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Abstract Recurrent dynamic and structural deformities

following clubfoot surgery are commonly due to residual

muscle imbalance from a strong tibialis anterior muscle

and weak antagonists. We asked whether subcutaneous

tibialis anterior tendon transfer effectively treated recurrent

deformities following clubfoot surgery and whether the

presence of structural deformities influenced the outcome.

The patients were divided into two groups: Group I,

dynamic supination deformity only (51 patients, 76 feet);

and Group II, dynamic supination with other structural

deformities (44 patients, 61 feet). The mean age at surgery

was 4.3 years (range, 1.4–10.7 years); the minimum fol-

lowup was 2 years (mean, 5.2 years; range, 2–12.5 years)

for both groups. The results were graded according to our

subjective rating system of restoration of muscle balance:

good, restoration of muscle balance; fair, partial restoration

of muscle balance; and poor, no improvement. The two

groups had similar outcomes: in Group I, there were 65

good (87%), 11 fair (13%), and no poor results and in

Group II, there were 54 good (88%), seven fair (12%), and

no poor results. Our data suggest the tibialis anterior tendon

transfer restores muscle balance in recurrent clubfeet; we

observed no recurrences. This transfer improves function

and may prevent secondary osseous changes. We believe

the muscle imbalance supports, at least in part, the neuro-

muscular etiological aspects of congenital clubfeet.

Level of Evidence: Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

One of the most common sequelae of surgical treatment of

congenital talipes equinovarus deformities (clubfoot) is

dynamic supination from a strong tibialis anterior muscle

and weak antagonists, particularly the peroneal and tibialis

posterior muscles. It is also a common sequelae following

otherwise successful nonoperative treatment with the

Ponseti technique [1, 6, 7, 23, 42–45]. Why the tibialis

anterior muscle maintains relatively normal function and

strength in congenital clubfeet is unknown. Thus, when the

child walks the strong tibialis anterior produces dynamic

supination. It can also be a contributing factor in cavus

deformities, hindfoot varus and forefoot adduction, and

other structural deformities, such as rotatory dorsal sub-

luxation of the navicular following surgical treatment

[37, 52, 54].

Garceau first described the use of tibialis anterior tendon

transfer in recurrent clubfoot deformities [19]. Current
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treatment methods include transfer of the entire tendon,

either subcutaneously beneath the ankle retinaculum [10,

19–21, 31, 36, 38, 43, 45, 50], above the ankle retinaculum

to the dorsum or lateral aspect of the midfoot [14] or by a

split tibialis anterior tendon transfer [36, 39]. The latter

technique was initially as described by Hoffer et al. [26]. In

the split transfer, the most medial or cuneiform portion of

the tibialis anterior tendon is transferred to the cuboid or

peroneus tertius tendon. The same transfers can also be

performed during treatment for more severe structural

deformities in which dynamic supination or muscle

imbalance is a contributing factor. At our institution we

have used a technique that transfers the tibialis anterior

tendon subcutaneously to the dorsum of the foot, thereby

maintaining its position beneath the ankle retinaculum.

We asked whether subcutaneous tibialis anterior tendon

transfer was an effective procedure for recurrent defor-

mities following clubfoot surgery and whether the

presence of structural deformities influenced the outcome.

We also reviewed the current etiologic and histologic

findings as a possible explanation why muscle imbalance

is so common in children with clubfeet.

