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Abstract 

Introduction 

Clinical field tests are cheap and easily available tools that are used in primary based rehabilitation. To our 

knowledge, minimal data is available describing variation in values obtained from field tests in a “healthy” 

South African context. Reference values are used to assist clinical decisions, define treatment options and 

determine prognosis. The aim of this thesis was to 1) explore the literature and describe the populations included 

in establishing reference values for five clinical field tests and 2) describe the values of five clinical field tests in 

a ‘healthy’ population from a South African resource restrained metropolitan community. 

Methods 

The clinical field tests included in this thesis focused on assessing functional exercise capacity; health related 

quality of life; peripheral muscle strength; grip strength; and respiratory strength. A scoping review was carried 

out following the framework of (Arksey and Malley, 2005). Six databases were searched from inception to July 

2019. 

Studies were selected by two independent researchers at title, abstract and full text levels. We used a cross- 

sectional study design to describe the values for the five clinical field tests in a cohort of healthy South Africans. 

Convenience sampling technique stratified for age and gender, was used to obtain a sample. Reference values 

were presented as mean and standard deviation. Scatter plots was used to visually compare the dispersion of the 

South African values to selected international reference values for exercise capacity and maximal inspiratory 

pressure. 

Results 

Nine systematic reviews published within the past five years, were included in the scoping review. Ten 

additional studies were identified through a secondary search, with nine primary studies reporting maximal 

inspiratory pressure reference values and one primary study reporting reference values for exercise capacity. 

The scoping review identified a variety of international populations, procedures, positioning, and reference 

values. No reference values were identified from populations in least developed countries. Thirty-five 

participants agreed to participate in the study. The participants were stratified according to six age groups (18- 

25,26-35,36-45,46-55 and 56-65) and gender. Sixteen participants were male whilst nineteen participants were 

female. The average age for participants (n=35) were (39.46±13.81), average height (166.4±9.46) and average 

weight (75.81±19.58). The mean Body Mass Index (BMI) was (27.47±7.24). Of the total sample, participants 

formed 31.43% of the overweight category and 31.43% of the obese category. The scatter plots visually 

compared the mean and 95% Confidence Intervals of the South African population to values obtained from 

international cohorts for the exercise capacity and maximal inspiratory pressure. 
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Conclusion 

The scoping review highlighted the variation in reference values across populations and economic backgrounds 

as well as differences in testing procedures. Values for five clinical field tests used in primary based 

rehabilitation has documented normal variation in a healthy South African population. Clinicians need to be 

cognisant of factors that could impact reference values such as socio-economic environments and the testing 

procedure. International reference values may be inaccurate for use by clinicians in a South African context. 

Further work is needed to define more precise South African reference values for the five clinical field tests 

described in this thesis. 

Total Words : 506 
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Opsomming 
 
 
 

Agtergrond 
 

Kliniese veldtoetse is goedkoop en maklik beskikbare instrumente wat gebruik word in primêre rehabilitasie. Na 

ons wete is daar minimale data beskikbaar wat die variasie in waardes wat verkry is uit veldtoetse in 'n 'gesonde' 

Suid-Afrikaanse konteks, beskryf. Verwysingswaardes word gebruik om kliniese besluite te fasilteer, 

behandelingsopsies te bepaal en prognose te voorspel. Die doel van hierdie proefskrif was om 1) die literatuur te 

verken en die populasies te beskryf wat ingesluit is by die vasstelling van verwysingswaardes vir vyf kliniese 

veldtoetse en 2) die waardes van vyf kliniese veldtoetse bepaal in n gesonde hulpbron beperkte Suid-Afrikaanse 

metropolitaanse populasie 

Metodes 
 

Die kliniese veldtoetse wat in hierdie tesis ingesluit is, het gefokus op die beoordeling van funksionele 

uithouvermoë; gesondheidsverwante lewenskwaliteit; perifere spierkrag; greepsterkte; en asemhalingskrag. 'n 

Literatuur oorisg is uitgevoer na aanleiding van die raamwerk van (Arksey en Malley, 2005). Ses databasisse is 

ingesluit en die soektog is uitgevoer van die begin van die databasis Studies is gekies deur twee onafhanklike 

navorsers op titel-, abstrakte- en volteksvlakke. Ons het 'n deursnitstudie-ontwerp gebruik om die waardes vir 

die vyf kliniese veldtoetse in 'n groep gesonde Suid-Afrikaners te beskryf. Gemaksteekproefnemingstegnieke 

wat volgens ouderdom en geslag gestratifiseer is, is gebruik om 'n monster te verkry. Verwysingswaardes is as 

gemiddelde en standaardafwyking beskryf Verspreidingsdiagramme is gebruik om die verspreiding van die 

Suid-Afrikaanse waardes visueel te vergelyk met geselekteerde internasionale verwysingswaardes vir 

oefenvermoë en maksimale inspirasiedruk. 

Resultate 
 

Nege sistematiese oorsigte wat gedurende die afgelope vyf jaar gepubliseer is, is in die literatuur oorsig 

ingesluit. Tien addisionele studies is deur middel van 'n sekondêre soektog geïdentifiseer, met nege primêre 

studies wat die maksimum inspirasie-drukverwysingswaardes rapporteer en een primêre studie wat 

verwysingswaardes vir oefenvermoë aanmeld. Die bestekopname-oorsig het 'n verskeidenheid internasionale 

bevolkings, prosedures, posisionering en verwysingswaardes geïdentifiseer. Geen verwysingswaardes is 

geïdentifiseer van populasies in die minste ontwikkelde lande nie. Vyf en dertig deelnemers het ingestem om 

aan die studie deel te neem. Die deelnemers is volgens ses ouderdomsgroepe (18-25,26-35,36-45,46-55 en 56- 

65) en geslag gestratifiseer. Sestien deelnemers was mans, terwyl negentien deelnemers vroulik was. Die 

gemiddelde ouderdom vir deelnemers (n = 35) was (39.46 ± 13.81), gemiddelde lengte (166.4 ± 9.46) en 

gemiddelde gewig (75.81 ± 19.58). Die gemiddelde liggaamsmassa-indeks (BMI) was (27,47 ± 7,24). 
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Van die totale steekproef val 31,43% in die oorgewigskategorie en 31,43% in die vetsugtige kategorie. Die 

verspreidingsdiagramme het die gemiddelde en 95% vertrouensintervalle van die Suid-Afrikaanse bevolking 

visueel vergelyk met waardes verkry uit internasionale kohorte vir die oefenvermoë en maksimale 

inspirasiedruk. 

Afsluiting 
 

Die literatuuroorsig het die variasie in verwysingswaardes tussen populasies en ekonomiese agtergronde sowel 

as die verskille in toetsprosedures beklemtoon. Waardes vir vyf kliniese veldtoetse wat in primêre rehabilitasie 

gebruik word, het normale variasie in 'n gesonde Suid-Afrikaanse bevolking aangetoon. Klinici moet kennis dra 

van faktore wat die verwysingswaardes kan beïnvloed soos die sosio-ekonomiese omgewings en die 

toetsprosedure. Internasionale verwysingswaardes kan onakkuraat wees vir gebruik deur klinici in 'n Suid- 

Afrikaanse konteks. Verdere werk is nodig om meer akkurate Suid-Afrikaanse verwysingswaardes te definieer 

vir die vyf kliniese veldtoetse wat in hierdie proefskrif beskryf word. 

Totale aantal woorde: 497 
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Glossary 
 
 

1. Clinical Field Test – A clinical field test is a cheap and portable tool used to measure health related 

fitness outcomes (Tveter, 2014). 

 
2. Economy – The status of wealth and availability of resources in terms production and services rendered 

by a country (Situation, 2015). 

 
3. Evidence Based Practice – The practice of clinical decision making by health care professionals, 

informed by current evidence specific to context and the availability of resources (‘Toward a 

Transdisciplinary Model of Evidence-Based Practice’, no date). 

 
4. Exercise Capacity – A multiple system response to a set workload placed on an individual, resulting in 

the maximum intake of oxygen. This is referred to as their exercise capacity (Arnsdorf, Merz and 

Lauer, 2005). 

 
5. Non-communicable disease – A disease that cannot be transmitted from one individual to another 

(Mayosi et al., 2009). 

6. Rehabilitation – A structured process of clinical decision making to solve disability related issues 

caused by disease (Behind and Rehabilitation, 2003).Reference Value – A value that is produced 

through a quantitative measurement of a reference point or individual (Friedrichs et al., 2009). 

7. Limb muscle strength - Limb muscle strength can be  defined as the maximum voluntary force that an 

individual needs to exert under specific environmental conditions (Bohannon, 1997). 

8. Break test – A break test is performed when an assessor applies a force with a Hand-held 

dynamometer against an individual’s limb as they exert a maximal force that is overcome by the 

assessor (Stratford and Balsor, 1994). 

9. Make test – A make test is performed when a Hand-held dynamometer is held stationary against an 

individual’s limb as they exert a maximal force against the dynamometer and assessor (Stratford and 

Balsor, 1994). 

10. Primary Based Rehabilitation – Essential rehabilitation services that are easily available, inexpensive 

and scientifically appropriate (White, 2015). 
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1 Chapter 1 - Introduction 
 

The concept of the reference value was first established in 1969 by authors, Grasbeck and Saris. The primary 

focus of these authors were to identify changes in concentrations of blood analyte in a specific cohort of defined 

individuals (Friedrichs et al., 2009). Initially, ‘normal values’ was commonly used and described as a normal 

range between a mean ± two standard deviations (Gra, 2004). The term ‘normal values’ presented more than one 

definition and thus the term ‘reference value’ was later developed (Friedrichs et al., 2009). Friedrichs et 

al.,(2009) described a reference value as a value that is produced through a quantitative measurement of a 

reference point or individual. Similarly, (Gra, 2004) described reference values as data that is necessary when 

analysing and understanding observations in the medical field. The applicability of reference values go beyond 

the field of clinical chemistry (Federation and Clinical, 1987). 

The concept of the reference value was further critiqued as criteria was necessary to produce a reference value. 

Reference values are considered purposeful if the methodology required to produce the reference value is 

described. This entails outlining the selection criteria for the reference individual, data collection method, 

environmental and physiological effects during testing and data analysis method (Federation and Clinical, 

1987). It is commonly taken that reference values only measure ‘normal’ or ‘healthy’ individuals (Gra, 

2004).The International Federation of Clinical Chemistry (IFCC) recommend that the current condition of 

health inclusive of disease needs to be stated prior to ‘reference value’ which in turn is referred to as a current 

state of health (Gra, 2004). 

‘Normative’ reference values suggest that references need to be developed for a healthy individual. The World 

Health Organization (WHO) currently defines health as ,“ a state of complete physical, mental and social- 

wellbeing and not merely the absence of disease or infirmity.”(Who, 2006). A study by Horst et al.,(2011) 

highlighted that as the trend of disease changes along with an ageing population, the definition of health by the 

World Health Organization (WHO) is not useful. Horst et al.,(2011) further highlights that the World Health 

Organization (WHO) definition of health does not account for individuals with disabilities or suffering from 

chronic diseases and concludes these individuals to portray definite poor health. This is relevant and important 

to consider when identifying ‘healthy’ in a South African context due to the high burden of non-communicable 

disease (Mayosi et al., 2009). A state of health can be seen as not definite but rather relative depending on 

variation between populations, within populations and as populations age over time (Federation and Clinical, 

1987). 

Stellenbosch University https://scholar.sun.ac.za



2  

The understanding of the range of normative differences and link to physical outcomes is crucial in many areas of 

healthcare including primary based rehabilitation (Mckay et al., 2012). Once normal variation has been 

understood, deviation from this variation can be identified and responses to clinical approaches can be placed 

under scrutiny (Mckay et al.,2012). Comparison with normative reference values assist respective clinicians with 

clinical decision making that involve diagnosis, management,prevention and emphasis on possible clinical 

significance (Mckay et al., 2012). Any identified clinical significance encourages evidence-based guidance when 

making clinical decisions in primary based rehabilitation (Johnson, Lynch and Hermann, 2015). Normative 

reference values and reference equations are needed to improve the clinical value and interpretability of clinical 

field tests (Tveter et al., 2014). 

Clinical field tests are widely used in primary based rehabilitation to measure specific outcomes through which 

reference values are developed. Clinical field tests are measurement tools that are available and easy to use, that 

require no or only portable equipment. Health related quality of life (HRQoL), physical and functional outcomes 

are measured by means of these field tests even though the tests may be less accurate due to varying inter-rater 

reliability and not as specific as laboratory-based tests (Tveter, 2014). Many studies have reported that different 

clinical field tests explore different aspects of health-related physical activity. The five clinical field tests chosen 

had a dual reason as 1) they provide us with information regarding the health of an individual overall and 2) this 

study forms the control study for a larger research project, the clinical tests were chosen in accordance to the 

larger research programme that is focusing on five clinical field tests relevant to a Tuberculosis (TB) population. 

Results obtained from a clinical field test needs to be compared to normative results to detect any changes in 

health status that can be further guide clinical decisions. For the clinical field test to be of value the clinical field 

test needs to be standardized, specific and user friendly (Hammond and Unit, 1998).  

The six-minute walk test (6MWT) assesses functional exercise capacity, dynamometry measures hand grip 

strength and peripheral muscle strength and maximal inspiratory pressure testing investigates the strength of the 

respiratory muscles on inspiration. Inspiratory muscle strength is the direct measure of the developing pressure 

within the thorax tested by performing a forceful inspiration against an occluded mouthpiece (Mb et al., 2014). 

Limb muscle strength can be defined as the maximum voluntary force that an individual needs to exert under 

specific environmental conditions (Bohannon, 1997). Maximum Voluntary Isometric Contraction (MVIC) can be 

measured with handheld dynamometers, which are inexpensive and a quick method of manual muscle testing 

(Meldrum et al., 2007). The six-minute walk test (6MWT) examines the submaximal level of functional exercise 

capacity and assesses the responses of multiple body systems during exercise (Issues et al., 2002). Hand Grip 

Strength is the result of a force created by deep and superficial muscles during the activity of gripping. Handgrip 

strength is said to be an objective indication of mucle strength and current health status (Mgbemena, 2019).
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It is possible that populations across the world may differ in clinical field test outcomes. According to Collier, ( 

2007), Africa has not been growing in terms of income level and resolving poverty thus making it difficult to 

escape economic stagnation. It is uncertain if this holds true till date.  Socioeconomic status has become an 

important determining factor of health (Peterson et al., 2006). It would be necessary to consider that factors such 

as varying economic backgrounds may affect clinical field test outcomes and thus varying reference values 

between populations. Furthermore, it can be speculated that populations from developed economic backgrounds 

can achieve better clinical field test outcomes due to access to better education, access to physical exercise 

institution and prevalence of NCD. South African is categorised as a developing economy according to the 

World Economic and Situations Prospect 2019 (WESP). A decrease in physical function occurred with a 

decrease in employment in participants with or without disease, thus suggesting that socioeconomic status can 

play a role in the outcome of clinical field tests (Peterson et al., 2006). 

The aim of this thesis was to 1) explore the literature and describe the populations included in establishing 

reference values for five clinical field tests and 2) describe the values of five clinical field tests in a “healthy” 

population from a South African resource restrained metropolitan community. 
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1.1 Thesis Overview 
 

The thesis comprises of four chapters (Figure 1.1). The scoping review (chapter two) aimed at identifying 

international reference values which further informed the second aim of the thesis, identifying the need for 

South African reference values, after comparing to the results of the primary study (chapter three). Chapter three 

is written according to the South African Journal of Physiotherapy (SAJP) guidelines for an original article 

submission. Therefore, in chapter two we have explored the literature presenting existing international reference 

values for the forementioned clinical field tests. We have summarized populations included, through descriptive 

statistics, methodologies used, and procedures followed. In chapter three, our primary study, we have described 

age and gender specific values for five clinical field tests from a sample of ‘healthy’ South African adults with 

the intention to identify an overlap with international reference values. The results of our chapter two and three 

will aim to inform the need to establish South African reference values through an overall discussion in chapter 

four. The reference list for the thesis is collated as one. An individual reference list will be created for the article 

to be submitted for further publication. All documents related to the execution of the study is summarised in 

Addenda. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1 Flow diagram: Thesis Overview 

• Introduction of thesis and overview 
Chapter 1 

Chapter 2 

• International normative reference values for five clinical field tests used in primary based rehabilitation : 
A Scoping Review 

Chapter 3 
•Reference values for clinical field tests used in in primary based rehabilitation: A South African 
Perspective 

•Discussion and conclusion 
Chapter 4 
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2 Chapter 2 – Scoping Review 
 
 

2.1 Introduction 
 

The understanding of the range of normative differences and physical function is crucial in many areas of 

healthcare and physiotherapy (Mckay et al., 2012). Comparison with normative references aid clinical decision 

making that involve diagnosing, management and prevention of disease (Mckay et al.,2012). Once normal 

variation has been understood, deviation from this variation can be identified and responses to treatment can be 

placed under scrutiny (Mckay et al., 2012). The concept and philosophy of the reference value has been widely 

used in the fields of clinical chemistry and laboratory medicine and have promoted the relevance in many other 

fields of study (Federation and Clinical, 1987). Authors, Grasbeck and Saris had first identified the use of 

‘normal values’ when observing changes in concentration of blood analyte (Friedrichs et al., 2009). Friedrichs 

et al.,(2009) had also decided that the term normative ‘reference value’ may be more definitive than ‘normal 

values’. According to (Gra, 2004), the term normative reference value has been said to be ambiguous and 

definitive terms and procedures need to be put in place when developing normative reference values. 

Normative reference values have been described as a spread of values of biological origins chosen according to 

definitive criteria and derived from a homogenous and healthy group of individuals (Henny, Petitclerc and 

Fuentes-, 2000). 

Similarly Friedrichs et al.,(2009) describes a normative reference value as a quantity that has been observed and 

measured on a reference individual. Whilst normative reference values had also been described as obtaining 

values from a generally healthy population, obtaining values from a population that is not admitted in hospital 

and individuals said to have been healthy is not the same (Gra, 2004). The International Federation of Clinical 

Chemistry (IFCC) recommends with great importance that the respective population state of health be distinct 

when developing normative reference values (Henny, Petitclerc and Fuentes-, 2000).Whilst the description of 

normative reference values have been stated subjectively, objective descriptions of normative reference values 

have been described as executing a number of tests on groups of healthy people where ± two standard deviations 

are taken and the values between end values are a representation of normative reference values (Gra, 2004). 

Regardless of the ambiguity of which the term portrays and the field in which the normative reference value is 

being developed, the central idea being relayed is to create values that will be an aid in the analysis and 

differentiation of clinical and medical observations. 
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Many issues have been discovered when determining reference values, of which one of the main issues being 

able to decide on criteria to define a healthy population group (Friedrichs et al., 2009). This in turn stimulates 

the discussion circulating around the definition of health. In 1948, the World Health Organisation (WHO) 

defined health as, “state of complete physical, mental and social wellbeing and not merely the absence of 

disease or infirmity.” Horst et al.,(2011). As time progressed this definition had become problematic as 

according to (Leonardi, 2018), the ageing rate had increased and populations with chronic ailments and 

disabilities had survived a longer period than predicted. It can be considered that a population requires stringent 

criteria to define a current state of health of a population, than having rather excluded the population group 

indefinitely if deemed not healthy. Friedrichs et al.,(2009) also agreed, that a normative reference value should 

be obtained from a healthy reference and this in turn raises concerns around defining ‘healthy’ once again. 

According to Gra,(2004), it is the usual that normative data had been obtained from the university staff, young 

students and the professor. In contrast, this had not been the case as Gra,(2004) declared that when taking 

reference values from any participant, the detailed method of assessment, criteria selecting the individuals and 

state of current health inclusive of poor health be at the forefront of importance. It is quite clear that Gra,(2004) 

does not consider normative references being necessarily derivative of a ‘healthy’ individual, as the author 

describes ‘state of health’ inclusive of disease thus prompting a strict selection criteria when selecting a 

individuals contributing to normative references values. Federation and Clinical, (1987) supports this statement 

regarding ‘state of health’ as they further describe health to be in a state of relativity rather than absolute when 

explaining health as submissive to change in terms of varied global perspectives and phases during an 

individual’s life. 

Normative reference values have been developed to allow for identification if deviations from the reference 

occurs (Gra, 2004). We argue that in order to develop normative reference values, the values need to be 

taken from an apparently healthy individual especially if being used in a control group. Gra, (2004) 

mentioned the importance in how the weak points or differences become apparent when using normative 

references as a control group. For a normative reference value to be of value it is imperative that its origin, 

the procedure carried out to assess the reference value, sex, age and ethnic groups involved, to be specified 

(Gra, 2004). Reference values can be developed for either a healthy population or a diseased population. The 

term ‘normative reference value’ will be used to describe a healthy population. 
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South Africa is an ethnically and socially diverse middle income-country (Myer, Ehrlich and Susser, 2004). 

According to the World Economic Situation and Prospects guideline (WESP), South Africa is classified as a 

developing economy. It has been proposed by (Myer, Ehrlich and Susser, 2004), that developed economies of 

the world differ from that of South Africa. Developed countries are fully equipped with resources unlike 

developing countries such as South Africa that carry 85% of the worlds burden of disease (Cooperation and 

Bureau, 2020). When considering the connection between health and socio-economic status, it can be argued 

that the health of the South African population would be different from populations residing in the developed 

world. The idea that socio-economic background may have an effect on normative reference values, is supported 

by a study (Ramlagan, Peltzer and Phaswana-mafuya, 2014) that analysed hand grip strength in the older South 

African male population. Ramlagan, Peltzer and Phaswana-mafuya, (2014) reported that hand grip strength 

improved with an increase in financial standing and education obtained. 

