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Summary: Twenty patients with Type II clubfeet were
evaluated an average of 3.1 years after complete surgical
soft tissue release. A pinned group had ﬁxation of the
talonavicular and calcaneocuboid joints and a non-pinned
group had no ﬁxation. The control group consisted of 10
children without foot ailments. Radiographic measurements of talocalcaneal and talus–ﬁrst metatarsal angles and
frequencies of dorsal and medial navicular subluxation
were not diﬀerent for the two treatment groups. Foot
progression angle was not signiﬁcantly diﬀerent for the two

treatment groups, but was signiﬁcantly diﬀerent between all
clubfoot patients (3.61 of in-toeing) and the control group
(5.01 of out-toeing). Tourniquet time was signiﬁcantly
greater for the pinned than for the non-pinned group, but
the duration of surgery was similar. Similar radiographic
and gait measurement ﬁndings suggest that clubfoot
surgery with and without percutaneous ﬁxation have
comparable outcomes. J Pediatr Orthop B 11:139–142 &
2002 Lippincott Williams & Wilkins.
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Lehman described a classiﬁcation system for clubfoot using the following grades: Type I clubfoot for
postural clubfoot, Type II clubfoot for rigid clubfoot
and Type III clubfoot for teratological clubfoot (9).
In the past 20 years, most children with refractory
Type II clubfeet underwent operative management.
There are several opinions on the best method of
surgical intervention. The options available in management include the type of surgical approach, the
age of the patient at surgical release, the extent of
release, the need for percutaneous ﬁxation, and the
type and duration of follow-up care.
Many studies have evaluated the outcomes in
clubfoot treatment (1,2,4,5,8,13–15,21,22). Some
have compared surgical and conservative treatment
of clubfeet (6) and others have compared the results
of diﬀerent surgical approaches (7,11,12).
One surgical method involves using Kirschner
wires (K-wires) to percutaneously ﬁx the talonavicular and calcaneocuboid joints while the joint and
tendon releases heal in the corrected position.

Surgeons who use this internal ﬁxation propose that
holding the position of these joints rigidly is necessary
to prevent residual or recurrent deformity of the foot.
Surgeons who do not use K-wire ﬁxation suggest that
the alignment of the foot is maintained by the soft
tissue release and post-operative cast, and that the
use of K-wires adds the risk of infection, pain with
pin removal and increased surgical time.
Only one study addressed the diﬀerence in feet that
were internally ﬁxated and those that were not (2).
Atar et al. used a functional rating scale (3,10),
developed at the Hospital for Joint Diseases, to
compare the functional outcome of 21 patients with
complete soft-tissue clubfoot release with internal
ﬁxation and 50 without internal ﬁxation. At an
average follow-up of 3 years, no statistically signiﬁcant diﬀerences were found between the two
groups.
The present study compared (1) physical examination ﬁndings and foot progression angle during
ambulation in patients with clubfoot surgery with
percutaneous ﬁxation and those without ﬁxation, (2)
physical examination ﬁndings and foot progression
angle in patients with clubfoot surgery and a control
group, (3) radiographic ﬁndings of patients with
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clubfoot surgery with percutaneous ﬁxation and
those without ﬁxation, and (4) radiographic ﬁndings
and foot progression angle of the treated clubfoot
and the noninvolved foot of patients with unilateral
clubfoot surgery.

pinned and non-pinned groups) with the control
group, and (3) the treated clubfoot with the noninvolved foot of the unilateral clubfoot cases. For all
analyses, a signiﬁcant P-value was below 0.05.

RESULTS

METHODS
Twenty consecutive patients with a Type II clubfoot were retrospectively reviewed. A complete soft
tissue release was performed as described by Lehman
(9). A posteromedial incision was used releasing all
posterior structures and medial structures with, if
needed, a plantar release through the same incision,
and an additional lateral incision, if needed, to release
the calcaneocuboid joint. One of the surgeons in this
study used K-wire ﬁxation of the talonavicular and
calcaneocuboid joints and the other surgeon did not.
Ten patients whose clubfeet were pinned and ten
whose clubfeet were not pinned returned for evaluation. The cases where pins were not used underwent a
least one change of cast at 3 weeks to maintain proper
alignment of the foot. All procedures were done
between September 1994 and June 1997. Ten patients
without foot disorders were assessed as the control
group. The contralateral foot in each patient with a
unilateral clubfoot was also evaluated as a control. In
children with bilateral clubfeet, data from one foot
were randomly chosen for the statistical analyses.
All of the patients with clubfeet underwent a
physical examination that assessed (1) range of motion of the ankle/foot (dorsiﬂexion, plantarﬂexion,
inversion, eversion), (2) strength of the ankle/foot
(dorsiﬂexors, plantarﬂexors, invertors and evertors),
(3) range of motion of the hip to assess femoral
anteversion, and (4) tibial torsion. Femoral anteversion and tibial torsion were also evaluated in the
patients in the control group.
Standing anteroposterior and lateral radiographs of both feet of only the patients with clubfeet
were taken. Talocalcaneal and talus–ﬁrst metatarsal
(TMT) angles were measured on both the anteroposterior and lateral radiographs. Assessment of dorsal
and medial subluxation of the navicular on the talus
was measured as described by Simons (18). All
radiographs were blinded and measured by the same
pediatric orthopedic surgeon.
The tourniquet time and the duration of the
surgery were compared for the two groups. Finally,
each patient in the two treatment groups and each
patient in the control group walked on the 12-foot
walkway of the GAITRite System (CIR Systems
Inc., Clifton, New Jersey, USA) which is a noninvasive system capable of measuring multiple spatial
and temporal gait parameters. For this study, only
the measurement of foot progression angle was used.
Data analysis involved using t-tests for independent samples to compare (1) the pinned with the
non-pinned groups, (2) the clubfoot group (combined
J Pediatr Orthop Part B, Vol. 11 No. 2, 2002

