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Background: The aim of this study was to compare the effect of 2 methods for treating toe-in gait in children (reverse-shoe
wearing and orthopedic insoles) and to determine whether reverse-shoe wearing results in hallux valgus.
Material/Methods: Between July 2012 and July 2014, 337 children diagnosed with toe-in gait over 2 years were recruited. For 139
children, parents selected use of reverse-shoe wearing treatment (RS group) and for 198 children, parents se-
lected orthopedic insoles treatment (Ol group). There were 98 children in the RS group and 167 in the Ol group
who completed the 12-month therapy and follow-up. We excluded 28 children who failed to complete the
study, and 44 children who ceased treatment within the first month were selected as controls. Patients were
assessed for up to 24 months after the cessation of treatment. Foot progression angle (FPA) and presence and
degree of hallux valgus angle (HVA) were recorded.
Results: FPA was significantly reduced after 6 months in both RS and Ol groups (P<0.05). FPA returned to almost nor-
mal after 12 months of treatment, with no significant difference between the 2 groups. There were 29 cases
(51 feet) of hallux valgus in the RS group after 12-month treatment; the HVA had significantly declined by 2
years after treatment with normal shoe wearing but did not return to normal.
Conclusions: Corrective treatment should be used with children diagnosed with toe-in gait over 2 years showing no remis-
sion. Both reverse-shoe wearing and orthopedic insoles show similar levels of treatment success, but reverse-
shoe wearing has a significant adverse effect of hallux valgus.
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Background

Toe-in gait is a condition commonly seen in pediatric ortho-
pedic clinics [1-3], although it is rarely observed in children
younger than 3 years of age [4-6]. Other than an abnormal
toe-in gait pattern and occasional stumbling, there are gen-
erally no further clinical manifestations of the condition.
Toe-in gait can be considered a normal developmental vari-
ation, which usually resolves with age and disappears by
3 years of age. Where present in children 3 years and older,
a formal pediatric examination is recommended to observe
skeletal growth and ensure the gait pattern is resolving. In re-
fractory cases, intervention is advised. The traditional meth-
od for treating toe-in gait is the use of reverse-shoe wear-
ing, which remains popular with both clinicians and parents.
There is now a greater variety of orthotic devices available for
treating this condition, including braces, gait plates, and wedg-
es; however, the effectiveness of these different methods for
improving gait pattern remains unclear [7-9]. The aim of this
study was to compare the effect of reverse-shoe wearing and
orthopedic insoles for treating toe-in gait and to measure the
incidence of adverse effects.

Material and Methods

We examined 3755 children who presented to our clinic be-
tween July 2012 and July 2014 who were diagnosed as having
toe-in gait according to foot progression angle. Cases due to
the following conditions were excluded: nervous system dis-
ease (e.g., cerebral palsy), skeletal dysplasia (e.g., developmen-
tal dislocation of the hip), metabolic disease, and those having
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undergone lower-limb surgery [7,10,11]. We selected 337 chil-
dren (153 males and 184 females) diagnosed as having bilat-
eral toe-in gait, who were over 2 years of age and were not
showing signs of significant improvement. This study was ap-
proved by the Ethics Committee at our institution. All parents
or guardians were informed of the purpose of the study and
full consent was obtained before inclusion. Parents were in-
formed that 2 treatments were available - reverse-shoe wear-
ing or orthopedic insoles — and allowed to select their preferred
method. Reverse-shoe wearing (RS group) was chosen in 139
cases (73 males, 66 females; mean age 5.87 years) and 198
chose orthopedic insoles (Ol group) (94 males, 104 females;
mean age 5.91 years).

All of the patients were provided with a 1-year treatment, in-
cluding some children who improved after 6 months of treat-
ment. Patients were assessed at the orthopedic clinic by a lo-
cal doctor in general practice every 6 months; foot progression
angle and presence of and degree of hallux valgus angle were
measured when walking barefoot (Figure 1A, 1B). Patients’
feelings were also recorded. Cases of hallux valgus were as-
sessed over a further 24-month period following cessation of
treatment. Foot progression angle was defined as the angle
between the longitudinal axis of the foot and the direction
of travel [12]. We measured the hallux valgus angle by radio-
graphic work-up while weight-bearing, and the hallux val-
gus angle was defined as the angle between the longitudinal
axis of the first metatarsal and first proximal phalanx. The di-
agnostic criterion used to assess the degree of hallux valgus
was the presence of hallux valgus angle greater than 20° [13].
The foot progression angle and hallux valgus angle were re-
corded as mean + the standard deviation (SD). A two-way

proceed direction.

hallux valgus a

Figure 1. Schematic diagram of foot progression angle (A) and hallux valgus angle (B), showing how these values are measured.
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Figure 2. Age distribution ratio of toe-in gait children presenting
at clinic between July 2012 and July 2014, n=3755.

t test was used to compare changes in foot progression and
hallux valgus angles, and the recovery rate of the 2 groups
was tested by the chi-square test; statistical significance was
set as P<0.05.

