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Abstract  

 

 

Background: Musculoskeletal (MSK) pain has a significant impact on international 

military organisations’ force preparedness and capability. To date, there are no systematic 

reviews synthesising and analysing current available evidence for MSK pain management 

in active serving military populations.  

 

Objective: To identify and determine the effectiveness of MSK pain management 

strategies used in active serving military populations.   

 

Design: Systematic review  

 

Methods: A search of electronic databases (MEDLINE, EMBASE, CINAHL, 

SportDISCUS and PubMed) was conducted to identify randomised control trials (RCTs) 

assessing MSK pain management interventions conducted in active serving military 

populations. Included studies were assessed for quality using GRADE framework and the 

Cochrane group Risk of Bias 2.0 appraisal tool.    

 

Results: Twelve articles met the inclusion criteria, including personnel from all branches 

of military service. Majority of the included studies (9/12 studies) were conducted in US 

military populations. Low back pain was the most common MSK condition addressed 

(10/12 studies). Interventions included: glucosamine-combination therapy, 

multidisciplinary pain programmes, exercise therapy, adjunct manipulative therapy, 

electromagnetic therapy, home cervical traction, and early physical therapy. The strength 

of the body of evidence was assessed as “low” to “very-low” as per the GRADE 

framework, with risk of bias identified as high or of some concern. Studies assessing 
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MSK pain management interventions in active serving military populations were 

typically underpowered and lacked homogenous control groups.   

    

Conclusions: Existing RCTs do not provide a sufficient body of evidence to guide 

military organisations or healthcare professionals in making appropriate treatment 

decisions for managing pain in active serving military populations. Future research in the 

area is encouraged to enable evidence-based recommendations for effective MSK pain 

management in this unique population.    
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Chapter 1 – Introduction 

 

A career in the armed forces is both physically and psychologically demanding. 

Defence personnel are required to maintain an above average level of physical fitness 

(Abt et al., 2016; Andersen, Grimshaw, Kelso, & Bentley, 2016) and mental resilience 

(Lindsay, 2016) to meet the occupational requirements of the modern military. Many 

defence personnel encounter high levels of psychological stress due to the nature of their 

chosen occupation, however psychological stress is not the focus of this review. Rather, 

this review will discuss the relationship between the physical demands of occupations in 

the military and musculoskeletal (MSK) injury and pain, focusing on strategies that have 

been implemented for managing MSK pain in this population. The physical demands of 

military-specific occupations can be unpredictable, with significant training loads and 

high performance requirements rendering the term ‘tactical athlete’ an apt descriptor for 

military personnel (Cameron, Driban, & Svoboda, 2016). Exposure to high physical 

demands is common due to the high operational tempos (rate of military actions or 

missions) and variable environmental conditions (Abt et al., 2016), thus increasing the 

potential risk of sustaining a MSK injury and/or pain (Teyhen et al., 2015; Vallerand, 

Cosler, Henningfield, & Galassini, 2015). Physical demands and subsequent risk of MSK 

injury varies between branches of the tri-service model of military organisations (i.e., 

army, air force and navy), as well as within employment categories (i.e. rifleman, pilot, 

quartermaster, clerk etc.) (Davidson, Chalmers, Wilson, & McBride, 2008; Teyhen et al., 

2018), all of which will be encompassed in this review. 

  

1.1 – Physical demands of working in the military  

Serving in the military is physically demanding given the nature of modern 

warfare and high operational tempos. As a result, service members are required to 
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maintain an above average level of physical conditioning year-round to meet the various 

operational demands and mission-specific tasks, such as wearing of body armour and 

handling weapons, to be ready to deploy when required (Abt et al., 2016; Szivak & 

Kraemer, 2015). Irrespective of occupation or rank, all serving members are deemed 

soldiers first and therefore must always possess the ability to perform essential military 

tasks, ranging from stores carry, soldier rescue and evacuation, to building sandbag 

fortifications (Tingelstad, Theoret, Spicovck, & Haman, 2016). Many of the tasks 

considered crucial to basic military training require a high level of physical capability. 

For example, performing a pack lift or stretcher carry requires a lifting load of 22-23kg 

per person (Carstairs et al., 2018). 

In order to test the capacity of personnel to perform certain tasks, military-specific 

work tasks are assessed and the physical requirements analysed. For example, within the 

Australian Army there are 57 diverse employment specifications, with a job task analysis 

reporting 458 manual handling-based tasks encompassed within these occupations 

(Carstairs et al., 2018). For efficiency, data of manual-handling tasks have been 

synthesised to develop a physical employment standard assessment, with variations 

depending on corps requirements. The purpose of performing a physical employment 

standard assessment is to determine if the physical capacity of personnel matches the 

demands of the job, which in turn may reduce the risk of injury (Carstairs et al., 2018; 

Tipton, Milligan, & Reilly, 2013).   

To assess an individual’s ability to meet the crucial task requirements, defence 

organisations implement physical employment standard assessments and basic fitness 

testing during initial employment training and at various timepoints throughout the year 

(Sharp et al., 2017). Physical fitness testing assists in measuring the basic proficiency 

level required to meet military fitness standards, for despite technological advances 

reducing the physical workload, physical fitness remains key to operational readiness 
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(Rohde, Sievert, Ruther, Witzki, & Leyk, 2015). Physical employment standards vary 

internationally and within branches of defence (i.e. navy, army, air force, marines) as well 

as within corps (i.e. combat arms corps versus all corps standards in army). These 

variations reflect the different demands and distinctive tasks, missions and equipment 

(e.g. boots, body armour) employed by various organisations (Bilzon, Scarpello, Bilzon, 

& Allsopp, 2002; Sharp et al., 2017). When comparing the branches of the tri-service 

military model, army personnel are required to maintain higher levels of basic fitness than 

their air-force and navy counterparts, largely due to the nature of the essential tasks for 

basic soldiering, for example conducting movement under fire and load carriage. These 

physical demands are reflected in the minimum standard for load carriage in the 

Australian Army for all corps personnel, which is a timed 5km march with 25kg 

additional load completed under 55 minutes (Department of Defence, 2014; Sharp et al., 

2017).  

The link between operational readiness and physical fitness is supported by the 

common finding that low physical fitness levels are associated with an increased risk of 

injury, disability and attrition in soldiers (Boye et al., 2017; Molloy, Feltwell, Scott, & 

Niebuhr, 2012; Rintala, Häkkinen, Siitonen, & Kyröläinen, 2015). The primary focus of 

military-specific training is to develop the physical and mental abilities required to 

successfully complete all components of a combat mission with minimal health 

decrement or injury (Epstein, Yanovich, Moran, & Heled, 2013).      

 

1.1.1 – Load carriage  

External loads carried by military personnel are required as part of their 

occupation, with the function of protecting and sustaining the warfighter (Billing, Silk, 

Tofari, & Hunt, 2015; Orr, Johnston, Coyle, & Pope, 2015), but has been identified as a 

potential risk factor for MSK injury and pain in military populations (Jones et al., 1993; 
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Kaufman, Brodine, & Shaffer, 2000; Knapik & Reynolds, 1997). Historically, the 

wearing of combat body armour was restricted to combat soldiers, however in current 

operational conditions with complex ubiquitous threats, all soldiers are required to wear 

body armour during operational deployment. The added external loads of the body 

armour and helmet worn by Australian soldiers can weigh between 10 and 15kg, whilst a 

soldier in “fighting order” carries a weapon and ammunition, as well as other personal 

supplies, increasing the external loads to a minimum of 21.6kg (Treloar & Billing, 2011). 

 

1.1.2 – Military environments  

Occupational functions and environmental factors may differ in a non-deployed 

or garrison setting (i.e. military base where training is conducted) compared to a deployed 

or combat setting. The distribution of tasks and performance times may differ in each 

scenario, however the purpose of non-deployed training is to ensure personnel are 

equipped to meet the requirements of deployment (Boye et al., 2017). Some Australian 

military personnel, especially those in combat service support roles, may rarely wear body 

armour whilst in garrison, only being exposed to sustained periods of wear prior to 

deployment during pre-deployment training. Consequently, they have limited opportunity 

to develop the specific physical conditioning necessary to sustain the constant additional 

external loads required when on deployment (Treloar & Billing, 2011). On average, 

soldiers perform more physically demanding tasks while deployed, but report performing 

similar durations of job-specific tasks (Boye et al., 2017). A review of time spent on 

various tasks when deployed compared to when in garrison indicated personnel spent, on 

average, less time performing seated tasks (-12.7%) and more time patrolling or 

performing tactical marches (12.2%) when deployed (Boye et al., 2017). In addition, the 

operational tempo of the ADF has increased in line with increased commitments to 

international efforts in the Middle East, as well as commitments in Australia’s Near North 
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Area of Influence (Timor-Leste, Bougainville and Solomon Islands). As a result, the rate 

of deployment has become more frequent, highlighting the importance of personnel being 

physically capable of duty at all times (Bleier et al., 2011).  

 

1.2 – Musculoskeletal injury in military populations 

Musculoskeletal injury is a significant issue impacting the operational capability 

and preparedness of military forces (McKinnon, Ozanne-Smith, & Pope, 2009; Teyhen 

et al., 2018). In some cases when severe incapacitation ensues, MSK injury can result in 

personnel being deemed medically unfit for continued service, thus contributing to force 

attrition and ultimately reducing the number available to deploy at any given moment 

(McKinnon et al., 2009).  

Musculoskeletal injury has been identified as the leading cause of medical 

discharges in the Canadian Armed Forces (Hébert, 2016) and the leading contributor to 

disability in the United States military (Teyhen et al., 2018). Historically, reported MSK 

injury incidence rates vary from 3.3 – 34.4 injuries per 100 person-months depending on 

the branch and level of service involved (Kaufman et al., 2000). More recently, the US 

Army reported 50.6% of soldiers incurred a MSK injury over a 12-month period, equating 

to a rate of 2.02 injuries per 1000 person-days (61.4 per 1000 person-months) (Teyhen et 

al., 2018), and tri-service MSK injury incidence of 52.3 injuries per 1000 person-months 

for non-deployed personnel (Hauret, Jones, Bullock, Canham-Chervak, & Canada, 2010). 

New Zealand Defence Force reported 267 MSK injury claims per 1000 person-years over 

an 11-month period (22.3 per 1000 person-months) (Davidson et al., 2008). Australian 

Department of Defence indicated, for the Australian financial year 2005-2006, 7 injuries 

per 100 serving ADF personnel were severe enough to warrant compensation claims 

(McKinnon et al., 2009; Military Rehabilitation & Compensation Commission, 2006). 

Within the tri-service model, army personnel record higher rates of MSK injury than their 



 15 

navy and air force counterparts (Bader, Giordano, McDonald, Meghani, & Polomano, 

2018; Davidson et al., 2008) which may be attributed to the increased risk of exposure 

due to more time spent on the ground and in the field and greater physical demands 

(Andersen et al., 2016; Bader et al., 2018; Davidson et al., 2008; Knox et al., 2011). 

 

1.2.1 – Types of injury 

Military duties are intrinsically dangerous due to the high tempo and physically 

demanding nature, and thus some injuries are unavoidable. However, there is a large 

proportion of injuries that are not combat-related and may result from, or be exacerbated 

by, controllable factors such as physical training and equipment (Andersen et al., 2016; 

Davidson et al., 2008; Orr, Pope, Johnston, & Coyle, 2010). The most common MSK 

injury in the military services is from overuse or repetitive strain (Bader et al., 2018). 

Studies on US military populations report that 69% of all injuries reported by army 

personnel were defined as overuse injuries (Teyhen et al., 2018), with this number 

reaching 82% in non-deployed personnel of all service branches (Hauret et al., 2010). 

Traumatic or acute injuries are most frequently reported as fractures, sprains and strains, 

joint derangements and dislocations, and are more commonly reported in the special 

forces or elite soldier populations (Reynolds et al., 2009). Overall, regardless of the injury 

category, a large proportion of MSK injury are reportedly due to non-combat related 

scenarios (Teyhen et al., 2018), with 40%-65% related to sport or physical training 

(Davidson et al., 2008; Hébert, 2016).  

