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Sizing trials of a prototype aircrew helmet: Lessons re-learnt
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ABSTRACT

Aeromedical evaluation of aprototypehelmet wasrecently doneat |AM, | AF. Theaim of thestudy wasto
assessthefitment of thehelmet and based on ther esults, to evaluatethe suitability of thesizing parameter sand the
sizing schedule. 44 trained air crew subjectswer easked to select the sizeof helmet that fit them thebest without
referringtothesizing schedule. Thesize selected by the subjectswascompar ed with that recommended by the
sizing schedule. Theper centage of subjectswith two parameter sizing schedulematch, oneparameter match and
no parameter match wer ecalculated. Therecor ded anthr opometric datawasstatistically analysed to assessthe
efficacy of theprescribed sizing schedule. Alter nate one parameter based sizing schedulewasdevised usingthe
study dataand known data of thel AF aircrew. 34.09% of the subjectsselected the samesizehelmet asrecom-
mended by thesizing schedule. 13.6% of the subjects selected a size neither corresponding to head length or
breadth asper the prescribed schedule. Therest 51.88% selected a helmet size matching the scheduleonly in
either in head length or head breadth. The one-parameter (head cir cumfer ence) based sizing schedulewasfound
tobefeasibleprovided statistically derived, suitablethicknessinsertswereutilized for abetter ‘fit’. Themultiple
parameter sused in helmet designing should not be confused with parameter srequired for thesizing schedules,
which need tobesimpligticfrom theuser and inventory management per spectives. Sizing of helmetsbased on head
circumfer encealone satisfiesthese needsbetter than thetwo-parameter based sizing schedule.
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Introduction relevant Sizing parametersand sizing rollsof various
Sizes are devel oped that would comfortably fit the
entire target population. The sizes planned in the
sizing rollsshouldideally cover theentirerangefor
the user population and yet divideit in equal parts
for the sub-sizes so that the logistics of demand
and supply of various sub-sizesis simplified. The
prototypes developed as per the proposed sizing
rolls are then further evaluated by ‘fitment trias’,
which are done on asample of subjectsdrawn from
the target user population. Based on the inputs of
thesizing trials, thesizing rollsare fine-tuned.

Proper sizing and fitment of a helmet is an
important consideration in effective protection of
theaircrew from head injuries. With increased use
of Night Vision Goggles (NVG) and Helmet
Mounted Display Systems (HMDS), the optimal
fitment of helmet on which these devices are
mounted has become even morecritical to preserve
optimal in-flight vision. The extreme complexity and
variability of head geometry exaggerates the
inherent limitations of individua anthropometric
dimensions such ashead length, breadth, height and
circumference.
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Sincethevarious areas of the human body on
which the flying clothing is going to bewornis 3-
dimensional, ideally all sizing scheduleswould need
at least three parameters that best represent each
of the 3 dimensions and are anthropometrically
orthogonal (minimal correlation between them) to
each other. However, research has shown that in
massdesigning of flying clothing (vis-a-visindividua
customi sed designing) by increasing the number of
sizing parameters the satisfaction of fitment
decreases [1] (Fig. 1).

Moreover, greater the number of sizing
parameters, greater number of sizes would be
required to cater for variability of all the parameters
in the population. Let us say that the variability of
each parameter in the population is covered by
dividing inthreeequal parts. If onesizing parameter
is used, then entire range of that anthropometric
parameter in the population can be covered in 3
sizes. However, if two sizing parameters are used,
then the number of sizes required would increase
to nine; which wouldincludehaving threesizesusing
thefirst parameter with three sub-sizesin each based
on the second parameter.

Flying helmets are unique due to the shape of
the head where in all the three dimensions
(represented by head length, head breadth and head
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height) are significant to ensure ideal fit. Each
human is shaped differently. Not all narrow heads
are short in height and not al wide faces come
with wide heads. Designing to the average head
and then simply scaling that head larger or smaller
in all dimensions (‘ Percentile Man’ concept), will
produce asizeroll that failsto accommodate large
segments of the population [2].

A review of thein use operational helmetsin
the Indian Air Force (IAF) brought out that head
circumferenceismore commonly asasinglesizing
parameter for sizing vis-a-vishead length and head
breadth combination which is being used only in
ZSH 7 helmet [3]. The helmet sizes and inserts
based on head circumference used in |AF are
showninTablel [4, 5, 6].

