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Neck and Shoulder Muscle Activation Among
Experienced and Inexperienced Pilots in +G, Exposure

Tuomas Honkanen; Juha Oksa; Matti J. Mantysaari; Heikki Kyroldinen; Janne Avela

BACKGROUND: The aim of the present study was to compare differences in electromyography (EMG) activation of the neck and
shoulder muscles between groups of inexperienced and experienced pilots during controlled +G, exposure in a

centrifuge.

METHODS: The subjects were volunteer cadets (inexperienced group) and lieutenants (experienced group) undergoing their first
centrifuge training. The first group did not have any high performance aircraft (HPA) experience, while the latter one had
a 1-yr experience of intense flying of HPA. During the centrifuge run, EMG activity was recorded from the left and right

shoulder, neck flexor, and neck extensor muscles.

RESULTS: The pilots without HPA experience had significantly higher muscle activity in the neck flexor and extensor muscles
during the last 5 s of the recorded period at G levels exceeding +7.4.

DIScUsSION: Muscle activity in the neck and shoulder muscles was gradually higher among the whole study group with increasing
+G, forces. Because pilots without any HPA experience had significantly higher muscle activity than their counterparts
with experience of HPA, we suppose that the experience of high +G, forces might lead to lower muscle activation in the

same flight mission.
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e prevalence of neck pain among fighter pilots' is high
compared to the general population® and pilots flying high
performance aircraft (HPA) report a higher rate of flight-

related neck injuries than pilots flying other fixed wing carriers.®"
The exposure to high +G, acceleration while flying HPA is known
to cause high static muscle stress in the neck muscles.”!?

Pilots flying modern HPA are constantly exposed to high
+G, forces. Approximately 20% of the flying time during air
combat is spent above +2 G, while the peak levels can range
from +7 G, to +9 G,. It has been reported that muscular strain
increases in line with increasing G forces.”'* According to the
study of Himildinen and Vanharanta,” the mean electromyog-
raphy (EMG) activity of the neck extensor muscles, without
head movements, is 6, 16, and 38% of maximal voluntary con-
traction (MVC) at +1, +4, and +7 G, levels, respectively.

When in-flight neck flexor muscle activity has been com-
pared between thigh, abdominal, and back muscles, it has been
shown that EMG activity levels remain mainly below 10% of
MVC in other muscle groups except the neck muscles.'* There
are, however, more episodes (lasting =1 s) exceeding 50% of

EMG activity of the corresponding MVC in the neck muscles
than other studied muscle groups.'? Both of these findings were
reported from a one-to-one aerial combat maneuvering exer-
cise, where the mean in-flight G level exceeded +5 G, for 4 min
46 s and the +7 G, level for 48 s. It has also been found out that
more experienced pilots contract their muscles more synchro-
nously during anti-G straining maneuvers (AGSM), which has
led to a conclusion that the AGSM of inexperienced pilots
might not be as effective as the AGSM of experienced pilots."?
Cervical loading in the high G environment has been stud-
ied with EMG recordings quite extensively. Depending on the
study, high G environments have been created either with
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trampoline,'®!” centrifuge,' or with a real fighter aircraft.>” The

studies'"'? that are executed in the centrifuge or in flight have
had small numbers of subjects (ranging from 2-10). The stud-
ies'®!” with bigger numbers (N = 14) of subjects done with
trampoline bouncing had the limitation of +G, exposure (+4 G,
at maximum), which is relatively low compared to peak +G,
levels in flying. As far as we know, there are no studies with
more than 10 subjects that concentrated on defining the EMG
levels of neck muscles in the centrifuge, where the G, level is up
to +8 G,.

The purpose of the present study was to compare differences
in EMG activations between groups of inexperienced and expe-
rienced pilots. We hypothesized that pilots without any HPA
experience would have higher muscle activities than their
counterparts with 1 yr of experience of HPA.