In military populations, the most common areas affected by MSK injury are the 

lower extremity and lower back regions. The prevalence of lower limb injuries ranges 

from 43% across all services (Davidson et al., 2008) to as high as 80% in the army branch 

of service (Teyhen et al., 2018). The high prevalence of lower limb injury in the army 

branch of service may be attributed to the time spent on the ground in undulating terrain 



 16 

and performing load carriage (Davidson et al., 2008). The prevalence of low back pain 

(LBP) has been reported to account for between 14% and 20% of all MSK injury in 

military populations (Hauret et al., 2010; Hébert, 2016; Morken, Magerøy, & Moen, 

2007; Teyhen et al., 2018), with some rates being less than that of matched civilian 

populations (Ernat et al., 2012; Morken et al., 2007). These findings may be explained by 

the belief that higher levels of physical fitness and activity are a protective factor for MSK 

disorders (Ernat et al., 2012; Morken et al., 2007; Reynolds et al., 2009) or under-

reporting due to personal fears of stigma, losing professional or deployment 

opportunities, or beliefs and attitudes towards healthcare (Dabovich, Eliott, & McFarlane, 

2019). It is argued that the published statistics of MSK injury and pain prevalence in 

military populations provides an incomplete representation due to injury concealment 

being common (Sauers, Smith, Scofield, Cooper, & Warr, 2016). For example, 58% of 

soldiers surveyed within a combat brigade stated they had an injury and did not report to 

medical services (Sauers et al., 2016).    

An exception to the general MSK injury trends for active serving military 

populations is military aircrew occupations, in particular military pilots. The prevalence 

of flight induced MSK injury or pain in active military pilots ranges from 32% to 89% 

(Rintala et al., 2015), with cervical related pain and dysfunction reported between 53% 

and 85% (Hébert, 2016). This is believed to be due to the exposure to G-forces as well as 

the sustained postures adopted for flying (Bridger, Groom, Jones, Pethybridge, & 

Pullinger, 2002; Lange, Toft, Myburgh, & Sjogaard, 2013).     

 

1.2.2 – Risk factors for musculoskeletal injury  

The high incidence and prevalence of MSK injury in active serving military 

populations has prompted investigation into risk factors to inform development of 

preventative strategies and risk mitigation. Risk factors identified are listed in Table 1. 
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Table 1. Risk factor for MSK injury in active serving military populations.  

Risk Factor  Study  

Lower fitness levels Bader et al., 2018; Molloy et al., 2012; Reynolds et al., 

2009; Rintala et al., 2015; Roy, Lopez, & Piva, 2013 

Smoking history  

(>10 cigarettes per day) 

Jones et al., 1993; Kaufman et al., 2000; Reynolds et al., 

2009 

BMI >25kg/m2 Reynolds et al., 2009 

Army service member Bader et al., 2018; Davidson et al., 2008; Ernat et al., 2012 

Increasing age  Ernat et al., 2012; Reynolds et al., 2009; Roy et al., 2013 

Female gender Knox et al., 2011; Roy et al., 2013 

(BMI: body mass index).   

 

Additionally, full time active serving members were reportedly more likely to report LBP 

than reservist counterparts (George et al., 2012). Occupational specific risk factors may 

include being in a combat service support role, with 65.5% incurring a MSK injury 

compared to personnel in combat roles (41.1%) (Teyhen et al., 2018), and being a military 

pilot is associated with increased neck pain from the forces/postures experienced while 

flying (Äng & Harms-Ringdahl, 2006; Newman, 1997). Sitting in a vehicle for extended 

periods, as well as the time spent in body armour when on operational deployment, were 

also associated with an increased incidence of LBP (Roy et al., 2013).  

 

1.2.3 – Time loss and costs associated with musculoskeletal injury  

The impact of MSK injury and pain on force capability and preparedness is 

substantial, with some injuries resulting in limited duties, time off work and in more 
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severe cases, medical discharge (Heagerty, Sharma, & Clayton, 2017). Limited duty days 

are issued when personnel are unable to meet the requirements of his/her occupation or 

basic military skills due to injury or illness. In a US Army cohort, limited work days were 

found to be 36.3  59.7 days per injured soldier, with a median duration of 14 days 

(Teyhen et al., 2018). In the financial year 2005/06, 5 injuries per 100 serving Australian 

Defence Force personnel resulted in permanent impairment and appropriate 

compensation (Military Rehabilitation & Compensation Commission, 2006).      

In addition to the reduction in force preparedness, MSK injury is a source of high 

financial burden to defence organisations (Nindl, 2012). In the Canadian armed forces, 

over 50% of benefits paid are related to MSK injury, at a cost of over $158 million 

annually (Hébert, 2016). A study of US Army members who sustained a MSK injury 

reported 49.2% of personnel sought medical care, attending a medical facility on average 

5.9  14.4 times, equating to an overall cost of US$1,337,000 or $1901  $6535 per 

injured member (Teyhen et al., 2018). On average, MSK injury in the US Military 

accounts for 2.4 million medical visits per year, totalling approximately US$548 million 

in direct patient care costs annually (Teyhen et al., 2018). The Australian Department of 

Veteran Affairs has reported the financial liability of the Australian Government for 

injury related claims to current and former serving personnel in 2004 to be A$1.9 billion 

(McKinnon et al., 2009), although the proportion of this that is related to MSK injury was 

not specified.    

 

1.3 – Pain in military populations 

A common sequela of MSK injury is pain. Pain is a personal subjective experience 

that is influenced by a number of factors including neurophysiological, immunological, 

cognitive, affective, and social or environmental factors (Hainline, Turner, Caneiro, 
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Stewart, & Moseley, 2017). Pain, when left untreated or mismanaged, has the potential 

to become a substantial personal, financial, social and familial burden (Aldington & 

Eccleston, 2019), presenting potential problems at an individual and organisational level. 

These problems may manifest in the short term, for wounded soldiers in the battlefield, 

or during rehabilitation of injuries, or over the long term for many veterans establishing 

a life after service (Vallerand et al., 2015).  

The effect of untreated pain is magnified in military theatres (area that is or may 

become involved in war operations) situated in warzones as the loss of soldiers from small 

units may reduce mission capability and place other personnel at increased risk (Griffith, 

Jamison, & Cohen, 2012). Military organisations face complex pain management 

challenges, particularly in times of war with an increase in deployments to warzones or 

regions of unrest, for the patient population is often sustaining levels of physical and 

emotional stress unparalleled to what is seen in civilian medicine (Office of the Army 

Surgeon General, 2010). The prevalence of pain in US soldiers returning from operations 

in the Middle East has been suggested to be between 40.2% to 81.5% (Cifu et al., 2013; 

Lew et al., 2009). Veterans have been shown to be 1.5 times more likely to have severe 

pain than non-veterans, with younger veterans (ages 18-39 years) 3.1 times more likely 

to have severe pain than age-matched non-veterans (Nahin, 2017). Pain presentations in 

active serving personnel and veterans can be complicated by the presence of other 

conditions such as sleep disturbances, fatigue, and mental health conditions (i.e. 

depression, anxiety, post-traumatic stress disorders (PTSD)) (McGeary, McGeary, 

Moreno, & Gatchel, 2016; Young-McCaughan et al., 2017). The link between pain-

related MSK disorders and physical and mental health has also been shown in Australian 

Gulf War veterans, with poorer overall health ratings shown in veterans with pain 

compared to those without (Kelsall et al., 2014).     
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1.3.1 – Attitudes towards pain in military populations  

The stigma associated with pain can represent a significant barrier to early 

diagnosis and management for military personnel. An individual’s belief system and 

military cultural stigma towards pain may lead to a large proportion of pain conditions or 

MSK injury going unreported and self-managed (Office of the Army Surgeon General, 

2010). Despite efforts by military organisations to reduce the current pain culture within 

the military (Coulter, Hilton, Walter, & Brown, 2016), many personnel still adopt the 

“you get hurt, you drive on” mentality, particularly within the army branch of service 

(Coulter et al., 2016; Sauers et al., 2016). Sauers et al. (2016) evaluated US soldiers’ 

attitudes towards pain and injury, revealing that more than half agreed pain was a natural 

consequence of hard work (68.3%) and that they should work through the pain (57.6%). 

Further to this, 54.7% stated their unit believes in the “suck it up” mentality for injuries, 

with half reporting inconvenience as the main reason to not seek medical attention (Sauers 

et al., 2016).  

 

1.3.2 – Chronic pain in military populations  

Defined as non-cancer related, persistent in nature, and present for greater than 

three months beyond the expected timeframe for tissue healing, chronic pain lacks the 

acute warning function of physiological nociception (International Association for the 

Study of Pain, 1986; Schoneboom et al., 2016; Treede et al., 2015). The earliest case 

series recording the characteristics of chronic pain in military populations was in 1946 by 

Nobel Laureate Philip S. Hench and Edward W. Boland (Hench & Boland, 1946), 

reporting symptoms in returning US Army personnel. A high prevalence of chronic pain 

in active serving military personnel has been established, with greater prevalence post 

deployment (Toblin, Quartana, Riviere, Walper, & Hoge, 2014). Chronic pain is a 

common non-battle related reason for medical evacuation from theatre among the 
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deployed population, emphasising the need for effective chronic pain management in the 

warzone (Griffith et al., 2012).  

The extent of chronic pain amongst military populations, particularly in deployed 

personnel, may be underestimated, with injury concealment influencing surveillance data 

and reporting (Sauers et al., 2016). A study of pain in non-treatment seeking infantry 

soldiers post deployment in Afghanistan reported that 44% of soldiers had chronic pain. 

Of these soldiers, 48.3% described a duration greater than one year with more than half 

reporting nearly daily or constant frequency. Within this cohort, the prevalence of chronic 

pain was associated with age (>30years), marital status (married or previously married), 

battle injury, increased combat intensity and mental health conditions (depression or 

PTSD) (Toblin et al., 2014). Within veteran populations seeking medical care post-

deployments in the Middle East, 82% of personnel who presented with chronic pain had 

been diagnosed with a MSK disorder (Gironda, Clark, Massengale, & Walker, 2006). 

These findings suggest an unmet requirement of assessment and management of chronic 

MSK pain during and post deployment.   

 

1.4 – Pain assessment 

Pain assessment and reporting enables clinicians and medical staff to track 

changes in patients’ reported pain and associated functions. Patient-reported outcome 

measures are well established, and there are many self-reported measures for MSK pain. 

Commonly used pain assessment tools in health and medical settings include the 11 point 

(0-10) visual analogue scale (VAS) or numerical pain rating scale (NPRS) (Ostelo et al., 

2008). Both VAS and NPRS are found to be equally sensitive for acute pain and are useful 

for assessing current pain severity. These scales may also be used for estimates of worst, 

best, or average pain over a period of time, however the limitation of patient recall needs 

to be considered (Breivik et al., 2008). The functionality of VAS and NPRS lends itself 



 22 

to use within other pain assessment tools, for example The Brief Pain Inventory uses a 

NPRS, while The McGill Pain Questionnaire has a VAS and 6-point numerical scale for 

current pain ratings (Breivik et al., 2008).  

Assessment of pain-related function and disability may also provide added 

guidance on pain management. In addition to the two aforementioned tools, other 

commonly used questionnaires used to assess pain-related function and disability include 

the Roland-Morris Disability Questionnaire (Roland & Morris, 1983), Oswestry 

Disability Index (Fairbank, Couper, Davies, & O’brien, 1980), and the Multidimensional 

Pain Inventory (Kerns, Turk, & Rudy, 1985), among others. When using pain assessment 

tools, appropriate interpretation of the degree of change is essential for clinical reasoning 

and development of a suitable management plan.     

Use of pain assessment tools in military medicine provides a means for 

standardised assessment and reporting of pain intensity and changes as a result of 

management strategies. Inconsistent assessment and reporting of reported pain in military 

healthcare settings presents multiple challenges. Military populations are highly transient 

with members seeking healthcare in multiple health settings and geographic locations and 

thus, multiple clinicians can be managing one case. Lack of standardisation in pain 

assessment and reporting can make it difficult to assess any meaningful progress in 

managing pain when transitioning through various providers (Buckenmaier III et al., 

2013).  

 

1.5 – Pain and human performance  

Pain is known to limit human performance, yet is a common occurrence in active 

individuals (Hainline, Turner, et al., 2017) including active serving military populations 

(Andersen et al., 2016; Davidson et al., 2008; Orr et al., 2015; Wilkinson et al., 2011). 

