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Abstract
The purpose of this study was to examine differences in gait mechanics between patients with acute stage II PTTD and healthy volunteers.

Hindfoot and midfoot kinematics, plantar foot pressures and electromyographic (EMG) activity of the posterior tibialis, gastrocnemius,

anterior tibialis and the peroneals were measured in five patients with acute stage II PTTD. Kinematics and kinetics were compared to a

database of 20 healthy volunteers. EMG and plantar pressure data were obtained from five healthy volunteers. Hindfoot moments and powers

were also calculated. The center of pressure excursion index (CPEI) was calculated from the plantar pressures. Significant differences were

observed between the two groups, which confirmed clinical observations. Limited hindfoot eversion and increased midfoot external rotation

occurred during the first and third rockers. The EMG data suggested that tendon dysfunction in the posterior tibialis is associated with

compensatory activity, not only in its antagonists (the peroneals), but also in the anterior tibialis and the gastrocnemius. These data suggest that

non-operative treatment of patients with PTTD should consider minimizing the activity of the posterior tibialis as well as the peroneals, the

anterior tibialis and the gastrocnemius.

# 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Posterior tibial tendon dysfunction (PTTD) is the most

common cause of adult acquired flatfoot deformity. This

dysfunction typically begins with a paratenonitis of the

tendon which may lead to synovitis, intrasubstance tearing

and tendinosis. A total rupture of the tendon is possible,

however, not prevalent. In the early stages of PTTD, the

hindfoot is flexible. As the pathologic process progresses,

the hindfoot becomes rigid, and the subtalar, midfoot and

tibiotalar joints may develop arthritis. PTTD is usually

characterized into four stages. Patients presenting with stage

I PTTD exhibit paratenonitis with pain over the posterior

tibial tendon (PTT), typically just posterior and inferior to

the medial malleolus. There is generally no loss of strength,
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radiographs are usually normal and the hindfoot is flexible.

In stage II PTTD, the PTT elongates and intrasubstance tears

develop, leading to a unilateral flexible flatfoot deformity

[1]. Patients typically cannot perform the ‘‘single heel rise

test’’ in the affected limb and degenerative arthritis of the

hindfoot may develop. In stage III PTTD, the hindfoot is

rigid and degenerative arthritis can be advanced in the

subtalar and midfoot joints. Further postural changes take

place, which include a varus forefoot and calcaneofibular

impingement [1]. Stage IV PTTD includes the rigid hindfoot

with the addition of a valgus talus in the ankle mortise. This

is thought to lead to degenerative arthritis at the tibiotalar

joint [2].

Despite the wealth of information on the classification

and operative [2–10] and non-operative [2,11–13] treat-

ment of patients with PTTD, there are few studies

examining the effects of PTTD on gait [14–16]. Changes

in step length, cadence, velocity and maximum sagittal
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ankle joint powers at push-off were observed pre- and

post-operatively in patients with stage II PTTD [15], but

the differences between healthy and PTTD gait were not

studied and a foot specific marker set was not used.

Increased plantarflexion and eversion of the hindfoot

throughout the gait cycle was observed and increased

dorsiflexion and restricted eversion in late stance was

measured in the forefoot when patients with stage II PTTD

were compared with healthy individuals [14]. Reduced

moments at the hip, knee and ankle were observed in a

similar population using a full body marker set [16]. To

date, a comprehensive motion analysis study, including a

segmental foot model of kinematics and kinetics,

electromyographic activity and plantar foot pressures

comparing patients with stage II PTTD with healthy

volunteers has not been completed. The purpose of this

study was to examine the differences in foot and ankle

mechanics between patients with acute stage II PTTD and

healthy asymptomatic volunteers.
2. Materials and methods

Five women that presented to a podiatrist with acute stage

II PTTD (age 69 � 7 years, range 60–75 years, body mass

index (BMI) 29 � 1 kg/m2) were included in this study. The

patients’ kinematics were compared with those from a

database of 20 healthy asymptomatic volunteers previously
Fig. 1. Custom 11 marker, three-segment foot model, u
collected in our laboratory (age 46 � 14 years, range 27–65

