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We are pleased to welcome you to the 3nd International Functional Capacity Evaluation
(FCE) Research Conference in Wijk aan Zee - September 28 (evening) to September 29,
2016. The 3nd International FCE Research Conference will serve as an international forum
for research and knowledge implementation related to work assessment and FCEs, across
all causes of work incapacity. Participants include leading international experts in the field —
scientists, clinicians, and other users of FCE information.

The International FCE Research Conference is an informal, non-profit research symposia
organized by Michiel Reneman and Doug Gross. The meetings provide an opportunity to
gather with a small group of researchers, clinicians and other stakeholders with a special
interest in work assessment and FCE to discover and discuss new research findings, novel
assessment techniques and strategies, and other policy or related issues facing the field.

Following a successful conference in Groningen (The Netherlands — 2012), and Toronto
(Canada — 2014), we will offer an exciting program at Wijk aan Zee, the Netherlands. We
received a large response for abstracts featuring the most recent scientific developments in
the FCE field, as well as thought provoking discussions and workshops with leading FCE
researchers and clinicians from around the world.

We hope you will enjoy this international conference, meet your colleagues and make new
connections.

Enjoy the conference and your stay in Wijk aan Zee.

Sincerely yours,

Douglas Gross, Professor in Physical Therapy, University of Alberta, Canada
Michiel Reneman. Professor in Rehabilitation Medicine. University Medical Center
Groningen, The Netherlands

Michel Edelaar, Heliomare & Vroege Interventie

A special thank you to Rehabilitation Center Heliomare for their generous support in hosting
this event.
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Program 3rd International FCE Research Conference

28 September

Conference dinner, Wijk aan Zee

29 September

Conference session, Wijk aan Zee, Heliomare

08.00 AM Registration

08.45 AM Opening & Welcome
Update since last conference — Doug Gross and Michiel Reneman

09.10 AM Keynote A: Michiel Reneman and Jone Ansuategui Echeita, Spain / The
Netherlands - Functional Capacity Evaluation in different societal contexts:
Results of a multi-country study

10.00 AM The predictive value of grip strength using dynamometry relative to work
ability - Lisa Fitzpatrick, USA

10.15 AM ACPOHE Functional Testing Toolkit - Catherine Albert, UK

10.30 AM Break

11.00 AM Functional Capacity Evaluation: Performance of Patients with Chronic
Non-specific Low Back Pain Without Waddell Signs - Peter Oesch,
Switzerland

11.15 AM Comparison of two methods for interpreting lifting performance during
Functional Capacity Evaluation - Peter Oesch, Switzerland

11.30 AM Development and validation of a pain behaviour assessment in patients
with chronic low back pain - Jan Kool, Switzerland

11.45 AM Development of a modified version of the Spinal Function Sort (M — SFS):
A mixed method approach - Maurizio Trippolini, Switzerland / USA

12.00 PM Lunch + photo

01.00 PM Keynote B: Jill Galper, USA. Practical Issues in FCE Administration and
Interpretation: Lessons Learned From Thousands of Cases

01.45 PM Development and reliability testing of a qualitative score for rating
compensatory movements in upper limb prosthesis wearers during
execution of 4 FCE-tests - Sietke Postema, The Netherlands

02.00 PM Development of a functional capacity evaluation measurement for
individuals with upper limb reduction deficiency or amputation. - Sietke
Postema, The Netherlands

02.15 PM Do Wearable Fitness Devices Correlate With Performance-Based Tests of
Work-Related Functional Capacity - Jesse Karpman & Douglas Gross,
Canada

02.30 PM ICF as the conceptual framework for FCE. Linking FCE tests to the ICF
Comprehensive Core Set of Vocational Rehabilitation - Marika Lassfolk,
Finland

02.45 PM Break

03.15 PM Associations of lifted weight and self-rated return-to-wok prognosis and
self-rated return-to-work prognosis - Mattias Bethge, Germany

03.30 PM Sustainable return to work among construction workers on sick leave due
to musculoskeletal disorders: what is the added value of action versus a
question - Paul Kuijer, The Netherlands

03.45 PM The predictive validity of a workplace-specific and strain-related short-form
Functional Capacity Evaluation in patients with musculoskeletal disorders -
David Buhne, Germany

04.00 PM Upper Limb Isokinetic Strength Assessment Applicability in Work Injury
Patients - Quim Chaler

04.15 PM Discussion: Proposed Inclusion of Work Physiology in FCE Testing —
Heart Rate Reserve Method - Theodore Becker & Whitney Ogle - USA.

04.35 PM What's next? Doug Gross and Michiel Reneman

04.45 PM Closing
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Heliomare

Heliomare supports (potentially) disabled people. In this context, it employs approximately
1,600 staff and has about 40 locations throughout the province of Noord-Holland.

The degree of support provided, depends on the requirements and the physical and mental
capabilities of the client. A variety of services is offered, including medical rehabilitation,
special needs education, vocational rehabilitation, independent living programmes and
training, daily occupation and sports. These services can be provided either separately or as
a combined package.

Heliomare rehabilitation

The rehabilitation centre offers specialised
medical rehabilitation for children,
youngsters and adults with a physical and/or
multiple disability or a traumatic brain injury.
Rehabilitation supports them in their pursuit
of maximum independence. The
rehabilitation centre (115 beds) provides
clinical support for the province of Noord-
Holland, with the exception of the regions of
Amsterdam and Het Gooi. In addition,
Heliomare rehabilitation provides services to special client groups within a wider area, and
an outpatient service for the regions of Midden- and Zuid-Kennemerland.

Heliomare vocational rehabilitation

The institute for vocational rehabilitation is responsible for developing comprehensive
reintegration packages for individual clients with an employment disability. In this area,
autonomy, respect, openness and clarity are of the utmost importance.

People with a high risk of developing a disability often have great difficulty in finding a job on
the labour market. How can they ensure that they retain their current position, or go about
finding a suitable new working environment? Within Heliomare vocational rehabilitation,
these are fundamental questions.

In order to provide the answers, Heliomare vocational rehabilitation works closely with other
agencies/ institutions including the Ministry for Social Affairs and Employment, and there is
an increasing trend towards working directly with employers.

The area, for which Heliomare vocational rehabilitation provides cover, includes the
provinces Noord-Holland, Flevoland and Zuid-Holland and Leiden. Moreover, Heliomare
vocational rehabilitation offers its services, in the area of vocational education, job coaching,
assessments and physical training, to other organizations experiencing problems with the
coaching of clients.

Heliomare education

Heliomare offers special education to children with complicated
learning difficulties (ZML), with physical disabilities (LG) and
multiple disabilities (MG). In secundary education for, ZML, LG, MG
and chronic ill students (LZ cluster 3).

All education activities are concentrated within Heliomare
educqation

There are 4 locations

*De Alk, school for special education and secundary special
education (SO/VSQ), located in Alkmaar

*Heliomare education, school for SO/VSO, located in Wijk aan Zee




*De Ruimte, school voor SO located in Bergen
*De Zevensprong, school voor SO/VSO, located in Beverwijk .

Ambulante support

Apart from the education at the locations above, ‘Ambulante Begeleiding‘offers support to
students that follow regular education, including professional training (MBO). The region of
this Heliomare education service is the province of Noord-Holland.

Observation class

This is a class in which children between 6 and 20 year old with traumatic history like
encephalitis, accident or other problems, show divergent learning behaviour and
achievements. Heliomare helps to put them back on ‘education track’ again.

Heliomare Living/housing

Heliomare living/housing provides several living arrangements to children, youngsters and
adults with a physical and/or multiple disability, a brain injury or an autistic disability. The aim
is learn to live on their own and how to participate in society.

The methods it uses are strongly orientated towards the individual. Heliomare has several
housing locations in the region, such as a children’s home, a housing for adult clients with
brain injuries, a training centre for practical living skills, apartments with supported living,
guesthouses and holiday homes.

Heliomare daily occupation

The purpose of the activity centres of Heliomare daily occupation is to help disabled people
to use their time in a meaningful way. Obviously, the definition of ‘meaningful’ will be
different for each individual and therefore, the requirements, wishes and capabilities of each
client are of the greatest importance. There are 4 activity centres, and 6 so called work
centres that provide services for the regions of Kennemerland, Zaanstreek/\Waterland,
Amstelland/De Meerlanden and Amsterdam/Diemen.

At the work centres clients produce for instance art, graphic products, pottery and wooden
garden furniture.

Heliomare sports

The promotion of active participation in sports and the offer of active movement to clients is
the central philosophy of Heliomare sports. It services the inpatients of the Rehabilitation
centre as well as individual outpatients and groups in the province of Noord-Holland. Apart
from that there is the so called Sport Medic Consult, a combination of sport and
rehabilitation. It also offers services to Paralympic athletes.

Research and Development

Research and Development on all aspects of the
services of Heliomare is a constant demand. The
R&D department works together with several
universities. Test results and new knowledge are
not only offered to Heliomare itself but also to
other stakeholders

Network

The different business units that constitute
Heliomare form a network and a linking chain,
which can provide answers to all of the client’s
questions. There is a high degree of cooperation between the different units, especially
when this is necessary for the client.

To create as much synergy as possible, the business units are striving to achieve even
closer cooperation. In order to do this, treatment programmes are tailored to fit one another




and more knowledge and experience can be exchanged between the different business
units. This exchange results in optimal cohesion between these units and allows the client to
obtain an even better service. In the treatment of a child, for example, the cooperation
between a rehabilitation specialist and the teachers will result in a better integration of the
medical rehabilitation and the special education process. As part of this ‘expanded
cohesion’, the client is aware that all the business units are operating under the wings of
‘Heliomare’. This reassures and helps creating an atmosphere of peace and certainty.

Client centred

Today’s clients are increasingly involved. They know what they want and are presented with
more options than ever before. At Heliomare, the clients are of the utmost importance. Their
needs are accommodated, by working within a question-driven environment, by ensuring
that the business units cooperate, and by delivering the best possible quality. Considering
the varied character of Heliomare’s services, its target group is not easily reduced to one
common denominator. Patient, parent, pupil, resident or participant, the precise identity of
the client will differ depending on the unit. Yet the clients frequently demand that their
questions receive a cohesive response, which may involve a number of departments.

All of Heliomare’s business units strive to develop a more question-driven approach to
clients. Each unit of Heliomare has proven expertise in its own particular area. The
enormous amount of knowledge and experience within the separate units is too valuable for
internal utilization only.

Consequently, the units cooperate as much as possible. Thus the mutual strengths are used
to greater effect. Heliomare is working hard to achieve synergy. Not just by working together
internally, but also by cooperation with external agencies.

Heliomare

E-mail Info@heliomare.nl
Website www.heliomare.nl
Phone +31 (0)88 920 88 88
Fax +31 (0)88 920 83 66
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Title 1
Grip Strength as a Predictor of Work Ability: A Scoping Review

Authors & affiliations

Lisa Fitzpatrick OTR/CHT,CAE,CEAS
Founder/COO - Wellness Links Inc.
(877) 895-WELL: Phone/Fax

(858) 444-6510; Direct
www.wellnesslinks.biz

Nova South eastern University

Mail to: [fitzpatrick@wellnesslinks.biz

Background: Work-related musculoskeletal disorders are costing employers approximately
20 million dollars in direct medical costs, and these costs are continuing to increase at an
unsustainable rate. Many measures are used to assess an injured worker’s ability to return
to work. One specific measure, the grip strength measure that is taken by hand-held
dynamometer, is frequently used as a stand-alone measure or in conjunction with other
physical measures such as a functional capacity evaluation for assessing work ability. To
this date, a review of the literature has not been performed to assess the predictive value of
grip strength relative to work ability. Objective: Research question: What is the predictive
value of grip strength using dynamometry relative to work ability?

Methods: A scoping review was conducted to examine the evidence in 15 peer-reviewed
research articles that addressed the relationship between grip strength and work ability, work
performance, specific job tasks, and work environment.

Results: Limited evidence supports that grip strength loss is a predictor for time to return to
work (17%) as a stand-alone measure. Grip strength was weakly to strongly associated with
work ability; however, when multivariate analyses were performed other variables often
proved to be better predictors of work ability, return to work, and time loss from work than
was grip strength.

Conclusion: The findings of this study suggest that grip strength has a mild to strong
positive relationship with work ability and work performance. However, the literature does not
yet provide sufficient evidence on the extent to which grip strength predicts work
performance or work ability. Additionally, the research that was performed in this area
included variables of similar characteristics (i.e. grip strength and pinch strength). Therefore,
when a regression analysis was performed, it appears that grip strength was not included as
a significant variable for predicting return to work due to the colinearity between variables.
Given that there is paucity in the literature on this topic and that the quality of what exists
tends to be lower, more quality research is needed in this area to further evaluate the
predictive value of grip strength.



Title 2
ACPOHE Functional Testing Toolkit

Authors & affiliations

Catherine Albert, Glyn Smyth, Nicola Suckley
Work Future Ltd

Occupatinhal Health & Return to Work Specialists
mail to: Catherine@workfuture.co.uk
T:0845-4507316

Background: An important role of Occupational physiotherapists in the UK is to give advice
on a person’s fitness for the physical demands of their work, in line with existing guidelines.
Many physiotherapists use functional testing to do this but there are numerous functional
tests available with varying methodologies. ACPOHE (Association of Chartered
Physiotherapists in Occupational Health and Ergonomics) want to encourage its members to
use standardised functional testing as a routine part of physiotherapy clinical assessment in
occupational health.

Objective: To develop an evidence based Functional Testing Tool Kit which encourages
clinical reasoning and routine standardised functional testing leading to robust evidence-
based fitness for work recommendations by physiotherapists.

Methods: ACPOHE evaluated functional tests within the evidence base and included in the
toolkit those which were considered to be robust and clinically useful. A selection criteria
included strength of validity and reliability, availability of normative data, practicality and cost
The critical appraisal skills programme (CASP) tool was used as the initial framework to
critically appraise each functional test. CASP provided guidance to the group and ensured a
standardised approach to the appraisal process. If considered suitable for potential inclusion
in the toolbox a further in-depth analysis of validity and reliability was undertaken. This
included inter-rater reliability, test-retest reliability, concurrent, construct, and predictive
validity. Assessment in terms of practicality was also considered and included cost, ease of
administration and scoring, time taken and equipment required. The final summary consisted
of the strength and weaknesses of each test.

Results : The final Function Testing toolkit comprises of 22 tests. The toolkit includes a test
summary, test procedure, reference, normative data and scoring sheet.

Conclusions : The functional testing toolkit provides a set of evidence based functional

tests that Occupational physiotherapists can use in routine clinical assessments. This will
provide objective outcomes and support fithess to work recommendations.
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Title 3

Functional Capacity Evaluation: Performance of Patients with Chronic Non-specific
Low Back Pain Without Waddell Signs

Authors & affiliations
Peter Oesch, PhD1, Kathrin Meyer, MPHZ2; Beatrice Jansen, MSc3; Jan Kool, PhD1

1 Research Department, Rehabilitation Centre Valens, Valens, Switzerland

2 Physiotherapy & Occupational Therapy, Zurich University Hospital, Switzerland
3 Department of Work Rehabilitation, Rehaklinik Bellikon, Bellikon, Switzerland

4 Physiotherapy Department, Rehabilitation Centre Valens, Valens, Switzerland

Dr. Peter Oesch PhD PT / Bereichsleiter Therapien - Leiter Ergonomieabteilung
Rehabilitationszentrum Valens CH-7317 Valens

Tel +41(0)81 303 14 51 Fax +41 (0)81 303 11 11

www.kliniken-valens.ch | mail to: peter.oesch@kliniken-valens.ch

Background: There is evidence that not only physical but also psychosocial factors
influence Functional Capacity Evaluation (FCE) results. Such non-organic-somatic-
components (NOSC) identified by Waddell signs (WS) testing showed consistent
independent prediction for performance during four FCE tests. Within a comprehensive FCE,
WS may serve as a validation tool separating results into FCE’s reflecting physical capacity
and FCE influenced by WS.

Objectives: The primary objective of this study is to evaluate the effect of Waddell signs
(WS) on a comprehensive FCE in patients with chronic non-specific low back pain
(CNSLBP) undergoing fitness for work evaluation. If an effect is observed, the secondary
objective is to report performance of patients without WS in a comprehensive 1day FCE
protocol.

Methods: Survey of patients with CNSLBP as their primary complaint, referred for fitness for
work evaluation, age between 20 and 60 years. Main outcome measures were WS and
performance during manual handling assessed with lifting from floor to waist, waist to crown,
horizontal and one handed carry; grip strength with Jamar hand held Dynamometer;
ambulation with stair climbing and six minute walking test; work postures with elevated work,
forward bend standing, kneeling, and sitting.

Results: 145 male with a mean age of 44.5 years (£10.1), and 53 females with a mean age
of 43.6 years (£11.0) were included. Mean days off work were in male 658 (+1,056) and in
female 642 (+886). 33 % of all patients presented positive WS. FCE performance in male
and female patients with positive and negative WS differed significantly in all comparisons
except grip strength of the dominant hand and sitting in female. Performance of patients with
negative WS indicated a mean physical capacity corresponding to light-medium work in
females and medium work in males for both age groups.

Conclusions: WS should be assessed for interpretation of FCE results. Despite long work
absence, patients with CNSLBP with negative WS demonstrated a physical capacity
corresponding to substantial physical work demands.

11



Title 4

Comparison of two methods for interpreting lifting performance during Functional
Capacity Evaluation

Authors & affiliations
Peter Oesch, PhD 1 2; Kathrin Meyer, MPH3; Stefan Bachmann, MD 1,2,4; Kare Birger
Hagen, PhD 5,6; Nina K. Vollestad, PhD6

1 Research Department, Rehabilitation Centre Valens, Valens, Switzerland

2 Department of Rheumatology, Rehabilitation Centre Valens, Valens, Switzerland

3 Physiotherapy & Occupational Therapy, Zurich University Hospital, Switzerland

4 Department of Geriatrics, Inselspital, Bern University Hospital, Switzerland

5 National Resource Centre for Rehabilitation in Rheumatology, Diakonhjemmet Hospital,
Oslo, Norway

6 Institute of Health and Society, Department of Health Sciences, University of Oslo, Norway

Dr. Peter Oesch PhD PT / Bereichsleiter Therapien - Leiter Ergonomieabteilung
Rehabilitationszentrum Valens CH-7317 Valens

Tel +41(0)81 303 14 51 Fax +41 (0)81 303 11 11

www.kliniken-valens.ch | mail to: peter.oesch@kliniken-valens.ch

Background: Functional Capacity Evaluation (FCE) requires an effort determination by
observation of effort indices for performance interpretation. ‘Waddell signs’ have shown to be
associated with decreased functional performance. The question arises whether effort
determination by observational criteria and ‘Waddell signs’ testing can be interchangeably
used to interpret lifting performance.

