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Most of the recently developed designs for total
ankle replacement (TAR) employ fully congruent
meniscal bearings that are free to slide on both the
tibial and talar articular surfaces.1-3 These designs are
said to provide translational movement with mainte-
nance of full conformity of the articulating surfaces
throughout the ankle range of motion. To allow inter-
nal/external rotation as well as translational move-

ment, the tibial component has a flattened articulat-
ing surface that is capable of accommodating slight
inaccuracies in surgical implantation. Dislocation of
the meniscal bearing is supposed to be resisted by
the penetration of the convex bone-anchored talar
component into the corresponding concavity of the
bearing, in which it should be held by the tension of
the ligaments.

Recent clinical reports on the meniscal-bearing
TAR designs4-11 are encouraging, but the results are
still not as good as those for the replacement of
human hip and knee joints. Radiographic and clinical
studies over the medium and long terms showed bet-
ter results than with previous two-component de-
signs (ie, without meniscal bearing).12-18 Although
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TAR is now considered a viable alternative to ankle
arthrodesis,15, 19-21 the clinical reports published so far,
with assessments based on traditional clinical scores
or radiographic analyses, are still generally disap-
pointing. A recent meta-analysis22 showed improve-
ment in pain and joint mobility after TAR but conclud-
ed that scientific evidence of the benefits of this
treatment is still lacking. One of the problems is the
heavy loads that this small joint has to bear. The ankle
endures compression and shear forces produced by a
complex triplanar movement,23-25 and absorption of
these forces by the prosthesis can be insufficient.15

An incomplete knowledge of the function of the ankle
joint structures during activities may also be a fac-
tor.23, 26 Clinical studies alone cannot reveal the func-
tional performance of these prostheses and the mech-
anisms that lead to failure. Studies that combine
traditional clinical assessment and functional evalua-
tion based on modern instrumentation are rare.27-29 A
quantitative analysis of functional outcome during ac-
tivities of daily living after TAR can facilitate under-
standing of the actual performance of the prosthesis
in vivo.

The aim of the present study was to use clinical as-
sessment, and especially instrumental gait analysis,
to objectively analyze the functional outcome of a ret-
rospective series of TAR patients with osteoarthritis
(OA) or rheumatoid arthritis (RA) who were treated
with a meniscal-bearing ankle prosthesis. 

Materials and Methods

Ten patients who underwent TAR at the Rizzoli Or-
thopedic Institute, University of Bologna, Bologna,
Italy, gave their informed consent to undergo gait
analysis. The patients consisted of nine women and
one man with a mean age of 63 years (range, 52–72
years). Three patients had NJ (New Jersey Total Ankle;
De Puy, Warsaw, Indiana) prostheses and seven pa-
tients had STAR (Scandinavian Total Ankle Replace-
ment; Waldemar Link, Hamburg, Germany) prosthe-
ses. These designs both have a flat tibial component
and a generally convex talar component, with a ra-
dius of curvature in the sagittal plane replicating that
of the natural talus.6, 7 A meniscal bearing in between
fully conforms to these two metal bone-anchored
components. The two designs are distinguished main-
ly by the fixation elements and by the presence of lat-
eral shoulders and guiding elements for the meniscus
on the talar component in the STAR prosthesis. The
inclusion of two different designs in the study is due
to the surgeon’s choice to use different models over
time; no specific inclusion criteria were developed
for each model. Biomechanically and functionally,

these two models are very similar. The mean follow-
up time was 34 months. The cause of the ankle lesion
was RA in four cases, and primary or secondary OA
in six cases.

The implant, evaluated radiographically, showed
no signs of loosening at the time of gait analysis. In
addition, no lower-limb discrepancy was found at the
time of gait analysis. Clinical and functional assess-
ment was performed with the Mazur scoring system
(0–100),30 slightly modified as follows: The maximum
score assigned to the item “pain” was reduced from
50 to 47. For the item “range of motion of the ankle,”
the maximum score (5) was assigned at 20° of dorsi-
flexion, rather than 40°, and the range of pronation/
supination was also included (3 = some motion; 0 = no
motion). To measure both ankle dorsiflexion/plan-
tarflexion and pronation/supination, the procedures
described by Root et al31 were followed. The item “abil-
ity to run” (maximum score, 5) was removed and re-
placed with the item “ability to stand on the involved
leg” in unipedal stance (5 = able; 3 = needs help; 0 =
unable). Patients were also asked to report their de-
gree of satisfaction with the surgery outcome as fol-
lows: very satisfied, satisfied, poorly satisfied, dissat-
isfied.

