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Age Mass (kg) Height (cm) Side amp Day
VAM 37 66.5 170 L 15
API 19 64.0 176 L 24
MLT 26 55.0 174 R 36
EPF 47 76.0 171 R 14
IGM 35 65.0 175 L 39
JUM 43 71.0 168 R 22
BFO 49 90.0 164 L. 14
MCF 21 43.0 153 L 26
m/s 34.6/11.5 66.3/13.9 168/7.5 23.719.6
1 2 F23
VERTICAL FORCE
/JF;'\
Age Mass (kg) Height (cm) . ]
ACF 3l 67.7 167 Fx2
EMV 32 64.7 167
AHF 29 65.2 170 HORIZONTAL FORCE
EVH 33 74.1 171
FSL 30 533 165 F‘{’ﬁv’z\____/\
MVM 50 78.8 166 L
IPS 19 67.0 183 LATERAL FORCE
m/s 32/9.2 67.2/8 170761
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Variable Ist 2nd 3rd 4th
FZ1 Cadence SP Name Foottype
FZ2 Cadence SP Name Foottype
FZ3 SP Cadence Name Foottype
FX1 SP Cadence Name Foottype
FX2 SP Cadence Name Foottype
FY1 Cadence Sp Name Fooltype
FY2 Cadence SP Name
H1 Name Cadence Foottype SP
H2 Cadence Name
K1 SP Cadence Name Foottype
K2 SP Cadence Name
K3 SP Name Foottype
K4 Cadence Sp Name Foottype
Al Name Sp Foottype
A2 Foottype Name
A3 Sp Name Cadence Foottype
A4 SP Name Cadence Foottype
SST Cadence SP Name Foottype
Sound leg Prosthetic leg
2.7 ——— 1.
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prosthetic mechanisms, and even higher than for
the control group. A possible explanation is that
part of the energy used during gait causes the
mechanism to extend (plantarflexion), which
implics that it must pivot onfaround the heel and
means a greater braking force. Enoka et al
(1982) showed that this does not vecur in the
Greissinger foot, probably because a higher force
is needed to perform plantarflexion, which in
practice behaves as a non-articulated mechanism.

Conclusions
In summary, the general conclusions of the

study are as follows:

= The method presented for the study of
prosthetic gait seems to be appropriate
because it is objective and quantitative,
allowing comparison of the resulls obtained
with different prostheses. It could be a vahid
proposal as a standard method for the study
of prosthetic gait.

* The factors which influence the amputee’s
gait can be arranged according to the
following order of importance: cadence and
type of limb (sound or prosthetic): subject
(which accounts for individual variability)
and type of prosthetic mechanism used.

» Since these factors have a significant effect,
they shoutd be considered in the experimental
design; otherwise, the conclusions attained
can be confusing or mistaken.

* The results of this work show similarities
berween the Kinetic behaviour of SACH and
Dynamic feet on the one hand, and Single-
axis and Greissinger on the other, This fact
supports the criterion for the classification of
prosthetic mechanisms as articulated and
non-articulated.
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Suspension effect and dynamic evaluation of the total surface
bearing (TSB) trans-tibial prosthesis: a comparison with the
patellar tendon bearing (PTB) trans-tibial prosthesis

H. NARITA*, K. YOKOGUSHI*, S. SHIT*, M. KAKIZAWA®* and T. NOSAKA#**

*Division of Rehabilitarion, Sapporo Medical University, Sapporo, Japan
**Nosaka Prosthetics and Orthotics Co. Ltd, Sapporoe, Japan

Abstract

X-ray and cineradiography mcasurements
were used to compare the suspension effect and
stability of a TSB trans-tibial prosthesis with an
Icelandic Roll-On Silicone Socket (ICEROSS)
system to that of a PTB trans-tibial prosthesis.
The suspension elfect was measured by the
distance between the tibia and the socket in both
suspension position and weight-bearing position
in both typc of prostheses. The suspension
effect of the TSB prosthesis (2.53 = 0.90cm)
was superior Lo thal of the PTB prusthesis (3.60
+0.56cm) (p<0.05) by x-ray measurement, The
suspension cffect of the TSB prosthesis (0.1,
0.4, 0.72cm) was superior to that of the PTB
prosthesis (0.3, 0.48. 1.03cm} (p<0.01, p<0.05)
by cineradiographic measurement. The stability
was measured as the angle between the axis of
the tibia and the prosthesis at the time of heel
contact and toc off. The angle change ol the
TSB prosthesis was statistically smaller than
that of the PTB prosthesis.

Intreduction

The use of (otal surface-bearing (TSB) trans-
tibial prosthesis with an Icelandic roll-on
silicone socket (ICEROSS) (Kristinsson, 1993)
has recently become popular in prosthetics. This
new trans-libial prosthesis does not require the
knee cuff that is used as a suspension device in
the conventional patellar tendon bearing (PTB)

All correspondence to be addressed o Dr. H. Narita,
Division of Rehabilitation, Sapporo Medical
University, 060 Chucko South 1 West 17, Sapporo,
Japan.
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prosthesis. Due to the large friction between the
silicone socket and skin in the TSB prosthesis,
there is a reduction in the piston motion when
the heel contacts the ground and an increase in
the flexion angle of the knee in the swing phase
(Yokogushi et al., 1996; Cluitmans et af., 1994,
Datta er al., 1996). The sense of stability and
the feeling of secure attachment are also
superior in the TSB prosthesis.

However, there have been no  reports
presenting objective measurements that confirm
the superiority of the suspension and stability of
the TSB prosthesis compared to those of the
PTB prosthesis. Therefore, in the present study,
a comparative x-ray evaluation was performed
of the suspension effect between TSB and PTB
prostheses, and a compurative
cineradiographicul cvaluation was carried out of
the suspension and anteroposterior stability
between TSB and PTB prostiheses.