Materials and Methods

We retrospectively reviewed the medical records of 122

patients (173 feet) with congenital clubfeet treated by

subcutaneous tibialis anterior tendon transfers following

other clubfoot surgery between 1986 and 2005. We

excluded 27 patients who had less than two years of fol-

lowup postoperatively following tibialis anterior tendon

transfer. The majority of patients were initially treated by

the senior author (GHT) with a posteromedial plantar

release at approximately 9 months of age [53]. The others

had their initial treatment elsewhere with a complete soft

tissue release between 6 and 12 months of age. We

included no patients who had failed conservative treatment

using the Ponseti method. Thus, there were 95 patients

(137 feet) meeting our study criteria; 42 patients had

bilateral transfers. The mean age at tibialis anterior tendon

transfer was 4.3 years (range, 1.4–10.7 years). There were

67 male and 28 female patients. The patients were divided

into two groups: Group I, dynamic supination deformity

only (51 patients, 76 feet) and Group II, dynamic supina-

tion with other structural deformities requiring treatment

(44 patients, 61 feet). Additional procedures were based on

the preoperative clinical and radiographic assessment of

the feet and included repeat posteromedial plantar release,

repeat tendo Achilles lengthening, posterior release, plantar

release, medial release, and midfoot osteotomy. The min-

imum followup for the 95 patients was 2 years (mean,

5.2 years; range, 2–12.5 years).

Our surgical technique is relatively simple (Fig. 1A–E).

It is similar to that described by Ippolito et al. [31] except

that we do not specifically transfer the tendon to the third

cuneiform. We believe the ideal age is between 3 and

4 years as this allows enough time to be certain that any

early mild dynamic supination will not resolve with mat-

uration of the patient’s gait. The senior author performed

all surgery. Under pneumatic tourniquet control, the

insertion of the tibialis anterior tendon on the medial aspect

of the foot was detached, usually through the previous

medial skin incision. It is important to preserve as much

length as possible by mobilizing the entire insertion of the

tendon. It is also important to mobilize the entire tendon as

there can be two or three slips at the insertion site [2]. The

tendon was secured by a Krakow stitch using a large 0 or

number 1 absorbable suture. This maintained control of the

tendon and prevented it from becoming bulbous during

transfer. The tendon was dissected proximally to the ankle

retinaculum. In some cases there was scar tissue from the

previous surgery that was divided. Next, a 2-cm longitu-

dinal incision was made over the dorsum of the midfoot in

line with the third metatarsal. Care was taken to mobilize

the extensor digitorum brevis muscle and its tendons to

expose the capsule of the midfoot. A 5 mm 9 5 mm dis-

tally based flap of capsule and perichondrium or

periosteum was made. This allowed inspection for any

midfoot joints. These joints are to be avoided when making

the drill hole. A large drill hole, usually 3/8-inch or 32-mm,

was made vertically through the midfoot. This hole was

usually the same diameter as the tendon and was typically

in the second or third cuneiform. Radiographs were not

obtained as we place the drill hole in the mid-dorsum at the

foot in line with the third metatarsal axis rather than in a

specific bone. The opening of the drill hole was widened

slightly with a large curette.

A subcutaneous tunnel was created between the two

incisions. The sutures were then passed from the medial

incision to the dorsal incision. The tendon should easily

slide laterally to its new position. There is ample space for

the tendon to slide beneath the ankle retinaculum. The

tendon should have a straight line of pull. We divided any

residual bands of scar tissue or vincula. The ends of the

sutures were passed through individual Keith needles and

then the needles passed through the drill hole. They were

kept approximately 1 cm apart and brought out through the

plantar surface of the foot. Each needle was passed through

a antibiotic petroleum-based gauze, 2 9 2-inch gauze

sponges, a felt pad, and then a plastic button. The tendon

was pulled into the drill hole. It should easily pass with the

foot in a neutral position. The sutures were tightened and

tied. The pneumatic tourniquet was deflated, homeostasis

achieved, and the two incisions closed. A below-knee

weight-bearing cast was applied.
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Postoperatively, patients were allowed to weight bear as

tolerated. The cast was removed at approximately 6 weeks

postoperatively. We used no specific physical therapy. The

patients were then followed at 4-month intervals for one

year, then 6-month intervals for approximately 2 years and

then annually until close to skeletal maturity.

