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ABSTRACT OF THE THESIS 
 
 
 

Whole Body Vibration of Military Aircrews on MH-60 
 

 Seahawk Helicopters:  
 

Risk Assessment in Relation to Lower Back Pain 
 
 
 

by 
 
 
 

Cynthia Gelpi Blackman 
      
      
      

Master of Science in Environmental Health Sciences  

University of California, Los Angeles, 2019  

Professor Wendie Robbins, Chair  

 

In the United States, whole body vibration (WBV) affects approximately 6 

million workers who regularly operate trucks, buses, heavy equipment, forklifts, 

planes, helicopters, small marine craft, high-speed crafts, and ships. Continuous 

exposure to excessive levels of vibration can cause irreversible damage to the 

human body. Prolonged exposure to whole body vibration has been linked to 

various adverse health outcomes including physiological effects, musculoskeletal 

disorders, as well as diseases of the nervous, digestive, and circulatory systems 

(Byeon et al., 2013).  
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There is a high prevalence of back pain among aircrew in the MH-60S 

community that can potentially jeopardize operational readiness and safety in the 

military. Questionnaire data for 884 aircrew personnel sitting on the left and right 

gunner seats of the MH-60S helicopter were collected from 11 September 2017 

to 11 September 2018. 854 of the 884 aircrew (96.6%) responded that they 

experienced back pain. The average pain reported by aircrew personnel 

experiencing pain on a scale from 0 to 9 was 4.79 with a standard deviation of 

1.84. Vibration data collected, using tri-axial seat pad accelerometers, showed 

that 89% of the flying events that were evaluated exceeded the American 

Conference of Governmental Industrial Hygienist (ACGIH) action level, defined 

as half of the threshold limit value, with 22% of the events exceeding the 

threshold limit value. The threshold limit value is the maximum level to which a 

healthy worker can be exposed day after day for a working lifetime without 

adverse effects. 

Per the ISO 2631-1 standard, since each of the flying events had crest 

values greater than nine, the vibration dose value was calculated for this study. 

After calculating the vibration dose value for each of the flying events it was 

found that all 18 (100%) of the flying events exceeded the action limit and of 

those 44% of the flying events exceeded the limit value. Aircrew sitting in the 

current gunner seats have the potential to be exposed to whole body vibration 

exceeding both current ACGIH TLV and AL as well as ISO 2631-1 Limit and 

Action values. 
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I.  INTRODUCTION 

 Power projection is the cornerstone for the United States’ twenty-first 

century Navy. The United States Navy has two means of projecting power 

overseas: air power and sea power (Naval Operations Concept, 2010). The MH-

60S Seahawk is a twin engine, medium lift, utility or assault high performing 

maritime helicopter built by Sikorsky that plays a role in power projection. The 

MH-60S Seahawk missions include Antisubmarine Warfare (ASW), Anti-Surface 

Warfare (SUW), Electromagnetic Warfare (EW), combat support, humanitarian 

disaster relief, Combat Search and Rescue (CSAR), aero medical evacuation, 

special warfare (SPECWAR) and organic Airborne Mine Countermeasures. The 

MH-60S has various upgrades compared to its predecessors including a glass 

cockpit and significant mission improvements for greater flexibility, however the 

gunner seat design has not been upgraded since the inception of this aircraft in 

1979. 

Whole body vibration (WBV) affects approximately 6 million workers in the 

United States who regularly operate trucks, buses, heavy equipment, forklifts, 

planes, helicopters, small marine craft, high-speed crafts, and ships. Continuous 

exposure to excessive levels of vibration can cause irreversible damage to the 

human body. Prolonged exposure to whole body vibration has been linked to 

various adverse health outcomes including physiological effects, musculoskeletal 

disorders, as well as diseases of the nervous, digestive, and circulatory systems 

(Byeon et al., 2013).  
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 Sailors, Marines, Soldiers, and Airmen are the primary asset of the United 

States Armed Forces. As such protecting their health and wellbeing from 

chemical, biological, and physical health hazards present at or coming from the 

workplace is a top priority. Significant gaps exist in the knowledge and 

understanding about the effects of whole body vibration on the health of aircrew 

embarked on the MH-60S helicopter. This study aimed to characterize the MH-

60S aircrew’s exposure to continuous and impulsive whole body vibration during 

normal flight operations, and to examine the associations of such vibration 

exposure with health outcomes among MH-60S aircrew. 