Subjects

The subjects were 9 trans-tibial amputees (10
limbs), including 8 men and | woman aged |9
to 74 years (mean 33.9 years). The reasons for
amputation werc traumatic injuries in 6 cases (6
limbs), tumours in 2 cases (2 limbs), and burns
in 1 case (2 limbs). The length of amputation
was 13 to 29cm {mean: 19.8cm). All the
subjects had previously used a PTB prosthesis
for either temporary or normal walking before
changing to the present TSB prosthesis for
normal walking. The period of TSB prosthesis
use was 6 months to 2 years and 11 months
(mean: | year and 4 months).
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investigations suggest that there is nol a
significant temperaturc variation within a
prosthetic socket, during a 10 to 15 minute gait
study period.

The 3-dimensional curvatures within a
prosthetic socket may introduce significant
inaccuracies in FSR output data. This problem
can be reduced by bonding the FSRs o the
inner wall of a rigid socket and calibrating the
sensors /n situ. A gel filled “condom™ is fitted in
the socket, the brim of which is sealed, and the
gel is pressurised to a pre-determined level. The
sensors, when equilibrated and calibrated,
demonstrale consistent pressures irrespective of
socket curvature. This technique provides
repeatable results for a total of approximately
350 cells fitted at pre-selected locations on the
inner socket wall.

During socket assessments the amputee must
become accustomed 0 the prescribed
prosthesis. This involves walking for a period of
time prior to recording data. The pressure
sensors if fitted, will also be c¢yclically loaded
during this period. Thus, immediately prior to
calibration, the sensors are subjected to a cyclic
load for the equivalent of 30 steps.

The amputee’s stump tissue characteristics
are not unitorm. Hence, during load bearing the
stummp tissue loading rate may vary at dilferent
socket locations. The susceptibility of FSRs to
loading rate may introduce inaccuracies.

Conclusions

The inaccuracies of FSRs must be recognised,
50 that the limits of their application may be
identified. By selective applications and by
adopting strict test protocols, it may be possible
to minimise inaccuracies to such a level that a
satisfactory impression of the overall pressure
distribution may be recorded. However, it must

he recognised that the actual pressure levels
recorded are not absolute. Sensitivity to loading
rates and hysteresis are twe problems which
still exist. Tn the future, development of
computer software packages may minimize
these effects.
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utilising a right patellar tendon bearing
prosthesis with modular shank, SACH foot and
a suprapatellar cuff suspension. He was fully
independent in all his activities of daily living
and returncd to live in his modified house with
his wife.

He presented to the amputee clinic on 19th
August 1996 “delighted” with the result of his
amputation and subsequent use of the trans-
tibial prosthesis. A driving assessment had been
completed and Mr L was back driving his car
with modifications. He had also returned (o
snooker. Mr L said the improvement in his
overall sensc of well being was remarkable. He
noted that he was without pain and ulceration
for the first time in 52 years and had recently
been sleeping soundly for the first time in years.
He openly dectared that he was a “new man”
with a “new lease on life”.

Discussion

This case raises again the guestion of if and
when to amputate in circumstances such as
these when a patient has long term chronic
ulceration, of any actiology, with little to no
chance of healing (chronic osteomyelitis is
another possible aetiological factor). This
question is particularly vexing when chronic
pain is an issue and the combination is having a
significant cffect on the patient’s function and
quality of life. It is well known that ampuration
does not invariably cradicate pain in such cases
and this fact certainly nceds to be taken into
consideration.

The question has no one or easy answer. The
decision always has to be made by the patient.
Thanks is not forthcoming after such a major life
cvent as having a limb amputated if the decision
is thought to have been less than freely made.
For this reason significant time, often many
years, is needed for the patient to experience
what effect the ongoing impairment is having.

The decision needs to be made with all the
information at hand and may be made earlicr to
the overall benefit of the patient, 52 years is a
long time as in the case of Mr L. He is totally
convinced that he would have had this
amputation years, it not decades, earlier if he
“knew what he knows now”, [t is easy to make
such a statement with the benefit of hindsight
and as Mr L succinctly puts it, the decision to
let someone “chop your leg off” is still the
decision to let someone “chop your leg off” no

matter what information is to hand,

The important concept is to manage such
cases in an interdisciplinary environment. Even
though the surgical side of the issue is always
vital to consider it may be of no greater
importance than other factors when making the
decision. The medical, surgical, physical,
functional, psychological, social, vocational and
avocational aspects must be taken together and
considered in depth. These issues must be
presented to the patient in a way that he or she
can synthesise and make sense of. Even enabling
the patient to meet with a successful prosthesis
user and see what is involved in prosthetic use
can give a perspective not otherwise possible.

An early referral to an interdisciplinary
rehabilitation  service, that specialises in
amputee  management and is preferably
coordinated by a rehabilitation physician,
should be put in place. Such a review would
only complement the surgical perspective and is
appropriate preoperatively in all prospective or
potential amputees, not just the “complicated
and drawn out” cases such as Mr L’s.

The case described, of chronic ulceration, is
obviously not common in our developed
society, particularly with refinements in the use
of radiotherapy surgery, antibiotics ete.
Nevertheless it is not unknown. Such situations
though are more prevalent in third world
societies including some parts of Australia,
tropical climates as well as war and mine
ravaged parts of the world. Unfortunately it is in
these arcas that the integrated rehabilitation
concept is probably least known and availahle
and this situation must be addressed.

No matter what branch of medicine or allied
health is involved, the maximisation of the
patients’ quality of life should be paramount. A
rethink of Mr L’s last 52 years may help to
refine practices.
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Abstract

This study was designed by the University of
Ankara Experimental and Research Laboratory
for animals in 1997. In the study an
anteroposterior skin {lap technique was used for
20 knee disarticulation amputations and also in
20 rtrans-fernoral amputations on  immature
rabbits, in order to investigate their effects on
the femoral epiphyseal growth plate. The
femurs of the rabbits were observed
radiographically for 8 weeks. It was observed
that the femurs tended to grow at a slower rate
compared to the normal contralateral femur.