While widely accepted that other factors like age, sex and occupational factors of the population could also 

affect the interpretation of the values, the interdependency of various factors impact reference values and 

ultimately the clinical utility. Ramlagan, Peltzer and Phaswana-mafuya,(2014) reported that older South African 

men had a decrease in hand grip strength compared to men in European countries whilst in contrast, South 

African women had an increase in hand grip strength compared to woman in European countries. It can be 

speculated that the difference is due to different occupational and gender-based roles between economies.  The 

following questions then arise: 1) which populations have been sampled in describing reference values for 

specific field tests; and 2) which factors have been identified to impact the reference values. 

In health, therapists and other health practitioners routinely utilise field tests. Measurements carried out by 

portable and inexpensive tools are referred to as clinical field tests. Often times field tests prove more feasible 

than administering gold standard tests (Tveter, 2014). Eaton et al.,(2006) also describes field tests as being 

more practical than the gold standard tests or laboratory-based exercise testing. The increasing demand placed 

on primary care rehabilitation by the increasing rate of non-communicable disease (NCD) in developing 

economies, requires implementation of less expensive interventions (Beratarrechea et al., 2014). Eaton et al., 

(2006) compared two walking field tests in a chronic lung disease population and described the tests as effective 

and simple. Field tests provide an inexpensive tool useful for rehabilitation at primary care level in a developing 

country such as South Africa (Hammond and Unit, 1998). Measurements obtained by clinical field tests and 

outcome measures are crucial when identifying whether significant health related changes have occurred and 

inform clinical decision making when planning a treatment. Whilst Tveter, (2014) emphasized the  importance 

of clinical field tests in assisting clinical decisions made by practitioners, the lack of accuracy and specificity 

when compared to laboratory based tests need to be considered.  
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The tester should always consider the possibility of inaccuracy. It is thus necessary when assessing normative 

reference values to identify international variations of reference values to establish whether there is a need to 

develop new reference values or make use of a potentially similar international normative reference value. 

 

The five field tests are used to assess maximal inspiratory pressure, exercise capacity and muscle strength of the 

upper limbs and lower limbs. The tests will provide useful data when assessing respiratory conditions, frailty 

and deconditioning within non-communicable disease at a primary care level, and making an informed decision 

regarding therapeutic exercise, holistic management, and education. 
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2.2 Research Question: 
 

“Which populations have been included in the development of reference values for five clinical field tests used 

in primary based rehabilitation?” 

 

2.3 Research Aim: 
 

To map and compare the populations which have contributed to the development of normative reference values 

for five clinical field tests used in primary based rehabilitation. The five clinical tests include grip strength, 

Deltoid strength, Quadricep strength, maximal inspiratory pressure (MIP) and the six-minute walk test (6MWT). 

 

2.4 Objectives: 
 
 

2.4.1 Primary Objectives 
 

To identify and document the reference values and distribution for the five clinical field tests. 
 

To describe the origin of populations used to obtain reference values for the five clinical field tests. 
 

To describe the demographics of the populations included to obtain reference values for the five clinical field 

tests. 

 

2.4.2 Secondary Objectives 
 

To map and compare the factors which have been documented to have an influence on reference values. 
 
 

2.5 Methodology 
 

We followed the first five stages of the framework published by (Arksey and Malley, 2005) to identify and map 

the existing literature reporting on reference values for the five field tests. We decided not to include the 

consultation stage of the framework at this stage but will use the results of the review to engage with the 

rehabilitation community in the future. As we became more familiar with the literature for each field test, we 

added or amended the framework stages to provide a clear picture of the existing literature. The amendments of 

the framework stages are described. 
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Step 1: Formulating a question 

Step 2: Identifying studies 

Step 3: Selecting the studies 

Step 4: Charting the data 

Step 5: Collating, summarizing, and reporting 
 

Step 6: (Optional) – Consultation with stakeholders in the future 
 
 

2.5.1 Identifying studies 
 

A subject specific search strategy was developed for each of the five different subject areas namely, grip 

strength, Quadricep strength, Deltoid strength, maximal inspiratory pressure and the six-minute walk test. Six 

electronic bibliographic databases namely CINAHL, MEDLINE, Science Direct, Scopus, PubMed and Web of 

science were searched from database inception to July 2019. Searches were completed independently for each 

clinical field test. The number of retrieved studies is reported collectively for all clinical field tests in (Figure 

2.1). Search terms and limits applied are available in (Addendum K). 

If a systematic review and/or Meta-analysis was not published in the past 5 years, we completed a secondary 

search for primary studies in the relevant field test. A detailed presentation of the search strategy, 

inclusion/exclusion criteria and selection process of the studies will be detailed in each respective clinical field 

test. The search strategy, keywords and selection process illustrated by a flow chart for the secondary search for 

primary studies is attached in (Addendum J,L and M). An illustration of the identified studies for each clinical 

field test and the clinical field test where a secondary search for additional studies has been made clear (Table 

2.2). 
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2.5.2 Selecting the studies 
 

The studies returned by the search strategy were screened for inclusion at abstract, title, and full-text level by 

two independent reviewers. The Primary Investigator (PI) and the secondary reviewer, Brittany Fell (BF) 

systematically screened all papers independently. Studies were included in the screening process if they had 

reported normative reference values in both genders, studied human subjects, carried out a systematic review 

and/or a meta-analysis. In the event of a disagreement, a discussion to reach consensus was organized between 

the two reviewers. If consensus could not be achieved, a third reviewer, Professor Susan Hanekom (SH) was 

consulted. Full-text papers were retrieved by accessing online electronic journals. 

Systematic reviews and meta-analysis’ exploring and describing normative reference values of the five clinical 

field tests were prioritized for inclusion into the review. The total number of searched hits from the selected 

databases across the five clinical field tests included 353 studies. Three hundred and thirty-four studies were 

excluded in total. Studies reporting on children, adolescents, high performing athletes, diseased populations, and 

non-English reviews were excluded. The same inclusion and exclusion criteria (Table 2.2) was executed in each 

subject area, through an iterative process after the search was conducted. In (Figure 2.1), the primary search 

selection process followed collectively over all five field tests to result in nine included studies, is illustrated. 

Table 2.1 Study Selection Criteria 
 

Inclusion criteria Exclusion criteria 

Normative reference values including both 

genders 

Human Studies 

Systematic Reviews 

Meta-analysis 

Non-English papers 

Reference values for a diseased population/ 

population with a condition 

Reference values for athletes and high performing 

individuals 

Reference values for children and adolescents 

Endurance testing 

Research protocols 

Research Reports 
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Abstract removed : 

10 

Normative reference value for 
a shoulder muscle group : 5 

Published more than 5 years 
ago : 5 

 
 

Abstract level : 19 

Irrelevant titles removed : 

327 

Language : 5 

Not normative : 121 

Not Reference value : 21 

Children and adolescents : 61 

Reference values of athletes 
and high performing 

individuals : 3 

Diseased populations : 116 

 
 

Title level : 346 

Duplicates removed : 

7 

 
 

Initial Hits : 353 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Figure 2.1 Selection Process Flow Diagram : Overall 

 
 

Full-text level : 9 

Total studies included in review: 

9 

Stellenbosch University https://scholar.sun.ac.za



13  

Table 2.2 A Summary of retrieved systematic reviews and primary studies 
 

Clinical field 

test 

Primary Search Secondary Search 

Author and date 

published: systematic 

review 

Systematic 

reviews 

(n=) 

Author and date 

published: Primary 

study 

Primary 

studies 

(n=) 

Muscle 

strength 

Benfica et al.(2018) 3 No 

secondary 

search 

conducted 

No 

secondary 

search 

conducted 

Bohannon et al. (2011) 

Bohannon et al. (2018) - 

updated 

Grip strength Bohannon et al. (2006) 5 

Bohannon et al. (2006) - 

updated 

Dodds et al.(2016) 

Kamide et al.(2015) 

Benfica et al.(2018) 

MIP Pessoa et al.(2014) 

(Studies included up until 

2011) 

1 Pessoa et al.(2014) 1 

6MWT Salbach et al.(2015) 

(Studies included up until 

2013) 

1 Mosharraf-Hossain et 

al.(2014) 

9 

Britto et al.(2013) 

Zou et al.(2017) 

Zou et al.(2017) 

Shrestha et al.(2015) 

Ajiboye et al.(2014) 

Bourahli et al.(2015) 

Tveter et al.(2014) 

Rao et al.(2013) 

Total 

retrieved 

 10 including 

duplicate: 

Benfica et 

al.(2018) 

 10 
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2.5.3 Charting of data 
 

The Primary Investigator (PI) extracted and charted relevant data from the included papers on to a excel 

spreadsheet for each field test. A detailed report will be included in each subsection. The data extracted and 

charted included year of publication; number of relevant articles included in meta-analysis; total number of 

relevant articles; guidelines followed; method of data analysis; search terms and strategies used; databases 

accessed; type of instrument used; procedure and positioning; the country of which the study was conducted in; 

age group/groups of participants involved and description of respective normative reference values. 

 

2.5.4 Collating, summarising and reporting 
 
 

2.5.4.1 Assessment of Methodological Quality 
 

While quality assessment is not included in the framework of (Arksey and Malley, 2005), a quality 

assessment of the included studies in this review have been included. It can be argued that the additional 

information will be valuable in identifying potential issues in the existing literature and informing the design 

of future studies. To this end we have included tools to assess methodological quality. The tools used in each 

of the  subsequent sections will be identified. In this section, we describe the different tools and the process 

used in completing the quality assessment. 

2.5.4.1.1 AMSTAR: A Measurement Tool to Assess Systematic Reviews 
 

The AMSTAR tool was initially designed in 2007 to evaluate systematic reviews of randomized controlled 

trials. The AMSTAR-2 tool was later developed to include non-randomized studies. The AMSTAR-2 will be 

used to assess methodological quality over 16 items and will provide an overview of any apparent weaknesses in 

seven critical domains. Two reviewers, (KB and BF) independently assessed the methodological quality of the 

systematic reviews using AMSTAR-2. Any discrepancies between the two assessors for each domain was 

identified and discussed reflecting on rationale used to assess the item of concern. The differences were resolved 

when an agreement had been reached by both assessors. 
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2.5.4.1.2 COSMIN: Consensus based Standards for the selection of health status Measurements Instruments. 
 

The Consensus based Standards for the selection of health status Measurements Instruments (COSMIN) is a tool 

comprising of checklists to assess the quality of studies included in the systematic review under the exercise 

capacity subsection. The tool was used only in this section to assess the quality of an additional study according 

to the same specific checklist used within the COSMIN tool for the systematic review. This was to allow the 

results between the additional studies and systematic review to be comparable and provide potential flaws or 

strengths in the quality of the studies. 

 
 

2.5.4.1.3 McMaster Critical Review for Quantitative studies 
 

The McMaster Critical Review was developed by the Occupational Therapy Evidence-Based practice research 

group of McMaster University (Form and Studies, 1998). This critical review form provides a simple guideline 

that can be understood by students, clinicians, and academics. Additional articles were assessed according to an 

item checklist under eight main sections (study purpose, literature, design, sample, outcomes, intervention, 

results and conclusions and implications) with four subsections. You can either answer as “Yes”, “No ” or “Not 

Addressed”. For every answered “Yes”, a score of 1 is given and the total score is given out of 15 as a total 

reflection of the quality of the assessed study. 

In the following subsections, each field test will be described separately. 
 

1) Muscle strength 

2) Exercise Capacity 

3) Maximal Inspiratory Pressure (MIP) 

4) Grip Strength 
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2.6 Exercise Capacity 
 
 

2.6.1 Identification of studies 
 

Salbach et al. (2014) was identified as the latest comprehensive systematic review, summarizing data on time 

and distance limited walking tests and reference equations. The systematic review limited papers published from 

inception to 2013. We thus completed a secondary search identifying a further nine primary studies dated from 

2013 onwards that were not included in the comprehensive systematic review. The additional studies will 

provide a further update of Salbach et al. (2014). A detailed table attached in (Addendum L) describes the 

databases accessed and search strategies used. 

 

2.6.2 Selection of studies 
 

The inclusion and exclusion criteria in (Table 2.1) was used to identify eligible studies. The specific selection 

process is illustrated in (Figure 2.3). One systematic review was included after irrelevant titles and abstracts had 

been removed. The secondary search strategy, databases accessed, and selection process flowchart is attached in 

(Addendum J,L and M). 
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Irrelevant titles removed : 139 
 

Language : 3 

Not normative : 36 

Not Reference value : 52 

 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

Figure 2.2 Selection Process Flow Diagram: Exercise Capacity 

 
 

Title level :142 

Primary Search 

Initial Hits: 144 

Duplicates removed : 
2 

 
 

Systematic Review: 

(Salbach et al., 2015) 

 
Abstract level: 5 

 
 

Nine additional studies included: 

(Britto et al., 2013) 

(Rao et al., 2013) 

(Ajiboye et al., 2014) 

(Tveter et al., 2014) 

(Mosharraf-Hossain and 
Chakrabortty, 2014) 

(Shrestha and Srivastava, 2015) 

(Bourahli et al., 2016) 

(Zou, Zhang, et al., 2017) 
 

(Zou, Zhu, et al., 2017) updated 

 
 

Full-text level: 1 

Abstract removed 
 

: 4 
 

One time speed test : 1 

Not Review/ Meta-analysis : 3 
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2.6.3 Charting of data 
 

We recorded the data extracted from the 15 studies that were included in the systematic review. The data 

extracted were only applicable to time limited tests either walking a 30m course or adapted type of walking 

course. We used the same datasheet as the systematic review to extract the data from the nine additional primary 

studies that had not been included in the systematic review. A summary of the (n=24) studies are tabulated in 

(Table 2.6). It has been indicated as to which of the studies were included in the systematic review. 

 

2.6.4 Collating, summarising and Reporting 
 
 

2.6.4.1 Methodological Appraisal of additional nine studies 
 

Fifteen studies were included in the systematic review (Salbach et al., 2015). The main methodological issues 

identified by (Salbach et al., 2015) revolved around a failure to describe the method used to select participants in 

48% of included studies, an inadequate sample size in 28% of included studies, failure to report scores and 

change scores for relevant subgroups in 12% of included studies and 87% of studies were of convenience 

sampling types. 

The methodological quality of the nine additional studies were assessed according to the same checklist used by 

Salbach et al - item-level (COSMIN) - to ensure consistency (Figure 2.3). Although less prevalent, 

methodological concerns regarding poor representation of the sample population persist. Twenty two percent 

(n=2) of the additional primary studies reported using a random sample, while 22% (n=2) of studies failed to 

report a method used to select participants and 55%(n=5) of the studies reported using a randomized sample. 

Important flaws in study design had been reported in 11% (n=1) of the studies. The important flaws highlighted 

included a single study that had not reported the design of the study. Eighty nine percent (n = 8) of studies 

reported adequate sample size whilst this item had been marked as “uncertain” for a single study. Rao et al., 

(2013), recommended that further studies need to be carried out with a greater sample size thus causing 

uncertainty. A new methodological issue derived from the nine additional studies had been that of selection bias. 

Many of the nine studies (n=6) detailed limitations of selection bias such as recruitment of willing, motivated, 

and healthy participants. 

Another methodological issue common between the nine additional studies and (Salbach et al., 2015) was that 

of questionable eligibility criteria. Salbach et al.,(2015) found that a ‘healthy participant’ can be criticised as 

studies included large numbers of participants in the overweight, obese, and smoking categories. Thirty three 

percent (n=3) of the additional nine studies excluded participants in the overweight and underweight categories 

according to the Body Mass Index (BMI) Classification. 
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Salbach et al.,(2015) reported descriptive reference values according to mean and standard deviation for thirty 

studies and median for a single study, mean and standard deviation were the statistical method of description 

chosen for all nine additional studies. This commonly chosen method of statistical analysis is in support of the 

aim of describing the normal distribution of normative reference value data. All nine studies have been stratified 

according to gender, however, not to age groups. Thirty three percent (n=3) of studies stratified data according 

to age groups whilst 50% of the six remaining studies were either had not reported stratification of age groups or 

described the range from youngest to the oldest participant. 

Salbach et al.,(2015), had identified that in the age group mean of fifty and older, larger sample sizes to 

improve precision are necessary due to the increase in disability in older age groups. The main cause of the 

inadequate sample sizes in the older age groups had been due to difficult recruitment. Furthermore, of the nine 

additional studies that had taken this methodological issue into account, Tveter et al.,(2014) further 

recommended that variables such height, weight and gender, should be the basis of which precise estimates of 

reference values in the age group of fifty and older should be considered. 

In summary, appraisal of the nine additional studies highlighted three issues with respect to sampling: 1) 

uncertainty regarding adequate sample size, 2) stratification according to age groups in only 50% of included 

studies, 3) the presence of selection bias when recruiting participants of a sample. All studies were carried out 

according to the American Thoracic Society guidelines (ATS) when performing the six-minute walk test. This 

had either been explicitly reported in the methodology or found in the list of references. 
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Figure 2.3 Quality Appraisal (COSMIN) of nine studies assessing the six minute walk distance. 

Green represents ‘Yes’ whilst Red represent ‘No’. 

Abbreviations: I = Interpretability Checklist, G = Generalizability 

‘+’ = Yes, ‘ – ‘ = No, ? = Uncertainty. 
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2.6.4.2 Geographical Distribution and Demographics 
 

The Geographical distribution of the included studies from the systematic review, (Salbach et al., 2015) was 

categorized at economy level according to developed, developing and least developed economy illustrated in 

(Figure 2.5). The Geographical distribution of the nine additional studies are illustrated in (Figure 2.6). Further 

studies have been produced by developed economies in the middle eastern region included in the additional 

studies adding a new developed economy not included in the systematic review. Similar developing economies 

have been included in both the additional studies and systematic review besides Northern African developing 

economies not included in the systematic review. No studies had been conducted in least developed economies. 
 

 
 

Figure 2.4 : Geographical Distribution of populations : Exercise Capacity 
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Figure 2.5 : Geographical Distribution of populations : Exercise Capacity 
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2.6.4.3 Study, walk test protocol and participants characteristics included in both the systematic review and nine 

additional studies for six minute time limited walking test. 

 
The country, pathway, age group and normative reference value for 24 studies have been tabulated to provide an 

overview of the current available and updated normative reference values, walk test protocol and participants 

characteristics (Table 2.3). The table has been organised alphabetically, according to the pathway walked and if 

a study has been included in the systematic review, (Salbach et al., 2015). Fifteen (n=15)  studies have been 

included in the systematic review of which (n=6) studies report measuring the six-minute walk distance 

(6MWD) over a 30m standard pathway and (n=9) reported measuring the six-minute walk distance (6MWD) 

over an adapted distance of which (n=2) studies were published before ATS guidelines were developed. Nine of 

the studies have not been included in the systematic review and provide new normative reference value data 

from different countries. (n=7) of the nine additional studies reported measuring the six- minute walk distance 

(6MWD) over a standard 30m pathway whilst (n=2) of the additional studies reported measuring the 6MWD 

over an adapted distance. Thus 50% (n=12) of all studies reported 6MWD over a 30m standardized pathway 

whilst 50% (n=12) of all studies reported measuring the 6MWD over an adapted distance. 

Under further analysis of the distances and courses walked, 45.83% (n=11) reported walking a standardized 30m 

“straight” pathway whilst 33.33% (n=8) reported walking adapted distances according to a “straight” pathway. 

In contrast, one study reported the shape of the pathway walked over an adapted distance as rectangle (6m x 

4m). All other included studies failed to report the shape of the pathway walked. A variation of adapted 

distances reported had been identified in 50% of included studies, whilst the other 50% included only a 

standardised 30m distance. 12.5% (n=3) of studies following an adapted distance walked 45m and 8.33% (n=2) 

walked 15m, whilst six studies walked 20m, 82.3m, 13.3m, 25m, 18m, 45.7m, respectively. In terms of pacing, 

29.17% (n=7) studies reported that participants had been encouraged to walk at their own pace whilst 16.67% 

(n=4) studies reported that participants had been encouraged to walk as fast as possible. One study included in 

the systematic review, Padron et al.2000, used a 25m adapted walking course and had participants performing 

the walk twice at both a slow and fast pace. 

Of all studies included in the systematic review and nine additional studies, 33.33% (n=8) reported having 

performed one trial and thus not accounting for a potential learning effect. Twenty five percent (n=6) reported 

performing two trials, 20.83% (n=5) reported performing three trials and one study reported performing four 

trials with varying time periods between each trial. The reported period interval varied between, 20-45 minutes, 

30 minutes, ≥20 minutes or ≥30 minutes. Two studies reported criteria of the heart rate returning to rest along 

with the period interval between trials. Three studies reporting following  ATS guidelines and one study did not 

report on the trials performed. Many studies, (n=9), reported scoring the six-minute walk test according the 

maximum distance walked. 
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All studies standardized some form of encouragement during the walking process except for (n=3) that did not 

report any form of encouragement. An estimated of forty two percent (n=10) of included studies followed ATS 

guidelines when encouraging participants. Of included studies, 33.33% (n=8) reported encouraging participants 

every one minute whilst two studies encouraged participants every 30 seconds and one study encouraged 

participants at 1.3 minutes and 5 minutes. 

All studies stratified normative reference values according to gender except for two studies that pooled the 

normative reference value for both genders into one weighted normative reference value. Of nine additional 

primary studies, three studies included participants in age ranges above 69. Across all tabulated studies, most 

studies included participants from the age group of fifty and upwards. Majority of studies, 33.33% (n=3), of the 

additional nine studies included data from developing countries. 

In summary, most studies followed standardized guidelines when performing the six-minute walk test. Three of 

the nine additional studies contributed data reporting an adapted distance of 15m, 18m and 13.3m. 
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Table 2.3 Study walk test protocol and participants characteristics for six-minute time limited walking test. 
 

Author Included 

in Salbach 

et al., 

2015 

(Y/N) 

Country Path 

distance, 

shape, 

pace 

No. of trials, 

rest time, 

scoring 

Encouragement 

intervals 

Age N Male Female 

Mean±SD Mean±SD 

Studies reporting on 6MWD measured over a standardized 30 m pathway 

Ajiboye et 

al. 