METHODS

Subjects

The study population consisted of 29 Finnish Air Force (FINAF)
pilots, who volunteered for the present study. There were 15
FINAF lieutenants with 1 yr of experience of HPA (experi-
enced) and 14 FINAF Air Force Academy cadets without any
HPA flying history (inexperienced). The group of experienced
pilots had been flying Hawk Mk 51 Jet trainers capable of a
maximum of +8 G,, while the group of inexperienced pilots
had experience of flying only with early trainers (Valmet L-70
Vinka, four-cylinder piston-engine propeller planes, not
exceeding +4 G,). The Ethics Committee of the National Defense
University approved this study.

The mean (£ SD) age, body mass, height, and strength
test results of the inexperienced and experienced pilots are
presented in Table I. There was no statistically significant
difference in anthropometry between these groups. None of
the subjects had a history of any spinal complaints nor did
the group of the experienced pilots have any flight-related
musculoskeletal symptoms. The physical tasks and amount
of sleep were standardized and controlled in both groups 3 d
prior to a test run. Two subjects (one from each group) were
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excluded from the analysis due to technical problems (dis-
connected cable) in EMG measurements before analyzing
the data.

The background information was gathered with a self-
administrated questionnaire (conducted after the test run in
the centrifuge) and from the database of the Kuortane Sports
Institute, where pilots’ physical fitness had been tested 6 mo
before centrifuge training. The questionnaire included infor-
mation on previous neck pain episodes, physical activity level,
and usage of tobacco products. In addition, self-rated quality
of sleep as well as more profound questions about level of
physical activity in the last 3 d before centrifuge testing were
asked. The physical tests included the standard FINAF fitness
test: maximal isometric strength tests (lower limbs, trunk flex-
ors and extensors) and dynamic muscle tests (sit-ups and
seated dumbbell press). All physical tests were done as a part
of the FINAF regular and annual testing, not just organized
for this study, and the results were collected from the data-
base. There were no statistical differences in physical fit-
ness test results between the inexperienced and experienced
groups (Table I).

Equipment

The +G, exposure was done in a modern dynamic flight simu-
lator centrifuge (Wyle Laboratories Inc., El Segundo, CA) in
Linképing, Sweden. The centrifuge has a 9.14-m radius and is
capable of a maximum force of +15 G, with acceleration up to
+10 G - s~ 1. The two-degrees of freedom gondola’s system is
based on the JAS 39 Gripen (Saab Ltd., Link6ping, Sweden) air-
craft controls. The seat of the gondola is a Martin-Baker ejec-
tion seat (Martin-Baker Aircraft Co. Ltd., Middlesex, UK),
which is used in a real aircraft. The seatback angle is 28°. EMG
was recorded from a standardized gradual onset (GO), where
each subject was supposed to pull total of +8 G, with an onset
rate of +0.1 G, - s~ L.

Muscle activity was recorded with surface EMG. The EMG
was measured using a portable EMG device (ME6000, Muscle
tester, Mega Electoronics Ltd., Kuopio, Finland). Use of this
equipment has been found reliable for measuring neck and
shoulder muscle activity,'® and a device from the same manu-

facturer has been used in sev-
eral previous studies."!>!¢

Table I. Comparison Between Demographic Information and Strength Test Results Among Experienced and

Inexperienced Pilots.

Procedure
DEPENDENT VARIABLES NONEXPERIENCED EXPERIENCED P-VALUE The electrode placement was
Demographics done according to the recom-
Age (yn) 22306 230204 0.006 mendations of Surface Elec-
Mass (kg) 77667 756 £97 0.204
Height (cm) 1803 =29 1784 +58 0.904 tromyography for the Non-
BMI (kg/m?) 239=*22 237 €24 0.241 Invasive Assessment of Mus-
Isometric maximal strength tests cles (SENIAM), the con-
dekczz“;‘a‘ (ko) 1?2; - ;gz 1?32 - 1;2 8‘%2 certed action in the Biomedical
ack (kg .2 * 20. 6+ 19. )
Leg extensor (kg) 227.7 £459 2513 *610 0.204 Health and Researc}.l Pr‘r(’)gram
Bymariciest of the European Union.” Dur-
Dumbbell raise (reps/min) 76 =22 66 = 15 0127  ing the centrifuge run, the
Modified sit-up (reps/min) 46+ 12 4810 0.280 EMG activities were recorded