The system of measurement used to analyze gait
consisted of a force plate (Kistler, Winterthur, Switzer-
land) and the ELITE 3-D stereophotogrammetric sys-
tem (BTS, Milan, Italy). To retrace the corresponding
movement of the underlying bony segments, the ex-
perimental protocol “Calibrated Anatomical System
Technique” (CAST) was used.32 Muscular activity was
measured with electromyography using surface elec-
trodes (TELEMG; BTS, Milan, Italy) for the peroneus
longus, tibialis anterior, and gastrocnemius muscles.
Functional assessment consisted of the acquisition of
at least three trials of the entire stride with the patient
barefoot. Rotation of the ankle in the sagittal plane
(dorsiflexion/plantarflexion) and joint moment in the
sagittal (dorsiflexion/plantarflexion) and frontal
(eversion/inversion) planes were calculated. Kine-
matic, kinetic, and electromyographic parameters of
movement were assessed. The results were compared
with those of a control population of 20 subjects matched
for age and sex. 

Statistical analysis was performed with one-way
analysis of variance (ANOVA) for parametric analysis
and the Kruskal-Wallis test, evaluated by the Monte
Carlo method for small samples, for nonparametric
analysis. The Scheffé test (Dunn test for nonparamet-
ric analysis) was used for paired post hoc analysis of
both the prosthesis model (NJ or STAR) and the etiol-
ogy of the disease (OA or RA). 

Gait analysis data consisted of time–distance pa-
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significant difference observed from the OA group
(Table 2). 

The mean range of ankle motion over the gait cycle
was much smaller in the TAR patients (23.1°) than in
the control group (36.0°) (Table 1), but with no statis-
tically significant difference observed between the RA
and OA groups (Table 2). The dorsiflexion moment in
the ankle at the push-off phase was also reduced in
the TAR patients compared with the control group
(Table 1; Fig. 1B). This reduction was observed in
both patient groups (OA and RA) but was more pro-
nounced in the RA group, with a statistically signifi-
cant difference between the two patient groups (Table
2). The maximum inversion moment during the sec-
ond half of the stance phase was decreased in the TAR
group compared with the control group (Table 1; Fig.
1C). Once again, the RA patient group had values
most different from the control group (Table 2).

Dynamic Electromyography

In most cases, pre-activation of the peroneal muscles
was already present at heel strike, with the peroneal
muscles in co-contraction with the tibialis anterior. In
some patients there was late activation of the gas-
trocnemius muscle during the stance phase, whereas
in others this muscle was pre-activated, contributing
to a pattern of co-contraction with the tibialis anteri-
or and peroneal muscles in the loading response and
mid-stance phases. The latter pattern was particularly
evident in the RA group (Fig. 2). The patient with hip
arthrodesis did not show substantial differences from
other patients. 

Discussion

The main objectives of TAR are to eliminate pain and
to maintain good foot and ankle function during 
activities of daily living. It is desirable to have an
ankle prosthesis with the same life expectancy as a
hip or knee prosthesis. Despite the numerous TAR
designs available, there are still no ankle prostheses
that can produce general clinical results comparable
to those of arthrodesis. Recent reviews of the TAR lit-
erature2, 12, 15, 21 show that the most common causes of
failure are loosening with lowering and misalignment
of prosthetic components, joint instability, conflict
between the prosthetic components and the periartic-
ular structures, malleolar fractures, the formation of
heterotopic bone, joint movement restriction, infec-
tion, and peroneal tenosynovitis. The unsatisfactory
results of ankle prostheses may be due to scarce 

rameters (stance phase duration, gait cycle duration,
stride length, progression velocity) and peak values
extracted from ankle joint kinematics (flexion angle
at initial contact, maximum dorsiflexion during stance,
maximum plantarflexion during swing) and kinetics
(maximum dorsiflexion moment peak, second dorsi-
flexion moment peak). 