Families that did not attend follow-up were contacted by tele-
phone to request attendance, and the reasons for not continu-
ing with treatment were noted. Children who were treated for
less than 1 month were selected as the control group, under
the assumption that treatment would have had no significant
effect on gait over such a short time period.
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Results
Age distribution ratio of toe in children
B Patient profile and compliance with treatment
20
The age distribution analysis of children diagnosed with toe-
% 157 in gait is summarized in Figure 2. The incidence rate was 24%
g 101 at 2 years and declined with age.
57 Compliance rates for full treatment over the study period were
0o 70.5% (n=98) and 84.3% (n=167) for RS and Ol, respective-
123 456789 10112 1B ly. Failure to complete treatment was observed with 41 cas-
Age (years) es of RS and 31 cases of Ol. Non-compliant patients were fol-
lowed up by telephone to request further attendance at clinic,

record treatment time, and analyze the reasons for not con-
tinuing with treatment. Of these, 51 patients were treated for
less than 1 month, and only 44 cases completed the follow-
up. Compared to the Ol group, the RS group was more prone
to prematurely terminating treatment (29.5% versus 15.6%,
P<0.05). The main reason for failure to comply was foot dis-
comfort (RS, 44%; Ol, 35%). The second most common rea-
son was stumbling and falling (RS, 34%; Ol, 23%), resulting
in upper-limb fracture in 3 children. The third most common
reason was that some children disliked wearing reserve shoes
(10%) or orthopedic insoles (19%), but without obvious dis-
comfort. The fourth most common reason was that some par-
ents thought that children felt unwell during the therapy pro-
cess (RS, 12%; Ol, 23%), even when this was accounted for by
concurrent and unrelated conditions, such as upper-respira-
tory tract infections, and this resulted in failure to complete
therapy. Figure 3 summarizes the overall treatment time and
the reasons for poor compliance. Treatment duration was less
than 1 month for 32 cases (23.0%) in the RS group and 19 cas-
es (9.6%) in the Ol group. The higher incidence rate in the RS
group may be due to the fact that this treatment method was
more likely to result in foot discomfort or pain.

A

The reasons for treatment noncompliance
41 cases of RS group

Parents
factor
12%

Appearance
10% Foot pain or
uncomfort

4%

Easy to fall
down
34%

Reasons for treatment noncompliance

B C

Duration of treatment received

The reasons for treatment noncompliance
31 cases of Ol group

35 ] 32
Parents 30 RS group
factor 25 ] 0l group

Foot pain or
uncomfort
35%

23%

Children (cases)

Appearance
19%
Easy to fall
down
23%

Figure 3. Reasons for treatment noncompliance in the reverse-shoes (RS) group (A) and orthopedic insoles (Ol) group (B); duration of

treatment received in these groups (C).
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Table 1. The effect of treatment on foot progression for in-toed gait (mean +SD).

Pre-treatment FPA 6 momths treatment FPA 12 momths treatment
Children Age (degree) FPA (degre)
(case) (years)

Left Right Right Left Right

Control i 5.82 2835 3056 2477 -2634 <1959 -1897 .
group +0.73 +5.77 +5.08 +5.32 +5.48 +4.51 +406 T
P6<0.05
P4<0.05
591 —2740  -28.84 4.49 464 10.84 897
RS group % +£0.71 £5.02 +4.83 +£3.01 +3.39 +3.83 w297 o005
P6<0.05
P4<0.05
ol rou . 5.83 2906  -30.23 483 -5.23 8.36 930
SR +0.81 +5.55 +4.98 +3.83 £3.92 £2.57 +338  P5¢<0.05
P6<0.05

P value P250.05 P250.05 P2>0.05 P2<0.05 P2<0.05 P2<0.05 P2<0.05

P3>0.05 P3>0.05 P3>0.05 P3<0.05 P3<0.05 P3>0.05 P3>0.05

RS — indicates reverse shoes; Ol — orthopedic insoles; FPA — foot progression angle. P1 — RS group vs. control group; P2 — Ol group vs.
control group; P3 — RS group vs. Ol group; P4 — pre-treatment vs. 6 months’ treatment; P5 — pre-treatment vs. 12 months’ treatment;
P6-12 months’ treatment vs. 6 months’ treatment.

