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The goal standard u%
ankle arthroplasty can improve functi

i is. 3D modality. The appropriate section
was selected and u poit t to creat the ankle prosthesis. The

\

radius of talus, malleols rameters can not measure directly.

rthritis is arthrodesis. Altematively, total

gn for this operation. The novel systerms
kle morphology.

parameters include t meter of talus and distal tibia, sagitl

Because external (ofatig | 3 true length, the adjust method by
trigonometrical equatigh rodiy «gm ameters closed to reality. The comparison of the true
talar AP length and the d!_u gital ength demonstrate no statistical and clinical

s
significant. This modification ma 1'to some parameters.

The results
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arameters. Female group has smaller size
than male gro W’rmy::rm";g, 5

/
parameters compaie )pe show sample population have smaller

not different. The non adjusted

parameters excepttibial width. If compare with data from+China, the sample have no statistical

significan pe and China with adjusted
paramet ‘ﬂ ﬂaﬁ are smaller significantly. The
reasons om'us phenomenon are different in race, 'Ee different measm&srnenl tool (2D or 3D) and

Ankle parameters play an important role to design and size the novel total ankle

prosthesis. No system design for Thai people available now. This study shows that TNK (from
Japan) is the most compatible one for Thai population.
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CHAPTER |
INTRODUCTION

Ankle osteoarthritis (OA ankle) is a progressive cartilage degenerative
disease and characterized by pain, a reduced range of motion, loss of quality of
life, generalize disability and otherinvaliding symptoms. In over 70 percent of OA
ankle, the eitiology is post traumatic origin‘(ed: ankle fracture, maleolus fracture,
ligamentous injury). The rest are distriouted in._secondary (ankle arthritis; as
rheumatoid arthritis, inflammatory arthritis, etc.) and primary arthritis."”

The goal of end-stage’OA ankl‘"? treatment is to relieve symptoms, such as
pain and stiffness and improve functioh; Ankle arthrodesis (ankle fusion) has been
the typically chosen erthopaedic t_reétmefn't for OA ankle:” However, the complication
in ankle arthodesis, /such as degenega_tion of adjacent joints, non-union and
malunion led to the introduction of total ankl@ Jr:eplacement (TAR).

The first ankle prosthes_is4i.sdreportlidrr_1;:e.}:—yzjy 1970 by Frankin G.Alvine, but

Becacause of the high complication rate;ﬁf,_-thjs_ implant ( 10 year survival rate is

42%) and the g_o-q‘-_d results obtained with ankle fusiérw_s markedly delayed the

development and a"d’\”l/ancement in ankle arthroplasty.

In last 15 year; however, new design have beensimplanted with encouraging
mid and long.term resultsi® S.L. Haddad present a systematic.review of 49 studies,
using AOFAS (Ameriean Orthopaedic Foot and Ankle' Society): the ankle-hindfoot
scale score was 78.2 for TAR and'75.6 for ankle*arthrodesis, 10%year survival rate
was 771%, revisiohirate iwas 7 %, ‘primary: reasontifor the.revisiohs being loosening
and/or subsidence 28%.

There are several designs in total ankle replacement that are different in
concepts and mechanincs of the current implants but the ideal ankle implant has yet
to be developed. However, current expectations for TAR are reproducible

technique, minimal bone resection, rapid and adequate bone ingrowth, minimal



constraint, replication of physiologic ankle motion, minimal complications and need
for early revision, long-term survivorship and predictable pain relief.”

The fundamental data to manufacture the implants is morphologic data.
There are a little of ankle morphologic data and no data for Asian or Thai population.

This project is making to study the ankle morphology of Thai population in order to

develop the novel ankle implant & e which current design is the most

suitable for Thai people.

.E!
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CHAPTER I
LITERATURES REVIEW

There are several designs of total ankle prosthesis available now, at least 20
systems are in use worldwide. The total ankle replacement (TAR) systems are
different in principle of mechanic to replace the natural ankle joint. They are
classified to two generation.

The first generation characterized by -eemented,constrained, 2compartment
designs; for example*Agility.(Depuy, U.S.), TNK (Kyocera, Japan). The second
generation designs are 3-component i'Ianant with minimal constrained; eg. STAR
(Scandinavian Total’/Ankle Replace_ment Waldmar Link, Germany), Buechel-Pappas
(Endotec,U.K.), Salto#(Tomnier, France),ﬁiptegra (New Deal SA, France), Mobility
(Depuy, U.S.), Bologna Oxford ahkle (BOEX, 'Finsbury, U.K.). The other 3 component
TAR also have been developed“in:'cluding:j: Jt:hel" ESKA implant (GmbH and co), Ankle
Evolution system (AES , Biqune*t'_d, Neth;l_:éjrj_q‘s), OSG ankle ( Corin, England),

Albratross (Group Lepine, Fr_an_c:é), Rams_é?'(if_oumitures, France), Inbone (Inbone

technologies, formerly Topez orthopaedics), Eclipse ; (Integra life science

holdings).(a)

Of théé.‘éﬂdevices only the Agility was apprggvéd by the U.S. Food and
Drug Administration-(FDA) for use in the United States before 2006. The STAR,
which was approved in"Jan+2008.