Objectives: To assess the concurrent validity of ‘submaximal-effort’ rating and positive
'Waddell signs’ and whether these contribute independently to lifting performance.

Methods: 130 patients with chronic nonspecific low back pain referred for fitness-for-work
evaluation were included. Physical effort determination based on observational criteria was
performed during FCE of lifting from ‘floor to waist’, ‘waist to crown’, and ‘horizontal’. A
second tester conducted ‘Waddell signs’ testing. Concurrent validity of 'Waddell signs’ with
‘submaximal-effort’ was assessed by calculating sensitivity and specificity. Hierarchical
regression analysis was used to determine the contribution of 'Waddell signs’ and
‘submaximal-effort’ to lifting performance. Age and gender were covariates.

Results: Low sensitivity of 'Waddell signs’ for ‘submaximal-effort’ determination by the FCE
assessor was found. Between 53%-63% of the patients classified as showing ‘submaximal-
effort’ presented positive 'Waddell signs’. 'Waddell signs’ and ‘submaximal-effort’ were
independent contributors to lifting performance. The contribution of ‘submaximal-effort’ was
higher than that of 'Waddell signs’, shown by 20 — 29% higher explained variation in lifting
performance if ‘submaximal-effort’ was added to the model’ compared to 3 — 6% higher
explained variation if 'Waddell signs’ were added.

Conclusions: In patients with chronic nonspecific low back pain, ‘Waddell signs’ testing and
determination of physical effort by observational criteria should not be interchangeably used
for interpreting lifting performance during FCE. Despite promising results for the validity of
the observational criteria applied during FCE, further research on ‘physical effort evaluation’
is needed.
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Title 5

Development and validation of a pain behavior assessment in patients with chronic
low back pain

Authors & affiliations
Katharina Meyer1), Andreas Klipstein2) , Peter Oesch3) , Beatrice Jansen4) , Jan Kool3) ,
Karin Niedermann5)

1 Physiotherapy & Occupational Therapy, University Hospital Zurich, CH-Zurich

2 Center of Occupational Health, Militarstrasse 76, CH-8004 Zurich

3 Research Department and Department of Rheumatology, Rehabilitation Centre Valens,
CH-7317 Valens

4 Department of Work Rehabilitation, Rehaklinik Bellikon, CH-5454 Bellikon

5 Zurich University of Applied Sciences, Institute of Physiotherapy, CH-8400 Winterthur

Dr. Jan Kool, PhD

Fachverantwortlicher Support, Entwicklung und Forschung Physiotherapie
Rehabilitationszentrum Valens CH-7317 Valens

Tel +41 (0)81 303 14 03

www.kliniken-valens.ch | mail to: Jan.Kool@kliniken-valens.ch

Background: High levels of pain behavior adversely affect the success of multidisciplinary
rehabilitation of patients with chronic nonspecific low back pain (CNSLBP). Functional
capacity evaluation (FCE) assessment should detect high levels of pain behavior to prevent
the inclusion of unsuitable patients to functional rehabilitation programs.

Objectives: The aim of this study was to develop a Pain Behavior Assessment (PBA) and to
evaluate its construct validity.

Methods: The PBA was developed by experts in the field and is literature-based. Inclusion
criteria for participants of the validation study were: CNSLBP, age 20—60 years, referral for
fitness-for-work evaluation. The PBA was applied by physiotherapists during FCE. Rasch
analysis was performed to evaluate the construct validity of the PBA. Internal consistency
was indicated by the person separation index (PSI), which corresponds to Cronbach’s alpha.

Results: 145 male (72.5 %) and 55 female patients were included. Rasch analysis removed
11 items due to misfit and redundancy, resulting in a final PBA of 41 items. ltem mean fit
residual was -0.33 (SD 1.06) and total item Chi square 100.39 (df = 82, p = 0.08). The PSI
value was 0.83. DIF analysis for age and gender revealed no bias.

Conclusions: The PBA is a valid assessment tool to describe pain behavior in CNSLBP
patients. The high PSl-value justifies the use of the PBA in individuals. The PBA may help to
screen patients for high levels of pain behavior.

13



Title 6

Development of a modified version of the Spinal Function Sort (M - SFS): A mixed
method approach

Authors & affiliations
Svenja Janssen, MSc1, Maurizio Trippolini1, PhD, Roger Hilfiker3, MPTSc, Peter Oesch,
PhD3

1 Department of Work Rehabilitation, Rehaklinik Bellikon, Bellikon, Switzerland

2 University of Applied Sciences and Arts Western Switzerland Valais (HES-SO Valais-
Wallis), School of Health Sciences, Leukerbad, Switzerland.

3 Research Department, Rehabilitation Centre Valens, Valens, Switzerland
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Background: The Spinal Function Sort (SFS) consists of 50 depicted items which are linked
to demonstrable, specific work-related tasks which involve the spine. The SFS has shown to
be useful in addition to Functional Capacity Evaluations. The SFS has been translated and
validated in different languages and is used in several countries. However, several studies
indicated that practicality and measurement properties of the SFS could be improved.

Objectives: To develop a modified version of the Spinal Function Sort (M — SFS) measuring
work related self-efficacy beliefs in patients with chronic low back pain.

Methods: A mixed method design consisting of three different methods (M) was performed.
In interviews, participants were asked how often they perform the activities of the 50 SFS
items in one week, and in semi-structured interviews which spinal postures and movements
were associated with their back pain (M 1). Quantitative analysis of previously obtained SFS
data investigated internal consistency, unidimensionality, item response, and floor and
ceiling effect (M 2). Experts rated the SFS items based on their relevance (M 3). The
findings from these methods were used within a final scoring system for item reduction.

Results: From semi-structured interviews with 17 participants, eight new items emerged (M
1). Quantitative analysis of 565 data sets (M 2) revealed very high internal consistency of all
items (Cronbach’s alpha = 0.98) indicating item redundancy, unidimensionality of the SFS
was supported by Principal Component Analysis (PCA), good item response was confirmed
by Rasch analysis, and a floor effect of four items depicting very heavy material handling
was found. Experts agreed on 8 out of the 50 SFS as relevant (M 3). From the original SFS,
12 items met the predefined summary score of 9.

Conclusions: A modified version of the SFS and a new picture catalog have been
developed. The feasibility, reliability and validity of this modified version was tested with a
separate population of 60 patients. The results will be presented at the FCE conference
2016 in Wijk aan Zee, the Netherlands.
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Background: Musculoskeletal complaints (MSC) are twice as prevalent in persons with an
upper limb defect compared to the general population. Overuse of the sound limb or
compensatory movements of the affected limb may explain this difference.

Objectives: To develop 1) a qualitative scoring system for rating compensatory movements
in upper limb prosthesis wearers during the performance of functional capacity evaluation
tests adjusted for one handed individuals (FCE-OH), and to determine 2) the inter- and
interrater reliability and 3) the feasibility of the scoring system.

Methods: The scoring system was developed in three subsequent steps following an
international guideline for instrument development. Twelve (inter-) national FCE-experts, 6
physiotherapists, 12 upper limb prosthesis wearers, and 20 healthy controls were involved in
the development. During reliability testing the raters scored videotapes of participating upper
limb prosthesis wearers and controls, performing 4 FCE-OH tests two times (two weeks
apart), using the developed scoring system. Feasibility was determined by using a
questionnaire.

Results: Kappa value for intrarater reliability was 0.77. Kappa values for interrater reliability
in the first and second rating sessions were k=0.54 and k=0.64, respectively. Feasibility was
rated as good to excellent.

Conclusions: A feasible scoring system was developed to assess compensatory
movements in upper limb prosthesis wearers when executing FCE-OH tests. Intrarater
reliability was good, interrater reliability was satisfactory in most instances. The standardized
scoring system for assessing compensatory upper limb movements during performance of
FCE-OH tests may provide clinicians with useful information for prevention and treatment of
MSC in upper limb prosthesis wearers.
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Background: Functional capacity evaluations (FCEs) are developed for two-handed
individuals. Due to the general young age of individuals with upper limb absence (ULA),
which means that they have many working years ahead of them, and their high risk on
musculoskeletal complaints, an FCE for these is individuals warranted.

Objectives: Objectives of this study were to develop and pilot test a functional capacity
evaluation (FCE) for individuals with ULA, due to an upper limb reduction deficiency or
amputation, and to compare test results with matched controls.

Method: An existing FCE, based on risk factors for work-related upper limb disorders, was
adapted for use in one-handed individuals, with or without a prosthesis. The adapted FCE
was pilot tested by 20 individuals with ULA (of which 10 with a below elbow ULA and 10 with
an above elbow ULA; 17 males, and a mean age of 46.3 (SD: 10.5)), and 20 controls
matched for sex, age, height and weight.

Results: The adapted FCE was named FCE — one-handed (FCE-OH) and consisted of the
following tests: overhead lifting one-handed and two-handed, overhead working, repetitive
reaching, fingertip dexterity and hand grip strength. Changes to tests were kept as small as
possible, in order to allow future comparison with reference data for the working population.
Individuals with ULA lifted significantly less compared to the matched controls. No
differences for the other tests were found. Prosthesis users, performed the repetitive
reaching test faster with their unaffected hand and placed more pins with this hand in the
fingertip dexterity test, compared to the prosthesis hand.

Conclusion: The FCE-OH allows to test the functional capacity of the upper extremities of
one-handed individuals, with or without a prosthesis, in a standardized environment. The
FCE will enable rehabilitation physicians and therapists to objectively assess the physical
capacity of an individual with ULA and give them substantiated advice regarding suitable
work, and return or continuation of work. Results of the overhead lifting test were
significantly influenced by the one-handedness of the participants. Now that the FCE-OH
has been developed, further research on the relationship between the test results and MSC
is in place.
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Background: The use of wearable accelerometers in conjunction with Functional Capacity
Evaluation (FCE) may provide additional useful information about day-to-day function or
maximum performance in workers. However, little research has been conducted to compare
FCE performance with accelerometer output.

Objective: The objectives of this study were to: (1) Determine the magnitude and direction
of correlation between participant performance on five exercises taken from a FCE and
scores from Actigraph activity monitors; and (2) Compare the results of two different
placements of Actigraph devices.

Method: We used a cross-sectional design and convenience sampling to collect data from
46 healthy participants. Each participant completed 5 exercises selected from the WorkWell
FCE protocol while wearing 2 Actigraph devices, 1 on the dominant side waist and 1 on the
non-dominant wrist. The exercises included 5-repetition maximum lifting (floor-to-waist,
overhead and front carry), a sustained overhead work endurance task, and the 6-minute
walk test. Analysis included calculating Pearson regression coefficients between maximum
FCE item performance and Actigraph vector magnitudes (VM) along with Intraclass
Correlation Coefficients (ICC) to compare VM activity counts derived from the Actigraphs on
the waist and wrist.

Results: Thirty-Nine (84.8%) participants had complete data and were included in analysis.
Participants were predominantly young (x=23.73), males (54.30%). Findings indicate
Actigraph VM data from the device worn on the waist correlated positively with maximum lift
performance (r =0.39 - 0.64, p <0.001 to 0.08) and 6-minute walk distance (r =0.66, p
<0.001) Actigraph data from wrist placement was not significantly correlated with FCE
performance except when comparing average VM data and waist to crown lift (r =0.44, p
<0.001). There was no significant correlation in either Actigraph placement for VM and
overhead work time. ICCs between the two Actigraph placements ranged from poor to
acceptable agreement (ICC =0.24-0.70, p < 0.001 to 0.19).

Conclusions: Actigraph device output correlated moderately with maximum performance
on FCE lift and ambulation tests. Waist placement appears more suitable than wrist during
performance-based tests. Actigraph devices may be useful during FCE evaluations and add
another quantitative indicator of performance.
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Backgroud: Due to inconsistent terminology, experts agreed on using the International
Classification of Functioning, Health and Disability (ICF) as the conceptual framework for
Functional Capacity Evaluations (FCE). The objectives of the study were to translate the
Spinal Function Sort questionnaire into Finnish and Swedish, link FCE tests to the
comprehensive ICF core set of vocational rehabilitation and to evaluate how precisely it is
possible to describe the level of functioning of a person with low back pain using this core
set.

Methods: The Spinal Function Sort (SFS) was translated into Finnish and Swedish using
the 3-step cross-cultural adaptation. SFS and FCE tests (Complete Minnesota dexterity test,
grip strength, lifting, carrying, pushing and pulling) were linked to the vocational rehabilitation
core set by two independent raters during spring 2016. Results, including inter-rater
agreement (Kappa Index) will be available to present in Wijk aan Zee, The Netherlands,
September 29, 2016.

IMPLEMENTATION OF THE RESULTS AND SIGNIFICANCE OF THE STUDY

Future steps: Twenty subjects suffering from low back pain will be recruited through the
occupational health services in Pietarsaari and Kokkola area, Finland 1.9.2016-31.5.2017.
Participants will perform the FCE tests after being evaluated by the occupational health
doctor. The results will be described using items from the vocational rehabilitation core set.
After that the researcher will evaluate, according to the set criteria, whether or not the
vocational rehabilitation core set is accurate enough to describe the participants’ functional
capacity.

This research will provide a Finnish and Swedish translation of the Spinal Function Sort. The
ICF linked FCE tests can be added to the TOIMIA — database (www.thl.fi). ICF linked FCE
tests will provide a common language to facilitate communication among evaluators from
different disciplines, make it possible to compare data, both between countries and between
different institutions as well as over time.

18



Title 11
Associations of lifted weight and self-rated return-to-work prognosis

Authors & affiliations
Bethge M, Freier J, Streibelt M, Ansuategui Echeita J

Presenter:

Prof. Dr. Matthias Bethge

University of Libeck

Institute of Social Medicine and Epidemiology
Tel +49 451 500 5846 / Fax +49 451 500 5455
mail to: matthias.bethge@uksh.de

Haus 50, 1. OG, Raum 509

Ratzeburger Allee 160 / 23562 Lubeck

Background: In Germany, work-related medical rehabilitation (WMR) is an intervention to
improve and to restore work ability in patients with an increased risk of permanent work
disability. Functional capacity evaluation (FCE) is a major component of WMR. The current
WMR guideline recommends a short FCE at admission in order to establish the rehabilitation
plan. We examined how lifting floor-to-waist results (premature test termination, lifted weight)
were associated with the self-rated return-to-work-prognosis.

Methods: Data come from the German arm of an ongoing international FCE study. In case
of lifted weight, receiver operating characteristic (ROC) curves were analyzed in order to
determine how the lifted weight differed between patients according to self-rated return-to-
work-prognosis.

Results: The current sample includes 90 patients (50% women, mean age 46.8 years).
43.3% of the tests were terminated prematurely. Test terminations were most frequently due
to the patient’s decision (18.9%). However, reasons for test terminations were not well
documented (15.6% not documented). While premature test termination was only slightly
associated with self-rated return-work prognosis, there was a clear association between
lifted weight and self-rated return-to-work prognosis. The area under the ROC curve of 0.728
(95% C1 0.623-0.833, p<0.001) indicated that the lifted weight differed substantially between
patients with poor and good return-to-work prognosis. Patients with a poor return-to-work
prognosis had significantly lower lifting scores. Moreover, multivariate analysis showed that
lifted weight was a stronger predictor of a poor return-to-work prognosis than pain and self-
rated work ability.

Discussion: FCE adds clinical meaningful data in order to understand a poor return-to-work
prognosis even if a test is terminated prematurely. Documentation of test terminations needs
to be improved in German rehabilitation centers.
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Objective: This study aims to evaluate whether performance-based tests have additional
prognostic value over self-reported work ability for sustainable return to work (RTW) in
physically demanding work.

Methods: A one-year prospective cohort study was performed among 72 construction
workers on sick leave for six weeks due to musculoskeletal disorders. The Work Ability Index
(WAI) question regarding “current work ability” was used. Three dynamic lifting tests were
used from a Functional Capacity Evaluation (FCE). Sustainable RTW was the number of
days on sick leave until the first day of returning fully to work for a period of 24 weeks.
Regression models were built to calculate the prognostic values.

Results: Self-reported work ability alone predicted sustainable RTW (R=0.31, R2=0.09,
P=0.009). In combination with one lifting test, the explained variance (R2) increased to 0.16
(P=0.001).

Conclusion: Combining self-reported work ability and a lifting test nearly doubled the
explained variance for sustainable RTW in physically demanding work, although the strength
remained modest.
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Background: In Germany, Functional Capacity Evaluation (FCE) is most commonly used
within the work-related medical rehabilitation to assess the physical capacity of a patient in
relation to a specific workplace. Even so, there is still less evidence concerning the
predictive validity of FCE.

Objective: The aim of the study was to determine the ability of a short-form FCE, in which
the selection of specific FCE-tests is based on the subjective workplace-related strain, to
predict sustainable return to work (RTW).

Methods: In this multicentric prospective cohort study, patients with musculoskeletal
disorders filled in questionnaires at admission and three month after discharge. An FCE was
performed at admission and discharge. Sustainable RTW was defined as a combination of
employment at 3-month follow-up with less than 1.5 weeks sick leave because of
musculoskeletal disorders within the follow-up period. As predictive FCE information, the
work-related physical capacity, assessed by therapists (very good to very poor), was
analyzed. Logistic regression models (crude and adjusted for the concurrent predictors
employment, sick leave at admission, patients’ prognosis of expected work disability,
vocational education, kind of occupation and patient’s prognosis of RTW) were created to
predict RTW.

Results: Complete data were obtained for 198 patients (34% female, mean age 48 years,
82% working at least 3h/day at admission). The mean number of selected FCE-tests was
3.5. At follow-up, sustainable RTW was judged as failed for 41.0%. Discriminating between a
positive (moderate to very good) and negative (rather poor and very poor) FCE-rating at
discharge, RTW was correctly predicted for 145 of 198 patients (73.2%), with a high
sensitivity (94.9%) and a poor specificity (42.0%). The FCE-information predicted RTW in
the crude as well as in the adjusted regression model. Integrating the FCE-information at
admission into the reference model led to a significant increase from 44.5% to 46.5%.

Conclusions: Sustainable RTW can be predicted by using a workplace-specific and strain-
related short-form FCE in patients with musculoskeletal disorders.
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Background:

Work related upper limb injuries (WRULI) are a major concern in rehabilitation settings.
Isokinetic strength assessment may be a central part of rehabilitation process as well as
permanent impairment evaluation. However, maximality of effort should be assured.