II.  LITERATURE REVIEW 
 

A. Whole Body Vibration  
 
Whole body vibration (WBV) is a form of mechanical vibration transmitted 

through a supporting surface to the body, from surfaces including floors, seats 

and walls. There are four factors that must be considered when dealing with 

WBV: magnitude of vibration or acceleration, repetition rate of the oscillation 

cycles or frequency, direction, and duration. The direction or axis/axes from 

which the vibration enters the body refer to the three mutual perpendicular axes 

(x-, y-, and z-axis) and three rotational axes that differ between seated, standing, 

and recumbent positions. Variation with time must also be taken in to 

consideration since vibration can be periodic or non-periodic as well as 

predictable or unpredictable.  
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Figure 1. Depiction of x-, y-, and z-axis that differ between seated, standing, and 

recumbent positions 
 
B.  Resonance Frequency and Whole Body Vibration 
  
Resonance frequency occurs when an external force drives an object to oscillate 

with greater amplitude than originally applied. All objects or masses have a 

resonant frequency and vibration forces contribute to it.  Resonance frequency is 

the relative maximum of response amplitude. At frequencies greater than or 

equal to two hertz (Hz) the body does not vibrate as a single mass. Individual 

body parts and organs have their own natural resonant frequencies, which 

amplify input vibrations. Different frequency ranges have different effects on 

different parts of the body.  Frequencies 4-8 Hz are most effective for vertical 

vibrations. Frequencies 2.5-5 Hz generate strong resonance in neck vertebra and 

the lumbar region that can cause an amplification of up to 240%.  Frequencies 4-

6 Hz generate resonance in the trunk with an amplification of up to 200%. Finally, 

frequencies 20-30 Hz generate resonance between the head and the shoulders 

with an amplification of up to 350%.  Vibrations from helicopters are generally at 

frequencies related to the speed of revolution of the main rotor (4-11 Hz), tail 

rotor (30-60 Hz), and the engine (110 Hz) (Balasubramanian, Dutt, & Rai, 2011). 
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Therefore, aircrews are exposed to vibrations that coincide with the resonant 

frequencies of their bodies.  

C. Whole Body Vibration and Lower Back Pain 

Various studies have shown that WBV and postural factors are the main 

contributors to the occurrence of Lower Back Pain (LBP) (Balasubramanian et 

al., 2011; Bongers et al., 1990). These results come from a variety of direct 

measures of WBV as well as self-report surveys. WBV and posture combined 

lead to weakening of muscles, which results in a higher fatigue rate when 

compared to healthy muscle. Fatigue as defined by Bongers et al. as the time-

dependent summation of internal and external influences, which adversely affect 

human performance, irrespective of any subjective awareness either of the 

influences or of the impairment. Fatigue when experienced by helicopter pilots 

and aircrew can be detrimental not only to their ability to stay on task but also to 

their ability to maintain their posture to minimize the effects of WBV on their 

bodies. According Byeon et al., in musculoskeletal disorders, the incidence of low 

back pain, degenerative osteoarthritis, disc changes, and herniated nucleus 

pulposus in spines are higher in employees with job categories involving WBV 

exposure than in those without WBV exposure. The lengths of exposure as well 

as the frequency of the exposure exacerbate the impact of WBV on the 

individual. Helicopter crews are subjected to WBV due to vibrating floors and 

seats, which contact almost the entire body. Numerous studies on WBV 

exposure on pilots have been conducted (Bongers et al. 1990, Byeon et al. 2013, 

de Oliveira & Nadal 2001, and Harrer et al. 2005). Studies involving helicopter 
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pilots measured the WBV exposure during various flights which included different 

flight patterns as well different mission lengths (Bongers et al. 1990, Byeon et al. 

2013, Harrer et al. 2005).  