The clinical results were based on our own grading

system, which evaluated the restoration of muscle balance

and the correction of the dynamic supination and were

graded: good, restoration of muscle balance; fair, partial

restoration of muscle balance; and poor, no improvement.

Good results demonstrated no further dynamic supination.

The foot had a smooth dorsiflexion arc of motion. Fair

results had improved function but still demonstrated mild

dynamic supination on dorsiflexion. A poor result had no

improvement. This system has been utilized for over

20 years and is recorded on each outpatient visit. We made

no attempt to correlate preoperative and postoperative

ankle range of motion or foot radiographs as we were

evaluating the results of the tendon transfer alone and not

the other procedures; these assessment criteria might not

have been affected by tibialis anterior tendon transfer.

Fig. 1A–E (A) The tibialis ante-

rior tendon insertion is detached

through a medial incision and

secured with a Krakow stitch.

This allows good control of the

tendon for transfer and insertion

into bone. (B) A subcutaneous

tunnel is created between the

dorsal and medial incisions. The

plane is above the dorsal fascia,

extensor tendons and neuromus-

cular structures. (C) A drill hole

is made through the midfoot.

Care is taken to avoid damaging

adjacent joint surfaces. The drill

point selected should be the same

diameter as the tendon. (D) Keith

needles are used to pass the

sutures through the drill hole

and through the plantar surface

of the foot. (E) After the tendon

has been pulled into the drill hole

the sutures are tied over a pad

consisting of antibiotic impreg-

nated gauze, gauze sponges, felt

and a plastic button. The foot is

held in the neutral position as the

sutures are pulled taunt and tied.
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Results

The results of our technique for performing tibialis anterior

tendon transfer were similar in both groups. Improved

muscle balance is usually immediately apparent following

cast removal. As strength in the transferred tibialis anterior

muscle is gained over the next 3 to 4 months the results

improve further. At last followup 65 feet (87%) in Group I

had restoration of muscle balance and were rated good

(Fig. 2A–C). There were 11 feet (13%) with fair results

and partial restoration of muscle balance; there were no

feet with a poor result. In Group II 54 feet (88%) rated

good and seven feet (12%) rated fair; there were no poor

results.

There were no postoperative complications in either

group such as tendon pull-out, postoperative infections, or

neurovascular injuries. There were two late complications

in Group II. Two patients (two feet) developed limited

plantar flexion due to progressive contracture of the tibialis

anterior muscle. They were both treated by a recession of

the tibialis anterior musculotendinous junction. This

restored plantar flexion to 20�. Both patients and feet had a

final rating of good.

Discussion

Recurrent dynamic and structural deformities commonly

occur following clubfoot surgery due to residual muscle

imbalance from a strong tibialis anterior muscle and weak

antagonists. Several techniques have been proposed to

minimize or eliminate this imbalance. We asked whether

subcutaneous tibialis anterior tendon transfer was an

effective treatment for recurrent deformities following

clubfoot surgery and whether the presence of structural

deformities influenced the outcome.

We acknowledge several limitations. We did not attempt

to evaluate the feet in Group II further since they were

more complex and the results of the transfer may not have

affected their clinical or radiographic results, other than

improved muscle balance (dynamic supination). This was

only one component of their complex deformity. We

evaluated our patients with our own physician-generated

scoring system. This system has not been validated against

any standard system and would likely be prone to inter-

observer variability and some recall or dependence on

accurate records. However, it is simple and we believe the

interobserver variability would be minimal. Finally, we had

a minimum followup of two years. Recurrences could

occur after that time. However, most patients were well

beyond the point where recurrences would likely occur

(mean 5.2 years) so we believe there would be few missed

recurrences.