Objective:

The first aim of the present study is to examine the applicability of the isokinetic difference
eccentric to concentric (DEC) parameter for identifying submaximal effort in healthy
volunteers and workers with potential weakness of upper limb muscles (namely shoulder
external rotators (SER), wrist palmar flexors (WPF) and wrist dorsal flexors (WDF)). The
second aim of the study is to explore isokinetic test parameter usefulness in WRULI
assessments.

Methods:

1t objective: Two groups of seventeen and Twenty healthy male volunteers aged 20-40
years without prior history of upper limb injury were instructed to exert maximal effort and
then simulate weakness of SER muscles and the WF and WE muscles respectively. The
muscular output was mechanically measured using isokinetic dynamometry and a well-
established test protocol. DEC was calculated for all actions.

2" objective: A cross sectional study of seventy-four (33 female and 41 male) patients who
claimed compensation for work-related shoulder injury was designed. SER muscle isokinetic
strength was tested and DEC and deficits calculated. Finally, a prospective study including
sixty-eight (22 female and 44 male) patients who claimed compensation for work-related
chronic forearm injury was designed. Study consisted in forearm muscle isokinetic test
performance, DEC parameter calculation, isokinetic parameters (strength deficits and
WPF/WDF ratios) and analysis and prospective evaluation of patient final functional outcome
and injury relapse within the first year after discharge.

Results:

Both shoulder and wrist muscles (namely SER, WPF and WDF) submaximal effort DEC
values were significantly higher than their maximal effort counterparts. Thus DEC cutoff
levels could be set above which a particular effort could be submaximal (SER: 0.81; WPF:
0.015; WDF: 0.14). Sensitivity and sensibility were 100%/100%; 65%/65% and 80%/85% for
SER, WPF and WDF respectively.

Application of DEC in real shoulder injury patient SER maximality of effort revealed a 45 %
and 17% prevalence of submaximal effort in women and men respectively. Such difference
of proportions was highly significant. In forearm injury patients, application of DEC in WPF
showed a submaximal effort prevalence of 22.7 and 18.2% for women and men respectively.
Finally, WDF submaximal effort prevalence was 4.55% and 18.2 % for women and men
respectively. Proportion of submaximal effort comparison between genders did not show
significant differences.
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Both shoulder injury patient with previous shoulder surgery and with permanent disability
showed significantly higher deficits that the non-surgical/ non-disability counterparts.
Significant differences, however, could only be demonstrated in the disability/non-disability
group comparison.

Regarding forearm injury patients, women with previous surgery showed significantly higher
PF and DF strength deficits than non-surgical ones, whereas palmar FP/DF ratios did not
differ between surgical and non surgical patients. In men, surgery did not implied
significantly different deficits. Regarding final functional outcome, men with some kind of
permanent impairment showed a significantly lower PF/DF muscle ratio whereas deficits did
not show any significant relationship. Finally, men, which suffered a relapse within a year
after the test performance, showed significantly higher PF/DF ratios and significantly lower
PF and DF strength deficits.

Conclusion:

The findings support that the DEC is an efficient parameter to assess SER, WPF and WDF
muscle maximality of effort. The application of the DEC for isokinetic test performance
evaluation in WRULI patients can also be backed. In terms of SER status in male worker
injury, the results support the application of isokinetic tests both in the clinical and
medicolegal sense. However, the gender discrepancy deserves further research. Regarding
WPF and WDF in both female and male workers, the results support the clinical and medico-
legal applicability of isokinetic test parameters and, particularly, WPF/WDF ratios might have
predictive validity of injury relapse.
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Abstract:

Analysis of heart rate response to activity is not a standard method in the determination of
full time work tolerance in FCE protocols. A recent pilot study revealed a lack of
physiological data in current FCE practice in the United States. The purpose of this guided
discussion is to spark a conversation about the use of heart rate data in determining full time
work tolerance during FCE testing. The current utility of work physiology measures in
commercial FCE methods will be reviewed and rationale for the inclusion of HRR method will
be provided with examples. During the guided discussion, participants will consider and
propose study designs to test the utility and reliability of the HRR method for the
determination of full time work tolerance during FCE protocols.
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Abstract Introduction Research on Performance-Based
Work Assessment, also known as Functional Capacity
Evaluation (FCE), has evolved substantially over the past
decades. Although this field of research has developed, the
use of FCE has been an object of discussion and debate
internationally. Unfortunately, there has been no platform
or infrastructure available for FCE researchers to present
their research, discuss, and collaborate. Methods An
International FCE Research Meeting was held in Haren,
The Netherlands on October 25, 2012, with 48 participants
from eight countries. The meeting consisted of presentation
of new research, two debates, and an open discussion that
aimed at creating an overview of gaps in research as
identified by the participants. Results The discussion
resulted in the identification of 17 research needs, which
are listed in this paper. Important categories were: further
validation of FCE across settings, jurisdictions and patient
groups; additional impact and cost-effectiveness evaluation
of FCE compared to alternatives; and the use of ICF as
guiding framework. Conclusion Researchers, clinicians,
and other professionals in the FCE area are interested in
improving the quality and content of FCE research by
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setting a common set of priorities and creating an inter-
national peer network.
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Background

Research on Performance-Based Functional Worker
Assessment, also known as Functional Capacity Evaluation
(FCE), has evolved substantially over the past decades. A
brief PubMed search from 1990 to September 2012 reveals
over 130 papers published in peer-reviewed literature
written in English (Key-words: functional capacity evalu-
ation, and the names of key authors). Of those papers, 73 %
provided new original data, 18 % were opinion papers, and
9 % were (systematic) reviews. FCE research producing
countries were: the Netherlands (38 % of the publications),
Canada (17 %), USA (20 %), Australia (12 %), Germany
(4 %), Switzerland (4 %), Hong Kong/China (3 %), South
Africa (1 %) and Israel (1 %). The papers were published
in 33 Journals, of which the most frequent (>5 %) were:
Journal of Occupational Rehabilitation (29 %), WORK
(17 %), Archives of Physical Medicine and Rehabilitation
(7 %), and Disability & Rehabilitation (6 %). Over 90 %
of the articles have been published since the year 2000.
Although this field of research has evolved, FCE results
and its clinical applicability have been subject to diverse
interpretations leading to discussions in international lit-
erature related to prognostic value of FCE and use in sin-
cerity-of-effort determinations [1-6]. Different theoretical
frameworks, developed and adapted by clinicians,
researchers and commercial parties, have led to substantial
controversies. This includes whether FCE results should be
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2014 = The 2nd conference was held in 2014 in Toronto, Canada, with 54 participants from

9 countries attending. An article summarizing the original conference has been also

published:
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Abstract Introduction Functional capacity evaluations
are an important component of many occupational reha-
bilitation programs and can play a role in facilitating
reintegration to work thus improving health and disability
outcomes. The field of functional capacity evaluation
(FCE) research has continued to develop over recent years,
with growing evidence on the reliability, validity and
clinical utility of FCE within different patient and healthy
worker groups. The second International FCE Research
Conference was held in Toronto, Canada on October 2nd
2014 adjacent to the 2014 Work Disability Prevention
Integration conference. This paper describes the outcomes
of the conference. Report Fifty-four participants from nine
countries attended the conference where eleven research
projects and three workshops were presented. The confer-
ence provided an opportunity to discuss FCE practice,
present new research and provide a forum for discourse
around the issues pertinent to FCE use. Conference pre-
sentations covered aspects of FCE use including the ICF-
FCE interface, aspects of reliability and validity, consid-
eration of specific injury populations, comparisons of FCE
components and a lively debate on the merits of ‘Man
versus Machine’ in FCE’s. Future directions Researchers,
clinicians, and other professionals in the FCE area have a
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common desire to improve the content and quality of FCE
research and to collaborate to further develop research
across systems, cultures and countries.

Keywords Functional capacity evaluation - Work
assessment - Disability evaluation

Background

Functional capacity evaluation (FCE) is a performance-
based measure of ability to inform decisions about a
worker’s capacity for participation in work activities. FCEs
are often used in occupational and vocational rehabilitation
to screen potential employees as pre-employment assess-
ments, to assess physical rehabilitation needs, to determine
work readiness and job placement following injury, to
facilitate return to work, and to determine a person’s
functional capacity for compensation or litigation reasons
[1-7].

The field of FCE research has continued to grow with
over twenty articles specific to FCEs published since the
Ist International FCE Research Conference in September
2012 (search via Medline and PubMed). This new research
builds on existing literature specifically investigating the
use of FCE with particular populations or injury groups [8—
13]; examines reliability and validity of various FCEs or
components thereof [14-21]; explores the use of normative
data in FCE [22-24]; and compares FCE with other clinical
assessment components used to determine function [25—
28].

Despite new research published to inform the use of
FCE, there continues to be variation in FCE practice due to
differences in systems and cultural contexts in which
clinicians operate. There is no internationally common

@ Springer
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3nd International FCE Research

Conference
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~ FCE September 29, 2016

Wijk aan Zee — Netherlands
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o.s

Update since last symposium in Toronto

Paper published JOR

* ICF Keynote — presented today

Multicounty study — presented today

* Observation comensatory movements — presented today
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Thanks 30
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A
¢ LOC — Michel Edelaar FCE
* Scientific Committee — Carole James
¢ All who have submitted an abstract
* All presenters Vroege ;
Interventie

* All active participants N\

* Heliomare and Vroege Interventie

* Scientific platform — informal

* Presenters: time = time hel iomareo




Functional Capacity Evaluation in
different societal contexts:
Results of a multicountry study

3rd International FCE Research Conference
September 29th, 2016 - Wijk aan Zee (NL)
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Background

university of

groningen University Medical Center Groningen

Factors in FCE research

¢ Delphi studies within ICF framework - BPS model

¢ Relative small sample size & limited number of
countries - unstable models & limited
generalizability!

¢ A systematic review: Focus on Bio and Psycho and
limited Social

university of

groningen University Medical Center Groningen
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Between countries

Mean (SD)

FCE activity Netherlands Canada Switzerland

Floor-to-waist lift 28 (12.9)* 13 (10.4) 16 (6.5)
(kg, n=564)

Waist-to-overhead lift 16 (6.1)* 11 (6.1) 13 (4.6)
(kg, n=564)

Horizontal lift 34 (15.6)* 17 (9.8) 20 (7.7)
(kg, n=564)

Right-handed carry 24 (10.2)* 15 (8.5) 17 (5.7)
(kg, n=491)

Left-handed carry 23 (9.7)* 15 (8.4) 16 (5.5)
(kg, n=490)

Front carry 33 (13.6)* 17 (10.1) Not tested
(kg, n=373)

*Statistically significant difference between the Dutch and both
other samples (p < 0.01).

university of
groningen

Within a country

FCE tests (unit), Mean (SD) German Non-German p value*
Males Females Males Females Language differences
n=69 n=283 n=112 n =50
Hand grip strength right (kgF) 459 (121)  26.0 (8.1) 373(129) 184 (82) | <0.001
Lifting waist to overhead (kg)  14.8 (6.4) 103 (4.0) 11.9 (6.0) 73(3.7) | <0.001
Overhead working (s) 2282 (90.0) 2223 (949) 157.8(959) 1414 (92.0) | <0.001
Repetitive reaching right (s)* 769 (20.3) 707 (252) 884 (28.1)  84.63 (28.8) || <0.001
FCE tests Pain now Functional ability Disability Anxiety Depression
(NRS 0-10) (SFS 0-200) (NDI 0-50) (HADS A 0-21) (HADS D 0-21)
German N-German  German N-German  German N-German  German N-German  German N-Gemman
[Hand grip strength right ~ —0.24* 026 0.26 043 —0.16* -0.32 —-0.24 -027 —0.18* -0.27
(kgF)* —038to— —040to—  0.10-0.40 0.30-0.55 —031100.00 —045t0— 038w — —040to— —033to— —0.40to—
l95 % C1 0.08 0.11 0.17 0.08 0.12 022 0.12
Lifting waist to overhead ~ —0.41 -033 0.50° 064 —034 —0.40 —0.12" -0.32* —0.19* -0.32
(kg)* —053t0o—  —046t0o—  0.37-0.6] 0.54-0.73 —047t0— —052to— —0.27100.04 —045t0— —034t0— —0.45t0 —
195 % C1 026 0.19 0.19 0.26 0.18 0.03 0.18
lOverhead working (s)” 039 028 0.60 0.52 —042 —0.40 —0.20* -030 —026 -0.35
195 % C1 —052t0— —04lto—  048-0.69 0.40-0.63 —054t0— —052to— 03510 - —043t0— —04lto— —0.48to—
025 0.13 028 0.26 0.04 0.15 0.11 0.20
[Repetitive reaching right ~ 0.28 027 —0.42 —036* 0.39 029 0.17% 0.19* 030 026
) 0.13-0.42 0.12-0.41 —0.54t0— —049t0 —  0.25-052 0.14-0.43 04110 —  0.04-034 0.14-0.44 0.11-0.40
195 % C1 0.28 021 0.11

university of
/ groningen

Cultural differences confirmed because ES <0.20 in 18 of 20 comparisons

28-09-16



Within a country

Variable | Level Fand(%)of | Valid | Invalid | palue [ @
Participants
Age Ages29-50 |35 21 14 C(1,68) [p=51 |p=-08,
(60.00%) | (40.00%) | = 4365 asmall
(total=69) (51%) effect
size
Overtheage |34 (67.65%) | (32.35%)
of 50
(49%)
Gender | Female 23 11 £(1,68) [p=16 [@=-.17,
(52.17%) | (47.83%) | =2.0073 asmall
(total=69) (33.33%) effect
size
Male 46 (69.57%) | (30.43%)
(66.67%)
Ethnicity | White/ 50 36 14 (1,67 [p=01 No=.-30,
Caucasian =62 a medium
(total=68) (73.53%) (72.0%) | (28.0%) effect
18 7 i) (i
Non-White o
6.47%) (389%) | ©L1%)
Language | English 57 40 17 £(1,67) | p=01 No=.33,
=173 a medium
(total=68) (83.82%) (702%) | (29.8%) effect
Spanish 1 3 3 R
(16.18%) (213%) | (12.7%)

7 university of
] / groningen

Measured as Sincerity of Effort

Clinician

Mean Difference Between

7 university of
] / groningen

Varlable Group A Group B P Groups (95% CI)
Lifting capacity, kg
All participants 32.1(13.6), n=124 39.6 (16.4), n=132 I .000 7.4(3.7,11.2)
Kinesiophobic? 28.0(12.1), n=16 43.6(21.2), n=20 .01 15.7 (3.6, 27.8)
Nonkinesiophobic 32.6(13.8), n=107 38.9 (15.4), n=112 .02 6.2(2.3,10.1)
Missing, n=1
Borg CR-10 Scale®
Examiners 8.4(2.0) 8.9(2.2) 06 0.51 (0.0, 1.0)
Participants 8.2(22) 9.3(2.4) .000 1.1(0.5,1.6)
y Medical Center g

28-09-16



Study aim

To evaluate the factors influencing FCE results
across multiple countries and with a variety of
biopsychosocial factors in patients with painful
musculoskeletal conditions.

university of . et
groningen y Medical Center g

Methods

2 77 university of . s
s groningen y Medical Center g
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Procedure

Develop a study protocol

Contact Country liaisons
Obtain Ethical clearances

Recruit participants: Patients and
linicians

Collect data in FCE assessments

close to ‘Care as usual’

Send data regularly to
PI

university of

Participants

o Patients:

— Adults tested with FCE
- Non-specific sub-acute/chronic musculoskeletal pain
- Language skills to follow instructions

¢ Clinicians:

— FCE assessor with 1 year experience and >20 FCEs
- English knowledge

university of

groningen

28-09-16



Measurements

FCE:

¢ Floor-to-Waist Lift:
- WorkWell
- WEST-EPIC
- Blankenship

e Six Minute Walk Test: 'Walk as far as possible for 6 minutes’

e Handgrip Strength: 'Squeeze as hard as possible 3 times’

university of
"‘i’;k? groningen

University Medical Center Groningen

Measurements

Biopsychosocial Pain Intensity
Catastrophizing

Depression
Weight Work Ability

Test Results BIO PSYCHO Disability

Fear of Movement

Pain Duration

Marital Status
leasurement SOCIAL Work
Setting

FCE Characteristics
Socioeconomic Cultural
Status Background,
Clinician
Characteristics

university of

groningen University Medical Center Groningen

28-09-16



- Dependent:
- Independent:

Confounders:

university of
groningen

Statistical analyses

e Simple and Multiple regression models:

FCE test results
Biopsychosocial factors

Measurement country
(& Type of protocol)

University Medical Center Groningen

university of
groningen

Results

University Medical Center Groningen

28-09-16



372 patients
54 clinicians
18 facilities

8 countries .4

university of
groningen

y Medical Center g

FCE Performance

Floor-to-waist lift (kg) 6 minute walk (m)
30 600
20 400
10 200
0 0
NL CA CH DE AT ZA NZ CN NL CA CH DE AT ZA NZ CN
Right handgrip strength Left handgrip strength
(kgF) 60 (kgF)
60
40 40
20 20
0 0

NL CA CH DE AT ZA NZ CN NL CA CH DE AT ZA NZ CN

university of
groningen

y Medical Center g
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Simple Regression

PSYCHO

HMandgrip’ Stkength

university of

groningen University Medical Center Groningen

Multiple Regression

PSYCHO
PSYCHO

Waist Lifg

university of
groningen

28-09-16
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university of
groningen

Multiple Regression (R2?)
Floor-to-Waist Lift Six-Minute Walk Test

Right Handgrip Strength Left Handgrip Strength

HBio ®Psycho ®Social ®Unknown

University Medical Center Groningen

HBio ®Psycho

university of
groningen

Floor-to-Waist Lift

Patient’s Sex (male/female)
Height (cm)
Patient-Reported Disability (PDI)
Pain Intensity (NRS)

Social Isolation

Clinician’s Observed Physical Effort during Lift
Test
FCE Measurement Country

Test Ended Prematurely (yes/no)
Reason for Ending the Test

Social ®Unknown

University Medical Center Groningen

28-09-16
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Floor-to-Waist Lift

e Bio

 Sex Height

'.'4 university of
%6 / groningen

H Bio B Psycho © Social ®Unknown

University Medical Center Groningen

Floor-to-Waist Lift

Patient’s

Patient-Reported

Clinician’s

FCE

HBio ®Psycho = Social ®Unknown

university of
groningen

Sex (male/female)

Height (cm)

Disability (PDI)

Pain Intensity (NRS)