In Bongers et al., vibration measurements were taken on four types of 

rotary aircraft. Vibration measurements for each of the aircrafts evaluated in the 

study are as follows: Alouette III average rms of 0.60 with an exposure time of 2 

to 4 hours, Bolkow 105 average rms of 0.45 with an exposure time of 3 to 7 

hours, Sikorsky 61 average rms of 0.36 with an exposure time of 4 to 13 hours, 

and the Sikorsky 76 with an average rms of 0.38 with an exposure time of 5 to 10 

hours. In Raffler et al., vibrations were taken on a helicopter co-pilot seat. The 

data was collected on a helicopter but the helicopter type was not specified, 

however the average rms was 0.37 with an exposure time of 54 minutes and 34 

seconds. In de Oliveira & Nadal, vibration measurements were taken on 5 

Sikorsky S-76’s and 7 Bell 412 helicopters. The vibration measurements were 

evaluated together in this study with a mean rms of 0.54 with a standard 

deviation of 0.12. The Sikorsky 61 is a medium-lift transport/airliner. The Sikorsky 

76 is a twin turbine, 14-seat commercial helicopter. The Alouette III is a single 

engine, light utility helicopter developed by French aircraft company Sud 

Aviation. The Bolkow 105 is a light twin engine, multipurpose helicopter 

developed by Bolkow of Ottobrunn, West Germany. The Bell 412 is a twin-engine 

utility helicopter manufactured by Bell Helicopter. 
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Author(s) Year Helicopter 
Type/Model 

Vibration 
Measurements 

aRMS (m/s2) 

Exposure 
Time 

(hours) 
Bongers, et al. 1990 Alouette III 0.60 2-4 

Bolkow 105 0.45 3-7 
Sikorsky 61 0.36 4-13 
Sikorsky 76 0.38 5-10 

De Oliveira & 
Nadal 

2005 Sikorsky S-76 
Bell 41 

0.54 (0.12)* 4-8 

Kasin, et al. 2011 S92A 3AVG 0.51 ** 
  S92A 6AVG 0.42 ** 

EC135 T2 0.35 * 
Super Puma 0.33 * 

Bell 412 0.34 * 
Sea Lynx 0.39 * 
Sea King 0.32 * 

Raffler, et al. 2010 ✝ 0.37 0.91 
TABLE I. Summary of Vibration Measurements from Literature 
 * Data collected from two airframes and 12 flights were averaged 
** RMS measured a an 8-hr Time Weighted Average (A(8)) 
 ✝ Helicopter Type/Model not specified in study 
 
Bongers et. al. found that their data suggested that back pain in short 

duration develops into more serious back pain with increasing hours of total flight 

time or vibration does. In Bongers et. al., they found the prevalence of transient 

back pain increased with increasing daily exposure time and more chronic back 

pain increased with total flight time and total vibration dose. Bongers et. al. 

learned that young pilots (<30 years old) with only a few hours of flight time had a 

high prevalence of back pain and that prevalence of ‘chronic’ back pain was only 

elevated after 2000 hours of flight time. 

To determine the potential for LBP outcomes among aircrew in MH-60S 

helicopters, an exposure assessment of whole body vibration during normal flight 

operations associated with LBP was necessary. 

 D. Guidelines for Whole Body Vibration 



	 7	

Since whole body vibration affects over six million workers across the United 

States and even more workers worldwide, there are several organizations that 

have set up guidelines for whole body vibration exposure. The American 

Conference of Governmental Industrial Hygienists (ACGIH) developed threshold 

limit values (TLVs) for whole body vibration as guidelines to assist in the control 

of health hazards associated with exposure to this physical agent. The TLVs 

developed by the ACGIH refer to the maximum weighted accelerations for a 

given exposure duration that healthy workers may be repeatedly exposed to 

within a 24-hour period with a low probability of health risks.  

 The International Organization for Standardization (ISO) is a worldwide 

federation of national standards bodies. ISO 2631 defines methods for the 

measurement of periodic, random and transient whole-body vibration. It indicates 

the principal factors that combine to determine the degree to which a vibration 

exposure will be acceptable.  

 ACGIH TLVs and action levels (AL, defined as half of the TLV) coincide 

with the upper and lower boundaries of the Health Guidance Caution Zones 

defined in ISO 2631-1 (ISO, 1997, 2003, 2010). TLVs and ALs determined by the 

ACGIH are based on the rms method, which measures vibration acceleration as 

a vector with magnitude expressed in units of meters per second squared (m/s2). 