The Agilitytprosthesis; the.mast implanted.prosthesisiin the United States,
has found almost no interest in Etirope. There are 2 reason that/can explain this
difference between Europe and, the JJ.S.. First, FDA (Federal Drug Administration)
approved only Agility prosthesis which manufactured in U.S. the other designs are
still under FDA investigation and can be implanted only in restricted numbers by a
select pool of surgeons for the moment. This reason cause by most U.S. surgeons

do not have an unrestricted access to the prosthesis currently used in Europe.

Second, European surgeons, who have access to the different designs in use today



including Agility prosthesis, made their choice for the more anatomic and less
invasive model."”

For Agility, the original principle was 2 components semi-constrained, the
articulating surface of tibia was 20° externally rotation in order to mimic normal
ankle. The talus was also semi-constrained, allowed mediolateral translation and
rotation underneath the polyethylene. Thefanterior aspect was wider than posterior
to provide more stability in stance phase.«The talus component was made of
titanium that has poor wear qualities ‘against polyethylene. The most complication
found are tibial base fracture; posterior tibial subsidence, limit size available.”

The company develop .the ne>£'Jt generation TAR to solve these problems.
First, to correct tibial pasg’ fracture, the tibial component was thickened; this
increase the strength apout 40_0%: ana also convert the talar component form
titanium to cobalt-chrome WhiC.h are st?(_b)r]gler and less reactive to polyethylene.
Second, in terms of posterior tibjalj_ subsi'(:ﬂé_rl(;e, the prosthesis was augmented the

posterior aspect of tibial compenent to inoréééé talar surface and the stress to distal

tibia was decreased. Finally; ‘the limitatié;n:;-bf-sizes available was adjusted. The

. 3 . , v, ®7)
system increased+fom_3 to 6 sizes and provide the revision talar component.

The new A'gi‘lity are broad-based talus Compohe'r_wlt to reduce subsidence.
This implant has front-loading polyethylene locking system which easy to change
the polyethyleneginjrevision procedure? Thistnewssystemris«also able to mismatch
component. The clinical results of new Agility have been reported. The longest
mean-follow up (9-years).11% .conversionsto-arthrodesis, was observed. The other
investigator reported 306 "ankles found that with“revision“as the 'end point, 5-year
survival rate was 54%; with implant survival as the end point, 5-year survival rate
was 80%. If the patient is limit to older than 54 years old, the 5-year survival rate
increased to 89%.”
The STAR (Scandinavian total ankle replacement) and the Buechel- Pappas

(BP) designs are the best mechanic feature at the moment. They are unconstrained

system which are mobile bearing and 3 components, cementless and on-growth



design. For the STAR, tibial component is symmetrically trapezoidal tibial shape
which wider in the front and has two cylinders that provide an interference fit with
the prepared tibial surface. The talar component is symmetrical convex that fail to
respect the relatively smaller medial curvature and larger lateral radius of curvature
of the natural talus, which may occasionally lead relatively loose lateral ligaments
and relatively tigh medial ligaments. The BP system has a central stem that requires
a window cut into the anterior tibial cortex:’ Fhe talar component also has a single
radius.” . 4

P.L.R. Wood correeted 200 STAR ankle surgery, mean follow up at 88
months found that 5-year.and 10—§zear survival rate was 93.5 and 80.3%
respectively.“o) The study off12-year survival rate of BP implant was 92%, but this
reported by the inventorsof this proétheé{éﬁlﬂ

The Salto design has more anaté@ip rshape of the tibial plateau to enhance
the contact with anterior and pq_s!t_erior Ct?rrtlcal|s and to avoid contact with lateral
malleolus or the medial soft tissue. 'IE&%_Jﬁprosthesis has asymmetrical talar

components with slightly smallerradius onfj(ﬁejnedial side to avoid painful stress on

the deltoid Iigament;and to_mimic as closely as possiblé the physiologic motion of

the talus. The Salto Hé-s limit report for mid and long term- r'ééult.(a)

Pascal F. Rippstein classified the severity of ankle to 3 type, and each type
is suitable fordifferent designs.w
1. The nice arthrosis, in this group the arthrosis is located between the top of the
talar dome-and the, corresponding tibial surface.Fhe,jeint space-between malleoli is
mainly preserved. The'BP prosthesis resurfaces only
the arthritic part of the joint and leaves intact the malloelar joint is appropriated for
this type.
2. The acceptable arthrosis, in this group the arthrosis is not limited to the talar
dome but extends to the malleolar joints. The overall geometry of the ankle is still

well preserved. The STAR design resurfaces the arthritic surfaces by covering the

dome and both sides of the talus is suitable.



3. The ugly arthrosis, the anatomy and the biomechanic of these mostly post
traumatic ankles are severely altered. A simple resurfacing is less likely to work. The
ankle joint is radically excised and best replaced by the Agility prosthesis.

Current systematic reviews of 49 studies” show the better result of TAR from
new designs, but no one is the best option for all patient. Because of improving of
the ankle biomechanic knowledge and modern technology, the novel TAR designs
are developing. The basic data to produce the'implant is morphology.

Alberto Leardiniysstudied the géometry and mechanics of the human ankle
complex and and ankle presthesis. It was demonstrated that in intact ankle joint, the
geometry of the articulagsurfaces is strlij,ckly related to that of the ligaments and that
current prosthesis desigas dé not réstore physiologic pattern of ligament tensioning.