Pain is a personal experience and therefore manifests differently for each individual 
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(Hainline, Turner, et al., 2017). The longer pain persists, the greater opportunity for 

psychological, environmental, social and/or contextual factors to influence the pain and 

associated issues such as functional disability (Hainline, Turner, et al., 2017). Physical 

function is largely influenced due to the protective nature of pain, with avoidance of 

movement or reduction in physical activity commonly adopted in an attempt to reduce 

symptoms (Vlaeyen, Morley, & Crombez, 2016). In an acute scenario, short term 

limitation or restriction of movement and tissue loading may be of benefit, however 

prolonged restriction of physical function in the presence of persistent pain may 

contribute to overall disability (Kanzler et al., 2018; Leeuw et al., 2007).  

Time off from activity or job-specific training may have an impact on the various 

cortical representations that aid movement planning, preparation and execution 

(Wallwork, Bellan, Catley, & Moseley, 2016). Chronic pain is known to disrupt 

attentional functioning and has been associated with reduced performance in spatial 

working memory tasks when compared to people without chronic pain (Dick & Rashiq, 

2007; Vlaeyen et al., 2016). Furthermore, the intensity of pain has been shown to 

influence cognitive performance, with chronic pain patients whom report high intensities 

demonstrate substantial decrements in their performance of cognitively demanding tasks 

when compared to people reporting pain of lower intensities (Vlaeyen et al., 2016). The 

implications of reduced attention and task precision and accuracy could have a significant 

effect on mission success and place military personnel at increased risk in a combat 

setting. 

  

1.5.1 – Pain perception and acceptance 

The effects of pain on functioning have been shown to differ between athletic 

groups and controls, with suggestion that long-standing physical activity alters pain 

perception and leads to a higher pain tolerance (Tesarz, Schuster, Hartmann, Gerhardt, & 
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Eich, 2012). Pain perception is found to be modifiable with physical activity, yet the 

underlying mechanisms remain unclear (Tesarz et al., 2012). Pain acceptance is the ability 

to engage in activities that include pain when activities are linked to important life goals 

or events, and is a modifiable factor (Kanzler et al., 2018). This ability has been shown 

to moderate the relationship between pain intensity and physical activity, being deemed 

a protective factor for chronic pain (Kanzler et al., 2018; Mun, Karoly, & Okun, 2015). 

A study assessing pain severity and physical disability in the context of pain acceptance 

in a military-affiliated group found higher pain acceptance significantly moderated 

relations between pain severity and disability (Kanzler et al., 2018). Additionally, active 

duty military status was found to be associated with a higher pain acceptance and army 

personnel reported lower rates of physical disability associated with pain than those in 

other branches of military (Kanzler et al., 2018). These findings may be reflective of the 

increased physical demands and thus the requirement to maintain high standards of fitness 

in serving military populations. Alternatively, the findings may also attest the common 

military mentality towards pain of “you get hurt, you drive on.”         

 

1.6 – Pain management of musculoskeletal pain in general population   

Appropriate pain management requires an understanding of pain physiology, 

including the different types of pain, to enable the clinician to develop a suitable treatment 

plan. Pain can be classified as nociceptive, neuropathic or nociplastic (Hainline, Derman, 

et al., 2017; Hainline, Turner, et al., 2017; Kosek et al., 2016). Each pain classification 

has differing physiological mechanisms and thus may benefit from different treatments 

and management (Hainline, Derman, et al., 2017). Nociceptive pain refers to pain that 

arises from actual or threatened damage to non-neural tissue; neuropathic pain results 

from a lesion or disease to the somatosensory nervous system; and nociplastic pain is 

common in chronic pain presentations where individuals demonstrate altered nociceptive 
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functioning (Hainline, Derman, et al., 2017; Kosek et al., 2016). The best course of action 

to manage the various pain presentations relies on accurate assessment and identification 

of the physiological mechanisms underpinning the experience of pain. When assessing 

MSK injury and/or pain presentations, it is important to remember that the experienced 

pain is often not proportional to the injury or potential tissue damage. Moreover, pain can 

occur with minimal or no tissue damage or nociception. Alternatively, tissue damage can 

be present without pain. Therefore, a thorough history should be taken to distinguish if 

there is an injury that reasonably accounts for pain (Hainline, Derman, et al., 2017).    

 

1.6.1 – Pharmacological management strategies  

Effective pain management requires consideration of the individual and 

assessment of short-term and long-term implications to overall health. Prescription of 

medication for pain management should be in accordance with relevant regulations and 

within general guidelines for safe and efficacious use (Hainline, Derman, et al., 2017). 

Various medication classes used for management of MSK pain and the potential 

harms/side-effects are summarised in Table. 2.  

 

Table 2. Summary of medication used for pain management.  

Drug class  Common names Use Harms/side-effects 

Simple analgesia  Acetaminophen 

paracetamol 

 

Mild-moderate 

pain  

Lower risk of adverse 

events compared to 

NSAIDs  

Non-steroidal anti-

inflammatories  

brufen  

diclofenac 

Mild-moderate 

pain   

Disrupted bone healing  
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Increased cardiac & 

stroke risk  

Gastrointestinal 

bleeding 

Renal failure  

Corticosteroids  Prednisone  Mild-moderate 

acute & chronic 

pain  

Insomnia 

Nervousness 

Increased appetite  

Opioids  Fentanyl 

Oxycodone 

Morphine 

Tramadol 

Tapentadol  

Severe acute 

pain  

Increased tolerance 

Dependence  

Opioid-induced 

hyperalgesia 

Cognitive dysfunction 

Constipation 

Weight gain 

Somnolence 

Muscle relaxants Diazepam/Valium  

Xanax 

 

Acute severe 

pain  

Somnolence  

Fatigue 

Light-headedness  

Antidepressant  Amitriptyline  

  

Chronic pain & 

neuropathic 

pain  

Anticholinergic effects  

Vasomotor symptoms 

Weight gain 

Sexual dysfunction  
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Suicidality 

Antiepileptic  Gabapentin  

Pregabalin  

Neuropathic 

pain 

Weight gain  

Fatigue  

Drowsiness  

Cognitive slowing   

(Roger Chou et al., 2017; Hainline, Turner, et al., 2017; Manchikanti et al., 2017; Tick et 

al., 2018) 

 

Commonly used over-the-counter medications include acetaminophen, 

commonly known as paracetamol, and non-steroidal anti-inflammatories (NSAIDs). A 

recent review found no difference between acetaminophen and NSAIDs in reducing pain 

intensity for LBP, however acetaminophen had a lower risk of adverse events (Chou et 

al., 2017). Opioid medications are generally prescribed for severe pain; however, care 

needs to be taken; tolerance, dependence and opioid-induced hyperalgesia can develop 

quickly once treatment is initiated (Manchikanti, 2012; Manchikanti et al., 2017; Tick et 

al., 2018). Alternative pharmacological pain management strategies include the use of 

muscle relaxants, antidepressant drugs of various classes - commonly tricyclic, serotonin 

and noradrenaline modulators, and anticonvulsants (Chou et al., 2017; Tick et al., 2018). 

The usefulness of these classes of medications on reducing MSK pain severity and 

disability are inconclusive (Chou et al., 2017).   

 

1.6.2 – Non-pharmacological management strategies   

Non-pharmacological pain management is an important component of any pain 

management plan and is considered essential beyond the acute phase (Hainline, Derman, 

et al., 2017). As pain is an experience dependent on interactions of neurobiological, 
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psychological, environmental and contextual factors (Hainline, Turner, et al., 2017), 

identification of any contributing factors and addressing them through various techniques 

is paramount. Education regarding the role of the central nervous system in pain 

experiences has been shown to assist in encouraging individuals to be receptive to a 

biopsychosocial approach to pain management (Moseley & Butler, 2015). Engaging 

physiotherapy to assist with MSK injury and pain management is important for most 

presentations especially in the subacute and chronic phases (Rajan & Bellare, 2013; 

Wallwork et al., 2016). In addition to exercise therapy and biomechanical assessment and 

management addressing contributing factors of MSK pain and injury, informed therapists 

can also assist in identifying and addressing inaccurate conceptualisations of pain, 

including any psychosocial or contextual influences (Hainline, Derman, et al., 2017). 

Early identification and management of emotions, cognitions and behaviours associated 

with MSK pain, as well as inoculating against negative emotions of fear and anxiety, 

appears to increase the likelihood of a successful outcome (Forsdyke, Smith, Jones, & 

Gledhill, 2016).   

Exercise therapy may also have pain relieving effects (Hayden, Van Tulder, 

Malmivaara, & Koes, 2005; Landmark, Romundstad, Borchgrevink, Kaasa, & Dale, 

2013), and can be useful in reducing and/or reversing physical deconditioning in 

individuals with painful conditions (Jansen, Viechtbauer, Lenssen, Hendriks, & de Bie, 

2011; Nijs, Kosek, Van Oosterwijck, & Meeus, 2012). Exercise can activate endogenous 

analgesia, increasing the pain threshold via the release of endogenous opioids and 

activation of the nociceptive inhibitory mechanisms orchestrated by the brain (Nijs et al., 

2012). In addition, regular exercise has been shown to induce an anti-inflammatory state 

on the body (Gleeson et al., 2011).  

A recent white paper on the current evidence for non-pharmacological therapies 

for management of various pain types was developed in response to the pressure for pain 
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medicine to shift away from the current reliance on opioids, ineffective procedures and 

surgeries (Tick et al., 2018). Non-pharmacologic therapies may include manual therapies 

and modalities such as acupuncture therapy, massage therapy, osteopathy, physiotherapy, 

and chiropractic medicine. The effects of manual therapies and modalities for pain 

management can vary, with outcomes manifesting differently dependent upon the 

proficiency of the treating clinician and the patients’ expectations of pain relief (Mora-

Relucio et al., 2016; Turner, Jensen, Warms, & Cardenas, 2002). Other non-

pharmacological therapies for pain management include psychological and behavioural 

therapies incorporating stress management, cognitive behavioural therapy, mediation and 

mindfulness, as well as meditative movement therapies such as Tai chi and yoga (Tick et 

al., 2018).  

 

1.7 – Pain management of musculoskeletal pain in military medicine  

Acute and chronic pain conditions are an inevitable consequence of war, more so 

in current times with an increase in survival rates due to improved technologies, advanced 

medical techniques and accelerated evacuation procedures (Griffith et al., 2012). 

Management of acute pain in the battlefield or in combat theatre includes multimodal 

regimes from the point of injury, via transport, to the evacuation point (Griffith et al., 

2012; Office of the Army Surgeon General, 2010). Medical evacuations from warzones 

or training exercises highlight the need for standardised pain management and assessment 

in military medicine. Frequent handovers to various practitioners at multiple medical 

interfaces in the medical system may result in patients arriving at definitive care 

destinations with a plethora of prescription medications, potentially duplicated or in large 

doses (Schoomaker & Buckenmaier III, 2014). Personnel returning from deployments in 

the middle east were increasingly demonstrating polypharmaceutical and mixed drug and 

alcohol dependencies, prompting the development of the US Pain Management Task 
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Force in 2009 (Office of the Army Surgeon General, 2010; Schoomaker & Buckenmaier 

III, 2014).  

Chronic pain and the use of opioids carry the risk of functional impairment of the 

warfighter, requiring appropriate surveillance and management. In a group of non-

treatment seeking infantry soldiers returning from deployment, 15.1% reported using 

opioids. Within this group, 44.1% reported no to mild pain in past month, indicating 

misuse or unnecessary use of opioids (Toblin et al., 2014). Militaries have now developed 

initiatives to improve treatment effectiveness and reduce overall risk of polypharmacy. 

These initiatives include sole healthcare practitioners for frequent prescription medication 

users, limiting authorised use of prescription medication to six months from issue, and 

listing hydrocodone and hydromorphone to random drug testing panels (Jonas & 

Schoomaker, 2014; Office of the Army Surgeon General, 2010).  

Another area of concern is the widespread use of NSAIDs in military populations. 