Results

Clinical Score

The modified Mazur score was excellent in three pa-
tients (two STAR with OA; one NJ with OA), good in
five patients (four STAR, two with OA and two with
RA; one NJ with RA), fair in one patient (STAR with
RA) and poor in one patient (NJ with OA). The latter
patient also had hip arthrodesis on the same side. Pain
was absent in three cases, mild in four cases, and
moderate in three cases. Walking down a slope was
the most critical motor task for the patients to per-
form. They reported needing a support or needing to
walk very slowly when performing this task. Three pa-
tients were very satisfied, four patients were satisfied,
two patients were poorly satisfied, and one patient
(the patient with hip arthrodesis) was dissatisfied.

Time–Distance Parameters

Statistically significant decreases in mean progres-
sion velocity, stride length, and cadence were found
in the TAR patients compared with the control group
(Table 1). Patients with RA had greater reductions in
these parameters than patients with OA, although the
differences were not statistically significant. Patients
with RA had a longer stance phase duration on the
treated limb compared with the OA group (P < .0005)
(Table 2).

Kinematics and Joint Moments at the Ankle

The TAR patients showed increased ankle joint plan-
tarflexion at heel strike (mean ± SD, 6.0° ± 5.6°) com-
pared with the control group (2.1° ± 5.8°) (Table 1;
Fig. 1A). A similar pattern of foot landing was ob-
served for RA and OA patients, although a statistical-
ly significant increase in plantarflexion was found for
the latter group compared with the control group
(Table 2). In both patient groups there were reduc-
tions in plantarflexion at toe-off and during swing
compared with the control group (Table 1). In the
comparison of the two patient groups, the RA group
tended to detach the foot from the ground with in-
creased dorsiflexion (5.6° ± 4.2°), with a statistically



Table 2. Comparison of Gait Variables Between Control, Osteoarthritis, and Rheumatoid Arthritis Groups

Control Group OA Group RA Group Scheffé Test/Dunn Test*

(n = 20) (n = 6) (n = 4) ANOVA/ OA/ Control/ Control/

Variable Mean SD Mean SD Mean SD Kruskal-Wallis* RA RA OA

Time–distance parameters
Stance (% of gait cycle) 60.3 1.9 57.8 2.1 62.8 4.3 P < .0005* P < .0005 P = .007 P = .002
Stride length (cm) 147.6 17.4 106.5 12.8 95.1 12.0 P < .0005 P < .0005 P < .0005
Stride length (% of height) 85.5 8.6 68.0 4.5 60.2 4.5 P < .0005 P < .0005 P < .0005
Gait cycle duration (sec) 1.1 0.1 1.3 0.2 1.4 0.2 P < .0005* P = .004 P = .003
Cadence (stride/min) 54.4 3.6 47.7 7.2 44.2 6.0 P < .0005* P = .001 P = .005
Progression velocity 133.5 16.1 84.8 16.7 70.9 17.5 P < .0005 P < .0005 P < .0005

(cm/sec)

Ankle dorsiflexion/
plantarflexion (°)

At heel strike –2.1 5.8 –6.8 5.5 –4.5 5.8 P = .006 P = .008
At toe-off –16.0 7.3 –3.9 5.2 5.6 4.2 P < .0005* P = .001 P < .0005 P < .0005
Maximum in swing –25.2 6.6 –10.9 4.6 –10.9 11.4 P < .0005* P < .0005 P < .0005
ROM over gait cycle 36.0 5.2 21.9 5.1 25.1 10.8 P < .0005* P < .0005 P < .0005

Ankle moments (%BW × h)
Maximum dorsiflexion 8.4 1.2 7.5 1.3 5.8 1.0 P < .0005 P = .002 P < .0005 P = .019
Maximum inversion –1.8 1.2 0.6 0.7 1.1 1.0 P < .0005* P < .0005 P < .0005

Abbreviations: OA, osteoarthritis; RA, rheumatoid arthritis; ROM, range of motion; %BW × h, percentage of body weight times
height.