_—

A novel design based on Iigamen:t and .shape compatibility may improve TAR
4

13 i
results.( ) o

L

Only few studies haye reperted orjja__nkle joint geometrical measurement ¥

(Kempson et.al., 1975, Mariapi-and- Patella 1977, Fessy et.al., 1997, Rita Stagni
2004, Andrea Hayes et.al.2006; Chien eft';éI-IZOOB). Although large samples have

been analysed by th_ése authors. (41, 100, 50, 36, 21 andijo subjects respectively)

The methddé- used to perform morphological'_Imeasurement are vary.
Kempson, Mariani and Patella, Fessy used standard radiograph and measured joint
morphometry-directlycby using/protragtorszonigoniomterseWhereas Rita proposed a
new semi-autematic method based on standard radiograms that can assessed
accuratelygrepeatable andittlesdependent .on .operator's skill ~his method used
software designed for the purpose ‘and” developed in "MATLAB" (The Mathworks,
Inc.). Only studies of Andrea Hayes etal. and Chien etal. revealed ankle
morphology on 3D-CT images. Andrea measured only the talar dimension (anterior,
middle and posterior of superior talar dome) and the arc radius of talar dome from
Europe patient. Chien studied from 10 chinese cadavers followed by Stagni’'s

study.(m



The result of reports are comparable in some dimensions because of various
technique and parameters.In overall, there are a lillte difference. Stagni also
presented that the TAR designs now available (STAR, BP, ALBRATROSS, TNK,
BOX) seems to cover a very limited range and to be in general underestimations of
real ankle dimensions."” This may be critical to the full coverage of the cortical bone

at the bone cuts by the relevant pi ponents, necessary to limit the risk of

component sinking. Recently, Chie .alfotinded that Chinese population have

smaller size distal tibi d-su al components might not be

suitable for this bone in Chinese f n. Thatstress fractures at the medial and
lateral malleoli may occ g / Wy \ |

Now, no data avail ‘: Jlation rOject is making to reveal
the ankle morpholo i populat N tha : \. ental data for developing

the ankle prosthesis. on are the \ ent prosthesis with in coming
ol »

data. The ankle parametérs and the'ir porta t of \'-‘ and biomechanic of ankle
|

joint are included in this projecie
407 708
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CHAPTER 1l
MATERIALS AND METHODS

3.1 Research methodology
Objectives

To study morphology of

measure the parameters tha

joint Thai population with MRI base and
I chanics of the ankle joint.

Research questions

Design  descriptive study =

Population and sampie
i

Target populatio

Sample : all pa}|ent who did the MRI of ankle in Chulalongkorn Memorial
Hospital or Fﬁﬁrﬁpﬂgﬂw ﬁwgl‘ﬂeﬂdﬁ( time. (June 2009 to
March 2010)

’QW']Mﬂ?ﬂJ UAIINYAY

3.2 Patlents Selection

From June 2009 to March 2010, consecutive ankle magnetic resonance
imaging (MRI) studies were performed in Thai subjects.The selection criteria of each
subject included 20 to 60 years of age, no clinical symptom and sign of ankle

arthritis. The exclusion criteria are patient who have any bony fracture and



dislocation, any inflammatory joint disease eg: rheumatoid arthritis, gouty arthritis,
osteoarthritic change or bony deformity.

Because MRI ankle is less common study, collect the data in Chulalongkorn
Memorial Hospital alone may consume a long period of time. So collect the imaging

from 2 instituted may shorter time, we usmg the data from subject whom did elective

MRI ankle in Prachacheun Imagi
The sample size d

Using

d = acceptable

Calculate sample size 32.3.

There are ,p'm:l—l-ll_-ll-lllmcenlll-"_.—iii".J hulalongkorn memor'al
i

hospital, 12 from Pra a cluded because of 3 had

osteoarthritic change, 3 had fracture of ankle presented

The basic mfﬂ—wurﬂ tna %eﬁf mw ﬂwﬂcﬂ aa'-\ab|e1

Table1
T“ﬁ‘ﬁ‘ﬁ”ﬁ%ﬁ‘ifﬁll%’]’} NYIRY
Sex Subjects | Age (vear) sD
Total 32 42.53 9.22
Male 11 43.55 9.37
Female 21 42.00 9.33
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3.3 MRI Measurements

In Chulalongkorn Memorial Hospital, MRI was performed by Signa 1.5 Tesla
Exite HD, General Electric (G.E.) and for Prachacheun Imaging Center, MRI was
performed using a 1.5 Tesla whole body MR imaging system (Siemens 1.5 Tesla,
Avanto, Germany) with an extremity coil. Pulse sequences were T1-weighted
images. The direction of axial slice imaging placed the slice perpendicular to the
ankle joint in the coronal plane and perpendicular to the long axis of tibia in the
saggital plane. All images-were reconsiructed-ats-mm intervals.