2014 

N Nigeria 30 

Straight 

Own 

pace 

Test 

conducted 

once 

Standardization 

of 

encouragement 

every 1 minute 

21-67 422 548.9 ± 67.9 482.5 ± 59.9 

Alameri,20 

09 

Y Saudi Arabia 30 

Straight 

Own 

pace 

1 trial 1 minute Male: 

28±8 

Female: 

30±8 

238 430±48 386±46 

Bourahli et 

al.2016 

N North 

African and 

Meditarrean 

countries: 

Algeria 

Tunisia 

Morocco 

Libya 

30 

Straight 

Own 

pace 

Best of two 

20-45 

minutes 

Standardization 

of 

encouragement 

every 1 minute 

18-40 200 726 ± 55 634 ± 49 
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Table 2.3 Study walk test protocol and participants characteristics for six minute time limited walking test. 
 
 

Britto et 

al. 2013 

N Brazil 30 Best of two 

30 minutes 

Standardization 

of 

encouragement 

every 1 minute 

19-79 617 614±102 560±103 

Casanova, 

2011 

Y Brazil 

Chile 

Columbia 

Spain 

USA 

Uruguay 

Venezuela 

30 

Straight 

2 trials 

≥20 

minutes 

Maximum 

distance 

ATS 58(42.76) 

Pooled 

median(range) 

444 571±90(380-782) 

Shrestha 

et al. 

2015 

N Nepal 30 

Straight 

Own 

pace 

ATS 

Guidelines 

10 minutes 

prior to start – 

ATS 

Guidelines 

20 - 80 250 509±82 445±78 

Soares,201 

1 

Y Brazil 30 

Straight 

3 trials 

Maximum 

distance 

ATS 20-≥70 132 566 ± 87 538 ± 95 

Steffens,20 

13 

Y Brazil 30 

Straight 

Walk 

quickly 

3 trials 

≥30 minutes 

Maximum 

distance 

ATS 66±7 77 NR 502±67 
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Table 2.3 Study walk test protocol and participants characteristics for six minute time limited walking test continued. 
 

Suwanachaly, 

2010 

Y Thailand 30 

Straight 

3 trials 

20 min and 

return to 

resting HR 

Maximum 

distance 

ATS NR 162 635±75(489-994) 

Vaish,2013 Y India 

(North) 

30 

Straight 

Own 

pace 

1 trial ATS 40- 

60 

101 536±47 NR 

Zou et 

al.2017 

N China 30 

Straight 

Own 

pace 

Best of two 

Two hours later 

Standardization 

of 

encouragement 

every 1 minute 

18- 

30 

355 646.9 ± 47.15 607.4 ± 51.00 

Zou et 

al.2017 

N China 30 

Straight 

Own 

pace 

Best of two 

Two hours later 

Standardization 

of 

encouragement 

every 1 minute 

18- 

59 

643 623±52.53 578±49.85 
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Table 2.3 Study walk test protocol and participants characteristics for six minute time limited walking test continued. 
 
 

Studies reported on distances measured over an adapted distance 

Camarri,2006 Y Australia 45 

Straight 

Walk as 

quickly 

as you 

can 

3 trials 

20 minutes 

Maximum 

distance 

1 min 55-75 70 690±53 631±57 

Gibbons,2001 Y Canada 20 

Straight 

Walk as 

quickly 

as you 

can 

4 trials 

30 minutes 

Maximum 

distance 

30 seconds 20-40 

41-60 

61-80 

79 20-40: 800±83 

41-60: 671±56 

61-80: 687±89 

20-40: 699±37 

41-60: 

670±85 

61-80: 

583±53 

Jenkins,2009 Y Australia 45 

Straight 

Walk as 

quickly 

as you 

can 

2 trials 

≥20 min and 

HR within 10 

beats of resting 

value 

Maximum 

distance 

1 min 64±8 48 682±73(549-900) NR 
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Table 2.3 Study walk test protocol and participants characteristics for six minute time limited walking test continued. 
 
 

Lusardi,2013 Y USA 82.3 

Straight 

Comfortable pace 

1 trial NR 60-69 

70-79 

80-89 

(Pooled) 

90- 

101(Pooled) 

56 60-69: 498(296-700) 

70-79: 475±93(408- 

543) 

80-89 

(Pooled):328±102(291- 

365) 

90-101(Pooled): 

324±70(256-393) 

60-69: 405±110(315-496) 

70-79: 406±95(342-470) 

80-89 

(Pooled):328±102(291-365) 

90-101(Pooled): 

324±70(256-393) 

Mosharraf- 

Hossain et 

al.2014 

N Bangl 

adesh 

13.3 NR NR 25-55 200 487.5±51.8 413.1±80.1 

Padron,2000 Y Mexic 

o 

25 

Straight 

Slow pace 

 
 

25 straight 

Fast pace 

1 trial 

for 

both 

NR 20-29 

30-39 

40-49 

50-59 

60-69 

188 20-29: 471(379) 

30-39: 485(395) 

40-49: 486(375) 

50-59: 493(448) 

60-69: 476(370) 
 
 

20-29: 621(544) 

30-39: 606(524) 

40-49: 603(500) 

50-59: 578(500) 

60-69: 585(475) 

20-29: 474(375) 

30-39: 459(300) 

40-49: 451(330) 

50-59: 459(405) 

60-69: 447(335) 
 
 

20-29: 576(502) 

30-39: 562(440) 

40-49: 553(369) 

50-59: 545(450) 

60-69: 546(475) 
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Table 2.3 Study walk test protocol and participants characteristics for six minute time limited walking test continued. 
 

Poh,2006 Y Singapore 45 

Straight 

3 trials 

Maximum 

distance 

ATS NR 35 586±126(450-796) 538±82(405-650) 

Rao et 

al.2014 

N Pakistan 18m ATS 

Guidelines 

ATS 

Guidelines 

Identical 

instructions 

given before 

and during 

test 

15-65 296 502.35 ± 92.21 389.28 ± 74.29 

Rikli,1999 Y USA 45.7 

Straight 

indoor 

or 

outdoor 

1 trial 

Practice test a 

day prior 

30 seconds 60-64 

65-69 

70-74 

75-79 

80-84 

85-89 

90-94 

3908 60-64: 537±119 

65-69: 616±84 

70-74: 577±94 

75-79: 560±93 

80-84:508±115 

85-89: 479±110 

90-94: 436±130 

60-64: 486±109 

65-69:551±77 

70-74: 519±92 

75-79: 501±90 

80-84: 465±104 

85-89: 423±107 

90-94: 390±118 
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Table 2.3 Study walk test protocol and participants characteristics for six minute time limited walking test continued. 
 

Thaweewanna 

kij,2013 

Y Thailand 20 

Rectangl 

e (6 x 

4m) 

Walk as 

far as 

possible 

1 trial 

Rest between 

trials if needed 

1,3 and 5 

minutes 

60-69 

70-79 

≥80 

1030 60-69: 390±65(198- 

603) 

70-79:368±81(104- 

602) 

≥80:307±92(115- 

479) 

60-69: 366±65(198-603) 

70-79:322±67(144-485) 

≥80: 256±92(72-515) 

Tsang,2005 Y Hong 

Kong 

15m 

Straight 

1 trial ATS 21-30 

31-40 

41-50 

51-60 

61-70 

542 21-30:651±105(340- 

840) 

31-40:645±93(330- 

900) 

41-50:623±80(465- 

795) 

51-60:588±68(500- 

705) 

61-70:484±90(370- 

566) 

21-30:600±84(347-825) 

31-40: 606±86(365-905) 

41-50:541±67(333-769) 

51-60:534±89(380-765) 

61-70: 432±54(350-554) 

Tveter et al. 

2014 

N Norway 15m ATS 

Guidelines 

ATS 

Guidelines 

18 -90 370 648 (633-663) 590(575-604) 
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2.7 Muscle Strength 
 
 

2.7.1 Identification of studies 
 

In this section we will describe the papers that summarize the normative reference values for the 

Deltoid and Quadriceps muscle groups. 

 

2.7.2 Selection of studies 
 

Three systematic reviews published within the past five years and describing normative reference 

values for either or both the Deltoid and Quadricep muscles groups were included in the review. 

The three reviews included the data of 11 179 participants from Northern America, Australia, and 

Europe. Table 2.4 summarizes information regarding the studies included selection of 

participants and muscle groups included in the systematic review. 
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Table 2.4 A Summary of Identified Studies: Muscle Strength 
 

Systematic 

Review 

n Total 

number 

of 

participa 

nts 

included 

Timeline of 

studies 

included 

Inclusion Criteria Exclusion 

Criteria 

D Q 

Bohannon 

et al.(2011) 

10 1696 1986-2008 Healthy individuals. 

Normative reference 

values obtained with a 

handheld 

dynamometer. 

Stratification 

according to gender, 

age, and side. 

NR Y Y 

Bohannon 

et al.(2018) 

- update 

13 NR Inception from 

2017 

Descriptive reference 

values for knee 

extension strength 

normalized against 

bodyweight. 

Stratification 

according to gender, 

age, and side. 

Break Tests. 

Dynamometer 

measurement 

ceilings of less 

than 500 

newtons. 

N Y 

Benfica et 

al.(2018) 

33 9483 Inception to 

December 2017 

Determine normative 

reference value of 

muscle groups. 

Objective measure to 

obtain normative 

reference value. 

Normative 

reference 

values of 

respiratory 

strength and 

facial muscles. 

Y Y 

 
 

N = number of studies 

D = Deltoid muscle 

Q = Quadricep muscle 
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Y = Yes 

N = No 

NR = Not Reported 
 
 

2.7.3 Charting of data 
 

We will present a summary of the data describing the methodology followed by the three 

systematic reviews. 

 

2.7.3.1 Search strategies used in the review 
 

(Bohannon, 2011) accessed the most electronic databases initially when reporting normative 

reference values and at a later stage only accessed Pubmed and a handsearch, to produce a meta- 

analysis. (Benfica et al., 2018) accessed a limited number of databases, making use of LILACS and 

SciELO to account for Spanish and Portuguese articles not found in MEDLINE. Science citation 

index concluded to be the most uncommonly used database amongst the three authors. 
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2.7.4 Collating, summarising and analysing 
 
 

2.7.4.1 Methodological Quality Appraisal of Systematic Reviews 
 

According to the accompanying confidence rating scheme of the AMSTAR-2 tool, the confidence in 

the three systematic reviews had been assessed as “critically low” (Table 2.5). The systematic reviews 

showed poor compliance to the tool and had more than one critical flaw over the seven critical domains 

with or without non-critical domain weaknesses, thus being considered as “critically low” confidence 

in the quality of the systematic reviews. The 16-item AMSTAR-2 instrument is attached in (Addendum 

H). 

Benfica et al.,(2018) was the only systematic review that stated that the methodology had been 

conducted prior to the review and accounted for deviations from the protocol. Benfica et al.,(2018) 

scored “Partial yes” to a comprehensive literature search, whilst the other authors did not meet this 

criterion as they either did not justify a language restriction or only restricted the search to one 

database. Although all three systematic reviews reported the rationale for excluding studies, 

specifically excluded studies had not been listed. Risk of Bias had been assessed by (Benfica et al., 

2018), according to the Quality Assessment of Diagnostic Accuracy Studies Tool (QUADAS-2) 

and no evidence of the risk of bias related influence of studies on final results of each review had 

been reported. Two of the systematic reviews conducted meta-analysis’ due to heterogeneity of the 

included studies whilst (Bohannon, 2011) had not. No investigation of publication bias had been 

performed by the included systematic reviews. 

Benfica et al.,(2018) and Bohannon.,(2018) performed a meta-analysis and reported normative 

reference values according to respective age groups. Benfica et al.,(2018) was found to be the only 

systematic review that reported following a guideline, that being the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) tool.  Benfica et al.,(2018) analyzed data 

according to mean and standard deviation whilst (Bohannon, 2018) analyzed data according to mean 

and standard error due to heterogeneity identified in outcomes of the meta-analysis. 
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Table 2.5 16-item AMSTAR-2 Instrument: Muscle Strength 
 
 
 

16- item criteria Bohannon 

et al.(2011) 

Bohannon 

et 

al.(2018) - 

update 

Benfica et 

al.(2018) 

1. Did the research questions and inclusion criteria for the 

review include the components of PICO? 

Yes Yes Yes 

2. Did the report of the review contain an explicit 

statement that the review methods were established prior 

to the conduct of the review and did the report justify any 

significant deviations from the protocol? 

No No Yes 

3. Did the review authors explain their selection of the study 

designs for inclusion in the review? 

No No No 

4. Did the review authors use a comprehensive literature 

search strategy? 

No No Partial yes 

5. Did the review authors perform study selection in 

duplicate? 

No No Yes 

6. Did the review authors perform data extraction in 

duplicate? 

No No No 

7. Did the review authors provide a list of excluded studies 

and justify the exclusions? 

No No No 

8. Did the review authors describe the included studies in 

adequate detail? 

Partial Yes Partial 

Yes 

Partial yes 

9. Did the review authors use a satisfactory technique for 

assessing the risk of bias (RoB) in individual studies that 

were included in the review? 

No No Yes 

10. Did the review authors report on the sources of funding for 

the studies included in the review? 

No No No 

11. If meta-analysis was performed did the review authors 

use appropriate methods for statistical combination of 

results? 

No Meta- 

analysis 

conducted 

Yes Yes 
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12. If meta-analysis was performed, did the review authors 

assess the potential impact of RoB in individual studies on the 

results of the meta-analysis or other evidence synthesis? 

No Meta- 

analysis 

conducted 

No Yes 

13. Did the review authors account for RoB in individual 

studies when interpreting/ discussing the results of the 

review? 

No No Yes 

14. Did the review authors provide a satisfactory explanation 

for, and discussion of, any heterogeneity observed in the 

results of the review? 

No Yes Yes 

15. If they performed quantitative synthesis did the review 

authors carry out an adequate investigation of publication 

bias (small study bias) and discuss its likely impact on the 

results of the review? 

No No No 

16. Did the review authors report any potential sources of 

conflict of interest, including any funding they received for 

conducting the review? 

No No No 

Critical Domains in Bold and include item 2,4,7,9,11,13 and 15. 
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2.7.4.2 Geographical Distribution and Demographics 
 

The geographical distribution of the articles included in the three systematic reviews were 

categorized at country level into developed economies, developing economies and least developed 

economies according to the World Economic situations and prospects (WESP) 2019 guideline .All 

studies were conducted in developed economies across three continents as illustrated in (Figure 

2.6). No studies included in the reviews were conducted in Asia, Africa, or South America. 
 

Figure 2.6 Geographical distribution of populations: Muscle Strength 
 
 

All three systematic reviews included data from male and female subjects .Bohannon,(2018) and 

(Benfica et al., 2018) reported normative reference value data according to age groups whilst 

(Bohannon, 2011) reported varying ranges of ages from 3.5-89 as detailed in (Table 2.6). All 

participants were either regarded as ‘healthy’ or ‘apparently healthy’ in the included studies. 
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Table 2.6 Demographics of three systematic reviews 
 
 

Study Sex Age range Health status reported as: 

 
Bohhanon et 

al.(2011) 

 

Male and Female 

3.5-89 across studies 
 
Not reported as age 

groups 

 

Apparently Healthy 

 
Bohhanon et 

al.(2018) updated 

 

Male and Female 
60-69 

 
70-79 

 

Apparently Healthy older adults 

 
 
Benfica et.al (2018) 

 
 
Male and Female 

50-59 
 
60-69 

 
70-79 

 
 
Healthy 
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2.7.4.3 Procedures and positioning used to assess muscle strength 
 

Benfica et al,(2018) reported the procedure and positioning of the assessment of the Deltoid 

muscle strength of the three systematic reviews. Benfica et al,(2018) reported the procedure and 

positioning of assessing quadricep muscle strength whilst(Bohannon,(2018) reported only the 

positioning. Benfica et al,(2018) reported consistency in testing procedures when assessing both 

the deltoid and quadricep muscles however differed in positioning. Benfica et al,(2018) and 

Bohannon,(2018) reported similarities in positioning and make tests however, Benfica et al, 

(2018) reported stabilisation of the shoulders by an assistant in addition to the positioning. 

All three systematic reviews reported studies that made use of hand-held dynamometers, however 

the hand-held dynamometers varied in type and brand. All three authors made use of either a break 

test or make test. Across two authors, commonly used dynamometers included the hand-held 

electronic dynamometer (Chatillon), Hand-held dynamometer (Penny and Giles), Hand-held 

dynamometer (CIT), Hand-held dynamometer (Ametek digital) to assess Deltoid strength. 

Discrepancies between these similarities developed with the type of test used. The Chatillon and 

Ametek digital dynamometers only performed make tests ,whilst the CIT and Penny and Giles 

dynamometers were used for both make and break tests across the two studies. Bohannon,(2011) 

reported studies performing both make and break tests whilst (Benfica et al., 2018) reported studies 

performing only the make test. Bohannon,(2018) did not assess deltoid strength. Other than hand-

held dynamometers, only Benfica et al,(2018) reported using alternative instrumentation such as 

Lido Active, Quantitative muscle assessment system, Hand-held pull gauge, Electromechanical 

force transducer and U- shaped deflection-beam force gauges. 

All three systematic reviews reported studies that made use of hand-held dynamometers, however 

varying in type and brand. All three authors made use of either the break or make test when 

accessing quadricep strength. (Benfica et al., 2018) and (Bohannon, 2011) reported studies using 

common dynamometers such as the hand-held electronic dynamometer (Chatillon), hand-held 

dynamometer (CIT) and hand-held dynamometer (Ametek digital). The hand-held electronic 

dynamometer (Chatillon) and Hand-held dynamometer (Amtek) were both used to perform make 

tests across the two reviews, whilst the Hand-held dynamometer (CIT) performed both make and 

break tests across the two studies. Similarly, to the assessment of the deltoid muscle, Benfica et al., 

(2018) reported studies only performing make tests and Bohannon, (2011) reported studies 

performing make and break tests, whilst Bohannon, (2018) reported studies performing a make test 

when assessing quadricep strength in the elderly. 
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It is possible that (Benfica et al., 2018) and (Bohannon, 2018) may have considered the 

recommendation of (Bohannon, 2011), that break tests values for ‘healthy’ quadriceps were far less 

than expected which may be attributed to inadequate tester strength and low measurement ceiling of 

the dynamometer to overcome a force generated by the muscle thus deciding to only perform make 

tests. Bohannon, (2018) described the dynamometer being used as a digital hand dynamometer with 

no specificity to brand and type. Other than Hand-held dynamometers, only (Benfica et al., 2018) 

reported using alternative instrumentation such as the Lido Active, Quantitative muscle assessment 

system, Hand-held pull gauge, Interface SM-250 electronic strain gauge and Pressure transducer. 

Tabulated details of the procedure, positioning, instruments used, and type of test (make vs break) 

is attached in (Addendum N) and (Addendum O). 
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2.7.4.4 Summary of muscle strength measured 
 

Two of the three included systematic reviews reported normative reference values. Bohannon, 

(2011) reported literature informing the various procedures, positioning and tools used to measure 

muscle strength. Since Bohannon, (2018) had been an update including a meta-analysis of 

Bohannon,(2011), it was decided to include Bohannon,(2011) to inform any possible changes in the 

methodology of testing and resultant effects on the normative reference values. Benfica et al,(2018) 

reference values for muscle strength were illustrated separately for the Deltoid and Quadricep 

muscle groups across three age groups according to mean and standard deviation. Bohannon, 

(2018) reference values were measured only for the Quadricep muscle group across two age groups, 

represented by mean and standard measure of error and thus illustrated separately. 

2.7.4.4.1 Deltoid Strength 
 

(Benfica et al., 2018) reported reference values (mean/SD) for Deltoid strength in the age group 

(50- 59) and (60-69) which illustrated that the dominant upper limb is stronger than the non-

dominant upper limb in both male and female groups. In both of the aforementioned age groups, 

reference values indicated that males (dominant and non-dominant) are stronger than females 

(dominant and non- dominant). Similarly, in the age group (70-80), the dominant upper limb is 

stronger than the non- dominant upper limb in the male group. In contrast the female group 

indicated that the non- dominant upper limb (105.46±21.05) as stronger than the dominant upper 

limb (101.95±21.89). 

Male groups achieved significantly greater newtons of force compared to the female group across 

all three age groups. A trend of declination is observed across the age groups indicating that as age 

increases, strength in the deltoid muscle group (non-dominant and dominant) decreases. 

2.7.4.4.2 Quadricep Strength 
 

Benfica et al,(2018) reported reference values (mean/SD) for Quadricep strength, illustrating that 

upper limb (dominant and non-dominant) in the male groups are stronger in comparison to the 

upper limb (dominant and non-dominant) in the female group across all three age groups. The 

dominant upper limb shows indication of being stronger than the non-dominant upper limb in both 

male and female groups across all age group with two exceptions. The first being the age group 60- 

69 whereby the male group illustrated the non-dominant upper limb (377.57±67.75) as being 

stronger the dominant upper limb (372.71±81.81). 
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Similarly, the second occurring in the age group 70-80 in the male group, which illustrated the non- 

dominant upper limb (365.0±71.21) as being stronger than the dominant upper limb 

(358.57±76.13). A trend of declination is observed across the age groups indicating that as age 

increases, strength in the Quadricep muscle group (non-dominant and dominant) decreases. 