Note: Positive values indicate dorsiflexion and eversion; negative values, plantarflexion and inversion. Asterisks indicate re-
sults of Kruskal-Wallis test.
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Table 1. Comparison of Gait Variables Between Control and Total Ankle Replacement Groups

Control Group (n = 20) TAR Group (n = 10) ANOVA/

Variable Mean SD Mean SD Kruskal-Wallis*

Time–distance parameters
Stance (% of gait cycle) 60.3 1.9 59.8 4.0 NS
Stride length (cm) 147.6 17.4 102.0 13.5 P < .0005
Stride length (% of height) 85.5 8.6 66.2 5.5 P < .0005
Gait cycle duration (sec) 1.1 0.1 1.3 0.2 P < .0005*
Cadence (stride/min) 54.4 3.6 46.3 6.9 P < .0005*
Progression velocity (cm/sec) 133.5 16.1 79.3 18.0 P < .0005*

Ankle dorsiflexion/plantarflexion (°)
At heel strike –2.1 5.8 –6.0 5.6 P = .003
At toe-off –16.0 7.3 –0.3 6.6 P < .0005
Maximum in swing –25.2 6.6 –10.9 7.7 P < .0005
ROM over gait cycle 36.0 5.2 23.1 7.7 P < .0005

Ankle moments (%BW × h)
Maximum dorsiflexion 8.4 1.2 6.8 1.4 P < .0005
Maximum inversion –1.9 1.2 0.8 0.9 P < .0005

Abbreviations: TAR, total ankle replacement; NS, not significant; ROM, range of motion; %BW × h, percentage of body weight
times height.

Note: Positive values indicate dorsiflexion and eversion; negative values, plantarflexion and inversion. Asterisks indicate re-
sults of Kruskal-Wallis test.

knowledge about ankle biomechanics, especially the
role of the ligaments.23-26, 33-35

In the literature, much attention has been given to
assessing ankle prostheses clinically and radiographi-

cally,4, 5, 9, 11, 13, 16, 17, 36-40 but instrumental functional eval-
uation is just as important. In fact, gait analysis can
highlight functional patterns of motion with respect
to muscular activity and joint loading and motion that
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are not addressed by traditional static clinical exami-
nation. Unfortunately, very few studies have per-
formed such analyses. Demottaz et al28 assessed 21
ankles by means of clinical, radiographic, and gait
analyses with a follow-up of 14.7 months and showed
weakness of plantar flexor muscles, altered articular
excursion of the ankle, greatly altered time–distance
parameters, and the presence of pain with weight-
bearing. Brodsky et al27 assessed the differences dur-
ing gait between the preoperative and postoperative
status of 11 patients treated with the STAR ankle pros-
thesis at a follow-up of 1.5 years. They found a statisti-
cally significant improvement in several parameters,
especially walking speed, stride length, and functional
articular excursion. Dyrby et al41 found that at a mean
follow-up of 7.6 months, TAR patients had a signifi-
cantly greater ankle dorsiflexion external moment
compared with their preoperative status, indicating

improved function at the ankle joint. As a whole, the
previous gait analysis studies on TAR patients have
revealed a slightly more physiologic pattern of the
time–distance parameters and of ankle kinematics
and kinetics compared with preoperative evaluation.
The persistence of pain and a number of other un-
physiologic parameters support the need for addition-
al studies, particularly studies that focus on elec-
tromyographic muscle activation patterns.

The results of our study of ten patients at nearly 3
years’ follow-up compared with a control population
are similar to those reported previously. Some gait
abnormalities persist after TAR, such as reduced
walking speed and decreased ankle joint range of mo-
tion. These are probably associated with the reduced
plantarflexion at toe-off and consequently during
swing. Electromyography-based analysis revealed
anomalies in the activation pattern of the gastrocne-

Figure 1. Three important ankle variables over the
gait cycle as measured by gait analysis in three repe-
titions in a typical patient with rheumatoid arthritis.
The gray bands represent corresponding patterns in
the control population. A, Rotation of the ankle in the
sagittal plane (dorsiflexion/plantarflexion); B, ankle
moment in the sagittal plane (dorsiflexion/plantarflex-
ion moment); C, ankle moment in the frontal plane
(eversion/inversion moment). Positive values represent
dorsiflexion and eversion; negative values, plantarflex-
ion and inversion. %BW × h indicates percentage of
body weight times height. 
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mius and peroneus longus muscles, often pre-activat-
ed in initial stance together with tibialis anterior, that
probably accounted for the need to stabilize the ankle
during weightbearing. The reduced activity of the gas-
trocnemius muscle in terminal stance should be con-
sidered along with the reduced dorsiflexion moment
at push-off. Although electromyographic abnormali-
ties were reported in OA patients owing to muscle at-
rophy,42 these abnormalities are mostly evident in RA
patients. Various hypotheses can be proposed as to
the possible causes of this deficit, such as a protec-
tive gait due to a previously structured motor scheme
related to pain, failure of plantar flexor muscles,43 and
functional stiffness of the replaced joint due to altered
biomechanics or lack of proprioception. Although in
some patients this pattern can result from the persist-
ence of mild or moderate pain, altered muscular acti-
vation strategies and co-contraction aimed at joint sta-
bilization in pain-free patients may be associated with
modified biomechanics of the replaced joint, leading
to distorted proprioception from residual articular
and periarticular structures. Therefore, the etiology of
reduced movement in the replaced joint during gait
may be considered multifactorial.