The protocol of the seanning parameters was shown in table 2

Table 2

Scanning parameters

Scan Direction | 4 | Axial or'Sagittal
Matrix (preferred) j"d 512 x'6d2
Slice thickness 4o v a1 1.00r 2.0 mm
Scanning Technique Options: ‘f‘J{v_ﬂ
Flip rFF o | ECITE Slice FOV Voxel
Angle Tktes) Irair.i_"J' TE(ms) (mm) (cm) (mm?®)
3D-FEMR** P i ~ ~
(preferred) 20 6.7 RRIE s 1.5 14 0.75
3D T2- SPGR | (40 50 1 5 155 ~14 ~0.75
2D T2-SPGR |80 2800 6 31 $2 ~14 ~0.75

** This protecol is only available in MRI machines equipped with Cardiovascular
CV/i gradients.

All measurements.were recorded.in millimeters, using, DICOM.images.program.

These dimensions' are'summarized-as the'mean and standard deviatien (SD).
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3.4 parameters

The images from MRI were collected in DICOM file. The parameters of ankle
Were measure in millimeter. Both of talus and distal tibia were measure in 2
dimensions; anteroposterior (AP) and mediolateral (ML). The detail of parameters

and method of measurement are described below.

Plane of determination /, o

Anteroposterior (AP) 9

- |
The consideration c_)j,AI?__,dimension can be perform on axial plane and

\
sagital plane. The sagital ett is mush e%sy {o measure than axial cut but the minimal
rd

axial rotation of ankl€ deteriogate the length. The true AP diameter must perform by

axial cut or calculatedthe a_o of r6tat§'n by mathematical formula.
| ‘ N

p .
N L
o id

Figure 2 distal tibia, sagital view (A) easy to measure but not true length due to

ankle rotation (B)
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Mediolateral (ML)

Mediolateral diameters of both bones can be measure by two planes; axial
and coronal. For talus, the anterior diameter is longer than posterior so measure the
ML diameter by coronal cut is not accurate. The width of the talus can be identified
by axial cut and the talus was measure at anterior, posterior and middle part. For
distal tibia, the axial cut is impossible to measure because flaring of distal tibia is not

linear. Alternatively we can measure ML diametery coronal plane.

Figure 4 mediolateral diameter of distal tibia from coronal plane (B) does not

represent true length because external rotation of ankle anatomy (A).



13

Important parameters

Refer to study of stagni“s)’ they described the 12 ankle parameters,
Tibia

1. TIAL tibial arc length

Length of the chord connecting the most posterior and the most anterior

points of the tibial mortise
2. SRTi sagital radius of th
The radius of th

Gi ﬂttlng the points of the tibial
mortise profile7 ‘
3. APG anteroposterior
The distance alo : ate . ween A and B
4. APA anteroposterior i i e

The angle be 5 ent# a ' '_ anteroposterior axis

5. MTiTh tibial thicknes ximal anterior A’
Distance between Most anteric it of the tibial anterior profile and the
correspondlng point 2 ” ‘;: eropostereior axis on the posterior
tibial profile:: gg '
l | "l,,,,— \‘ l
6. MDA distance ofleve nitof the mortise

Distance along the tibial longitudinal axis between A and C

" U ekt leki):iik s
a”ﬁﬁmmm URIINYIAY

Talus

1. TaAL trochlea tali length
Length of the segment connecting the most posterior and the most anterior

point of the trochlea tali sagital arc.
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2. SRTa sagital radius of the trochlea tali arc
Radius of the circumference by least-square fitting the points of the trochlea
tali arc profile.

3. TiW tibial width

Distance of the two intersection of the two lines by least-square fitting the

internal profiles of the tw nd the line fitting the top of the tibial

mortise.
4. TaW talar width

Distance of the t

’ s by least square-fitting the

medial and late iprofile and ine fitting the top of the talar
articular profile. 4 T \

Distance alon iolateral akis bety =-.\~‘
medial profile o ial ;ﬁ lost Ia oint of the fibular

most medial point of the

+ Tibial lengitudinal

Figure 5 The ankle parameters by Stagni
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This study using plane film and computer program to enhance edge of the
bone so this technique is two dimension measurement. Some parameter can not
measure from 2D eg: ML diameter of the talus. (anterior part is wider than posterior,
2D show interpose of picture so this parameter is incorrect)

Chien study ankle parameter in Chinese cadaver with MRI. This 3D imaging

were measured by 2D technqu\KW//gm protocol. Some parameter do not

represent real data.

Pascal F. Ripps ed Iﬂe sevem'y-uﬁunkle to 3 type, and each type
—‘\

is suitable for different desi

malleoli is mainly p

the joint and leaves i [ aIIoéJér"j |s appropr

2. Thﬁ%é@nwsﬂi%igw ﬁ ﬂwﬂéﬁ not limited to the

talar dome bufiéxtends to the malleﬁglar joints. The overall geometry of the ankle is

O LA L AL B b

the dome and both sides of the talus is suitable.
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3. The ugly arthrosis, the anatomy and the biomechanic of these mostly post
traumatic ankles are severely altered. A simple resurfacing is less likely to work. The

ankle joint is radically excised and best replaced by the Agility prosthesis.

Not all para e Refore is i to the new total ankle
implant design. The meter ,‘k
= !
paramet alusi'ﬁf:lg i
AP AL 5a | MTI
RAress N
e
ML TaW i) |
| .
J

AULINENINYINT
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Paramerter of talus
AP dimesion
1. TaAP talar anteroposterior diameter

Talus is a special tarsal bone. Upper border which articulate to tibial mortise
is elliptical shape like a part of cylinder. Thus AP diameter depends on the cut of the
image. We identify this by axial view. The selected cut is the base of talar trochlea

which is the highest diameter.