Bohannon,(2018) developed reference values for Quadricep strength across the age group (60-69) 

and (70-80) as displayed graphically in (figure 9.3.4.2.2). Reference values were reported as mean 

and standard measure of error and thus displayed separately. Male groups (dominant and non-

dominant) were stronger in comparison to female groups (dominant and non-dominant) across both 

age groups. In the (60-69) group the male groups reported stronger non-dominant upper limb 

strength (48.8) than the dominant upper limb (48.0). A similar pattern was observed in the 70-80 age 

group where the male group reported stronger non-dominant upper limb strength (48.1) than the 

dominant upper limb (46.1). A trend of declination is observed across the age groups indicating that 

as age increases, strength in the Quadricep muscle group (non-dominant and dominant) decreases in 

females. The male group displayed a plateau with minimal inclination/declination of age relative to 

muscle strength taking into consideration the increasing strength of the non-dominant upper limb. 
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2.8 Maximal Inspiratory Pressure 
 
 

2.8.1 Identification of studies 
 

One systematic review was identified through a primary search. One additional study was 

identified through a secondary search as the systematic review was published more than five years 

ago. Table 2.7 details the two identified studies. The search strategy and list of databases accessed 

during the primary search is available in (Addendum K) and the search strategy and list of 

databases accessed during the secondary search is available in (Addendum L). 
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Table 2.7 A Summary of identified studies: Maximal Inspiratory Pressure 
 
 
 

Systematic 

Review 

Number 

of studies 

included 

Total 

number of 

participants 

included 

Timeline 

of 

studies 

included 

Inclusion Criteria Exclusion 

Criteria 

Age 

Range 

Pessoa et 

al.(2014) 

22 9723 1964- 

2011 

Healthy adults > 18 

years of age. 

Purpose of study: 

Determine reference 

values of Maximal 

Inspiratory pressure. 

Studies published in 

English and/or 

Portuguese. 

Review article, 

thesis, or 

dissertation. 

Measurement 

assessed in 

standing rather 

than sitting. 

18-29 

30-39 

40-49 

50-59 

60-69 

70-83 
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Table 2.7 A Summary of identified studies: Maximal Inspiratory Pressure continued 
 

Additional Studies 

Pessoa et NR 134 2014 Healthy adults History of smoking. 20-29 

al.(2014)    between 20-89. Risk of occupational 30-39 
    Spirometric environment. 40-49 
    parameters History of neuromuscular, 50-59 
    within limits for respiratory or heart disease. >60 
    Brazilian History of cognitive impairment.  

    population. Fever/cold/sinus infection in the  

    Normal Body last three weeks.  

    Mass Index Use of drugs/muscle relaxants.  

    (BMI) ( 18.5 Exhaustive exercises 48 hours  

    Kg/m2≤BMI≤29 prior.  

    .9 Kg/m2) Upper limb pain.  

     Inability to understand  

     procedures.  

     Test interrupted by  

     muscular/respiratory discomfort.  

     Saturation, Blood pressure and  

     Heart rate within normal ranges.  

 

‘NR’ = Not Reported 
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2.8.2 Selection of studies 
 

Studies was included according to criteria illustrated in (Table 2.1). A selection process was followed 

to identify relevant studies at title level, abstract level and full-text level. Any studies that were 

duplicated, non-English, reference values that were not normative, normative reference values of 

children, published more than five years ago and research reports and protocols were excluded. The 

specific selection process is illustrated in (Figure 2.7). The selection flow process for the secondary 

search is available in (Addendum M). 
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Figure 2.7 Selection Process Flow Diagram : Maximal Inspiratory Pressure 

 
 

Title level : 38 

 
 

Initial Hits : 42 

 
 

Abstract level : 3 

Abstract removed : 

2 

Not Reference Values 

:1 
 

Not Review/ Meta- 

analysis : 1 

Irrelevant titles 

removed : 

35 
 

Language : 5 

Not normative : 19 

Not Reference value : 

6 

Diseased populations 

: 5 

Total studies included 

after secondary 

search 

: 1 
 

(Pessoa, Neto and 

Montemezzo, 

2014a) 

Total systematic reviews/meta- 

analysis included 

: 1 
 

(Mb et al., 2014) 

 
 

Full-text level : 1 

Duplicates removed 
 

: 4 
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2.8.3 Charting of data 
 

We will present a summary of the data describing the methodology followed by the systematic 

review and one additional study. 

 

2.8.3.1 Search strategies used. 
 

(Mb et al., 2014) accessed the following databases: MEDLINE, CINAHL, SportsDiscus database, 

EMBASE and Cochrane. Key words used in the search strategy included “respiratory muscles” 

combined with “maximal inspiratory pressure” and “reference values”. It is a possibility that (Mb et 

al., 2014) did not include the additional study as the author only limited their search to the five 

databases. 
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2.8.4 Collating, summarizing and reporting 
 
 

2.8.4.1 Methodological appraisal of Systematic Review 
 

Descriptive statistics of reference values was extracted from the results sections of (Mb et al., 

2014). The included study is quantitative in design with a clear data analysis method adding 

credibility to our results. 

According to the accompanying confidence rating scheme of the AMSTAR-2 tool, the confidence 

of the systematic reviews had been assessed as “critically low”. The systematic reviews showed 

poor compliance to the tool and had more than one critical flaw over the seven critical domains 

with or without non-critical domain weaknesses thus being considered as “critically low” 

confidence in the quality of the systematic reviews (Table 2.8). Item 2 on the criteria was the only 

item that was scored as ‘partial yes’ as the literature search strategy used by the authors did not 

consider searching reference lists, study registries, grey literature, consult experts in the field and 

conduct a search within 24 months of completion of the review. The Quality Assessment of 

Diagnostic Accuracy of studies (QUADAS) tool was used to assess the methodological quality of 

the studies included in the systematic review. Both the systematic review and one additional study 

reported normative reference values according to mean and standard deviation. 
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Table 2.8 16-item AMSTAR-2 Instrument.: Maximal Inspiratory Pressure 
 

16- item criteria (Mb et al., 

2014) 

1. Did the research questions and inclusion criteria for the review include the components of 

PICO? 

Yes 

2. Did the report of the review contain an explicit statement that the review methods 

were established prior to the conduct of the review and did the report justify any 

significant deviations from the protocol? 

No 

3. Did the review authors explain their selection of the study designs for inclusion in the 

review? 

No 

4. Did the review authors use a comprehensive literature search strategy? Partial Yes 

5. Did the review authors perform study selection in duplicate? Yes 

6. Did the review authors perform data extraction in duplicate? Yes 

7. Did the review authors provide a list of excluded studies and justify the exclusions? No 

8. Did the review authors describe the included studies in adequate detail? Yes 

9. Did the review authors use a satisfactory technique for assessing the risk of bias 

(RoB) in individual studies that were included in the review? 

Yes 

10. Did the review authors report on the sources of funding for the studies included in the 

review? 

No 

11. If meta-analysis was performed did the review authors use appropriate methods 

for statistical combination of results? 

Yes 

12. If meta-analysis was performed, did the review authors assess the potential impact of 

RoB in individual studies on the results of the meta-analysis or other evidence synthesis? 

Yes 

13. Did the review authors account for RoB in individual studies when interpreting/ 

discussing the results of the review? 

Yes 

14. Did the review authors provide a satisfactory explanation for, and discussion of, any 

heterogeneity observed in the results of the review? 

Yes 

15. If they performed quantitative synthesis did the review authors carry out an 

adequate investigation of publication bias (small study bias) and discuss its likely 

impact on the results of the review? 

No 

16. Did the review authors report any potential sources of conflict of interest, including any 

funding they received for conducting the review? 

Yes 
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2.8.4.2 Methodological appraisal of one additional study. 
 

The one study appraised by the McMaster Critical review form achieved a scoring of 9 out of 15 or 

60% (Table 2.9). The study is of a cross-sectional study design; however, this was not explicitly 

reported in the study. Under 4a) and 4b), the sample size of 134 participants has been justified 

statistically and the sample described in detail. The sample comprised of male and female 

volunteers between the ages of 20-89 years. There is a possibility that the sample may be of 

convenience as participants volunteered if they considered themselves healthy thus making the 

group of participants potentially biased. The reliability and validity of the outcomes measured in the 

study showed no evidence of being assessed and thus scored as ‘not addressed’ in the critical 

review form. Intervention or the method in which the maximal inspiratory pressure (MIP) was 

assessed in Pessoa, Neto and Montemezzo,(2014) was explained with sufficient detail. No evidence 

of reporting the avoidance of cointervention was reported in the study. The number of participants 

was reported explicitly in the study with no evidence of reporting of participants dropping out of 

the study. It is important to note that not reporting any dropouts affects our confidence in the results 

of the study and the possibility that the results may not truly reflect the participants of the study. 

Table 2.9 McMaster Critical review of one additional study 
 
 

Study Items Checklist on McMaster Critical review form Score 

1 2 3 4a 4b 5a 5b 6a 6b 6c 7a 7b 7c 7d 8 

(Pessoa, Neto 

and 

Montemezzo, 

2014a) 

Y Y Cross 

sectional 

study 

Y Y NA NA Y Y NA N Y Y N Y 9/15 

‘Y’ = Yes 

‘N’ = No 

‘NA’ = Not Addressed 
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2.8.4.3 Geographical Distribution and Demographics 
 

The geographical distribution of the studies was categorised at economy level into developed, 

developing and least developed economies according to the World Economic situations and 

prospects (WESP) 2019 guideline (Figure 2.8). The systematic review included mostly developed 

economies except for India and Brazil. The additional study only included a developing economy 

from Brazil. No populations had been included in Africa, Europe, and Australia. Both the 

systematic review and additional study included male and female participants that were considered 

as ‘Healthy’ according to criteria. 
 

 
Figure 2.8 : Geographical Distribution of populations : Maximal Inspiratory Pressure 
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2.8.4.4 Summary of Method used to assess Maximal Inspiratory Pressure 
 

Maximal Inspiratory pressure (MIP) measures the strength that the inspiratory muscles are able to 

generate in a single maximal effort (Caruso et al., 2015). The inspiratory muscles that develop the 

inspiratory pressure comprise of the diaphragm muscle, ribcage muscles and abdominal muscles 

(Aliverti, 2016). Deteriorating or poor respiratory muscle strength had said to have been linked to 

poor physical function outcomes and chronic respiratory diseases (Guerra, Id and Maria, 2018). It 

is important that such a clinical field test requires standardisation to ensure accuracy of the 

measured outcome of an individual’s respiratory muscle strength. It is possible that a discrepancy 

exists amongst different populations in the assessment of MIP and is necessary to explore as it 

affects the accuracy of the outcome and thus the normative reference value for maximal inspiratory 

pressure. 

2.8.4.4.1 Devices and tools used to assess Maximal Inspiratory pressure 
 

Pessoa, Neto and Montemezzo, (2014) reported using a Digital Manometer (NEPEB- 

LabCare/UFMG) with pressures measured with pressure transducer to assess MIP, calibrated every 

six months, whilst (Mb et al., 2014) did not report the devices used to generate MIP in their 

included studies, however both studies measured pressure in “cmH20” and made use of a 

mouthpiece for their device. Pessoa, Neto and Montemezzo,(2014) made use of a diver’s type 

mouthpiece with a 2mm leak and nose clip. In contrast, Mb et al.,(2014) reported that included 

studies used a tube, flanged, facemask as a mouthpiece or otherwise did not report using a 

mouthpiece. Guerra, Id and Maria, (2018) found that the number of times a MIP maneuver is 

performed is less due to the difficulty when fitting the mouthpiece especially when assessing the 

elderly population and suggested that the sniff test may be a viable option to add information 

regarding the participants MIP. The systematic review reported not using a nose clip in any of their 

included studies. Similarly, the leak size of devices included in the systematic review reported using    

a 2mm leak whilst other studies reported leak sizes of 1.27mm ,1.06mm, 1mm, 0.90mm ,0.6mm or 

otherwise the study included in the systematic review did not report the leak size. 
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2.8.4.4.2 Procedure, positioning and criterion for stopping 
 

The procedure, positioning, starting volume, time of maximal inspiratory pressure, trials and criteria 

for stopping was identified in both the systematic review and additional study. (Mb et al., 2014) did 

not report the procedure and positioning followed by included studies and reported as a limitation 

that ATS guidelines and ERS guidelines was not followed. In contrast, Pessoa, Neto and 

Montemezzo,(2014) reported that instructions and a demo of the technique had been given prior to 

testing and a standard command of encouragement had been given and reported a lack of 

standardizing procedures. Pessoa, Neto and Montemezzo,(2014) instructed participants to be seated 

with their legs and trunk supported as a starting position. Both studies similarly generated a 

maximal inspiratory pressure, after exhaling, at residual volume. The time of in which the MIP was 

generated commonly between the two studies was of 1.5 seconds. (Mb et al., 2014) reported studies 

in which the MIP was generated in 1 second, about 1 second, minimum of 2 seconds, 2 seconds or 

without control. Pessoa, Neto and Montemezzo,(2014) reported that 5 trials was carried out with 1 

minute intervals between each trials similar to (Mb et al., 2014), that reported studied that 

performed a minimum or maximum of 5 trials with no evidence resting intervals reported. The 

systematic review also reported that included studies performed 3-7 trials, maximum of 3 trials, 

mimimum of 3 trials, minimum of 4 trials, maximum of 7 trials and some studies did not specify. 

The criteria used to stop the MIP assessment after completing trials differed between the systematic 

review and additional study. (Mb et al., 2014) reported studies recording the highest of two 

identical values, highest of two values with a 5% difference, highest of two values with 10% 

difference, highest of three trials with similar readings, highest of three values within 5% 

difference, highest value of < 10% of three trials, highest value of < 10% of all trials and highest 

value varying 5%. Pessoa, Neto and Montemezzo,(2014) stopped assessing the MIP of the 

participant when three reproducible tests were produced, with variation less than or equal to 10% or 

variation not more than 20% if the generated MIP was a larger value. It is necessary to note that 

both studies repeated tests as a learning effect is potentially present as the assessment depends on 

the amount of effort the participant generates and thus the highest value is always taken (Guerra, Id 

and Maria, 2018). A summary tabulated in (Addendum P), details the procedure, positioning, and 

criteria for stopping used. 
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2.9 Grip Strength 
 

In this section, we will summarize normative reference values for grip strength retrieved from five 

systematic reviews. The retrieved evidence was recently published and therefore a secondary search 

was not further conducted. 

 

2.9.1 Identification of studies 
 

Five systematic reviews and Meta-analysis was retrieved. One systematic review updated their 

study to consolidated normative reference values for a specific age group using a meta-analysis. 

The identified studies are illustrated in (Table 2.10). The search strategy used to identify the studies 

is available in (Table 2.1). A list of the databases accessed during the search is available in 

(Addendum K) 
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Table 2.10 A Summary of identified studies: Grip strength 
 
 

Systematic 
Review 

Number 
of 
studies 
included 

Total 
number of 
participants 
included 

Timeline 
of 
studies 
included 

Inclusion Criteria Exclusion 
Criteria 

Age Range 

(Bohannon 
, Peolsson, 
Massy- 
westropp, 
Desrosiers, 
et al., 
2006) 

12 3317 1982- 
2004 

Jamar Dynamometer 
used in the second 
handle position. 

 
Consistency with the 
ASHT 
recommendations 
(shoulder abduction; 
elbow flexed to 90 
degrees; neutral 
forearm) 

 
Summary data was 
presented separately 
for Male and Female, 
Left and Right sides. 

 
Subjects need to be in 
one of the 12 age 
groups. 

Not 
Reported 

20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75+ 

(Bohannon 
, Peolsson, 
Massy- 
westropp, 
Desrosiers, 
et al., 
2006) 
updated 

7 1849 1982- 
2004 

Jamar Dynamometer 
used in the second 
handle position. 

 
Consistency with the 
ASHT 
recommendations 
(shoulder abduction; 
elbow flexed to 90 
degrees; neutral 
forearm) 

 
Summary data was 
presented separately 
for Male and Female, 
Left and Right sides. 

 
Subjects need to be in 
one of the three age 
groups. (20-29,30- 
39,40-49) 

Not 
Reported 

20-29 
30-39 
40-49 
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Table 2.10 A Summary of identified studies: Grip strength continued 
 
 
 

(Dodds et al., 
2014) 

63 498 
(225,1119) 
Median 
(IQR) 

1980- 
2014 

Published studies from 
1980 until 2014 
reporting normative 
data. 

 
Studies included based 
on samples of the 
general population. 

Sample of 
the 
population 
excluded 
based on 
occupational 
and illness 
groups. 

Child/adolescent 
≤18 years 
Adults all ˂50 
years 
Adults all ≥50 
years 
Adult, both ages 
All stages above 

(Kamide et 
al., 2015) 

33 15784 1983- 
2014 

Papers written in 
Japanese or English. 
Papers on Japanese 
community-dwelling 
people aged ≥ 60 years 
old. 
Papers on community- 
dwelling elderly 
independent in 
activities of daily 
living (ADLs). 
Papers not examining 
frail elderly or elderly 
with an evident 
disease. 
Papers reporting 
measurements in 
kilograms or Newtons. 
Papers reporting data 
on handgrip strength 
by sex 
Papers listing the 
number of subjects 
and the mean and 
standard deviation. 

Not 
Reported 

Presented as 
mean age. 
67.0-79.8 

Benfica et.al 
(2018) 

2 218 1985 
and 
2008 

Studies determining 
normative reference 
values of two or more 
appendicular and/or 
axial muscle groups. 

 
Healthy individuals at 
any age. 

 
Use of any equipment 
or method to measure 
strength. 

Studies that 
reported 
normative 
reference 
values for 
facial or 
respiratory 
muscles. 

65-69 
70-74 
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2.9.2 Selection of studies 
 

A selection process was followed to identify relevant studies at title level, abstract level and full-text level. Any 

studies that were duplicated, non-English, reference values that were not normative, normative reference values 

of children, published more than five years and research reports and protocols were excluded. (Figure 2.9) 

illustrates the subject specific process followed to result in five systematic reviews. 

Stellenbosch University https://scholar.sun.ac.za



60  

Abstract removed : 

4 

• Not Reference 
Values : 2 

• Incorrect muscle 
group : 
Pinch/Palmar 
muscles : 1 

• Not Review/ Meta- 
analysis : 1 

 
 

Abstract level : 9 

Irrelevant titles removed : 

153 
 

• Language : 7 
• Not normative : 63 
• Not Reference value 

: 41 
• Diseased populations 

: 42 

 
 

Title level : 162 

Duplicates removed : 

1 

 
 

Initial Hits : 163 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 

Figure 2.9 Selection Process Flow Diagram : Grip Strength 

n = Number of included studies. 

Total studies included in review : 

5 

 
 

Full-text level : 5 
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2.9.3 Charting of data 
 

We extracted the data from the five systematic reviews. A summary of the methodology quality, geographical 

distribution and normative reference values will be presented. 

 

2.9.3.1 Databases accessed Search strategies used. 
 

Similar search terms were combined in different search strings across all five systematic reviews .(Kamide et 

al., 2015) added translated search terms of the English terms to include any studies pertaining to the Japanese 

population. 

Six databases were included by the five systematic reviews. Most systematic reviews accessed EMBASE, 

MEDLINE and CINAHL. Kamide et al,(2015) was the only study that accessed the Pubmed electronic 

database.(Benfica et al., 2018) accessed SciELO and LILACS to possibly account for Spanish and Portuguese 

articles not found in MEDLINE. None of the reviews included Science Direct, Scopus, or Web of Science in 

their search strategy. Hand searching of published journals was also not done. 
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2.9.4 Collating, summarizing and reporting 
 
 

2.9.4.1 Methodological appraisal of Systematic Reviews 
 

According to the accompanying confidence rating scheme of the AMSTAR-2 tool, the confidence in the five 

systematic reviews had been assessed as “critically low”. The systematic reviews showed poor compliance to 

the tool. This could be due to the PRISMA tool only being developed in 2009 thus causing poor adherence as 

the AMSTAR-2 tool was only developed in 2007. The systematic reviews had more than one critical flaw over 

the seven critical domains (in bold) with or without non-critical domain weaknesses thus being considered as 

“critically low” confidence in the quality of the systematic reviews (Table 2.11). The three main methodological 

quality issues identified are namely, 1) lack of reporting a comprehensive search process including both search 

for studies as well as selecting studies and extracting data in duplicate. 2) indication of following a protocol was 

not clearly reported as well as the study designs for inclusion. 3) risk of bias was not assessed for each 

individual study for all systematic reviews except one systematic review. These three issues identified greatly 

affects our judgment in the results extracted and further supports the “critically low confidence” that we have in 

their results. 

The five reviews were published between 2006 to 2018. Bohannon, Peolsson, Massy-westropp, Consultants, et 

al.,(2006) published a meta-analysis synthesizing normative reference values for the age group (20-49) years 

based on the initial systematic review and meta-analysis published in 2006 that included participants over age 

groups (20-75+). Dodds et al,(2014) included the most number of articles in a meta-analysis (n=63), whilst 

(Benfica et al., 2018) included the least amount of articles in a meta-analysis (n=2). All five systematic reviews 

reported having synthesised data into a Meta-analysis. Dodds et al., 2016 and Benfica et al.,(2018) adhered to 

PRISMA guidelines. Normative reference values were reported according to mean and standard deviation across 

most studies. Dodds et al.,(2016) reported normative reference values as pooled z-scores (95% CI) and Kamide 

et al,(2015) reported normative reference values as weighted means (95% CI). 

All included systematic reviews scored “Partial Yes” to critical item four on the 16 item criteria except for 

(Lifecourse, Unit and Medicine, 2014) that scored as “no”. This is an indication of the lack of a comprehensive 

search across all five studies. Similarly, it has been assessed that all but one systematic review did not select 

their studies and extract their data in duplicate. Thus, further supporting the “critically low” confidence that we 

may have in the methodological quality of the reviews. 
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Two studies provided adequate detail of the studies included in their systematic review while one study scored 

“Partial Yes” and two studies have been assessed as not including adequate detail of their studies. Consistently 

over all five systematic reviews, no list was provided for the studies excluded. All studies only provided the 

number of studies excluded and a summary of possible reasons as to why they have been excluded. The 

assessment of risk of bias of studies was only reported by (Benfica et al., 2018). Benfica et al,(2018) used the 

Quality Assessment of Diagnostic Accuracy Studies Tool (QUADAS-2) and one review reported the risk of 

bias related influence of individual studies on results of each review. The other three studies reported 

homogenous results. 