Fourteen of the patients had unilateral clubfoot
and six had bilateral clubfeet. The age of the patients
at the time of surgery was not signiﬁcantly diﬀerent
(t¼1.11; P¼0.28) for the pinned (8.6 months) and
the non-pinned (6.1 months) groups. The time to
follow-up was not signiﬁcantly diﬀerent (t¼1.29;
P¼0.21) between the two treatment groups with the
average being 3.1years (range, 1.8–3.8 years) for all
cases.
Post-operative care varied between the groups. The
pinned group was in cast for signiﬁcantly longer
(t¼4.33; Po0.001) than the non-pinned group (7.8
versus 6.0 weeks). All of the pinned group used
ankle–foot orthoses while in the non-pinned group,
three used ankle–foot orthoses, three used DenisBrowne bars, and four used Denis-Browne bars and
ankle–foot orthoses. The pinned group used bracing
for signiﬁcantly less time (t¼2.85; P¼0.01) than the
nonpinned group (10.7 versus 17.4 months).
The ﬁndings from the physical examination revealed no signiﬁcant diﬀerences in range of motion of
the ankle/foot, strength of ankle/foot musculature,
femoral anteversion or tibial torsion between the two
treatment groups.
The means, standard deviations and the results of
the t-tests of the radiographic measurements of
anteroposterior and lateral talocalcaneal and TMT
angles for each of the treatment groups are presented
in Table 1. The treated clubfoot and noninvolved
foot of the patients with unilateral clubfoot are
presented in Table 2. The measurements of talocalcaneal and TMT angles from both views were similar
for the two treatment groups. In the unilateral
patients, the treated foot and the noninvolved foot
diﬀered signiﬁcantly in the anteroposterior and the
lateral talocalcaneal angles, and the lateral TMT
angle, but not the anteroposterior TMT angle.
The frequency of dorsal subluxation of the
navicular on the talar head was similar in the treatment groups, with two patients subluxed in the
TABLE 1. Radiographic measurements for two treatment groups
Angle

AP TC
AP TMT
Lat TC
Lat TMT

Pinned group (1)

Nonpinned group (1)

Mean

SD

Mean

SD

23.4
8.6
28.7
5.6

11.0
12.5
5.9
8.0

18.8
0.0
23.9
11.3

12.2
12.9
8.0
10.1

AP, anteroposterior; TC, talocalcaneal; TMT, talus–ﬁrst metatarsal; Lat, lateral.

PERCUTANEOUS FIXATION IN CLUBFOOT SURGERY
TABLE 2. Radiographic measurements for unilateral clubfoot cases
Angle

AP TC
AP TMT
Lat TC
Lat TMT

Treated foot (1)

Non-involved foot (1)

Mean

SD

Mean

SD

20.6
5.9
25.5
9.4

13.2
14.9
7.8
10.4

29.9
3.5
37.8
8.4

4.2*
10.6
9.0**
14.9**

AP, anteroposterior; TC, talocalcaneal; TMT, talus–ﬁrst metatarsal; Lat, lateral. *Po0.05; **Po0.01.

