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Abstract

Background: The routine implementation of sternal precautions to prevent sternal complications that restrict
the use of the upper limbs is currently worldwide practice following a median sternotomy. However, evidence is
limited and drawn primarily from cadaver studies and orthopaedic research. Sternal precautions may delay recovery,
prolong hospital discharge and be overly restrictive. Recent research has shown that upper limb exercise reduces
post-operative sternal pain and results in minimal micromotion between the sternal edges as measured by ultrasound.
The aims of this study are to evaluate the effects of modified sternal precautions on physical function, pain, recovery
and health-related quality of life after cardiac surgery.

Methods/design: This study is a phase II, double-blind, randomised controlled trial with concealed allocation, blinding
of patients and assessors, and intention-to-treat analysis. Patients (n = 72) will be recruited following cardiac surgery via
a median sternotomy. Sample size calculations were based on the minimal important difference (two points) for the
primary outcome: Short Physical Performance Battery. Thirty-six participants are required per group to counter dropout
(20%). All participants will be randomised to receive either standard or modified sternal precautions. The intervention
group will receive guidelines encouraging the safe use of the upper limbs. Secondary outcomes are upper limb
function, pain, kinesiophobia and health-related quality of life. Descriptive statistics will be used to summarise
data. The primary hypothesis will be examined by repeated-measures analysis of variance to evaluate the changes
from baseline to 4 weeks post-operatively in the intervention arm compared with the usual-care arm. In all tests
to be conducted, a p value <0.05 (two-tailed) will be considered statistically significant, and confidence intervals
will be reported.
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Discussion: The Sternal Management Accelerated Recovery Trial (S.M.A.R.T.) is a two-centre randomised controlled trial
powered and designed to investigate whether the effects of modifying sternal precautions to include the safe
use of the upper limbs and trunk impact patients’ physical function and recovery following cardiac surgery via
median sternotomy.

Trial registration: Australian and New Zealand Clinical Trials Registry identifier: ACTRN12615000968572.
Registered on 16 September 2015 (prospectively registered).

Keywords: Randomised controlled trial, Cardiac Surgery, Median Sternotomy, Sternal Precautions, Physiotherapy

Background
Cardiac surgery via a median sternotomy has been per-
formed in over 1 million cases worldwide [1, 2] because
it provides the best clinical outcome for patients with
multiple-vessel disease and co-morbidities [3–7]. Despite
these advantages, the incidence of sternal complications
has remained relatively unchanged for the last 2 decades
and is reported to be between 0.4% and 8% worldwide
[8–11]. Sternal complications include dehiscence, wound
infection, sternal instability/non-union and mediastinitis
[11]. These complications are associated with significant
morbidity and prolonged hospital length of stay, and
they contribute to increased health care costs [8, 11, 12].
To prevent sternal complications, the routine imple-

mentation of sternal precautions that place restrictions
on the use of the upper limbs and trunk commences im-
mediately post-operatively. These precautions are used
worldwide, although they are applied for variable periods
of time (4 weeks to 3 months) post-operatively [8, 13, 14].
The evidence to support sternal precautions is limited to
cadaver and replica bone model studies [15, 16]. In a
foundational study, McGregor et al. found that a force of
220 ± 40 N was required to attain 2-mm distraction
between sternal edges in the lateral direction, 263 ± 74 N
in the anteroposterior direction and 325 ± 30 N in the ros-
trocaudal direction [16]. This prompted a recommenda-
tion to discourage the bilateral use of the upper limbs
because this was thought to increase the distractive forces
at the sternal edges [16]. From the outset, health care
professionals, including surgeons, nurses and physiothera-
pists, routinely reinforce sternal precautions in their clin-
ical practice. However, a recent study demonstrated that
upper limb and trunk tasks cause only minimal micro-
motion of the sternal edges (<2 mm) as measured by
real-time ultrasound, and this was the case for all
tasks, including bilateral and unilateral arm elevation
[17]. On the basis of these findings, restricting the use
of the upper limbs and trunk in an attempt to prevent
excessive sternal motion may be overly cautious. Ster-
nal precautions in the form of physical restrictions
may delay recovery, prolong return to function and
delay hospital discharge, and as such may be overly re-
strictive [8, 18, 19].

Upper limb and trunk exercises are encouraged as
part of post-operative care to promote recovery and re-
turn of function [8, 13, 14, 18]. Sturgess et al. found
that exercises of the trunk and upper limb significantly
reduced sternal pain during the first 6 weeks post-
operatively [20]. The prescription of such exercises
alongside sternal precautions poses a clinical dilemma
because they contradict each other [8, 13, 44]. Further,
physical activity and upper limb exercises may be
imperative for healing and remodelling of bone, which
responds to loading [8, 21].

Trial objective and hypothesis
The primary aim of this study is to evaluate the effect-
iveness of a program of modified sternal precautions on
physical function compared with standard care sternal
precautions following cardiac surgery via a median ster-
notomy at 4 weeks post-operatively. We hypothesise that
those receiving the modified sternal precautions will have
improved physical function at 4 weeks post-operatively
compared with participants receiving standard care pre-
cautions. The secondary aims are (1) to evaluate the ef-
fectiveness of modified sternal precautions compared with
standard care on sternal pain and discomfort, kinesiopho-
bia and health-related quality of life (HRQoL) at 4 weeks
and 3 months post-operatively, as well as on physical
function at 3 months post-operatively; (2) to measure
participants’ adherence to sternal precautions; and (3) to
explore whether demographic factors, co-morbidities and/
or pre, peri- and post-operative risk factors are associated
with the development of post-sternotomy complications.
This will be an exploratory analysis which may identify
trends of predictors reported in the literature [11].

Methods/design
The methods are reported in accordance with the
Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) guidelines for clinical trials
[22] (see Additional file 1, Table 1) and the Template for
Intervention Description and Replication (TIDieR)
reporting of interventions [23] (see Additional file 2).
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Trial design
The Sternal Management Accelerated Recovery Trial
(S.M.A.R.T.) is a phase II, prospective, parallel-group,
concealed-allocation, randomised (1:1), controlled, pa-
tient- and assessor-blinded clinical trial powered for su-
periority and being conducted at two tertiary hospitals.
Participants will be randomised to participate in the trial
if they meet the eligibility criteria, give informed consent
and have completed baseline measurement testing

performed by a blinded assessor in an outpatient setting.
Participants will be informed that they will be rando-
mised to receive either standard or modified sternal pre-
cautions before hospital discharge and will be allocated
to one of two groups: (1) the control group (standard
care) or (2) the intervention group (modified sternal pre-
cautions). In addition, participants are asked to provide
a global rating of change in physical function using a
numeric scale (Global Rating of Change Scales [GRC]).

Table 1 Additional file World Health Organisation trial registration data set for S.M.A.R.T.

Data category Information

Primary registry and trial identifying number Australian New Zealand Clinical Trials Registry number: ACTRN12615000968572

Date of registration in primary registry 16 September 2015

Secondary identifying numbers N/A

Trial protocol version This is the version 3 of the protocol and was enacted November 2015

Source(s) of monetary or material support Nil

Primary sponsor Nil

Secondary sponsor Nil

Contact for public queries Professor Alistair Royse

Contact for scientific queries Dr Catherine Granger

Public title Sternal Management Accelerated Recovery Trial (S.M.A.R.T.):
The efficacy of modified sternal precautions on improving physical
function in patients following cardiac surgery via a midline sternal incision.