The TLVs and ALs listed in the ACGIH TLVs and BEIs handbook and shown in 

TABLE I are valid for vibration with crest factors (ratio of weighted peak 

acceleration to weighted rms acceleration) of 9 or less (ISO, 1997, 2003). For 

vibration measurements with crest factors greater than 9, TLVs and ALs may 
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underestimate the effects of whole body vibration on the worker being exposed. 

For situations in which the crest factor is greater than 9, the Vibration Dose Value 

(VDV) method should be used in addition to the rms method. The VDV method is 

dependent on the duration of measurement and should not be applied to 

exposures lasting more than six hours. For exposures lasting more than six 

hours, the TLV and AL associated with the rms method should be applied to 

assess health risk (ACGIH, 2019).  

 
TABLE II.  Whole Body Vibration TLVs and ALs  

 

In the 2019 Notice of Intended Change, ACGIH added the ISO 2631-1 

method for impacts that exceed 9.82 m/s (1g peak) allowing no more than 10% 

risk of injury. For vibration exposure with shocks or impacts that exceed 9.81 m/s 

(1 g peak), the stress variable R, should be calculated in accordance with ISO 

2631-5 and should not exceed a value of 1.6 (ACGIH, 2019). This R value 

corresponds to a relatively low risk of injury.   

III.  METHODS 
      

A.  Study Population 
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The study population consisted of active duty Sailors between the ranks of 

Airmen (E-3) and Master Chief Petty Officer (E-9), pooled from various 

commands. All were members of the United States Navy working in naval 

aviation as aircrew personnel. All were assigned to the MH-60S community. Due 

to their assignment to the MH-60S community, their overall cumulative exposure 

to WBV is associated to this platform. WBV data were collected primarily on 

aircrew from a training command as well as a special projects officer not from the 

aviation community. The naval aircrew community is comprised of both female 

and male Sailors, however the majority of those in the community are male.  

B.  Questionnaire 
 
The questionnaire was adapted from those used in other studies on the health 

effects of occupational vibration (Musson et al. 1987, Boshuizen et al. 1990, 

Bongers et al. 1990), and was developed by Naval Flight Surgeons in 

conjunction with Air Wing Safety Officers. The domains included cumulative 

exposure, symptoms of ill health (focusing on symptoms of the musculoskeletal 

system), and potential confounding factors. Average daily and weekly hours of 

flight were collected, as well as cumulative hours flown. Questions were also 

asked to establish the prevalence of back pain directly associated with the most 

recent flight. Questionnaires were completed immediately after the participants 

completed their flying mission for that day.  

Questionnaire data were collected from 1,377-helicopter aircrew. All of the 

participants underwent the same medical examination of the vertebral column 

and basic training upon entry to military service. Whole body vibration data were 
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collected from United States Navy personnel sitting in the left and right gunner 

seats. Questionnaire data for the left and right gunner seats were collected from 

884 aircrew personnel. 

C. Equipment/Apparatus  

 1. Sikorsky MH-60S Seahawk  

 The MH-60S is a twin turbo shaft engine, multi-mission United States 

Navy helicopter. Its missions include vertical replenishment, medical evacuation, 

combat search and rescue, anti-surface warfare, maritime interdiction, close air 

support, intelligence, surveillance and reconnaissance, and special warfare 

support. It is deployed aboard aircraft carriers, amphibious assault ships, 

Maritime Sealift Command ships, and fast combat support ships. The standard 

crew for the MH-60S consists of one pilot, one co-pilot, and two tactical aircrew 

depending on the mission.  

  
Figure 2. MH-60S Seahawk Helicopter 

 2.  Tri-axial Accelerometer 

 Seat pad tri-axial accelerometers provide simultaneous measurements in 

three orthogonal directions, for analysis of all of the vibrations being experienced 

by a structure. Each unit incorporates three separate sensing elements that are 
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oriented at right angles with respect to each other. Manufactured by PCB 

Piezotronics, models SEN021F and SEN022 were used for this study. Each unit 

weighed 220 grams.  