Social Isolation

Observed Physical Effort during Lift
Test

Measurement Country

Test Ended Prematurely (yes/no)
Reason for Ending the Test

University Medical Center Groningen

28-09-16
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¢ Psycho

B Pain Intensity (NRS)

university of
groningen

Floor-to-Waist Lift

~

HBio ®Psycho * Social mUnknown

B Disability (PDI) Social Isolation

University Medical Center Groningen

EBio ®Psycho

university of
groningen

-

Social ®Unknown

Floor-to-Waist Lift

Patient’s Sex (male/female)
Height (cm)
Disability (PDI)

Pain Intensity (NRS)

Social Isolation

Patient-Reported

University Medical Center Groningen

28-09-16
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Floor-to-Waist Lift

» Social
mBio mPsycho @ Social ®mUnknown
B Reason for Ending the Test B Measurement Country
B Observed Physical Effort Test Ended Prematurely

University Medical Center Groningen

'.'4 university of
%6 / groningen

Six Minute Walk

Patient-Reported Pain Intensity (NRS)
Effort during FCE Test (Borg CR-10)

Patient’s Days Off Work
FCE Measurement Country
Reason for Ending the Test

B Psycho Social ®Unknown

s 77, university of : 3
%5 / groningen i University Medical Center Groningen

28-09-16
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* Psycho

university of
groningen

Six Minute Walk

4% h

B Psycho Social ®Unknown

B Effort (Borg CR-10)  ®Pain Intensity (NRS)

University Medical Center Groningen

Patient-Reported

® Psycho

university of
groningen

Social ®Unknown

Six Minute Walk

Pain Intensity (NRS)
Effort during FCE Test (Borg CR-10)

University Medical Center Groningen

28-09-16
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Six Minute Walk

e Social

® Measurement Country
Days Off Work

university of
groningen

—

®mPpsycho Social ®Unknown

® Reason for Ending the Test

University Medical Center Groningen

Handgrip Strength

Right

university of
groningen

Left

EBijo = Social ®Unknown

University Medical Center Groningen

28-09-16
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Right Handgrip Strength

Patient’s Sex (male/female)
Height (cm)

Pain Area
Patient’s  Physical Work Demands (DOT)
FCE Measurement Country

HBio ®Social ®mUnknown

University Medical Center Groningen

'.'4 university of
%ﬁ / groningen

Right Handgrip Strength

e Bio

EBio ©Social ®Unknown

B Sex HPain Area Height

University Medical Center Groningen

'.'4 university of
%ﬁ / groningen

28-09-16
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Right Handgrip Strength

Patient’s Sex (male/female)
Height (cm)
Pain Area

-

HBjo ©Social EUnknown

university of
University Medical Center Groningen

Right Handgrip Strength

e Social

e

= Bio Social ®Unknown

P~

B Measurement Country ® Physical Work Demands (DOT)

university of
University Medical Center Groningen

28-09-16
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Discussion

University Medical Center Groningen

PSYCHO

Waist Lifg

university of
groningen

Findings

PSYCHO

University Medical Center Groningen

28-09-16
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Compared to Previous Research

e Social factors in all!
— Cultural background

- Lift:  Clinician’s fear-beliefs

e Bio factors in 6MWT?

e Psycho factors:
- In handgrip?

— Previously...: Pain intensity, Disability, Anxiety, Social isolation,
Catastrophizing, Depression, Fear of movement, Work ability,

Secondary gain or Motivation

university of

groningen University Medical Center Groningen

.,

W
1% B ‘e

Relevance

Large sample size
Large models

Variety of factors

Heterogeneity of participants > Generalizability

>50% of explained variance in all models

77 university of | 5
L . L y Medical Center gt
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Conclusion

university of

groningen University Medical Center Groningen

Take Home Message

e FCE results and various biopsychosocial factors are
associated, but the identified factors differ from

previous studies performed within a societal context.
« Patients should be considered from a biopsychosocial

framework.

university of
groningen

University Medical Center Groningen

28-09-16
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Special Thanks to:

¢ Country Liaisons:

- E. Chapman (CA)

D.P. Gross (CA) - M. Bethge  (DE)

- M. Streibelt (DE)

- P. Oesch (CH & AT)
- P. van der Wurff

(NL)
- A.S.K. Cheng (CN)
- R. Sellars (N2)
* And: ~ T. Buys
- C. James (AU) (ZA)

- C. Osman (Us) - M. Spavins (ZA)

university of

groningen University Medical Center Groningen

Thank you for your attention

j.ansuategui.echeita@student.rug.nl
m.f.reneman@umcg.nl

A
(=) university o s
. . q @ ALBERTA ' e
university of

groningen ‘g* Rehaklinik

Bellikon
Dor Name i Unfatfena

University Medical Center Groningen

28-09-16
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PRACTICAL ISSUES IN FCE
ADMINISTRATION &
INTERPRETATION

Lessons Learned From Thousands of Cases

Jill Galper, PT
IMX Medical Management Services
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PRESENTATION GOALS

Describe IMX’s FCE Network and types of
cases reviewed
Discuss issues identified from report review

Share my wonderings based on what I've
reviewed and generate discussion.

IMX MEDICAL MANAGEMENT
SERVICES

« National (US) provider of IME, FCEs, peer and
medical reviews and case management

« IMX'’s FCE Network:

* ~1000 credentialed providers in continental US,
Alaska, Hawaii, Puerto Rico & Canada

PT or OT involved in performing the FCE

Commercial FCE models in our network: Workwell,
Matheson, Blankenship, ErgoScience, Worksteps,
Workability, BTE/Hanoun, Arcon, Joule, Occucare, J-
Tech, DSI

“Best Practice”/Blended or facility specific model




28-09-16

2775 FCES DONE FROM 2006-2015

« 38% (1062): Worker’s Compensation cases
* 62% (1713): Long Term Disability cases (LTD)
* 99.9% were general test of abilities
« 78%: 1-day FCE; 22%: 2-day FCE
» 2-day tests trended downward:

+ 30% 2006-2008
+ 10% 2013-2015

* Q/A Process: All FCE reports were reviewed by
IMX (Jill) prior to release

NETWORK DEVELOPMENT & ADMIN
CHALLENGES

« Identifying skilled/experienced evaluators
+ Use a vetting process-not foolproof

« Obtaining report within timeframe-occasionally
difficult

» Obtaining requested revision/correction-
occasionally difficult

« 70-80% of FCE reports needed some type of
revision, or conclusions were questioned
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OVERVIEW OF REVISION REQUESTS
(N=406)
2%: Capabilities form (caps) missing
39%: Revision/corrections needed
11%: Report data did not match caps form
41%: Additional information requested
21%: Evaluator’s conclusion was questioned

One report might have multiple requests

REVISION REQUESTS-406 REPORT
SAMPLE

« Revisions/Corrections needed: 39%
+ PDL was identified-carrier didn’t want this
+ Treatment recommendations had to be deleted
* Some reports conclusions exceeded test scope:

» Vocational recommendations were made

» Report discussed cognitive or psychological status (e.g.,
“the client was anxious”)

» Typographical errors, wrong name or pronoun in
report
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REVISION REQUESTS-CONT'D

* Report did not match the caps form: 11%

« Additional information was requested: 41%
No test endpoints listed in report
No clinical exam findings were in report
If evaluee used assistive device, this wasn’t stated

For 2-day test, no comparison made between test
days. (some providers sent a report for each test
date)

Purpose of FCE not stated or unclear (e.g., The
purpose of FCE was “to prove or disprove the
presence of organic pathology.”)

ADDITIONAL INFO REQUESTS-CONT'D

* Functional limitations were identified without
rationale. Examples:

« Clinical exam was normal but very low abilities listed

+ Bending, twisting, crawling & climbing were
“occasional” but report said evaluee "met the
performance criteria with no issues”

Report identified limitations; little about abilities-
report stated walking is limited but didn't state what
evaluee could do.

If FCE was limited in intensity (“sedentary FCE"),
report didn’t state that.
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ADDITIONAL INFO REQUESTS-CONT'D

« No rationale to support conclusion that
evaluee cannot work 8-hour day.

« A limitation was reported without supporting
data or observation.

« Job match condition listed as “never”, but hard
to understand in view of test data or evaluee’s
reported statements:

« Stairs “never” but evaluee lives in 2-story home.
« Sitting “never” but how did evaluee travel to facility?

ADDITIONAL INFO REQUESTS-CONT'D

« Report did not identify a medical diagnosis,
the evaluee’s symptoms/activity report or
medical history.

General FCE was requested but evaluator did
not test all job match conditions, based on
diagnosis. (e.qg., if primary diagnosis was hip
OA, no upper body testing was done)
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REVIEWER QUESTIONED REPORT
CONCLUSIONS: 21%

* Reported abilities exceeded what the test data
supported. Examples:

« Evaluee was using oxygen and short of breath, but
walking was “frequent”.

« Evaluee had carpal tunnel syndrome with symptoms,
but hand use was “constant”.

« Evaluee was morbidly obese with poor aerobic
fitness but stair climbing was “frequent”.

REVIEWER QUESTIONED
CONCLUSIONS-CONT'D

» Reported ability seemed to be more limited
than what data suggested:
« Fine motor skills were reported as “normal’, hand
motion/strength was normal-ability listed as
occasional.

» Evaluee’s standing & walking were occasional, but
constant lifting/carrying abilities were reported.
« Conflicting statement were in report:

« Evaluee could perform firm grasp but not simple
grasp.
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REVIEWER QUESTIONED
CONCLUSIONS-CONT'D

« Conflicting statements-cont’d

+ Test data had wide variability between trials but was
reported as consistent

« Evaluator stated that there was “no competitive test
performance” and this reflected effort during FCE.

« Evaluee’s performance was labeled "maximal”, but
report stated symptoms limited performance and low
activity levels were reported.

« Fingering abilities were based on comparing
performance to Purdue Pegboard norms-low
norm score = evaluee unable to perform

CONCLUSIONS QUESTIONED-CONT'D

« Evaluator used submax YMCA step test to
assess aerobic fitness in subject with lower
extremity dysfunction.

Evaluator did not test evaluee using the
lumbar support, single point cane and
implanted spinal cord stimulator he typically
wore because he felt this would overestimate
the evaluee’s functional abilities.

Evaluee with poor standing ability performed
dexterity/reaching in standing versus sitting.
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MY QUESTIONS & OBSERVATIONS:

Team evaluators: is this approach optimal?
There is variability between evaluators & models:

The extent of the evaluee interview, clinical exam, how data is
reported and correlated with functional performance.

Inclusion of rationale for determinations. Is this important?
Criteria for acceptable BP and HR
Inclusion of submax aerobic test & test type

« Is a step test a good test for people with LE injury, high pain focus or
who have been sedentary?

Lifting tests vary between models: # of reps, acceptable
posture, how frequent lift ability is determined & whether
constant ability is even included.

MORE QUESTIONS & OBSERVATIONS

« How movement and positional tolerances are
assessed is widely variable. What is most
appropriate?

+ Example: The criteria for sitting tolerance. ErgoScience

monitors for 5 min. and counts positional adjustments
versus having evaluee sit for longer time.

Test sequence is variable. Does it matter? Would
starting with a less provocative activity be
worthwhile?

Variability in how full versus part-time work ability is
determined. What criteria should be used?
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MORE QUESTIONS

« What does "maximal” effort mean? Should
“maximal” be used to reflect a person’s
tolerable abilities?

Is it meaningful to state a person’s “physical
behaviors correlated with his subjective
complaints of pain?” Is this stating the
obvious? Does this reflect acceptable
performance effort?

Some evaluators did not have the updated
version of a commercial FCE model.

MORE QUESTIONS...

Who is best qualified to perform FCEs?

What type and amount of training is optimal?

« How do we ensure evaluators have the most current
information and test version?

Is there value in developing a generic best
practice model to ensure consistency in
methodology, interpretation and reporting?

10



WHAT ARE YOUR THOUGHTS?

« How do we (or
do we) make FCE
as effective,
reliable and valid
across models?

THANK YOU

BOAT HOUSE ROW, PHILADELPHIA

28-09-16
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A SCOPING REVIEW OF GRIP
DYNAMOMETRY AS A PREDICTOR OF
WORK ABILITY

Lisa Fitzpatrick DrOT, CHT, CAE, CEAS

Background...

= Aging of workforce (BLS, 2013)

MSD increase with age (Badley & Crotty,
1995)

WRMSD-therapists use grip dynamometry
(GD) with or without FCE to determine
work ability (Innes, 1999)

To date, no comprehensive review of 1.)
relationships between GD and work ability
or 2) predictive validity of GD pertaining to
work ability.
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Rationale

m Average cost of WRMSD is increasing-
critical to ensure adequate measures are
being used for assessing work ability as
part of the return-to-work process (shattacharya,
2014).

Grip strength-clinically used to predict and
assess work abilities (chan, Tran, & koh, 2000; Hollak et
al., 2014: Sluiter, 2006)

= Necessary to explore the validity of grip
strength as a predictor of work ability

Research Question(s)

= 1. Is grip strength related to work ability?
2. Does grip strength predict work ability?

m Work ability = “having general health,
basic competence, and basic occupational
virtues for completing some type of work
within an acceptable
environment” (Tengland, 2011)
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Methods

Scoping Review of 15 articles (Initially 141 articles)
Broken down into 3 themes

Articles evaluated for rigor, emerging themes, and
gaps

Selected based on methods from Joanne Briggs
Institute.

Studies critically appraised using SEQES (Structured
Effectiveness Quality Evaluation Scale)

= Grip strength predict return-to-work or work ability

= Relationship between grip strength and specific job demands
or work tasks

= Relationship between grip strength and force requirements

Results

3 high quality

11 moderate quality

1 lower quality

GD predicting RTW (n=7)

Relationship between GD and job demands or
work tasks (n=4)

Relationship between GD and force
requirements (n=4)

12 of 15 used a correlation coefficient to
assess relationship
> 7 out of 15 did not use regression analysis




28-09-16

deme I: Predicting work ability

Greater grip strength=faster time to work
(n=2)
Grip strength predicting work ability did
not show any predictive relationship
between grip strength and work ability
(n=3)

m Grip negative predictor of time RTW (n=2)

= Overall, GD has variable relationship with
predicting work ability

yhieme 2: an indicator of specific
jovdemands and job types

= All studies reported moderate to strong
association between GD and specific job
demands

m GD was demonstrated to be a significant
positive predictor of vocational
performance (n=2)

@ GD thresholds necessary to complete
specific work tasks were determined (n=2)




dheme 3: GD as an estimator of
task#specific force requirements

=

Moderate to strong positive correlations
between GD and forces necessary for
completing tasks (n=2) - no multivariate
analysis

Significant associations between GD and

force applied during specific work task; no
association strength (n=1)
Significant between subject differences in

GD when it was used as an estimate of
task-specific hand force demands (n=1)

Meaning to Therapy

Little current literature and low quality
evidence on this topic, more research is
needed

When determining work ability, GD may be
useful but reasoning is required

= Well defined job descriptions and other “non-
grip” essential functions are needed

= Grip threshold “essential functions” are largely
unavailable
Consider using force matching If gripping is
essential

= Normalizing these values relative to MVC
strength

28-09-16
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QUESTIONS OR
COMMENTS

Thank you!
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ACPOHE

PHYSIOSFORWORKANDHEALTH

ACPOHE Functional
Measurement Toolkit

ACPOHE Fitness for Work
Assessment Group
Catherine Albert

1
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Introduction

+ ACPOHE Fitness for Work Assessment Group

Steering group of experienced OH Physios and
ACPOHE members with research backgrounds

The brief ‘To develop a toolkit of functional
tests to support Occupational Physiotherapists
in the provision of objective advice on an
employees fitness for the physical demands of
their work’
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FMT Toolkit - Objectives

To encourage functional testing as a routine
part of OH physiotherapy

To improve the reliability and consistency of
assessments of functional testing

To improve evidence base of OH Physio
recommendations for fitness to work
assessments.

1
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Background

On-going Professional Development for OH
Physios

Guidelines for OH Physios on the use of FCE
and FM for the Assessment of Fitness to Work
2014

Recommended Physios use reliable and
validated functional test during Fitness to Work
Assessments.

2014 FCE & Psychosocial Screening Tools

28-09-16
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1. Step — Literature Review

» Tests with set protocols
Modified FCEs
short FCEs (Gross 2007)
job specific FCEs (Gouttebarge 2009),
injury—specific FCE (Trippolini 2012)

» Tests with evidence of validity and reliability

» To identify range of functional tests

1
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Functional Categories

« Match impairment to job demands -
(King 1998) (Gouttebarge 2010)

= Standard FCE components
* Dynamic Strength
» Postural Tolerance
Mobility
Aerobic Capacity
Balance
Hand Dexterity

28-09-16
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PHYSIOSFORWORKANDHEALTH

2. Step — Clinically Useful

Tests with evidence based

Evaluated in terms of usefulness in clinical
practice

Based on experience of the steering group —
peer review

Considered practicality in terms of cost & time

1
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3 Step - Critical Appraisal

« Critical Appraisal Skills Programme (CASP)
» Guidance and framework

» Checklist for various types of research RCT,
systematic reviews, qualitative research

» Standardised approach to evaluating the research
of each test
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PHYSIOSFORWORKANDHEALTH

FMT Toolkit

* 18 Functional Tests - 8 ACPOHE
- 10 (Soer 2009)

« Strong reliability —inter-rater and intra-rater

« Strong validity in terms of work demands
(Hoozamanas 2001)

1
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FMT Toolkit

» Chester Step Test Sykes K & Roberts A (2004)

e 6 Minute Walk Test American Thoracic Society
Butland et al (1982)

« Maximum Grip Mathiowetz (1984)
Strength

» Back Performance Strand & Nilssen (2002)
Scale Magnusson et al (2004)
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PHYSIOSFORWORKANDHEALTH

FMT Toolkit

One-legged Stance (Berg 1989)

(Mayer, Mooney & Matheson
MTAP 2005)

Timed Sit-Stand (Csuka M & McCarty D, 1985)

Single Leg Loading (Almangoush ,2014)
(Herrington & Munro, 2014)

=
i ACPOHE
Functional Measurement Tests~ -

ACPOHE (Soer 2009)

Chester Step Test Lifting Low

6 Minute Walk Test Lifting High

Maximum Grip Strength Carrying

Back Performance Scale Static Overhead Work

One-legged Stance Static Bent Work

MTAP Repetitive Bending

Timed Sit-Stand Repetitive Side Reaching

Single Leg Loading Finger Grip Strength
Perdue Peg Board
Minnesota Manual Dexterity
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ACPOHE

PHYSIOSFORWORKANDHEALTH

4. Final Step — Five Star Rating

* Final summary —tests were graded on overall
strengths and weaknesses.