BMI = body mass index.

from six sites: right and left
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sternocleidomastoid (SCM), right and left trapezius (TRA),
and right and left cervical (CES) erector spinae muscles. The
bipolar surface electrodes were placed on the SCM bilaterally
over the SCM muscle belly, and, respectively, on the CES over
the splenius capitis muscle. For the TRA measurements, the
electrodes were placed over the anterolateral margin midway
between the acromion and occiput. The electrode positions
used were in line with previous EMG studies"*!® among
fighter pilot populations. The preparation before applying the
electrodes included: shaving, sandpapering, and cleaning the
skin. The electrodes used in this study were Norotrode™ Dual
electrodes (Myotronics, Inc., Kent, WA) with an interelec-
trode distance of 22 = 1 mm. Measured signals were pream-
plified 1000 times. The signal band varied between 20 and 500
Hz, and it was full-wave rectified and averaged with a 100-ms
time constant during the whole exposure.

The recorded EMGs in the centrifuge were normalized to
EMGs recorded during isometric MVC. The MVC testing was
done prior entering the centrifuge with the same electrodes
and their placements. MVC was performed as isometric con-
tractions for cervical flexion (for SCM), shoulder rise (for
TRA), and cervical extension (for CES). The results in this
study are expressed as the percent of the maximal voluntary
contraction of the measured muscle (% MVC). Each subject
was tested after mandatory and controlled warm-up proce-
dures and each subject was instructed to push maximally for
3 s with strong verbal encouragement. Each muscle group was
separately tested three times with a 1-min rest between the
tests and the best performance according to the highest force
value was taken into further analysis.

After the subjects positioned themselves in the gondola,
the centrifuge started to idle at +1.4 G,. The standardized GO
was done before any other +G, exposure on the same day. The
total time of the measured exposure was (from +1.4 G, idle to
+8.0 G,) 66 s. The subjects did not wear helmets due to the

centrifuge training regulations of FINAF and they were
instructed to avoid unnecessary head movements for safety
reasons. There were two subjects from the inexperienced
group and one from the experienced group who did not suc-
ceed in pulling the maximum +8.0 G,. These three subjects
stopped their gradual onset at +7.0 G, due to severe arm pain.
The passive G tolerance (PGT), which was determined by the
centrifuge instructor, was measured in both groups. It is indi-
vidual at which G, level a pilot starts AGSM (due to tunnel
vision) during standardized GO. Every pilot of the present
study had the same experience of centrifuge runs (two prior
to the test run) before the measurement. Respectively, every
pilot had the same anti-G straining maneuver training with
the same instructors.

Statistical Analysis

The Student’s t-test was used for comparison between demo-
graphic information and strength test results among the experi-
enced and nonexperienced pilots (Table I) as well as comparison
between passive G tolerances. Respectively, we used the Stu-
dent’s t-test to compare the statistical difference between levels
of the measured variables (EMG) between the two groups in
each measurement point separately. The level of significance
was set at 0.05.

RESULTS

Fig. 1 demonstrates that EMG activity increases with increas-
ing G,. The mean activity increased in all measured muscles
with both the experienced and inexperienced groups. The
mean activity of the measured muscles for both groups is pre-
sented in Table II. The pilots without HPA experience had
significantly higher muscle activities in the sternocleidomas-
toid of the neck flexor muscles (F = 4.8, df = 23, P = 0.04)

EMG (2 mV) —

EMG (-1 mV)

EMG (1 mV) —— W

Time O0s.

EMG (-2 mV)

T T |563.

Fig. 1. A representative example of a raw EMG signal of the right trapezius muscle and the respective increase of +G, forces as a function of time.