These studies showed that the disarticulated
limb fernurs grew 0.68cm shorter on average
compared to the contralateral femurs and the
femurs in the trans-femoral amputated limbs
3.58cm shorter on average compared to the
contralateral ones. These results were found to
be statistically significant.

Introduction

To date the prostheses used in  knee
disarticulation have never been popular, and as
a consequence, this level has never gained any
great prominence in the prosthetic field. Not
only does the distal bulbous structure of the
bone at the amputated level create problems in
its doffing and donning, many other surgical
and aesthetic problems occur, which altogether
have disfavoured knee disarticulation as an
amputation of choice. Nevertheless, from the
late 1970s and onwards Burgess (1977); Jensen
and Mandrup-Paulson (1983); Stimemann er al.
(1987) and Houghton er al. (1990); have all
reported positive and encouraging results in
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favour of knee disarticulation (Atlas of Limb
Prosthetics, 1992; Burgess, 1977; Lower
Extremity Amputalion, 1989, Amputation
Surgery and Lower Limb Prosthetics, (988).

Despite the fact that many advantages can
accrue in adults by knee disarticulation (KD)
compared to trans-femoral amputation (TF),
such as, providing a longer lever for attachment
of the prosthesis, having a lesser degree of
muscular atrophy, having the ability to tolerate
full end weight bearing on the stump and with
good rotational control and suspension being
easily acquired, it is even more advantageous in
children because it protects the distal epiphyseal
plate and does not result in unusual growth of
the joint (Atlas of Limb Prosthetics, 1992;
Donaldson, 1962; Jensen and Mandrup-Paulson,
1983; Kegel et al, 1978, Mensch, 1983;
Prosthetic and Orthotic Practice, 1970; Tooms,
1992).

Material and methods

The study was performed on immature, 3-
week-old male New Zealand rabbits whose
ossifications were yet incomplete. Ten rabbits
were chosen for KD and 20 for TF amputation.
The femoral growth rates of the operated legs
were then compared to the contralateral intact
ones.

Na Cefazol 50mg/kg was administered in all
cases, 30 minutes prior to surgical intervention.
The drugs used for anaesthesia were Ketalar
70mg/kg and Rompun 30mg/kg intramuscularly.

For those rabbits undergoing disarticulation,
an anteroposterior flap technique defined by
Batch e al (1954) was used. Following the
removal of hair, under surgically accepted
aseptic conditions, approximately 0.5cm distal
to the tibial tuberosity an anterior flap was
prepared equal in length to the knee diameter




Measurement

Rabbit Number

No.

Age

Side

2

3

4

5

6

7

8

9

10

L1

12

13

18

19 20

5 week

KD
S

6.0
6.2

6.6
6.6

6.7
7.0

6.5
6.5

6.8
7.1

5.0
5.1

6.4
6.6

68 64 6.1

6.9

6.6

6.4

6.3
6.4

6.7
6.9

6.6
6.9

6.5
6.5

6.5
6.7

6.8
6.8

6.9
7.0

6.4
6.6

64 6.7
66 6.8

7 week

w

6.4
%3

6.9
8.2

74
TS

7.0
T8

7.6
8.0

5.0
53

6.9
7.0

7.0
T3

6.7
71

69
72

6.8
6.9

T3
T5

6.8
73

7.0
7.1

6.9
7.0

74
15

74
7.6

6.7
74

66 7.1
69 7.5

1l

9 week

6.9
27

T2
8.9

74
7.6

79
83

79
8.4

5.0
5.6

7.4
1.7

7.5
79

7.2
7.6

T3
7.7

7.2
76

76
8.0

T2
79

74
7.7

T3
76

7.7
79

7.9
8.1

23
7.6

69 75
74 79

11 week

w

74
8.6

T2
8.9

8.6
8.9

8.8
9.0

93
935

5.3
6.0

8.1
8.6

8.4
89

8.4
8.7

79
8.9

7.9
87

8.6
9.1

83
9.0

8.5
8.9

8.6
9.0

8.4
9.0

8.7
9.2

8.8
93

77 8.6
90 89




Measurement Rabbit Number
No.| Age [Sidef1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 I8 19 20
Il |Sweek|TF (2.6 2.7 34 39 26 27 29 3.0 3.1 27 33 35 30 30 32 3.1 29 27 30 33
5 |61 6.6 68 6.7 64 62 68 67 63 63 65 64 65 6.8 68 63 69 66 6.8 6.7
Il [7week|TF |3.0 3.7 3.9 40 39 35 39 37 36 37 43 40 35 35 37 36 3.8 37 37 43
S |69 7.7 75 7.7 69 73 77 15 170 72 75 13 78 80 75 69 79 1.7 7.6 7.0
I [9week | TF |34 3.9 4.1 42 4.7 38 4.1 40 39 46 46 45 38 38 40 39 42 40 39 47
S |75 80 78 72 73 7.7 81 79 76 76 78 7.7 83 84 79 77 83 80 79 80
IV Il week |TF [3.7 42 44 45 50 4.1 44 43 42 4.1 49 47 40 4.0 42 40 43 4.1 42 49
S (7.7 84 81 7.7 78 80 85 84 79 80 81 80 87 87 82 80 835 84 82 83
Measurement
No. Age(week) | Side X (cm) Std Dev. Min. Max. N
L 5 KD 6.46 0.41 5.00 6.90 20
S 6.61 0.43 5.10 7.10
1L 7 KD 6.89 0.54 5.00 7.60 20
S 7.24 0.57 5.30 820
1. 9 KD 7.29 0.61 5.00 790 20
S 176 0.62 5.60 8.90
Iv. 11 KD 8.18 0.84 5.30 9.30 20
s 8.81 0.70 6.00 9.50
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Measurement