years, BMI 25 � 4 kg/m2, 10 men and 10 women). EMG

and plantar pressure data were compared to data from five

healthy asymptomatic volunteers (age 27 � 4 years, range

24–34 years, BMI 24 � 3 kg/m2, two men and three

women). The patients with acute stage II PTTD had

difficulty performing a single heel rise test and there was

tenderness over the PTT. Intrasubstance tear of the tendon

was confirmed by a musculoskeletal radiologist with a MRI.

This study was approved by the Institutional Review Board

and written informed consent was obtained.

2.1. Kinematics and kinetics

Three-dimensional foot and ankle gait mechanics were

collected to quantify changes that were observed clinically

in acute stage II PTTD. A custom 11 marker three-segment

model (Fig. 1) was used. This biomechanical model defined

local coordinate systems in the lower leg, calcaneus and

midfoot [17]. The midfoot segment was defined by markers

placed on the proximal and distal ends of the first and fifth

metatarsals. The calcaneus was defined by three markers

placed on the calcaneus. The tibia was defined with markers

placed on the medial and lateral malleolus and anterior along

the long axis of the tibia. A ten camera Real-Time

ExpertVision System (Motion Analysis Corporation, Santa

Rosa, CA) was used to collect data at 120 Hz. A static

reference position was collected with the patients in a
sed to measure hindfoot and midfoot kinematics.
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relaxed standing position, which defined the neutral position

of the foot for the kinematic graphs. The motion of the

hindfoot was defined as the motion of the calcaneus relative

to the lower leg and the motion of the midfoot was defined as

the motion of the midfoot (i.e., the segment defined by

markers placed on the first and fifth metatarsals) relative to

the calcaneus. Euler angles were calculated using a custom

software program (Matlab 7.0, MathWorks, Natick, MA)

using a 2–10–300 rotation sequence [18].

Kinetic data were collected at 600 Hz from four force

plates (two Kistler model 9281B, Amherst, NY, and two

Advanced Medical Technology Inc., model BP400600,

Watertown, MA). Data from the foot marker set and from the

force plates were used to calculate ankle joint moments and
Fig. 2. Center of pressure excursion index in a healthy volunteer. The center

of pressure reference line (CPRL) was drawn from the first to the last center

of pressure data point (i.e., P1 to P2). The distance from this line (P1P2) to the

point where the center of force trajectory is maximal was measured. This

length was defined as the center of pressure excursion (CPE). The width of

the foot was measured at the level of the CPE and the CPE was normalized

by the foot width, defining the CPEI [24,25].
powers. The ankle joint center was defined as the midpoint

of the markers on the medial and lateral malleolus. These

data, combined with the force plate data (i.e., center of

pressure and ground reaction forces) were used to calculate

the ankle joint moments in a custom software program

(Matlab 7.0, MathWorks) [19]. The powers were calculated

by multiplying the moment by the angular velocity.

2.2. Electromyographic activity

EMG data were collected to quantify changes in muscle

activity in patients with acute stage II PTTD. Five channels of

EMG data were collected using commercially available EMG

collection hardware (MA-300, Motion Lab Systems, Baton

Rough, LA) during the entire gait cycle. Surface EMG

electrodes were placed over the muscle bellies of the anterior

tibialis (AT), medial gastrocnemius (gastroc), peroneus brevis

(PB) and peroneus longus (PL). Placement was confirmed by
Fig. 3. Hindfoot kinematics in healthy volunteers and patients with stage II