 
Figure 3. Seat pad Tri-axial Accelerometer 

 3. VI-400Pro: 4-Channel Human Vibration Analyzer & Real-Time 
Sound Analyzer 
 
 The VI-400Pro is an all-digital full spectrum frequency analyzer that is 

ideal for use in the field, its rugged and versatile design allowed for the seamless 

use of this handheld device within the helicopter. The VI-400Pro can analyze up 

to four input channels simultaneously. Each channel includes 1/1 or ⅓ real time 

octave band data. Of the four available channels, three are typically used for tri-

axial vibration measurements. The fourth channel may be simultaneously used to 

analyze either sound or an additional single axis of vibration. The VI-400Pro 

meets ISO requirements for human vibration and sound measuring devices. The 

device has dimensions of 44x84x145mm and weighs 520g without batteries and 

620g with batteries. The devices power requirements include the use of four AA 

alkaline batteries. 
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Figure 4. VI-400Pro: 4-Channel Human Vibration Analyzer & Real-Time Sound 

Analyzer 
 

 4. QuestSuite Professional II Data Management and Analysis 
Software 
  
 QuestSuite Pro II software is used for recording, reporting, charting and 

analyzing occupational and environmental exposures in conjunction with the VI-

400Pro.  

D.  VIBRATION MEASUREMENTS 
 
Tri-axial vibration measurements were conducted in accordance with the ISO 

2631-1:1997 guidelines. Tri-axial seat pad accelerometers were placed on each 

seat measuring vibration levels in the X, Y, and Z-axes. The tri-axial 

accelerometer as depicted in the left image of figure 5 is placed in the center of a 

hard rubber disc per ISO 10326-1(ISO, 2016) to form the seat pad 

accelerometers used for this study. One seat pad, containing the tri-axial 

accelerometer, was placed on the left and right gunner’s seats of the Sikorsky 

MH-60 Seahawk respectively.  Accelerometers were placed on the gunner seat 

bottoms and mounted using duct tape per ISO 2631-1 standards for whole body 

vibration measurement. Connection cables between the accelerometer and the 

recorder were routed through the lower front facing corner of the seat frame. The 
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VI-400Pro and all cabling not affixed to the seat was placed in a pelican case and 

stored in the storage space behind each respective seat. WBV levels were 

measured for personnel sitting upright in the left and right gunner seats of MH-

60S helicopters during familiarization flights, search and rescue (SAR) over land, 

or water, and during tactical deployment. The vibration levels for each seat were 

averaged based on one-minute intervals, recorded using the VI-400Pro Real-

Time Vibration Analyzer manufactured by Quest Technologies. Collected data 

were uploaded to a computer and analyzed using QuestSuite Professional II 

software. Vibration levels were measured under representative flight conditions. 

Acceleration levels of the vibration were dependent on the type of flight. 

 

  
Figure 5. Tri-axial Accelerometer Setup 



	 14	

  
Figure 6. Seat pad Tri-axial Accelerometer Placement  

E.  CALCULATION OF WHOLE BODY VIBRATION EXPOSURE 
 
The whole body vibration exposure parameters were calculated from minute-by-

minute data collected via the VI-400Pro. The data were used to determine the 

weighted root-mean-square (rms) acceleration. For instances in which the crest 

factor, defined as the modulus of the ratio of the maximum instantaneous peak 

value of the frequency-weighted acceleration signal to its rms value, is greater 

than nine, both the basic value (rms) and the vibration dose value (VDV) were 

calculated for each axis (x, y, and z) (ISO 2631-1:1997). The fourth power 

vibration dose method is calculated because it is more sensitive to peaks than 

the weighted rms method since the weighted rms method may underestimate the 

effects of vibration with high crest factors (>9). The VDV accounts for transient 

vibration and vibration combined with occasional small shocks. For both the rms 

and VDV, measurements taken on the x and y axes are given a weighting of 1.4 

times the measured value while the Z axis is given a weighting of 1.0. The 

weighting is done to reflect the health effects for each respective direction. The 
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weighted rms and VDV values found in the ISO standards were calculated using 

the following formulas.  

𝑎!" = 𝑘!
!
!

𝑎!"! 𝑡 𝑑𝑡!
!

!
! 

𝑉𝐷𝑉 = 𝑘! 𝑎!"(𝑡) ! 𝑑𝑡!
!