An aero-medical evaluation of the prototype
of a new helmet was recently carried out at the
Institute of Aerospace Medicine (IAM). As part of
the aeromedical evaluation, the prescribed sizing
schedule for the helmet was tested with fitment
trials. The aims of the fitment trial swere to assess
thefitment of the helmet on asample population of
thelndian aircrew and to comment on the suitability
of the prescribed sizing schedule and the sizing
parameters chosen.
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Fig. 1: Number of Sizing Parameter svis-a-vis% Fit of population
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Table1: Helmetscurrently used in | AF with head cir cumference based sizing schedule

S No. Hemet Sizes

Insert sizes

1 Gallet (NVGinhelicopters)
2 Gueneau type458 (Mirage2000) 7,08

XS, S M, L, XL, XXL

5mmtol15mm
Three sub-sizes depending on

inserts
3 MK 3C/4A (Jaguar) Small, medium, mediumb Nil
road and large
4 ZSH 3 (MiG series) Outer shell :1 and 2Inner Nil
helmet : 8 sizes
5 Alpha300 ( Hawk) Small, medium, mediumbroad, Crown and brow padding

medium long large

of 3sizes6,9and 12 mm

Table2: Helmet sizing scheduleasproposed by designer

S No. Size Designer sizing schedule
Head length (cms) Head breadth (cms)
1 Smdl 17.3-184 13.7-14.7
2 Medium 18.7-19.6 145-15.7
3 Medium Broad 18.2-19.6 15.1-16.0
4 Medium Long 18.9-20.0 145-157
5 Large 19.4-20.3 155-16.3
Study Design were measured by standard anthropometric

The prototype helmet consisted of an outer
helmet shell with soft inserts. Three basic helmet
shells were prepared and fitted with fixed inserts
to create 5 sizes. The sizing schedule by the designer
prescribed five sizes, viz. small, medium, medium
broad, medium long and large, based on head length
and head breadth. The sizing schedule provided is
shown in Table 1. Additional removable inserts
designed to cover the top and sides of the head
(like a skull cap excluding the ear cups) were
provided inthreethicknesses, viz.10, 15 and 20 mm.
The 10 mminsert wasthe factory fitted default for
al thesizesandif need wasfdt, it could bereplaced
with either 15 or 20 mm insert.

The assessment of fit of the prototype helmet
in trained aircrew employed a double blind trial
design. 44 aircrew subjects, all trained test pilots,
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techniques for head length and head breadth using
calipers. Their head circumference was measured
using a measuring tape. The least count for all
parameters was 0.1 cm. The aircrew were asked
to select the size of the helmet that fit them best by
trial and error without referring to the prescribed
sizing schedule(i.e. first blinding). The‘fit’ onthe
aircrew was al so assessed by theAviation Medicine
specialist for ease of donning and doffing, slippage/
play after strapping, position of ear cups and
presence of pressure points or ‘hot spots’ without
referring to the sizing schedule (i.e. second blinding).
The size of helmet selected by the aircrew was
noted. The data was subsequently analysed for
Percentile distribution of the three parameterswith
test of normalcy. Also comparison of the size
chosen by aircrew vis-a-vis that prescribed by the
sizing schedule was done.
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Results and Discussion

The three measured parameters of head
circumference, head length and head breadth were
evaluated for normalcy using the D’ Agostino-
Pearson normality test and found to follow normal
distributions. The sample used in the study was
hence well representative of the target population,
i.e. Indian military aircrew.

All the aircrew were able to select one size
or the other using trial and error method. Only one
aircrew required the vertex padding to be changed
to 15 mmfor abetter fit. The percentage of various
sizes of helmet used by the subjects is shown in
Fig. 2. The graph clearly shows that the usage of
various sizes of helmetsis highly unequal despite
the sample being well representative of the
population. The medium long size would be used
by morethan half the subjects and the large size by
another quarter of the aircrew. The medium and
medium broad would be used by 8.7% and 6.5%
aircrew respectively and the small size may not be
required at all.

The selected size was compared to that
prescribed by the recommended sizing schedule
based on head length and head breadth. Fig. 3
shows the percentage of subjects in whom both
parameters matched the chosen size, either of the
parameters matched the chosen size and none of
the parameters matched the chosen size. It was
found that only 34.09% subjects selected a helmet
size that correctly matched their head length and
head breadth as prescribed in the sizing schedule.
In 13.6% of the subjectsthe selected size of helmet
corresponded to neither the head length nor head
breadth prescribed in the sizing schedule. This
indicated that the sizing schedule did not cater for
or incorrectly catered for the peculiar head
geometriesof these subjects. Out of therest, 27.27%
sel ected asize matching the schedulein head length
only and 24.61% selected a helmet size
corresponding to the schedule in head breadth only.
Thisindicated that for 51.88% subject inwhomonly
one sizing parameter matched, there was another
size of the helmet which could a so have been used
as per the sizing schedule.
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Fig. 2: Percentage of Various Sizesof Helmet used by the subjects
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Fig. 3: Percentagedistribution of Fit of test subjects

Although the various helmet sizes achieved
100% during thetrials, the salient observationshave
serious implications in sizing, fitment and
procurement. A large number of aircrew in the
field, some of them not as experienced as used in
the present study, would have to resort to
unscientific trial and error method in choosing the
correct helmet sizerather than choosing the correct
helmet based on the sizing schedule. The logistics
of procurement of correct sized helmet cannot be
ensured |eading to possible shortages of right sized
helmets. Thisin turn may lead to selection of ill-
fitting helmets by the aircrew.