No. Age(week) | Side X (cm) Std Dev. Min. Max. N

L 5 TF 3.03 0.34 2.60 3.90 20
S 6.56 024 6.10 6.90

II. 7 TF 3.75 0.29 3.00 4.30 20
S 743 0.35 6.90 8.00

11 9 TF 4.11 035 340 4.70 20
S 7.84 0.32 7.20 8.40

Iv. 11 TF 431 0.34 370 5.00 20
S 8.18 030 7.70 8.70

1 0

Measurement

No. X (cm) Std Dev. Min. (cm) Max. (cm) N

L. -0.16 0.11 -0.30 0.00 20

1. -0.35 0.30 -1.30 -0.10 20

1. -0.47 0.33 -1.70 -0.20 20

V. -0.63 0.40 -1.70 -0.20 20

Measurement

No. % (cm) Std Dev. Min. (cm) Max. {(cm) N

L -3.53 0.34 -4.00 -2.80 20

1. -3.68 0.44 -4.50 -2.70 20

[IL. -3.73 0.52 -4.60 -2.60 20

Iv. -3.87 0.49 -4.70 -2.80 20




Measurement

No. t p

L-IL 2.64 0.016 p<0.05*
L-IIL. 3.88 0.001 p<0.01*
L-IV. 5.07 0.000 p<0.001*
Measurement

No. t P

L-11. 1.63 0.120 p>0.05
L-II1. 1.89 0.074 p>0.05
L-IV. 3.58 0.002 p<0.05*
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Technical note

A technique of acrylic nail fixation in muitilayered
silicone finger prostheses

M. E. L. LEOW*, W. K. M. NG*, B. P. PEREIRA*, K. A. KUEH** and R. W. H. PHO*/*#*

*Depariment of Orthopaedic Surgery, The National University of Singapore, Singapore
**Department of Hand and Reconstructive Sugery, National University Hospital, Singapore

Abstract

A technique for the secure fixation of acrylic
nails in multilayered silicone finger prostheses
is described. The secure fixation of the nail to
the prosthesis is achieved by a method of
“sandwiching” portions of the nail between the
silicone luyers of the prosthesis akin to the
overlapping of the nail by the anatomical nail
fold and nail wall. Tn addition the use of a
cynoacrylate adhesive ensures strong surface to
surface bonding,

introduction
The nail represents an important acsthetic
feature of the hand. Its reproduction is thus an

important  aspect in  producing a finger
prosthesis for cosmetic restoration in the
mutilated hand. Although silicone finger

prostheses  with acrylic nails are available
commercially, technical information as to how
the nail is securely attached to the prosthesis 1s
not available in the literature. This is only to be
expected since prosthetics for cosmetic
restoration in the hand is more an enterprising
endeavour than an academic exercise.
Attachment of acrylic nails on silicone
prostheses is not a simple task. That silicone
rubber has extremely good stain resistance is
attributed to its highly inert property (Lynch,
1978; Polmanteer, 1987). This quality of
silicone rubber also makes its bonding to most
materials by the commonly used adhesives, a

difficult challenge. Advances in material
All correspondence  to be  addressed
Professer Robert W H. Pho., Department of

Orthopaedic Surgery. The National University of
Singapere. 10 Kent Ridge Crescent, Singapore
119260, Singapore. Tel: (+65)7724340; Fax: (+65)
7732558
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sciences have now made available new
adhesives which can be used to bond acrylic to
silicone surfaccs. However, a secure fixation
must involve morc than mere surface-to-surface
adhesion between acrylic resin and silicone
rubber.

This paper describes a technique for a secure
fixation of acrylic nails in multilayered siliconc
prostheses by a method of “sandwiching”
portions of the nail between layers of the
silicone rubber in addition to surface-to-surface
adhesion between acrylic resin and silicone
rubber.

Method
Moulding, outer layer of the prosthesis

The outer layer of the prosthesis is moulded
to the required thickness in translucent layers of
tinted silicone rubber from a negative mould of
a finger model (Leow ef al., 1996, Pereira et al.,
1996). Upon completc cure of the silicone
layers, the partially completed prosthesis, with a
“nail impression” replicated from the finger
model, is removed from the negative mould and
turned inside-out for touch-up colouration.

Nail fixation proper

After touch-up colouration at the “finger
joints”, the nail and the palmar aspect to match
the pattern of pigmentation of the normal hand,
the prosthesis is reverted to its original state and
pulled over the finger model, which serves as a
working base for the fixation procedure (Fig.
la). A shit, into which a portion of the nail is to
be inserted, is made along the crease of the “nail
impression” of thc prosthesis, excluding the
distal edge (Fig. 1b). An acrylic mail of
appropriate convexity is selected and trimimed
to the shape of the “nail impression”, in which
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the acrylic nail is to be mounted and adhered. A
trial mounting of the nail to establish its size
and position for permanent fixation is first
carried out before the actual fixation. The
acrylic nail should be larger than the “nail
impression” by 2mm proximally {(edge-to-
edge), reducing on the lateral borders to a
matching size distally (Fig, 1¢). The excess nail
is that portion which inserts into the slit
(hereafter referred to as the inserted portion of
the nail).

After the size and positicn of the acrylic nail
for permanent fixation has been established, the
acrylic nail is unmounted and the “pail
impression” surface is cleaned and treated with
a polyolefin primer (Loctite 770, Loctite
Corporation, Connecticut, USA). A
cyancacrylate adhesive (Loctite 401, Loctite
Corporation, Connecticut, USA) is applied on
the undersurface of the nail for bonding with the
silicone surface. The “nail fold” and “nail wall”
on the proximal and each collateral side of the
slit is slightly lifted to allow insertion and
mounting of the nail to the desired position
following which it is pressed firmly against the
finger model to achieve a stronger bonding to
the *“nail impression” (Fig. lc). Following
curing of the adhesive (45 seconds), adhesion of
the inserted portion of the acrylic nail to the
“nail fold”, i.e., the overlying silicone layer, is
effected using the same adhesive (Fig. 1d).

Moulding, inner layer of the prosthesis
Following completion of the nail fixation
procedure, the prosthesis is withdrawn from the
finger model for the final stage of moulding the
inner layer. The inner layer of the prosthesis is
moulded in opaque layers of silicone rubber
pigmented such that when laminated into the
outer layer, the resultant colour of the prosthesis
malches the patient’s skin colour. The inserted
portion of the acrylic nail is thus “sandwiched”
between the silicone layers and becomes
securely fixed in the prosthesis (Fig. le).