PTTD. (a) In patients with stage II PTTD the first rocker was shorter since

maximum plantarflexion occurred sooner than in healthy volunteers. (b) In

the coronal plane, a non-significant decrease in eversion was observed in

patients with stage II PTTD. (c) Clinically insignificant changes were also

measured throughout stance phase in the transverse plane.
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muscle contraction against manual resistance with visual and

audio feedback. Because only differences in amplitude were

noted when fine wire EMG data were collected from the PB

and PL [20] and the pain caused from fine wire EMG could

alter gait [21], we chose to collect surface EMG from the

peroneals. A fine-wire indwelling EMG electrode was placed

in the posterior tibialis (PT) using the single needle technique

[22]. The subjects were asked to plantarflex and invert the

ankle, while manual resistance was applied in the direction of

dorsiflexion and eversion to verify electrode placement using

visual and audio feedback. The participants were also asked to

flex their toes to confirm that the electrode was not placed in

the flexor digitorum longus muscle. Additionally, electrical

stimulation was used to confirm electrode placement by

passing an electrical current through the wires connected to

the EMG electrode using a muscle stimulator (Grass

Instrument Division Model S48J Stimulator, Division of

Astro-Med Inc., West Warwick, RI). The foot was positioned

such that the effect of gravity was not present and the posterior

tibial tendon was palpated during stimulation. If the foot

plantarflexed and inverted when stimulation was applied and

there was no toe flexion, proper electrode placement was

confirmed.

For each muscle, a quiescent trial and maximum

voluntary contraction (MVC) were collected. Quiescent

data were collected while the volunteer was sitting in a chair

with the muscles relaxed. Visual feedback was used to

confirm that there was no muscle activity before the

quiescent trial was collected. The MVC test consisted of a

seven second data collection period in which the subjects
Table 1

Peak values of kinematics in healthy volunteers and patients with PTTD

Segment Plane of motion Foot rocker Normal

Time (% stan

Hindfoot Sagittal First 13 � 2+

Second 76 � 9

Third 100 � 0

Coronal First 4 � 2

Second 60 � 11

Third 99 � 2

Transverse First 12 � 8

Second 47 � 20

Third 90 � 9

Midfoot Sagittal First 19 � 17*

Second 33 � 15

Third 99 � 2

Coronal First 6 � 4

Second 48 � 20

Third 89 � 10

Transverse First 2 � 1

Second 54 � 8

Third 99 � 3

Values are reported at mean � standard deviation. +Indicates a notable trend (

( p < 0.017). The values in this table correspond to the mean peak value for each co

the same percentage of the stance phase for each participant, the numbers in this
actively contracted their muscle for the first four seconds,

while listening to audio feedback, which increased in

volume with electrical activity. In the final three seconds of

the data collection period, maximal manual resistance was

applied in the direction opposite to the muscle’s action to

increase the number of activated motor units. EMG data

were bandpass filtered from 60 to 1000 Hz before they were

sampled at 2400 Hz. Additionally, EMG data were time

synchronized with kinematic data using an A/D card

(National Instruments, Austin, TX). All data were rectified

and filtered using a 6 Hz fourth order Butterworth lowpass

filter. MVC levels were reported as the highest mean level of

a 100 ms moving average window with 90% overlap [23].

EMG data were processed in a custom software program

(Matlab 7.0, MathWorks) and reported as a percentage of

MVC. If the EMG signal was less than the quiescent value, it

was assumed to be zero.

2.3. Foot structure testing

Plantar foot pressure measurements were collected by a

physical therapist using an F-scan plantar pressure assess-

ment system (Tekscan, Inc., South Boston, MA). The F-scan

sensor was taped to the plantar aspect of the foot and the

patients walked barefoot at a self-selected pace over a level

tile floor. From these data, the center of pressure excursion

index (CPEI) was calculated [24,25]. Briefly, a line defined

as the center of pressure reference line (CPRL) was drawn

from the first to the last center of pressure data point (i.e., P1

to P2) (Fig. 2). The line AD was defined as the width of the
PTTD

ce) Rotation (8) Time (% stance) Rotation (8)

