indicates

the importance of this muscle-tendon unit as a dynamic

stabilizer of the medial arch of the foot. During gait,

inversion of the hindfoot is produced, which locks Cho-

part’s joint. This allows the powerful gastrosoleus com-

plex to act through the foot at the level of the metatar-

sals heads. The synergistic nature of the function of the

tibialis posterior and gastrosoleus muscles deserves spe-

cial emphasis. Failure of both, results to abnormal gait

and flatfoot deformity. With loss of the posterior tibialis

tendon, the gastrosoloeus force acts at the talonavicular

joint. Downward and medial pressure of the talar head

stretches the calcaneonavicular ligaments. The plantar

ligaments placed medially that unite the tarsus and

metatarsus are comparatively much weaker than those on

the lateral side. Heel strike creates a subtalar valgus that

stretches the structures of the medial arch. Eventually the

passive structures of the longitudinal arch give way under

continued dynamic insult and a flatfoot deformity results.

This type of operation affects both the deforming

factors of flatfoot deformity, the (PTT) tear and the

abnormal action of the gastrosoleus muscle, with the

additional benefit that preserves the hindfoot and midfoot

motion.

As we previously mentioned patients that sustain

(PTT) tear stage II with subsequent pes planovalgus

deformity experiences a shift of the gastrosoleus muscle

complex lateral to the subtalar axis; therefore contraction

of the tendoachilles accentuates the heel valgus. Gleigh

is credited as the originator of a calcaneal osteotomy with

medial and plantar-based wedge to structurally improve

the medial longitudinal arch. Koutsogiannis later de-

scribed a medial displacement calcaneal osteotomy allows

for translation of the gastrosoleus complex medial to the

subtalar axis, thereby acting as a stronger heel invertor,

relieving the stresses of the calcaneonavicular ligaments

and of the talonavicular joint. Additionally, the medial-

ized heel may provide additional support to the medial

longitudinal arch.

The use of calcaneal osteotomy improves the talo-first

metatarsal angle, the talonavicular coverage and the

medial cuneiform height in our patients undergoing PTT

reconstruction/substitution with FDL tendon transfer. In

our series we had improvement of the anteroposterior and

lateral talo-fist metatarsal angles 21 and 12 degrees re-

spectively. The talonavicular coverage angle improved 16

degrees and the medial cuneiform-floor height improved

19mm. That shows also that the medial displacement

calcaneus osteotomy contributes in the restoration of the

medial arch of the foot. In conclusion the medial displace-

ment calcaneus osteotomy is a relatively simple proce-

dure that offers static and dynamic stabilization of the

medial arch of the foot, reinforces the FDL tendon trans-

fer as the gastrosoleus complex is transferred medially

and has resulted in overall improvement in the radio-

graphic parameters studied, which has not been the ex-

perience with the tendon transfer alone.

Goldner first described Reconstruction of the PTT for

correction of an acquired flatfoot in 1974. Mann and

Specht in 1982 presented early results of reconstruction/

substitution of the PTT using the FDL secured through

a navicular drill hole. The rationale behind the reconstruc-

tion/substitution technique is to use an in phase tendon

(FDL) to substitute for the dysfunctional PTT. The stron-

ger, stouter FHL is not used because of its important

function in maintaining stability of the first ray and

medial column. Simple side to side anastomosis or aug-

mentation involves potentially degenerated or torn dys-

functional PTT as part of the construct, and therefore

would be inherently weaker compared to the PTT recon-

struction/substitution using the FDL tendon. Spring lig-

ament and talonavicular capsule attenuation implicated in

the formation of progressive planovalgus deformity, and

therefore their repair/imbricationis an integral part of the

reconstructive procedure.

In our study the long-term results of this procedure

are more than encouraging.  The number of the patients

that involved in this retrospective study (129), the rela-

tively long term mean follow-up (4.6 years), and the

variety of the subjective and objective being used and

assessed can lead us to more secure conclusions about

the usefulness of the method, in treating stage II rupture

of the PTT in conjunction with acquired flatfoot defor-

mity.

Summarizing the results the American Foot and

Ankle Society (AOFAS) score improved to a postoper-

ative mean of 79 points at the time of the last follow-

up examination, lower from the AOFAS score (84) that

Myerson and Corrigan reported in 1996 in a series of

32 patients with a mean follow-up of 2.5 years, and

slightly lower also from the AOFAS score (82.8) that

Pomeroy and Manoli reported in 1997 in a series of 20

cases of stage II PTT insufficiency treated with heel

cord lengthening, FDL tendon transfer to the medial

cuneiform and calcaneus osteotomy, with a mean fol-

low-up of 17.5 months.

The SF-36 Health Survey outcome assessment form

we performed pre and postoperatively gave us interest-

ing results. Although the low and middle functioning

patient groups had dramatic improvement of their phys-

ical health, in the high functioning group the procedure

was less effective especially in the male, elderly, and

undergoing additional procedures patient population.

Patient education in this particular group should encour-

age more reasonable expectations of outcome.  Although

we had patient that used to be Marathon runner, discon-

tinued due to PTT rupture, and after the surgical inter-

vention started again to run the Marathon.

The majority of the patients (97%) experienced pain

relief, and 91% were entirely satisfied with the outcome

of the surgical treatment. Shoewear was not limited nor

restricted in any manner in the 84% of the patient pop-

ulation.
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In this study except the multiple subjective findings

we have the first objective report of outcome of this

particular procedure, in terms of functional evaluation.

Using the Kinetic Communicator (KIN/KOM) apparatus

we assessed the eccentric and the concentric muscle

power and strength of the invertors and plantarflexors on

both feet in 121patients. The results were extremely

encouraging, the isokinetic inversion strength was sym-

metric in 91 patients and the plantarflexion isokinetic

power was symmetric in 95 patients.

Two other results, which are very interesting to, men-

tioned are: First the subtalar joint motion, which in our

series is normal in 44% and slightly decreased in 51%

of the patient population. This decrease is much less than

for patients with lateral column lengthening fusion, prob-

ably lateral column lengthening osteotomy, and certain-

ly for subtalar arthrodesis. Second the extremely low rate

of complications, 7 severe complications in six patients

in a series of 129 patients with a mean follow-up 5.8

years.

CONCLUSIONS
Restoration of medial dynamic support by FDL tendon

transfer in stage-II PTT rupture has been shown to reduce

symptomatology, but has not been shown to correct the

deformity. The medial displacement calcaneus osteotomy

reduces the deformity valgus thrust at heel strike. By me-

dially shifting the Achilles, its action is converted from

a deforming force to a synergist working with the FDL

on the tarsal kinematic chain to aid tarsal inversion.

Surgical correction of the stage-II PTT rupture should

attempt to maintain to maintain flexibility of the foot, to

restoring motor function, to reducing the deforming forc-

es, give pain relief, and improving the medial longitudi-

nal arch of the foot. The combined procedure of FDL

tendon transfer and translational osteotomy of the calca-

neus can well achieve these objectives.
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