Discussion

This technigque allows a secure fixation of
acrylic nails on silicone prostheses. Attempts at
detaching the nail thus attached invariably
resulted in the tearing of the silicone prosthesis
without nail detachment. The secure attachment
of the nail to the prosthesis is achieved in the
technique through a method of “sandwiching”
of the inserted portion of the nail between the
silicone layers of the prosthesis in addition to a
strong surface-to-surface bonding between
acrylic resin and silicone rubber by the
adhesive, The “sandwiching” method is akin to
the overlapping of the nail by the anatomical
nail fold and nail wall. The primer was used in
conjunction with the adhesive to augment
bonding of the acrylic nail to the silicone
prosthesis. Further stability of the nail is
obtained when the hollow prosthesis is packed
with a firm filler material at the distal end for
fiing. The packing, which substitutes the lost
segment of the finger, reduces compression and
shearing forces during the use of the prosthesis.

The achieve a life-like appearance, a custom-
made highly translucent nail is used which
allows the underlying pinkish touch-up
colouration of the nail simulating the
anatomical nail bed to show throngh.
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Scoliosis in Duchenne muscular dystrophy:
aspects of orthotic treatment
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Orthopaedic Department, University Clinic RWTH Aachen, Aachen, Germany

Abstract

The x-linked Duchenne muscular dystrophy
(DMD)} is the most frequent generalized muscle
disorder arising from a lack of the sarcolemmic
protein  “dystrophin”. Patients with DMD
develop in the majority a progressive scoliosis
when they cease walking and/or standing at the
age of 10 years and become confined to a
wheelchair. Increasing muscle weakness lcads
to a progression of the curvature, the pelvic tilt
and problems in siting, Together with the
simultaneous progressive weakness of the
respiratory muscles a restrictive pulmonary
insufficiency will occur. Surgical stabilization
of the spinc (> 20° Cobb, forced vital capacity >
35%) by an adequate multisegmental
instrumentation enabling early mobilization is
now the treatment of choice.

However, ortholic treatment may offer an
acceptable compromise in exceptional cases, if
the patient rejects surgical intervention or is in
the late (inoperable) stages of the disease. Such
a treatment is superior to a primary sitting
support provision with insufficient possibilities
of correction.

The authors’ experiences with 48 scoliosis
orthoses made for 28 patients with DMD are
reported. A “double plaster” cast has emerged as
the best method to optimize adaption, especially
in severe curvatures and the time taken for
manufacturing the orthosis. A great deal of
experience. patience and the consideration of the
patients” individual demands are inevitable for a
successful orthotic treatrment.

All  correspondence to¢  be  addressed to
Dr. med. Karl-Dieter Heller, Orthopidische
Universitatsklinik, PauwelsstraBe 30, D-32074

Aachen, Germany. Tel: (+49) 241-8089410
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Intreduction

Besides contractures and deformities of the
lower limbs, scoliosis is the most important
orthopaedic problem in ircating patients with
progressive generalized muscle disorders (Forst,
1988). The particular problem of scoliosis in
muscle disorders results from the fact that lung
function is restricted both by spinal curvature
and muscular weakness, which also affects the
respiratory muscles. In contrast to idiopathic
scoliosis there is a significant decrease of vital
capacity even in scoliosis with only small
curvature.

Rideau (1987) could prove for example that
13-year-old patients sulfering from DMD with a
curvature of 23° Cobb have a lorced vital
capacity (FVC) of only 40%. In addition many
authors (Rideau et al, 1981; lenkins, 1982,
Kurz er al, 1983; Ridean, 1987) showed that
alter an increase up to the age of 10-12
(beginning of the wheelchair stage) vital
capacity in DMD develops a plateau slage.
Direct conclusions conceming the type of
progression (rapid/slow) of the disease can be
drawn from the time of occurrence and the level
of this plateau stage (Rideau, 1987). A further
progressive decrease of vital capacity of an
average 200ml per year follows by which the
average lifc expectuncy can be estimaled
(Rideau, 1987). The knowledge of this typical
decrease of absolute and FVC is decisive for the
correct indication of surgical stabilisation of the
spine in advanced stages of DMD. The time
when patients with DMD develop a scoliosis
coincides with the timec they losc their ability Lo
walk and stand. Paticnts with DMD ceuse
walking ability at an age of 9-12 years. Most
scolioses in DMD will not cccur before the
beginning of the wheelchair stage. The










age at degec%ion previous
of scoliosis Feazan carly
regularly first exiension Cebb for corset | number [lower limb

No. | patient | checked | examination| of scoliosis | angle side shape | treatment |of corsets | surgery

I | Biks 13 D9/LI/L4 109 R c reject 2 -

2 | H.B. 13 DI/LIAS 24 R € reject -

3 | KM 16 DY/DI2/L3 88 R c reject 2 -

4 | P.R. 12 DI2/L3/LS5 36 L C reject 3 +

5| 8S.A 15 D6/DI12/LS 93 L C FVC 3 -

6 | S H. 16 DIO2/LS 86 R C FVC 3 -

il s er 10 DII/L3/LS 59 R C reject | +

8 | S. M. 11 DI2/L2/LS 26 L G reject | +

9 | 8K 15 DI1I1/1.2/L4 72 IE £ reject 4 -
10 | H.C. 14 D2/D6/LI 28 L S reject | -