Lastly, (n=2) studies reported the use of funding for completion of their studies and no investigation of 

publication bias was apparent in all five systematic reviews. It is possible that the funding source intended on 

publishing in journals most favorable to them. The fact that it was not investigated further affects their 

credibility. 
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Table 2.11 16-item AMSTAR-2 Instrument : Grip Strength 
 
 

16- item criteria (Bohannon, 
Peolsson, 
Massy- 
westropp, 
Desrosiers, 
et al., 2006) 

(Bohannon, 
Peolsson, 
Massy- 
westropp, 
Desrosiers, et 
al., 2006) 
updated 

(Dodds 
et al., 
2014) 

(Kamide 
et al., 
2015) 

Benfica 
et 
al.(2018) 

1. Did the research questions and inclusion criteria for the review i 
nclude the components of PICO? 

No Yes Yes Yes Yes 

2. Did the report of the review contain an explicit statement that the 
review methods were established prior to the conduct of the review 
and did the report justify any significant deviations from the 
protocol? 

No No No No Yes 

3. Did the review authors explain their selection of the study designs for 
inclusion in the review? 

No No No No No 

4. Did the review authors use a comprehensive literature search 
strategy? 

Partial Yes Partial Yes No Partial 
Yes 

Partial 
yes 

5. Did the review authors perform study selection in duplicate? No No No No Yes 
6. Did the review authors perform data extraction in duplicate? No No No No No 
7. Did the review authors provide a list of excluded studies and 
justify the exclusions? 

No No No No No 

8. Did the review authors describe the included studies in adequate 
detail? 

No Yes Yes No Partial 
yes 

9. Did the review authors use a satisfactory technique for assessing 
the risk of bias (RoB) in individual studies that were included in the 
review? 

No No No No Yes 

10. Did the review authors report on the sources of funding for the 
studies included in the review? 

No No Yes Yes No 

11. If meta-analysis was performed did the review authors use 
appropriate methods for statistical combination of results? 

No Yes Yes No Yes 

12. If meta-analysis was performed, did the review authors assess the 
potential impact of RoB in individual studies on the results of the meta- 
analysis or other evidence synthesis? 

No No No No Yes 

13. Did the review authors account for RoB in individual studies 
when interpreting/ discussing the results of the review? 

No No No No Yes 
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14. Did the review authors provide a satisfactory explanation for, and 
discussion of, any heterogeneity observed in the results of the review? 

No Yes Yes No Yes 

15. If they performed quantitative synthesis did the review authors 
carry out an adequate investigation of publication bias (small study 
bias) and discuss its likely impact on the results of the review? 

No No No No No 

16. Did the review authors report any potential sources of conflict of 
interest, including any funding they received for conducting the review? 

No No Yes Yes No 

 
 

Critical Domains in Bold and include item 2,4,7,9,11,13 and 15. 
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2.9.4.2 Geographical distribution and demographics 
 

The geographical distribution of the studies was categorised at economy level into developed, developing and 

least developed economies according to the World Economic situations and prospects (WESP) 2019 guideline. 

No populations from “least developed” economies were included. All five systematic reviews included male and 

female participants that were considered as ‘healthy’ according to criteria. Figure 2.10, illustrates the overall 

geographical distribution of the populations included in all five systematic reviews according to developed and 

developing economies. 
 
 
 

 
Figure 2.10: Geographical distribution of the populations: Grip Strength 
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2.9.4.3 Summary of grip strength normative reference values 
 

All five systematic reviews provided descriptive statistics for grip strength normative reference values. Two of 

the five included reviews reported a pooled z-score and weighted mean with 95% confidence interval (Table 

2.12). 

The normative reference values of the other three systematic reviews are illustrated in a (Table 2.13). We have 

decided to illustrate a summary of these normative reference values together as the second systematic reviews 

is an update of the first systematic review with the purpose of synthesising normative reference values for the 

(20-49) age groups. 

Dodds et al,(2014) reported a pooled z-score of -1.34 (-1.57,-1.11) for the developing region of Africa, thus 

portraying that these populations are scored more than 1 Standard Deviation (SD) lower than the mean. Dodds 

et al,(2014) compared normative references of developing and developed regions to their British “ reference 

standard” to identify whether their cut off points are usable in other settings. In this way, it has come attention 

that a large contrast exists between Africa and e.g.) the pooled z-scores of the developed regions except with 

some similarity to Australia. This gives credence to the idea that different populations are different to 

developing economies. Kamide et al,(2015) reported normative reference values as a weighted mean with a 

95% confidence interval. Unfortunately, the weighted normative reference value has a great limitation in 

describing the role of hand dominance and grip strength. The grip strength was cumulatively described for 

each gender in the elderly only above or equal to the age of 60. 
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Table 2.12 Summary of studies presenting grip strength reference values 
 
 

Study Classification: Region Statistical Method: 

Pooled z-score 

(95% CI) 

 
 
 
 
 
 
 
(Dodds et al., 2014) 

Overall -0.09 (-0.14, -0.04) 

Developing Region -0.85 (-0.94, -0.76) 

1.Africa -1.34 SD (-1.57, -1.11) 

2.America excluding 

North America 

-0.80 (-0.97, -0.63) 

3.Asia excluding Japan -0.74 (-0.86, -0.62) 

Developed Region 0.12 (0.07, 0.17) 

1.Australia -0.01 (-0.20, 0.18) 

2.Europe 0.13 (0.07, 0.19) 

3.Japan -0.13 (-0.40, 0.14) 

4.Northern America 0.16 (0.04, 0.28) 

Kamide et al., 2015) Classification: 

Gender 

Statistical Method: 

Weighted Mean 

(95% CI) Kg 

Male 33.11 (32.27:33.96) 

Female 20.92 (20.45:21.39) 
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Table 2.13 Summary of studies presenting grip strength reference values 
 

Study Classification: Gender; Age 

group and Left, Right. 

Statistical 

Description: 

Mean (kg) 

(95% CI)/ Standard 

Deviation 

LCI UCI 

Bohannon, 20-24 Right Male 53.3 45.2 61.5 

Peolsson,   Female 30.6 26.7 34.4 

Massy- 
 Left Male 47.4 38.8 56.1 

westropp, 
  Female 27.9 23.1 32.6 

Desrosiers, et 
25-29 Right Male 53.9 44.3 63.6 

al., 2006) 
  Female 33.8 29.5 38.1 

  Left Male 50 41.1 58.9 

   Female 30.8 27.2 34.5 

 30-34 Right Male 52.8 44.1 61.5 

   Female 33.8 28.9 38.6 

  Left Male 49.2 40.4 57.9 

   Female 31.8 29 34.4 

 35-39 Right Male 53.3 44 62.6 

   Female 33.2 28.6 37.8 

  Left Male 51.6 44 59.3 

   Female 30.2 25.8 34.5 

 40-44 Right Male 54.1 47.1 61.2 

   Female 32.8 28 37.6 

  Left Male 49.8 42.5 57.1 

   Female 29.3 24.5 34 

 45-49 Right Male 50.4 42.5 58.3 

   Female 33.9 28.9 39 

  Left Male 48.7 40.3 57.2 

   Female 30.8 25.8 35.7 

 50-54 Right Male 50.6 44.2 56.9 

   Female 30.9 26.7 35.2 

  Left Male 45.2 39.4 51.1 

   Female 28.8 24 33.5 
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 55-59 Right Male 44.1 36.7 51.4 

   Female 29.9 26.4 33.6 

 
Table 2.13 Summary of studies presenting grip strength reference values continued 
 

  Left Male 41 33.7 48.4 

  Female 27.2 24.6 29.5 

60-64 Right Male 41.7 36.8 46.7 

  Female 25.9 22.2 29.6 

 Left Male 38.7 33.4 44.4 

  Female 23 18.6 27.3 

65-69 Right Male 41.7 35.4 47.9 

  Female 25.6 22.5 28.8 

 Left Male 38.2 32 44.4 

  Female 22.9 19.6 26.2 

70-74 Right Male 38.2 32 44.5 

  Female 24.2 20.7 27.8 

 Left Male 36.2 30.3 42.1 

  Female 22.5 19.1 25.8 

75+ Right Male 28 12.7 31 

  Female 18 16 19.9 

 Left Male 29.8 24.8 34.7 

  Female 16.4 14.7 18.1 

(Bohannon, 

Peolsson, 

Massy- 

westropp, 

Desrosiers, et 

al., 2006) 

updated 

20-29 Right Male 118.3 107.2 129.5 

  Female 70.6 64.6 76.6 

 Left Male 109.8 97.9 121.7 

  Female 65.8 59.7 71.8 

30-39 Right Male 117.6 107 128.1 

  Female 73.9 66.8 80.9 

 Left Male 113.7 103.5 123.9 

  Female 69 64.1 74 

40-49 Right Male 115.1 105.5 124.8 

  Female 73.4 66 80.09 

 Left Male 109.5 99.6 119.3 

  Female 66.2 58.9 73.5 
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Table 2.13 Summary of studies presenting grip strength reference values continued 

 
Benfica et.al 

(2018) 

65-69 Right Male 91.3 18.5  

  Female 52.5 10.2 

 Left Male 81.5 18.5 

  Female 46.7 10.3 

70-74 Right Male 79.1 20.1 

  Female 51.2 10.5 

 Left Male 71.8 19.8 

  Female 45.3 10.8 

Stellenbosch University https://scholar.sun.ac.za



72 
 

2.9.4.4 Summary of procedure and positioning followed 
 

Procedure and positioning 
 

The procedures and positioning used to obtain grip strength normative reference values differed across all five 

systematic reviews. The procedures followed and positioning used was extracted according to 1) whether the 

procedure followed was in accordance with American Society of Hand Therapists (ASHT) guidelines, 2) the 

procedure and positioning, 3) the type of dynamometer used, 3) the handle position of the dynamometer, 5) the 

unit of measure used, 6) dominance and left or right, 7) description of trials, 8) procedural limitations and 9) the 

use of cut off values. We will highlight the differences, similarities, and new findings across the studies briefly. 

Most studies (n=4) specified that grip strength was measured in a seated position whilst Kamide et al,(2015) 

reported using the seated position as well as the standing position. Less than half of the included studies in the 

systematic reviews followed the ASHT guidelines. With regard to the systematic reviews that did report the 

positioning followed, (n=3) systematic reviews used identical positioning with the exception of (Benfica et 

al., 2018). The exception was that (Benfica et al., 2018) went on to further report that the position of the wrist 

needs to be between 0 and 30 degrees extension as well as 0 and 15 degrees ulnar deviation. 

Whilst all included systematic reviews commonly reported using the Jamar Hydraulic Dynamometer, two 

studies reported using other dynamometers. The Smedley dynamometer was used by Kamide et al,(2015) and 

Lifecourse, Unit and Medicine,(2014) reported using hydraulic, electronic and other dynamometers that was 

not specified. Although Benfica et al,(2018) did not comply to the ASHT guidelines, they also reported using 

the dynamometer in the second handle position. The unit of measure used across the five studies varied. It has 

come to our attention that Bohannon, Peolsson, Massy-westropp, Desrosiers, et al,(2006) presented their data 

according to Kilograms (Kgs) and Pounds (lbs) in their initial study. Their updated study consolidating 

normative reference values for a specific age group reported their unit of measure in only Pounds (lbs). 

Most studies (n=3) reported categorising grip strength according to Left and Right. The remaining studies 

considered dominant and non-dominant hands. All studies reported a wide spectrum of trials used as criteria 

used to stop. Bohannon, Peolsson, Massy-westropp, Desrosiers, et al,(2006) and their later updated study had 

been the systematic reviews that reported procedural limitations. A new limitation that had been identified in the 

updated study was that the mean of three trials was inconsistently used across all studies. 
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2.10 Discussion 
 

We have mapped and compared the populations which have contributed to normative reference values for five 

clinical field tests used in primary based rehabilitation. After synthesizing the data for each field test, various 

key components and issues will now be highlighted. 

 

2.10.1 Muscle Strength 
 

The synthesized data highlighted the following four issues in the reference values available for the Quadricep 

and Deltoid muscle groups. The issues include the limited populations represented; the lack of age and gender 

stratified data; the differences noted in the execution of manual muscle tests; and finally, the poor quality of the 

systematic reviews. 

Currently data only exists for population samples from the developed economies as illustrated in (Figure 2.2). 

The developed economies identified included North America, Australia, and certain regions of Europe. It is 

possible that we need to consider the expenses, resources and interest of participants that affect normative 

reference values for muscle strength not being reported in developing or least developed countries 

After having further investigated the demographics of the participants included across all three systematic 

reviews, another issue was highlighted. Selection of participants did not include stratifying for age. Two of the 

three systematic reviews stratified their data according to age groups whilst one study, (Bohannon, 2011) 

reported a range of the minimum age to the maximum age included in the systematic review. Reference values 

would become difficult to interpret and observe any patterns of inclining or declining muscle strength if not 

stratified according to age groups. Comparing the same age groups of different populations would not be 

possible. In addition, the two systematic reviews stratified data in age groups above 50 years of age. It possible 

that data reporting normative reference values in the elderly is less available and thus the two systematic 

reviews focused on the elderly population. The elderly is also susceptible to ill health and disability. Developing 

data stratified specifically according to age groups such as 50-59,60-69 and 70-79 will assist relevant 

stakeholders in providing detailed information to aid clinical decision making. 

The type of manual muscle testing differed across studies. Manual muscle testing, although standardized 

regarding procedure, is still dependent on the assessor. Differences in execution can impact the values and 

possibly explain the variation in data. Whilst the positioning used across the systematic reviews was 

standardized, the two types of testing used were namely break tests and make tests. The make test involves the 

participant applying a maximal force against a fixed point, the assessor. The break test involves the participant 

applying a maximal force at the end range of motion and should not ‘break’ the resistance applied by the 

assessor. Bohannon,(2011) reported studies using make and break tests whilst (Benfica et al., 2018) only 

reported having used make tests. It is possible that (Benfica et al., 2018) considered using makes tests due to 
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various factors revolving around using ‘break tests. These factors include inadequate assessor strength and a 

low measurement ceiling of a dynamometer to overcome a force generated by a larger muscle group e.g.) 

Quadriceps. Performing ‘make tests’ has the potential to provide close to accurate normative reference values 

without considering the strength needed by the tester. 

Due to the poor methodological quality of the identified reviews, confidence in the use of the synthesised 

reference values is questionable. The quality of the systematic reviews was collectively assessed as “critically 

low”. The main highlighted issues revolving around the quality of the studies included poor reporting of the 

studies excluded and the lack of assessment of risk of bias of included studies. Whilst the rationale for exclusion 

of studies had been provided across all three systematic reviews, the listed studies were not included. It would 

be necessary to include evidence of the excluded studies as it further validates the methodological rigor of 

which the systematic review perpetuates. A list of excluded studies further provides us with evidence regarding 

the populations developing normative reference data in different languages, different evaluation methods and 

varying study designs. This information can further inform the confidence we have in the conclusion of the 

systematic review. Benfica et al,(2018) was the single only study that reported using a tool to report risk of 

bias. However, all studies failed to report the influence of the risk of bias on included studies in the results of 

each systematic review. This is an issue as our trustworthiness in the results of the systematic reviews is 

affected. It may become difficult when interpreting the implications of the results, competing interests without 

considering the risk of bias of included studies. In addition, publication bias had not been assessed across all 

three studies. 

The normative reference values for muscle strength were closely reviewed between gender groups. We argue 

that muscle strength in male groups should be greater than female groups as well as the dominant limb 

presenting as stronger than the non-dominant limb. It had been identified across all three systematic reviews that 

males were stronger than females across all age groups with a gradual decline as participants aged. However, it 

had been noticed specifically in males in age groups above 60 that the non-dominant upper limb was stronger 

than the dominant upper limb. This was observed for both the Deltoid and Quadricep muscle groups. The 

varying reasons for this observation can be speculated. It’s possible that with time, the dominant limb develops 

fatigue and poor endurance due to repetitive movements and overuse, specifically in these age groups. As a 

result, when the muscle undergoes manual muscle testing where a maximal force is needs to be applied, only a 

submaximal force is possible. Associated age-related health factors in these age groups would also need to be 

taken in to account. 

Stellenbosch University https://scholar.sun.ac.za



75 
 

2.10.2 Exercise capacity 
 

The synthesised data for exercise capacity testing highlighted four issues. These issues included 1) studies 

reporting least developed economies; 2) variation in the stratification of age; 3) poor methodological quality 

and varying methods of defining ‘healthy’ and 4) variation in pathway shape, distance; and the number of trials 

executed. 

The geographical distribution of the populations performing the 6MWT were illustrated and analysed. It had 

been highlighted that not a single study had been carried out in a least developed economy in respect of the 

timeline of the latest literature search. We argue that the 6MWT is difficult to execute in an under resourced, 

overcrowded, and low economic setting. The 6MWT requires a 30m straight pathway that is clear, quiet and 

distraction free. It is also a possibility that the testing guidelines have not been made available in the 

respective country’s language. The main mode of transport in least developed countries comprise of 

commuting on foot. We argue that the willingness of participants would be less likely to walk without purpose 

or incentive. (Salbach et al., 2015) included mostly populations from developed economies. The nine 

additional studies included further 6MWT data from developing economies. 

Additional studies further broadened the geographical distribution of data in developing populations, 

specifically the North African populations. The studies published in the North African populations are the only 

studies illustrating the distance walked in six minutes on the African continent. 

In addition to the large spread of the populations reported, a variety of age groups have been reported. Six 

studies reported stratifying data according to age groups as illustrated in (Table 2.6), whilst the latter reported 

age groups as a range with resultant totals. Of these six studies, most studies (n=5) have been carried out in 

developed populations. It is also important to note that the studies that have stratified 6MWT data according to 

age groups have included age groups above the age of 65. As an individual reaches the threshold of 50, we 

argue that the risk of non-communicable disease and comorbidities increase (Benedict and Jr, 2018). The 

stratification of age above 50 may have the potential to provide focused data for these age groups. This in turn 

would assist healthcare practitioners and clinicians in focused approach to diagnosis, treatment, and prevention. 

The lack of stratification of age groups hampers our interpretability of the data. This is due to fact that a total 

value for a range of ages is not a true reflection of the distance walked by either an adolescent or an elderly 

individual. The ability to observe potential patterns of the distance walked over a variety of age groups for a 

specific population is not possible. This further affects our ability to arrive at conclusions as to why an elderly 

individual may walk a shorter distance than a younger individual. Age specific data is necessary to make 

carefully tailored clinical decision making and refrain from generic approaches. 
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Apart from the variation in reported age groups and geographical distribution, issues regarding methodological 

quality were noted. Salbach et al,(2015) had assessed the methodological quality of their included studies and 

concluded that the failure to report the methods used to select participants and that most studies reported using 

convenience samples were key issues. These varying methodological issues affect our confidence in the 

interpretability of the results. 

An important issue observed across all studies was defining eligibility criteria and a “healthy participant”. 

Criteria differed between studies when defining a “healthy participant”. Studies included participants that had a 

smoking history or were part of the overweight and obese categories when reporting Body Mass Index. Other 

studies excluded participants who had been placed into these categories and considered the included participants 

as “healthy”. It can be considered that the criteria to justify a “healthy participant” is subjective and influenced 

by the demographical structure of the respective population. It would be important to further analyse the 

eligibility criteria followed when comparing normative reference values between populations to ensure 

consistency. In addition to this, poor reporting of the methods used to select participants further aggravates this 

issue. 

All studies reported in (Table 2.3) were specifically time limited tests. The time limited was to six minutes. As 

ATS guidelines specify that the 6MWT should be walked comfortably over a 30m distance, not all studies had 

followed this course or distance. Studies included adapted distances of 13.3m, 15m ,18m,20m, 25m ,45.7m and 

82.3m. In addition to the adapted distance walked, encouragement and environment was not standardised for 

adapted distances. A single study walking an adapted distance of 25m, instructed participants to walk at a fast 

pace initially and the repeat the test at a slow pace. Another study performed the 6MWT over 45.7m both 

indoors and outdoors. It is a possibility that poor standardisation of encouragement and environment in which 

the test is carried may affect the outcome of the test and thus validity. Comparing the outcomes of two or more 

populations with varying distances walked will not be possible. One study reported the lowest distances walked 

over an adapted distance. The study included in (Salbach et al., 2015) reported a course of 20m rectangular 

course (6x4m) with the encouragement reported as ‘walk as far as possible.’ We argue that factors such as the 

amount of time taken for the participant to turn at each corner of the rectangle resulted in a significant decrease 

in the distance walked. Additional studies not included in the systematic review reported adapted distances of 

13.3m, 15m and 18m. Turn-around time, adapted distances, encouragement and the use of standardized 

guidelines need to be further explored when interpreting data. The variation in the forementioned factors allows 

further understanding of the data at hand. 
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Lastly the number of trials, resting periods and scoring criteria differed between studies. Standardisation 

amongst studies were poor when reporting the number of trials and criteria to score tests carried over adapted 

distances. Studies that reported walking a 30m distance mostly followed ATS guidelines when scoring and 

executing trials. A single study included in (Salbach et al., 2015) executed four trials and recorded the 

maximum distance of the four trials. Most studies included in the systematic review and additional studies 

performed more than one trial thus accounting for a possible learning effect. Four studies executing the 6MWT 

over an adapted distance reported performing only one trial. It remains a concern that the course, distance, lack 

of allowance for a learning effect may affect the confidence we have in the results of these studies. When 

observing studies that have performed the 6MWT over an adapted distance, it would be necessary to further 

consider the procedures, trials and scoring criteria used when analysing their results. 
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2.10.3 Maximal Inspiratory Pressure 
 

Four issues have been highlighted after having synthesised the data retrieved for Maximal Inspiratory Pressure 

(MIP). The issues revolving around MIP reference values include poor methodological quality, poor 

standardization of procedures and positioning and lastly variation in the equipment used to produce a maximal 

inspiratory pressure. 