This study was limited by the sample size of the
patient population. Because of the small number of
patients and the very small design differences be-
tween the two TAR prostheses analyzed, we could
not explore differences between them. Large differ-
ences were not expected because the two designs
have the same main biomechanical characteristics
(ie, a flat tibial component, a naturally convex talar
component, and a fully conforming meniscal bear-
ing). Although our series was small, most alterations
found in patients with RA were attributable to the na-
ture of this disease, producing the typical “shuffle”
with dramatically reduced plantarflexion at toe-off
and slow gait.44 Previous studies44-46 on walking pat-
terns in patients with RA have demonstrated a re-
duced walking speed, a shortened stride length, and
an increased stance period, in line with the results of
the present study. A recent evaluation of the effects
of loss of metatarsophalangeal joint mobility on gait
in patients with RA47 showed a correlation between
the reduction of metatarsophalangeal dorsiflexion
range and the reduction of walking speed and stride
length. Metatarsophalangeal joints are the most in-
volved joints of the foot-ankle complex in RA, caus-

Figure 2. Typical raw electromyographic signals for the peroneus longus (A), gastrocnemius (B), and tibialis ante-
rior (C) muscles. Heel strike (HS) and toe-off (TO) instants are depicted by vertical bars.
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ing metatarsalgia that frequently results in a bilateral
flat-footed antalgic type of gait.44, 47 Associated stiff-
ness and everted subtalar joint during gait have also
been reported.45, 48, 49 All of these findings could con-
tribute to the more severe gait abnormalities found in
RA patients with TAR. 

Conclusion

The present study showed that TAR yields satisfacto-
ry, but not outstanding, general functional results at
nearly 3 years’ follow-up. Recovery of ankle joint
kinematics, functional range of motion, and adequate
stability were found in most of the patients analyzed,
although with limitations. These results from gait
analysis highlight the importance of integrating in
vivo measurements with the standard clinical assess-
ments of TAR patients while they perform motor
tasks of daily living and the importance of exploring
the functional outcome over time. In addition to wear
and component fixation-related problems, the ability
of the prostheses to restore adequate mobility at the
replaced joint and comfortable patterns of motion at
the lower limb should be addressed. The prosthetic
device is assessed thoroughly within the ligamentous
and muscular apparatus of the joint and in conjunc-
tion with the main adjacent joints. These more com-
plete assessments would also help in testing new TAR
designs, relevant surgical techniques, and postopera-
tive rehabilitation programs. 

Financial Disclosures: None reported.
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References

1. BUECHEL FF, PAPPAS MJ, IORIO LI: New Jersey low con-
tact stress total ankle replacement: biomechanical ra-
tionale and review of 23 cementless cases. Foot Ankle
Int 8: 27, 1988.

2. GIANNINI S, LEARDINI A, O’CONNOR JJ: Total ankle replace-
ment: review of the design and of current status. J Foot
Ankle Surg 6: 77, 2000.

3. KOFOED HA: “A New Total Ankle Joint Prosthesis,” in Ma-

terial Sciences and Implant Orthopaedic Surgery, Vol 1,
ed by R Kossowsky, N Kossowsky, p 75, Martinus Nijhoff,
Dordrecht, the Netherlands, 1986.

4. ANDERSON T, MONTGOMERY F, CARLSSON A: Uncemented
STAR total ankle prostheses: three to eight-year follow-
up of fifty-one consecutive ankles. J Bone Joint Surg
Am 85: 1321, 2003.

5. BUECHEL FF SR, BUECHEL FF JR, PAPPAS MJ: Ten-year eval-
uation of cementless Buechel-Pappas meniscal bearing
total ankle replacement. Foot Ankle Int 24: 462, 2003.

6. BUECHEL FF, PAPPAS MJ: Survivorship and clinical eval-
uation of cementless, meniscal-bearing total ankle re-
placement. Semin Arthroplasty 3: 43, 1992.