Table 2. Recovery rate with the two treatment methods.

Recovery cases after 6 months Recovery cases after 12 months
Children (cases) (cases)
(cases)
4 3 7 8
Control group L
9.09% 6.82% 15.91% 18.18%
64 59 88 86
RS group 08
65.31% 60.20% 89.80% 87.76%
67 69 148 153
Ol group 167 s
40.12% 41.32% 88.62% 91.62%
P1<0.05 P1<0.05 P1<0.05 P1<0.05
P value P2<0.05 P2<0.05 P2<0.05 P2<0.05
P3<0.05 P3<0.05 P3>0.05 P3>0.05

RS- indicates reverse shoes; Ol — orthopedic insoles. P1 — RS group vs. control group; P2 — Ol group vs. control group;
P3 — RS group vs. Ol group.
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Figure 4. Recovery rate at 6 and 12 months in the 3 groups:
control, reverse-shoe wearing (RS), and orthopedic
insoles (Ol).

Table 3. Incidence rate of hallux valgus by treatment group after
12 months.

Hallux valgus (cases)

Children
(cases)

P value

RS —indicates reverse shoes; Ol — orthopedic insoles.
Efficacy of treatment

We used the cases that failed to continue with treatment after
1 month but returned to the clinic for assessment as the con-
trol group (n=44). To determine treatment efficacy, we mea-
sured the foot progression angle at 6 and 12 months (Table 1)
and calculated the recovery rate, where recovery was defined
as the foot progression angle becoming positive (Table 2).
These results show that after 6 months, the foot progression
angle of the control group had a small range of return, but
only 7 cases recovered to normal, whereas a significant reduc-
tion in the progression angle after 6 months was seen in both
the RS and Ol groups (P<0.05). After 6 months of treatment,
the recovery rates were 65.31% and 40.12% in the left foot,
and 60.20% and 41.32% in the right foot, for RS and Ol groups,
respectively. Recovery rates were higher after 12 months of
treatment, with progression angle approaching 10° and a re-
covery rate of 89.8% and 88.62% in the left foot and 87.76%
and 91.62% in the right foot for RS and Ol groups, respective-
ly. At 6 months, the RS group showed a greater response to
treatment than the Ol group, with higher recovery rates and
improved progression angle (P<0.05). However, by 12 months,
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Table 4. Comparison of hallux valgus angle by treatment group
at 12 months (mean +SD).

Children Hallux valgus (cases)

(cases)

P value

P3<0.05 P3<0.05

RS —indicates reverse shoes; Ol — orthopedic insoles.P1 — RS
group vs. control group; P2 — Ol group vs. control group; P3 = RS
group vs. Ol group.

Hallux valgus angle after 12 months'thera
2 g* ¢ . » [ Left foot
" 5 M Right foot
1T

T 20
[=2}
s
é 15
S 90
=
£ 5

0 T

Control group RS group 0l group

Figure 5. Hallux valgus angle at 12 months in the 3 groups —
control, reverse-shoe wearing (RS) and orthopedic
insoles (Ol) treatment — shown by left and right foot.

there was no significant difference in cure or progression angle
between the 2 groups (P>0.05) (Figure 4). Progression angle
did improve in the control group over time, but by 12 months,
only 15 feet returned to within normal parameters.

Effect of treatment on hallux valgus incidence

We found that erythrodysesthesia in the first metatarsopha-
langeal joint always occurred in children in the RS group, re-
sulting in mild hallux valgus. The hallux valgus incidence rate
was significantly higher (P<0.05) in the RS group (51 feet,
29 patients) than in the Ol group (3 feet, 2 patients) (Table 3),
and the hallux valgus angle of the RS group was significant-
ly greater than control and Ol groups (Table 4; Figure 5).
The 29 cases of hallux valgus in the RS group resolved with
normal shoe wear over the following 2 years (Table 5; Figure 6),
although the hallux valgus angle still remained greater than
that observed in the control group.
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Table 5. Changes in hallux valgus angle in the RS group post-treatment with normal shoe wear (mean +SD).

0 month 6 months
el el e g 27.8243.34 24.38+4.19
(left foot) T T
Hallux valgus angle 28.35+4.21 3.3543.67
(right foot) T T
P value (left) >0.05
P value (right) >0.05

12 months 18 months 24 months

21.9443.03 20.73+3.71 18.58+3.89

20.79+3.96 18.95+3.42 17.95+3.44
"""""" ©0os <05 <05
"""""" ©0os <05 <05

Hallux valgus angle afterwearing normal
shoes in RS group

Hallux valgus angle (degree)

0 6 12 18 24

Time (months)

Figure 6. Hallux valgus angle after wearing normal shoes in the
reverse-shoe wearing (RS) treatment group, where *
indicates 12 months later, and there were significant
decreases in the hallux valgus angle.