The methodological quality of both studies was assessed according to their respective tools. The methodological 

quality of the systematic review after assessment resulted in a “critically low confidence” rating in the results of 

the review. The main methodological issues revolved around poor adherence to their protocol and poor 

reporting of the search strategies used. It was identified that (Mb et al., 2014) did not report using a 

comprehensive search of literature and accessed less than two databases. The AMSTAR-2 tool identified that a 

list of excluded studies needs to be reported and is one of the critical domains of the tool. The systematic review 

showed no evidence of reporting studies that were excluded and reasons thereof. The poor methodological 

quality affects the credibility we have in the results. Since normative reference values potentially differ between 

populations, the lack of an extensive search, limits the potential studies including different populations that 

could have been retrieved from different databases. The lack of a comprehensive literature search also further 

limits retrieving more recent evidence reporting normative reference values. 

A second methodological issue had been observed after assessing the additional study. Participants volunteered 

and were included in the study if they were considered “healthy”. This brings about an aspect of “volunteer 

bias” when recruiting participants. To further unpack this, we speculate that volunteering participants may have 

different lifestyles, privileges, and characteristics. It possible that false results and generalizations will be made 

to a larger population based on this specific sample. There was also no evidence of the study reporting the 

number of participants that have dropped out of the study. This affects the confidence in the results that is being 

portrayed based on the number of participants recruited. It is possible that the study may have included the 

participants in their sample size and not reflected their data in the results due to discontinued testing. A great 

sense of uncertainty is created around the validity of the results and statistical power. 

Both the systematic review and additional study did not report having adhered to a standardized guideline 

during their procedures and positioning. As a result, great variability was observed around the criteria that 

satisfies the assessor to stop assessing MIP. Criteria specifying the time taken to generate a MIP, the number of 

trials executed, and value chosen differed within (Mb et al., 2014) and between the systematic review and 

additional study. Both studies commonly followed a time of 1.5 seconds to generate a MIP. Other time periods 

ranged from one second to a minimum of two seconds. The systematic review reported that some included 

studies did not have a time limited parameter and that the MIP was executed “without control”. According to 

(ATS/ERS) (Gibson et al., 2002), when assessing respiratory strength, a MIP should be maintained for 1.5 

seconds.  
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This is to allow a maximum pressure to be sustained and recorded for one second at the least. The variation in 

the time interval used to sustain a MIP may affect the consistency of the results rendered and reproducibility. 

Comparison of MIPs between populations with differing time periods followed when generating MIPs may 

prove futile. This variation was also observed in the criteria used for stopping and number of trials executed 

through both studies. Poor standardisation affects our confidence in the quality of the results. 

Lastly, ATS/ERS guidelines recommend that a rubber mouthpiece be used with a 2mm internal leak (Gibson et 

al., 2002). Both studies reported using a 2mm leak whilst other studies included in the systematic review 

reporting using at minimum a 0.60 mm leak and maximum a 2 mm leak. Studies used a variety of mouthpieces 

including a “tube”, flanged, face mask and a diver type mouthpiece. Flanged mouth pieces have been said to 

result in lower MIP values when compared to rubber mouthpieces (Gibson et al., 2002). It is noteworthy that 

the inconsistent use of standardised equipment when assessing MIP affects the comparability of reference 

values between studies and populations using varying equipment. It would be necessary to further consider the 

equipment used and procedures followed when          analysing and comparing MIP normative reference values prior 

to clinical decision making. 
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2.10.4 Grip Strength 
 

From the review of current data reporting on grip strength the following five observations are relevant: 1) there 

is no data from populations in developing economies; 2) the systematic review methodologies used to 

summarize data is of poor quality; 3) the role of hand dominance is unclear; 4) reporting of results vary and 5) 

the number of trials carried out vary when assessing grip strength. We will discuss the relevance of the 

forementioned observations. 

Studies measuring grip strength have been carried out in different populations and age groups. It is evident from 

the review that the populations included in the systematic reviews measuring grip strength were from economic 

developed and developing economies (WESP 2019). Till July 2019, no studies have been published with data 

from the least economic developing regions or countries with a greater challenged economic background. Two 

possible reasons could be that the least developed economies cannot afford the tools required to assess hand 

grip strength, or that the importance of hand grip strength has not been fully explored. Much progress has been 

made around the development of reliable, cheap equipment which can be used to measure grip strength (Svens, 

2005). This clinical field test provides reliable data on generalised weakness, lung function and mortality 

(Mgbemena, 2019). 

The second observation that we wish to highlight is the poor methodological quality of the systematic reviews 

included in the grip strength section. All included systematic reviews were rated as “critically low” according to 

AMSTAR-2 confidence rating tool. Poor consideration was given to the risk of bias of the individual studies 

included in each of the systematic reviews. In addition, the discussion of the effect of risk of bias in the results 

section in each of the systematic reviews were either minimal or absent. This consistent methodological issue 

affects our confidence in the results in the systematic reviews and the consistency of their study and conclusions 

reached. It would be necessary to consider this methodological issue when identifying and interpreting 

international normative reference values. Furthermore, not considering the differences in risk of bias between 

studies will not assist in understanding the variation in the results in the studies. Understanding variation would 

aid us in interpreting international normative reference values. 

The functionality of our hands is an important component of performing activities of daily living (ADLs) and 

thus the muscle strength required to perform these tasks. Hand grip strength differs between each respective 

hand according to dominance as well as gender. Handgrip strength is also a proxy for general weakness 

(Kamide et al., 2015). In terms of primary based rehabilitation and disability, the dominant hand and resultant 

measure of strength is important when assessing hand function. Two of the five systematic reviews, namely 

Lifecourse, Unit and Medicine,(2014) and Kamide et al.,(2015), reported their normative reference values as 

pooled z-score and weighted mean respectively. The issue arises around understanding of these studies grip 

strength in terms of hand dominance as pooled scores and weighted means poorly represent which hand is 

stronger or patterns of dominancy. 
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Lifecourse, Unit and Medicine,(2014) reported normative reference values according to developed and 

developing economic regions thus making it difficult to compare the differences between genders within 

these regions. 

Lastly, it was observed that the number of trials taken, and criteria used to stop the testing once satisfied with 

the result was identified to be inconsistent amongst all five systematic reviews. The most chosen criteria for 

stopping were “maximum” or “best” measurement of the trials carried out. The number of trials varied between 

1-3 and some studies included in the systematic reviews preferred using mean of the trials carried out. This 

inconsistency in trials results in poor reliability of the hand grip strength measure in association with 

inconsistencies of positioning. 

2.10.5 Conclusion 
 

International normative reference values have been developed and published across many populations and 

economic backgrounds for five clinical field tests used in primary based rehabilitation. There is widespread 

variation in normative reference values due to influencing factors that need to be taken into consideration. These 

factors include the geographical distribution according to the population’s economy, the procedures used to 

carry out the clinical field tests, the stratification of the identified normative reference values and 

methodological quality. 
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3 Chapter 3 – Primary Study 
 

3.1 Background 
 

South African health services, including primary based rehabilitation, are currently under strain due to the rising 

burden of non-communicable disease (NCD)(Mayosi et al., 2009). Therapeutic exercise and lifestyle 

interventions are at the core in the management of non-communicable diseases (NCD’s). Various field tests 

have been developed to assist therapists in prescribing exercise, but also to measure the effectiveness of 

intervention programs (Mckay et al., 2012). Access to normative data for these field tests within the South 

African population is in its infancy (Ramlagan, Peltzer and Phaswana-mafuya, 2014). The lack of data poorly 

affects our understanding and interpretation of normal variation within the South African population. 

Clinical field tests are measurement tools that are easily available, inexpensive and portable (Tveter, 2014). The 

measurement tools used in primary based rehabilitation also inform health related physical outcomes (Tveter, 

2014). We have identified five clinical field tests used regularly in the management of non-communicable 

diseases (NCD’s), namely the six-minute walk test (6MWT), assessment of a participants maximal inspiratory 

pressure (MIP), assessment of grip strength and assessment of Quadricep and Deltoid strength. After scoping 

the literature, we identified numerous reference values for the forementioned field tests. However, the majority 

of the data is representative of populations from the developing economies. Factors such as age, gender, BMI, 

socio-economic status has been identified as factors which affect the expected value for a specific test. It is not 

clear which of the populations or indeed if any of the populations which have reported reference values, can be 

used to compare the results of the field tests in a South African population. 

The aim of this study is to describe age and gender specific values for five clinical field tests in a resource 

restrained metropolitan population sample in Cape Town, South Africa. 
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3.2 Research Methods and Design Research Methods and Design 
 

A descriptive cross-sectional observational study design was utilized. 
 

We used a convenience sampling method. The study population sample included “healthy” adult participants 

from resource restrained communities i.e. (Ravensmead, Uitsig and Parow). The setting used for data collection 

was Tygerberg Hospital as the hospital offers services to the forementioned communities. All apparently 

“healthy” adults accompanying an active out-patient or visiting hospitalised patients and found waiting in the 

general waiting areas of Tygerberg Hospital were eligible for inclusion. The principle investigator (PI) invited 

subjects to participate in the study. Participants were included if they were over the age of 18 years, provided 

written informed consent and reported no history of Tuberculosis (TB). Participants were excluded if they 

presented with signs and symptoms of undiagnosed Tuberculosis (TB), were pregnant, reported uncontrolled 

co- morbidities; were older than 65 years of age, presented with disabilities that restricted physical activity, or 

had undergone chest, eye, and abdominal surgery within the last three months. Uncontrolled co-morbidities 

were identified if the participant reported any co-morbidities for which they are not currently receiving 

treatment, exhibiting any symptoms on the day of screening, or and when partaking in the testing which may, in 

the opinion of the qualified therapist (PI), have a negative impact on the participant. Once the subjects were 

screened and provided written informed consent, an assessment appointment (60 minutes in duration) was 

scheduled at a date and time convenient for the subject. 

Sample size calculation: As this is a descriptive study and no hypothesis was tested, we based the size of the 

sample on a recommendation by (Friedrichs et al., 2009), to recruit a sample stratified according to six age 

groups to ensure a normal distribution of 20 participants per strata with 10 participants in each gender 

. However, after two months of data collection the country went into level 5 lockdown in an attempt to flatten 

the curve of hospitalisations due to the COVID-19 pandemic. At the time of lockdown 35 participants were 

recruited which included participants in each of the six age groups. Gender distributions in each of the six age 

groups were equal. We decided to terminate participant recruitment, as it was not clear when we would be able 

to continue with participant recruitment. 

Procedure: Assessments were performed in the Tygerberg Hospital Physiotherapy Department gym, on specific 

data collection days. Bookings were made in consultation with the department to ensure no disruption of the 

existing service. Subjects were instructed telephonically and via text message one day before their appointment, 

to abstain from smoking within one hour from testing; not eat or drink within two hours from testing and not 

consume alcohol within four hours from testing. 
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Data was collected using REDCap software (Research Electronic Data Capture). The assessment was carried 

out at five separate stations. The sequence of testing was randomized for each participant. The Primary 

investigator (PI) completed all assessments. A pilot test was performed before testing commenced. The aim was 

to determine the intra-rater reliability of the testing procedure used to test muscle strength, grip strength and 

maximal inspiratory pressure. Five random participants were recruited and then a re-assessed using the same 

tool by the same assessor one week later to determine intra-rater reliability. Inter-class correlation co-efficients 

(ICC) were calculated according to a two-way mixed model and absolute agreement. The POWERbreathe tool 

presented an (ICC:0.973), the JAMAR dynamometer for the left hand (ICC:0.966) and right hand (ICC:0.997) 

and the MICROFET-2 dynamometer for the left Deltoid (ICC:0.974), Right Deltoid(ICC:0.992) whilst the left 

Quadricep presented an (ICC:0.999) and right Quadricep (ICC:0.997) .This retrieved data suggests excellent 

intra-rater reliability of the testing procedure for all tests. 

 
Station 1: EuroQol- 5 Dimension-5 Level (EQ-5D-5L) reporting health related quality of life outcomes and 

participant baseline demographics. The EQ-5D-5L is a tool requiring the participant to select the most relatable 

statement that is descriptive of their health on that specific day under each of the following five dimensions: 

mobility; self-care; usual activities; pain/discomfort; and anxiety or depression. A visual analogue scale (VAS) 

is included to determine the participants perceived state of health ranging between their worst health (0) and 

best health (100). The scale was used to further advocate for what a ‘healthy’ perceived state of health 

presented as in a sample of a ‘healthy’ South African population. This station was also used to weigh the 

patient and measure their height to calculate their body mass index. 

 
Station 2: Exercise Capacity was tested using the six-minute walk test (6MWT) according to ATS/ERS 

guidelines (‘ATS statement: guidelines for the six-minute walk test.’, 2002). The 6MWT involves an 

individual walking a straight 30m pathway for six minutes at a comfortable pace. The total distance covered in 

six minutes is recorded. Two six-minute walk tests with 30 minutes in between were performed by the 

participants to account for a possible learning effect. The values tabulated represent the best achieved distance 

of the two tests .80 % of participants achieved a greater 6MWD on the second 6MWT. ATS guidelines were 

followed when executing the six-minute walk test which involves noting the reasons for stopping and 

recording the participants heart rate and oxygen saturation prior to the test (baseline), after the test and one 

minute post testing. No participants stopped during either of the two 6MWT’s, and could complete both tests 

without incident 
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Station 3: Grip strength was tested using a JAMAR dynamometer with the participant in a seated position with 

their elbow flexed at 90 degrees. The participant was instructed to hold a Maximal Voluntary Isometric 

Contraction (MVIC) for 3 seconds before releasing. 

 
Station 4: The Quadricep muscle strength was measured with a MICROFET-2 Hand-Held dynamometer. The 

Quadricep muscle was tested in a sitting position using a make test, involving the participant generating a 

Maximal Voluntary Isometric Contraction (MVIC) during knee extension against the Primary Investigator (PI). 

 
Station 5: The Maximal Inspiratory Pressure was measured with an electronic hand-held loading device 

(POWERbreathe® KH1, HaB International Ltd., Southam, UK) according to the American Thoracic Society 

and European Respiratory Society standards (ATS/ERS) standards. (Issues et al., 2002). 

 
Station 6: The Deltoid muscle strength was measured with a MICROFET-2 Hand-Held dynamometer. The 

Deltoid muscle was tested in supine using a make test, involving the participant generating a Maximal 

Voluntary Isometric Contraction (MVIC) during shoulder abduction against the Primary Investigator (PI). 

 
Data Analysis: Data was imported from Redcap software and analysed using IBM SPSS version 20. Descriptive 

statistics were used for analysis and data is presented as mean and standard deviation (mean ±SD) when 

normally distribution, and median inter-quartile range (IQR) when not. We also included a measure to describe 

the variability of the data between our primary data and international data. To compare the South African cohort 

to reported reference values for the different field tests, a meta-analysis of data was done and presented as a 

scatter plot, when data was comparable. Muscle strength and Grip strength were not plotted for comparison due 

to the heterogeneity in the manner the data was presented in the included studies. We plotted our primary data to 

select additional studies identified from our scoping review to compare exercise capacity and maximal 

inspiratory pressure between studies for both genders due to their homogenous nature. Muscle strength and Grip 

strength normative reference values was tabulated and described narratively whilst Exercise Capacity and MIP 

were described by means of scatter plots and described narratively. 

 
Study approval was obtained from the committee for human research of Stellenbosch University (SU) 

(S19/10/219). The study was conducted according to South African guidelines for good clinical practice and the 

Medical Research Council (MRC) Ethical Guidelines for Research. All participants provided informed written 

consent. Permission was obtained from the Department of Health to recruit healthy participants visiting the 

hospital complex. 

Stellenbosch University https://scholar.sun.ac.za



86 
 

3.3 Results 
 
 

3.3.1 Demographics 
 

Thirty-five participants agreed to participate in the study. The average age of participants was (39.5±14), with 

a range between 18-62 years of age (Table 3.1). The participants were stratified according to six age groups 

(18-25,26- 35,36-45,46-55 and 56-65) and gender. The total average Body Mass Index was (27.5±7.3). An 

estimated thirty one percent of the sample fell into the overweight categories and 31.43% of the sample fell 

into the obese category. It was observed that 22.86% of females fell into the obese category compared to the 

minimal 8.57% of males that fell into the obese category. A percentage of the total sample is presented 

according the category of the respective BMI category of the participants. Nineteen or 54.29% of participants 

reported being employed whilst (n=16), 45.71% reported unemployment. Most participants reported not 

having any co-morbidities to their knowledge (n=27) 77.14%, whilst (n=8) 22.86% of participants reported 

having co-morbidities. Of the eight participants with co-morbidities (n=5) 62.5% reported having 

Hypertension, (n=4) 50% reported having increased cholesterol levels and one participant reported having 

diabetes. 

Table 3.1 Anthropometric characteristics of the study population 
 
 

Characteristic Unit All participants 

(n=35) 

Mean ±SD 

Male 

(n=16) 

Mean ±SD 

Female 

(n=19) 

Mean ±SD 

Age (Years) 39.46 ± 13.81 39.88 ± 12.43 39.11  ± 14.85 

Height (cm) 166.4 ± 9.46 172.13± 7.92 161.58 ± 7.82 

Weight (kg) 75.81 ± 19.58 74.06 ± 16.14 77.29  ± 21.95 

Body Mass Index (Kg/m2) 27.47 ±7.24 24.97 ±5.13 29.58 ±8.05 

Underweight < 

18.50 

17.14% 11.43% 5.71% 

Healthy Weight 

Range 18.50 - 

24.99 

20% 5.71% 14.29% 

Overweight 

25.00 - 29.99 

31.43% 20% 11.43% 

Obese 30 or 

more 

31.43% 8.57% 22.86% 
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3.3.2 Health Related Quality of Life Measure (EQ-5D-5L) 
 

Participants reported a perceived health status of (83.21±14.13). 100% of participants reported having no 

problems with washing or dressing themselves. An estimated six percent, (n=2) of the participants had slight 

problems walking about under the “mobility” dimension and (n=2) 5.71% of the participants slight problems 

performing their usual activities under the “usual activities” dimension. It was reported that (n=4)11.43% of the 

sample population reported having slight pain and discomfort and (n=3) 8.57% of the population reported being 

slightly anxious or depressed. 

 

3.3.3 Descriptive results 
 

Although only data was collected from 35 participants, a fairly even distribution of the number of participants in 

each age group was maintained between five to eight participants. The “36-45” age group presented data for the 

least number of participants. Due to a lack of participants, only a single female individual recruited represented 

the “36-45” age group. Data was otherwise presented as (mean ± standard deviation) due to a normal 

distribution. 

 

3.3.3.1 Peripheral Muscle strength 
 

Normative reference value data for Quadriceps and Deltoid muscle strength stratified into six age groups for 

both genders is illustrated (Table 3.2). We also reported on right and left limb strength separately. In an 

estimated ninety one percent, (n=32) of participants, dominance was reported in the right upper limb whilst 

(n=3) 8.57% of the total sample reported dominance in the left upper limb. In the male group (n=16), (n=14) 

87.5% reported dominance in the right upper limb whilst (n=2) 12.5% of males reported dominance in the left 

upper limb. In the female group (n=19), (n=18) 94.7% reported dominance in the right upper limb whilst 

(n=1) 12.5% of females reported dominance in the left upper limb. 

In (n=34) 97.14% participants, dominance was reported in the right lower limb whilst (n=1) 2.86 % of the total 

sample reported dominance in the left lower limb. In the male group (n=16), (n=15) 93.75% reported 

dominance in the right lower limb whilst (n=1) 6.25% of males reported dominance in the left lower limb. In the 

female group (n=19), (n=19) 54.29% reported dominance in the right lower limb whilst no females reported 

dominance in the left lower limb. The difference in upper limb and lower limb dominance can be speculated. 

We argue this discrepancy be attributed to 1) participants having poor awareness of which limb is more 

dominant 2) different ‘normal’ gait patterns used by participants or 3) some participants are ambidextrous and 

have not reported it. 
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3.3.3.2 Grip Strength 
 

Normative reference value data for grip strength six age groups for both genders is illustrated (Table 3.2). Right 

and left hand values are reported separately. Dominance reported for grip strength is the same as the reported for 

upper limb dominance for peripheral muscle strength. 
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Table 3.2 Reference Values for muscle strength for males and females. 
 