�8 � 3 10 � 3+ �10 � 3

7 � 3 73 � 12 5 � 3

�8 � 6 100 � 0 �12 � 3

4 � 4 2 � 3 4 � 3

4 � 2 50 � 12 2 � 3

�9 � 3 100 � 2 �10 � 8

0.1 � 2* 5 � 3 �2 � 1*

2 � 2* 43 � 25 1 � 0.4*

1 � 1 94 � 2 2 � 1

1 � 3 5 � 3* �0.2 � 5

0 � 2 16 � 6 �3 � 5

�15 � 6+ 99 � 1 �8 � 7+

�3 � 2+ 6 � 4 �6 � 3+

3 � 2 53 � 17 3 � 1

�2 � 2+ 88 � 7 �4 � 5+

�3 � 2+ 4 � 2 �1 � 1+

2 � 1 66 � 16 1 � 1

�9 � 3* 99 � 2 �3 � 2*

p = 0.05–0.02) and *indicates where the significant differences occurred

mponent of stance phase of gait. Because the peak rotations did not occur at

table do may correspond to the peak of the mean curves in Figs. 3 and 4.
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foot along the line separating the anterior third of the foot

from the posterior two-thirds of the foot. The point B was

defined as the intersection of the CPRL and AD. The point C

was defined as the intersection of AD and the center of force

trajectory. The line BC was referred to as the center of

pressure excursion (CPE). The CPI was then normalized by

the width of the anterior third of the foot (line AD), defining

the center of pressure excursion index (CPEI).

CPEI ¼ CPE

AD
� 100 (1)

2.4. Data analysis

The kinematic data were separated into three rockers for

analysis to provide a comprehensive comparison of the

differences between kinematics in healthy volunteers and

patients with stage II PTTD. Each rocker was defined using

the sagittal plane hindfoot data. The end of the first rocker

was defined as maximum hindfoot plantarflexion, thus

identifying the end of the loading response. The end of the

second rocker was defined as maximum hindfoot dorsi-

flexion, thus indicating the beginning of limb advancement

(i.e., third rocker).

A two-sample (or independent samples) t-test was

calculated using JMP 5.1 (SAS Institute, Cary, NC). A

Bonferroni correction was applied to the kinematics to

preserve the experimentwise error rate caused by examining

three segments of stance phase. Accordingly, a significance

level of p < 0.017 was used for these data. A significance

level of p < 0.05 was used for the moments, powers, EMG

and plantar pressure data because only the peaks were

considered when analyzing these data. A power analysis

was completed when the significance level was not met

using a custom program written in Mathcad (Mathsoft

Engineering & Education, Inc., Cambridge, MA).
Fig. 4. Midfoot kinematics in healthy volunteers and patients with stage II

PTTD. In patients with stage II PTTD: (a) plantarflexion was restricted

during the third rocker, (b) inversion was higher in patients during the first

rocker and (c) internal rotation was limited in the first and third rockers.
3. Results

The mean walking velocity for healthy volunteers was

1.2 � 0.1 m/s and 1.1 � 0.2 m/s in patients with acute stage

II PTTD. There were no significant differences in walking

velocities (81% power). In the sagittal plane, there was a

trend ( p = 0.035) indicating that the end of the first hindfoot

rocker occurred sooner in patients with stage II PTTD

(Table 1, Fig. 3a). Hindfoot kinematics also demonstrated no

difference (97% power) in eversion during the second rocker

(Fig. 3b). In the transverse plane, patients with stage II

PTTD had increased internal rotation during first rocker

( p = 0.007) and decreased external rotation in second rocker

( p = 0.009) (Fig. 3c). While these differences were

statistically significant, they were not considered to be

clinically significant and were within the error range of the

measurement technique.
Significant differences between the midfoot kinematics

in PTTD patients and healthy volunteers were observed in

the sagittal and transverse planes (Fig. 4). In the sagittal

plane, the location of peak dorsiflexion in the first rocker

occurred earlier in patients ( p = 0.01). There was a non-

significant difference ( p = 0.049) in the value of maximum

plantarflexion in the third rocker (Fig. 4a). Patients had a

non-significant increase in inversion (6 � 38 versus 3 � 28)
in the first ( p = 0.0218) rocker and a trend ( p = 0.05) toward

