Acromedical

Evaluation of Aircrew with Lower

LLimb Disabilities
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Physical fitness of fhigh standacd withawt any
disabifity s raquired for alfective and safe operation of
controls in afircralt cockpdt. Aeromedical evaluation of
afrcraw  with orthopaedic disabilitics poses specific
proffems  during their review and  recelegorisation
medical boards.  Assessment of lower limb disability
has been discussed with special emphasis on human
enginecring evalvation and frials in simulsted cockpit

enviranment.
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THE contribution of the pilot in the perfor-
mance of a close loop system of man maching complex
is by means of operating controls efficiantly with a
wall coordinated muscular activity. Physical fitness af
high standard without any disability is required for
effective and safe operation of controls in the cocks-
Aircrew involved in ground vehi-
cular or air accidenis sustsin  injuries resulting In
surgicaliorthopaedic disabilities. Quite a Tew cases
develop disability in the form of restriction of jeint
movemants, loss of muscle mass, muscle wasting
and malunion of fractures with or without shoriening
of the limhb &= such.

pit work space,

Once the surgeon feels that clinical recovery is
reached with fair degree of radiclogical healing, the
gircrew is subjected to aercomeadical evaluation o
assess his fitness for flying. He is assessed not only
for fitness for safe and efficient flying but also far

16

ather activities like ejection from  aircralt, survival

an ground ele,

Clinical Assessmeant

Clinical status of the case 1s reviewed hy the
surgeon after nocessary laboratory and radiological
invastigations and recommendations  are matde
regarding his fitness or otherwise To rasume groound!
air duties with or without restrictions. But clinical
and radiological assassmant cannot indicate accuracy
as to how a particular disability will affect the per-
the aircrew  under  changing leg
environmeant and

formance of
geomelry in the aircealt cockpit
during different profilas of flight.

Aircrew Performance in Workspace Environmant

I aircraft, the foot operated controls are rudder |
pedals with or without toc brakes. The rudder pedal |
gzsembly has a range of adjustment varying from 8-10
ems depsnding upon the design. The pedal design
alza varies from aircraft to aircraft, e.g., foot print
pe, 5 shapsed, bar type and toe operaled brakes,
The operation of the rudder pedals in lhe aircraft
is. required during taxying, take off, cruising and
landing. To reduce the loadings in rudder pedal |
aparation during routine flying {8-10 Ibs} the
sssambly is incorporated with hydraulic systems.
During emeargency situation, .., engine/hydraulic
failure in air or crash landings, the force required for
operation of rudder pedals may raach a maximum of
300 |bs ar sa.  The aircraft design specilication’ lays
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Dusign Speocifications
Aircealt Control Forces during Rudder Pedal Operation

a":'xir[:rﬁuh

Neo. Spocitication class

1. AVP 870 Fighter & other
Chap. 207 girerall upto 51
Para 2.5.1 10,000 Lbs
(British All heavy Bombers
Military) & othor class
50,000 Lbs 10
2. FAR 23.397
tFederal Avia- OO L bs 8
tion Heguiation,
Arnericon)
3. RCAR Chap. 3.6 5000 Lbs B
{British Civil ajc
Waorthiness 2500 Lbs 10
FEOUITements)
4, Mil--A—HBED A _
Sec.B 7
(Mil—F—24800)
S5ec 3.2.3.21
Mil—F—87868 Class | 11C & IV 7
Para 3.5.2.1
Table—12 Class |l-L, 11 14

{ american Military)

Rudder pedal

siatic force

Farces in Lbs allowabla Remarks
during emergency

Minimum  Mazimum

Arroraft botwann

- 300 10,000 {axeapt Figh-
tars) to 50,000 Lbs
values can be obilai-
nad by linear  inlor-

- palatian.
Forces for any design

130 200 can be had trom the
relation 5000 -1,
12.500—1.13 (Linsar)

100 200

130 300

150 300 N B

— C— Carrier based

L— Land based

down the admissible and max control force for

rudder pedal as shown in Table - L.