Our results confirmed that a subcutaneous transfer of the

entire tibialis anterior tendon to the dorsum of the foot in

line with the third metatarsal effectively corrects dynamic

Fig. 2A–C (A) Clinical photograph of a 4-year-old boy 3 years after

bilateral posteromedial plantar releases for idiopathic clubfeet. At

rest, the feet are straight and well-corrected. (B) When the feet are

actively dorsiflexed there is dynamic supination of the feet. This

causes him to walk on the lateral aspect of his feet. It produces no

symptoms at this time but does result in asymmetrical shoe wear. (C)

Two years following tibialis anterior tendon transfer active dorsiflex-

ion procedures a smooth arc of motion without dynamic supination.
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supination as well as rebalances the foot with more severe

residual or recurrent deformities. We performed tibialis

anterior tendon transfer in approximately 30% of feet

previously treated by a posteromedial plantar release. This

has ranged from 20% to 50% in other studies [1, 6, 10, 23,

38, 41, 43–46]. Cooper and Dietz [7] in their 1995 30-year

followup study of patients treated by the Ponseti method

reported that 38 of 71 feet (54%) underwent a tibialis

anterior tendon transfer. Morcuende et al. [42] in a later

study from the same institution with a minimum followup

of two years reported that only four of 157 patients (3%)

treated with the Ponseti technique underwent a tibialis

anterior tendon transfer.

The advantages of our technique are its simplicity and

that the tendon maintains its normal position beneath the

ankle retinaculum. This preserves its normal mechanics

and prevents the tendon from bowstringing when the foot is

dorsiflexed. The other techniques of transferring the entire

tendon or the split transfer involve the tendon being moved

anterior to the ankle retinaculum. The tendon, as a conse-

quence, bowstrings when the foot is dorsiflexed. This is

cosmetically displeasing and may cause irritation of the

overlying skin as it rubs against the shoe. Nevertheless,

these transfers are also effective. Kuo et al. [36] in 2001

reviewed 55 patients (71 clubfeet) who had residual

dynamic deformities and underwent tibialis anterior tendon

transfer. There were 49 feet treated with a full transfer and

29 with a split transfer. Both transfers were brought ante-

rior to the ankle retinaculum. The age of patients at surgery

was 6 ± 2.5 years, which was slightly older than our

patients. They also included patients who had additional

procedures in both groups. This included 12 patients (13

feet) in the full tendon transfer group and five patients (five

feet) in the split transfer group. Their results were based on

the clinical criteria of Garceau and Palmer [20, 21] ankle

and foot range of motion, muscle strength, and radio-

graphic analysis. The clinical criteria of Garceau and

Palmer demonstrated the most improvements. Their criteria

were based on the presence or absence of metatarsus ad-

ductus, heel varus, and equinus. A normal-appearing foot,

other than being smaller than the opposite side, was con-

sidered an excellent result (4 points), a mild deformity in

one or two of the three parameters a good result (3 points),

moderate deformity in all three parameters a fair result

(2 points), and a severe deformity in all three parameters a

poor result (1 point). Using their criteria, preoperatively in

the entire tendon transfer group the mean score was 2.6

points (one excellent, 28 good, nine fair, and four poor

feet). Postoperatively, this improved to a mean of 3.3

points postoperatively (13 excellent, 28 good, one fair, and

no poor feet). In the split transfer group the mean preop-

erative score was 2.9 points (one excellent, 24 good, four

fair, and no poor feet). The mean postoperative score was

3.4 points (11 excellent, 18 good and no fair or poor feet).

Thus, there was no difference between the groups using the

clinical criteria. The results in their other assessments

showed slight improvement in range of motion (dorsiflex-

ion, plantar flexion, inversion, and eversion), muscle

strength, and radiographic results. However, there were no

statistically significant differences. Kuo et al. concluded

both procedures were effective but preferred the split tib-

ialis anterior tendon transfer as they believed it was less

likely to result in over connection and that it preserved

some inversion function. Hui et al. [27] in 1998 performed

biomechanical studies on transferring the entire tibialis

anterior tendon and the split tibialis anterior tendon transfer

and reported no difference in maximum dorsiflexion

between either technique. They also reported the ideal axis

for transferring the entire tendon was the third metatarsal

axis, as in our technique, and for the split transfer the fourth

metatarsal axis. It is important in a split transfer to transfer

the cuneiform portion of the insertion laterally to prevent

proximal twisting of the musculotendinous junction and to

allow for a more direct line of pull of the muscle [17].