92 AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 88,No.2  February 2017

SS900E 93l} BIA €1-G0-GZ0g 1e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awnidy/:sdiy wouy papeojumoq



Table Il. The Mean (= SD) EMG (% max) of the Measured Muscles.
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TIME (s) 0-5 15-20 30-35 45-50 60-65"
+G; LEVEL 1.4-1.9 29-34 4.4-49 5.9-6.4 7.4-7.9
Sternocleidomastoid, L (IE) 14 (* 05) 3.8(*28) 9.1(+77) 202 (£ 125) 300 (* 134)*
Sternocleidomastoid, L (Exp) 13(£05) 29 (£ 20) 56 (% 3.1) 175 (£ 74) 204 (£ 7.8)*
Sternocleidomastoid, R (IE) 20(*x32) 33(*58) 6.7 (+ 9.5) 180 (%= 17.5) 29.0 (% 28.7)
Sternocleidomastoid, R (Exp) 1.1 (£ 06) 20(£13) 49 (% 3.1) 169 (= 11.9) 227 (£ 17.5)
Erector spinae, L (IE) 45(*x22) 9.0(*54) 170 (% 9.0) 340 (* 184) 492 (£ 276)*
Erector spinae, L (Exp) 42(*x27) 84 (*54) 150 (% 9.9) 306 (* 13.7) 5(x 100)*
Erector spinae, R (IE) 37(x£27) 7.7 (£ 49) 148 (+73) 30.2 (£ 144) 42 1(+213)
Erector spinae, R (Exp) 45(+32) 85(* 5.6) 155(+9.3) 325(* 15.8) 339(x 128)
Trapezius, L (IE) 39(x35) 94 (* 68) 188 (+ 22.5) 306 (% 395) 350(*392)
Trapezius, L (Exp) 29(*+29) 75(+47) 11.8(*48) 23.1(x11.0) 258 (* 39.2)
Trapezius, R (IE) 19 (% 25) 72(x£84) 125(= 114) 202(=172) 322(*218)
Trapezius, R (Exp) 38(x5.1) 9.5(x 80) 164 (+10.7) 24.9(*169) 259 (% 21.8)
L = left side, R = right side, IE = inexperienced pilots, Exp = experienced pilots.
'One subject in each group did not increase the level to >7.0 +G,; *indicates significance.
and the erector spinae of the neck extensor muscles (F = 4.7, DISCUSSION

df = 23, P = 0.04) on the left side during the last 5 s of the
recorded period at G levels exceeding +7.4. The respective
results from the recordings taken from the trapezius muscle
were also higher among the pilots without HPA experience
(Table II), but this difference was not statistically significant
between the groups.

The combined (left and right side) mean EMG % was sig-
nificantly higher among the pilots without HPA experience.
The combined mean EMG % was 29.5% (= 29.0) in the ster-
nocleidomastoid muscles and 45.7% (24.7) in the erector spi-
nae muscles among the inexperienced and, respectively, it was
21.6% (* 12.7) and 32.7% (= 11.4) among the experienced
pilots (Fig. 2). There was one subject in both groups who
could not reach 65 s of GO.

The PGT was significantly (F = 6.5, df = 24, P = 0.018)
higher among pilots with HPA experience. The mean level of
PGT among inexperienced and experienced pilots was +4.6 G,
(% 0.6) and +5.0 G,, (* 0.2), respectively (Fig. 3). There was
no association between AGSM starting time and any muscle
activity.
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The main finding of the present study was that experienced
pilots had less muscle activity during +7.4-+7.9 G, than their
inexperienced counterparts. When these results were com-
pared to the study of Ang' done in the same centrifuge, higher
relative EMG activities in the neck flexor (sternocleidomastoid)
and extensor (splenius capitis) muscles were observed even
without a helmet in the present study. One explanation for the
difference between the results could be that in Angs' study,
only very experienced senior test pilots with mean flight experi-
ence (flight hours) of 2570 h participated. When our results are
compared to previous in-flight studies,'? it can be seen that
peak values are much higher in the real aircraft, where over 50%
of MVC peak values are common. This was predictable because
of the lack of head maneuvering and helmet weight in our pres-
ent study.