In 2014, 82% of the US army received a prescription for NSAIDs, with many receiving 

more than one (not including over-the-counter NSAIDs) (Walker, Zambraski, & 

Williams, 2017).  Excessive use of NSAIDs is also reflected in the findings of Sauers et 

al. (2016), who reported that 81% of soldiers used over-the-counter pain relief as an 

alternative injury management strategy to seeking medical care. The use of NSAIDs is 

associated with a three times greater risk of stress fractures in military soldiers, with a 

five times greater risk when used during basic combat training (Hughes et al., 2019). Use 

of acetaminophen demonstrated similar findings, with a twofold greater risk of stress 

fracture in total army population and four times greater when used during basic combat 

training (Hughes et al., 2019). The adverse effects of acetaminophen on bone healing is 

also thought to be due to inhibition of prostaglandin biosynthesis to a similar degree as 

over-the-counter NSAIDs (Hughes et al., 2019; Trappe, Fluckey, White, Lambert, & 

Evans, 2001).   
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Pain management strategies can have a direct impact on an individual’s 

deployability, with some requiring short- or long-term duty restrictions, which may in 

some cases lead to medical downgrade to a non-deployable medical classification. 

Therefore, assessment and selection of an appropriate management plan is crucial to 

enable optimum outcomes with minimal implications to undertake required duties. 

Medication side effects for some analgesia involve impacted cognitive function and mood 

(Chou, Atlas, Stanos, & Rosenquist, 2009; Manchikanti et al., 2017; Tick et al., 2018), 

and therefore is not compatible with weapon handling or operating heavy machinery – 

both of which are fundamental tasks in combat environments (Nindl et al., 2013; Sharp 

et al., 2017).  

A shift towards non-pharmacological management options and integrative health 

care in military medicine has commenced, with physiotherapy now present in combat 

support hospitals (Griffith et al., 2012) and the adoption of a patient-centred holistic 

approach to pain management in garrison health centres (Coulter et al., 2016). Recent 

trends demonstrate that militaries have become smaller, older and more specialised, 

leading to an increase in chronic pain presentations associated with aging (Griffith et al., 

2012). Thus, the potential effect of an advanced integrative medicine approach to pain 

management may be even greater for future conflicts.       

 

1.8 – Aims and hypotheses  

The primary aim of this thesis was to determine the efficacy of conservative 

interventions (including pharmacological) for MSK pain severity and disability in active 

serving military populations. In order to answer the proposed question, a systematic 

review was conducted of the current evidence for management of MSK pain in active 

serving military populations. To date, the current available evidence for pharmacological 

and non-pharmacological management in this population is yet to be collated and 
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synthesised. It is hypothesised that the available evidence is limited, as many military 

studies are conducted in veteran or recruit populations rather than the active serving 

cohort. Additionally, the quality of evidence is hypothesised to be assessed as low with 

limitations in the RCT design for military groups.  It is important to note the review was 

limited to acting serving military populations because the aforementioned groups differ 

from current serving populations in many ways (e.g. exposure to various training, work 

stressors, deployment environments etc.) and thus the outcomes of various pain 

management interventions may differ.    

The secondary aim was to provide guidance and recommendations on future 

research within this population based on current randomised control trials, identifying 

gaps in the current pain management evidence base with reflection on advances in sports 

and general pain medicine. Military personnel are likened to athletic populations, with 

the term “tactical athlete” deemed an appropriate descriptor for some personnel (Cameron 

et al., 2016). Therefore, advances in sports medicine pain management may be able to 

shape progressions in military medicine. It is hypothesised that military pain medicine 

will demonstrate gaps in the current literature, yet primarily follow the intervention trends 

demonstrated in sports and general medicine. However, the ability to provide strong 

recommendations based on the findings of this review may be limited as a result. It must 

be noted that a lack of evidence from RCTs may be attributed to ethical and economical 

limitations associated with performing research in active serving military populations.      
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Chapter 2 – Methods 

 

 The methodology for this systematic review was based on the guidelines 

developed by the Cochrane Collaboration and published in the Cochrane Handbook for 

Systematic Reviews of Interventions (Cochrane Collaboration Handbook for Systematic 

Review of Interventions, 2011) and A Measurement Tool for Assessing Systematic 

Reviews (AMSTAR) (Shea et al., 2017).  

 

2.1 Criteria for considering studies for this review  

2.1.1 Types of studies 

Any published or unpublished randomised controlled trials (RCTs) including 

randomised controlled cross-over designs and randomised clinical trials with a control 

group and published in English were included. Placebo-controlled designs were also 

included. Only studies evaluating pain management of MSK origin were included. 

Exclusions were not made based on risk of bias or sample size, nor the length of follow-

up period, as both acute and chronic pain conditions were included in the scope of this 

review.  

 

2.1.2 Types of participants  

Active serving military personnel from all services were included in this review. 

This included current serving personnel from army, navy, air force, marines and special 

forces. Studies were excluded if the sample population included retired veterans, military 

medicine beneficiaries, conscripts, recruits or trainees. The decision to limit the review 

to studies including only active serving military personnel was made to capture the 

evidence for pain management strategies applied to the current serving military 

populations and the associated constraints of military service.  
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2.1.3 Types of interventions  

Studies that adopted any interventions purported to be used for pain management 

of MSK injury and associated pain presentations were included. Interventions included 

pharmacological, incorporating prescription, over-the-counter and supplementary 

medications; and non-pharmacological interventions, for example manual therapies, 

exercise therapy, electrical modalities, and multidisciplinary programmes. Surgical 

interventions and post-operative pain management were excluded as the focus was on 

conservative pain management strategies, suitable for both in garrison and theatre 

scenarios. Each study delivered an intervention to the experimental group(s) whilst 

monitoring the control group. Control groups received either no additional intervention 

outside standard care or received a placebo intervention. No limitations were made based 

on dose, frequency, intensity, duration or administration of the intervention.     

  

2.1.4 Types of outcome measures  

Studies assessing at least one pain-related outcome measure were included in this 

review. Pain related outcome measures include:  

1. Self-reported severity or intensity of pain scales e.g. visual analogue scale 

(VAS) and numerical pain rating scale (NRPS) (Von Korff, Jensen, & Karoly, 

2000).   

2. Global perceived effect (GPE) (Kamper et al., 2010).   

3. Pain and disability questionnaires e.g. Oswestry Disability Index (ODI) 

(Fairbank et al., 1980), Multidimensional Pain Inventory (MPI) (Kerns et al., 

1985), and Roland-Morris Disability Questionnaire (RMDQ) (Roland & 

Morris, 1983).   
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2.2 Search methods for identification of studies  

A systematic search was performed to identify all relevant published and 

unpublished RCTs. No date restrictions were applied to the search. Subject headings 

(MeSH) and key words included population terms and pain related terms.     

 

2.2.1 Electronic searches  

An electronic search was conducted of five English language databases from 

inception to May 2019. Databases included MEDLINE, EMBASE, CINAHL, 

SportDISCUS and PubMed. The search string used was as follows: (“military” OR 

“soldier” OR “army” OR “navy” OR “air force” OR “marines”) AND (“musculoskeletal 

pain” OR “chronic pain” OR “persistent pain” OR “low back pain” OR “neck pain” OR 

“backache” OR “elbow pain” OR “foot pain” OR “groin pain” OR “headache” OR “knee 

pain” OR “leg pain” OR “myalgia” OR “myofascial pain syndrome” OR “pain 

management”) OR “pain” in the main heading AND “random* control* trial*). Where * 

donates a truncation to ensure all variations of the term are included. Boolean operators 

were used to combine terms and keywords for each concept combined with the OR 

operator and key concepts combined with the AND operator. Embase search used Emtree 

subject headings “soldier”/exp AND “musculoskeletal pain”/exp AND “randomised 

controlled trial”/de.  

 

2.2.2 Searching other sources  

An expanded search was conducted to identify studies potentially missed through 

the database searches. This included secondary searches of reference lists for additional 

relevant studies, as well as hand searches of recent military medicine conference 

abstracts, including the International Congress for Solider Physical Performance and the 

Australian Military Medicine Association. Additional searches for grey literature were 
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conducted electronically using the aforementioned keywords via Scopus, ProQuest, Grey 

Matters and Grey Literature Database. In the event any relevant full text versions were 

unavailable, correspondence was sent to the primary author requesting a full text copy.   

 

2.3 Data collection and analysis  

2.3.1 Selection of studies  

Abstracts and titles generated from the search strategy were imported into 

Covidence, a Cochrane technology platform for systematic review management (Veritas 

Health Innovation). Two reviewers (C.B. and H.T.) independently assessed all identified 

titles/abstracts for potential inclusion and any discrepancies were resolved via discussion. 

Unless the abstract clearly described a reason for exclusion, the full text was examined 

for suitability against the inclusion criteria. The full text review was completed 

independently by the two reviewers evaluating potential studies for inclusion or 

exclusion. Disagreements were discussed, and a final consensus was made on suitability 

for inclusion and reasoning for exclusion. The Covidence platform stored all studies that 

were examined and excluded including reasons.   

 

2.3.2 Data extraction and management  

Two reviewers (C.B. and H.T.) independently extracted data from each study that 

met the inclusion criteria using a standardised data collection form. Data extracted for 

study characteristics included publication details, sample size (including numbers 

allocated to each group), study setting, demographic data (age, sex, service), study 

description (intervention and control type, blinding, randomisation), outcome measures 

(type, time points for collection), summary results data (mean, standard deviations, 95% 

confidence intervals and p-values as appropriate). All studies that met the inclusion 

criteria were summarised in table format (Table. 5).   
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2.3.3 Assessment of risk of bias 

Methodological quality of the included studies was assessed independently by two 

reviewers (C.B. and H.T.) using the Cochrane ‘Risk of Bias 2.0’ tool (Higgins et al., 

2016). Domain-level judgements were made to provide the basis for an overall risk of 

bias judgement for each included study. The domains include bias arising from the 

randomisation process (sequence generation, allocation concealment and baseline 

characteristics); bias due to deviations from the intended interventions (blinding of 

participants and therapists administrating treatment, effect of adhering to intervention, 

use of non-protocol interventions); bias due to missing outcome data; bias in 

measurement of the outcome; and bias in selection of the reported results. Any other areas 

of concern that may introduce bias was noted by each reviewer for consideration. Any 

discrepancies between reviewers were discussed and resolved via consensus. The level 

of agreement between reviewers was determined using Cohen’s kappa statistic (Cohen, 

1960). Overall judgement for risk of bias is summarised in Table 3 (Higgins et al., 2016). 

  

Table 3. Reaching an overall judgement. 

Overall risk of bias judgement  Criteria  

Low risk of bias Low risk of bias for all domains  

Some concerns  Some concerns for bias in at least 1 domain 

High risk of bias  High risk of bias in at least 1 domain OR is 

judged to have some concerns for multiple 

domains 
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Studies judged to be of low risk are unlikely to have bias that alter the results seriously. 

Studies with some concerns or an unclear risk of bias generate some doubt about the 

results, and a high risk of bias may seriously alter the results of the study (Higgins et al., 

2011). 

  

2.3.4 Measures of treatment effect 

A quantitative analysis was not possible due to the assessment of clinical 

heterogeneity. Included studies used diverse methods and interventions, and insufficient 

data was available. If studies had been available, standardised mean differences (SMD) 

with 95% confidence intervals (CI) would be calculated using a random-effects model 

for continuous data. The selection of the summary statistics (SMD) and random effects 

analysis model was due to the variation in interventions, samples, follow-up times, and 

outcome scales (Riley, Higgins, & Deeks, 2011). If outcomes were dichotomous in 

nature, Risk Ratios (RR) would have been calculated. In the event neither continuous nor 

dichotomous data were available, the findings and statistical significance were extracted 

as reported by the authors. Summary of study characteristics and results are presented in 

table format and described in the discussion.       

The estimation for minimum clinically important difference (MCID) for pain and 

disability were in accordance with the Cochrane Back Group recommendations (Furlan, 

Pennick, Bombardier, van Tulder, & Group, 2009). For the purpose of this review, MCID 

was set at a 30% improvement when baseline score is taken into account for the following 

pain measures: VAS, NRPS, ODI and RDQ (Farrar, Young Jr, LaMoreaux, Werth, & 

Poole, 2001; Ostelo et al., 2008). For other outcomes (e.g. GPE) where there was an 

absence of clear guidance regarding MCID, the common hierarchy of Cohen (1988) was 

implemented. The hierarchy suggest effects sizes should be classified as the following: 

small (0.20), medium (0.50), or large (0.80).  
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2.3.5 Unit of analysis issues  

Variation in RCT designs for analysis of effect size was considered. In the 

instance of a cross-over design, consideration of an appropriate wash-out period was 

included in the analysis. If a meta-analysis was conducted, only first-arm data would have 

been analysed. For multiple intervention groups within a study, data from the intervention 

groups were combined to create a single pair-wise comparison to the control group.   