Scientific title A randomised controlled trial of the efficacy of modified sternal
precautions versus standard care on improving physical function
following cardiac surgery via a median sternotomy

Countries of recruitment Australia

Health condition(s) or problem(s) studied Cardiac surgery via a median sternotomy

Intervention(s) Active comparator:
Placebo comparator:

Key inclusion and exclusion criteria Ages eligible for study: ≥18 years
Sexes eligible for study: both
Accepts health volunteers: No
Inclusion criteria: all adults underwent elective cardia surgery involving
a median sternotomy
Exclusion criteria:
1. Unable to understand verbal instructions in
English.
2. Residing outside Melbourne metropolitan area (i.e., 52-km radius).

Study type Type: Investigator initiated, interventional, non-pharmacological,
pragmatic, study
Allocation: concealed randomisation
Intervention model: parallel assignment
Masking: patient and assessor blinded
Primary purpose: prevention

Date of first enrolment 16 September 2015

Target sample size 72

Recruitment status Completed recruitment on 16 November 2016

Primary outcome(s) Short Physical Performance Battery (SPPB)

Key secondary outcomes 2. Patient-identified cardiac pain using numeric and visual prompts,
Short Form McGill Pain Questionnaire 2 (SF-MPQ-2), Functional
Difficulties Questionnaire (FDQ), grip strength, Tampa Scale of
Kinesiophobia shortened version (TSK-11), Medical Outcomes Study
36-item Short Form Health Survey (SF-36v2), Global Rating of Change Scales

S.M.A.R.T. Sternal Management Accelerated Recovery Trial
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Trial setting
The trial will be carried out at two tertiary hospitals: Royal
Melbourne Hospital (RMH), and Melbourne Private Hos-
pital (MPH), both located in the state of Victoria, Australia.
RMH is a government-funded, university-affiliated teaching
hospital, and MPH is a private hospital located adjacent to
RMH. This study is being conducted at two major metro-
politan hospitals (one private and one public), and the find-
ings can be generalised to both private and public health
care settings. Most participants recruited will be geographi-
cally located in the same precinct, with the same surgical
staff seeing the same population catchment area and the
only difference being the source of funding and reimburse-
ment for surgery.
Ethics approval for the study was obtained from the

Melbourne Health Human Research Ethics Committee
in May 2015 (protocol reference 2015.035). The trial is
being conducted in accordance with the Declaration of
Helsinki and was registered on 16 September 2015 with
the Australian and New Zealand Clinical Trials Registry
(ACTRN12615000968572).

Eligibility criteria
Eligible participants following cardiac surgery via median
sternotomy at the participating centres will be invited to
participate in the study. They will be identified through
their admission to the cardiothoracic ward of both the
public and private hospitals.

Inclusion/exclusion criteria
Participants are eligible for the trial if they meet the fol-
lowing criteria:

� Adults undergoing isolated valve, coronary artery
bypass graft (CABG) surgery or a combination of both

� Able to provide informed consent
� Aged 18 years and older

Participants are ineligible for the trial if they meet any
of the following criteria:

� Insufficient English-language comprehension
� Reside outside the Melbourne metropolitan area

(i.e., 52-km radius)

Recruitment feasibility
We aimed to recruit 72 participants from among a pool
of those admitted for surgery at each centre. Annually,
approximately 650 sternotomy procedures are performed
at RMH and 450 sternotomy procedures are performed at
MPH. Therefore, recruitment of 72 participants is esti-
mated to take 12 months with an average recruitment of 6
participants per week.

Randomisation and allocation
Randomisation will be conducted by an independent
person off-site using a computer-generated random 72
sequence numbering system (from 1 to 72) and a 1:1 al-
location ratio. Concealment is via sealed, numbered,
double-layered, opaque envelopes. Allocation occurs
after baseline testing by opening of the next study enve-
lope by a member of the staff of the university depart-
ment of physiotherapy who is not involved in the study.
The staff member then informs the treating physiother-
apist of group allocation. The envelopes will be stored
locked in a cabinet, and security measures are in place
to prevent unblinding. To avoid allocation bias, Steps
will be taken to limit authorised personnel (n = 2) with
access/permission to open the study envelopes.

Trial intervention
The implementation of the sternal precautions is per-
formed by the same ward physiotherapist according to
allocation for both groups. There will be a different
physiotherapist for each participating hospital providing
the intervention for both groups. Both physiotherapists
are senior clinicians with over 5 years of clinical experi-
ence in cardiac surgery. Training will be provided by one
independent physiotherapist to ensure consistency in each
institution. Standard care is consistent across centres.

Control group (standard care)
Whilst ‘standard care’ is not consistent in the literature
cited previously [8, 13, 14, 24, 25], centres worldwide
limit the use of the upper limbs for a minimum of
6 weeks [8, 13, 14, 24, 25]. The protocol we will apply is
consistent across both institutions in this study. Therefore,
consenting participants in the standard care group will re-
ceive the education and restrictive sternal precautions for
the duration of 6 weeks. The sternal precautions will be de-
livered in both verbal and written formats by the treating
physiotherapists as single individualised sessions for
15 minutes on the ward prior to discharge from the hos-
pital. Patients will be instructed to adhere to the sternal pre-
cautions for the first 4–6 weeks post-operatively (Fig. 1a).
The participants will be specifically instructed to do

the following:

1. Avoid pushing or pulling through the arms
2. Avoid one-arm (unilateral) activity
3. Limit the elevation of the arms to 90 degrees
4. Avoid lifting objects heavier than 2 kg
5. Use a cushion or perform sternal preservation

technique (crossing the arms in a ‘self-hugging’
posture) when coughing

6. Limit the use of the arms when transferring from
sitting to standing and getting out of bed

7. Avoid placing the arms behind the back
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Participants will be advised not to continue tasks and/or
exercises that are painful, to rest as required and to focus
on a gradual return to their pre-surgery level of function.

Intervention group
The modified sternal precautions will be delivered in
both verbal and written formats by the treating physio-
therapists as single individualised sessions for 15 minutes
on the ward prior to discharge from the hospital.
Patients will be instructed to adhere to the sternal precau-
tions for the first 4–6 weeks post-operatively (Fig. 1b).
Participants in the intervention group will be specific-

ally encouraged to do the following:

1. Use pain and discomfort to guide the safe use of
the arms

2. Avoid pushing or pulling with one arm
3. Use both arms close to the body during lifting
4. Use of arms is possible, but keep them close to

the body
5. Avoid stretching one or both arms backwards at

the same time

6. Use a cushion or perform sternal preservation
technique (crossing the arms in a ‘self-hugging’
posture) when coughing (same as above)

7. When transferring, roll onto the side, ease the legs
over the edge of the bed and carefully use the arms
to sit up from a lying position

Pain and discomfort should be used to guide the
safe limits of movement. The intervention pertaining
to sternal management, including the type of sternal
precautions, will be delivered in both verbal and
written formats to each participant separately with a
flyer developed specifically for the study to ensure
standardisation. In both groups, all other aspects of
patient care, including pre-operative management,
general anaesthesia, intra-operative ventilation pa-
rameters, fluid delivery, prophylactic antibiotic pre-
scription, pain management, use of lines and drains,
general nursing care and discharge planning, will be
provided at the discretion of nurses and physicians
according to routine clinical practice at both
hospitals.