L2/L3/LS 36 R FVC

11 | B.P. 12 DE/AILA | 7(65) R (& reject I -
12 | T 12 D12/L7/LS 34 L (% reject | -
13 | B.D 15 D1I1/L2/LS 20 L C reject 1 -
14 | D.D. 13 DI/LI/LS b R C reject 1 -
15| HD 14 D8/.2/LS 68 R C FVC 3 -
16 | M. M. 11 D7/D11/L.4 38 R C reject 2 -
17 | M. G. 21 DE/L1/L4 110 R C FvVC 2 -
18 | S.R. 10 D11/L3/L5 38 L 2 reject 3 -
19 | S.L 14 DO/L1/L4 6 R C reject 2 —
20 | W.S 15 C5/132/DY 32 L C reject 1 =
21 | G. M. 15 D8/LI/LS 82 R C FvC 3 -
22 | P.M, 12 D11/L3/.5 38 R [ reject | -
23 | R.M. 19 D&/DI12/L5 | 103 L [ FvC I -
24 | R.C. 11 D5/D11/L3 58% L C reject I -
25 | H.F. 8 DI2/L2/LS 18 R [ reject |
26 | H. M. 13 D7/D1Y/LS 22 R C Teject |
27 | K. T. 14 D8/D12/L5 52 L C rejece 2 -
28 | V.B. 15 DS/LI/LS 34 R & reject 1 +

*missed follow-up for 2 years
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physicians in charge preferred the orthosis to
the “leather jacket”. The modified Calot-
orthosis restricted lung function far less than the
specially modelled “leather jacket™.

Rideau er al. (1984) treated 10 patients with
DMD by spinal orthosis or special seating in the
wheelchair. In spite of these measures all their
patients were unable to sit and showed severe
scoliosis in the final stage of their disease. The
authors concluded that in the progressive
clinical situation the development of severe
spinal deformation could not be avoided by a
sole conservative treatment. For this reason they
now recommend the prophylactic stabilisation
of the spine in DMD right at the beginning of
the wheelchair stage in order to avoid the
appearance of advanced scoliosis.

The treatment of muscular diseases by sitting
supports is also only rarely reported in the
literature. In principle onc can say that sitting
supports should not be used in the primary
treatrnent of scoliosis (Albrecht, 1983; Forst,
1988). Special seating can never work as a
correction because of the three-dimensionality
of the scoliosis. A treatment with a suitable seat
may however be indicated as a palliative
measure in untreated scoliosis with distinct
spine and thorax deformation in very late stages
(Robin, 1989).

Reports about a low acceptance of orthoses in
muscle diseases (Bossingham ef al., 1977) have
1o be judged in connection with the construction
features. A great number of orthoses aim to
cause an extreme hyperlordosis in the Jumbar
region, which is difficult for the patient to
tolerate in the authors’ experience. For this
reason the aim is a medium pelvic inclination
which basically corresponds 1o the pelvis
position in sitting.

After initial difficulties in fitting scoliosis
arthoses to patients with muscle diseases the
authors found that bruises at the iliac crest and
of the skin could be almost completely avoided
by using foam rubber as pressure pads and by
supporting the pelvis at the trochanters.
Patients, who even in the orthosis showed a
trunk deviation becausc of scoliosis curvature,
had to be additionally supported by lateral
pressure pads in an appropriately adapted
wheelchair (fixed seat, fixed back with head
support). In these clinical pictures the efficiency
of the orthotic treatment largely depends on the
empathy of the treating teamn (physician,

technician, physiotherapist} and on the patient’s
(parents’) cooperation. Regular  follow-up
examinations every 3 to 6 months focus on an
early detection and correction of changes due to
growth or the underlying disease.

In most of the cases the patients felt restricted
because of problems when sitting, but also
because of cosmetic reasons (trunk length).
Even in severe scoliosis they ncver complained
about respiratory problems. For this reason a
treatment has to be offered, that is “between” an
operation and the “palliative” measure of sitling
supports. Yet, patients or their parents still have
to be informed that an orthosis is only a
“temporary compromise”, which is never as
effective as an early surgical stabilisation of the
spine.

Conclusion

Without doubt the early sargical treatment of
scoliosis in patients with generalized muscle
disorders is the most effective and thus most
appropriate method, even if it has not been
settled, which instrumentation gets the best
results in this clinical picture with regard 10
stability, derotation and possible complications.

A primary treatment of children (even at the
beginning of scoliosis) with sitting supports has
to be rejected even in “anatomic adaption” as
there is no effective approach because of the
existing elements of deformation of the
scoliosis (lateral deviation and rotation).

The decision in favour of a treatment with a
scoliosis orthosis in muscle diseases must only
be made after careful consideration. From the
authors’ point of view the scoliosis orthosis is
only a temporary compromise with limited (but
acceptable) efficiency, which should be
rescrved for patients who reject an operation or
patients who are inoperable because of their
general condition of health. If the patient has
decided on an orthotic treatment the physician
should always (depending on the patient’s age
and situation) point to the npecessity or
cfficiency as well as the status of a surgical
stabilisation of the spine. In this way it can be
avoided that the surgical intervention is
considered as “a last resort” after a (predictably)
unsuccessful orthotic treatment with a then
much worse starting position {pelvic-tilt,
marked curvature, thoracic deformity).

The use of a scoliosis orthosis in muscle
diseases requires wide experience and patience
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on the part of both orthopaedic technician and
physician to ensure the acceptance of the
orthosis by the best possible wearing-comfort.
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The influence of the reciprocal hip joint link in the Advanced
Reciprocating Gait Orthosis on standing performance in
paraplegia
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**lnstitute for BioMedical Technology, University of Twente, Enschede, The Netherlands

Abstract

The effect of reciprocally linking the hip
hinges of a hip-knee-ankle-foot orthosis on
standing performance was studied in a
comparative  trial of the  Advanced
Reciprocating Gait Orthosis (ARGO) and an
ARGO in which the Bowden cable was
removed (A_GO). Six male subjects with spinal
cord injury (SCI) at T4 to T12 level participated
in the study, which was conducted using a

single case experimental design. Standing
balance, the ability to handle balance
disturbances (standing stability), and the

performance of a functional hand task during
standing were assessed in both orthosis
configurations in the order A_GO-ARGO-
A_GO-ARGO.