 

2.3.6 Dealing with missing data  

Numbers and reasons for drop-outs/withdrawals in all intervention groups were 

reported if described. Studies were not excluded based on non—adherence to the 

protocol, significant withdrawals or poor baseline comparability, however these were 

considered during the qualitative analysis. 

 

2.3.7 Assessment of heterogeneity  

Study populations, outcome measures and interventions in the included studies 

were highly variable, and thus formal testing of heterogeneity was deemed unnecessary. 

Hence, quantitative pooling of results was inappropriate.   

 

2.3.8 Assessment of reporting biases 

Publication bias was minimised by sourcing grey literature and excluding 

duplicates of published articles and overlap of data sets. Language bias may be present in 

this review, as English-language was a limiter on the search strategy.  
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2.3.9 Data synthesis 

The quality of the body of evidence was assessed using the Grade of 

Recommendation, Assessment, Development and Evaluation (GRADE) approach 

(Guyatt et al., 2008). Qualitative analysis using the GRADE approach was conducted 

independently by two reviewers (C.B. and H.T.) for pain-related outcome measures. All 

included studies were RCTs and therefore allocated a priori ranking of high. Domains 

that may have reduced the strength of the evidence include: risk of bias, inconsistency of 

results, indirectness (not generalizable) and imprecision (insufficient data). Other factors 

may include reporting or publication bias (Goldet & Howick, 2013). All plausible 

confounders were considered including the overall magnitude of effect and influence on 

dose-response relationship. Levels of evidence are defined in Table 4 (Goldet & Howick, 

2013). 
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Table 4. Levels of quality of a body of evidence using the GRADE approach for RCTs.  

Underlying 

methodology  

Quality rating  Definition of GRADE ranking  

RCT – no downgrade High Very confident the effect in the study 

reflects the actual effect  

Downgraded RCT Moderate Quite confident the effect in the study is 

close to the true effect, but is possible it 

is substantially different 

Double-downgraded 

RCT 

Low The true effect may differ significantly 

from the estimate 

Triple-downgraded 

RCT  

Very Low The true effect is likely to be 

substantially different from the 

estimated effect  
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Chapter 3 – Results 

 

3.1 Description of studies    

3.1.1 Results of the search  

 Electronic and manual searches identified 469 references (MEDLINE = 198; 

EMBASE = 23; CINAHL = 75; SportDISCUS = 38; PubMed = 133; handsearch = 1) 

with the search criteria. After removal of duplicates (n = 138), 330 titles and abstracts 

were screened for suitability. Of these, 38 were selected for full text review where a 

further 26 were excluded, leaving a final yield of 12 articles for data extraction and 

analysis (see: Figure 1 for PRISMA flow chart).  

 

Figure 1. PRISMA Flow chart 
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3.1.2 Included studies 

 In total, 12 RCTs involving a total of 856 participants fulfilled the inclusion 

criteria (Brandt, Currier, Plante, Schubert Kabban, & Tvaryanas, 2015; Campello et al., 

2012; Chumbley et al., 2016; Cruser et al., 2012; Dettori, Bullock, Sutlive, Franklin, & 

Patience, 1995; Gatchel et al., 2009; Goertz et al., 2013; Harts, Helmhout, de Bie, & Staal, 

2008; Helmhout, Harts, Viechtbauer, Staal, & de Bie, 2008; Leffler, Philippi, Leffler, 

Mosure, & Kim, 1999; Nayback-Beebe, Yoder, Goff, Arzola, & Weidlich, 2017; Rhon, 

Miller, & Fritz, 2018). Study characteristics are summarised in Table 5. The sample sizes 

ranged from 13 (Brandt et al., 2015) to 149 (Dettori et al., 1995). Three-quarters of the 

included studies involved US military personnel (Brandt et al., 2015; Campello et al., 

2012; Cruser et al., 2012; Dettori et al., 1995; Gatchel et al., 2009; Goertz et al., 2013; 

Leffler et al., 1999; Nayback-Beebe et al., 2017; Rhon et al., 2018), while two were 

conducted in Dutch Army populations (Harts et al., 2008; Helmhout, Harts, Staal, Candel, 

& de Bie, 2004) and one in a Danish Air Force cohort (Chumbley et al., 2016). All 

branches of military were represented; two studies included only air force personnel 

(Brandt et al., 2015; Chumbley et al., 2016), two studies included only navy personnel 

(Campello et al., 2012; Leffler et al., 1999), three studies were based in army populations 

(Dettori et al., 1995; Harts et al., 2008; Helmhout et al., 2008), and five studies included 

all branches of service or did not specify otherwise (Cruser et al., 2012; Gatchel et al., 

2009; Goertz et al., 2013; Nayback-Beebe et al., 2017; Rhon et al., 2018). Four studies 

included male-only participants (Brandt et al., 2015; Chumbley et al., 2016; Harts et al., 

2008; Leffler et al., 1999) and eight studies included both male and female personnel 

(Campello et al., 2012; Cruser et al., 2012; Dettori et al., 1995; Gatchel et al., 2009; 

Goertz et al., 2013; Helmhout et al., 2008; Nayback-Beebe et al., 2017; Rhon et al., 2018). 

Low back pain was the most frequently investigated MSK condition/disorder/pain  
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Table 5. Characteristics of included studies  

 

Study  

(author, year) 

Methods Participants Interventions 

Pain-related 

outcome 

measures 

Additional notes  

Brandt et al 

(2015)  

RCT  N=13 (intervention 

group = 6, control 

group = 7) US Air 

Force helicopter 

aircrew with LBP, 

males only  

5 core strength exercises on DVD 

(12reps each on any 4days in a 

week over 12week period) 

Control = continuation of 

previous exercise regime. 

NRPS  

GRCS 

ODI 

- MCID set by authors: 

NRPS -2; ODI -6; GRCS 

+3. 

- Lost to follow up n=1 

(intervention group)  

- Participants using 

medications (incl. 

NSAIDs) n=3 

(intervention: control = 

1:2) 
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Campello et al 

(2012)  

RCT N=33 (intervention 

group = 16, control 

group = 17) US 

Navy personnel with 

LBP (<12week 

history), 

male:female = 30:3 

4week Multidisciplinary program 

up to 3hours/day, 3days/week.                  

Control = usual care.  

NRPS 

ODI 

  

- Lost to follow-up n=12 

(intervention: control = 

7:5) reasons reported. 

- Completed study 

intervention period n=25 

(intervention: control = 

9:16).  

  

Chumbley et 

al (2016)  

RCT – 

Crossover 

design  

N=21, Danish Air 

Force fighter pilots, 

neck pain, males 

only 

6week home cervical traction 

device 10minutes 3x/week.            

Control phase = no traction.  

NRPS  

 

- Completed all phases 

n=12, reasons for 

exclusion reported.   

- Per protocol analysis  
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Cruser et al 

(2012) 

RCT N=63 (intervention 

group = 33, control 

group = 30) US 

military personnel, 

Acute LBP, 

male:female = 33:27 

*data analysed 

Osteopathic manipulation 

1x/week for 4weeks.                

Control = usual care.  

Quadruple 

VAS 

RMDQ 

 

  

- MCID of 30% set by 

authors. 

- N=53 completed study 

and follow up.  

- N=3 withdrew from 

intervention group after 

first study visit.   
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Dettori et al 

(1995)  

RCT – 5-

arms (4 

intervention 

groups) 

N=149 (intervention 

group = 119, control 

group = 30) US 

Army personnel, 

acute LBP, 

male:female = 

120:29     

Postural direction-based exercise 

program. 20minutes ice 

application followed by 

prescribed posture and 

movement-based exercises, 

3x/day.   

Control = ice only, no exercise 

program.               

NPRS 

RMDQ 

 

- Completion numbers not 

reported in initial 

treatment period.  

- Combined intervention 

groups to increase power 

after week 1. 

 

Gatchel et al 

(2009) 

RCT N=66 (intervention 

group = 30, control 

group = 36) US 

military personnel, 

chronic MSK pain, 

male:female = 44:22 

Interdisciplinary pain 

management program.              

Control = usual care (relative to 

anaesthesia pain clinic). 

VAS 

MPI 

ODI 

Dallas Pain 

disability 

questionnaire 

- Length of program not 

indicated.  

- 100% follow up for post-

intervention.  
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Goertz et al 

(2013) 

RCT N=91 (intervention 

group = 45, control 

group = 46) US 

military personnel, 

acute LBP, 

male:female = 78:13  

Usual care plus chiropractic 

manipulative therapy, up to 2 

visits/week for 4weeks.                   

Control = usual care.  

NPRS 

RMDQ 

- Post-treatment follow- up 

rate 85% for intervention 

group, 63% for control 

group at 4weeks, no 

reasons.  

 

Harts et al 

(2008) 

RCT – 3-

arms with 

control 

group 

randomised 

after initial 

treatment 

period. 

N=65 (intervention 

groups = 44, control 

group = 21) Dutch 

Army personnel, 

chronic NSLBP, 

males only 

8week lumbar extensor strength 

program – High intensity 

(progressive starting 50%MVC) 

and low intensity (non-

progressive 20%MVC) groups.   

Control = regular physiotherapy, 

no back extensor strengthening.  

GPE 

RMDQ 

- Withdrawals during 

initial 8week 

intervention period n=5 

(intervention: control = 

5:0), reasons provided.  
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Helmhout et al 

(2008) 

RCT N=127 (intervention 

group = 71, control 

group = 56) Dutch 

Army personnel, 

LBP, male:female = 

123:4 

10week lumbar extensor strength 

training 2sessions/week.    

Control = regular physiotherapy, 

no back extensor strengthening.  

GPE 

RMDQ 

PSFS 

- Drop-outs at 10weeks 

n=10 (intervention: 

control = 6:4), reasons 

reported.  

- Incidental use of lumbar 

extensor strength 

exercises in control group 

reported.  

- Variability in 

measurement timings.  

- Co-intervention reported 

– data excluded.  
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Leffler et al 

(1999) 

RCT – 

Placebo-

controlled 

crossover 

design  

N=34, US Navy, 

chronic knee and/or 

LBP, all males   

8week use of placebo capsule or 

Cosamin (chondroitin sulfate & 

manganese ascorbate) 3 divided 

doses.  

Control phase = continued 

normal routines including 

exercise. Not permitted to take 

NSAIDs but able to take 

acetaminophen. 

VAS 

RMDQ 

Lequesne 

Index 

- Drop-outs n=7, reasons 

reported.  

- No adverse events 

reported.  
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Nayback-

Beebe et al 

(2017) 

RCT N=75 (intervention 

group = 36, control 

group 32 *baseline 

measures reported) 

US military 

personnel, chronic 

LBP, male:female = 

52:23 

4week of usual care plus self-

administered PEMF, 30minutes 

3x/week.               

Control = usual care. 

NPRS - Baseline characteristics 

for each group missing.  

- Significant differences 

between groups in pain 

scores at baseline. 

- Lost to follow-up post-

treatment n=9 

(intervention: control = 

7:2), no reasons provided.  
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Rhon et al 

(2018)  

RCT N=119 (intervention 

group = 58, control 

group = 61) US 

military personnel, 

LBP, male:female = 

101:18 

Early physical therapy 

commenced within 72hours. Up 

to 8 sessions.   

Control = usual care (education, 

medication, limited duty 

restrictions).  

NPRS 

ODI 

GRCS 

- Protocol paper published 

(2015).  

- MCID set by authors: 

ODI -6, NPRS -2; GRCS 

+3. 

- Lost to follow-up 4weeks 

n=14, final analysis 

intervention: control = 

55:59  (n=4 did not 

complete any follow-up).   