!
! 

where:  𝑎!"  =  The overall weighted rms acceleration for the l-axis 
kl  = The multiplying factor for direction (for l = x, y, k = 1.4;       

for l = z, k = 1.0) 
               𝑎!" 𝑡  =  The weighted acceleration as a function of time  

between 0.5 and 80 Hz  
T = Duration of the measurement(s) 

 𝑉𝐷𝑉!"!#$ =  𝑉𝐷𝑉!!!
!
! 

The applicable American Conference of Governmental Industrial Hygienist 

(ACGIH) Threshold Limit Value (TLV) and Action Levels (AL) were calculated for 

each flight using the following formulas. 

𝑇𝐿𝑉 𝑎𝑡 𝑇𝑖𝑚𝑒 𝑇 ℎ𝑟𝑠 =  !.!!"#
!

 

𝐴𝐿 𝑎𝑡 𝑇𝑖𝑚𝑒 𝑇 ℎ𝑟𝑠 =  !.!!"#
!

 

F.  STATISTICAL ANALYSIS 

Data were analyzed using STATA Release 15 statistical software. The mean and 

standard deviation were used to describe normally distributed continuous data. 

With categorical data defined as counts, the Mann-Whitney test was used to 

assess the associations between flying hours and back pain. To investigate the 

associations between the exposure variables and the health outcomes from the 

survey, adjusted multivariate logistic regression analyses were conducted. Each 
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association was reported as an odds ratio with its corresponding 95% confidence 

interval (95% CI). 

IV.  RESULTS 

A. Questionnaire  

Questionnaire data were collected from 1380 MH-60S aircrew personnel. Of the 

1380 aircrew personnel, 884 were seated in either the left or right gunner seats. 

854 of the 884 aircrew (96.6%) responded that they experienced back pain. The 

average pain reported by aircrew personnel experiencing pain on a scale from 0 

to 9 was 4.79 with a standard deviation of 1.84. The average flight for the day the 

aircrew responded to the questionnaire was 3.43 hours with a standard deviation 

of 1.32 hours. Over the last 30 days those that responded to the questionnaire 

flew an average of 24.0 hours with a standard deviation of 12.0 hours. Those 

who responded had on average a total of 1000 -1250 cumulative flight hours. Of 

those who responded, the most responses came from those in the categories 

with > 2500 and those < 250 cumulative hours flown.  

Variable n 
 Log 

Geometric 
Mean 

Log 
Geometric 
Standard 
Deviation 

Pain Level 884 4.6 1.5 
Hours Flown Today 884 3.3 1.5 
Approximate Flight Hours 
Over the Last 30 Days 884 20.7 1.8 

Total Cumulative Hours 
Flown 884 967.6 2.2 

TABLE III. Summary of Questionnaire Results 
 
 In order to determine the most important predictors of back pain 

(categorized as yes vs. no) associated with flying, a multiple logistic regression 

was used. A theoretical model was developed incorporating predictors of back 
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pain. The predictors included in the model were hours flown today, the 

approximate number of hours flown in the last 30 days and cumulative hours 

flown. Amongst these variables, hours flown today and approximate hours flown 

in the last 30 days were statistically significant predictors of back pain. Based on 

this model, hours flown that day almost doubled an aircrew’s risk of back pain. 

For each incremental hour flown on that day the risk of aircrew personnel 

experiencing back pain increases by 1.8 times. The Mann-Whitney test was used 

to assess the associations between hours flown, approximate hours flown in the 

last 30 days, cumulative hours and whether or not aircrew experienced back 

pain. Based on this test there was an association between back pain level and 

hours flown today (OR=1.80, CI:1.26-2.58; p=0.002) and approximate hours 

flown in the last 30 days (OR=1.07, CI: 1.02-1.11; p=0.003). 