U
—

e 1 ‘ ’
' &

\ |
_I_I_I_‘_"_ & T.W |_I_I_I_I s |_\_|4

Figure 6 talar areilength measured by axial cut is.more accurate than sagital view

because of ankle external rotation.
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2. SRTa sagital radius of talar trochlea

Ankle acts as a pivot joint, the dome of talus looks like a sphere. From
biomechanics study; the instantaneous axis of rotation (IAR) of the motion is not
consist on one point, but the different of the I1AR is very samall and not significant.
We assume that talar dome is sphere in order to estimate the rage of motion of the

ankle. The measure was done b

\\ ”)Ie that is the compatible of the talar

trochlea on the sagital view

\.-l =1.0000
0s5° = 0.9962
€0s10°= 0.9848
['c0s15°= 0.9659

520°=0.9397

alleolar axis

v
.
U
W )

ﬁ
AT JAANYNINYINT

R1ANNTA UAIINEIRY

| Figure 7 trigonometric calculation so adjust true length of ankle parameter.

In normal population, ankle has external rotation about 15-20 degree, the
adjusted length is about 3-6% smaller than measure on sagital cut, this is no clinical
significant. In order to easy to measure we use sagital cut and accept the small

error of the measurement.
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ML dimension
3. TaW talar width

The trochlea of talus is widen at anterior part, that is confirm by study of
Andrea Hayes. The measurement of the variable of ML diameter of this bone must
be done on the axial view. We will measure the cut that talus appears trapezoidal

shape. If the cut is too proximal, the\e‘s!f En is lower that actual size and if the cut

is too distal, the flaring of the_tglar neck wi the measurement or the diameter

will be larger.

-n-""’——'

Figure 8 in 3 part, anterior,

—

p@éterlor and middle Iegth on axial cut.

AUEINENITNYINS
ARIAN TN INAE
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Parameter of distal tibia
AP dimesion
1. MTiTh maximal tibial thickness

Distal tibia is flaring and called metaphysic, the most anterior cortex appear
vertex. This convexity acts as a buttress mechanism when ankle dorsiflexion. The
posterior part of distal tibia called posterior malleolus appear convex too. This
convexity prevents the ankle subluxatin when.ankle plantarflexion

The metaphyseal.ilare-of distaktibia-can-be-measure on sagital cut from the
point of most convexity of=anierior cortex to the most convexity of the posterior
cortex . the metaphysealdflare assume"pf the bony stock when cutting bone before

prosthesis insertion. i ¥

T | B
_____\___4

Figure 9 (A) maximal thickness of distal tibia
(B) tibial arc length
2. TIAL tibial arc length
We can measure the length of arc length or tibia by the anterior point of tibial
mortise to the posterior one . These AP diameters are measure on sagital view, this

view is not true sagital on anatomical position. We can adjusted by calculation.
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ML dimension
1. TiIW tibial width

Actual tibial width from coronal view is not true length by the external rotation
of the ankle. This can be modified by trigonometric calculation. We select the cut

that can clearly seen the distal tibia.

C

Figure 10 (A)tibial width will measure an eoronalicut and adjusted by calculation

(B,C) the sagital cut and axial cut on the coronal plane
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2. MalW malleolar width

From study of Stagni, they use the most convex of malleoli to described
malleolar width. That is not really true because ankle has minimal external rotation.
It can be demonstrated by axial cut.

In the surgical technique recommendation of TAR procedure, the implant
placed on the anatomical position that mean minimal external rotation. So we will
measure the malleolar width by the anatomys The measurement must be done on

axial view. -~

97

7
* e
=7
1-'._ ':'-% J

—_—

Figure 11 (A)'malleoclar width

(B).coronal cut show the level determi‘n‘éftion of malleolar width

The rest of ithe jparameters jsuch as APGy ARPA, MDAy MDV, SRTi are not
clinical significant to the ankle implant design. We will ' measure and analyse of the

important, parameter only.
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3.5 Total ankle prostheses

Ankle prosthesis devided into 2 generation.

1. First generation

characterized by cemented, constrained, 2-compartment designs; for

example Agility (Depuy, U.S.), TNK (Kyocera, Japan).

2. Second generation designs

rained; eg:

5 m@er Link, Germany),

Hintegra (New Deal

Mobility (Depuy, U.