an increased midfoot range of motion (9 � 38 versus 6 � 28)
(Fig. 4b). Patients had restricted internal rotation (3 � 28
versus 9 � 38) in the third rocker ( p = 0.0003) when

compared to healthy volunteers (Fig. 4c). Additionally, the

midfoot range of motion in the transverse plane showed that

the patients’ midfoot range of motion was significantly
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Fig. 5. Internal hindfoot moments (Nm/kg) in patients with stage II PTTD

showed: (a) no change in the sagittal plane, (b) an inversion moment, while

healthy volunteers had an eversion moment and (c) internal rotation

moments, while healthy volunteers had external rotation moments.

Fig. 6. There was a significant decrease in the internal hindfoot sagittal

plane power (a) in patients with stage II PTTD.
decreased (5 � 28) when compared to healthy volunteers

(10 � 38) ( p < 0.001).

Stage II PTTD patients had an inversion moment in the

third rocker (�0.1 � 0.1 Nm/kg), while healthy volunteers

had an eversion moment (0.08 � 0.1 Nm/kg) ( p = 0.019)

(Fig. 5). The peak moment occurred at 91 � 4% stance in

healthy volunteers and at 75 � 8% stance in patients with

stage II PTTD ( p = 0.008). From 30% stance to terminal

stance, the ankle moments were negative (i.e., indicating

an external rotation moment) in healthy volunteers and

positive (i.e., internal rotation moment) in patients

( p < 0.001). There was no significant difference in

sagittal plane moments (power = 90%). Sagittal plane

powers were significantly lower in PTTD patients
during the third rocker ( p = 0.05) despite the similar

walking velocity (Fig. 6). There were no significant

differences between healthy and PTTD patients in the

coronal plane (power = 100%) or transverse plane powers

(power = 56%).

When the EMG from patients with acute stage II PTTD

were compared with healthy volunteers, there were

magnitude differences in the posterior tibialis, anterior

tibialis and gastrocnemius and temporal changes in the

peroneus longus and peroneus brevis (Fig. 7). In the

posterior tibialis, the peak EMG activity during the second

half of stance phase was significantly greater in PTTD

patients than healthy volunteers ( p = 0.025). The peak

EMG value at approximately 70% of the gait cycle in the

anterior tibialis was significantly greater in patients than in

healthy volunteers ( p = 0.038). The gastrocnemius had
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Fig. 7. EMG data of the foot and ankle muscles during gait. Patients with stage II PTTD had an increase in magnitude of the posterior tibialis (a), anterior tibialis

(d), and the gastrocnemius (e). The peroneus longus (b) exhibited increased activity and magnitude and the peroneus brevis (c) had phase reversal when

compared to healthy volunteers.
increased activity during stance phase in patients with

PTTD ( p = 0.004). Patients had increased and prolonged

EMG activity in the peroneus longus ( p = 0.021). Finally,

the EMG activity in the peroneus brevis exhibited phase

reversal between healthy volunteers and patients with PTTD

and prolonged activity during swing phase ( p = 0.003).