An effort was hence made to understand the
specific reasons for the discrepancy between the
size prescribed by the sizing schedule and that
selected by the subjects. A bi-variate analysis of
the head length and breadth parameterswascarried
out and isdepictedin Fig. 4. Using a95" percentile
box it wasfound that the outliersand the borderline
subjects corresponded with the subjects who had
selected a size other than the prescribed val ues.

An evaluation of the Kurtosis of the measured
head length and head breadth of the sample was
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done. The Kurtosis for head length was found to
be 0.81 and that for head breadth was found to be
- 0.12. Thisis depicted graphically in Fig. 5. This
means that the head length has a more peaked
distribution and the head breadth has a more flat
distribution than the normal. Since the Kurtosisis
different, the sizing schedules with equal width
distribution for both head length and head breadth
cannot cater for the population when both
parameterstogether constitute the sizing schedule.

The anthropometric database used by the
designer was also scrutinized to understand the
reasons for the observed defect in the prescribed
sizing schedule. The designer has used the data
collected under the DIPAS project RD-P1-2003/
DIP-243 [7]. The head length and head breadth
(like @l other recorded parameters), are available
as ‘minimum’, ‘maximum’, ‘5" percentile’, ‘50"
percentile’ and ‘95" percentile’ values. From these
five values the designer had extrapolated the
complete percentile distribution using statistical
approximation techniques. The percentiledistribution
so achieved has subsequently been used to devise
the sizing schedule. The scientific validity of such

Ind J Aerospace Med 53(2), 2009
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Length and breadth: XY Data
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Fig.5: Distribution of Head length and head breadth par ameter sshowing differencein kurtosis

approximation is debatable. Ideally, first the
consistency of the raw data should be ascertained
and then the actual percentile tables derived.

Thus, it was considered essentia to re-visit
the issue of devising a helmet sizing schedule de-
novo for thel AF aircrew. Thevariousprinciplesin
devising helmet sizing schedul es are enumerated.
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‘Goodness of fit'. The*‘goodnessof fit' of a
particular size of ahelmet isinversely proportional
to the anthropometric range accommodated within
that size. The‘withinasize' variationislargewhen
the sizing intervals are broad.

Number of sizing parameters. When
using atwo key dimension sizing schedulewith each
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dimension having three intervals, the ideal total
number of sizeswould benine, but thethreeintervals
would have a large within-size variation. In
comparison, when using a single key dimension
sizing schedule, the total number of sizes can be
increased to five and achieve lesser within-size
variation. Such a strategy has proven to have a
better *goodness of fit’ [2].

Ideal single parameter. Since head
circumference combines the head length and head
breadth, it is shown to be agood representative of
the variationsin these orthogonal parameters. The
variationsin head breadth and length will bereadily
accommodated as long as sufficient room is
providedinthe shell to accommodatethe statitically
derived liners or inserts to ensure proper fit.
Moreover, measuring head circumference with
ordinary tape has been shown to be less erratic
than measuring head length and breadth using
specialised callipers, which also requires specially
trained personnel.

Design of inserts. A given value of head
circumference (i.e. agiven size) may havedifferent
head lengths and head breadth. To accommodate
for these variations and achieve higher ‘ goodness
of fit’, the *Standard Error of Estimate’ of these
two parametersfor that sizeisrecommended to be
used in design of inserts to be placed as per
individual requirement. The Standard Error of
Estimate is given by theformula[2]

S.E(y)=8Dy\N1-#*

SE = Standard error of estimate

y = Head length/ head breadth of the
population withinthe given size

SD = Standard deviation of head length/ head
breadth of the population withinthe given
size
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r = Correlation coefficient between head
length/ head breadth and head
circumference within that size.

The standard error of estimate is calculated
for each size separately for head length and head
breadth. Thefinal thicknessof insertsisdetermined
by approximating the statistically derived valuesto
the nearest mm. Theinsertsareto be suitably placed
by individuals' usersduring fitment: occipital/fronta
to correct for head length and temporal to correct
for head breadth.