Bologna Oxford ankle
The other 3-co leveloped including the

ESKA implant (GmbH an o),a'T;a :

Ankle Evolution system (AES ""’H I,LM o1l »

OSG ankle ( Cori hé’:“—m':‘

Albratross (Group Lépine

g
. '.:i’:fg ﬂﬂﬁﬂﬂﬁ%’wmﬁﬁ
’51 Wbl ﬂhﬁmumm 184

STAR: Scandmawan total ankle replacement

e

- = pobie Bearing

\ Talar Component

Figure 12 STAR prosthesis
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Tibial Components —A—

Material: CoCrMo Alloy

Titanium Plasma Spray j
Item No. 5 A B

Size
Cementless mm mm
400-260 X-Small 30 30
400-261 Small 32 30
4‘)q—2f2. Medium 325 35
400-265 / Large 33 40
7
..400-2'@~Large 335 45
~

A
Talar Compon
Material: CoCrMo
Titanium Plasma 5Spr;
Item No.
Cementless |
T
400-250 Lj X
400-252 T} X-Small Right -l P Y
400-254 - s Small Right 34 - 35
400256 Il iu Right QAED | T €%
4u('1?§aw 19/ LQrgE’TFj_RE.]r!t CLAYSHLIE
B

Table 3 size of STAR prosthesis (A) tibial compartment, (B) talar compartment

We cannot access the parameter from the other company but the parameter that we use

to compare to Thai population are from Stagni’s studym).
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3.6 Statistical analysis

The results were represented as mean, standard deviation (SD), 95% confidence
interval are also present to compare various parameters of ankle joint between the
genders. Statistical analysis of the results was done using t-test by two-tailed p values
option. A p value of < 0.05 indicated a significant effect. The program using to calculated

is Microsoft Excel XP and SPSS versic

2

LTI

-
-

\Z
i

AULINENINYINT
PAIATUAMINYAE



CHAPTER IV
RESULTS

Morphologic data of the talus and distal tibia follow the protocol in chapter Ill listed

Talus

1. TaAP =talus AP length
2. TaAL =talarar :
3. TawWw =

4.SRTa =s
Distal tibia
5. TIAL =i
6. MTiTh =m
7.TiIW = tibial
8. MalW = malleolar width ..'-_.'.,
9. axis = malleolar ‘{:& o “,»
These par, 2 Tas ‘ , SRTa, TiAL, MTiTh, TiW. They

i |
are effected by exte ’I

instead of m uﬂﬂ? E]J?] %HTTI iome parameters.
ﬂj esi tio estimated the parameter
is COﬁ) ﬁn of adjusted TaALE sa |taI len ﬁ Ta Aﬁtﬁ#ﬁlength)

r
al rotation of ankle. We try to d|f|ed the length by calculation
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Sagital length

Malleolar axis

mﬂtm&aﬂwmwma cytion
QTW’%G%@%%& PABEF B B 7 v

is -2. 5 “and the maximum is 1.76. 95% confidence interval is -1.21 to -0.25. The mean of
different and 95% confidence interval are in the clinical acceptable. We assumption this
method can be modified to the other parameter.

In the AP length, the modification can be done by this equation but in the ML

width, the modification can be done as below.
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coronal length =
Malleolar axis

True length
X= A
’ cos6

Figure 14 thesmodifieation method appliedwith ML diameter
The AP parameters'that need.to.modified are SRTa, TiAL, MTiTH so we marked a
to aSRTa, aTiAL, aMTilH te described adjusted.

The ML parameter thatineedto modified is TiW so call aTiW instead.

The parameters had collected in-millimeters.and analysed by SPSS. The result of the

parameters are show in the table4-

Table 4 mean and standard deviation of the ankle parameters

Stal. Error
M Mean Std, Deviation Mean

TaAAP 32 28,5000 2.29350 41640
AT AW Jz 28,0313 253311 G245y
ML a2 269063 285521 s W G
PT AW 32 19,5933 2.16809 .aa327
ATIAL 32 24,0209 2. 78446 A9223
AMTITH 3z 23,2544 2.83107 20047
AT 32 31.8672 4.52654 80019
MALWY 32 28,5000 4.,77899 84481
AXIS 32 21,6263 6. 25793 1,159320
ASRTA, 3z 16,7191 1.76761 31247




Table 5  95% confidence interval of the ankle parameter
Test Walue = 0
95% Confidence
Interval of the
Mean Difference
t df Sig, (2-tailed) | Difference Lovwer Upper

TAAP 62,444 21 000 28,5000 27,6302 20,3492
ATAW 44,881 31 000 28.0213 26,7374 29,3051
MT AW 23,202 31 oo 26,9053 25,8768 27,9357
PT & 51.123 21 0ao 19,5038 12,3121 20,3754
ATIAL 48,922 il 0o 24,0809 23.0770 25,0848
AMTITH oo.647 Sl 00 daeaadd 32,3337 34,3751
ATIW 29.825 il 000 31,8672 30,2352 33,4992
MALYWY 89,246 a1 000 58,5000 S0.7770 60.2230
ANTS 18.620 L 000 216563 19.2918 24,0207
ASRTA 532.506 il (] 16,7191 16.0218 17.3563

The result of compare the male and fémale group are in table 6

Table 6 mean and standard deviation of male and female group

Group'Statistics

Std. Error

SEX I RMean Std. Deviation Mean
TAAP 1.00 11 g M e 1.25045 37703
2.00 21 27.6190 2.22401 S09z2
AT AWM 1.00 11 | B L= e 1 1.27985
2.00 21 26.8571 247560 S4022
[T AW 1.00 11 29,0000 2.3660432 F1351
2.00 21 20,8095 2.48232 24169
PT ANy 1.00 11 21.45345 1.75292 52853
2.00 21 18.6190 1.68749 3ag24
ASET A 1.00 11 12.0%41 1.52534 Sg006
2.00 =21 16,0197 1.47816 SE256
ATIAL 1500 11 25.9409 2.28797 63935
2.00 21 231067 254954 55638
AMTITH 1.a0 14 29,4218 260027 21145
2.00 =1, 2. 2PE2 287 7a0 A97FEL
AT 1.00 11 25,2709 4. 26970 1.28736
2.00 21 a0.0343 2.599540 78430
[A LA 1.00 11 62,8182 3.21114 29835
2.00 21 S6.2381 2.78027 2492
LTS 1.00 11 22,4545 5.20315 1.5628281
2.00 21 21.2381 7.25193 1.58230

29
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The 95% confidence interval compare male and female group and also p-value of

the different of 2 group are presented in table 7.