 
Figure 7. Self Reported Back Pain Level During Flight 
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Figure 8. Breakdown of Cumulative Hours Flown 

      
      

 
Figure 9. Count of Back Pain by Cumulative Flight Hours 

 
 

Variable Odds 
Ratio 

95% Confidence 
Interval p-value 

Hours Flown Today 1.80 1.26 – 2.58 0.001 
Approximate Hours Flown 
in the Last 30 Days 1.07 1.02 – 1.11 0.001 

Cumulative Hours Flown 
(Lifetime) 1.00 1.00 – 1.01 0.125 

TABLE IV. Predictors of Back Pain Associated with Flying among Aircrew 



	 19	

 
 

B. Exposure 

Vibration data collection events ranged from 119 to 352 minutes with geometric 

mean is 156.72 (GSD 1.45). The measured exposure for the sampling periods 

ranged from 0.74 to 2.15 𝑚/𝑠!with mean 1.44 𝑚/𝑠!and standard deviation 0.44. 

Calculated VDV for the sampling periods ranged from 13.46 to 39.26 𝑚/𝑠!.!" with 

mean 20.16 𝑚/𝑠!.!" and standard deviation 8.34. Using a t-test, it was concluded 

that the mean back pain experienced in the left gunner seat and the right gunner 

seat is the same (p=0.78). The t test also revealed that there was no difference in 

RMS (p=0.92) or VDV (p=0.98) experienced in either seat.  

 
TABLE V. Summary of Vibration Data 
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V.  DISCUSSION 

A. Findings 

This study indicates that the majority of helicopter aircrew (96.6%) who 

responded to the questionnaire in the MH-60S community suffer from back pain. 

The prevalence of back pain is similar to those observed in various other studies 

focused primarily on pilots (Balasubramanian et al., 2011; Bongers et al., 1990, 

Byeon et al. 2013, de Oliveira & Nadal 2001). On a scale from 1 to 9, 1 being 

minor pain and 9 being medical attention required, the average back pain 

reported by aircrew was 4.79. The exposure data collected showed that 89% of 

the flying events that were evaluated exceeded the ACGIH action level with 22% 

of the events exceeding the threshold limit value. Per the ISO 2631-1 standard, 

since each of the flying events had crest values greater than nine the vibration 

dose value was calculated. After calculating the vibration dose value for each of 

the flying events it was found that all 18 (100%) of the flying events exceeded the 

action limit and of those 44% of the flying events exceeded the limit value. 

Aircrew sitting in the current gunner seats have the potential to be exposed to 

whole body vibration exceeding both current ACGIH TLV and AL as well as ISO 

2631-1 Limit and Action values.  

B. Limitations 
 
The study’s participants are not representative of the entire United States Naval 

Aviation community. The United States Naval Aviation community is comprised 

of both fixed wing and rotary wing aircraft. Each aviation platform is different; 
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therefore the data collected for this study is not representative of the community 

as a whole.   

The back pain data collected are based on self-report and members of the 

naval aviation community are known to be reluctant in reporting back pain due to 

fear of being placed on flying restrictions. Reporting back pain and seeking 

medical attention for flying related injuries and illnesses may jeopardize aircrew 

careers. The questionnaire was filled out in an anonymous fashion that may 

account for the response rate however the responses may have been 

downgraded. Therefore the results of this study may underestimate the true size 

of the vibration problem in the MH-60S community.   

 WBV data was collected from July through October 2018 in Southern 

California. The weather during this time was very mild and may not be 

representative of normal flight conditions in all parts of the world. Average 

temperatures for the exposure collection period ranged from 650F to 760F with 

relative humidity ranging between 65-68%. 

Whole body vibration measurements were used to calculate the 8-hour 

time-weighted average assuming zero exposure of personnel for the 

unmonitored portion of the 8-hour work shift when the members were not actively 

flying. This assumption may lead to the underestimation of the true exposure to 

vibration experienced by the aircrew.  

Transmission of vibration depends on body posture. Body posture alters 

the resonance frequency of the body. The tasks performed by aircrew in the MH-

60S is mission dependent. Often these tasks involve twisting of the spine, 
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twisting of the neck, and heavy lifting during rescue operations. For the purposes 

of this study, only vibration was measured not posture.   