Deltoid Muscle strength (Newtons) 

Age 

group 

N= Total (n=35) 

Mean ±SD 

Male (n=16) 

Mean ±SD 

Female (n=19) 

Mean ±SD 

Right Left Right Left Right Left 

18-25 7 152.6±43.97 135.73±35.20 201.6±0.3 179.25±9.75 133±36.91 118.32±25.22 

26-35 8 158.61±52.63 162.9±64.89 186.5±60.66 207.93±58.62 130.75±17.55 117.88±30.53 

36-45 5 179.78±58.69 188.88±61.94 190.38±61.17 206.3±57.25 137.4 119.2 

46-55 7 160.93±32.58 144.56±31.65 197.7±5.1 174.35±15.15 146.22±26.8 132.64±28.52 

56-65 8 152.74±41.55 159.69±46.02 176.48±34.5 186.58±43.74 129±33.73 132.8±29.62 

Total  159.55±46.88 156.77±52.14 165.02±46.23 161.88±53 159.55±46.88 156.77±52.14 

 Quadricep Muscle strength (Newtons) 

Age 

group 

N= Total (n=35) 

Mean ±SD 

Male (n=16) 

Mean ±SD 

Female (n=19) 

Mean ±SD 

Right Left Right Left Right Left 

18-25 7 242.8±69.04 225.93±61.29 232±6 225.4±3.7 247.12±81.2 226.14±72.48 

26-35 8 216.01±64.95 208.35±49.59 263.8±43.38 246.68±18.16 168.23±44.57 170.03±40.63 

36-45 5 305.7±90.31 316.64±122.92 318.4±96.9 335.43±130.85 254.9 241.5 

46-55 7 250.27±55.86 251.06±70.13 290.7±43.8 287.8±58.7 234.1±51.82 236.36±68.93 

56-65 8 249.2±67.6 219.3±66.4 295.83±50.53 276.68±29.08 202.58±47.31 161.93±37.26 

Total  248.62±73.94 238.88±81.8 252.13±75 246.28±81.12 248.62±73.94 238.38±81.8 

Grip strength (Kg) 

Age 

group 

N= All subjects (n=35) 

Mean ±SD 

Male (n=16) 

Mean ±SD 

Female (n=19) 

Mean ±SD 

Right Left Right Left Right Left 

18-25 7 35±5.98 33.43±6 41±0 39±1 32.6±5.46 31.2±5.71 

26-35 8 41±11.10 39.63±12.13 48.75±10.87 50.5±6.87 33.25±2.86 28.75±3.27 

36-45 5 48.8±9.35 50.2±9.81 52±7.62 53.25±8.58 36 38 

46-55 7 36.71±7.09 33.43±6.41 47±5 39.5±3.5 32.6±1.02 31±5.66 

56-65 8 37.38±7.89 34.38±6.26 44.25±4.60 38.75±3.96 30.5±2.96 30±4.95 

Total  39.23±9.57 37.46±10.23 40.32±9.58 38.61±10.17 39.23±9.57 37.46±10.23 
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3.3.3.3 Maximal inspiratory muscle strength 
 

Normative reference values for maximal inspiratory pressure (MIP) stratified over six age groups for both 

genders is illustrated (Table 3.5). The MIP reference value was recorded after three attempts and the best of the 

three attempts was recorded. 

 

3.3.3.4 Exercise Capacity 
 

Exercise capacity reference values is illustrated as six-minute walk test distance in meters(6MWD). Normative 

reference values for 6MWD stratified over six age groups for both genders is illustrated (Table 3.5). 

Physiological variables including heart rate and oxygen saturation was recorded before and after the six-minute 

walk test is illustrated in (Table 3.3). According to ATS guidelines, data regarding the rate of dyspnoea needs to 

be recorded at baseline, after the test and then one minute later. The Borg scale uses a numerical scale from 0- 

10 assessing the rate of dyspnoea according to the participants subjective judgement. (Table 3.4) illustrated the 

number and percentage of participants experiencing a specific level of dyspnoea according to the Borg scale at 

three measurements before and after both 6MWTs. No dyspnoea score was rated more than 3 (moderate 

dyspnoea) in both tests. 

 
 

Table 3.3 Physiological Variables during the six minute walk test (mean ± SD) 
 

Physiological 

variables 

recorded 

during the 

6MWT 

Heart rate 

(Baseline) 

Heart rate 

immediately 

after test 

Heart rate 

1 minute 

after the test 

Saturation 

(Baseline) 

Saturation 

Immediately 

after test 

Saturation 

1 minute 

after the 

test 

6MWT 1 72.17±10.15 89.86±18.03 76.57±13.13 98.11±1.05 98.37±0.84 98.8±0.96 

6MWT 2 72.37±10.97 94.66±17.19 77.17±12.12 97.86±1.14 98.11±1.08 98.06±0.97 
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Table 3.4 Borg Scale data recorded during 6MWT 1 and 2 (n, %) 
 
 

Rate of Dyspnoea 

according to the 

Borg scale 

At Baseline Post 6MWT One minute post 

6MWT 

6MWT 1 (n= 35 participants) 

0 Nothing at all (n=39) 68.6% (n=14) 40% (n=28) 80% 

0.5 Very, very slight (n=4) 11.4% (n=12) 34.3% (n=5) 14.3% 

1 Very Slight (n=1) 2.9% (n=7) 20% (n=2) 5.7% 

2 Slight (light) (n=1) 2.9% (n=1) 2.9% (n=0) 

3 Moderate (n=0) (n=1) 2.9% (n=0) 

6MWT 2 (n= 35 participants) 

0 Nothing at all (n=26) 74.3% (n=1) 2.9% (n=28) 80% 

0.5 Very, very slight (n=8) 22.3% (n=14) 40% (n=5) 14.3% 

1 Very Slight (n=1) 2.9% (n=8) 22.9% (n=2) 5.7% 

2 Slight (light) (n=0) (n=2) 5.7% (n=0) 

3 Moderate (n=0) (n=0) (n=0) 
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Table 3.5 Normative reference values of MIP and 6MWD for Males and Females (mean ± SD). 
 
 
 

Maximal Inspiratory Pressure (MIP)(cmH20) 

Age 

group 

N= All subjects 

(n=35) 

Mean ±SD 

Male 

(n=16) 

Mean ±SD 

Female 

(n=19) 

Mean ±SD 

18-25 7 87.43±23.9 99±28 82.8±20.27 

26-35 8 97.25±25.05 113.75±20.52 80.75±17.02 

36-45 5 111.2±30.05 119±28.71 80 

46-55 7 89.71±32.77 130.5±5.5 73.4±23.65 

56-65 8 92.25±17.92 102.75±16.33 81.75±12.45 

Total  94.63 ±27.06 96.29±27.95 94.63±27.06 

6MWD 

Six-minute walk test distance(m) 

Age 

group 

N= All subjects 

(n=35) 

Mean ±SD 

Male 

(n=16) 

Mean ±SD 

Female 

(n=19) 

Mean ±SD 

18-25 7 458.3±59.23 436.25±40.75 467.12±63.05 

26-35 8 484.31±81.41 549.75±45.35 418.88±51.33 

36-45 5 501.2±42.96 494.75±45.82 527 

46-55 7 448.66±42.47 501±14 427.72±30.21 

56-65 8 476.96±74.08 513.38±64.42 440.55±64.61 

Total  472.71±66.36 470.98±65.86 472.71±66.36 
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3.3.3.5 Comparison to International Data 
 

Scatter plots was used as a visual comparison of a healthy South African cohort of data to international data for 

males (Figures 3.1, 3.2) and females (Figure 3.3, 3.4). Population mean and 95% Confidence Intervals) for 

exercise capacity and maximal inspiratory pressure was calculated. 

The maximal inspiratory pressure scatter plot, plotted reference values from our primary data (South Africa – 

developing economy) and Brazilian reference values (developing economy) (Pessoa, Neto and Montemezzo, 

2014a) for both males (Figure 3.1) and females (Figure 3.2). There was no overlap in the 95% Confidence 

Intervals of the males indicating that the samples were taken from different populations. It is interesting to note 

that the 95% Confidence Intervals for the two samples of women did overlap possibly indicating a more 

homogenous population. 
 
 

 

Figure 3.1 Scatter plots visually comparing studies measuring Maximal Inspiratory Pressure (MIP) in males. 

LCL = Lower Confidence Level/Interval 

UCL = Upper Confidence Level/Interval 

Baldeo et al.2021 – South Africa (n=16) 

Pessoa et al.2014 – Brazil (n=60) 
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Figure 3.2: Scatter plots visually comparing studies measuring Maximal Inspiratory Pressure (MIP) in females. 

LCL = Lower Confidence Level/Interval 

UCL = Upper Confidence Level/Interval 

Baldeo et al.2021 – South Africa (n=19) 

Pessoa et al.2014 – Brazil (n=74) 
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The scatter plots compared exercise capacity plotted reference values from our primary data to North African 

and Mediterranean populations (Developing economies) (Bourahli, Bougrida and Martani, 2016); India 

(Developing economy) (Vaish et al.,2013), China (Developed economy) (Zou, Zhang, et al., 2017) and (Zou, 

Zhu, et al., 2017) (update). The economic background of populations was classified according to the (WESP) 

World Economic and Situation Prospect guideline (Situation, 2015). The study carried out in India, only 

reported normative reference values for exercise capacity in Males. None of the studies 95% CI overlapped 

indicating heterogenous populations. 
 
 

 

Figure 3.3 Scatter plots visually comparing studies measuring Six minute Walk Test Distance (6MWD) in males. 

LCL = Lower Confidence Level/Interval 

UCL = Upper Confidence Level/Interval 

Baldeo et al.2021 – South Africa (n=16) 

Bourahli et al. 2016 – North African and Mediterranean countries (n=100) 

Vaish et al.2013 – India (n=101) 

Zou et al.2017 – China (n=179) 

Zou et al.2017 (update) – China (n=324) 

Stellenbosch University https://scholar.sun.ac.za



96 
 

 
 
 
 
 

Figure 3.4: Scatter plots visually comparing studies measuring Six minute Walk Test Distance (6MWD) in females. 

LCL = Lower Confidence Level/Interval 

UCL = Upper Confidence Level/Interval 

Baldeo et al.2021 – South Africa (n=19) 

Bourahli et al. 2016 – North African and Mediterranean countries (n=100) 

Zou et al.2017 – China (n=176) 

Zou et al.2017 (update) – China (n=319) 
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3.4 Discussion 
 

Age and gender stratified values have been summarized for the five clinical field tests in an apparently 

“healthy” adult population sample from a resource restrained metropolitan community in South Africa. 

Interesting findings related to understanding a ‘healthy” population within a South African context were made. 

More than 31.43%, (n=11)  of this sample can be classified as overweight. This finding can just be by chance, 

but it could also be indicative of a widespread looming health concern. Obesity has been linked to the 

development of various NCD’s. Hypertension, increased cholesterol and diabetes form part of the 

cardiovascular diseases that form 12% of South Africa’s burden of NCD (Mayosi et al., 2009). Factors such as 

decreased physical activity and poor diet has been said to contribute NCDs in South Africa (Mayosi et al., 

2009). It is also notable that obesity is more prevalent in the female participants. Changing lifestyle and 

individual choices with greater access to fast foods in a metropolitan area plays a role in the potential impact of 

obesity on outcomes of field tests exploring muscle strength, six- minute walk distance, grip strength, HRQoL 

and maximal inspiratory pressure. 

The second finding that “challenges” the criteria used for inclusion into the study and thus identifying “healthy” 

participants, are the reported health related quality of life measure outcomes. The potential effect of pain and 

mental health needs to be considered when including participants. We argue that the level of pain being 

experienced is subjective and that state of mental health can affect test outcomes. This further questions if an 

individual can be regarded as ‘healthy’ if they report problems under the different domains included in the tool. 

The findings highlight the difficulty in defining a “healthy” population. These potential “unhealthy” variables 

could just be part of the normal distribution within a population, however if the variables have a significant 

effect on the outcome of the field tests we then need to question if it can still be used as a reference value? 

A widespread variation was observed when visually comparing our results (mean and Confidence Intervals) to 

international studies reporting reference values for the 6MWT. The imprecision of our data set is understandable 

due to the small sample size. While recruiting a larger sample will improve the precision of our data set, the data 

is suggesting that the populations used to generate reference values for the 6MWT is very different from the 

South African population. Comparing the 6MWT results of a diseased patient in South Africa to existing 

reference values could lead to incorrect clinical decisions. Work is needed to develop reference 6MWD 

equations for South Africa. 
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The comparison of our MIP data to the Brazilian cohort raises interesting questions regarding comparisons of 

the different sexes. While the male populations seemed heterogenous, the female population used for MIP was 

homogenous. It is possible that the male groups presented heterogeneously due to the age groups for males 

presenting data  similarly. Secondly, that obesity could have affected the performance of the MIP in the female 

group due to an abdominal mass placing a force on the diaphragm and thus a mechanical disadvantage. Data is 

often used categorically with specific cut offs points that are used to describe weak muscles (Rodrigues et al., 

2017). Defining South African specific MIP cut off points could be valuable as we move forward in 

understanding the range of diaphragm strength in our  South African population. 

We used a ‘make’ test to document Quadricep and Deltoid muscle strength. Whilst we were unable to compare 

our results to international published studies, it does seem as if the type of manual muscle testing, we used could 

differentiate different strengths in the different age categories – as one would expect. This can highlight a 

possibility of issues with technique when performing the ‘make’ test. These issues include inadequate tester 

strength, poor standardisation in technique used and ceiling measurement limits of the instrument used. All 

international studies presented greater means and narrow confidence intervals. Our study visually presented 

wide confidence intervals further informing poor precision and generalisability. Our field test outcome did not 

fit into the means and confidence intervals of international studies indicating heterogenous populations. 

 

3.5 Limitations 
 

This study has several limitations. Firstly, due to the COVID-19 pandemic, reference values were based on a 

small sample size as the recruitment and testing of participants had halted. The 35 participants may not present a 

true reflection of a South African population. Secondly, due to the small sample size, normal distribution was 

not achieved as a single participant had been recruited to represent an entire age group and gender thus omitting 

the generalisability of the normative data. Thirdly, more females than males were recruited. Lastly, criteria 

defining ‘healthy’ in a South African context needs to further be established moving forward. 

 

3.6 Conclusion 
 

The reference values we have reported, provide insight into the distribution of values in an age and gender 

stratified sample of healthy adults in South Africa. The results caution the use of published reference values to 

make clinical decisions for management of a South African diseased population. Work is needed to develop 

South African specific reference equations and cut off points for the five clinical field tests investigated in this 

study. A larger sample size is required ensuring a normal distribution to further establish trustworthy South 

African reference values. 
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4 Chapter 4 – Discussion 
 
 

4.1 Overall Discussion 
 

Normative reference values have been widely available at an international level, however the availability of 

normative reference values at a national level is questionable. Reference values are used in primary based 

rehabilitation and inform clinical decision making, treatment and prognosis. 

The scoping review identified systematic reviews that have summarised data including population 

demographics, variation in procedures and methodological rigor or lack thereof. Where systematic reviews 

failed to include studies published more recently, additional studies were yielded according to a secondary 

search thus providing an update in the evidence for the specific clinical field test. The data synthesised in 

chapter two highlighted the reference values used in primary based rehabilitation,are most commonly available 

in populations that are classified as developed and developing economies, according to the WESP guideline 

(Situation, 2015). Poor standardisation and methodological quality across the systematic reviews emphasized 

the need to further explore the methodology followed and procedures carried out before interpreting reference 

values. The results of the scoping review suggest a widespread variation of reference values in developed and 

developing economies. A consistent lack of reference values exists in least developed populations. 

The spread and mean described in the additional studies included in the clinical field tests, MIP and 6MWT, 

were further used as a visual comparator to our primary study to possibly identify similarities in population 

samples. Due to the variation in our primary study data and discrepancies in distribution of the reference values 

when visually compared to international comparators, we argue that reference values for a South African 

population need to be further explored and established. To our knowledge, Ramlagan, Peltzer and Phaswana- 

mafuya,(2014) has produced reference values for hand grip strength specific to participants over the age of fifty 

in South Africa. The data provided by this author is limited to one clinical field test and focuses on a specific 

age group. References values have otherwise been highlighted in the African continent for hand grip strength 

Lifecourse, Unit and Medicine,(2014). According to Lifecourse, Unit and Medicine,(2014), African studies 

reported pooled z-scores of (-1.34) compared to European studies that reported pooled z-scores of (0.13) for 

hand grip strength. A Z-score measures the standard deviations a data point is from the mean where ‘0’ would 

indicate that the data point falls on the mean. Positive values would indicate the data point falls above the mean 

whilst negative values will indicate that the data point is below the mean. These Z-scores illustrate a significant 

difference between developing and developed economies. The results of the scoping review further support our 

argument that our primary data is different from that of the identified international normative reference values. 
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Our scoping review suggested numerous issues regarding the standardisation of procedures and positioning for 

each clinical field test. These issues were highlighted with the further purpose of assisting clinicians with 

clinical decision making. When further investigating exercise capacity, the issues explored also informed our 

approach to our primary study. The issues highlighted focused on the varying distances walked, the shape of the 

pathway, inconsistent number of trials and poor stratification of 6MWT data according to age groups. When 

visually comparing our 6MWT data on a scatter plot to the additional studies reporting distances walked in our 

literature review, South African data for both Males and Females was significantly less than India (developing 

economy), North African and Mediterranean countries (developing economies) and China (developing 

economy)(Figure 3.3 and 3.4). 

It can be suggested that when establishing normative reference values for a ‘healthy’ cohort, healthy needs to be 

explicitly defined. Authors summarized varying criteria in our literature review when defining ‘healthy’. 

Common criteria described the exclusion of participants in the overweight and obese Body Mass Index (BMI) 

categories, smokers and participants with neuromuscular disease, heart disease or respiratory disease. The EQ- 

5D-5L tool measured the perceived health status of participants in the primary study as an average of 83.21% 

(83.21±14.13). However, the relationship between physical health status and perceived health status need to be 

further investigated. Factors such as Body Mass Index (BMI) play a role in a population’s definition of 

‘healthy’. Majority of our sampled participants fell into the overweight category (31.43%) and obese category 

(31.43%). 

Our primary study intended to highlight descriptive reference values for clinical field tests used in primary 

based rehabilitation. The value of the references values provides insight into ‘normative’ variation in a South 

African context. The references values produced were stratified according to age and gender groups with the 

purpose on providing information that will aid clinical decision making and tailor diagnosis and prognosis 

accordingly. Although a limited sample size was used, affecting the precision and generalisability of our results, 

these reference values form the foundation to further establish South African reference values. 

It is possible that a great difference exists between the reference values produced by developed economies and 

references values produced by developing economies. Although a substantial number of normative reference 

values have been produced in developing economies, a lack of standardization and poor methodological quality 

greatly affect the interpretability of these normative reference values. Our findings provide a first look into 

normal variation for muscle strength, grip strength, exercise capacity, respiratory strength, and perceived health 

status in a South African context. Hand grip strength also varies according to different population groups within 

South Africa (Ramlagan, Peltzer and Phaswana-mafuya, 2014). We argue that further research would be required 

to establish precise and generalizable South African normative reference values. 
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4.2 Recommendations 
 

A larger sample size would be recommended in future studies to increase the precision and generalizability of 

the results. 

Implementation of a recruitment method to ensure equal recruitment of male and female participants. This 

would be to ensure a normal distribution of which the interpretability of the results improve. 

Further research is necessary to define ‘healthy’ in a South African context. Current literature has presented 

varying definitions of ‘healthy’. We need to consider that South Africa is a developing economy, with a rising 

burden of non-communicable disease (NCD) (Mayosi et al., 2009). 

Further research regarding the use of the EQ-5D-5L tool needs to be explored. It is important to further 

investigate the relationship between perceived health status and physical outcome in a South African context. 

 

4.3 Limitations 
 
 

4.3.1 Scoping Review 
 

The following limitations were identified in the scoping review: 
 

• The primary and secondary search had initially been conducted at the end of 2019. No follow up search 

for new additional articles have been performed. A possibility exists that newly published studies 

describing reference values for different populations have been produced. This is seen as a limitation as 

these results are not included in our literature review. We aim to publish the scoping review and the 

search will thus be updated before submission. 

• Five studies were excluded due to being written in a language other than English. Further on, studies 

were excluded due to the language filter function available in some of the databases. This can be 

considered a limitation as many studies could have been excluded that may have contributed to the 

results of our literature review. 

• Chosen databases such as Pubmed, Science Direct, CINAHL, MEDLINE, Web of Science and Scopus 

were used. The studies retrieved focused on populations from developing and developed economies. 

Alternative databases that were not accessed and not available in English may have provided valuable 

information on populations from developing and least developed economies. 
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4.3.2 Primary Study 
 

The following limitations were identified in the Primary Study: 
 

• A small sample size was used due to the start of the COVID-19 pandemic during data collection. This 

limitation reduces the precision and interpretability of our results. However, the sample selected was 

stratified and included all ages and a good distribution of gender. Larger samples would improve the 

precision (95% Confidence Intervals). 

• The criteria used for inclusion of ‘healthy’ participants required an individual to be over the age of 18, 

to provide written informed consent and have no history of Tuberculosis (TB). We argue that our 

sample was not considered ‘healthy’ based on the health-related quality of life (HRQoL) outcomes 

along with the inconsistent definition of ‘health’ by the World Health Organisation. A more defined 

criteria for inclusion of ‘healthy’ South Africans would have yielded a more trustworthy sample of 

‘healthy’ participants. 

 

4.4 Strengths 
 
 

4.4.1 Scoping Review 
 

The following strength was identified in the scoping review: 
 

• Quality Analysis was executed using the AMSTAR-2 tool for included systematic reviews. Quality 

analysis is not usually included in the scoping review and thus further informs the readers confidence in 

the summarized results of the systematic review. 

• Study selection had occurred by two reviewers. Two reviewers were involved in the study selection 

process to ensure the minimization of the risk of error. 

 

4.4.2 Primary Study 
 

The following strength was identified in the Primary Study: 
 

• Excellent Intra-rater reliability was identified, for the tools measuring grip strength, maximal inspiratory 

pressure, and peripheral muscle strength. This is seen as a strength as it further supports the consistency 

in the execution of testing. 
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4.5 Conclusion 
 

Our thesis has described age and gender specific normative reference values for clinical field tests used daily in 

primary based rehabilitation. These reference values were specific to a sampled population of a resource- 

restrained metropolitan area in Cape Town, South Africa. An insight to the ‘normal’ variation of muscle 

strength, grip strength, respiratory strength and exercise capacity is now presented. Our reference values 

differed greatly when compared to international reference values for the same five clinical field tests. 