Based on the basic principles of devising a
sizing schedule for aircrew helmets discussed
above, a sample head circumference based sizing
schedule was devised for the IAF aircrew. Since
the DIPA S datawasinsufficient as discussed above,
theanthropometric head geometry data(head length,
head breadth and head circumference) was taken
from |AM Departmental report |AM/TR/136/2007,
whichisavailablein form of descriptive statistics
and percentiledistribution. A pertinent observation
isthat the DIPAS data did not include data of the
flight cadets of the | AF. Therefore on this account,
the IAM data which includes entry level data for
the flying cadets is more suitable in designing a
helmet schedule for an aircraft to be used as a
trainer. The statistical analysis of the three
parameters in this database is shown in Table 3.
Thisindicatesthat the datais consistent, usableand
representative of the population in so far as head
circumference is concerned. The data also shows
that head circumference has lesser skewness and
kurtosis, possibly anindicator of easier measuring
technique by a simple tape than the other two
parameters that are measured using specialised
calipers. It is pertinent to note that this was aso
reported by Zeigen et a [2].

The sizing schedulefor the helmet so devised
isshownin Table4. A schedulefor the thickness of
inserts to cater for head length and head breadth
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Table3: Satistical analysisof Head circumferenceHead length and Head width: | AM /T R/136/2007

SINo. Values Head circumference Headlength  Headwidth
1 Number of values 498 463 473

2 Minimum 0 16 13

3 Maximum 61 PA] 19

4 Mean 5] 18 15

5 Std. Deviation 17 092 0.71

6 Std. Error 0075 0043 0033
7 D’ Agostino & Pearson omnibus normality test K2 18 78 A

8 Pvalue* 0.3986 0.0200 <0.0001
9 Passed normality test (alpha=0.05)? Yes No No
10 Pvauesummary ns * *k
n Skew ness -0.036 013 037
12 Kurtosis 0.30 0.72 19

* A small p valueis evidence that data was sampled from anon-Gaussian distribution. A large p value means

that data are consistent with a Gaussian distribution

Table4: Fivesizesscheduleusing Head Circumferenceasthekey dimension

S No. Size Head circumference Predicted % of population fit
1 Sub-small 51.75-53.12 1365
2 Smdl 53.12-54.49 1546
3 Medium 54.49-55.86 3112
4 Large 55.86-57.23 2031
5 Extralarge 57.23-58.60 702

*|t is advocated to use the inserts either singly or in multiples or combination of different thickness.

variation to be used for each helmet size has also
been devised using two standard errors of estimate
as extreme values. (Table 5)

Table5: Proposed thicknessof insertscal culated

based onthe
S No.Size Liner/insert thickness(mm)
1 Sub-small 6 1
2 Sl 6 1
3 Medium 7 14
4 Large 6 2
5 Extralarge 6 °

standard error of estimatesin head length and head
breadth.
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This five-size schedule devised using the
available anthropometric data was retrospectively
applied on the data of the 44 aircrew subjects used
in the fitment trials. It was statistically found that
this sizing schedule would accommodate 98% of
thistest population.

In lieu of a single insert, multiple inserts to
achieve even better fit, as has been done in
designing the Gallet helmet (used for NVG
operation), can be used [5]. Additional inserts on
top of the head to accommodatefor thevariationin
vertex height can be designed using the statistical
principlesdiscussed earlier.

51



Szing trials of a prototype aircrew helmet: Joshi VV et al.

Not withstanding the best design efforts, the
importance of ‘fitment trials' of any helmet are
considered mandatory to cater for extremeindividua
idiosyncrasies that cannot be approximated by
statistical techniques.

Theideal techniquefor the helmetswhose*fit’
is absolutely critical e.g. HMDS, is to customise
the mould of theinner helmet to individuals head
[8]. Once the head mould is prepared, the inner
shell isdesigned to the mould and the outer shell is
constructed over it. Such a technique provides a
larger surface area of the helmet in contact with
the head, which makes the helmet a more stable
platform for mounting HMDS. This aso achieves
abetter weight distribution to reduce the potential
for pressure points. A moulded hel met system may
also guarantee the reproducibility of a good fit
without the need for periodic readjustment [9]. In
India, thefirst stepstowardsindividua customisation
of the helmet have now been initiated with the
induction of HMDSin the LCA program [ Personal
communication].

Concluson

Anthropometric choice of key dimension for
use in helmet fitment is a critical feature of the
helmet sizing schedule. A clear distinction needsto
be made between the multivariate parameters
required for accurate designing of ahelmet and the
simplest possible parameter for sizing and fitment.
A ‘five-size’ schedule using the parameters of head
length and head breadth has been found to be
unsatisfactory during the user trials. Use of head
circumference as a single sizing parameter along
with suitableinsertsisabetter alternative. Though
the actual ‘goodness of fit' would need to be
determined by user trials, the ease of sizing and
fitment in the field and simpler logistics and
procurement procedures make head circumference
based sizing schedule a preferred option.
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