7. KOFOED HA, SORENSEN TS: Ankle arthroplasty for rheuma-

toid arthritis and osteoarthritis: prospective long-term
study of cemented replacements. J Bone Joint Surg Br
80: 328, 1998.

8. MURNAGHAN JM, WARNOCK DS, HENDERSON SA: Total ankle
replacement: early experiences with STAR prosthesis.
Ulster Med J 74: 9, 2005.

9. NATENS P, DEREYMAEKER G, ABBARA M, ET AL: Early results
after four years experience with the S.T.A.R. uncemented
total ankle prosthesis. Acta Orthop Belg 69: 49, 2003.

10. VALDERRABANO V, HINTERMANN B, DICK W: Scandinavian
total ankle replacement: a 3.7-year average follow up
of 65 patients. Clin Orthop Relat Res 424: 47, 2004.

11. WOOD PL, DEAKIN S: Total ankle replacement: the results
in 200 ankles. J Bone Joint Surg Br 85: 334, 2003.

12. BAUER G, EBERHARDT O, ROSENBAUM D, ET AL: Total ankle
replacement: review and critical analysis of the current
status. J Foot Ankle Surg 2: 119, 1996.

13. EASLEY ME, VERTULLO CJ, URBAN WC, ET AL: Total ankle
arthroplasty. J Am Acad Orthop Surg 10: 157, 2002.

14. SALTZMAN CL: Total ankle arthroplasty: state of the art.
Instr Course Lect 48: 263, 1999.

15. SALTZMAN CL, MCIFF TE, BUCKWALTER JA, ET AL: Total
ankle replacement revisited. J Orthop Sports Phys Ther
30: 56, 2000.

16. SCHILL S, BIEHL C, THABE H: Ankle prostheses: mid term
results after TPR and STAR prostheses. Orthopade 27:

183, 1998.
17. TAKAKURA Y, TANAKA Y, SUGIMOTO K, ET AL: Ankle arthro-

plasty: a comparative study of cemented metal and un-
cemented ceramic prostheses. Clin Orthop 252: 209,
1990.

18. WOOD PL, CLOUGH TM, JARI S: Clinical comparison for two
total ankle replacements. Foot Ankle Int 21: 546, 2000.

19. FELDMAN MH, ROCKWOOD J: Total ankle arthroplasty: a
review of 11 current ankle implants. Clin Podiatr Med
Surg 21: 393, 2004.

20. GOULD JS, ALVINE FG, MANN RA, ET AL: Total ankle re-
placement: a surgical discussion: part I. Replacement
systems, indications, and contraindications. Am J Or-
thop 29: 604, 2000.

21. GOULD JS, ALVINE FG, MANN RA, ET AL: Total ankle re-
placement: a surgical discussion: part II. The clinical
and surgical experience. Am J Orthop 29: 675, 2000.

22. STENGEL D, BAUWENS K, EKKERNKAMP A, ET AL: Efficacy
of total replacement with meniscal-bearing devices: a
systematic review and meta-analysis. Arch Orthop
Trauma Surg 125: 109, 2005.

23. LEARDINI A, O’CONNOR JJ, CATANI F, ET AL: Kinematics of
the human ankle complex in passive flexion: a single
degree of freedom system. J Biomech 32: 111, 1999.

24. LEARDINI A, O’CONNOR JJ, CATANI F, ET AL: The role of the
passive structures in the mobility and stability of the
human ankle joint: a literature review. Foot Ankle Int
21: 602, 2000.

25. REGGIANI B, LEARDINI A, CORAZZA F, ET AL: Finite element
analysis of a total ankle replacement during the stance
phase of gait. J Biomech 39: 1435, 2006.

26. LEARDINI A, CATANI F, ROMAGNOLI M, ET AL: Total ankle
replacement: rationale and history of the designs and
recent advances. Minerva Ortop 53: 135, 2002.

27. BRODSKY JW, POLLO FE, BAUM BS: “Gait Analysis Results
after STAR Total Ankle Arthroplasty,” in 5th European

Foot and Ankle Society Congress Proceedings, Euro-
pean Foot and Ankle Society, Montpellier, France, 2004.