Our muscle balance results are similar to those of Kuo

et al. [36]. Because of the complexity of the etiology and

pathology of clubfeet we elected to evaluate only the

muscle balance. We did not evaluate functional or radio-

graphic results.

When our outcomes are compared with those of other

studies on tibialis anterior tendon transfer of either the

entire tendon above or below the ankle retinaculum or the

split transfer, there appear to be no clinical differences

despite a variety of assessments [7, 10, 14, 15, 29, 31, 39,

46]. This includes feet with dynamic supination and those

with structural abnormalities requiring more extensive

procedures performed concomitantly. This continues to

raise the question of why the tibialis anterior muscle

remains relatively normal while its antagonists are func-

tionally weaker. This allows the tibialis anterior muscle to

produce dynamic supination in some feet and contribute

the recurrent structural deformities in others. It has been

suggested that the etiology of clubfoot is neuromuscular in

origin and has genetic implications [4, 8, 9, 11, 13, 40, 41,

47].

The second purpose of our study was to review the lit-

erature regarding the current etiologic and histologic data

that may help explain why muscle imbalance, especially

the tibialis anterior muscle, is so common in congenital

clubfeet. Recent biopsy studies of the extrinsic muscles of

the calf during clubfoot surgery have demonstrated fiber

type disproportion, reduction in the number of muscle

fibers, increased neuromuscular junctions, and electron

microscopic abnormalities [22, 24, 33]. The normal ratio of

type I to type II fibers is 1:2 but in clubfeet the relationship

is approximately 7:1. There are also collagen [12, 18],
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myoblast [18], and occasionally arterial abnormalities [51]

in children with clubfeet. These findings are in contrast to

previous etiological theories suggesting malformation of

the talus was the primary abnormality [32, 48, 49]. These

observations help explain the physical findings in older

children such as calf atrophy, smaller foot, and lower

extremity length discrepancy. The documented muscle

weakness, especially of the peroneals, tibialis posterior,

and the foot dorsiflexors clinically support these histo-

pathologic changes [45]. Feldbrin et al. [16] in 1995

performed electrophysiological studies on both legs of 52

children from 3 months to 15 years of age with idiopathic

clubfeet. The studies included electromyography (EMG),

nerve conduction studies (NCT), and spinal monosynaptic

reflex (H-reflex). They reported numerous pathological

findings in feet treated both conservatively and surgically.

They believed their data supported the theory of muscle

imbalance as an etiological factor. Ezra et al. [14] in 2000

reported evidence of peroneal muscle weakness by elec-

trophysiological testing in 37 feet (25 patients) treated by

tibialis anterior tendon transfer. They believed dynamic

supination was due to muscle imbalance. However, Bill

and Versfeld [5] were not able to demonstrate naturopathic

or myopathic changes in the extrinsic muscles in 25 chil-

dren with untreated clubfeet undergoing conventional

EMG.

Herceg et al. [25] in 2006 in a study of 95 feet (68

patients) reported no evidence of a neuromuscular etiology

in idiopathic clubfeet: biopsies of numerous muscles, with

the major exception being the peroneal muscles, revealed

only four feet with fiber type disproportion and 55 with

muscle fiber atrophy. The importance of the peroneal

muscles, especially the peroneus brevis, in clubfeet was

documented in the study by Loren et al. [41] in 1998. They

performed biopsies of the peroneus brevis in 64 feet. Fifty

percent of their specimens demonstrated abnormal muscle

histology (fiber size variation and fiber type disproportion).