Considered evidence base and practicality
Graded between 3-5 stars
Price

Practicality — equipment, duration, ease of
use <10 mins

Normative values
Validity
Reliability

PHYSIOSFORWORKANDHEALTH

Five Star Summary

Test Reliability Validity Normative [Practicality Cost <€100
Data

Chester Step
test

Yes

Yes

Yes

10 min

Moderate

6 Min Walk Test

Yes

Yes

Yes

<10 min

Minimal

Hand Grip
Strength

Yes

Yes

Yes

<10 min

High

Back
Performance

Yes

Scale

Yes

N/A

<10 min

Minimal
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FMT Toolkit — (Soer 2009)

Awaiting CASP analysis

« Lifting low
Lifting high
Carrying
Overhead working
Forward bending

» Good inter-rater reliability

» Good intra-rater reliability

« 5 Test have good validity
when matched to work

demands (Hoozemanas
2001)

1
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FMT Toolkit Content

Critical Appraisal

Analysis of Validity

and reliability
Test Protocol
Normative data
Scoring Sheet
References

* Equipment Need

* Approx cost

» Approx time
Strengths
Weaknesses

28-09-16



QASLS

Arm strategy

Excessive arm
movement to
balance

Trunk
alignment

Leaning in any
direction

Pelvic plane

Loss of
horizontal
plane

Excessive tilt
or rotation

Thigh motion

WB thigh
moves into hip
adduction

Next Steps..

Optimal

Sub-optimal

ACPOHE

PHYSIOSFORWORKANDHEALTH

ACPOHE

PHYSIOSFORWORKANDHEALTH

» Promote the Toolkit to OH Physios in the UK

Gain feedback regarding usefulness

Critical appraisal of 10 tests (Soer 2009)

Provide training & courses to support the FMT
Toolkit and the use of standardised protocols

Develop video footage to support the manual

28-09-16
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PHYSIOSFORWORKANDHEALTH

Research and Development

* To develop a database of UK normative values

Currently only available on research carried out
in the Netherlands & US i.e. MTAP — US

Allow for comparison during analysis

Continued development and evaluation of tests
suitable for inclusion in the toolkit

1
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Summary

+ ACPOHE FCE Special interest group developed
a Functional Measurement Toolkit

» Based on research and clinical evidence
* Encourage standardised, evidence practice

* Promotes functional assessment within clinical
practice

10
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How To Find Out
More..
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Functional Capacity Evaluation — Performance of patients with

chronic non-specific low back pain without Waddell signs

Oesch P, Meyer K, Jansen B, Kool J
J Occup Rehabil. 2015 Jun;25(2):257-66

Peter Oesch PhD PT Direktor Therapien \"/ KLINIKEN VALENS

\"/ KLINIKENVALENS

Background

FCE — Performance of patients with CNSLBP without Waddell signs
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FCE purport to measure work related physical
capacity \/ KLINIKEN VALENS

(Isernhagen 1988)

I FCE is influenced by perceived disability
and pain intensity

(Hart 1998, Reneman 2002, Gross 2003)

I Age & gender explained only little of the
variation in FCE performance

(Gross 2005)

FCE — Performance of patients with CNSLBP without Waddell signs

Nonorganic-phyiscal-signs \/ KLINIKENVALENS
Waddell, 1980

T

“By helping to separate the physical
from the nonorganic, they clarify the
assessment of purely physical
conditions”

Waddell

FCE — Performance of patients with CNSLBP without Waddell signs
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\/ KLINIKEN VALENS

SPINE Volume 37, Number 4, pp E243-E250
©2012, Lippincott Williams & Wilkins

Spine

OccuUPATIONAL HEALTH/ERGONOMICS

What Is the Role of
Components” in Functional Capacity Evaluations
in Patients With Chronic Nonspecific Low Back
Pain Undergoing Fitness for Work Evaluation?

Peter Oesch, MSc,*t Kathrin Meyer, MPH, § Beatrice Jansen, MSc,§ Petter Mowinckel, MSc,||
Stefan Bachmann, MD,*+# and Kare Birger Hagen, PhD|**

FCE — Performance of patients with CNSLBP without Waddell signs

Influences on FCE \/ KLINIKENVALENS
FCE tests Adj. R2 Final model Unstd. Sig.
Coeff.
Lifting from floor to 0.54 Perceived functional ability 0.11 <0.001
waist (kg) Gender (male) 473 0.001
Waddell Signs -0.95 0.009
Forward bend 0.42 Waddell Signs -20.49 <0.001
standing (sec) Days off work -0.03 <0.001
Perceived functional ability 0.31 *0.065
Grip strength 0.58 Gender (male) 15.97 <0.001
dominant hand (kg) Perceived functional ability 0.11 <0.001
Waddell Signs -1.53 0.003
Age -0.25 0.005
Six minute walking 0.52 Waddell Signs -27.13 <0.001
distance (m) Salary previous job 0.01 0.002
Pain intensity -11.65 0.018
FAB work activities -2.50 0.014
Age -1.90 0.025
* Not significant, but a confounder

FCE — Performance of patients with CNSLBP without Waddell signs
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Conclusions \"/ KLINIKENVALENS

I Waddell Signs are consistent independent predictors for FCE performance
I Further research should:

" Investigate the effect of Waddell Signs during a standardized one day
protocol in patients with CNSLBP undergoing fithess for work evaluation.

" Report performance of patients with negative Waddell Signs during a

standardized one day FCE protocol.

FCE — Performance of patients with CNSLBP without Waddell signs

Methods Vi KLINIKENVALENS

I Analytical cross-sectional study

I 3 Rehabilitation center

I Patients with chronic non-specific LBP referred for Fitness for Work Evaluation
I Measurements

Assessor |
Waddell Signs

I Descriptive analysis

FCE — Performance of patients with CNSLBP without Waddell signs
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Results "I KLINIKEN VALENS

Patients
I 1181 FCE’s performed from Jan. 2009 — Dec. 2012
I 318 patients with low back pain

40 suffered from specific back pain
— 28 relevant comorbidity affecting work ability
— 11 excluded because of language problems
— 21 subjects did not give informed consent
— 4 older then 60

16 were missed for inclusion

I 198 patients with chronic NSLBP

FCE — Performance of patients with CNSLBP without Waddell signs

Weight Capacity in patients with negative and

positive Waddell signs \Y KLINIKENVALENS

Lifting Lifting Lifting Lifting
Floor - Waist Waist - Crown Horizontal One handed

FCE — Performance of patients with CNSLBP without Waddell signs




28-09-16

Weight Capacity in patients with negative and
positive Waddell signs V" KLINIKENVALENS

Gender: Female

Gender: Male
|l Lifting floor tc

it Il Lifting floor to waist|
= Lifting floor t 40 IH Lifting floor to waist
[Tl Lifting waist O] Lifting waist to crow
/Ml Lifting horizo /Ml Lifting horizontal
IC] carrying righ L] Carrying right
Il Carrying left Il Carrying left

p<0.001

Mittelwert
Mittelwert

Waddell negativ Waddell positiv

Waddell negativ
Waddell Negative-Positive

Waddell positiv
Waddell Negative-Positive

Fehlerbalken: 95% ClI Fehlerbalken: 95% CI

FCE — Performance of patients with CNSLBP without Waddell signs

Hand Capacity in patients with negative

and positive Waddell signs \/ KLINIKENVALENS

Gender: Female

Gender: Male

Mittelwert

Waddel negativ Waddel positiv

Waddell negatiy. Waddel positv.
Waddell Negative-Positive Waddell Negative-Positive
Fehlerbalken: 95% CI Fehlerbalken: 95% CI

Hand Capacity Female p<0.05 Male p<0.001

FCE — Performance of patients with CNSLBP without Waddell signs
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Ambulation in patients with negative and positive

Waddell signs \/ KLINIKEN VALENS

Gender: Female

300

200

tetwert Six Minute walk (m)

Wi

4001

Mittelwert Six Minute walk (m)

FCE — Performance of patients with CNSLBP without Waddell signs

Work postures in patients with negative v
and positive Waddell signs \/ KLINIKENVALENS

Elevated work Forward bending Kneeling Sitting

FCE — Performance of patients with CNSLBP without Waddell signs
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Work postures in patients with negative v
and positive Waddell signs \/ KLINIKENVALENS

Balkendiagramm Balkendiagramm Balkendiagramm Balkendiagramm

Gondor: Fomalo Gendar: Female Gender: Female Gender: Femate

<0.001 <0.05 ’

. <0.001 B ns.

Anzah!
Anzah
Anzahl

Waddell Negative-Positive

Waddell Negative-Positive

Waddell Negative-Positive

Waddell Negative-Positive

Elevated work Forward bending Kneeling Sitting

FCE — Performance of patients with CNSLBP without Waddell signs

FCE Performance in patients with neg. WS \/ KLINIKENVALENS
Age FCE test (SD) Female (n = 23) Male (n = 46) Diff.
Mean (SD) Percentiles Mean (SD) Percentiles Sign.*
Min. 25th 50th 75th Max. Min. 25th 50th 75th Max.

2045  Lifting floor to waist (kg) 154 (712) 25 12,5 150 225 275 253 (10.7) 0.0 15.0 23.8 35.0 45.0  <0.001
Lifting waist to crown (kg) 11.1 (5.0 5.0 7.5 11.3 13.1 275 18.7 (6.1) 5.0 14.4 20.0 225 30.0  <0.001
Lifting horizontal (kg) 17.9 (8.2) 5.0 125 15.0 225 40.0 30.9 (11.5) 10.0 20.0 30.0 40.0 60.0 <0.001
Carrying right (kg) 14.6 (6.0) 75 10.0 15.0 15.0 350 22.0 (8.0) 7.5 15.0 20.0 28.1 40.0 <0.001
Carrying left (kg) 14.3 (6.2) 5.0 10.0 12.5 175 350 21.0 (7.1) 5.0 15.0 20.0 25.0 40.0  <0.001
Grip Strength non dominant (kp) 22.7 (9.0) 55 182 24.1 29.8 39.1 45.3 (94) 19.3 38.6 46.1 515 69.4 <0.001
Grip Strength dominant (kp) 23.6 (10.0) 4.9 14.6 28.0 30.8 434 47.0 (11.2) 23.1 40.4 455 51.8 74.9 <0.001
Stair climb (sec) 145.1 (56.9) 82 108 130 176 323 137.3 (48.3) 74.0 101.5 127.5 152.5 284.0 ns
Six Minute walk (m) 519.8 (104.2) 297 420 552 603 650 552.9 (96.2) 3250 481.5 565.0 603.5 760.0 ns
FCE test Female (n = 18) Male (n = 45) Diff.

Mean (SD) Percentiles Mean (SD) Percentiles Sign.®
Min.  25th 50th 75th  Max. Min.  25th 50th 75th  Max.

45-60 Lifting floor to waist (kg) 13.1 (4.2) 50 10.0 13.8 17.5 20.0 23.0(9.7) 7.5 15.0 225 31.3 450 <0.001
Lifting waist to crown (kg) 10.7 (1.9) 75 10.0 10.0 12.5 125 16.7 (6.1) 7.5 12.5 15.0 20.0 350 <0.001
Lifting horizontal (kg) 17.6 (5.0) 10.0 14.4 17.5 20.6 275 26.7 (9.6) 7.5 20.0 250 325 500 <0.001
Carrying right (kg) 133 (3.3) 75 12.5 125 15.6 20.0 20.1(7.2) 5.0 15.0 20.0 25.0 425 <0.001
Carrying left (kg) 11.9 2.4) 75 10.0 125 15.0 150 19.7 (6.5) 75 15.0 20.0 225 375 <0.001
Grip Strength non dominant (kp) 22.1 (8.4) 82 14.7 20.7 29.2 41.1 39.1 (11.6) 10.5 31.8 38.6 46.8 64.6 <0.001
Grip Strength dominant (kp) 21.3 (8.4) 6.7 16.3 21.1 26.0 402 393 (12.4) 9.3 30.7 38.6 46.8 66.7 <0.001
Stair climb (sec) 183.6 (58.8) 1280 138.5 156.5 2183 340.0 153.8 (59.0) 68.0 117.5 141.0 169.5 360.0 ns
Six Minute walk (m) 461.6 (93.6) 262.0 375.0 4925 531.3 595.0 522.6 (96.6) 309.0 443.0 521.0 605.8 664.0 <0.05

Diff. Performance difference of female and male patients J Occup Rehabil. 2015 Jun;25(2):257-66

FCE — Performance of patients with CNSLBP without Waddell signs
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Conclusion \/ KLINIKEN VALENS

I Waddell Signs should be assessed for interpretation of FCE results.

I Despite long work absence, patients with CNSLBP with negative
Waddell Signs demonstrated a physical capacity corresponding to
substantial physical work demands.

FCE — Performance of patients with CNSLBP without Waddell signs

Thank you for your
attention

Peter Oesch PhD PT Direktor Therapien \/ KLINIKENVALENS :;
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Comparison of two methods for interpreting lifting
performance during functional capacity evaluation

Oesch P, Meyer K, Bachmann S, Hagen KB, Vgllestad NK.
J Phys. Ther. 2012 Sep;92(9):1130-40

Peter Oesch PhD PT Direktor Therapien \"/ KLINIKEN VALENS

Background \/ KLINIKENVALENS

I Physical effort determination is attempted
during FCE.

(Isernhagen 1988)

[ Observational criteria for effort level

determination are used.
(Isernhagen 1992)

I Waddell Signs have been used as a mean

for effort determination.
(Kaplan 1996, Lechner 1998, Lemstra 2004)

Comparison of two methods for interpreting lifting performance during FCE




28-09-16

Observational criteria for physical effort determination during
manual handling tests

\/ KLINIKEN VALENS

Maximum

Comparison of two methods for interpreting lifting performance during FCE

Observational criteria for physical effort determination during
manual handling tests

\"/ KLINIKENVALENS

Observations at the Following Weight Load:
Criteria Maximal Heavy Light to Moderate
Muscle recruitment
Prime movers Bulging Bulging Normal recruitment
Accessory muscles Bulging Distinct recruitment No or only slight muscle
recruitment
Base of support Very wide base Distinctly increased Natural stance
Posture Substantial counterbalance Distinctly increased counterbalance No or only slight
counterbalance in
extension
Heart rate and Substantial increases in heart Distinct increases in heart rate and respiration No or minimal increases in
respiration rate and respiration heart rate and
respiration
Control and safety Still safe but unable to maintain Increasingly controlled movement; might begin Smooth movements
control with the addition of to use momentum; execution with difficulty
any more weight but not yet at the limit
Pace Very slow (an increased pace Distinctly slower; very deliberate movements Moderate/comfortable
would affect stability and pace
control)

(Isernhagen 1992)

Comparison of two methods for interpreting lifting performance during FCE
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Reliability - Observational criteria \/ KLINIKENVALENS

J Occup Rehabil (2014) 24:361-369
DOI 10.1007/s10926-013-9470-9

Reliability of Clinician Rated Physical Effort Determination
During Functional Capacity Evaluation in Patients with Chronic
Musculoskeletal Pain

M. A. Trippolini * P. U. Dijkstra * B. Jansen °
P. Qesch - J. H. B. Geertzen * M. F. Reneman

Comparison of two methods for interpreting lifting performance during FCE

Waddell Signs \"/ KLINIKENVALENS

Tenderness 1. Superficial: The skin is tender to light pinch over a wide lumbar area. A localised band in a posterior primary ramus
distribution may be caused by nerve irritation and should be discounted.
2. Deep: Tenderness is felt over a wide area. Itisr vl
sacrum, or pelvis.

Simulation Tests 3. Axial Loading: Low-back painis| orted on ver.

Neck pain is common anc ~ounted. |
4. Rotation: Back pain is r ‘oulders
relaxed with the feet toge 2nce of

Distraction Test 5. Straight Leg Raising: Straight leg aising is the m - E=:
component shows marked improvement in straigt ffé‘.}
e

Regional 6. Sensory: Sensory disturbances include diminish®
disturbances fitting a “stocking” rather than a dermatomal pa
7. Weakness: Weakness is demonstrated on form
cannot be explained on a localised neurological be! -

Overreaction 8. Overreaction during examination may take the form of disproportionate verbalisation, facial expressions, muscle tension
and tremor, collapsing, or sweating. Judgements should, however, be made with caution, minimising the examiner’s own
emotional reaction; there are considerable cultural variations, and it is very easy to introduce observer bias or to provoke
this type of response unconsciously.

Comparison of two methods for interpreting lifting performance during FCE




28-09-16

Reliability Waddell Signs \/ KLINIKEN VALENS

SPINE Valume 33, Number 7, pp 821-826
02008, Lippincott Williams & Wilkins

' The Reliability of Nonorganic Sign-Testing and the
Waddell Score in Patients With Chronic Low Back Pain

Adri T. Apeldoorn, MSc,* Henk Bosselaar, MSc,” Tanja Blom-Luberti, MD,*
Jos WR. Twisk, PhD,t$ and Gustaaf J. Lankhorst, MD, PhDS§

Comparison of two methods for interpreting lifting performance during FCE 7

Study objectives \"/ KLINIKENVALENS

To determine the concurrent validity of , 2

Waddell signs and submaximal effort and to
assess the contributions of Waddell signs
~and submaximal effort to lifting performance

during FCE in people with CNSLBP.

Comparison of two methods for interpreting lifting performance during FCE
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Material and methods \"/ KLINIKENVALENS

I Analytical cross-sectional study

I Measurements
Assessor |

I Statistical analysis
— Logistic regression

— Sensitivity and specificity

Comparison of two methods for interpreting lifting performance during FCE 9

Study flow / Characteristics \/ KLINIKENVALENS

| Referred for FCE, n=678 | Patient Characteristics
45' LBP not primary complaint, n=475 | Male / Female 97/33"

v

| People with LBP, n=203 | Age (years) 44 (10)*
Inclusion criteria not fulfilled *
« Specific back pain, n=26 Days out of work 670 (1031)
o| ¢ Comorbidity affecting ability to work, n=16
"| * Language problems, n=5 Self-rated ability for
¢ No written informed consent, n=11 work tasks (SFS) 95.6 (51‘2)*
e >60 years of age, n=2
Fear avoidance belief —
32.8(9.0)*

—’I Missed for inclusion, n=13 work (FABQ)

v Pain (NRS 0-10) 5.1(2.2)*
Included in study, n=130 |

*n / *mean (SD)

Comparison of two methods for interpreting lifting performance during FCE
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Concurrent validity of ‘Waddell Signs’
and Effort determination

\/ KLINIKEN VALENS

Value for:

Lifting From Floor to Waist

Lifting From Waist to Shoulder

Horizontal Lifting

Maximal Submaximal Maximal Submaximal Maximal Submaximal
Parameter Effort Effort Effort Effort Effort Effort

Waddell signs (no. of participants)

Negative (87) 59 28 69 18 68 19

Positive (43) 1 32 12 31 12 31

Total (130) 70 60 81 49 80 50
% Sensitivity (95% Cl) 53 (40-66) 63 (48-77) 62 (47-75)
% Specificity (95% CI) 84 (74-92) 85 (76-92) 85 (75-92)
Positive LR (95% CI) 3.4 (1.9-6.1) 4.3 (2.4-7.5) 4.1(2.3-7.3)
Negative LR (95% Cl) 0.6 (0.4-0.7) 0.4 (0.3-0.6) 0.5 (0.3-0.6)

Comparison of two methods for interpreting lifting performance during FCE

Adj R2
Lifting from ‘floor to 48
waist’
Lifting from ‘waist to -60
crown’
Lifting ‘horizontal’ -64

Final model

Submaximal effort

Gender (male)

Waddell Signs

Age

Submaximal effort

Gender (male)

Waddell Signs

Age

Submaximal effort

Gender (male)

Waddell Signs

Age

Contribution of 'Waddell Signs’ and ‘submaximal-
effort’ to lifting performance

Comparison of two methods for interpreting lifting performance during FCE

\"/ KLINIKENVALENS

Unstd. Coeff.