Furthermore, we could accept our hypothesis that pilots
without any HPA experience would have higher muscle activ-
ities in the neck flexor and extensor muscles, but only at the
highest +G, forces. When muscle activity was compared to

Sternocleidomastoideus

EMG (%)

+Gz Force

1.4-1.9 29-34 4449 59-6.4 74-19

Fig. 2. The mean (= SE) EMG (%) of the erector spinae (left) and sternocleidomastoideus (right) muscles among experienced (solid line) and inexperienced (dotted

line) pilots with increasing G exposures.
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neck muscle activity due to
increased loading."'® According
to these studies, it can be assumed
that a helmet would have increased
muscle activity.

In addition to the absence of
the helmet, the absence of large
head movements have to be taken
into account when examining the
present (EMG) activity levels and
comparing them to in-flight stud-
ies. In the present study, we con-
sciously missed the opportunity to
measure the effect of head move-
ment to ensure the safety of our
subjects. In the neutral position,
the cervical spine is capable of
supporting large external loads
and, thus, spinal injuries in the
centrifuge (while the head is in its
neutral orientation) are rare. In

Inperienced Group

Fig. 3. The mean (= SE) passive G tolerance between the groups.

individual AGSM, it was not related to the starting time of
AGSM. Interestingly, the passive G tolerance (the time when
AGSM was started) was 0.4 G, less with inexperienced pilots.
That finding might be due to G tolerance adjusted beforehand
or courage due to experience to start AGSM later. Measuring
passive G tolerance was not part of our aim, but rather an inci-
dental output which we were able to gather from the instruc-
tors’ records. Nevertheless, we think that time of AGSM is
related to physical loading of HPA pilots and, therefore, worth
publishing among our other findings.

We point out that flight duty itself might be more demand-
ing and cause more muscle fatigue to less experienced pilots
due to longer AGSMs and higher muscle activity. The present
sample is representative of the FINAF pilot community of
the ages between 22-25 yr. Both groups were similar in
demographics and physical fitness to FINAF pilot. In addi-
tion to that, both groups had exactly the same AGSM train-
ing with the same instructors and similar experience of
centrifuge runs (two runs on previous days on the same
week as testing GO was performed). Because the only dif-
ference between the groups was experience of flying HPA,
we consider the results to be applicable to the whole FINAF
pilot community.

When examining the results of the present study, it should
be considered that our subjects did not wear helmets due to
centrifuge training regulations of FINAF. The helmet weight
alone has been reported to increase muscle activity in the cer-
vical muscles in a high +G, environment,'* while using lighter
helmets has been reported to reduce mean muscular activity
from the cervical muscles.® When night-vision goggles are
added to a standard helmet, it appears to cause even greater

Experienced Group

real aircraft, the common “check
six” (observing behind the air-
craft) procedure requires rotation
accompanied by extension, which
are both beyond the limit of high-risk movements'® which have
well been described in the literature.>'> Those movements
include: rotations exceeding 35°, extensions exceeding 30°, and
flexions exceeding 15°. Thus muscular activity in the cervical
muscles increases with both increasing of +G, forces and head
movements.”

Besides the absence of flight helmets, the simulation setup of
the present study may be considered as close to real aircraft
flight as possible, including real aircraft hardware such as a
Martin-Baker ejection seat as well as a realistic stick and throt-
tle. The lack of head movements and helmet weight makes com-
parison to other studies difficult. However, this does not affect
the results of the present study, when the other aim, comparing
the muscle activity between experienced and inexperienced
pilots, is examined.

For further studies, these test pilots will be followed in
order to find out the relationship between neck muscle MVC
and possible later flight-related neck symptoms. It has been
shown that fighter pilots with neck pain have a significantly
lower neck extensor muscle MVC than their counterparts
without neck pain.? Yet it has not been established whether
the pain causes lower muscular activity or vice versa and
the predictive role of higher MVC in the neck muscles is
uncertain.

In conclusion, the results of the present study indicate that
muscle activities in the neck and shoulder muscles are rela-
tively high when increasing +G, forces even without the addi-
tional weight of the helmet and even the head when it is in its
neutral orientation. In this study sample, the pilots without
any HPA experience had significantly higher muscle activity
(at over +7.4 G,) and, thus, lower passive G tolerance than
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their counterparts who had experience of HPA. Therefore, the
same flight mission with +G, exposure could be more fatigu-
ing with less HPA experience.
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