No significant differences with respect to
standing performance were found for the two
orthosis configurations. However, the results
indicate that the crutch force needed for
maintaining balance during various tasks,
especially for quiet standing with two crutches,
may be much higher in the orthosis without
Bowden cable. Therefore, it 15 very likely that
the reciprocal hip joint link in the ARGO
provides a substantial and clinically relevant
reduction of upper body effort required for
standing under functional conditions,
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Gert  Baardman, Roessingh  Research  and
Devclopment b.v., P.O. Box 310, 7500 AH Enschede,
The Netherlands. Tel: +31-33-4875777. Fax: +31-33-
4340849. E-mail: g.baardman@rrd.nl
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Introduction

Standing is a very important activity in the
daily life of persons with paraplegia. Numerous
therapeutic benefits of standing upright have
been discussed in the literature: muscle
contracture prevention, reduction of spasticity,
reduction of bone mineral loss, improvement of
lower extremity blood supply, prevention of
pressure sores, and improvement of bladder and
bowel function (Kunkel et al., 1993; Messenger
et al., 1989; Ogilvie er al., 1993; Figoni, 1984).
These preventive aspects above justify that
standing is included in the rehabilitation
programme for the spinal cord injured and that
most paraplegics have some standing frame at
home. Also, the psychological effect of being
upright and able to communicate at eye level
with healthy persons is very important (Nene et
al., 1996}).

As an alternative to a standing frame, an
orthosis, in thoracic spinal cord injury usually a
hip-knee-ankle-foot orthosis (HKAFQ), can be
used. An orthosis adds to the above-mentioned
therapeutic benefits the possibility of functional
use in daily life activities (Douglas et af., 1983;
Motloch, 1992; Rouse 1979; Winchesier et al,
1993). Besides, an orthosis offers the possibility
of use outside the home environment.

It is ¢lear that the functional characteristics of
an orthosis are defined by its design.
Traditionally, most attention in the design of
orthoses has been directed to assistance in
walking (Douglas er al., 1983; Motloch, 1992;
Rose, 1979; Stallard er al, 1989; Stallard and
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Subject Sex Age Time post injury Lesion level Weight

Lyears] [kel

1 M 29 7 T4 79

2 M 40 21 T9 67

3 M 28 3 T4 3

4 M 34 S T12 66

5 M 45 5 T9 50

6 M 57 5 T9 80
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Quiet Standing Test Paired samples t-test
A. Dual crutch support A_GO ARGO A_GO-ARGO p-value 95% C.1.
COP anteroposterior range [mm)] 37.94 35.22 2.72 0.74 [-16.91, 22 .36]
(8.12) (17.38) (18.70) [-48%, +63%]
COP mediolateral range [mm] 34.53 41.72 -7.19 041 [-27.60, 13.21]
(17.68) (31.35) (19.43) [-66%, +32%]
Support area [m’] 0.34 0.34 0.00 0.94 [-0.05, 0.06]
(0.10) (0.11) (0.05) [-16%, +17%]
Crutch axial reaction force [N] 53.94 39.59 14,35 0.06 [-0.48, 29.18]
(averaged left and right) (11.99) | (17.33) (14.13) [-1%, +74%]




Quicet Standing Test Pared samples t-test

B. Single crutch support A_GO ARGO A_GO-ARGO p-value 95% C.L

COP anteroposterior range [mm] 30.92 34.83 -3.91 0.64 [-24.06, 16.23]
(7.20) (13.58) (19.19) [-69%, +47%]

COP mediolateral range [mm] 38.04 4592 -7.88 0.55 [-39.06, 23.31]
(13.98) (39.46) (29.71) [-85%, +51%]

Support area [m?] 0.09 0.08 0.01 0.32 [-0.01, 0.02]
(0.01) (0.02) (0.01) [-9%, +24%]

Crutch axial reaction force [N] 59.30 43.26 16.04 0.32 [-21.27, 53.35]
(27.15) (23.30) (35.54) [-49%, +123%]
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Balance Disturbance Test Paired samples t-test
A. Anterior disturbance (push) A_GO ARGO A_GO-ARGO p-value 95% C.1,
Ty [s] 251 2.75 -0.23 0.55 [-1.15,0.69]
(1.12) (0.89) (0.88) [-42%, +25%]
COP anteroposterior range [mm] 127.31 114.58 12.73 0.50 [-32.03, 57.49]
(58.63) (370D (42.64) [-28%, +50%]
COP mediolateral range [mm] 39.44 40.99 -1.56 0.76 [-13.46, 10.35]
(24.30) (17.41) (11.34) [-33%, +25%]




Balance Disturbance Test

Paired samples t-test

B. Posterior disturbance (pull) A_GO ARGO A_GO-ARGO p-value 95% C.L
TFasels] k5 i 36l -0.49 0.48 [-2.15, 1.16]
(0.80) (1.29) (1.58) [-60%, +32%]
COP anteroposterior range [mm| 90.83 100.72 -9.89 0.29 [-31.10, 11.32)
(22.84) (21.22) (20.20) [-31%, +11%]
COP mediolateral range [mmj| 38.29 43.65 -5.36 0.60 [-29.95, 19.22]
(21.87) (17.54) (2342) [-69%, +44%]
Hand Function Test Paired samples t-test
A_GO ARGO A_GO-ARGO p-value 95% C.1.
Ty Sitting [s] 10.08 10.02 0.06 0.80 [-0.52, 0.65]
(0.78) (0.42) (0.56) [-5%, +6%]
Ty Standing [s] 11,54 H.12 0.42 0.25 [-0.40, 1.24]
(1.73) (1.16) (0.78) [4%, +11%]
Crutch axial reaction force [N] 119.04 101.74 17.30 0.38 [-28.33, 62.93]
(Average) (33.57) (21.76) (43.47) [-28%, +62%]
Crutch axial reaction force [N] 198.00 179.75 18.25 0.40 [-32.80, 69.30]
(Peak) (42.32) (41.83) (48.63) [-18%, +39%]
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Parameter WBC orthosis Parawalker