There was an increase in recurrent deformities in these feet

compared to those with normal histology. It is interesting

that this evidence is within the range of recurrence for

initial operative and nonoperative treatment (Ponseti

method). Karol et al. [34] studied gait analysis and muscle

strength in 23 children (23 feet) with surgically treated

unilateral clubfeet at a mean of 10 years postoperatively.

They reported no clinically important weakness of the

tibialis anterior muscle in 15 patients (65%), while in five

patients it was rated weak and was unknown or inconclu-

sive in two patients. The other muscles tested included the

gastrosoleus, quadriceps, and hamstrings. The peroneal

muscle strength was not analyzed but there were EMG

abnormalities in the peroneus longus, brevis, or both in 21

feet (91%). None of these patients were reported to have

dynamic supination.

Ippolito and Ponseti [30] in 1980 proposed a theory of

retraction fibrosis of the distal muscles of the calf and the

supporting connective tissue. In their study of five clubfeet

and three normal feet from aborted fetuses they observed

decrease in size and number of muscle fibers in the distal

third of the muscles on the posteromedial aspect of the leg;

increased fibrous connective tissue within the muscles,

tendon sheaths, and adjacent fascia; and shortening of the

triceps surae. They also serially sectioned the spinal cord

from a 17-week old fetus with clubfoot and reported it

histologically normal. They concluded clubfeet were not

secondary to neuromuscular defects. These findings were

not confirmed in a later study by Khan et al. [35].

Zimny et al. [54] in 1985 performed an electron

microscopic study of the fascia from the medial and lateral

sides of clubfeet and found myofibroblast cells in the

medial side which they suggested may have contributed to

the soft tissue contractures. Ionasescu et al. [28] reported a

correlation between the pattern of protein synthesis and the

severity of the contractures. Collagen synthesis was higher

in the more severe clubfeet.

Arterial abnormalities can also occur in clubfeet. Sodre

et al. [51] in 1990 demonstrated abnormal vascular patterns

with hypoplasia or premature termination of the anterior

tibial artery. These vascular abnormalities may have a

relationship to the associated dysplasia since these vessels

supply the talus and dorsal lateral part of the foot. Dietz

et al. [12] performed a morphometric study of the tendon

sheaths of the anterior and posterior tibial tendons of four

clubfeet and two normal feet. They found the clubfeet had

fewer cells and cytoplasmic volume in its posterior tibial

tendon sheath when compared to its anterior tibial tendon

sheath. This was reversed in the normal foot. They pre-

sumed this was evidence of a regional growth disturbance.

The neuropathic abnormalities of fiber type dispro-

portion, increased neuromuscular junctions, electron

microscopic abnormalities combined with abnormal col-

lagen synthesis, and increased connective tissue in adjacent

tendon sheaths, capsules, and ligaments are similar to the

changes reported in arthrogryposis multiplex congenita [3].

Although the work by Ippolito and Ponseti [30] demon-

strated anterior horn cells were present in the lower portion

of the spinal cord of a single aborted human fetus with a

clubfoot, this does not conclusively prove that some form

of an anterior horn cell defect is not present. Banker [3]

feels that all the anterior horn cells must be counted and

compared to a normal spinal cord of the same age in order

to rule out this possibility. Most likely, there will be a small

percentage diminution in the number of cells. It will not be

as simple as the gross presence or absence of anterior horn

cells.

The neuromuscular etiological concepts in congenital

clubfeet yield important information regarding recurrent
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deformities, especially dynamic supination with or without

other structural deformities. For unknown reasons the tib-

ialis anterior muscle appears generally spared while its

antagonists, particularly the peroneal muscles, are abnor-

mal in 30% to 50% of patients with clubfeet. This appears

to be a major factor leading to dynamic supination. Thus,

tibialis anterior tendon transfer by a variety of techniques

can be anticipated in a substantial number of children and

based on the literature is an effective method of treatment.

Our technique is simple, biomechanically advantageous,

and effective in restoring muscle balance.
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