A healthy pilot. with properly adjusted seat
and rudder padals, shouid be able to operate high
loadings of controls tor short perieds till te could
trim the controls. The aircrew  with disproportionste
leg geomelry, i 8., 18g langth too long or too short,
knee angles less than 100° &nd ankle angles mara than
20° from natural position (vertical position in 2 seated
man) experience serious handicaps in  efficient
opetation of rudder pedals Thus lower limb dis-
ability in aircraft may seriously compromise flight
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safety particularly during an smergency in air and

crash landings.

Asromedical Assessment

The statistical data of cases of surgicalfortho-
paedic disabilitics who reporied for assessment at
instifutz of Aviation Madicine duning the period -Jan
1988 to Ont 1930 showed that 50 cases had lower
limb disabilities. Only 8 out of 50 casas also had
other disabilities pertaining to upper limb and spine.
The breakdown of lower limb disabilities 1s given
in Tahte 1l
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Category of

alrerew

Flight Cadet

AQP Pi

TABLE—I]

Datails of Lower Limb Disahilities

1N Adrcrow

Hip Femur Knee.
Jaint {(Fracture) Condyles,
Patella
(Fracture)
2
Iots = -
IAF Alrcrew - 7 8
— 1
— 1

Civil pilots

Tibia, Ankla, Small bones
Fibula Calcanaum/ ol ool
{Fracture} Talus (Fracturng)
CFracture)
10 — 1
. 1

13 2 2

1 = =

— 1

All cases included in Table 1l were considerad

fit for
varying

flying with or without restrictions in period
from 6 months to 42 months except two

flight cadets who were declared unfit  for flying

duties
limits.

considered fit for dutics of Nawvigator.

wars
only.

8]

due 1o shortening of legs beyand parmissible

Two cases amputated below knes werc
Five cascs

recommended fit for flying bansport aircraft

uring the past years. the data also show a

wide variance between the clinical impression regard-

ing fitness or

otherwise of such cases and the

aeromedical assessment done by human factor specia-

list. T

he methodology followsd for asromadical

evaluation for such cases is a= Tollows |

{a) Review of clinical assessment @ Aflter routing
biochemical/laboratory investigations and routine medi-
cal examination including ENT and aye check un, ths

case is

reviewed by the specialist in surgery/crihopas-

dics for his opinion regarding his climeal status. The
detailed patholegical cxamination wherever nacessary

is also

of the case.

conducted to assess the progress snd prognos:s
When the surgeon is satisfied with the
v of the cass and he clears the case e resums

rBCovern
duties, the case is referred for human engincering
assessMont.

by Humesn engineering assessment @ The human
sngineering assessmant of such cases conmisis of ' —
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L Anthropometric measuraments of the subject
are recorded using Meorant-board for total leg
length and thigh length 1@ asscss any shortaning
of the leg/thigh (Fig, 1), The joint movamants
and restriction if any are accurately  measured
using Goniometars?, Cases with apparently
marginal disabilitics ol joints/shaitening of leg or
loss of muscle mass; pows arg subjected to
further assessment in the atrcraft cockml.

Fiza | — Authrepometric Mzasgrements.

it.  Cockpit trial in the aircraft ;. The cockpit trial

in the aircraft is given usually on ground in a side

to side twin seater ransporl/lightar aircraft with
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the help of & QFI/Test Pilot. The aircrew is asked
to aperate the rudder pedal control including toe
brakes. During the trial the QF1/Test Pilot gives
maximum  sustained force  on  contralateral
{opposite) ruddor pedal while the disabled air
crew is asked 1o counter this force and  the
human factor specialist examines his raach and
affectivencss In operation of the control. Muscies
of the lower limh are examined for any muscle
strain in the form of tremors or pain of inade-
guacy in coatrol  operation  during sustainad
action. A gqualitolive assessmant 15 made jointly
by the Test Pilol and the human factor spociabist.
A trials wre nol usually called for in view of
lagk of autherity, nonavailability of awrcraft type
and currenl status of the pilo and of course In
harant danget of simulating emergency situation
In view of the above tactors, quantitative assass-

1 ment reqgarding his capability 10 under take maxi-
4 mum control force as prr design specifications is
¥ folt necossary.  For such & test a rudder pedal
3 assembly has been fittad in the universal eockpit
d ot the Institute of Aviation Medicine (Fig. 2.