pinned group and one subluxed in the non-pinned
group. The frequency of medial subluxation was
similar for the two groups, with one in the pinned and
two in the non-pinned groups. Other abnormalities
included ﬂat top talus in one patient in each group,
and skewfoot, which is related to undercorrection of
the midfoot and overcorrection of the hindfoot, in
one patient in the pinned group and two patients in
the non-pinned group. None of these cases required
revision surgery.
Tourniquet time was signiﬁcantly greater
(t¼4.18; P¼0.001) in the pinned group (81.5 min)
compared with the non-pinned group (58.4 min).
However, the duration of the surgery was not
signiﬁcantly diﬀerent (t¼1.41; P¼0.l8) for the pinned
(113 min) and the non-pinned (124 min) groups.
The comparison of the clubfoot group (combined
pinned and nonpinned groups) with the patients in
the control group demonstrated a signiﬁcant diﬀerence (t¼2.14; P¼0.04) between the clubfoot group
(3.7 years) and the control group (4.3 years) in age at
the time of the evaluation. In terms of femoral
anteversion, the clubfoot group had signiﬁcantly
greater (t¼2.49; P¼0.02) external rotation and
signiﬁcantly less internal rotation (t ¼2.13;
P¼0.04) than the control group. Tibial torsion was
not signiﬁcantly diﬀerent (t¼1.95; P¼0.06) for the
clubfoot and the control groups.
The foot progression angle during ambulation was
not signiﬁcantly diﬀerent (t¼0.94; P¼0.36) between the two treatment groups. However, both
groups demonstrated in-toeing with the pinned group
exhibiting 4.71 and the non-pinned 2.31 of in-toeing.
A signiﬁcant diﬀerence (t¼3.76; P¼0.001) was
found between the clubfoot group (3.61 of in-toeing)
and the control group (5.01 of out-toeing). In patients
with unilateral clubfoot, a signiﬁcant diﬀerence
(t¼3.92; P¼0.002) was found between the treated
foot (3.71 of in-toeing) and the non-involved foot
(4.51 of out-toeing).
DISCUSSION
Surgical treatment of the Type II clubfoot is
sometimes more of a religion than a science. Most
surgeons believe very strongly in their technique
without much hard data to support their belief. Our
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goal in this study was to evaluate one component of
the surgical technique: whether or not to percutaneously ﬁx the talonavicular and calcaneocuboid
joints with K-wires.
In reviewing the literature, only one study examined complete soft tissue release with and without
internal ﬁxation. Atar et al. (2) found no signiﬁcant
diﬀerence between the two treatment groups in
functional outcome at an average of 3 years followup. Our ﬁndings, involving radiographic and gait
measurements, concurred with these authors in
ﬁnding no statistical diﬀerence between those patients
who had K-wire ﬁxation of the talonavicular and
calcaneocuboid joints and those who did not.
Interestingly, a subsequent study by Atar et al. (4)
evaluated 45 clubfoot releases without internal
ﬁxation and found that 48% had dorsal subluxation
of the navicular on the head of the talus. They
postulated that possibly internal ﬁxation could
prevent this problem. Schlaﬂy et al. (16) studied 52
clubfeet that had undergone complete surgical release
with wire ﬁxation of the talonavicular joint. They
found 44.2% subluxation of the navicular on the
talus. Our comparison of navicular position on the
talar head showed a similar frequency for the two
treatment groups in the occurrence of dorsal and
medial subluxation of the navicular on the talar neck.
However, both types of subluxations occurred in only
10–20% of our cases, which is less than half of that
previously reported.
This study found no diﬀerence in the foot
progression angle between the pinned and the nonpinned groups, but both groups ambulated with intoeing of the treated clubfoot. However, a diﬀerence
was demonstrated between the surgically treated
clubfeet and the controls. A diﬀerence was also
found between the surgically treated clubfoot and the
contralateral noninvolved foot in the unilateral clubfoot cases. Since our ﬁndings of in-toeing did not
relate to the existence of anteversion, the in-toeing is
probably due to residual clubfoot.
Several authors (17,19,20) have reported normal
ranges of values for the radiographic angles measured. Since all of the angles were not signiﬁcantly
diﬀerent for the two treatment groups, the means of
these angles for the combined clubfoot group were
compared with these normal ranges in Table 3. The
anteroposterior talocalcaneal, lateral talocalcaneal,
and lateral TMT angles were within the normal
range (of at least one of these authors’ ranges).
The anteroposterior TMT angle was outside of the
normal range. As the value of this angle (4.31)
indicates the presence of midfoot adduction in this
group of patients, this abnormality could account for
the in-toeing recorded during ambulation.
Tourniquet time was signiﬁcantly increased in the
feet that underwent percutaneous pinning because the
tourniquet was released only after the pinning was
completed. However, overall operative time was
similar for both groups. There were no post-operative
J Pediatr Orthop Part B, Vol. 11 No. 2, 2002
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TABLE 3. Angle measurements for clubfoot group and
normal ranges

Angle

Normal ranges (1)
Clubfoot
group (1)

AP TC
AP TMT
Lat TC
Lat TMT

Mean

SD

21.1
4.3a
26.3
8.5

11.5
13.1
7.2
9.3

5.
6.

Simons
(17)

Tachdjian
(19)

Thompson
and Simons
(20)

7.

20–40
0 to 20
35–55

20–50
0 to 20
25–50

20–40

8.

35–50
0–20

AP, anteroposterior; TC, talocalcaneal; TMT, talus–ﬁrst metatarsal; Lat, lateral.
a
Outside of normal range.

9.
10.

11.

complications related either to the K-wires or the
increased tourniquet time.
In conclusion, the question of whether or not to
percutaneously ﬁx the talonavicular and calcaneocuboid joints in soft tissue release of the clubfoot is, as
expected, diﬃcult to answer. We could not demonstrate a diﬀerence in the radiographic measurement
of the foot angles, navicular subluxation, or the foot
progression angle between the two treatment groups.
No peri- or post-operative complications occurred in
either group. Longer follow-up and a greater number
of patients in both groups would be necessary to
strongly advocate either method, but our current
feeling is that based on the parameters used in this
study, percutaneous pinning of the talonavicular and
calcaneocuboid joints provides no additional beneﬁt.
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