 

LBP = low back pain; NSLBP = nonspecific low back pain; MSK = musculoskeletal ; RCT = randomised control trial ; NSAIDs = non-steroidal 

anti-inflammatories; PEMF = pulsed electromagnetic frequency; VAS = visual analogue scale; NPRS = numerical pain rating scale; ODI = 

Oswestry disability index; RMDQ = Roland-Morris disability questionnaire; MPI = Multidimensional pain inventory; PSFS = patient specific 

functional scale; GRCS = global rating of change scale; GPE = global perceived effect;  MCID = minimal clinically important difference. 
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presentation: ten studies reported on intervention effects on LBP (Brandt et al., 2015; 

Campello et al., 2012; Cruser et al., 2012; Dettori et al., 1995; Goertz et al., 2013; Harts 

et al., 2008; Helmhout et al., 2008; Leffler et al., 1999; Nayback-Beebe et al., 2017; Rhon 

et al., 2018), with three studies specifically addressing acute LBP (Cruser et al., 2012; 

Dettori et al., 1995; Goertz et al., 2013). One study included both knee pain and LBP 

(Leffler et al., 1999), one study included any chronic MSK pain presentation (Gatchel et 

al., 2009), and one study included neck pain only (Chumbley et al., 2016). 

The interventions for the management of MSK pain included one 

pharmacological trial of a combination of glucosamine, chondroitin sulphate and 

manganese ascorbate (Leffler et al., 1999), whilst all others included non-

pharmacological interventions in isolation or concomitant with other therapies. Four 

studies evaluated various exercise-based therapies (Brandt et al., 2015; Dettori et al., 

1995; Harts et al., 2008; Helmhout et al., 2008). Of these, three studies evaluated the 

effects of various strength programmes (Brandt et al., 2015; Harts et al., 2008; Helmhout 

et al., 2008), and one study explored the effects of postural and direction based exercise 

prescription (Dettori et al., 1995). Two studies evaluated the effectiveness of a 

multidisciplinary pain programme (Campello et al., 2012; Gatchel et al., 2009). Two 

studies assessed the addition of manipulative therapy to usual care for acute LBP (Cruser 

et al., 2012; Goertz et al., 2013), whilst one study evaluated the addition of pulsed 

electromagnetic frequency therapy to usual care for chronic LBP (Nayback-Beebe et al., 

2017). Finally, one study investigated the use of home cervical traction for neck pain 

(Chumbley et al., 2016), and one study assessed the effectiveness of early physical 

therapy for LBP (Rhon et al., 2018).     

The follow-up periods varied between trials, with many occurring immediately 

upon completion of the intervention phase or within two months. Five studies included 

data from repeated measures during intervention phase (Chumbley et al., 2016; Cruser et 
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al., 2012; Dettori et al., 1995; Goertz et al., 2013; Helmhout et al., 2008), whilst long term 

follow-up (6 to 12 months) was included in five studies (Dettori et al., 1995; Gatchel et 

al., 2009; Harts et al., 2008; Helmhout et al., 2008; Rhon et al., 2018). For details of 

assessment timepoints for each study, refer to summary of findings in Table 7. All pain-

related outcome measures were patient-reported subjective measures. Only two studies 

(Harts et al., 2008; Helmhout et al., 2008) did not include a subjective pain severity score 

(VAS or NPRS); and two studies (Chumbley et al., 2016; Nayback-Beebe et al., 2017) 

did not include at least one relevant patient-reported pain disability questionnaire. Details 

of pain-related outcomes for each trial is detailed in Table 5, study characteristics.   

 

3.1.3 Excluded studies  

 Twenty-six articles were excluded in the full-text screen. Studies and reasons are 

listed in Table 6, characteristics of excluded studies (Appendix). Studies were excluded 

for the following reasons: ten used a mixed population, including military healthcare 

beneficiaries and veterans; five included military recruit or trainee populations; five did 

not include an appropriate pain-related outcome measure; four were not RCT study 

designs and two used duplicate data sets from an included study.  

 

3.2 Risk of bias in included studies  

 A summary of the judgements of risk of bias for each domain for each included 

study is depicted in Figure 2. Risk of bias was judged as high for all studies due to the 

use of patient-reported outcome measures. Knowledge of the intervention received was 

considered likely to influence the results due to the physical nature of the interventions 

or methodological flaws in concealment. Risk of bias in selection of reported results was 

judged as some concerns in 91.7% (11/12 studies), one study (Rhon et al., 2018) was 

judged as low risk due to having a protocol paper published (Rhon & Fritz, 2015). There 
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was a very good level of agreement between the two reviewers (Cohen’s kappa = 0.92; 

perfect agreement on 57/60 judgements) (Altman, 1990). No studies were excluded on 

the basis of the risk of bias score.  

 

 
Low risk of bias Some concerns High risk of bias 

 

Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item 

for each included study. 
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2009; Goertz et al., 2013; Harts et al., 2008; Helmhout et al., 2008; Nayback-Beebe et al., 

2017; Rhon et al., 2018). Concealment of allocation prior to commencement of the study 

was only described in half of the included studies (Cruser et al., 2012; Gatchel et al., 

2009; Goertz et al., 2013; Harts et al., 2008; Helmhout et al., 2008; Rhon et al., 2018). 
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Blinding of participants and treating personnel was evident in only one study 
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administering the interventions and participants were aware of the group allocation due 

to the nature of the chosen interventions. Despite most studies indicating that blinding of 

outcome assessors occurred, all included studies assessed pain-related outcomes via 

subjective patient-reported measures, thus the outcome assessor functions more as a 

facilitator and the participant is the assessor.  

    

3.2.3 – Incomplete outcome data  

Eleven out of the 12 included studies provided a description of withdrawals and 

losses to follow-up for the initial intervention period. One study only provided the long-

term follow-up percentage (Dettori et al., 1995). Reasons for withdrawal or loss to follow-

up were not reported in two studies (Goertz et al., 2013; Nayback-Beebe et al., 2017). 

Significant drop-out or loss to follow-up during the intervention phase (>20%) was 

reported in four studies (Campello et al., 2012; Chumbley et al., 2016; Goertz et al., 2013; 

Leffler et al., 1999). One study reported no loss to follow-up or withdrawals throughout 

the data collection period (Gatchel et al., 2009). Intention-to-treat analysis was conducted 

in 11 out of 12 included studies - one study performed a per-protocol analysis (Chumbley 

et al., 2016), and one study performed both per-protocol and intention-to-treat analyses 

(Cruser et al., 2012).  

 

3.2.4 – Other sources of bias 

All studies reported small and/or underpowered sample sizes for outcome 

measures used suggesting potential for type II error. Volunteer bias may be present in 

four studies, as recruiting was conducted via flyers or electronic solicitation (Brandt et 

al., 2015; Goertz et al., 2013; Harts et al., 2008; Leffler et al., 1999). Co-intervention and 

confounding factors (e.g. medications, physical activity levels etc) were not controlled in 

nine studies with inclusion of heterogenous control groups for comparison (Brandt et al., 
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2015; Campello et al., 2012; Chumbley et al., 2016; Cruser et al., 2012; Gatchel et al., 

2009; Goertz et al., 2013; Helmhout et al., 2008; Nayback-Beebe et al., 2017; Rhon et al., 

2018).      

 

3.3 Effects of interventions 

 As indicated earlier, a meta-analysis was not performed due to the heterogeneity 

of the included studies. Subgroup analyses were also not performed in light of the 

variations in the included populations. Variations include restrictions of gender (male 

only) and branch of service, as well as nature of pain (acute vs. chronic).  

Interventions evaluated in the included studies encompassed both 

pharmacological and non-pharmacological management for MSK pain with effectiveness 

measured via various pain-related outcome measures. Outcome measures which were not 

directly related to pain severity or disability were excluded. A summary of the review 

findings synthesised based on intervention type is presented below. A summary of the 

results and conclusions as reported by the authors of the included trials is presented in 

Table 7 (Appendix). The strength of the body of evidence for the management of MSK 

pain in active military populations was overall assessed as “low” to “very low.” Despite 

all outcomes being assigned a priori ranking of high for study design, initial rankings 

were double-downgraded due to high risk of bias and imprecision of results, and some 

triple downgraded due to inconsistency.  

 

3.3.1 – Pharmacological therapy  

 One study (Leffler et al., 1999) evaluated the effectiveness of glucosamine, 

chondroitin and manganese ascorbate combination therapy for degenerative joint disease 

of the knee and low back in 34 male US Navy personnel (knee cases n=21, low back cases 

n=23). The combined therapy was taken for eight weeks and compared to a placebo dose 
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in a crossover design, with a washout period between phases. Overall, statistically 

significant (p=0.02) improvement in pain VAS was observed – however when analysed 

in subgroups, most improvement was attributable to knee data. Mean change pain VAS 

(95%CI) for knee presentations in clinic: 26.6% (-53.0% to -0.2%; p<0.05) and in daily 

diary records: -28.6 (52.7% to -4.5%; p=0.02). Knee functional measures did not 

demonstrate any significant change, and groups with LBP did not demonstrate any 

statistically significant change in pain or disability scores. Strength of evidence for use of 

glucosamine combined therapy in active military personnel for management of pain and 

disability of knee or low back was assessed as low. 

          

3.3.2 – Exercise therapy for low back pain    

 Four studies (Brandt et al., 2015; Dettori et al., 1995; Harts et al., 2008; Helmhout 

et al., 2008) assessed various exercise programmes for LBP. Two studies (Harts et al., 

2008; Helmhout et al., 2008) evaluated isolated lumbar strengthening programmes in 194 

active Dutch Army personnel reporting LBP. Two comparisons were made: strengthening 

versus wait list control (Harts et al., 2008) and strengthening versus regular physical 

therapy (Helmhout et al., 2008). Strengthening and physical therapy resulted in similar 

reductions in self-reported pain severity and disability. However, strengthening had a 

superior outcome in relation to global perceived effect on pain when compared to wait-

list control (mean difference (95%CI) = 39% (14% to 64%)).  

One study (Brandt et al., 2015) compared core strength exercises to continuation 

of the participants’ usual exercise regime in 13 male US Air Force personnel with LBP. 

The intervention group completed a 12-week programme, performing prescribed 

exercises on four days per week. The intervention group reported reduced mean severity 

scores and mean disability scores for pain experienced during flight (NPRS: -1.8, 
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p=0.034; ODI: -4.8, p=0.026) compared to the control group (NPRS: 0.7, p=0.235; ODI: 

1.7, p=0.295) over the 12-week intervention period.  

One study (Dettori et al., 1995) evaluated postural exercises compared to no 

exercise for acute LBP in 149 active US Army personnel. The intervention group were 

instructed to complete the prescribed exercises three times per day over eight weeks. Self-

directed exercise and manual lifting guidance/restrictions were not controlled. Those in 

the postural exercise prescription group demonstrated improvements in pain disability 

scores after one week compared to the control group (RMDQ (95%CI) exercise group 

7.35 (6.77 to 11.23) vs. control group 9.0 (6.40 to 8.30) p=0.05). However, no statistically 

significant benefit to pain severity or disability scores over the eight-week intervention 

period or 6-12month follow-up was observed.    

     

3.3.3 – Multidisciplinary programmes 

 Two studies (Campello et al., 2012; Gatchel et al., 2009) evaluated the 

effectiveness of multidisciplinary pain programmes in active military populations. One 

study (Campello et al., 2012) assessed the effectiveness of a 4-week multidisciplinary 

programme in managing LBP in US Navy personnel compared to standard care. Results 

demonstrated low quality evidence of benefit of the intervention programme on perceived 

disability at the end of the four-weeks compared to the control group (difference in means 

10.3, p=0.014). However, there was no statistically significant evidence of benefit on 

reported pain severity. The second study (Gatchel et al., 2009) evaluated the effectiveness 

of an interdisciplinary pain programme for chronic MSK pain in 66 active US military 

personnel. Results provide low quality evidence for benefit of the programme on pain and 

perceived disability post-treatment and at six-months follow-up (p<0.01) compared to 

standard treatment.             
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3.3.4 – Manipulative therapy for acute low back pain  

 Two studies (Cruser et al., 2012; Goertz et al., 2013) assessed manipulative 

therapy as an adjunct treatment to usual care in 154 US military personnel with acute 

LBP. Intervention groups received manipulative therapy in addition to usual care over a 

four-week period. After four weeks, both studies showed improvement in pain severity 

and disability scores. Cruser et al. (2012) reported a mean difference (95%CI) of -0.84 (-

2.09 to 0.41) for “typical pain” score on a VAS and -2.73 (-6.32 to 0.86) on RMDQ, 

favouring adjunct manipulative therapy in addition to standard care. Goertz et al. (2013) 

similarly reported an adjusted mean difference (95%CI) of 1.2 (0.2 to 2.3) on NPRS and 

4.0 (1.3 to 6.7) on RMDQ favouring the intervention group. Overall, there was low 

quality evidence for the benefit of adjunct manipulative therapy compared to standard 

care to pain scores after four weeks. Additionally, results provide very-low quality 

evidence for the benefit of adjunct manipulative therapy on disability scores in active 

military personnel with acute LBP.     