Maximum walking speed

10m distance (m/min} 34.1 16.5

Average walking speed

50m distance (m/min) 235 115

Successive walkling distance (m) 521.0 82.0
average walking speed (m/min) 21.2 8.0
average step length (cm) 55.2 331
average cadence (step/min) 384 242
PCI (beat/m) 1.9 3.6
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Technical note

Pressure relief characteristics in alternating
pressure air cushions

L. ATTARD*, 8. V. §. RITHALIA* and J. KULKARNI**

*Depariment of Rehabilitarion, University of Salford, England, UK
**Manchester Disablement Services Centre, Withington Hospital, Manchester, England, UK

Abstract

In this study a computerised system was used
which continuously measured air pressure,
interface pressure and pressure-time  cycle
characteristics of an alternating pressure air
cushion (APAC), and calculated the time the
interface pressure remained below three chosen
threshulds of 20,40 und 60mm Hg. Ten healthy
volunteers were used to evaluate the pressure
relicving characteristics of four APACs. Results
indicated significant differences between
products when the threshold periods were
analysed, showing some devices were not
capable of relieving interface pressures below
20mm Hg. Though deflation pressure decreased
to nearer zero. interface pressure did not follow
suit.

Introduction

Commercially available alternating pressure
(dynamic) air cushions, used for the prevention
and treatment of pressure sores, are documented
as actively cnhancing tissue perfusion by
increasing and decreasing the pressures under
the body seating area (Donald and Clark, 1993;
Kosiak et af., 1938). Consideration of seating
pressure  is  an  important  aspect  of
comprehensive assessment when prescribing
equipment for disabled persons. Recently,
increased interest in the subject has led to
significant improvements in seating systems
and their provision (Bardsley, 1993). The
hammock seat and back of a conventional
wheelchair provide very little support to the

All correspondence to be addressed to Dr. S. V. S.
Rithalia, Department of Rehabilitation, University ot
Saltord, Saltord M6 &PU, England, UK

pelvis and spine (Seeger and Sutherland, 1981;
Medhat and Redtford, 1978). Thus, unless a
comfortable and functional posture is achieved
with minimal risk of developing deformitics and
pressurc sores, wheelchair users are not able to
achieve their full potential during work, school
or recreational activities, and thercfore the
provision of suitable support systems becomes a
key factor in their rehabilitation.

Various support surfaces are commercially
available for the management and prevention of
pressure sores. Thesc vary considerably in
design, ease of use, maintenance, reliability,
durability and cost (Rithalia, 1991} The
majority of these support systems reduce

pressure concentration on local areas by
redistributing the load over as large an area as
possible.  Such  pressure-reducing  support
surfaces include foam, gel and static air

cushions. Other support systems operate a
cyclic alteration of pressure on various parts of
the body by changing the point where the
subject is supported. These include allernating
pressure air cushions (APACs), which achieve
pressure telief by a system of cells which
alternately inflate and deflate, resulting in lower
interface pressure at the deflated cell during the
deflation peried of the cycle, thus attempting to
ensure an adequate level of tissue perfusion.
The action of an APAC is time dependent
und, therefore, any indicator which measures
pressure relief should take the time faclor into
account as the effectiveness of pressure relief is
related to the period of time the interface
pressure remains below capillary closure
pressure (McLeod er al., 1994). The aim of this
study was to evaluate the pressure-time-cycle
characteristics of four commercially available
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Care Chair 78 (9.3) 35(13.9) 82 (5.1) 31 (9.6) 13 (14.4) 5(6.8)
Pro-Active 103 (21.2) 36(7.9) 90 (8.6) 21(8.2) 6(7.8) 0
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Calendar of Events

National Centre for Training and Education in Prosthetics and Orthotics
Short Term Courses 1997-98

Courses for Physicians, Surgeons and Therapists

NC505  Lower Limb Prosthetics; 26-30 January, 1998

NC511  Clinical Gait Analysis; 12-13 February, 1998

NC514  Orthotic Management of the Diabetic Foot, 26-27 Fcbruary, 1998

NC510  Wheclchairs and Seating; 3-5 March, 1998

NC516  Outcome Measurement and Clinical Audit for Lower Limb Amputees; 1 April 1998
NC511  Clinical Gait Analysis; 30 April-1 May, 1998

Courses for Prosthetists and Orthofists

NC223  Custom Made Silicone Sleeve Trans-humeral Suspension; 21-23 January, 1998
NC222  Hand Trauma; 19-20 February, 1998
NC221  Advances in the Orthotic Management of the Neurologically Impaired Child; 6-8 May, 1998

Further information may be obtained by contacting Prof. J. Hughes, Director, National Centre for
Training and Education in Prosthetics and Orthotics, University of Strathclyde, Curran Building, 131
St. James® Rd., Glasgow G4 OLS, Scotland, Telephone: (+44) 141-548-3298. Fax: (+44) 141 552
1283, E-mail: annette hepburn @strath.ac.uk

20-24 January, 1998

8th Biennial Pacific Rim Prosthetic and Orthotic Conference, Hawaii, USA.

Information: Teresa LaPorte, Pacific Rim Conference, 1621 East Fremont St., Las Vepgas, NV 89101,
USA.

28-30 January, 1998
2nd Australasian Biomechanics Conference, Auckland, New Zealand.

Information: Patricia Anne Hume, Sport and Exercise Science Dept., Tamaki Campus, University ol
Auckland, Private Bag 92019, Auckland, New Zealand.

2-6 February, 1998

10th Combined Meeting of the Orthopaedic Associations of the English Speaking World, Auckland,
New Zealand.

Information: Crthopaedic Meeting, c¢/o Cenvention Management, PO Box 2009, Auckland, New
Zealand.

6-8 March, 1998

4th Annual Conference and Trade Exhibition of the British Association of Prosthetists and Orthotists,
Blackpool, England.

Information: Secretariat, BAPO, Sir James Clark Building. Abbey Mill Business Centre, Paisley PAL
1TJ, Scolland.
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