Table 7 95% confidence interval of male and female parameters

Independent Samples Test

Lewene's Test for
Equality of Wariances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
E Sid, " df Sig, (2-taled) | Difference | Difference Lower Upper

TALP Equal variances assurmed 7.025 013 3279 30 .00z 2.5628 75849 1.01373 4,11181

Equal variances not

s 4,044 29,942 .0oa 2.5628 63369 1.26850 3.85704
ATAW Equal variances assurmed 5414 027 2,389 30 007 34155 1.18237 1.00087 5.83030

Equal variances not

Jp— 2,439 13.664 .08 3.4156 1.38919 42917 5.40200
MT AW Equal variances assurmed .0o@ 988 3.507 30 .0o1 3.1905 90975 1.33251 5.04844

Equal variances not

JRA— 3.561 21.310 .00z 3.1905 89583 1.32014 5.05181
PTAW Equal variances assurmed 897 | Saa 4,456 30 .0oo 28355 63629 1.53601 4,13408

Equal variances not

JRA— 4.402 18,739 .0oa 2.8355 64416 1.49067 4,18033
ASRTA Equal variances assurmed 11 649 3,658 30 .0o1 2.0344 55614 89860 3.17018

Equal variances not

2csumied 3.621 19.850 .00z 2.0344 56187 .BE178 3.20700
ATIAL Equal variances assumed 076 485 3.089 a0 .0o4 28342 91765 96016 4.70832

Equal variances not

2csumied 3,198 22,484 004 2.8342 BB625 99855 4.66993
AMTITH  Equal variances assumed 029 .B6E 3.510 30 .0o1 316565 90181 1.32388 5.00737

Equal variances not

assurmed 3.328 17.673 004 3.1656 95130 1.16436 5.16690
ATIVvY Equal variances assumed 04, HEF 3.635 30 001 5.1866 1.42699 2.27232 g,10092

Equal variances not

assurmed 3.440 17,599 003 5.1866 1.50772 2.01384 8,35941
MALW Equal variances assimed 0oL 975 4.869 20 .0aa 6.3801 1,35130 3.82036 9,33981

Equal variances riot

assurmed 5.081 22,964 .0aa 6.3801 1,29506 3.90081 0,23936
AXIS Equal variances assurmed 1.341 230 492 30 626 1.2165 247122 | -3.83046 6.26336

Equal variances not

assurmed 546 26,820 580 1.2185 2,22833 | -3.35715 5.79005
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mm
35

30

25

20 ] male

15 ] female

] total

10

aTaV L aSRTa
Figure 15 chart present mear f 12 J s compare with male, female

s o

and total group

L5
70 : j
60

50

40 O male

30 [ female

O
20 total

10

aTiAL aMTiTH aTiwW Malw axis

Figure 16 chart present mean of distal tibia parameters compare with male, female

and total group
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The comparison of the current data from Stagni (west) , Chien (east) and Andrea

are present in table 8.

Table 8 comparison of the Stagni (west) , Chien (east) and this study (Thai)

Parameters Stagni (n=36) | Chien (n=10) This study | Adjusted data
'y (n=32)
SRTa* 23.4 +£3.1 227 el 21.6 £6.5 18.1 £1.9
Taw 30.4+£3.3 20.9+21 28.0+3.5 NA
TaAL* 41 Lad? 32.31£2:9 31.7+2.8 285+24
TIAL* 31.448 5 . _NA 26.1+29 24.1+2.8
MTiTh* 46.4 #3.9 L\ NA 36.2+3.1 33.3+2.38
SRTi 2448 + A4 4 29.8+7.9 NA NA
Malw 69Q’i 7.6 /i 2615+28 58.5+4.8 NA
Tiw* MO #£36) [~319+24 29.3+3.5 31.8+4.5
P id
Table 9 comparision of the talar pérametéﬁ* ]
) Ricr '
parameters LT Hayes (h=21) This study (n=32)
Talar radius (mid sagital) - 20.7%2.6 21.6 +6.5
Talar dome - e [
Anterior. 29,9528 < 28.03+3.53
Middle:/ 279430 |4 26.91+2.86
posterior | 2562+37 | 1959+217
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PN AT :7.\\ SRTa
i '
G
L/