-10.4
8.2
-5.9
-
-8.2
6.4
-3.2
-1
-14.9
10.7
-5.3

Sig.

<.001
<.001
<.001
.103
<.001
<.001
.002
.005
<.001
<.001
.001
.007
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Conclusion \/ KLINIKENVALENS

I Waddell signs’ testing and determination of physical effort by observational criteria should
not be interchangeably used for interpreting lifting performance during FCE.

I Acomprehensive assessment to screen for high levels of pain behavior should include
different aspects of pain behavior such as:

pain perception and description by the patient

the behavior of the patient perceiving pain

the patient’s effort to perform physical tests

patient’s consistency of behavior

Comparison of two methods for interpreting lifting performance during FCE

J Occup Rehabil (2016) 26:103-113
DOI 10.1007/s10926-015-9593-2

Development and Validation of a Pain Behavior Assessment
in Patients with Chronic Low Back Pain

Katharina Meyer' - Andreas Klipstein® - Peter Oesch® - Beatrice Jansen® «
Jan Kool*® + Karin Niedermann®

Comparison of two methods for interpreting lifting performance during FCE
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Thank you for your
attention
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Jan Kool, PhD, PT
Rehabilitation Centre Valens, Switzerland
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Introduction

Chronic Low Back Pain \/ KLINIKENVALENS

... is a problem ...

Does FCE performance display work related capacity?

During FCE we observe
- Pain perception

- Overt pain behavior

- Effort

- Consistency

P

Assuming you don’t want to ignore this info, & ,‘l
How to sumitallup -~

28-09-16



Pain Behavior (PB) \I KLINIKENVALENS

I Previous research used
— exaggerated pain behavior
— sincerity of effort
— symptom magnification

I These terms are criticized for suggesting intention of
patients (Lemstra 2004)

- We used “pain behavior”

Pain behavior scale (41 items) KLINIKENVALENS

I Pain perception
— Widespread pain
— High pain intensity
I Overt pain behavior
— rubbing, sighing, grimacing
I Effort below minimal performance
— grip strength, walking speed, lifting
I Inconsistency
— flexibility of the back during clinical examination and dressing
— ROM back during clinical examination / tandem walking
— Spinal Function Sort is below 100 points
— Pseudo strength test

28-09-16



Importance \/ KLINIKENVALENS

I Association with poor prognosis for RTW
I Patients with high levels of PB may require more intensive
or different rehabilitation
I FCE to determine work-related capacity
— Performance = work related capacity?
— Criteria for lifting are available, but not for most other FCE tasks
I If we observe PB during FCE
— Work capacity is judged higher then FCE performance

in case l

Scientific basis for this decision is weak

Aim \Y KLINIKENVALENS

I To evaluate construct validity and unidimensionality of the
PBA

28-09-16



Methods \Y KLINIKENVALENS

I Cross-sectional study

I Inclusion
— nsCLBP (> 6 mts.)
— FCE to determine work ability
Exclusion
— Co-morbidity limiting work ability
— Pregnancy

I Analysis

— Rasch, person separation index,
exclude misfitting and redundant items

L, P
Logits g 10
Logarithm of Cqé
Odds Ratio (OR) 2
205
o
OR=p(+)p() &
Examples i?;
& 0 i t } } } t
90/10 = 9 A -4 -3 -2 -1 0 1 2 3 4490
Ln(9)=2.2 -> Pain Behavior
Figure 4: Locating the difficulty of an item on
95/5=19 .. .o .
the ability / difficulty axis
Ln(19) = 2.9

28-09-16



Expected score

= Ny
c/—\
9
9"'
~—

Redundant item

-> Probability of positive Item Response
o
(2}

0 t i } t
-4 -3 -2 -1 0

the ability / difficulty axis

1

2 3

- Pain Behavior

4 0

Figure 4: Locating the difficulty of an item on

28-09-16
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P(6) Expected score
1.0 -5

Misfitting items

Results \Y KLINIKENVALENS

Population (n=200)

male, n (Prozent) 145 (72.5)
age, years (SD) 43.3 (16.5)
duration , months (IQR) 34.4 (12-100)
Work Ability Index (SD) 21.3 (7.4)
Fear Avoidance Beliefs - Activity 19.2 (4.6)
Fear Avoidance Beliefs - Work 32.1(9.6)
Oswestry Disability Index 43.3 (16.5)
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\Y KLINIKENVALENS

F'EI!S(:HS“_'l (Grouping Set to Interval Length of 0.20 making 40 Groups)

w_;T 1. Persons: many with low PB score

Frequency

g g

0] 2 Qﬁ A [
7 W AL P

A § i

- 4 3 2 - 0 1 2 3 Location (logts)
MEMS 0 —r 5
g
Frequency 10

2. Items well distributed

Fig. 2 Person-item threshold distribution

Construct validity \I KLINIKENVALENS

I 11 items removed
I Unidimensionality confirmed (Item Mean Fit 0.0 (SD 1.26)
I No bias for age, sex, WAI, FABQ, pain duration

I Person Separation Index (PSI): 0.83 (allows individual
interpretation)

- PBA s valid
—> Total score = sum of 41 items (0/1 scored)
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Interpretation \/ KLINIKENVALENS
30 1 _
25 Suggestion: > 13 points =
‘high level of pain behavior
20 1
15
-— = - —+ 75. percentile =13
10 -
5
0. L

PBA total score (0-42)

Conclusion \/ KLINIKEN VALENS

I PBAis valid
I PBA can be used with FCE

I FCE conclusions taking PB into account are legally more

robust
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Measurement properties of the modified
Spinal Function Sort (M-SFS)

Maurizio Trippolini, PhD.; Svenja Janssen, MSc; Roger
Hilfiker, MSc; Peter Oesch, PhD
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a. Development of the Modified Spinal Function
Sort (M-SFS)
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a. M-SFS: a picture-based questionnaire
b. In- and Exclusion Criteria
c. Test Retest Design & Analyses

3. Results
4. Discussion & Conclusions
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Background

Eur Spi
DOI 10

DOI 10.10(
m J Occup Rehabil (2015) 25:527-536 \
DOI 10.1007/s10926-014-9559-9 CrossMark

J Occup Rehabil

Per«
is it
with

Cross
and V

and C Measurement Properties of the Spinal Function Sort in Patients

with Sub-acute Whiplash-Associated Disorders

P.R./
S. Bac S. Borloz
F. Luthi M. A. Trippolini + P. U. Dijkstra - J. H. B. Geertzen *
M. F. Reneman

Coriciusiuiis ui swuics.

= Perceived functional ability for work tasks can be validly assessed
with the SFS in a European rehabilitation setting in patients with
non-specific low back pain, and is predictive for future work status.

= However..,
* |tem redundancy (“same results with half of the items”)
» Floor effect on items with heavy lifting (50 kg)
= Common activities such as sitting, walking were missing
» Time consuming (for patient and practitioner)

= Qutdated imaaes?




Development of the Modified Version (M-SFS) et

of Rehabilitation
J Occup Rehabil
DOI 10.1007/s10926-015-9611-4 @ CrossMark

Development of a Modified Version of the Spinal Function Sort
(M-SFS): A Mixed Method Approach

& . 1 Py Py P a6 2 3
Svenja Janssen® + Maurizio A. Trippolini® -+ Roger Hilfiker” + Peter Oesch

Conclusion

= Based on the results of a mixed methods approach, a modified SFS
requiring less administration time was developed. It consists of 12
items of the existing SFS and 8 new items including patient’s beliefs
of back pain causing postures and movements.

» Measurement properties of the M-SFS need to be explored in future
studies before it can be used in clinical practice.

Swiss Association
of Rehabilitation

Methods




Modified Spinal Function Sort (M-SFS)

Able Restricted Unable
1 Place or retrieve a 2.5 kg can between waist and overhead 1 2 3 45
2 Lower a 10 pound milk crate from a bench to the floor 1 2 3 45
3 Lift a 5 kg milk crate from the floor to eye level 1 2 3 45
4 Load a 10 kg grocery bag into the trunk of an automobile 1 2 3 45
5  Lower a 10 kg milk crate from eye level to the floor 1 2 3 45
6 Unload two 5 kg grocery bags from the trunk of an automobile 1 2 3 45
7  Carry two 5 kg sacks of groceries for 30 m 1 2 3 45
8  Lift a 25 kg tool box from the floor to a bench 1 2 3 4 5
9 Wash dishes at a sink 1 2 3 45
10 Load or unload a dishwasher 1 2 3 45
11 Push and pull a vacuum cleaner 1 2 3 4 5
12 Get into an automobile driver’s seat 1 2 3 45
13 Stand for a prolonged time 1 2 3 45
14  Walk for a prolonged time 1 2 3 45
15 Stand bent forward over for a prolonged time 1 2 3 45
16  Crouch for a prolonged time 1 2 3 45
17  Sit bent forward for a prolonged time 1 2 3 45
18 Bend forward repeatedly 1 2 3 45
19  Sit on a chair for a prolonged time 1 2 3 45
20  Sit with whole body vibration for a prolonged time: e.g. a bus journey 1 2 3 45

Verein IG
Ergonomie SAR

Swiss Association
of Rehabilitation

(Janssen, Trippolini, Hilfiker,
Oesch, JOOR, 2015)

Modified Spinal Function Sort (M-SFS)

3.

Verein IG
Ergonomie SAR

Swiss Association
of Rehabilitation




Inclusion and Exclusion criteria

Inclusion criteria Exclusion crieteria

= Pregnancy

Patients with chronic (> 3

e . = Acute co-morbities (cardio-
months), unspecific msk pain
pulmonary, psychiatric,

" Ages between 18 to 65 neurologic or internal medical)

* Retest after 2 days is feasable = Medically determined FCE limit

= Signed Informed consent < 25kg
= Insuficcient proficiency in the
German language

Test- Retest Design

of Rehabilitation

Test Re Test
-Demogr. -M-SFS
Check -SFS -Lifting Low
Elegibility -M-SFS -Lift High
-ODQ -Horizontal Lift

10
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Results

Patient characteristics

62 Patients (41 M / 21 F) with chronic (> 3 Months), unspecific pain
were included

MW (sD) |
Age (J) 38 (12)
Work (T) 173 (157)
SFS (0-200) 127 (44)
M-SFS (0-80) 54 (16)
ODI (0-50) 15 (6)
Lifting low (Kg) 19 (8)
Lifting high (Kg) 12 (6)
Horizonal Lifting (KQ) 22 (10)
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Distrubution of the scores M-SFSa

PatGend

Female Male

100.00

100.00

80.00

80.00

—60.00

60.00

40.00

40.00

M-SFS a Total Score
21035 [e}o] & S4S-IN

20.00

20.00

Skala 0 - 80

|

|

8 6 4 2 o 2 4 6 8
Haufigkeit

| .00

oo
|

Range (min-max) 16 - 79

Verein IG

Ergonomie SAR
iss ociation

of Rehabilitation

Interal consistency

Cronbach’s alpha (Ca) = 0.94 0.98

Oesch et al 2010
Borloz, Trippolini et al 2012

Interpretation: - Trippolini et al 2015

+ Ca~0.70 - 0.90 = good internal consitency

« Ca <0.70 = items measure different constructs
Streiner DL & Norman GR, 2008

CAVE: more items = Cronbach a —value




ltems-clusters

Swiss Association
of Rehabilitation

Principal Component Analysis, Varimax rotated

» 4 Factors identified, which explain 73% of the variance

> wbh =

Get into an automobile (item 12)

Lifting tasks (items 1,5,6,10,11,13,14...)
Tasks with spine bended (items 9,17,18,20,22)
Postural tolerance e.g. standing, sitting (item 3,4, 21, 25)

(2 items loading on multiple factors (vacuum cleaning 11, walking 21)

Test-Retest Reliability

80.00

Spearman-Rho = 0.91 [

@
3
=1
8
1

M-SFS b Total Score

uuuuu

T T T T
20.00 40.00 60.00 80.00
M-SFS a Total Score

Spearman Rho
= 0.91

Interpretation

- Correlation 0.70-0.90

«strong correlation»
Munro HB, 1998

ICC=0.92

- ICC > 0.9 useful for taking

decisions on a individual
|eve| Streiner DL & Norman GR, 2008

16




Messurement Error

Limits of agreement, Bland Altmann 1999

Verein IG
Ergonomie SAR

Swiss Association
of Rehabilitation

S

3 20 o

€ +1.96 SD
= 10 126
o]

2

w0 0 oo [ Mean
= =)
o

S -10

»n -1.96 SD
D R, Lt
E -20 -16.2
8 Error on indivudal level > 15 point

% _30 1 1 © L 1 L 1 L 1 L 1
= 20 40 60 80 100

M-SFS a Total Score

M-SFS a Total Score

Verein IG
Ergonomie SAR

Construct validity: original SFS vs M-SFS

80.00-]

70.00+

60.00-]

50.007

=
=
=]
=]

1

30.00

20.00+

Spearman Rho
=0.83

Interpretation

- Correlation 0.70-0.90

«strong correlation»
Munro HB, 1998

10.00

PACT 1 Total Score
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Construct validity: M-SFS and FCE tests

& other self-reported measures
M-SFS CLBP
{iSke) 0.44 —0.55
Functional Capacity Evaluation tests Oesch et al 2010
Lifting low 0.42* 1 S
Lifting high 0.46* — | Trippolini 2015
Lifting horizontally 0.53* J Neck
Self-reported beliefs B injuries
Pain -0.37* |o33
,j Borloz-Trippolini
Oswestry Disability Questionnaire (ODI) -0.54* | 2015
*Correlations (Spearman) were significant at the 0.001 level CLBP and
other MSK
disorders
" " " Ergonomie SAR
Diskussion & Conclusions

of Rehabilitation

» Measurement properties of the 20-item M-SFS are:

= “good™:
- Item score distribution (no ceiling or bottom effect)
- Internal consistency and test-retest reliability

- Construct-Validity with original SFS, other questionnaires & 4 factor
structure

= “acceptable”
- Measurement error
- Construct validity with FCE tests

20
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WEARABLES  October 29th, 2015

A Third Of U.S. Adults Will Use
Wearable Tech By 2019
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Q written by David Bolton
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widespread acceptanbe, it is important to determine if, and how
they should be introduced into clinical practice.
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In this study the Actigraph wG3TX-BT
triaxial accelerometer was used

Motion data is collected from
horizontal right-left (X) , vertical (Y),
and horizontal front-back (Z) axes

Vector magnitudes (VM) can be
calculated using all directions to show
3D motion

Various studies have found this
accelerometer to be valid for
estimating energy expenditure, and
tracking movements and exercise
repetitions

FCEs can be used to determined recovery

FCEs have been defined as “an objective measurement of a
person’s ability to perform functional work

activities” (Isernhagen, 1988)
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Primary objective:

Determine the strength of correlation between Actigraph
accelerometer Vector Magnitude data and 5 FCE items
selected from the broader WorkWell FCE protocol.

Secondary objective:

To compare correlations (ICC) between Actigraph Vector
Magnitude data of two different placements on the body.

A validation, cross sectional design was used
Convenience sampling was used to enroll participants

Subjects, either male or female, needed to be healthy
individuals between the ages of 18-65 years

Subjects were excluded if they were injured or had any
physical limitations that would hinder their ability to
complete certain exercise components from the FCE
46 total participants
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All participants were equipped with
2 Actigraph wGT3X-BT devices

One device was worn on the non-
dominant wrist and a second
device was worn on the waist
located on the anterior superior iliac
spine on the dominant side using a
belt style strap

Participants were also asked to
wear a Polar heart rate monitor,
which was part of the FCE protocol
for determining maximum heart rate
levels.

5 total exercises

Three lifting tasks: floor to waist (5-rep max), waist to
crown level (5-rep max) and front carry (1-rep max) —
assesses strength and mobility

Weighted overhead work (timed) - assesses posture,
and upper extremity endurance

The 6-Minute Walk Test (distance) - assess walking
capacity




54.3% of the subjects were male and 89.1% were right
handed

The mean age of the sample was 23.7 years, the mean
height was 170 cm and the mean weight was 73.2 kg
The ages for the sample were between 19-40 years

old, the heights were found to be between 152-194 cm
and the weights between 43-135 kg

Correlations between maximum weight lifted and vector
magnitudes from waist and wrist Actigraph placements

Peak Waist Average Peak Wrist Average
VM Waist VM VM Wrist VM

Floor to Waist 0.45

Waist to
Crown

Front Carry

- Values in red significant at P<0.01
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Correlations between
Weighted Overhead Work
time and average vector
magnitudes from waist and
wrist Actigraph placements.

Average |Average
Waist VM | Wrist VM

-0.07 -0.21

- Values in red significant at P<0.01

Correlations between Six-
Minute Walk Test distance and
total activity counts from waist
and wrist Actigraph
placements.

Total Total
activity activity
counts - counts -
Waist Wrist

Total
Distance

Intraclass Correlation between waist and wrist placement of

Actigraph Devices

Data from the wrist expected to be higher than the waist
therefore consistency agreement was used to analyze linear

trend.

ICC values ranged from 0.27 — 0.70

Overall poor agreement

Due in part to “noise” from the wrist placement

28-09-16
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Waist placement of the Actigraph device appears more
optimal than the wrist placement due to stronger
correlations observed with waist placement

Average vector magnitudes were found to have a stronger
correlation than peak vector magnitudes

Agreement between device placement (waist and wrist)
was poor overall.