Discussion

Toe-in gait is very common among children under 3 years of
age [5,14]. It is generally caused by metatarsal adduction, in-
ternal rotation of the tibia, or internal rotation of the femur.
Rotation of the tibia is the most common cause [9,15-17].
The tibia can twist naturally by 13°-18° during growth, with
rotation usually ceasing by 6 years [16,17]. Therefore, toe-in
gait is a physiological condition that does not normally require
special treatment. The age distribution analysis of children di-
agnosed at our hospital showed a higher incidence rate in chil-
dren ages 1-3 years, which declined to 10% at 4 years, but
then remained stable until age 10. This suggests that children
with toe-in gait younger than 3 years can mostly self-heal, but
older children require treatment, especially where there has
been no improvement within 2 years of diagnosis.

In the 2 treatment groups, we found that the cure rate with
reverse-shoe wearing was greater than with orthopedic in-
soles at 6 months, but by 12 months the 2 types of treatment
showed no significant difference [11,18]. Overall, 5-6-year-
old children with toe-in gait showed a 90% cure rate after
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12 months with either of the 2 treatment methods, but the
natural recovery rate remained low. The higher cure rate ob-
served in the RS group at 6 months is probably due to the wid-
er correction range exerted. In order to maintain stable walk-
ing with reverse-shoe wearing, external rotation of the tibia
is required, which plays a positive role in correcting the gait.
In contrast, orthopedic insoles restrict the toe-off pattern:
as the toes leave the ground, the orthopedic insole forces the
foot to complete this action from the first metatarsal bone,
then transfers this pressure onto the tibia, allowing a gradual
gait correction. The more severe action of the reverse-shoes
method is one of the reasons why children felt uncomfort-
able during treatment and were more likely to discontinue,
with some cases of fractures occurring during treatment if the
child was unable to adjust to using the shoes.

Although our results showed that by 12 months both meth-
ods showed equal recovery rates, the success of a treatment
should not be measured purely by outcome, but also by ad-
verse effects and compliance. The degree of comfort experi-
enced by patients is a subjective feeling difficult to quantify
and easily distorted by parental influence. We therefore did
not carry out any statistical analysis of comfort in this study.
However, we did observe that erythrodysesthesia in the first
metatarsophalangeal joint always occurred in children in the
RS group and we found that some of these children showed
mild hallux valgus. A moderate-to-severe hallux valgus de-
formity leads to dysfunction of the great toe during walking
and can induce pain or even require surgery [19-21], espe-
cially in adult women, and is exacerbated by wearing fashion
footwear, such as winkle-picker and high-heel shoes. Hallux
valgus is uncommon in children, so we measured the hal-
lux valgus angle of each child after 12 months of treatment.
The incidence and angle of hallux valgus was greater in the RS
than the Ol group. By examining the insoles of these shoes, we
found that the outline of the insoles was similar to the foot
outline of hallux valgus children. As the toes of the foot are
differing lengths, the first and sometimes second toes expe-
rienced valgus to obtain adequate space in the reverse-shoe
wearing feet (Figure 7). This can have a serious effect on bone
development. Although the 29 cases of hallux valgus in the
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Figure 7. Schematic diagram of reverse-shoes and hallux valgus cases in this group. Reversing the shoe insoles shows foot outline is
similar to actual foot (A); a child (female, 5 years old) with hallux valgus after 12 months of therapy (B); erythrodysesthesia
in first metatarsophalangeal joint showing a hallux valgus angle greater than 20° (C).

RS group returned to normal within 2 years of wearing nor-
mal shoes, the hallux valgus angle was still larger than that in
the control group. Therefore, the longer the therapy duration,
the more serious the adverse effects may become.

Previous studies examining treatment efficacies on foot progres-
sion angle with toe-in gait have not used control groups [6-9]
and therefore cannot exclude the possibility that the condi-
tion naturally self-resolves in some children. One advantage of
our study is that we used children who failed to continue with
treatment after 1 month as a control group; this allowed us to
demonstrate that natural resolution rates for toe-in gait were
significantly lower than those seen with treatment. However,
a limitation of our study was that we chose foot progression
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Conclusions

In conclusion, children with toe-in gait at 5-6 years of age ben-
efit from active treatment and we found that the use of ortho-
pedic insoles over a period of 12 months produced good results.
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