International reference values need to be approached with caution in a South African clinical context. The 

development of South African normative reference values for clinical field tests could aid decision making by 

clinicians at Primary Health Care (PHC) level. 
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6.8 Addendum H: AMSTAR-2 Critical Appraisal Tool 
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6.9 Addendum I: McMaster Critical Review Form 
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6.10 Addendum J: Key Words Used 
 
 

2. Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges, Normal OR Normal Values OR 

Normal Value OR Value, Normal OR Values, Normal OR Reference Ranges OR 

Range, Reference OR Ranges, Reference OR Reference Range 

3. Maximal Inspiratory Pressure OR Inspiratory Pressure, Maximal OR Inspiratory 

Pressures, Maximal OR Maximal Inspiratory Pressures OR Pressure, Maximal 

Inspiratory OR Pressures, Maximal Inspiratory OR Maximum Inspiratory Pressure 

OR Inspiratory Pressure, Maximum OR Inspiratory Pressures, Maximum OR 

Maximum Inspiratory Pressures OR Pressure, Maximum Inspiratory OR Pressures, 

Maximum Inspiratory OR MIP 

4. Hand Strengths OR Strength, Hand OR Strengths, Hand OR Grip OR Grips OR 

Grasp OR Grasps 

5. JAMAR dynamometer 

6. Deltoid strength OR shoulder abduction strength 

7. quadriceps strength OR knee extension strength 

8. 6MWT OR six-minute walk test OR 6-minute walk test OR functional exercise 

capacity 

9. Physical therapy OR Physiotherapy 

10. Healthy OR healthy subjects 
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6.11 Addendum K: Search Strategy and Databases searched (Primary Search) 
 
 

Muscle strength Assessment 
Inception 28 January 2020 

Database Search strategy Limits Hits 
1. Science Direct Reference value AND 

muscle strength AND 
normative 

• 2009-2020 
• Review articles 
• Publication title: Archives of 

Physical medicine and 
Rehabilitation 

17 

2. EBSCOHOST- 
MEDLINE 

Reference value AND 
muscle strength AND 
normative 

• Review articles 
• English 

4 

3. EBSCOHOST- 
CINAHL 

Reference value AND 
muscle strength OR 
shoulder abduction 
strength OR knee 
extension strength AND 
normative 

• 2009-2019 
• English 
• All Adult 
• Major Heading: reference 

values, muscle strength 

21 

4. Web of Science TI = (Reference value) 
AND (muscle strength 
OR shoulder abduction 
strength OR knee 
extension strength) 
AND (normative) 

• Review articles 
• English Language 
• 2009-2019 

2 

5. PubMed Reference value AND 
knee extension strength 
OR shoulder abduction 
strength AND 
normative 

• Review articles 
• Meta-analysis 
• Humans 

24 

6. Scopus Reference value AND 
muscle strength OR 
shoulder abduction 
strength OR knee 
extension strength AND 
normative 

• 2009-2019 
• Review articles 
• Keyword: Medicine; Health 

Professions; Nursing 

7 

 75 
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Grip Strength 
Inception 28 January 2020 

Database Search strategy Limits Hits 
1. Science Direct Reference value AND 

Grip strength AND 
Hand strength AND 
Normative 

• Review articles 
• 2009-2020 

70 

2. EBSCOHOST- 
MEDLINE 

Reference value AND 
(grip strength or hand 
strength ) AND normative 

• Review articles 
• English 

Language 
• Human 
• All Adult 

2 

3. EBSCOHOST- 
CINAHL 

reference values AND grip 
strength OR hand strength 

• Review articles 
• English 

Language 

1 

4. Web of Science TI= (Reference value 
OR Normative reference 
value) AND (Grip 
strength OR Hand 
strength) 

• Review articles 
• English 

Language 
• 2009-2019 

22 

5. Pubmed ((((Reference Values) 
AND Grip strength) OR 
Hand strength) OR Grasp) 
AND Normative 

• Review articles 
• 2009-2020 

8 

6. Scopus Reference value AND 
Grip strength OR Hand 
Strength AND 
Normative 

• Review articles 
• 2009-2020 
• Keywords: 

Medicine; 
Health 
Professions; 
Nursing, 
Human, 
English 
language 

60 

 163 
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Maximal Inspiratory Pressure 
Inception 28 January 2020 

Database Search strategy Limits Hits 
1. Science Direct Normative AND Reference 

Value AND Maximal 
Inspiratory Pressure OR 
Inspiratory Pressure AND 
healthy subjects AND 
physiotherapy 

• Review articles 
• 2009-2020 
• Publication titles: 

Physiotherapy;Archives 
of physical medicine and 
rehabilitation;Respiratory 
medicine;Clinics in chest 
medicine; Respiratory 
Physiology and 
Neurobiology 

23 

2. EBSCOHOST- 
MEDLINE 

Reference Value AND 
Maximal inspiratory pressure 
OR Inspiratory Pressure, 
Maximal OR Inspiratory 
Pressures AND normative 

• Review articles 
• 2009-2020 
• English Language 
• All Adult 19+ years 

8 

3. EBSCOHOST- 
CINAHL 

Reference Value AND 
Maximal inspiratory pressure 
OR Inspiratory Pressure, 
Maximal OR Inspiratory 
Pressures AND normative 

• Review articles 
• English Language 
• Human 
• All Adult ages 

4 

4. Web of Science TI= (Reference Value) AND 
(Maximal inspiratory 
pressure) OR TI=(Inspiratory 
Pressure, 
Maximal) OR TI= (Inspiratory 
Pressures) AND TI=(normative) 

• Review articles 
• 2009-2019 

1 

5. Pubmed ((((Reference value) AND 
Maximal inspiratory pressure) OR 
Inspiratory pressure) OR MIP) 
AND Normative 

• Review articles 
• 2009-2020 

3 

6. Scopus Reference Value AND 
Maximal inspiratory pressure 
OR Inspiratory Pressure, 
Maximal OR Inspiratory 
Pressures AND normative 

• Review articles 
• Keyword=Adult 
• English 
• 2009-2019 

3 

 42 
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Exercise capacity 
Inception 28 January 2020 

Database Search strategy Limits Hits 
1. Science Direct Reference Value AND six 

minute walk test OR 6mwt 
OR exercise tolerance 
AND normative 

• 2009-2020 
• Review articles 
• Archives of 

physical medicine 
and rehabilitation; 
Physiotherapy 

69 

2. EBSCOHOST- 
MEDLINE 

Reference Value AND six 
minute walk test OR 6mwt 
OR exercise tolerance 
AND normative 

• Review articles 
• English Language 
• All Adult 

20 

3. EBSCOHOST- 
CINAHL 

Reference Value AND six 
minute walk test OR 6mwt 
OR exercise tolerance 
AND normative 

• Review articles 
• English Language 
• All Adult 19+ 
• Human 

7 

4. Web of Science ti= (Reference value) AND 
(six minute walk test or 
walking tests) 

• Review articles 3 

5. Pubmed ((((Reference value) AND 
rehabilitation) OR walking 
test) OR six minute walk test) 
AND normative 

• Review articles 
• Meta- analysis 
• Humans 
• English 

35 

6. Scopus Reference Value AND six 
minute walk test 

• Review articles 10 

 144 
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6.12 Addendum L: Search Strategy and Databases searched (Secondary Search) 
 
 
 
 

MEDLINE – EBSCOHOST 

Accessed: 1 August 2019 

Limiters: 

• Date of Publication: 2009-2019 

• Search modes: Boolean/Phrase 

• Review 

Search Terms Initial 

Hits 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range OR Normal 

Ranges OR Range, Normal OR Ranges, Normal OR Normal Values OR Normal Value OR 

Value, Normal OR Values, Normal OR Reference Ranges OR 

Range, Reference OR Ranges, Reference OR Reference Range) AND (healthy OR healthy 

subjects) AND (Maximal Inspiratory Pressure OR Inspiratory Pressure, Maximal OR 

Inspiratory Pressures, 

Maximal OR Maximal Inspiratory Pressures OR Pressure, Maximal Inspiratory OR 

Pressures, Maximal Inspiratory OR Maximum Inspiratory Pressure OR Inspiratory 

Pressure, Maximum OR Inspiratory Pressures, Maximum OR Maximum Inspiratory 

Pressures OR Pressure, Maximum Inspiratory OR Pressures, Maximum Inspiratory OR MIP) 

2 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range OR Normal 

Ranges OR Range, Normal OR Ranges, Normal OR Normal Values OR Normal Value OR 

Value, Normal OR Values, Normal OR Reference Ranges OR 

Range, Reference OR Ranges, Reference OR Reference Range) AND (Hand Strengths OR 

Strength,Hand OR Strengths,Hand OR Grip OR Grips OR Grasp OR Grasps) AND 

(systematic review OR meta-analysis) 

8 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range OR Normal 

Ranges OR Range, Normal OR Ranges, Normal OR Normal Values OR Normal Value OR 

Value, Normal OR Values, Normal OR Reference Ranges OR 

Range, Reference OR Ranges, Reference OR Reference Range) AND (muscle strength) AND 

(systematic review OR meta-analysis) 

13 
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(Reference Value OR Value, Reference OR Values Reference OR Normal Range OR Normal 

Ranges OR Range, Normal OR Ranges, Normal OR Normal Values OR Normal Value OR 

Value, Normal OR Values, Normal OR Reference Ranges OR 

Range, Reference OR Ranges, Reference OR Reference Range) AND (6MWT OR six minute 

walk test OR 6 minute walk test OR functional exercise capacity) AND (systematic review 

OR meta-analysis) 

4 

Total 27 
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Science Direct 

Accessed: 1 August 2019 

Limiters: 

• Years: 2009 – 2019 

Search Terms Initial 

Hits 

(Reference values OR normative reference values) AND (Maximal inspiratory 

strength OR Maximal inspiratory pressure OR MIP) AND (grip strength) AND 

(muscle strength) AND (six minute walk test OR 6MWT) AND (healthy OR healthy 

subjects) 

10 

Total 10 
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Pubmed 

Accessed: 1 August 2019 

Limiters: 

• Review 

• Published in the last 10 years 

• Human 

# Search Terms Initial 

Hits 

#3 Search(#1 AND #2) 20 

#2 Search ((((((((Maximal Inspiratory Pressure[Title/Abstract] OR Inspiratory 

Pressure, Maximal[Title/Abstract] OR Inspiratory Pressures, 

Maximal[Title/Abstract] OR Maximal Inspiratory Pressures[Title/Abstract] 

OR Pressure, Maximal Inspiratory[Title/Abstract] OR Pressures, Maximal 

Inspiratory[Title/Abstract] OR Maximum Inspiratory 

Pressure[Title/Abstract] OR Inspiratory Pressure, Maximum[Title/Abstract] 

OR Inspiratory Pressures, Maximum[Title/Abstract] OR Maximum 

Inspiratory Pressures[Title/Abstract] OR Pressure, Maximum 

Inspiratory[Title/Abstract] OR Pressures, Maximum 

Inspiratory[Title/Abstract] OR MIP[Title/Abstract])) OR (Maximal 

Inspiratory Pressure OR Inspiratory Pressure, Maximal OR Inspiratory 

Pressures, Maximal OR Maximal Inspiratory Pressures OR Pressure, 

Maximal Inspiratory OR Pressures, Maximal Inspiratory OR Maximum 

Inspiratory Pressure OR Inspiratory Pressure, Maximum OR Inspiratory 

Pressures, Maximum OR Maximum Inspiratory Pressures OR Pressure, 

Maximum Inspiratory OR Pressures, Maximum Inspiratory OR MIP[MeSH 

Terms]) AND ((Hand Strengths[Title/Abstract] OR Strength, 

Hand[Title/Abstract] OR Strengths, Hand[Title/Abstract] OR 

Grip[Title/Abstract] OR Grips[Title/Abstract] OR Grasp[Title/Abstract] OR 

400 
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 Grasps[Title/Abstract])) OR (Hand Strengths OR Strength, Hand OR 

Strengths, Hand OR Grip OR Grips OR Grasp OR Grasps[MeSH Terms]) 

AND muscle strength [Title/Abstract] OR dynamometer,muscle 

strength[MeSH Terms]) AND ((6MWT[Title/Abstract] OR six minute walk 

test[Title/Abstract] OR 6 minute walk test[Title/Abstract] OR functional 

exercise capacity[Title/Abstract])) OR (6MWT OR six minute walk test OR 

6 minute walk test OR functional exercise capacity[MeSH Terms]) 

 

#1 Search ((Reference Value[Title/Abstract] OR Value, 

Reference[Title/Abstact] OR Values Reference[Title/Abstract] OR Normal 

Range[Title/Abstract] OR Normal Ranges[Title/Abstract] OR Range, 

Normal [Title/Abstract] OR Ranges, Normal [Title/Abstract] OR Normal 

Values [Title/Abstract] OR Normal Value [Title/Abstract] OR 

Value,Normal [Title/Abstract] OR Values,Normal [Title/Abstract] OR 

Reference Ranges [Title/Abstract] OR Range,Reference [Title/Abstract] 

OR Ranges,Reference [Title/Abstract] OR Reference Range 

[Title/Abstract])) OR (Reference ValuecOR Value, Reference OR Values 

Reference OR Normal Range OR Normal Ranges OR Range, Normal OR 

Ranges, Normal OR Normal Values OR Normal Value OR Value,Normal 

OR Values,Normal OR Reference Ranges OR Range,Reference OR 

Ranges,Reference OR Reference Range[MeSH Terms]) 

11947 

 Total 20 
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Scopus 

Accessed: 1 August 2019 

Limiters: 

• Subject Area: Medicine, Health Professions and Nursing 

• 2009-2019 

• Keywords: Human, Humans 

• Review 

Search Terms Initial 

Hits 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges,Normal OR Normal Values OR 

Normal Value OR Value, Normal OR Values, Normal OR Reference Ranges OR 

Range, Reference OR Ranges, Reference OR Reference Range) AND (Healthy OR 

Healthy subjects) AND (Maximal Inspiratory Pressure OR Inspiratory Pressure, 

Maximal OR Inspiratory Pressures, Maximal OR Maximal Inspiratory Pressures OR 

Pressure, Maximal Inspiratory OR Pressures, Maximal Inspiratory OR Maximum 

Inspiratory Pressure OR Inspiratory Pressure, Maximum OR Inspiratory Pressures, 

Maximum OR Maximum Inspiratory Pressures OR Pressure, Maximum Inspiratory 

OR Pressures, Maximum Inspiratory OR MIP) 

4 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges,Normal OR Normal Values OR 

Normal Value OR Value, Normal OR Values, Normal OR Reference Ranges OR 

Range, Reference OR Ranges, Reference OR Reference Range) AND (Healthy OR 

Healthy subjects) AND (Grip OR Grip strength) 

30 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges,Normal OR Normal Values OR 

Normal Value OR Value, Normal OR Values, Normal OR Reference Ranges OR 

Range, Reference OR Ranges, Reference OR Reference Range) AND (quadriceps 

strength) 

40 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges,Normal OR Normal Values OR 

Normal Value OR Value, Normal OR Values, Normal OR Reference Ranges OR 

10 
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Range, Reference OR Ranges, Reference OR Reference Range) AND (deltoid 

strength) 

 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges,Normal OR Normal Values OR 

Normal Value OR Value, Normal OR Values, Normal OR Reference Ranges OR 

Range, Reference OR Ranges, Reference OR Reference Range) AND (Healthy OR 

Healthy subjects) AND (6MWT OR six minute walk test OR 6 minute walk test OR 

functional exercise capacity) 

9 

Total 93 
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CINAHL - EBSCOHOST 

Accessed: 1August 2019 

Limiters: 

• Published date: 2009-2019 

• Search modes: Boolean/Phrase 

Search Terms Initial 

Hits 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges,Normal OR Normal Values OR Normal 

Value OR Value, Normal OR Values, Normal OR Reference Ranges OR Range, Reference 

OR Ranges, Reference OR Reference Range) AND (Maximal Inspiratory Pressure OR 

Inspiratory Pressure, Maximal OR Inspiratory Pressures, Maximal OR Maximal 

Inspiratory Pressures OR Pressure, Maximal Inspiratory OR Pressures, Maximal 

Inspiratory OR Maximum Inspiratory Pressure OR Inspiratory Pressure, Maximum OR 

Inspiratory Pressures, Maximum OR Maximum Inspiratory Pressures OR Pressure, 

Maximum Inspiratory OR Pressures, Maximum Inspiratory OR MIP) 

48 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges,Normal OR Normal Values OR Normal 

Value OR Value, Normal OR Values, Normal OR Reference Ranges OR Range, Reference 

OR Ranges, Reference OR Reference Range) AND (grip strength or hand strength) 

47 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges,Normal OR Normal Values OR Normal 

Value OR Value, Normal OR Values, Normal OR Reference Ranges OR Range, Reference 

OR Ranges, Reference OR Reference Range) AND (muscle strength) 

64 

(Reference Value OR Value, Reference OR Values Reference OR Normal Range Or 

Normal Ranges OR Range, Normal OR Ranges,Normal OR Normal Values OR Normal 

Value OR Value, Normal OR Values, Normal OR Reference Ranges OR Range, Reference 

OR Ranges, Reference OR Reference Range) AND (6MWT OR 6 minute walk test) 

35 

Total 194 
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Web of Science 

Accessed: 1 August 2019 

Limiters: 

• Human 

• TI= Title 

Search Terms Initial 

Hits 

TI=(Reference values OR normal values) AND (Maximal inspiratory pressure OR 
MIP OR Inspiratory pressure) OR (Reference values OR normal values) AND 
(hand strength OR grip strength OR grip) OR (Reference values OR normal values) 
AND (deltoid strength OR shoulder abduction strength) OR (Reference values OR 
normal values) AND (quadriceps strength OR knee extension strength) OR 
(Reference values OR normal values) AND (6MWT OR six minute walk test OR 6 
minute walk test OR functional exercise capacity) AND (systematic review OR 
meta-analysis) 

9 

Total 9 
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6.13 Addendum M: Secondary Search Selection Process Flow Diagram 
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6.14 Addendum N: Summary of procedure and postioning (Deltoids) 
 
 

Muscle Procedure 

& 

Positioning 

Bohhanon et al.(2011) Benfica et.al (2018) Bohhanon 

et al.(2017) 

updated 

Deltoids Procedure NR Two trials performed. Six to seven 

seconds of contraction with a rest time 

of one minute in-between. The 

instrument used is a dynamometer 

recording a peak force by means of a 

make test. The unit of measure is 

Newtons. 

NR 

Positioning NR Supine – shoulder abducted to 45°, 

elbow extended. Resistance given 

proximal to styloid processes and 

stabilization at elbow. 

NR 

Instruments 

used 

Hand-held electronic 

dynamometer 

(Chatillon) 

Hand-held dynamometer 

(Penny and Giles) 

Hand-held dynamometer 

(CIT) 

Hand-held dynamometer 

(Ametek digital) 

Hand-held dynamometer 

(Spark) 

Hand-held electronic dynamometer 

(Chatillon) 

Hand-held dynamometer (Penny and 

Giles) 

Hand-held dynamometer (CIT) 

Hand-held dynamometer (Ametek 

digital) Nicholas Manual Muscle tester 

(Lafayette instrument) 

Isobex dynamometer 

Hand dynamometer (Type HKRM) 

Hand-held myometer(Penny and Giles) 

Dynamometer (Modified Cybex) 

Modified sphygmomanometer hand-grip 

dynamometer 

NR 

NR = Not Reported 
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6.15 Addendum O: Summary of procedure and positioning (Quadriceps) 
 
 

Muscle Procedure 

& 

Positioning 

Bohhanon et 

al.(2011) 

Benfica et.al (2018) Bohhanon et 

al.(2017) 

Quadriceps Procedure NR Two trials performed. Six to seven 

seconds of contraction with a rest time 

of one minute in-between. The 

instrument used is a dynamometer 

recording a peak force by means of a 

make test. The unit of measure is 

Newtons. 

NR 

Positioning NR Seated – hips and knees flexed at 90° 

with hands resting on lap. Resistance 

given proximal to malleoli and 

stabilization at the shoulders by an 

assistant. 

Seated – 

knees flexed 

at 90°. 

Dynamomete 

r applied to 

the anterior 

leg just 

proximal to 

the malleoli. 

Instrument 

used 

Nicholas Manual 

Muscle tester 

(Lafayette) 

Hand-held 

electronic 

dynamometer 

(Chatillon) 

Hand-held 

dynamometer 

(Penny and Giles) 

Hand-held electronic dynamometer 

(Chatillon) Hand Held dynamometer 

(CIT) 

Hand-held dynamometer (Ametek 

digital) 

Fixed Dynamometry 

Portable electronic dynamometer(Penny 

and Giles) 

Modified Sphygmomanometer 

Strain gauge dynamometer 

Digital hand 

dynamomete 

r 
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  Hand Held 

dynamometer 

(CIT) 

Hand-held 

dynamometer 

(Ametek digital) 

Hand-held 

dynamometer 

(MicroFet) 

  

 
 

NR = Not Reported 
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6.16 Addendum P: Summary of Procedures followed to assess Maximal Inspiratory Pressure 
 
 

Systematic 

Review and 

Meta-analysis 

Procedure Positioning Starting 

volume 

Time of 

MIP 

Trials Criteria for 

stopping 

Pessoa et 

al.(2014) 

NR NR RV Without 
control 
Max 1.5s 
Min of 1s 
2s 
Min f 2s 
About 1s 

Min of 5 
Max of 3 
Min of 3 
Min of 4 
3-5 
5 
Max of 5 
Min of 7 
NS 

Highest value 
2 identical readings 
Highest 2 values 
within 5% 
difference 
Highest 3 values 
withing 5% 
difference 
Highest 2 values 
within 10% 
difference 
Highest value of 3 
similar trials 
Highest value < 
10% of 3 trials 
Highest value 
varying 5% 
Highest value 
<10% of all trials 

Additional studies 

Pessoa et Instructions and Sitting RV 1.5s 5 with 1 Three 

al.(2014) demonstration Legs and   minute reproducible tests 
 given prior to trunks   interval one with varaition 
 testing. supported   inbetween less than or eqaul 
 The participant is     to 10% 
 encouraged to     variation nomore 
 generate a     than 20% with 
 maximal     pressure of higher 
 inspiratory     value 
 pressure while the      

 tester closes the      

 occlusion orifice      

 with a standard      

 command.      

NR = Not Reported ; RV = Residual Volume 
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