Foundational study
Similar design with an injured worker population

Comparison between Actigraph recorded clinical
data (during FCE) and Actigraph recorded
workplace data
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THE ICF AS THE CONCEPTUAL
FRAMEWORK FOR FCE

Linking FCE tests to the ICF Comprehensive Core Set of
Vocational Rehabilitation

Marika Lassfolk

Institute of Public Health and Clinical Nutrition,
Faculty of Health Sciences, University of Eastern Finland

UNIVERSITY OF
EASTERN FINLAND

Background

v Functional Capacity Evaluations (FCE) lack
common terminology and language (Soer et al
2008, Reneman et al. 2013)

v In 2008 experts agreed on using the ICF as
the conceptual framework for Functional
Capacity Evaluations (Soer et al 2008)
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Objectives

TRANSLATE LINK PILOT STUDY
(1-3/16) (4-9/16) (9/16 — 5/17)

» Spinal Function Sort * FCE tests to the * Test 20 subjects
Questionnaire (SFS) Comprehensive ICF « Evaluate, according
into Finnish and Core Set of to the set criteria,
Swedish Vocatlgr)all whether or not the

Rehabilitation .
; ) Vocational
 Spinal Function Sort e
Questionnaire Rehabllltatlon Core Set
« Complete Minnesota is accurate enough to
Dexterity describe functional
« Grip Strength capacity among
« Lifting and Carrying subjects’ suffering from
* Pushing and Pulling low back pain

* Results from linking

Results

Lift Push  Pull

Minnesota

Number of items linked (n) 50 3 13 4 1 1 1
Number of concepts (n) 102 3 28 8 2 2 2
Number of unique ICF categories/

component

Body function (total 2" level) 5(3) 1(0) 1(0) 20) 1(0) 1) 1(0)
Activities and participation (total 2nd 25(5) 3(0) 4(2) 4(1) 3(1) 2() 2(0)
level)

Personal factors 0 0 1 0 0 0 0
Total number of ICF categories 30(8) 4(0) 5(2) 6(1) 4(1) 3(0) 3(0)

(total 2" level)




ICF contents up to 2nd level categories of
FCE tests and Questionnaire

ICF Category SFS Grip Minnesota Lift Carry Push Pull
Body functions
Chapter 2: Sensory functions and pain

b235 Vestibular functions b3

Chapter 7: Neuromusculoskeletal and
movement-related functions

b710 Mobility of joint functions X
b730 Muscle power functions X

Activity and Participation
Chapter 1: Learning and applying
knowledge

d170 Writing X

Chapter 4: Mobility
d430 Lifting and carrying objects

d440 Fine hand use

d445 Hand and arm use

X X X X

d449 Carrying, moving and handling
objects, other specified and
unspecified — dolley, trash
barrel

Chapter 6: Domestic life
d640 Doing housework X

Overall percentage of agreement
and Kappa coefficient

Questionnaire/tests Overall percentage of Kappa coefficient

agreement (%)

SFS 90,7 0,23

Grip strength 66,8 0,22

Minnesota 73,7 0,25
Lifting 50 -
Carrying 16,7 -
Pushing 40 -
Pulling 40 -
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Conclusions

v The linking of the Finnish, Swedish and English
SFS was comparable

v Rater experience may have had effect on results
v The comprehensive Vocational Rehabilitation
core set (2" level) is not extensive enough to

describe items in FCE tests and SFS
questionnaire

v The results indicate that a new core set for FCEs
may be needed

Thank you!

To the people that made all this possible:

Heidi Anttila, National Institute of Health and Welfare, Helsinki, Finland
Reuben Escorpizo, University of Vermont, Swiss Paraplegic Research
Katariina Korniloff (2™ rater) University of Jyvaskyla

Michiel Reneman, University of Groningen

Kimmo Rasanen, University of Eastern Finland

Mika Venojarvi, University of Eastern Finland

And to all the ones helping with the translations of the SFS
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£ UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Associations of lifted weight and self-rated return-to-

work prognosis

Bethge M, Freier J, Streibelt M, Ansuategui Echeita J

IM FOCUS DAS LEBEN

UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

1. Background

2. Methods

3. Results

4. Discussion
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UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Work-related medical rehabilitation (1)

» German work-related medical rehabilitation (WMR): intervention to
improve and to restore work ability in patients with strong limitations
in work functioning and an increased risk of permanent work
disability

* 4 major components

Demand-related diagnostic of work functioning

Intensified social counseling

Work-related psychological groups

Work-related functional capacity training

Bethge M. Work-related medical rehabilitation. Rehabilitation, in press 3

UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Work-related medical rehabilitation (ll)
Duration of sickness absence
Study n SMD (95% Cl)
Premann et al.* 377 — 4;—‘ -0.35 (-0.56; -0.15)
Streibelt, Bethge 2014 74 +———— 974 -0.46 (-1,00; 0.08)
Bethge et al. 2011 95 e -0.16 (-0.35; 0.04)
Kleist et al. 2003 11 ’—é* T -0.11(-0.48; 0.26)
Total 657 H H -0.25 (-0.37; -0.12)
: p<0.001
4 05 0 05 1
*unpublished Favour Favour
WMR MR
Bethge M. Work-related medical rehabilitation. Rehabilitation, in press 4
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NIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Functional capacity evaluation in WMR

« Short functional capacity evaluation (FCE) at admission in order to
establish the rehabilitation plan

— Guidance of functional capacity training
— Support of sociomedical evaluation of work capacity

— Clarification on job modification

» Exploring poor return-to-work (RTW) prognosis and identifying
factors that contribute to poor RTW expectations

» Objective: Associations of lifting floor-to-waist results (early test
termination, lifted weight) with self-rated RTW prognosis

NIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

1. Background

2. Methods

3. Results

4. Discussion

28-09-16



NIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Methods

* Recruitment: German arm of the international FCE study

» Setting: short WorkWell Systems FCE at the beginning of a WMR
program 14 therapists from 6 rehabilitation centres

* Inclusion: participation in WMR program; job contract (in more
detail: see also Reneman and Ansuategui Echeita)

* Outcomes: self-rated poor RTW prognosis (3-item scale; 0 to 3
points; higher scores = worse RTW prognosis;
2 or 3 points = poor RTW prognosis)

» Explanatory variables: lifted weight and
early test termination

NIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

1. Background

2. Methods

3. Results

4. Discussion

28-09-16



UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Sample characteristics

L eansDorx

Age, mean (SD) 46.8 (11.8)
Sex, % female 46
Sickness absence, % 290 days 62
Work Ability Score, mean (SD) 4.3 (2.6)

%0-5 68

% 6, 7 16

% 8 —10 16
Self-rated RTW prognosis, % poor 49
Early test termination 46
Lifted weight, mean (SD) 19.1 (8.8)

n = 100; SD = standard deviation; RTW = return-to-work

UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Test termination

» Poor documentation of early test
termination: reason not

1 documented in 13 of 46 early
o T terminations
. * Mean difference in lifted weight:
8 5.4 (95% CI: 2.1-8.7); 61% of the
standard deviation
o |

Early Regular

n = 100; 46 early test terminations

10
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UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Test termination and self-rated RTW prognosis

80 80

Early Regular Early Regular

Testtermination Test termination

n = 100; 46 early test terminations
1

UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Self-rated RTW prognosis

* Mean difference in lifted weight:
6.3 (95% CI: 3.1-9.6); 72% of the

21 standard deviation
8 4
L ]
f -1

Poor Good

n = 100; 49 poor prognosis
12
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Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Poor RTW prognosis according to lifted weight

80 80 76.5
60.0
60 58.1 60
400 419
40 40+
235
20.0

20 20

04

<10kg <20 kg <30 kg >=30kg <10kg <20 kg <30kg >=30 kg
Lifted weight Lifted weight

n = 100; 49 poor prognosis

13
|

UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Additional effect of lifted weight in explaining
poor RTW prognosis

OR 95% ClI p
Lifted weight (10 kg increase)  0.48 0.25; 0.90 0.022
Work Ability 0.86 0.72;1.04 0.116
Age: 55 years and older 4.05 1.47;11.12 0.007
Female 2.28 0.88;5.93 0.091

n = 100; OR = odds ratio; Cl = confidence interval

14
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UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

1. Background

2. Methods

3. Results

4. Discussion

15

UNIVERSITAT ZU LUBECK

Institute for Social Medicine and Epidemiology | Rehabilitation and Work

Discussion

+ Clinical meaningful data for
understanding a poor RTW

. Zf:l;]eo:;: better WH AT

documentation of test YO U

terminations in German

rehabilitation centers N E E D
* Limitations: sample size; TO

heterogeneity of clinical

experience K N O W

16
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Thanks for your
attention!

Prof. Dr. Matthias Bethge
Fon: +49 451-500-5846; Matthias.Bethge@uksh.de




Arbouw, the Health & Safety Organization in the Dutch Construction

Sustainable return to work among construction

workers on sick leave due to musculoskeletal

disorders: what is the added value of action
versus a question?

Paul Kuijer, Vincent Gouttebarge, Haije Wind, Cor van
Duivenbooden, Judith Sluiter & Monique Frings-Dresen

Coronel Institute of Occupational Health
Academic Medical Center, University of Amsterdam,
Amsterdam, the Netherlands

Harderwijk, the Netherlands.

Cor’one/ Instituut

Especially for occupations characterized by
heavy physical work, like construction workers

Time: Self-reports > FCE, however...

Self-reports and FCE measure different aspects
of work ability (Brouwer et al. 2005, Gross & Battié 2005,
Gouttebarge 2009) ...
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Research Question

Is a self-report on work ability in
combination with FCE a better predictor for
sustainable RTW than a self-report only in
construction workers on sick leave due to
MSDs?

D
4 Cor’one/ Instituut

Methods: design & population

* Prospective cohort study, follow-up 12 months

* 72 male construction workers, performing physically
demanding work & 6 weeks on sick leave due to MSDs

* 42 years, 186 cm, 82 kg; 17% UE, 30% BP, 28% LE, 25%

Other
6 weeks
Day 1 sick 6 weeks sick leave (T0)
leave dueto vy Apility Assessment:
MSDs

« Single item Work Ability Index
* ErgoKit FCE 3 dynamic lifting tests

2
(__Coronel Instituut
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Methods: work ability

+ Self-report: Work Ability Index

 First question ‘current work ability compared
with lifetime best’

» Scale from 0 to 10
» Three Ergo-Kit dynamic lifting tests:

- Carrying lifting strength test, Lower lifting
strength tests and Upper lifting strength test

- Tests are reproducible in patients with MSDs
- Number of kilograms (kg)

Yl
L Cor’one/ Instituut

Sustainable Return to Work (sRTW)

* sRTW = the duration of work absenteeism due to MSDs in
calendar days from 6 weeks after the first day on sick leave
until the first day of returning fully to the worker’s own work
or other work for a period of 24 weeks throughout the 1-year
follow-up period (T1)

6 weeks 1 year
| .
Day 1 sick 6 weeks sick leave (T0) Number of days ~ End of
leave due to \york Ability Assessment: until SRTW follow-up

MSDs

« Single item Work Ability Index
ErgoKit FCE 3 dynamic lifting ests. A

=

s
Coronel Instituut
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Data: FCE, Work Ability & sRTW

At 6 weeks sick leave Mean SD Min Max
Work Ability Index (0-10) 4.8 2.8 0 10
Upper Lifting Strength Test (kg) 22 9 5 50
Lower Lifting Strength Test (kg) 33 13 0 75
Carrying Lifting Strength Test (kg) 36 13 10 | 75
Days until sSRTW 150 104 | 42 | 365

)
” //( .
(@ Cor’onel Insmuﬂ

Self report (+ FCE) = sRTW?

Days until sSRTW

Single-item Work Ability Index? ?

Single-item Work Ability Index + FCE? ?

r > .60 = Good, .30 <r <.60 = Moderate, r < .30 = Poor

Z e
(__Corgnel Instituut
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Self report (+ FCE) = sRTW?

Days until sSRTW

Single-item Work Ability Index? r=0.31, p=0.009

Single-item Work Ability Index + FCE? ?

r > .60 = Good, .30 <r <.60 = Moderate, r < .30 = Poor

)
//( .
= fl (4 Cor’one/ Insmuﬂ

Self report + FCE = sRTW?

Days until sSRTW

Single-item Work Ability Index? r=0.31, p=0.009

Single-item Work Ability Index + FCE? r=0.44, p=0.001

The single-item Work Ability Index question is a moderate
predictor for sSRTW, with explained variance of 9% (‘adjusted r?).

Adding one dynamic lifting test (floor-hip) increases the explained
variance from 9% to 16% for sSRTW...

0

)
(__Coronel Instituut




16%: Not bad & room for improvement
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Short communication

Scand J Work Environ Health. 2012,38(6).600-603. doi:10.527 1/sjweh.3302

Prognostic value of self-reported work ability and performance-based lifting
tests for sustainable return to work among construction workers

by P Paul FM Kuijer, PhD,? Vincent Gouttebarge, PhD," Haije Wind, MD, PhD,? Cor van Duivenbooden,
MD,? Judith K Sluiter, PhD," Monique HW Frings-Dresen PhD

Freely available:
http://www.sjweh.fi/show abstract.php?abstract id=3302

Or email me at: p.p.kuijer@amc.nl

I
(__Coronel Instituut
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Deutsche
Sporthochschule Kéln
German Sport University Cologne

The predictive validity of a workplace-specific and strain-related
short-form Functional Capacity Evaluation in patients with
musculoskeletal disorders

David Biihne

Deutsche

BGCkground Sporthochschule Koln

German Sport University Cologne

Einschatzung korperlicher Leistungs-
fahigkeiten bei arbeitsbezogenen

Aktivitaten

(Work-related Physical 2

Functional Capacity Evaluation) ™
24 subtests and 4 dimensions
o posture e.g. standing, sitting, bent posture
o locomotion e.g. walking, climbing, crawling
o movement of body parts e.g. squatting, reaching, handgrip strength
o complex categories e.g. lifting, carrying, pushing

D. Biihne — The predictive validity of ELA
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Method

Background & Objective Sporthochschule Koln

German Sport University Cologne

ELA
o in Germany widely used within the work-related medical
rehabilitation
o selection of tests is based on the workplace-related strain
o predictive validity has not been proven so far

Objective
(1) evaluation of the ability of a short-form FCE to predict sustainable
return to work (RTW)
(2) evaluation of the gain of information towards patient self-reports

@ D. Biihne — The predictive validity of ELA

Deutsche

Design multicentric prospective cohort study
(with four outpatient rehabilitation clinics in Cologne,
Freiburg, Neuss & Viersen)

Participants patients (N=198) with musculoskeletal disorders
Data collection between September 2013 and January 2016

FCE-Indicator overall FCE-rating (ability to cope with the physical
work demands (positive vs. negative))

Outcome: RTW: combination of employment at 3-month
follow-up  with less than 1.5 weeks of sick
leave because of musculoskeletal disorders within

the follow-up period

D. Biihne — The predictive validity of ELA

Sporthochschule Koln

German Sport University Cologne
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Results

Deutsche
Sporthochschule Koln

German Sport University Cologne

Patient Characteristics (N=198) % Mean £ SD
Age (years) 47.7 £10.0
Gender (men) 66.2
Sick-listed at admission 80.3
Employment status at admission (employed) 82.3
Initial diagnosis (ICD-10-code M40-54) 52.0
Time of sick-leave 1 year pre-admission (>100 days) 434
Patients’ prognosis of expected work disability (heavily limited) 25.3
Expected duration till RTW (<1 month) 62.6
Work demands (equally physical and non-physical demanding) 64.1
FCE-tests (per patient (admission & discharge)) 3.5+1.0
FCE-result at admission (>”moderate” physical work ability) 61.6
FCE-result at discharge (>”moderate” physical work ability) 79.8
RTW (employed & low level of sick-leave) 59.1

@ D. Biihne — The predictive validity of ELA

Results

Deutsche
Sporthochschule Koln

German Sport University Cologne

1) predictive validity of FCE-information at discharge

R2yagelkerke »:ch)(é- CCR Od((:;rl':;tio Sensitivity | Specifity
Reference model* 0.285 0.777 | 70.7% 82.9% 53.1%
Eg‘;i.evgfj';?gi';ve) 0256 | 0.684 | 73.2% (5‘313’ '; so)| 929% | 431%
Crude + baseline 0.270 0.716 | 73.2% (5'11_3'3?3'2) 94.9% 42.0%
Adjusted* 0.425 0.825 78.8% (4.019'289.5) 90.6% 61.7%

*Based on/adjusted for: age, gender, family status, vocational qualification, sick-listed at
admission, sick leave 1 year preadmission, work demands, initial diagnosis & baseline

RTW=0, NRTW=1

D. Biihne — The predictive validity of ELA

m
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Results

Sociodemographic data

Deutsche
Sporthochschule Koln
German Sport University Cologne

2) gain of information at admission

o employment status
o vocational qualification

o gender & age
o family status

Health-related data

-

o sick-listed at admission

.

/

o initial diagnosis )
o sick leave 1 year preadmission
o general health (SF-12 item)

o depression (PHQ-2)

o pain y,

Work-related data

(o work demands

o expected duration till RTW

o patients’ prognosis of expected
\_ work disability

Z

o wish for retirement )

o physical work ability (WAI-Item)
o job satisfaction

J

Results

Sociodemographic data

(o employment status

o vocational qualification
.

Health-related data

o expected duration till RTW
o patients’ prognosis of expected
\_work disability

4 N\
o sick-listed at admission

\ J
Work-related data

(o work demands )

J

@ D. Biihne — The predictive validity of ELA @

Deutsche
Sporthochschule Koln
German Sport University Cologne

2) gain of information at admission

/) ( )

Reference model

explained variance:
44,5%

correctly classified:
77,8%

- AUC:

\_ o8z /
+ SEE A

= improvement of
= the model?