 

3.3.5 – Electromagnetic therapy for low back pain   

 One study (Nayback-Beebe et al., 2017) compared using self-administered pulsed 

electromagnetic frequency as an adjunct treatment to usual care in 75 US military 

personnel with chronic LBP. The intervention group were advised to administer the 

adjunct treatment for 30 minutes, three times per week for four weeks. Overall, there was 

no statistically significant change to pain severity or symptoms at any timepoint when 

compared to the control group.  

  

3.3.6 – Cervical traction for neck pain 

 One study (Chumbley et al., 2016) evaluated the use of home cervical traction on 

neck pain in 21 male fighter pilots in a crossover study design. The traction was self-
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administered at home over six weeks. Prescription for use was 10 minutes, three times 

weekly with encouragement to perform traction on flight days following flight time. The 

control group did not use traction. Cervical traction was found to be effective in reducing 

flying-related neck pain. Pain severity scores were reduced on a NPRS by -0.3 (0.3) 

(p<0.05) from post-flying to post-traction. The difference in pain scores after traction 

compared to initial levels were not significant. There is low quality evidence for benefit 

of use of cervical traction for neck pain in fighter plots.   

      

3.3.7 – Early physical therapy for low back pain 

 One study (Rhon et al., 2018) compared early physical therapy to usual care for 

LBP in 119 active US military personnel. Personnel in the intervention group 

immediately commenced a three-week physical therapy programme in addition to usual 

care. The programme involved manual therapy, strengthening and extension-orientated 

treatment approach. Between group differences at four-weeks favoured the intervention 

group for pain disability scores (ODI; mean difference (95%CI) 4.38 (0.41 to 10.10, 

p=0.042)). No difference was noted at one-year follow-up for pain disability scores, and 

no between group difference was noted for pain severity (NPRS) at any timepoint. There 

is low quality evidence in favour of early physical therapy for improved perceived 

disability of LBP after four weeks in active military personnel but no long-term benefits 

between usual care and early physical therapy with usual care.           
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Chapter 4 – Discussion 

 

4.1 – Summary of main results  

This review identified 12 RCT’s evaluating MSK pain management strategies that 

apply to active serving military personnel. The interventions evaluated in this review 

include: exercise therapy, manipulative therapy, multidisciplinary programmes, traction, 

early physiotherapy, supplemental pharmacology, and electromagnetic therapy. Low 

back pain was the most researched MSK presentation, with knee and neck pain also 

addressed.  The evidence was assessed to be of “low” or “very-low” strength and all 

studies were underpowered. Bias was introduced in all studies via the use of patient-

reported outcome measures for the assessment of pain-related symptoms, with some also 

having poor methodological rigor. Therefore, further research is very likely to have an 

important impact on the effect estimate of the interventions. The following summary of 

evidence should be interpreted with caution, with consideration of the limitations 

summarised above.  

• Low quality evidence suggests there is benefits to personnel taking 

glucosamine, chondroitin and manganese ascorbate combination therapy 

for management of pain associated with knee osteoarthritis.    

• Low quality evidence suggests strength exercise is better than no exercise 

or management (wait list), but no difference to regular physiotherapy for 

LBP severity scores. Very-low quality evidence suggests strength exercise 

benefits perceived disability of LBP.  

• Low quality evidence suggests exercise prescription improves short-term 

(one week) perceived disability for acute LBP, but no significant benefit 

to pain severity or perceived disability beyond this timepoint.       
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• Low quality evidence suggests there can be significant beneficial effects 

on short term (four weeks) perceived pain severity with adjunct 

manipulative therapy for acute LBP. Additionally, very-low quality 

evidence suggests benefits of adjunct manipulative therapy to perceived 

pain disability in the same timeframes.  

• Low quality evidence suggests benefits to participation in 

multidisciplinary pain programme for perceived disability of LBP after 

four weeks. Low quality evidence also suggests long term (>six months) 

benefit in reduction of pain severity and disability scores of personnel with 

chronic MSK pain with participation in an interdisciplinary pain 

programme.  

• Low quality evidence suggests the benefits of cervical traction on 

relieving the severity of flight-related neck pain in fighter pilots.  

• Low quality evidence suggests the benefit of early physiotherapy on short 

term (four weeks) perceived disability of LBP compared to usual care.  

• Low quality evidence does not support the use of electromagnetic 

frequency therapy as an adjunct therapy, nor the use of glucosamine, 

chondroitin and manganese ascorbate combination therapy for 

management of LBP.  

 

4.2 – Overall completeness and applicability of evidence 

 Including only RCT’s in active serving military populations narrowed the search 

yield to 12 studies. The variability in the included interventions and control groups 

(placebo, no treatments, active treatments) complicated the ability to interpret findings 

and summarise evidence regarding the magnitude of treatment effect. Furthermore, many 
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of the interventions included may have required specialist staff (e.g. manual therapy, 

psychological therapy) and the training and competency of providers are likely to have 

varied over locations and time. Control conditions were frequently described 

ambiguously as “usual care,” “standard care” or “no intervention,” which may vary 

between studies depending on the setting, services involved (e.g. army, air force, navy, 

marines, special forces) and country.  However, in the conduct of this review, contextual 

information was reported where available when summarising the treatment effect.  

 Despite attempting to capture a diverse range of MSK pain presentations and 

management strategies (pharmacological and non-pharmacological), of the included 

studies only one evaluated supplementary pharmacological intervention (glucosamine, 

chondroitin and manganese ascorbate combination therapy) and no studies assessing the 

use of pain medication (NSAIDs, opioids, analgesia, injection therapy) were sourced. 

Recent literature on current pain management strategies implemented by active serving 

personnel report that the majority use over-the-counter medications to manage pain 

(Sauers et al., 2016; Walker et al., 2017), with some using opioids to manage even mild 

pain (Toblin et al., 2014).   

With regards to MSK pain presentations, the majority of the included studies 

evaluated interventions targeting LBP in active serving military populations. Low back 

pain has been identified as one of the MSK presentations with the highest prevalence in 

active serving military populations (Bader et al., 2018; Ernat et al., 2012; Morken et al., 

2007); however, depending on the service type and job role, lower limb injuries 

(Davidson et al., 2008; Hébert, 2016; Teyhen et al., 2018) and neck related pain (Hébert, 

2016; Morken et al., 2007) are also common. The underrepresentation of these MSK 

regions limits the usefulness and applicability of the evidence.  

The majority of the studies included in this review are based in US military 

populations. The unequal distribution of countries producing research further limits the 
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generalisability of the evidence due to the variation in medical systems, training and 

equipment. Research of MSK pain management based in Australian, Asian and European 

military organisations are limited and may reflect current organisational priorities.  

  

4.3 – Quality of evidence  

 One of the major methodological difficulties inherent to studies assessing pain-

related outcomes is blinding of the outcome assessor. The use of patient-reported outcome 

measures in effect makes the participant the outcome assessor, and thus the outcome is 

likely influenced by the knowledge of the intervention received. Although pain is a 

subjective construct, risk of bias is introduced via lack of blinding. All studies included 

in this review utilised patient-reported pain outcomes. An alternative method of 

assessment may be introducing appropriate objective measures such as standardised 

functional assessments (e.g. physical employment standard assessments, cognitive 

testing). Of the included studies, six used solely patient-reported outcome measures 

(Brandt et al., 2015; Chumbley et al., 2016; Cruser et al., 2012; Goertz et al., 2013; 

Nayback-Beebe et al., 2017; Rhon et al., 2018), whilst the remainder included at least one 

objective measure. However, of this group, only three arguably used functional 

assessments relevant to military occupations (Campello et al., 2012; Gatchel et al., 2009; 

Leffler et al., 1999). Future trials and reviews may benefit from analysis of both 

subjective patient-reported pain scores and objective occupational functional scores. By 

doing so, the question of effectiveness of an intervention on an individual’s ability to 

conduct military specific tasks may be answered.  

 All studies were reported to be underpowered, not meeting the a priori power 

calculations thus reducing the robustness of the findings. Many of the studies identified 

limitations associated with recruiting in active serving military populations, including the 

transient nature of posting cycles, and impromptu taskings or deployments taking 
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participants away from the study setting. Future studies could consider capturing data 

over a longer period of time to take into account unpredictable deployments; or ensuring 

data collection methods are transferable between medical centres to avoid loss of follow 

up due to impromptu taskings and posting cycles. 

 Interventions and control groups were variable within the included studies, with 

many interventions not isolated, or control groups being defined as standard or usual care. 

Realistically, interventions are rarely used in isolation, however this in turn makes 

evaluation of the evidence of treatment effect hard to assess. Factors to consider when 

evaluating effectiveness of an intervention include compliance (reducing the treatment 

effect), co-intervention (increasing the treatment effect but reducing the magnitude of 

effect) and contamination (reducing magnitude of effect) (Gross et al., 2015). Compliance 

is a variable applicable to exercise therapies and self-directed programmes requiring 

participant motivation to complete the study protocol as directed. Half of the included 

studies had acceptable levels of compliance. All included studies did not control for co-

interventions and/or confounding variables. Many used heterogenous control groups 

stating “standard care” or “usual care” as the comparison. Therefore, not controlling for 

interventions received, types and intensity of physical activity, medications used and rest, 

may have impacted the overall effect size. The use of pain education and advice regarding 

self-management strategies was commonly listed under usual care, a management tool 

that may have its influence underestimated. Education and self-management advice have 

been recommended as a first-line management approach for MSK pain in general 

populations (Lin et al., 2019).     

   

4.4 – Potential bias and limitations in the review process 

 The validity of a systematic review is dependent on the methods of selection of 

all relevant studies. The conclusions of this review are limited due to the small number 
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of studies of poor methodological quality. In addition, there are limitations to the 

methodology of the review itself. Limiting the search to English studies only potentially 

introduced language bias. An attempt to limit publication bias was made via conducting 

a search of grey literature. Limiting the review to include only RCTs may have excluded 

some high-quality observational studies within this population group. As indicated 

earlier, performing RCTs in an active serving population has its nuisances related to the 

transient nature of military settings and influence of reactive operational tempos on 

retention and compliance. Future reviews may benefit from broadening the scope to 

capture this study design.  

  

4.5 – Agreements and disagreements with other studies and reviews 

 To the author’s knowledge, this is the first systematic review evaluating evidence 

for MSK pain management in active serving military populations. The results of this 

review are in line with reviews of MSK pain management in other populations. Low-

quality evidence has been commonly identified, with overall poor quality clinical practice 

guidelines relating to management of MSK pain and disproportionate representation of 

MSK regions within research (Lin et al., 2018). Due to the potential for harm and 

implications to personnel’s deployability status, pharmacological interventions 

particularly opioid prescription was of interest. Unfortunately, we were unable to identify 

any RCTs evaluating the use of pain medication, (prescription or over-the-counter) for 

MSK pain management; rather, NSAIDs were reported as a co-intervention in some 

studies. The lack of representation of pharmacological management strategies is not 

reflective of current practice (Office of the Army Surgeon General, 2010; Sauers et al., 

2016; Walker et al., 2017), and future research comparing the effectiveness including 

assessment of harms and benefits in this population would be beneficial.   
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4.6 – Conclusions 

Current available evidence for management of MSK pain in active serving 

military populations is limited and assessed to be of low quality. Low quality evidence 

supports the benefit of adjunct manipulative therapy, cervical traction, glucosamine 

combined therapy and multidisciplinary pain programmes for severity of various MSK 

pain presentations. Additionally, low to very-low quality evidence suggests exercise 

therapies, early physiotherapy, adjunct manipulative therapy and multidisciplinary pain 

programmes benefit perceived pain disability. No evidence of benefits of electromagnetic 

therapy was found. There were no RCTs that evaluated the effectiveness of prescription 

or over-the-counter medications, despite personnel and military medical professionals 

frequently reporting medication as a preferred strategy for managing MSK pain. Future 

reviews may benefit from including high quality observational studies to capture a 

broader range of interventions that are representative of current practice, as high quality 

RCTs evaluating MSK pain management in active serving military populations are 

limited. Further research is warranted as it is likely to have an important impact on the 

effect estimate. Ongoing research to increase the sample size and pool similar data would 

be beneficial to further validate these findings and enable evidence-based 

recommendations to guide military organisations and healthcare professionals.   
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Appendix 