¥

i
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Tl 2 — Fabricated Ruddsr Pedal Assembly.

fc) Trials in the sirmulated cockoit environment !
Atudder pedal assembly mounted on a metallic base
is fabricated having four sorew jacks and universal stas
wheal adjustment for adjusting the assembly in up-

rial down as well as in fore-aft positions by 20 ems and
iy 8 cms respectively., The rudder pedals are having an
ith additional adjustment by which the assembly as a
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whole slides owver the base and can provide -an
additional fore-aft movement by 22 cms. The rudder
pedals alung with toe brake facility are mounted with
Iedraulic frel unfts and have been instrumented with
miniaturised  elactronic  devices for measuring tha
maximum farce applied during operation of the con-
trols. The mockup ejection seat and tha ruddar pedal
assambly could be adjusted as per actual location ot
the contrel in a particular aircraft environment.  These
data have already besn collacted in the form of an
Atlas' "

The subjoct |5 asked to harness in the mockup
seat and adjust the pedals as per his anthropametric
porametars. He is ipstrumented for recording |EMG

{Intagrated  electramyoygraphy) of thigh muscles,
Tha luads are connectad to an EMG  inlegrator and
output 15 fed to a four chapnal Grass polygraph.  The
alactronic load cells are connected 1o four channel
amplitier and 12 wvolts excitation battery and tha
cmplified output is fed directly to the polygraph
(Fig. 3).

Fiz. 3 — A Subjeet 1o che Simulated Cockpidr.

The subject is asked to operate the contral using
maximum torce. The biomechanical parameters, i.e.
maximum force agplied vis a-vis [EMG are recorded
simultaneausly and compared with that of healthy side.
Thus the lpads operated during the application of
contral undar varying leg geomatry could be recorded,
(Fig. 4}. Hence an objective scientific device has
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been set up to supp'ement the clinical and qualilative
assesement already being corducted,
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Fig. 4. — Tniteernted Elceira myasoam

Discussion

Alrcrew cvaluation on clinical basis alona is
considered Inadeguale o assass his fitness or other-
wisa lor {iying duties. Cockpif trials in aircraft and
simulating emergency in air s neither practicable nog
safc. Hence a thorough elinical cxamination with an
accurale measurement of anthropomelic paramatars
and jeint movement in relation to work space is the
only answer for a complete evaluation. A ground
based simulated cockpit snvironment with a facility
to record all biomechanics for maxima likely in the
aircraft emergency as  per design specification is
considered a realistic supplement in the asromedical
assessmant of aircrew with lower limb disabilities,

number of
Darametlers

A pilot study consisting of small
healthy subjects with  anthropomettic

talling in 5th ta 95th percentile group of |AF aicre
hes been conducted. The tials have proved ve
useful for such assassmants  An additional importa
information has been abtained during the trial whic
helps the designer to set a range of adjustment 1
fuot opereted controls keeping the maximum lorce
operuble with toot operated controls, varying  sm
adjustrment and len geometry particularly at knei jois
ard ankie joint.  This important infarmation regardin
IAF  aircrew  is sonsidered  wvery  useful
assessmant of anthropometric limitations of a sockp
for [AF arcraw,

i

Recommendations

A few  suggestlonsrecommentdations  are
forward to imprave the present method of asromedics
avaluation ;—

(i) For an accuraie measuremaents of foint move
mants and bady features, there 18 nesd
develop orthopaedic special calipars and goniometers

(by All cases of surgical  disability  involving
uppar/lowar limbs, howsaever marginal, should Db
given g cockpil trial befare assessing their filness o
otherwise for effective oparation of all cackpit control:
undar harmess fit conditions,

{c} All doubtful cases with disabilities [or lowa
limbs should be given a trial in the universal cockpi
{simulated cockpit environment) to assecss the {IH|!Hi
bility to operate loads required in emergency  situa-
tions,

{d} The specific data ohtainad from the trials on
healthy aircrew on this device along with ruddefq
pedal Nomogram® is recommended for assessment of
anthropometric limitations of aircraft cockpit for mp:
sircrew.
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