@ D. Bithne — The predictive validity of ELA @
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Results

2) gain of information at admission

Deutsche
Sporthochschule Koln

German Sport University Cologne

AUC- Odds ratio L -
Ry agelkerke ROC CCR (FCE) Sensitivity | Specifity
Reference model* 0.445 0.857 77.8 88.0 63.0
Crude (FCE-result 3.8
positive vs. negative) 0.128 0.656 67.2 (2.1-7.0) 74.4 56.8
Crude + baseline 0.144 0.681 67.7 3.7 82.1 46.9
: : : (2.0-6.7) : :

Reference model + 2.2
FCE-result 0.465 0.864 79.8 (1.1-4.8) 88.0 67.9

RTW=0, NRTW=1

* Employment status, vocational qualification, sick-listed at admission, work demands,
expected duration till RTW, patients' prognosis of expected work disability

@

Limitations

Conclusions

D. Bithne — The predictive validity of ELA

Limitations/Conclusions

questionable

adjusted FCE-information

o validity of test-selection questionable

D. Biihne — The predictive validity of ELA

Deutsche
Sporthochschule Koln

German Sport University Cologne

o influence of contextual factors (e.g. employment rate)

o the study confirms the predictive validity of crude and

o the gain of information towards patient self-reports is

—~
@

o validity of physical work-demands-assessment questionable

28-09-16



Deutsche
Sporthochschule Koln
German Sport University Cologne

Thank you for your attention

Institut far Qualitatssicherung
in Pravention und Rehabilitation GmbH |
an der Deutschen Sporthochschule Kaln

David Biihne — buehne@igpr.de
Dr. Torsten Alles — alles@iqpr.de
0221-277599-0

D. Bithne — The predictive validity of ELA \@
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Upper Limb

Isokinetic Strength Assessment

Applicability in Work Injury Patients

Dr. Joaquim Chaler, MD, PhD | Barcelona | guim.chaler@gmail.com

Egarsat | Sociedad Espaiiola de Rehabilitacion y Medicina Fisica | EUSES-Universitat de Girona

Isokinetic dynamometry

» Dynamic muscle strength test.
* Good reliability.

» Feasible.

+ Valid.

 Sincerity of effort parameters are
defined.

+ Strength test “gold standard”.
(Jarvela, Kannus, Latvala, & Jarvinen, 2002;
Stark, Walker, Phillips, Fejer, & Beck, 2011)




Causes that can affect reliability

The dynamometer (calibration)

The procedure (poor patient fixation and
positioning ...)

The protocol (diferent rest times ...)

The tester (differences in interaction with patient ...)
Data process (Curve smoothing ...)

The patient (motivation, colaboration)

(Dvir, 1995)

Measurement veracity

* Measurement results validity rely on a maximal effort

* Sincerity of effort is thus an important issue.

* The Coefficient of variation (CV) and generally parameters based on
variability are not valid to assess sincerity of effort. (Fishbain et al, 1999
and Dvir, 2004)

* The DEC (difference between high and low velocity eccentric / concentric
ratios) has been shown to be an efficient parameter to assess sincerity of
effort:

DEC = (Ecc/Con) high velocity ~ (Ecc/Con) o velocity (Professor Z. Dvir)

&

* It measures the discrepancies between eccentric and concentric
measurements. They may be due to a separated motor control (Enoka,
1996)




General Methods

* Healthy volunteer sample

* Maximal and submaximal isokinetic effort
performance at high and low velocities
(normally 1:4) in concentric and eccentric
modalities.

* From PT registers calculation of:
— Ecc/Conc ratio at high and low velocities

— DEC= (ECC/COH) high velocity ~ (ECC/COI‘\) low velocity
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Identification of feigned maximal shoulder external
rotation effort
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Peak Torque [Nm]
60

Healthy male
volunteers.

120%s ecc 30%s ecc 30%s conc 120%s conc

Velocity
Maximal effort Tolerance Submaximal effort
Mean Confidence or cut-off Mean
DEC SD level level DEC SD
0,311 0,175 2,925* 1,945

95% >0.810

*p<0.001
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Curvas del lado derecho
Isocinético Con/Con

Curvas del lado izquierdo
Rotadores Internos (Con)

Rotadores Externos (Con)

Velocidad 120/120 grad/seg. Repeticiones 1  ValorCoef Var  %BW ValorCoef Var  %BW Ratio
PARAMETROS DE TORQUE
torque maximo (Newton-Metros - Mejor repeticion) - Zoom
Derecha 0,00 42 5 0,00 6 14
lzquierda 52 0,00 57 22 0,00 24 42
Déficit 24 75
Rotadores Intemos (Exc) Rotadores Extemos (Exc)
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Argulo (ormics) Argue iormcs)
Curvas del lado derecho Curvas del lado izquierdo
Isocinético Exc/Exc Rotadores Internos (Exc) Rotadores Externos (Exc)
Velocidad 120/120 grad'seg. Repeticiones 1  ValorCoef Var  %BW ValorCoef Var  %BW Ratio
PARAMETROS DE TORQUE
torque maximo (Newton-Metros - Mejor repeticion) - Zoom
Derecha 58 0,00 63 22 0,00 24 37
Izquierda 60 0,00 66 19 0,00 21 32
Déficit 2 -13




Rotadores Extemos (Con) Rotadores Extemos (Exc)
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Arquio (Cres) Argu (rmscs)
on) Rotadores Externos (Con) c) Rotadores Externos (Exc)
oefVar  %BW ValorCoef Var  %BW F efVar  %BW ValorCoef Var  %BW R:
som m
42 5 0,00 6 63 22 0,00 24
57 22 0,00 24 66 19 0,00 21
75 -13

Concentric test Eccentric test
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Table 1. Baseline demographics diagnosis and work related outcomes. Comparison between
genders. Note that, as expected, the only significant difference among groups is found in weight (*).
Diagnesis proportion differences were not sigificant between genders.

Female Male

No. of worker compensation patients mcluded: 33 41
Mean age (y1=5D): 48 4806 47.78+10.84
Mean weight (Kg=5D): 67.97=10.74 80.34=11.67*
Mean process duration (days+5D) 271.24=168.99 306.49=242 54
Diagnosis:

Impingement/Totator cuff tendinosis 12 15

Arthroscopic surgery 10 4

Fotator cuff surgical reconstruction 7 8

Instability 1 7

Other 3 7
Outcomes (work related)

Complete healing 0 1

Impairment. no disability 3 4

Impairment, partial disability 1 2

Impairment, total disability 7 13

New proposal: Normative
DEC is uninvolved side’s

M H
DEC > DEC uninvolved + 2SD 7 10
DEC within DEC uninvolved+ 2SD 18 25
DEC < DEC uninvolved - 2SD 13 6

-0,83 - 2,25
-0,6 - 1,6




Clinical usefulness or
validity

30°/5 cone 30%s ecc 120°/5 cone 120%/s ece

Diagnostic groups:
Impingementvotator cuff tendiosis m=9) 26.60+3835 16432141 30.12+3338 1351+2497

Surgically treated patients (decompression

and Rotator cuff reconsiruction (n=7) 4798 =37.34 31.60=23.32 41.16 £20.61 27390+£23.52
Outcomes (work related):
Complete healing (n=15) 19223477 088+1824 1962 +3199 806+ 2089
58.86=17.65* 3838=21.31* 35089=1582* 3252=19.75*

Impairment (any degree) (n=10)

Conc: concentric contraction
Ece: eccentric contraction
* impaired shoulder patient deficits significantly higher than “complete healing”™ patient ones

» Surgical patients showed a higher ER deficit
(although not significant)

» Pacients with any degree of permanent impairment
and work disability showed a significantly higher
shoulder ER deficit in all measurements.

Long and Short RoM shoulder external
rotator DEC Cutoff levels

Long ROM (60°) DEC values = SD Short ROM (20%) DEC values = 5D

Maximal effort Feigned Effort Maximal effort Feigned Effort
0215+£0.126 0556 £0.59T 0.014=0.154 0216 £0.292°
Confidence
Cutoff level Cutoff
<0.552 90% =0.426
| <0.580 052, =(0.461 |
=0.646 99% =0.540

ROM: Range of motion
*long ROM feizned effort DEC is significantly higher than its maximal effort counterpart p = 0.049

®short ROM feigned effort DEC is significantly higher than its maximal effort counterpart p = 0.028




DEC Wrist dorsal flexors

Maximal (max), Submaximal (submax) and cutoff level.
(male healthy volunteers; 28,5+2,1y)

Wrist extensors

DEC max DEC submax
0.01(0.136) 0.44(0.41)*
Confidence level (%) Cut-off DEC
90 >0.303
95 >(0.384
99 >0.576
DEC: difference eccentric-concentric

DEC Wrist palmar flexors

Maximal (max), submaximal(submax) and cutoff level.
(male healthy volunteers; 28,5+2,1 y)

wrist flexors

DEC max DEC submax
-0.013(0,120) 0,20(0,32)*
Confidencelevel (%) Cut-off DEC
90 >0,245
95 >0,317
99 >0,486
DEC: difference eccentric-concentric




T T T
o 02 04 05 08 10
1 - Specificity

DORSAL FLEXOR.

Area below the curve: 0.866 (95%Cl 0.744-0.988)
Cutoff level: 0.14 <<<< 0,384

Sensitivity: 80%; Specificity: 85%

Wrist dorsal and palmar flexor DEC

ROC curve analysis derived cutoff level

g 051
3
) 02 04 06 o8 0
1 - Specificity
PALMAR FLEXOR

Area below the curve: 0.691 (95%Cl 0.520-0.862)
Cutoff level: 0.015 <<<<<< 0,317
sensitivity: 65%; Specificity: 65%

Wrist dorsal and palmar flexor DEC cutoff level

04
SUBMAXIMAL EFFORT
0,35 - SUBMAXIMAL EFFORT
0.3 -
0,25 -
MAXIMAL EFFORT
0.2 - A N VEP
A Spec ¥ Sens
0,15 - MEDICOLEGAL USE
,
0,1 -
0,05 -
0 .
Flexores dorsales Flexores palmares
Maximal Sens and Sp
Sens: Sensitivity; Spec: specificity; FN: false negative; FP: false positive CLINICAL USE
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Demographyc and Clinical Data

Women Men
N 22 44
Age (average * SD) 48,5+7,75 44,9+ 8,16
Time of evolution (d) (average + DE) 270 + 205,002 262 * 193,04
Diagnsosis (n/%)
Lateral Epicondylitis 11/50% 14/31,8%
Medial Epicondylitis 2/9% 3/6,8%
Operated Epicondylitis 8/36% 15/34%
Other 1/4% 12/27%
Compensation(%):
No compensation 62,5% 62,5%
Compensation 37,5% 37,5%
Relapse (%) 6,25% 40%

* DEC

* Strength deficits.
* Palmar flexor/Dorsal flexor ratios
* Permanent impairment.

* Relapse during the first year

First result: new uninvolved side based normative DEC

Normative
DEC Women Men
Dorsal flexors 0,086 + 0,296 0.146 £ 0,215
Range: (-0,506) — 0,678 || Range: (-0,284) - 0,576
Palmar flexors 0,285 + 1,09 -0,053 + 0,467
Range: (-1,89) — 2,46 | Range: (-0,881)— 0,987




DEC cutoff levels: wrist dorsal and palmar flexors (Men)

1,5 7

)
e,
")

MAY BE MAXIMAL
Recomendado repetir!!

0,5

Q

MAY BE MAXIMAL
Recomendado repetir!!

Dorsal flexors Palmar flexors _

Palmar flexor and dorsal flexor Deficits (RATIO)

Comparison of patients with and without compensation. Men (n=29)

DFofiﬁéii%%

n.s in all cases N —|— ?i _l_ o
PF =7 é L -

I N A N A R

Vel. - Mod Cont. 102/s - con 102/s ecc 402/s con 402/s ecc

No significant difference regarding deficits in any case

Vel.: Velocity; Mod. Cont.: Contraction mode ; con: concentric; ecc: eccentric: n.s.: non significant
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Palmar flexor and dorsal flexor Deficits (RATIO)

Comparison of patients with and without relapse. Men (n=29)

LR T

0 T ? _T7
e & :
BN N R R

Vel. - Mod Cont. 102/s - con 102/s ecc 402/s con 402/s ecc

Patients suffering relapse showed significantly lower deficits than those without relapse

Vel.: Velocity; Mod. Cont.: Contraction mode ; con: concentric; ecc: eccentric: n.s.: non significant

Palmar flexor/dorsal flexor ratios

compensation-non compesation comparison. Men (n=29)

Involved ié?éi;i%

Uninvolved

i;iééééé

e 1w Ll e Lol e e e

Vel. - Mod Cont. 102/s - con 102/s ecc 402/s ecc 402/s ecc

Men receiving compensation show significantly lower PF/DF ratios in all uninvolved side
mesurments and 102/s conc measurement at involved side

Vel.: Velocity; Mod. Cont.: Contraction mode ; con: concentric; ecc: eccentric: n.s.: non significant
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Palmar flexor/dorsal flexor ratios

relapse-non relapse comparison. Men (n=29)

Involved ;éé$|éi§| :

ot ]
Uninvolved ? : ; . ii@ -

e T T

Vel. - Mod Cont. 102/s - con 102/s ecc 402/s con 402/s ecc

All patients with relapse showed significantly higher PF/DF than those without relapse. It was found in
all measurements and in both sides: involved and uninvolved.
Vel.: Velocity; Mod. Cont.: Contraction mode ; con: concentric; ecc: eccentric: n.s.: non significant

PF/DF ration ROC curve analysis

Relapse prediction

* o
Q -
. i |
; o b
o
0,99+0,06 1,74+0,31
No relapse Relapse ‘E
2o
£3 |
402/s con 5 5]
(7]
*n
'p=0,0063 2|
PF/DF ratio (402/s con) °
>1,121 3
Relapse predictor 31 . . ; ;
ape . 0.00 0.25 0.50 0.75 1.00
Sensitivity: 81.82% 1 - Specificity
Speciﬁcity: 80% Area under ROC curve = 0.8424

PF: palmar flexors; DF: Dorsal flexors; con: concentric




Conclusions

* The DEC parameter may be useful in detecting
submaximal shoulder external rotator, wrist

extensor and wrist flexor efforts.

Shoulder external rotator strength deficits are

related to permanent impairment/

compensation shoulder injury patients.

High wrist PF/DF strength ratios may be

predictors of epycondilitis relapse.
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PROPOSED INCLUSION
OF WORK
PHYSIOLOGY IN FCE

HEART RATE RESERVE METHOD

Guided Discussion by
Theodore J. Becker PT, PhD
Whitney L. Ogle PT, DPT

Background

+ A Functional Capacity Evaluation (FCE) should predict full
time work tolerance

- There are no universally accepted standards, methods, or
procedures for predicting work time tolerance

- Commercial FCE protocols do not include scientific
formulas for projection to an eight hour day (king, 1998)
- Use of 85% heart rate max (HR,,,,) as cut off during FCE

- While some FCE reports mention heart rate responses
during testing, we have found that FCE conclusions were
not based on objective physiological responses during
testing (Becker, 2015)
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Background & Purpose

+ Analysis of heart rate response to activity is not a
standard method in the determination of full time work
tolerance in FCE protocols at this time

- The purpose of this guided discussion is to spark a
conversation about the use of heart rate data in
determining full time work tolerance during FCE testing

Historical Perspectives

- Heart rate response can be used to determine if work can
be maintained throughout working time (Bonjer, 1962)

- Heart rate has been established as the preferred
determinant of full time work tolerance as is a well
established indicator of work physiology response (Garg &
Hagglund, 1983)

- There are formulas to predict full time work that are

completely independent of exercise fitness testing (Davies,
1966)
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Heart Rate & FCE Testing

- A work physiology test is designed to impose strain upon
the individual that is correlated with the demands of their
work environment and the worker’s ability

- Because typical day-to-day work is not performed at maximum
aerobic capacity, there is no need to determine VO,,,, for FCE

- Measuring the physiological response to required work
tasks can assess the heaviness of a task and the
sustainable capacity for the task completion

- Heart rate is one of the best indexes for this assessment because

of the linear relationship between heart rate and stress of task
(Davies 1966, Booyens 1960)

- Heart rate is also less invasive to test than VO,

Physiological Strain and Work Duration

» Astrand (1960) reported that the upper limit of work tolerance for an eight
hour work day is 50% of physical work capacity
+ Since industrial work may involve both high and low intensities
throughout the day, the upper limit of work tolerance should be less than
50% of physical work capacity (Jiang, 1984; Kaudawitz 1998)

Workload Percent Work Work Duration Heart Rate (bpm)

Moderate <33% 8 hrs 90-110
Heavy 34-50% 1-8 hrs 111-130
Very Heavy 51-75% 20 min — 1 hour 131-150
Extremely Heavy >75% <20 min >150

From Jiang (1984)
See also: Astrand (1960), Kodak (1986), AIHA (1971), Kroemer (2001), Williams (1964), Wilson (1995)
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Heart Rate Reserve (HRR) Equations

*HRR=HR_ ., - HR .
« Ave HRy, = [(HR 5 - HR o) X %Max for job] + HR
* %Max for job = (HR,,, - HR...)) x 100

(HR - HRrest)

max

« Predicted HR ., = 208 — 0.7(age) (Tanaka, 2001)
« HR . : @accounts for variability of physical fitness
 %Max for job: average 33% for 8 hour work day

- This HRR equation accounts for variability of physical
fitness of subjects by including resting HR rather than
simply a % Predicted HR, .,

[
HRR Utility

- Have worker perform an individualized circuit matching
the job demands and measure HR every 5 minutes

- The circuit should be longer than 5 minutes to ensure

steady state heart rate
- If the circuit HR is at or below the expected work heart rate, the
worker meets the cardiorespiratory requirement of the job.

- If the circuit HR is above the expected work heart rate or closer to
max capacity, the shorter the length of time an individual can work




Implementation Example 1

- 34 year old plumber with a low back injury
+ Predicted HR,,,= 208 - .7(34) = 184 bpm

- Stand/walk/material handling time = 7 hours
* HR st = 57 bpm
- Circuit heart rate range = 90-92 bpm

+HRR =184 - 57 =127 bpm
« Ave HR for job =127 x 0.33 + 57 = 99 bpm

- Since subject’s HR during circuit was less than the
required average HR for work, he meets the needs of
work demands

Implementation Example 2

- 59 y.o. production assembler with right shoulder injury
« Age predicted HR,,, = 208 — 0.7(59) = 167 bpm

- Stand/walk/material handling time = 6 hours/day

*HR st = 79 bpm

- Circuit heart rate range = 128-132 bpm

+HRR =167 — 79 = 88 bpm
- Ave HR for job =88 x 0.33 + 79 =108 bpm

- The worker does not meet the cardiorespiratory
requirements of the job since the circuit HR was above
the expected work heart rate.

28-09-16
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Conclusion

« FCE’s should predict full time work tolerance
- Average expenditure for 8 hour work day is 33%
- Heart rate response to activity during FCE’s is not
standard practice
- BUT it is informative in making conclusions about work tolerance
- The HRR method takes resting heart rate into account
(rather than simple %HR,,,,) so FCE conclusions are
more reflective of the individual

Proposal of Research to Implement HRR

+ What questions do you still have?

- What are your ideas for a study design to test the
predictive ability of HRR?
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