Plantar pressure data exhibited a medial shift of the center

of pressure in patients with PTTD (Figs. 2 and 8) and a

significant decrease in the CPEI ( p = 0.019). The CPEI was

20 � 6% in healthy volunteers and 10 � 4% in patients with

PTTD.
4. Discussion

The most common clinical observations used to diagnose

stage II PTTD are the inability to perform a single heel rise

and forefoot abduction (i.e., the too many toes sign) [1]. The

inability to perform a single heel rise was quantified in this

study by decreased hindfoot eversion, decreased plantar-

flexion in terminal stance, an increased inversion moment

and decreased sagittal plane powers. The ‘‘too many toes’’

sign was quantified with decreased midfoot internal rotation

in the third rocker. EMG data identified changes in the
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Fig. 8. Center of pressure excursion index (CPEI) data from a patient with

stage II PTTD. There was a significant decrease in the CPEI in patients with

stage II PTTD.
activity of the peroneals, the anterior tibialis and gastro-

cnemius along with increased EMG in the posterior tibialis.

Patients with stage II PTTD had a shorter first rocker

characterized by earlier maximum hindfoot plantarflexion

(Fig. 3). The patient data indicated an insignificant increase

in plantarflexion. These findings are similar to the study by

Johnson and Harris that compared ten patients with stage II

PTTD with a database of healthy, asymptomatic volunteers

[14].

Clinical observations suggest that a dysfunctional

posterior tibialis does not transmit enough force to

sufficiently evert the calcaneus [1]. This observation was

supported by the increased inversion moment, decrease in

sagittal plane powers and decreased hindfoot eversion in

patients with stage II PTTD. The change in coronal plane

moments suggest that the center of pressure shifts medially,
which was confirmed with the plantar pressure data (Figs. 2

and 8). The significant decrease in hindfoot sagittal plane

powers was similar to the report that patients with stage II

PTTD have significantly lower ankle powers pre-operatively

than post operatively [15]. Tome et al. reported significantly

greater calcaneal eversion in patients with stage II PTTD

compared to age matched healthy volunteers [26], while this

study observed an insignificant increase in hindfoot ever-

sion. Conversely, Johnson and Harris observed increased

hindfoot eversion. These differences may be due to

differences in the definition of neutral position. Tome et

al. referenced their data to the subtalar joint in neutral

position. The definition of neutral position in Johnson and

Harris’ study was not reported. In the present study, a relaxed

standing neutral position was obtained, without placing the

subtalar joint into neutral position or supporting the arch of

the foot. It is probable that we would observe a significant

decrease in hindfoot eversion if our neutral position was

collected in subtalar joint neutral with arch support.

The midfoot kinematics quantified a flexible flatfoot

deformity and ‘‘too many toes’’ sign used to clinically

diagnose PTTD [1]. Increased midfoot dorsiflexion and

inversion as, a result of midfoot flattening in late stance

indicating a flexible flatfoot deformity, was observed in this

study (Fig. 4). Additionally, increased transverse plane

moments occurred as the foot collapsed during second

rocker. This change in the moment increased the hindfoot

stress, which may lead to the formation of osteoarthritis that

is found in stage II PTTD [1]. The ‘‘too many toes’’ sign was

quantified with a decrease in internal rotation during the

third rocker as well as the lack of medial shift of the center of

pressure (measured from the plantar pressure data).

Similarly, the study by Johnson and Harris observed

increased midfoot dorsiflexion and a varus shift in forefoot

kinematics at toe off [14].

Patients with acute stage II PTTD had significant changes

in the electromyography activity of the muscles crossing the

ankle joint. The differences in PT, PB and gastrocnemius

EMG activity may be associated with a valgus deformity,

while the change in activity of the peroneus longus and

anterior tibialis may be uniquely associated with acute stage

II PTTD. Keenan et al. collected fine-wire EMG data in

patients with rheumatoid arthritis (RA) with and without a

valgus deformity [27]. They found a significant increase in

the magnitude of the posterior tibialis EMG, but no change

in timing. These findings are similar to ours. Keenan et al.

suggested a valgus deformity caused by RA may cause the

posterior tibialis to work harder to support the arch. This

situation may also happen in patients with stage II PTTD.