28. DEMOTTAZ JD, MAZUR JM, THOMAS WH, ET AL: Clinical



26 January/February 2008 • Vol 98 • No 1 • Journal of the American Podiatric Medical Association

study of total ankle replacement with gait analysis: a
preliminary report. J Bone Joint Surg 61: 976, 1979.

29. GARDE L, KOFOED H: Meniscal-bearing ankle arthroplasty
is stable: in vivo analysis using stabilometry. J Foot
Ankle Surg 2: 137, 1996.

30. MAZUR JM, SCHWARTZ E, SIMON SR: Ankle arthrodesis:
long-term follow up with gait analysis. J Bone Joint Surg
61: 964, 1979.

31. ROOT ML, ORIEN WP, WEED JH, ET AL: Biomechanical Ex-

amination of the Foot, Vol 1, Clinical Biomechanics
Corp, Los Angeles, 1971.

32. BENEDETTI MG, CATANI F, LEARDINI A, ET AL: Data man-
agement in gait analysis for clinical applications. Clin
Biomech 13: 204, 1998.

33. LEARDINI A, CATANI F, GIANNINI S, ET AL: Computer-as-
sisted design of the sagittal shapes for a novel total
ankle replacement. Med Biol Eng Comput 39: 168, 2001.

34. LEARDINI A, MOSCHELLA D: Dynamic simulation of the nat-
ural and replaced human ankle joint. Med Biol Eng Com-
put 40: 193, 2002.

35. LEARDINI A, O’CONNOR JJ, CATANI F, ET AL: A geometric
model of the human ankle joint. J Biomech 32: 585, 1999.

36. BOLTOM-MAGGS BG, SUDROW RA, FREEMAN MAR: Total
ankle arthroplasty: a long term review of London Hos-
pital experience. J Bone Joint Surg Br 67: 78, 1985.

37. CONTI SF, WONG YS: Complications of total ankle re-
placement. Clin Orthop 391: 105, 2001.

38. HELM R, STEVENS J: Long-term results of total ankle re-
placement. J Arthroplasty 1: 27, 1986.

39. PYEVICH MT, SALTZMAN CL, CALLAGHAN JJ, ET AL: Total
ankle arthroplasty: a unique design: two to twelve year
follow-up. J Bone Joint Surg Am 80: 1410, 1998.

40. TSAO A, MINTZ L, MCRAE CR, ET AL: Failure of the porous-

coated anatomic prosthesis in total knee arthroplasty
due to severe polyethylene wear. J Bone Joint Surg Am
75: 19, 1993.

41. DYRBY C, CHOU LB, ANDRIACCHI TP: Functional evalua-
tion of the Scandinavian Total Ankle Replacement. Foot
Ankle Int 25: 377, 2004.

42. VALDERRABANO V, VON TSCHARNER V, NIGG BM, ET AL: Lower
leg muscle atrophy in ankle osteoarthritis. J Orthop Res
24: 2159, 2006.

43. PERRY J: “Ankle and Foot Gait Deviations,” in Gait Analy-

sis: Normal and Pathological Function, p 185, Slack,
New York, 1992.

44. O’CONNEL PG, SIEGEL KL, KEPPLE TM, ET AL: Forefoot de-
formity, pain and mobility in rheumatoid and non-arthritic
subjects. J Rheumatol 25: 1681, 1998.

45. KEENAN MA, PEABODY TD, GRONLEY JK, ET AL: Valgus de-
formities of the feet and characteristics of gait in pa-
tients who have rheumatoid arthritis. J Bone Joint Surg
Am 73: 237, 1991.

46. KHAZZAM M, LONG JT, MARKS RM, ET AL: Kinematic
changes of the foot and ankle in patients with systemic
rheumatoid arthritis and forefoot deformity. J Orthop
Res 25: 319, 2007. 

47. LAROCHE D, POZZO T, ORNETTI P, ET AL: Effects of loss of
metatarsophalangeal joint mobility on gait in rheuma-
toid arthritis patients. Rheumatology 45: 435, 2006.

48. WOODBURN J, NELSON KM, SIEGEL KL, ET AL: Multisegment
foot motion during gait: proof of concept in rheumatoid
arthritis. J Rheumatol 31: 1918, 2004.

49. WOODBURN J, HELLIWELL PS, BARKER S: Three-dimensional
kinematics at the ankle joint complex in rheumatoid
arthritis patients with painful valgus deformity of the
rearfoot. Rheumatology 41: 1406, 2002.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