Table 6. Characteristics of excluded studies 

Study  Reason for exclusion  

Ang, Monnier, and Harms-
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included  
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Childs, Wu, Teyhen, 

Robinson, and George 

(2014) 

Inappropriate outcome measures 

Cohen et al. (2012) Mixed population sample – non-military included 

Coppack, Etherington, and 

Wills (2011) 

Military recruit population  

Coppack, Kristensen, and 

Karageorghis (2012) 

Inappropriate outcome measures 

Finestone et al. (1993) Military recruit population 

George et al. (2009) Inappropriate outcome measures 

George et al. (2011) Inappropriate outcome measures 

Goertz et al. (2012) Duplicate data  

Goertz et al. (2006) Mixed population sample – non-military included 

Graham, Hughes, Johnson, 

Cuenca, and Mosley (2014) 

Mixed population sample – non-military included 

Helmhout et al. (2010) Inappropriate study design  

Highland et al. (2018) Mixed population sample – veterans & beneficiaries included  

Kumnerddee (2009) Inappropriate study design 

Lange et al. (2013) Mixed population sample – subjects without initial reported MSK pain 

included 

Larsen, Weidich, and 

Leboeuf-Yde (2002) 

Military conscript population 
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Mattila et al. (2011) Inappropriate outcome measures 

McGeary et al. (2016) Duplicate data 

Murray, Lange, Nornberg, 

Sogaard, and Sjogaard 

(2017) 

Mixed population sample – subjects without initial reported MSK pain 

included 

Pujol et al. (2015) Inappropriate study design  

Suni et al. (2013) Military recruit population 

Sutlive et al. (2009) Mixed population sample – military beneficiaries included 

Sutlive et al. (2018) Mixed population sample – non-military included 

Tennent, Hylden, Kocher, 

Aden, and Johnson (2017) 

Military recruit population 
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Table 7. - Summary of findings of included studies  

Study (author, 

year) 

Assessment 

points  

Summary of results Results – outcomes in favour of 

intervention group  

Author’s conclusions   

Brandt et al 

(2015)  

Baseline & 

12weeks  

Reduction in means NPRS 

(flight) and ODI in intervention 

group, with slight increase in 

control group. 

Mean daily NRPS scores 

demonstrated no difference 

between groups.   

Comparing baseline to end of study 

period, mean scores – 

- NPRS flight score: intervention 

group -1.8 (p=0.034) and control 

group +0.7 (p=0.235).  

- ODI:  intervention group -4.8 

(p=0.026) and control group +1.7 

(p=0.295).  

At the end of the trial, mean GRCS in 

the intervention group was 4.0, 

compared to 0 .0 in control group.   

Core strengthening exercises 

reduced in-flight pain and pain 

symptoms and disability over 

the duration of the study.  
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Campello et al 

(2012)  

Baseline, 

4weeks 

(post-

intervention), 

& 12weeks. 

Intervention group reported 

significantly lower perceived 

disability and less pain 

compared to control group at 

the end of the intervention 

period.  

 

Difference in means at end of 

intervention period, 

- Pain: 4weeks 1.3 (P=0.074), 

12weeks 1.1 (p=0.310). 

- ODI: 4weeks 10.3 (p=0.014*), 

12weeks 7.6 (p=0.117).  

*significant improvement in ODI at 

end of intervention period.  

 

Subjects in the 

multidisciplinary program 

showed clinically significant 

improvement in perception of 

disability compared to the 

usual care group.  
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Chumbley et 

al (2016)  

Pain: Daily – 

pre- & post-

flying, & 

post-traction.  

ROM: 

baseline, 

washout & 

completion 

final phase  

Pain levels increased post-flight, 

and post-traction pain levels 

reduced in a linear fashion 

relative to reported pain post-

flight. The difference in pain 

levels after traction compared to 

initial levels were not 

significant.  

Initial pain levels on days with traction 

= NPRS 1.3, compared to days 

following traction = NPRS 1.1. 

Difference 0.2 small but found to be 

significant (p=0.014).  

 

Significant reduction in pain levels 

post-traction on flying days NPRS -0.3 

(0.3) (P<0.05). 

  

Correlation between pain levels and 

benefit from traction use demonstrated 

linear relationship (spearman’s 

coefficient -0.729, DF=10, p=0.007).    

Cervical traction after flying is 

effective at reducing flying-

related pain.  
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Cruser et al 

(2012) 

Baseline, 

1week after 

treatment 1-3 

& 4weeks 

post final 

treatment.  

Intervention group showed 

significantly greater 

improvements in “pain now” 

from baseline to end-point.  

 

Significant effect of time on 

improvement in pain and 

functioning - both groups 

improving on average over 

time.   

Difference of means from baseline to 

end-point (95%CI), 

- “Pain now” -1.47 (-2.75 to -

0.18) (p=0.026).  

 

Significant difference for time to 

improvement for “pain at best,” 

intervention group reporting 30% 

improvement (MCID) at an earlier 

session than control group (p=0.004).    

Osteopathic manipulative 

treatment in addition to usual 

care reduces the severity and 

duration of acute LBP 

compared to usual care alone.  
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Dettori et al 

(1995)  

Baseline, 

week 1,2,4 & 

8 study 

period; & 6-

12 month 

post-study. 

Flexion and extension exercise 

groups did not differ in any 

outcome over the 8week 

intervention period.  

 

After 1 week, intervention 

groups reported reduced 

disability scores and higher 

proportion returning to work 

compared to the control group. 

 

There was no difference in 

recurrence of LBP after 6-

12months between groups.    

After 1 week, intervention groups 

reported greater improvements than 

control group in:  

- RMDQ (mean, 95%CI): 

Intervention 7.35 (6.77 to 

11.23); control 9.0 (6.40 to 8.30) 

(p=0.054).  

- Return to work: intervention 

18.3%; control 3.6% (p=0.053).  

 

 

Exercise, irrespective of 

directional preference, was 

slightly more effective than no 

exercise at reducing disability 

and returning to work after 1 

week for personnel with acute 

LBP.  
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Gatchel et al 

(2009) 

Baseline, 

post-

intervention, 

6months & 

1year.  

Intervention group participants 

reported significantly greater 

improvements in self-reported 

pain, disability, functional status 

and fitness for military duty 

post-treatment and follow-up 

points compared to standard 

care group.  

Post-treatment differences group 

comparisons (post-treatment score 

(mean, (SD))), 

- VAS: intervention 3.8 (2.3), 

control 6.0 (2.1) (p=0.008) 

- Dallas pain & disability 

questionnaire: intervention 54.3 

(21.8), control 76.6 (21.2) 

(p=0.003) 

- ODI: intervention 11.0 (5.4), 

control 17.8 (4.5) (p=0.002)   

 

6month follow up outcome results for 

2 groups (mean (SD)), 

Interdisciplinary military pain 

treatment program is effective 

in improving self-reported 

pain, disability and functional 

status of active duty military 

personnel with chronic MSK 

pain.  
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- VAS: intervention 4.0 (2.3), 

control 6.6 (2.0) (p=0.002). 

- Dallas pain & disability 

questionnaire: intervention 51.3 

(24.3), control 81.7 (19.7) 

(p<0.001) 

- ODI: intervention 10.3 (7.7), 

control 19.5 (5.5) (p<0.001)   

 

1-year follow-up outcome results for 2 

groups (mean), 

- VAS: intervention 3.0, control 

5.0 (p=0.05). 
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Goertz et al 

(2013) 

Baseline, 

2weeks & 4 

weeks.  

Mean scores for RMDQ 

decreased for both groups 

during the study period, but 

mean scores for RMDQ and 

NPRS were significantly better 

in the intervention group.   

Adjusted mean differences between 

groups at 2 weeks (95% CI),  

- RMDQ: 3.9 (1.8 to 6.1) 

(p<0.001) 

- NPRS: 2.2 (1.2 to 3.1) 

(p<0.001) 

At 4 weeks (95% CI),  

- RMDQ: 4.0 (1.3 to 6.7) 

(p=0.0014) 

- NPRS: 1.2 (0.2 to 2.3) (p=0.02) 

 

Use of chiropractic 

manipulation techniques in 

conjunction with standard 

care, is effective in decreasing 

pain and improving physical 

function compared to standard 

care alone for active duty 

military personnel with acute 

LBP.   



 101 

Harts et al 

(2008) 

Baseline, 

8weeks, 

24weeks.  

Self-assessed improvement in 

back symptoms was reported to 

be on average 39% greater in 

high-intensity group compared 

to waiting list control at 8weeks.  

 

No other differences between 

groups for any outcome at 

8weeks or 24weeks was 

observed.  

GPE mean (95% CI) difference 

between High intensity and wait-list 

control groups at 8weeks post-

intervention = 39% (14% to 64%).  

 

Although some beneficial 

effects were found, lumbar 

extensor strengthening does 

not have a significant effect on 

disability of chronic NSLBP in 

active-duty Army personnel.  
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Helmhout et al 

(2008) 

Baseline, 

5weeks, 

10weeks, 

6months & 

12months. 

Both groups showed 

improvements in outcomes over 

time, with short term 

improvements remaining stable 

or slightly increased towards the 

12month follow-up.  

 

No significant differences 

between the 2 groups were 

observed for any outcome 

measure at any time.  

No significant differences between 

groups at any time point reported.  

Specific back strengthening 

does not appear to benefit 

active-duty military personnel 

with LBP when compared to 

usual physical therapy care 

that includes general exercise 

therapy.  
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Leffler et al 

(1999) 

Average of 2 

measures in 

baseline 

period & 

final 2 weeks 

of 8week 

treatment 

phases. 

Knee osteoarthritis symptoms 

were reduced, but no change to 

functional measures were 

observed.  

 

Benefits for LBP was not 

demonstrated.  

Overall summary results, statistically 

significant improvement in pain VAS 

(p=0.02).  

 

When separated, most improvement 

attributable to knee data. Mean change 

pain VAS (95% CI): In clinic -26.6% 

(-53.0% to -0.2%). Diary entries     -

28.6% (-52.7% to -4.5%).     

The combination of 

glucosamine, chondroitin 

sulphate and manganese 

ascorbate is safe and may 

relieve symptoms of knee 

osteoarthritis in active-duty 

Navy personnel.    
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Nayback-

Beebe et al 

(2017) 

Baseline, 

4weeks & 

8weeks. 

Intervention group 

demonstrated no significant 

changes to pain symptoms and 

severity compared to the control 

group at any timepoint.   

Pain NPRS (mean (SD)) at baseline, 

- Intervention: 4.3 (1.8) 

- Control: 3.5 (2.3) 

4weeks, 

- Intervention: 3.9 (1.6) 

- Control: 3.8 (2.0) 

8 weeks, 

- Intervention: 3.8 (2.3) 

- Control: 3.4 (2.2)  

Adjunct treatment of pulsed 

electromagnetic frequency to 

usual care demonstrated 

nonsignificant improvements 

to reported pain and LBP-

related disability in active US 

military personnel.  
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Rhon et al 

(2018)  

Baseline, 

4weeks, 

3months & 

1year.  

No between group difference in 

ODI is noted after 1-year.  

 

Between group difference is 

seen after 4weeks in favour of 

early physical therapy 

intervention compared to usual 

care.  

 

No difference between groups 

in adjusted NPRS scores at any 

timepoint.   

Between group mean difference (SD, 

95% CI) at 4weeks for ODI 4.38 

(25.95, 0.41 to 10.10) p=0.042.  

 

Mean (SD, 95%CI) for ODI at 4weeks,  

- Intervention: 22.19 (12.80, 

18.83 to 25.55) 

- Control: 26.57 (12.29, 23.43, 

29.71)  

Early physical therapy 

compared to usual care for 

LBP improves disability after 

4weeks in active military 

personnel, but no difference is 

seen after 1-year.  

LBP = low back pain; NSLBP = nonspecific low back pain; MSK = musculoskeletal; ROM = range of motion; VAS = visual analogue scale; 

NPRS = numerical pain rating scale; ODI = Oswestry disability index; RMDQ = Roland-Morris disability questionnaire; GPE = global perceived 

effect; MCID = minimal clinically important difference; CI = confidence interval; SD = standard deviation; DF = degrees of freedom.
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