Fig. 1 a Control group (standard care) participant information flyer. b Intervention group (modified sternal precautions) participant information
flyer. S.M.A.R.T. Sternal Management Accelerated Recovery Trial
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Intervention fidelity
Training will be provided for the two unblinded, dedi-
cated staff to conduct the follow-up phone calls to en-
sure consistency in evaluating adherence to sternal
precaution guidelines for the first 6 weeks after cardiac
surgery. One staff member will evaluate the intervention
group and another will follow the standard care group
for both institutions. To minimise bias, the staff are re-
quired to encourage patients to continue with their allo-
cated sternal management strategy using the standardised
written instructions in addition to participants’ flyers. Par-
ticipants will be informed that they will be contacted via
telephone weekly to help reinforce their exercise and pre-
caution guidelines for the first 6 weeks after cardiac sur-
gery. Specifically, the standard care participants will be
asked to follow the restriction on the use of their upper
limbs and to limit the activities of their upper limbs and
trunk during activities of daily living, bed transfers, and
sit-to-stand manoeuvers. The intervention group will be
encouraged to use their upper limbs bilaterally to perform
activities of daily living, bed transfers and sit-to-stand
manoeuvers. They will also be encouraged to perform
upper limb exercise three times daily within the limits of
pain and discomfort.

Blinding
Patients, outcome assessors and data management are
blinded to treatment allocation. Participants will be
advised that they will be randomised to one of two
groups of sternal precautions guidelines. The treating
physiotherapist and nursing staff cannot be blinded
to group allocation. The details of sternal manage-
ment are not documented in the medical record. A
blinded assessor located off-site from the hospital will as-
sess all outcomes. Trial staff will conduct education ses-
sions at set times on the ward that are on days separate
from days scheduled for outcome assessment. If a treat-
ment group participant informs the assessor of their post-
operative education session, this will be noted and re-
ported, and the reason will be entered when the random-
isation is unblinded and analysed on an intention-to-treat
basis.

Withdrawal from trial
All participants will be followed after their surgery and
measured. Every attempt will be made to accommodate
individual requirements to facilitate attendance at follow-
up time points beyond discharge from hospital (i.e., taxi
vouchers, flexible dates, appointment times). Participants
will be withdrawn if they withdraw their consent, and this
will be reported. Data collected until this time will be
included.

Data collection
Demographic data as well as pre-, intra- and post-
operative variables will be collected as listed in Table 2.
Data will be collected from the participants and their
medical records. All baseline assessments will be per-
formed at the same time of day (08:00–17.00) for each
participant in the post-operative period at day 4 (±1 day)
in the in-patient setting across centres to minimise po-
tential bias in recruiting participants. The follow-up,
outpatient testing at 4 weeks (±14 days) and 3 months
(±14 days) will take place in the research room at RMH
(Fig. 2). An independent and trained assessor (located
off-site) who is blinded to allocation will conduct all
measurement sessions. All tests and questionnaires
will be administered face-to-face by the outcome asses-
sors and carried out at 4 weeks and 3 months post-
operatively to ensure consistency across participants.
Post-hospital discharge follow-up will be conducted via
phone. If participants are unable to be contacted by phone
for a period of 14 consecutive days from the assessment
due date, they will be considered lost to follow-up for pur-
poses of post-discharge outcome measurement.

Table 2 Data collection details

Demographic data
• Name and contact details
• Date of birth
• Sex
• Marital status
• Height and weight
• Occupation status
• Education status
• Smoking history
• Past medical history and comorbidity index
(Charlson comorbidity index)
• Functional history (including pre-morbid functional level,
use of gait aids, dominant upper limb)
• Date of admission to and discharge from acute setting

Pre-, intra- and post-operative variables
• Date of cardiac surgery
• Clinical information (left ventricular function, Canadian
Cardiovascular Society functional classification, co-morbidities,
graft type)
• Type of cardiac surgery (including whether it was an emergency
or elective procedure)
• Other intra-operative details (including method of sternal closure,
cardiopulmonary bypass time, operation time, adverse events)
• Date of admission to and discharge from intensive care unit
post-operatively
• Risk factors for pre-, intra- and post-operative (i.e., duration of
mechanical ventilation)
• Type and use of pain medication (pre- and post-operatively)
• Type and use of other medications (pre- and post-operatively)
• Date of admission to and discharge from acute physiotherapy
services
• Details of physiotherapy treatment (including exercises and
education provided)
• Other adverse events during hospital admission (pre- and
post-operatively leading to increase in length of stay); this
includes superficial sternal infection, deep sternal infection,
re-wiring, re-operation, pneumonia as defined in the Australian
Society of Cardiac and Thoracic Surgeons (ASCTS) data
• Date of readmission
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Outcomes assessment
Primary outcome: Short Physical Performance Battery
The Short Physical Performance Battery (SPPB) is a
functional test that measures daily functional activities
in the acute care in-patient older population, including
cardiac surgery [26]. The test is a well-established and
validated measure of lower extremity performance and is
designed to simulate routine physical activities in
older adults [27]. The test includes gait speed (8-foot
walk), standing balance, and lower extremity strength
and endurance (chair rise task). It is comprised of the
following:

1. Gait speed: Participants will be instructed to walk a
distance of 8 feet as determined by traffic cones
on a flat surface at their normal, comfortable pace.
The average of two trials will be used. For safety
reasons, participants are encouraged to walk with
their gait aids if these are usually used or are part of
their post-operative care at the time of testing.
An 8-foot course was used, and scoring will use the
faster of the two walk times to calculate speed in
metres/second. A reduction of the distance to
measure gait speed has been shown to provide
valid data in measuring of functional limitations
[28, 29].

2. Standing balance: Participants will be assessed in
three different static positions (side-by-side stand,
semi-tandem stand and tandem stand). Participants
will be instructed to try to hold each of these
positions for 10 seconds.

3. Chair rise task: Participants will be instructed to
stand up and sit down five times in a row as quickly
as possible.

The SPPB score is based on timed measures of
standing balance, walking speed and ability to rise from
a chair. Each test is scored on a scale of 0 to 4 points,
with a summary performance score range of 0–12 points
using cut-point criteria established by Guralnik et al.
[27]. A 0 score indicates poor function, whilst 12 indi-
cates excellent function. If the participant is unable to
perform a specific test, a score of 0 will be assigned. A
score of 10 or lower is considered the cut-point for mo-
bility impairment [27]. The SPPB was selected because it
assesses overall functional performance that reflects
physical function required to perform everyday tasks. It
is hypothesised that the intervention will impact overall
functional performance because this is the primary
concern of most patients at medium- to long-term
follow-up (6 weeks to 12 months) [26, 30]. The test has
established validity and reliability in measuring physical

STUDY PERIOD

Eligibility

Enrolment&

Allocation
Post-allocation

T1 T2 T3

TIMEPOINT

Listed for 

elective 

surgery

Pre-discharge:

post- operative 

period at day 4 

(+/- 1 day)

Weeks 4 

(+14 days)

Weeks 12

(±14 days)

ENROLMENT:

Enrolment X

Eligibility screen X X

Informed consent X

Random allocation X

INTERVENTIONS:
CONTROL: Standard care + flyers X

INTERVENTION: Modified sternal precaution+ flyers X

VARIABLES:

Demographics, medical history, Charlson Comorbidity Index, 

return to work, functional history
X

Pre-operative variables X

Intra-operative variables X

Post-operative variables X

OUTCOMES:

*Short Physical Performance Battery

Functional Difficulties Questionnaire

Grip Strength

The McGill Pain Questionnaire-Short Form

Patient Identified Cardiac Pain Using Numeric And Visual 

Prompts

Postoperative Quality Recovery Scale

The Tampa Scale of Kinesiophobia

The Medical Outcome Study 36-Item Short Form Health 

Survey

Sternal Instability Scale

Global rating of change scale

Fig. 2 Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) checklist for the schedule of enrolment, interventions and assessments
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performance in the elderly [27, 31, 32] with an intra-
class correlation coefficient (ICC) equal to 0.82 [32], and
it is a strong predictor of disability in non-disabled older
persons [33]. The minimal detectable change values
range from 0.54 [34] to 2 points [35], which suggests
that a change in physical performance of 1 to 2 points is
a clinically meaningful change in an older [34] and in-
patient stable cardiovascular population [35]. Therefore,
in the absence of data for cardiac surgery populations,
the minimal important difference (MID) for this study
was derived from prior research with a cohort of pa-
tients with stable cardiovascular conditions of 2 points,
which is representative of our participant population.
The SPPB has been shown to be reliable, valid and sensi-
tive to change [36]. ICCs ranged from 0.88 to 0.92 for
measures done 1 week apart, with a 6-month average
ICC of 0.78 [36].

Secondary outcomes

1. Functional Difficulties Questionnaire (FDQ): The
FDQ measures the functional status of patients
following cardiac surgery, with a particular focus on
upper limb and trunk function in patients following
a median sternotomy [37]. The questionnaire
requires patients to rate the difficulty they would
experience when completing a series of 13 upper
limb and trunk functional tasks. Specifically, patients
are asked to place a mark along a 10-cm line, with
anchors indicating ‘no difficulty’ and ‘maximum
difficulty’ on the left and right sides of the line,
respectively. For those activities that participants
cannot complete while filling out the questionnaire,
they will be asked to recall the last time they
performed the tasks. The 13 functional tasks
included in the questionnaire are everyday tasks that
were nominated as difficult to perform in a pilot
study of patients following cardiac surgery [37].
Previous research has demonstrated that the FDQ is
a valid, reliable and responsive measure in this
patient population with minimal recall bias, and it
has been used to measure the functional status of
patients following cardiac surgery in both the short
term (4 weeks post-operatively) and long term
(3 months post-operatively) [37]. The follow-up time
points are a minimum of 4 weeks to 2 months apart,
thus further reducing recall bias.

2. Patient-identified cardiac pain using numeric and
visual prompts: This is a pain outcome measurement
tool that was developed by Teoh et al. [38].
To obtain data regarding symptom presentation,
participants are required to identify on a gender-
neutral silhouette torso all locations of their pain or
discomfort. The participants are also required to

identify their ‘chief ’ or ‘main’ symptom, describe
its nature by pointing to pictorial identifiers that
visually represent a description of the pain
(i.e., stabbing, heavy, shooting, burning, squeezing)
[39]. The intensity of the pain forms the last domain
and uses a Likert-type scale. This tool was selected
because it evaluates multiple dimensions of pain and
discomfort, is easy to administer and accounts for
cultural diversity [40].

3. Short Form McGill Pain Questionnaire 2 (SF-MPQ-2):
Pain quality will be measured using the SF-MPQ-2,
which consists of 22 items investigating 4 dimensions
of pain quality (continuous, intermittent, neuropathic
and affective) on an 11-point numerical rating scale
[41]. The total score is calculated from the mean of 22
items, and scores for the 4 dimension subscales are
calculated from the mean of the items included in
each subscale. Scores on each subscale can range
from 0 to 10. A higher score indicates more severe
pain [41]. Participants will be instructed to choose the
number that best describes their intensity of pain
and related symptoms experienced during the past
week. A 0 score will be assigned if the word does not
describe the participant’s pain or related symptoms.
The original version of the scale (SF-MPQ) has
well-established reliability in cardiac populations
with α coefficients ranging from 0.75 to 0.83 across
various post-operative days [42, 43]. The SF-MPQ-2
is sensitive to change in chronic pain, and total
and subscale scores are responsive to change. The
changes are associated with patient ratings of global
improvement in clinical trials [41].

4. Tampa Scale of Kinesiophobia shortened version
(TSK-11): The TSK-11 is a widely used tool to
measure pain-related fear beliefs about movement
and re-injury [44]. It is an adaptation of the original
17-item instrument [44] designed to assess fear of
movement or re-injury that excludes the 4 original
reverse-scored items that were found to have small
item-to-total score correlations. The adapted score is
an 11-item instrument where respondents will be
asked to rate each item on a 4-point Likert scale,
ranging from 1 (strongly disagree) to 4 (strongly
agree). The TSK-11 is a reliable and valid measure
of fear of movement or re-injury in patients with
chronic pain [45, 46]. It has internal consistency,
reliability and convergent validity with a Cronbach’s
α of 0.80 for the total score [46]. A reduction of
at least 4 points on the measure maximises the
likelihood of correctly identifying an important
reduction in fear of movement [46].

5. Grip strength: Hand-grip strength will be measured
in kilograms with a hand-held Jamar dynamometer
(Performance Health, Warrenville, IL, USA).
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The participant will be tested in the position
recommended [47]. The peak value of the maximal
squeeze over 5 seconds will be recorded [48]. Time
intervals were allowed between tests. A previous
study showed similar test-retest reliability with one
trial alone, a mean of two or three trials and a
maximum of three trials [49]. In addition, because
of influences of pain after surgery, the average may
not reflect true performance. Therefore, in this
study, three serial tests of maximum grip strength
with the dominant hand will be performed, and
best of the three values will be recorded. Hand-held
dynamometry is a reliable, objective tool for muscle
strength measurement [50] and a predictor of
post-operative complications, mortality and
functional decline [51]. The test is a reliable and
responsive measure for patients in cardiac rehabilitation
(ICC 0.97 for right and left hand grip strength) [52].

6. Medical Outcomes Study 36-item Short Form Health
Survey (SF-36v2): HRQoL will be evaluated by
SF-36v2, which is a generic measure to assess
eight domains, including physical functioning, role
physical functioning, role emotional functioning,
mental health, vitality, social functioning, bodily
pain and general health. All scale or single-item
measurements range in score from 0 to 100 and
will be administered by interview. The raw sub-scale
scores will be transformed to ‘norm-based’ scores
using published algorithms [53]. Norm-based
physical and mental component summary scores will
be calculated from raw sub-scale scores, with higher
scores indicating better quality of life. A higher score
on the SF-36v2 sub-domains represents a high level
of functioning and higher quality of life [54]. The
scale has good reliability, with Cronbach’s α values
ranging from 0.65 to 0.96 for all subscales [54].
The instrument can differentiate between levels of
health among post-CABG individuals at a single
time point and over time [55]. Furthermore, the
SF-36v2 is valid in written format as well as verbal
administration over the telephone in cardiac
patients [56].

7. Modified Sternal Instability Scale (SIS): The
modified SIS will be used to assess sternal instability.
It is a manual test that measures the stability of the
sternum on a 4-point scale (0–3). A score of 0
corresponds to a clinically stable sternum with no
detectable motion or separation of the sternal edges,
whilst a score of 3 corresponds to a completely
separated sternum with marked increased motion or
separation of the sternal edges. The original 5-point
(0–4) SIS is a valid and reliable clinical tool for
measuring the stability of the sternum in patients
following a median sternotomy [8, 57]. It has

excellent inter- and intra-rater reliability, with
ICCs of 0.97 and 0.98, respectively [58].