 Vibration measurements may have differed slightly between aircraft due to 

maintenance. All aircraft on which data were collected were equipped with and 

utilized an Active Vibration Control System (AVCS). The AVC system helps 

mitigate the severity of these transient maneuvers by reducing the peak vibration 

level at most of the locations of interest within the aircraft. Ten accelerometers 

were placed throughout the aircraft to characterize the aircraft’s vibration 

environment, and the resulting signals are processed by an AVC Computer 

(AVCC). The AVCC determines the optimal control values to minimize the 

vibration at the accelerometers. The AVCC commands are then converted into 

suitable signals to drive a number of single mounting point actuators that produce 

the forces necessary to counteract the airframe vibrations originating from the 

rotor system. 

 The vibration exposure data collected for the majority of the flights was 

based on the assumption that only one individual sat in each gunner seat for the 

entire duration of the flight. However, many of the data collection periods (67%) 

were stopped at the halfway point to allow for seat swaps. Due to these seat 

swaps, the data collection periods did not reflect whole body vibration exposure 

for the individuals in the seat since data collection stopped but the personnel 

were still being exposed. 

 Naval personnel with chronic health problems, including debilitating back 

pain, go through a medical evaluation board. Based on their diagnosis, personnel 
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may be restricted from their primary duties, flying in the case of those in the 

aviation community, transfer to a non-flying duty, or discharge from the service. 

Due to these outcomes, the results from this study may be affected by “survivor” 

bias since only those remaining in active flight status filled the questionnaire. 

C. Recommendations 

Implementation of engineering controls in the form of vibration dampening seats 

may help reduce vibrations felt by aircrew and minimize potential health effects. 

Due to the potential for adverse health effects that may arise from vibration 

exposure in aircrew a follow on study is recommended after mitigation measures 

are implemented.  

Further analysis of the existing data should be conducted. Data collection 

from this study yielded a lot of data that due to time constraints was not fully 

analyzed.  

 Due to the potential for survivor bias in this study and the cross-sectional 

design, the magnitude of the health concerns in question may have been 

underestimated, therefore a longitudinal study of MH-60S aircrew is 

recommended in order to determine the true magnitude of health issues faced by 

this group and to determine the most effective means of reducing risks.  

The MH-60S community is only one of the many communities that make 

up naval aviation as a whole. Naval aviation is comprised of both fixed and rotary 

wing platforms. Each community faces unique challenges and health concerns 

involving vibration exposure. Results from this study validate the need to expand 

the study to other platforms.  
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VI.  CONCLUSIONS  

There is a high prevalence of back pain among aircrew in the MH-60S 

community that can potentially jeopardize operational readiness and safety. This 

study characterized continuous and impulsive whole body vibration exposures by 

the MH-60S. The rms method underestimated the effects of vibration with high 

crest factors (>9). All of the vibration dose values were found to be over the 

action limit with 8 of the 18 events exceeding the limit value. This indicates that 

the impulsive whole body vibration exposures were predominant. Aircrew sitting 

in the current gunner seats have the potential to be exposed to whole body 

vibration exceeding both current ACGIH TLV and AL as well as ISO 2631-1 limit 

and action values depending upon a combination of flight conditions and flight 

duration. This study found an association between back pain and hours flown 

that day as well as approximate hours flown in the last 30 days. The prevention 

of injuries or disorders caused by whole body vibration in the workplace requires 

the implementation of administrative, technical and medical surveillance 

procedures or controls. Such procedures include technical measures aimed at 

elimination or reduction of vibration at the source, appropriate information and 

advice to employers as well as schedule adjustments to maximize rest periods 

between flights. These measures are not solely for military environments but for 

the workforce exposed to occupational whole body vibration. With the knowledge 

gained from this study, mitigation strategies can be developed to minimize the 

health risks associated with whole body vibration in the MH-60S aircrew 

community. 
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APPENDIX A: QUESTIONNAIRE 
 

Questionnaire Item Label 
Date of Flight MM/DD/YYYY 
Aircraft HH-60H/MH-60S/SH-60F 
Hours Flown Today? HR 
Approximate Hours Flown in the 
Last 30 Days? HR 

Enter Your Height in Inches IN 
What Seat Location Was Used? Pilot/Copilot/Left Gunner Seat/ Right Gunner 

Seat/Troop Seat 
Did You Experience Back/Neck 
Pain? Yes/No/NA 

If Yes, Please Select Pain Level 

 
Did Back/Neck Pain Increase 
During Flight? Yes/No/NA 
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