However, it is also possible that the MVC in these patient

populations was limited due to pain. Specifically, when the

gait analysis was performed, the patients with acute stage II

PTTD reported pain. Similarly, the patients with a valgus

deformity in the study by Keenan et al. had a significantly

greater pain score in the hindfoot than the RA patients

without a valgus deformity. In RA patients with a valgus
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deformity, the preoneus brevis had increased magnitude,

perhaps to help minimize the flatfoot deformity, but there

was no change in the EMG of the peroneus longus [27]. In

the stage II PTTD patients, the peroneus brevis exhibited

phase reversal (but no change in magnitude), while the

peroneus longus had premature and prolonged activity. The

compensatory EMG activity in the peroneals indicates that

they were probably acting to minimize the acquired flatfoot

deformity differently than RA patients with a valgus

deformity. The change in the activation pattern of the

peroneals may lead to the intrasubstance tears that are

frequently present in the peroneals in stage II and stage III

PTTD. In patients with stage II PTTD, the anterior tibialis

had a significant increase in activity. Because the AT is an

antagonist to the PL, the patients with stage II PTTD may

have had to increase the AT activity to make the first ray

more stable. In the patients with RA, there was no change in

the AT activity. However, there was also no change in the

peroneus longus activity in the RA patients with a valgus

deformity. This suggests that the changes in the peroneals

and the AT are related to PTTD, not just a valgus deformity.

Studies with a larger patient population must be conducted

to improve our understanding of these changes in the EMG

data. Finally, patients with stage II PTTD had increased

activity in the gastrocnemius, which commonly occurs with

foot and ankle pathologies. Similarly, the gastrocnemius

activity of RA patients both with and without a valgus

deformity indicated that they had increased activity over

healthy volunteers.

A significant decrease in the CPEI was observed in patients

with stage II PTTD when compared to healthy volunteers.

CPEI alone was not able to detect the differences between

rectus and planus foot types, however it was postulated that

when a pathology was present that the CPEI would be able to

detect differences between healthy and pathologic feet [24].

This study demonstrated that the CPEI was sensitive enough

to quantify the differences between plantar pressures in feet

from healthy volunteers and patient with stage II PTTD.

The three-segment foot model assumed that the midfoot

was a rigid structure. In an invitro studycomparing kinematics

with skin markers and bone pins, the root mean square error

was 38 [17]. Therefore, any differences in rotations that are less

than 38 must be carefully interpreted, even when there is a

statistically significant difference between the two measure-

ments. The small sample size and the lack of age, BMI and

gender matching were additional limitations to this study. A

recent study concluded that aging does not affect voluntary

activation of the ankle dorsiflexors during isometric,

concentric and eccentric contractions [28]. Therefore, the

age difference in our PTTD patients and healthy volunteers

should notaffect the reported differences in theEMGdata.The

effect of age on kinematic gait data is a subject of controversy.

One study examining the difference in age found that

both healthy and adult men had similar gait characteristics

[29], while a similar study found significant differences

between young and old women [30]. Another study reported
significantlydifferentkinematic and kineticvariablesbetween

older and younger populations, however the absolute

differences were small [31]. A future study of PTTD

should include a larger patient population and age matched

participants.
5. Conclusions

This study quantified changes in muscle activity that are

associated with the clinically observed alterations in joint

mechanics of patients with stage II PTTD. Changes in

kinematics quantified the ‘‘too many toes’’ sign, midfoot

flattening during stance (i.e., a flexible flatfoot deformity)

and verified that the PT could not sufficiently evert the

calcaneus. Changes in kinetics may be associated with the

presence of osteoarthritis as the PTTD progresses. The

altered EMG data were helpful toward understanding the

complications caused by the progression of PTTD, such as

intrasubstance tears in the peroneals and forefoot abduction.

These data suggest that non-operative treatment of patients

with PTTD should not only consider reducing posterior

tibialis activity with arch support, but should also use a

similar approach to reduce the activity of the peroneals,

tibialis anterior and the gastrocnemius.
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