8. Adherence monitoring: A questionnaire was
developed by the researchers to monitor the level
of adherence of all patients following cardiac surgery
via median sternotomy. The list of activities,
duration of adherence and rate of adherence are
rated on a numeric scale. Participants are prompted
to complete the questionnaire by telephone on a
weekly basis. They are additionally encouraged to
follow the guidelines on sternal management as
per their specific flyers. An adherence threshold for
the experimental group was set at a participant
self-perceived reported rating ≥70%.

Global Rating of Change Scales
The GRC (7-point scale) will be administered to partici-
pants prior to performance-based assessment at 4 weeks
and repeated at 3 months. Participants will be asked to
answer the following question: ‘How does your overall
physical function now compare with your physical func-
tion just before you went home from the hospital?’ and
respond according to a 7-point scale ranging from 1 =
very much improved to 7 = very much worse (Tables 3
and 4). It has previously been reported in the literature
that in the case where patients rate their change as ‘min-
imally improved’, ‘no change’ or ‘minimally worse’, it is
unlikely that a clinically important difference has oc-
curred [60]. In this case, these responses will be re-
defined as ‘unchanged’ [59, 60]. A clinically important

Table 3 Global Rating of Change Scales for overall physical
function

How does your overall physical function now compare with your
physical function just before you went home from the hospital?

1. Very much improved
2. Much improved
3. Minimally improved
4. No change
5. Minimally worse
6. Much worse
7. Very much worse

Table 4 Global Rating of Change Scales for upper arm and
body function

How does your arm and upper body function now compare with
your arm and upper body function just before you went home from
the hospital?

1. Very much improved
2. Much improved
3. Minimally improved
4. No change
5. Minimally worse
6. Much worse
7. Very much worse
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difference will be considered to have occurred if patients
rate their change as ‘much worse’, ‘very much worse’,
‘much improved’ or ‘very much improved’, and these will
be re-defined as ‘changed’ [60].

Sample size
Sample size calculations were performed for the primary
outcome: SPPB. On the basis of acute care in-patient
populations and using the MID between the treated
group of 2 points of a total possible score of 12 points,
with an SD of 2.7 points [36], it is anticipated that 29
participants are required per group (58 in total), based
on a two-sample t test. This was based on a type I error
rate of 0.05, which is consistent with recommendations
and a power of 0.80 [61]. This sample was increased to
72 participants on the basis of a predicted 20% dropout
rate, based on our previous study in the same population
conducted at both participating hospitals [17].

Data management and quality
We will use the online REDCap database (https://
redcap.healthinformatics.unimelb.edu.au/) supported by
the University of Melbourne. High data quality will
be aimed for through training of those who collect,
check and enter study data as well as by regular data
checks for inconsistency between and within measure-
ments and missing data. A check will be performed to
evaluate the correctness of the randomisation before the
start of the statistical analysis. The data and safety moni-
toring committee (DSMC), with two independent clinical
members and one independent statistician, will act in an
advisory capacity for the clinical investigators to monitor
withdrawals and review ethical conduct and serious ad-
verse events. Further details will be provided in the DSMC
charter, once it is developed.

Statistical methods
Statistical analyses will be performed by the biostatisti-
cian. All data will be analysed using the intention-to-
treat principle. Descriptive statistics, including mean and
SD, median and interquartile range, number and percent,
and frequency will be used to summarise data (depending
on distribution and type of data). This also includes par-
ticipant demographics and adherence to sternal precau-
tions. A comparison between the two hospitals will be
conducted on the demographic profile of the participants
to establish differences in each presenting population.
The primary outcome—the change from baseline to

4 weeks in the SPPB—will be analysed using a mixed
between-and-within subjects analysis of variance with
repeated measures across participants. The primary hy-
pothesis will be examined by a contrast evaluating
change from baseline to the 4-week time point in the

modified sternal precaution group compared with the
standard care group. The analysis will be carried out ac-
cording to the intention-to-treat principle, based on the
groups to which participants were randomised. The in-
teractions between group and time will be examined first
to assess the effect of intervention, and, if no interaction
is present, then group and time main effects will be
examined. If there are issues with non-normality or ceil-
ing/floor effects of the SPPB, transformation or dichoto-
misation will be considered. If there are participants
who are not following the assigned group protocol, we
will consider a supplementary per-protocol analysis. Key
secondary outcome data (including upper limb function,
pain, kinesiophobia and HRQoL) will be summarised
and analysed similarly to the primary outcome.
Logistic regression will be used to determine pre-,

peri- and post-operative risk factors associated with
the development of post-sternotomy complications.
This will be an exploratory analysis which may iden-
tify trends of predictors reported in the literature
having an individual effect on post-operative sternal
complications (i.e., female sex, diabetes mellitus,
obesity, bilateral internal mammary artery grafts, re-
operation for post-operative complications, and blood
product requirement were reported as significant
predictors of sternal infection). For all tests con-
ducted, a p value <0.05 (two-tailed) will be considered
statistically significant, and mean differences (95%
confidence intervals) will be reported.

Duration and timeline
The manuscript will be prepared for submission, by July
2017. The final manuscript will be written in accordance
with the proposed Consolidated Standards of Reporting
Trials (CONSORT) extensions for a pragmatic trial
using a non-pharmacological intervention (Fig. 3).

Discussion
The S.M.A.R.T. study will examine whether modified
sternal precautions will facilitate recovery and function
following cardiac surgery via a median sternotomy. The
benefits of modifying sternal precautions have not
been established, despite emerging evidence indicating
that a precautionary approach rather than a restrictive
approach may be preferable in this patient population
[8, 17, 19, 62]. This will be the first randomised controlled
trial using an intervention group to modify sternal precau-
tions and to study its effectiveness in improving physical
function in this population.
Patients worldwide are currently being prescribed ster-

nal precautions that restrict the use of their upper limbs
and trunks to prevent sternal complications for 4–6
weeks [8, 14, 25]. The aims of this restriction are to
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promote sternal osteosynthesis and bone healing by
minimising motion between the sternal edges [8, 15, 63].
However, the effect of sternal precautions on patient
outcomes is unknown, with significant variation among
institutions worldwide [8, 13, 14, 26]. In addition, there
is limited evidence to support their widespread applica-
tion in clinical practice [8, 13, 15, 18, 62, 64, 65].
Previous studies have shown that unsupported, fre-

quent coughing is the single main cause of mechanical
stress through the sternum and may be a far more sig-
nificant factor in the development of sternal complica-
tions [17, 19]. Further, recent evidence demonstrated
that upper limbs and trunk movement cause minimal
micromotion of the sternal edges (<2 mm) as measured
by real-time ultrasound [17]. Therefore, it was proposed
that strict post-operative movement restrictions may not
be necessary for all patients [8, 13]. However, upper limb
movements are part of post-operative standard physio-
therapy treatment. In some institutions, this represents

instructions on ‘no use of the arms’, or limiting the use
of the arms to 90-degree elevation for varying periods of
time [8, 13, 14, 25]. Concurrently, patients are encour-
aged to perform active movements of the upper limbs as
part of their post-operative care following cardiac sur-
gery with the aim of restoring physical function [8]. This
creates a clinical dilemma collectively for both health
professionals and patients [8, 13]. On the basis of find-
ings of a recent survey conducted in Australia [13], we
have chosen to modify sternal precaution guidelines en-
couraging the use of bilateral upper limbs and trunk ac-
tivities with pain and discomfort as a safety guide in the
intervention group to optimise sternal healing and func-
tional recovery in this patient population. Specifically,
participants will be allowed to resume their normal
load-bearing activities at their own pace within pain-free
limits by keeping their upper arms close to their body for
common activities (e.g., getting out of bed, lifting and
transferring). We hypothesise that this intervention will be
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Fig. 3 Proposed Sternal Management Accelerated Recovery Trial (S.M.A.R.T.) Consolidated Standards of Reporting Trials (CONSORT) flowchart