ofcurrent ¢

Figure 17 comparision: talus by mean

Thai

Stagni
[] Chieh

o s

TaAL aTaW mTaW pTaW SRTa

Talar dimension 95% CI

Figure 18 comparison of current data of talus by 95% confidence

Interval

O Thai
| Stagni
W Clien

O Andrea

33
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O Thai
W Stagni
W Chien

; )
Figure 19 compari nvoj_:_&j'f%ent'j of distal tibia by mean
- Tl

mm T

- . '-".u
S e ’, d

] Thai
B Stagni
a [ ] Chien
¢ 25 I’
’3 ql’! i H
30!
20

TiAL MTiTH TiW Malw

Figure 20 comparison of current data of distal tibia by 95% confidence interval



CHAPTER V
DISCUSSION

Ankle morphologic studies are available in a few amount. Most comes from the
west. The technique to measure are vary: 2 dimension by plain x-ray, 3 dimension by CT
scan, MRI. The error of measurement may; caused by interposition of 2 D technique and
ankle external rotation. The rotation of anklesmake the anteroposterior diameter larger and
mediolateral diameter smaller. This effect can be maodified by calculation. The degree of
external rotation (malleclar axis) influence of the overestimation of the AP length, so
trigonometric formula will.adjustthat p'eframeter Close to the reality. The different of true
length and adjust egthsshows fno- clinical significant. We implied that modification
technique can applied to the other p:ararf.pl"etgrs.

Thai data present male pérametef’s ére statistical significant than female. The only
one parameter that has no significént is rr:]'.jajll_el(:)lar axis. This fact is the same of the current
data which come from European and Chir;;z_;eé_.{,

The current data compare with thi-i_.s_t’u_qy demonstrate Thai ankle have smaller

diameter than Eurqb_‘ean and Chinese. This phenomenon;'&;a‘n be explained by 3 reasons.

1. The bony‘ét_ructure of Thai population is smaller’ The parameter also show that
smaller than Chinese« We compared of the true length«from adjusted parameter and the
length that are not, adjusted., Ihe result are,the.same. Most. of parameter are smaller
except tibial width FiW-

2. The overestimation of the technique=that come forms technique of semi-
automated ‘'measurement. | This iteehnique measure dimensionsibase.on the plain x-ray.
We believe that there is an effect of interposition of the view.

3. The ankle external rotation. Chien measure the parameter from MRI but the
parameter and technique of measurement follow Stagni technique. They did not
recognize the effect of ankle external rotation that can mask the true length. This study
modified the effect by calculation and proved the calculated method had smaller

different length compared to true length.
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4. Tibial width (tibial width) is the only one parameter that Thai parameter had no
statistical significant compare with European or Chinese. The explaination is adjusted

tibial width has larger width compare to the original width.

The other current data is Andrea which measure the ankle parameter only talus by

posterior talar width demonstie v al has “\’i{L significantly. It may be from the
different cut of determinat steriorita \v :"-;7 0 has more curve than anterior so the
different cut effect the wid

This paramete )b Are he total ankle prostheis available

now are show in the figure

Talar compartment

mm
50

AP Ant ML Post ML Sag radius
* STAR « BP v Albratros ¢ TNK o BOX

Figure 21.1 the comparison of the current designs. The two head arrow demonstrate the

rage of parameter. The symbols present the various systems of total ankle arthroplasty
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Distal tibia

mm

50

40

30

20

10

VI Post ML

\

\ R ¢ TNK o BOX

e two head arrow demonstrate the

*S » -" L ¢/

Figure 21.2 the compatiso oﬁ'

systems of total ankle arthroplasty.

The figure shows that talar component fr: !

lar com company have overestimation in
ows that  talar com C

\

anteroposterior o‘:f | o*.";_. diameters are in length but

some company have-overestimation to the posterior part.

design are i a ‘a ' o | :

The ﬁgﬂgsu ﬂrmetj H H:Jefrlcznize before. The average
external ion__of e 'eﬁiﬁ - r [ sﬁﬁ easure the axis
dematﬁj‘iﬁngﬁj R ﬁgimﬂl IEJ:J.29—24.02.

The tibial component in most

Now no one design for Thai population. TNK system from Japan is the most

compatible with Thai ankle
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The limitation and error of this study may by
1. Small population, simple sampling technique, not vary in the other part of
Thailand so this study can not represent of Thai ankle completely but the information

from this study can clue the design and developing of the novel total ankle

arthoplasty for Thai people.
2. Itis better if we do a re: ankle MRI to real 3D and use the
program creat the plane > parameters. This recommend

technique has high validi

nia

i

Z B

.E!
AULINENINYINT
ARIAATAUNNIING A Y



CHAPTER VI
CONCLUSION

Ankle osteoarthritis has different natural history from hip or knee. The main cause

is post traumatic. The major age group is younger. The goal standard treatment of the

Total ankle art survival rate. Better knowledge of

material and biomec sty had longer survival rate. But

until now there is no desi est. The new design are still developing. The
fundamental data t ' izing is morg K fankle.
This study pr oposterior and mediolateral that

seems different from are smaller in size than those

European and Chinese jpegple. This phen eh \

an be explained by race, different

technique used to measu _ il d MRI 3D) and the effect of ankle external
rotation . The stud?/ descnbe_g_i%@ | ameter to design the ankle prosthesis for
Thai. '

e — -
i«

. \‘ |
Ankle paramete 0 and size the novel total ankle

prosthesis. No syste '

- )ﬁ]‘ﬂ”ﬂ TENTRE TS
AR TUNMIINGAY

design for Thai people availabl ow. This study shows that TNK
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