Katijjahbe et al. Trials  (2017) 18:290 Page 11 of 14



safe and cause no harm to the participants. In addition,
prior research suggests that unloaded movements within a
pain-free range and loaded activity with the upper arms
close to the body will not cause excessive stress on the
sternal surgical site or bone [8, 19, 62, 65].
Encouraging movement of upper limbs and trunk activ-

ities early after cardiac surgery in the post-operative period
is recommended in clinical practice worldwide [8, 14, 25]
to improve functional outcome [22]. Clinical recommenda-
tions will be informed by future analysis of the efficacy of
the trial in improving physical function and other associ-
ated outcomes. This study will address the paucity of re-
search and the inconsistent recommendations worldwide
with respect to sternal precautions and associated restric-
tions to upper limb and trunk provided to the large num-
ber of individuals undergoing cardiac surgery via median
sternotomy worldwide. In particular, this research will in-
form guidelines for the commencement of upper limb ex-
ercises in cardiac rehabilitation and standards for sternal
precautions and management following cardiac surgery.

Trial status
All follow-up was completed in April 2017.

Additional files

Additional file 1: SPIRIT 2013 checklist: recommended items to address
in a clinical trial protocol and related documents. (DOC 123 kb)

Additional file 2: The TIDieR checklist: information to include when
describing an intervention and the location of the information. (DOCX 33 kb)

Abbreviations
CABG: Coronary artery bypass graft; CONSORT: Consolidated Standards of
Reporting Trials; DSMC: Data and safety monitoring committee; FDQ: Functional
Difficulties Questionnaire; GRC: Global Rating of Change Scales; HRQoL: Health-
related quality of life; ICC: Intra-class correlation coefficient; MID: Minimal
important difference; MPH: Melbourne Private Hospital; RMH: Royal Melbourne
Hospital; SF-36v2: Medical Outcomes Study 36-item Short Form Health Survey;
SF-MPQ-2: Short Form McGill Pain Questionnaire 2; SIS: Sternal Instability Scale;
S.M.A.R.T.: Sternal Management Accelerated Recovery Trial; SPIRIT: Standard
Protocol Items: Recommendations for Interventional Trials; SPPB: Short Physical
Performance Battery; TIDieR: Template for Intervention Description and
Replication; TSK-11: Tampa Scale of Kinesiophobia shortened version

Acknowledgements
The authors acknowledge Adam Bonser, Lynda Tivendale, June Ramsey and
Robyn English for their support of and contributions to the trial. The authors also
thank the physiotherapy department managers and physiotherapists at the
participating centres.

Funding
No funding bodies or sponsors have contributed to the trial design or data
collection or management, and publications relating to the trial can be
submitted without permission or requiring approval.

Availability of data and materials
The data sets supporting the conclusions of this article are available in the online
REDCap database (https://redcap.healthinformatics.unimelb.edu.au/) supported by
The University of Melbourne. No later than 3 years after the collection of the
1-year post-randomisation interviews, we will deliver a completely de-identified
data set to an appropriate data archive for sharing purposes.

Authors’ contributions
MAK designed the trial protocol, drafted the manuscript and revised the
manuscript. DEA designed the trial protocol, drafted the manuscript, is the
project manager and revised the manuscript. LD designed the trial protocol,
designed the statistical analysis, and drafted and revised the manuscript.
CLG designed the trial protocol and drafted and revised the manuscript the
manuscript. AR designed the trial protocol, is the project manager and revised
the manuscript. CR designed the trial protocol, designed the statistical analysis
and revised the manuscript. RB performed the physiotherapy intervention at
RMH. SL performed the physiotherapy intervention at MPH and follow-up calls.
SC designed the statistical analysis and revised the manuscript. All authors read
and approved the final manuscript.

Authors’ information
MAK, DEA, LD and CLG are affiliated with the Department of Physiotherapy,
Melbourne School of Health Sciences, The University of Melbourne, Parkville,
Australia. AR and CR are affiliated with the Department of Surgery, The University
of Melbourne, Parkville, Australia, and the Department of Surgery, Royal
Melbourne Hospital, Parkville, Australia. RB is affiliated with the Physiotherapy
Department, Royal Melbourne Hospital, Parkville, Australia. SL is affiliated with
the Physiotherapy Department, Melbourne Private Hospital, Parkville, Australia.
SC is affiliated with the Statistical Consulting Centre, School of Mathematics
and Statistics, The University of Melbourne, Parkville, Australia.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Written informed consent was obtained from the participants for publication
of their individual details and accompanying images in this study protocol.
The consent form is held by the authors and is available for review by the
Editor-in–Chief of this journal.

Ethics approval and consent to participate
Ethics approval for the study was obtained from Melbourne Health Human
Research Ethics Committee in May 2015 (protocol reference 2015.035). Written
informed consent was obtained from the participants for participation in the
study and publication of their data. The consent form is held by the authors’
institutions and is available for review by the Editor-in-Chief of this journal.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Physiotherapy, Melbourne School of Health Sciences, The
University of Melbourne, Parkville, VIC 3053, Australia. 2Department of
Physiotherapy, Hospital Cancelor Tuaku Mukhriz, Pusat Perubatan University
Kebangsaan Malaysia, Kuala Lumpur 56000, Malaysia. 3Department of
Physiotherapy, The Royal Melbourne Hospital, Parkville, VIC 3050, Australia.
4Department of Surgery, University of Melbourne, Parkville, VIC 3010,
Australia. 5Department of Surgery, Royal Melbourne Hospital, Parkville, VIC
3050, Australia. 6Physiotherapy Department, Melbourne Private Hospital,
Parkville, VIC 3052, Australia. 7Statistical Consulting Centre, School of
Mathematics and Statistics, The University of Melbourne, Parkville, VIC 3010,
Australia.

Received: 1 June 2016 Accepted: 5 May 2017

References
1. Epstein AJ, Polsky D, Yang F, Yang L, Groeneveld PW. Coronary revascularization

trends in the United States, 2001–2008. JAMA. 2011;305(17):1769–76.
2. Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ, et al.

Heart disease and stroke statistics—2014 update: a report from the
American Heart Association. Circulation. 2014;129(3):e28–e292.
doi:10.1161/01.cir.0000441139.02102.80.

3. Cheng A, Slaughter MS. How I choose conduits and configure grafts for my
patients—rationales and practices. Ann Cardiothorac Surg. 2013;2(4):527–32.
doi:10.3978/j.issn.2225-319X.2013.07.17.

Katijjahbe et al. Trials  (2017) 18:290 Page 12 of 14

dx.doi.org/10.1186/s13063-017-1974-8
dx.doi.org/10.1186/s13063-017-1974-8
https://redcap.healthinformatics.unimelb.edu.au/
http://dx.doi.org/10.1161/01.cir.0000441139.02102.80
http://dx.doi.org/10.3978/j.issn.2225-319X.2013.07.17


4. Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V, et al. 2014 ESC/
EACTS Guidelines on myocardial revascularization: the Task Force on
Myocardial Revascularization of the European Society of Cardiology (ESC) and
the European Association for Cardio-Thoracic Surgery (EACTS): developed with
the special contribution of the European Association of Percutaneous
Cardiovascular Interventions (EAPCI). Eur Heart J. 2014;35(37):2541–619.

5. Deb S, Wijeysundera HC, Ko DT, Tsubota H, Hill S, Fremes SE. Coronary
artery bypass graft surgery vs percutaneous interventions in coronary
revascularization: a systematic review. JAMA. 2013;310(19):2086–95.

6. Rosenfeldt FL, Wilson MD, Buxton BF, Marasco SF. Coronary artery bypass
surgery provides long-term results superior to percutaneous coronary
intervention. Heart Lung Circ. 2012;21(1):1–11.

7. Taggart DP. Current status of arterial grafts for coronary artery bypass
grafting. Ann Cardiothorac Surg. 2013;2(4):427–30. doi:10.3978/j.issn.
2225-319X.2013.07.21.

8. Cahalin LP, Lapier TK, Shaw DK. Sternal precautions: is it time for change?
Precautions versus restrictions – a review of literature and
recommendations for revision. Cardiopulm Phys Ther J. 2011;22(1):5–15.

9. Mazzeffi M, Khelemsky Y. Poststernotomy pain: a clinical review. J
Cardiothorac Vasc Anesth. 2011;25(6):1163–78.

10. Tran L, Dahya D, Carson N, Billah B, Shardey G, Reid CM; Australian and New
Zealand Society of Cardiac and Thoracic Surgeons (ANZSCTS) Database
Steering Committee 2014. ANZSCTS National Cardiac Surgery Database
Program: national annual report 2013. Melbourne: ANZSCTS.

11. Balachandran S, Lee A, Denehy L, Lin KY, Royse A, Royse C, et al. Risk factors
for sternal complications after cardiac operations: a systematic review. Ann
Thorac Surg. 2016;102(6):2109–17.

12. Mekontso Dessap A, Vivier E, Girou E, Brun-Buisson C, Kirsch M. Effect of
time to onset on clinical features and prognosis of post-sternotomy
mediastinitis. Clin Microbiol Infect. 2011;17(2):292–9.

13. Balachandran S, Lee A, Royse A, Denehy L, El-Ansary D. Upper limb exercise
prescription following cardiac surgery via median sternotomy: a web survey.
J Cardiopulm Rehabil Prev. 2014;34(6):390–5.

14. Tuyl LJ, Mackney JH, Johnston CL. Management of sternal precautions
following median sternotomy by physical therapists in Australia: a web-
based survey. Phys Ther. 2012;92(1):83–97.

15. Fedak PW, Kolb E, Borsato G, Frohlich DE, Kasatkin A, Narine K, et al.
Kryptonite bone cement prevents pathologic sternal displacement. Ann
Thorac Surg. 2010;90(3):979–85.

16. McGregor WE, Trumble DR, Magovern JA. Mechanical analysis of midline
sternotomy wound closure. Thorac Cardiovasc Surg. 1999;117(6):1144–50.

17. Balachandran S. Sternal management following cardiac surgery. Dissertation,
University of Melbourne, Melbourne, Australia; 2015. minerva-access.
unimelb.edu.au/handle/11343/54793 .

18. Adams J, Pullum G, Stafford P, Hanners N, Hartman J, Strauss D, et al.
Challenging traditional activity limits after coronary artery bypass graft surgery: a
simulated lawn-mowing activity. J Cardiopulm Rehabil Prev. 2008;28(2):118–21.

19. Brocki BC, Thorup CB, Andreasen JJ. Precautions related to midline
sternotomy in cardiac surgery: a review of mechanical stress factors leading
to sternal complications. Eur J Cardiovasc Nurs. 2010;9(2):77–84.

20. Sturgess T, Denehy L, Tully E, et al. A pilot thoracic exercise programme
reduces early (0–6 weeks) sternal pain following open heart surgery. Int J
Ther Rehabil. 2014;21(3):110–7.

21. Harms CA. Effect of skeletal muscle demand on cardiovascular function.
Med Sci Sports Exerc. 2000;32(1):94–9.

22. Chan AW, Tetzlaff JM, Gøtzsche PC, Altman DG, Mann H, Berlin JA, et al.
SPIRIT 2013 explanation and elaboration: guidance for protocols of clinical
trials. BMJ. 2013;346:e7586.

23. Yamato TP, Maher CG, Saragiotto BT, Hoffmann TC, Moseley AM. How
completely are physiotherapy interventions described in reports of
randomised trials? Physiotherapy. 2016;102(2):121–6.

24. Overend TJ, Anderson CM, Jackson J, Lucy SD, Prendergast M, Sinclair S.
Physical therapy management for adult patients undergoing cardiac
surgery: a Canadian practice survey. Physiother Can. 2010;62(3):215–21.

25. Price KJ, Gordon BA, Bird SR, Benson AC. A review of guidelines for cardiac
rehabilitation exercise programmes: is there an international consensus? Eur
J Prev Cardiol. 2016;23(16):1715–33.

26. Molino-Lova R, Pasquini G, Vannetti F, Paperini A, Forconi T, Polcaro P, et al.
Effects of a structured physical activity intervention on measures of physical
performance in frail elderly patients after cardiac rehabilitation: a pilot study
with 1-year follow-up. Intern Emerg Med. 2013;8(7):581–9.

27. Guralnik JM, Ferrucci L, Pieper CF, Leveille SG, Markides KS, Ostir GV, et al.
Lower extremity function and subsequent disability: consistency across
studies, predictive models, and value of gait speed alone compared with
the Short Physical Performance Battery. J Gerontol A Biol Sci Med Sci.
2000;55(4):M221–31.

28. Ostchega Y, Harris TB, Hirsch R, Parsons VL, Kington R, Katzoff M. Reliability
and prevalence of physical performance examination assessing mobility and
balance in older persons in the US: data from the Third National Health and
Nutrition Examination Survey. J Am Geriatr Soc. 2000;48(9):1136–41.

29. Freiberger E, de Vreede P, Schoene D, Rydwik E, Mueller V, Frändin K, et al.
Performance-based physical function in older community-dwelling persons:
a systematic review of instruments. Age Ageing. 2012;41(6):712–21.

30. Min L, Mazzurco L, Gure TR, Cigolle CT, Lee P, Bloem C, et al. Longitudinal
functional recovery after geriatric cardiac surgery. J Surg Res. 2015;194(1):25–33.

31. LIFE Study Investigators. Effects of a physical activity intervention on
measures of physical performance: results of the Lifestyle Interventions and
Independence for Elders Pilot (LIFE-P) study. J Gerontol A Biol Sci Med Sci.
2006;61(11):1157–65. A published erratum appears in J Gerontol A Biol Sci
Med Sci. 2007;62(3):337.

32. Studenski S, Perera S, Wallace D, Chandler JM, Duncan PW, Rooney E, et al.
Physical performance measures in the clinical setting. J Am Geriatr Soc.
2003;51(3):314–22.

33. Guralnik JM, Ferrucci L, Simonsick EM, Salive ME, Wallace RB. Lower-
extremity function in persons over the age of 70 years as a predictor of
subsequent disability. N Engl J Med. 1995;332(9):556–61.

34. Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and
responsiveness in common physical performance measures in older adults.
J Am Geriatr Soc. 2006;54(5):743–9.

35. Volpato S, Cavalieri M, Guerra G, Sioulis F, Ranzini M, Maraldi C, et al.
Performance-based functional assessment in older hospitalized patients:
feasibility and clinical correlates. J Gerontol A Biol Sci Med Sci. 2008;63(12):1393–8.

36. Ostir GV, Markides KS, Black SA, Goodwin JS. Lower body functioning as a
predictor of subsequent disability among older Mexican Americans.
J Gerontol A Biol Sci Med Sci. 1998;53:M491–5.

37. Hoggins T. Physiotherapy after open heart surgery: a randomized
controlled trial. Master’s thesis. Melbourne, Australia: University of
Melbourne; 2009.

38. Teoh M, Lalondrelle S, Roughton M, Grocott-Mason R, Dubrey SW. Acute
coronary syndromes and their presentation in Asian and Caucasian patients
in Britain. Heart. 2007;93(2):183–8.

39. Milner KA, Vaccarino V, Arnold AL, Funk M, Goldberg RJ. Gender and
age differences in chief complaints of acute myocardial infarction
(Worcester Heart Attack Study). Am J Cardiol. 2004;93(5):606–8.

40. King-Shier KM, Singh S, LeBlanc P, Mather CM, Humphrey R, Quan H, et al.
The influence of ethnicity and gender on navigating an acute coronary
syndrome event. Eur J Cardiovasc Nurs. 2015;14(3):240–7.

41. Lovejoy TI, Turk DC, Morasco BJ. Evaluation of the psychometric properties
of the revised short-form McGill Pain Questionnaire. J Pain. 2012;13(12):1250–7.

42. Puntillo K, Weiss SJ. Pain: its mediators and associated morbidity in critically
ill cardiovascular surgical patients. Nurs Res. 1994;43(1):31–6.

43. Yorke J, Wallis M, McLean B. Patients’ perceptions of pain management after
cardiac surgery in an Australian critical care unit. Heart Lung. 2004;33(1):33–41.

44. Kori SH, Miller RP, Todd DD. Kinesiophobia: a new view of chronic pain
behavior. Pain Manag. 1990;3(1):35–43.

45. Tkachuk GA, Harris CA. Psychometric properties of the Tampa Scale for
Kinesiophobia-11 (TSK-11). J Pain. 2012;13(10):970–7.

46. Woby SR, Roach NK, Urmston M, Watson PJ. Psychometric properties of the
TSK-11: a shortened version of the Tampa Scale for Kinesiophobia. Pain.
2005;117(1-2):137–44.

47. Fess E. Grip strength. In: American Society of Hand Therapists. Clinical
assessment recommendations. 2nd ed. Chicago: American Society of Hand
Therapists; 1992. p. 41-45.

48. Peolsson A, Hedlund R, Oberg B. Intra- and inter-tester reliability and
reference values for hand strength. J Rehab Med. 2001;33(1):36–41.

49. Hamilton A, Balnave R, Adams R. Grip strength testing reliability. J Hand
Ther. 1994;7(3):163–70.

50. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, Cooper C, et al. A
review of the measurement of grip strength in clinical and epidemiological
studies: towards a standardised approach. Age Ageing. 2011;40(4):423–9.

51. Bohannon RW. Dynamometer measurements of hand-grip strength predict
multiple outcomes. Percept Mot Skills. 2001;93(2):323–8.

Katijjahbe et al. Trials  (2017) 18:290 Page 13 of 14

http://dx.doi.org/10.3978/j.issn.2225-319X.2013.07.21
http://dx.doi.org/10.3978/j.issn.2225-319X.2013.07.21
https://minerva-access.unimelb.edu.au/handle/11343/54793
https://minerva-access.unimelb.edu.au/handle/11343/54793


52. Puthoff ML, Saskowski D. Reliability and responsiveness of gait speed,
five times sit to stand, and hand grip strength for patients in cardiac
rehabilitation. Cardiopulm Phys Ther J. 2013;24(1):31–7.

53. Ware Jr JE, Kosinski M, Dewey JE. How to score version 2 of the SF-36
Health Survey: standards & acute forms. QualityMetric: Lincoln, RI; 2001.

54. Falcoz PE, Chocron S, Stoica L, Kaili D, Puyraveau M, Mercier M, et al.
Open heart surgery: one-year self-assessment of quality of life and
functional outcome. Ann Thorac Surg. 2003;76(5):1598–604.

55. Morone NE, Weiner DK, Belnap BH, Karp JF, Mazumdar S, Houck PR, et al.
The impact of pain and depression on recovery after coronary artery bypass
grafting. Psychosom Med. 2010;72(7):620–5.

56. Wattson EK, Firman DW, Baade PD, Ring I. Telephone administration of the
SF-36 health survey: validation studies and population norms for adults in
Queensland. Aust N Z J Public Health. 1996;20(4):359–63.

57. El Ansary D, Waddington G, Adams R. Trunk stabilisation exercises reduce
sternal separation in chronic sternal instability after cardiac surgery: a
randomised cross-over trial. Aust J Physiother. 2007;53(4):255–60.

58. El-Ansary D, Adams R, Toms L, Elkins M. Sternal instability following
coronary artery bypass grafting. Physiother Theory Pract. 2000;16(1):27–33.

59. Davidson M, Keating JL. A comparison of five low back disability
questionnaires: reliability and responsiveness. Phys Ther. 2002;82(1):8–24.

60. de Morton NA, Davidson M, Keating JL. Validity, responsiveness and the
minimal clinically important difference for the de Morton Mobility Index
(DEMMI) in an older acute medical population. BMC Geriatr. 2010;10:72.

61. Portney LG, Watkins MP. Foundations of clinical research: applications to
practice. 3rd ed. Pearson Education/Prentice Hall: Upper Saddle River, NJ; 2009.

62. Adams J, Lotshaw A, Exum E, Campbell M, Spranger CB, Beveridge J, et al.
An alternative approach to prescribing sternal precautions after median
sternotomy, “Keep Your Move in the Tube”. Proc (Bayl Univ Med Cent).
2016;29(1):97–100.

63. Fedak PW, Kieser TM, Maitland AM, Holland M, Kasatkin A, Leblanc P, et al.
Adhesive-enhanced sternal closure to improve postoperative functional
recovery: a pilot, randomized controlled trial. Ann Thorac Surg. 2011;
92(4):1444–50.

64. Adams J, Cline MJ, Hubbard M, McCullough T, Hartman J. A new paradigm
for post-cardiac event resistance exercise guidelines. Am J Cardiol. 2006;
97(2):281–6.

65. El-Ansary D, Waddington G, Adams R. Relationship between pain and upper
limb movement in patients with chronic sternal instability following cardiac
surgery. Physiother Theory Pract. 2007;23(5):273–80.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Katijjahbe et al. Trials  (2017) 18:290 Page 14 of 14


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Trial objective and hypothesis

	Methods/design
	Trial design
	Trial setting
	Eligibility criteria
	Inclusion/exclusion criteria
	Recruitment feasibility
	Randomisation and allocation
	Trial intervention
	Control group (standard care)
	Intervention group
	Intervention fidelity
	Blinding
	Withdrawal from trial
	Data collection
	Outcomes assessment
	Primary outcome: Short Physical Performance Battery
	Secondary outcomes
	Global Rating of Change Scales

	Sample size
	Data management and quality
	Statistical methods
	Duration and timeline

	Discussion
	Trial status

	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Authors’ information
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

