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Background. Rotator cuff–related disorders represent the largest subgroup of shoulder
complaints. Despite the availability of various conservative and surgical treatment options, the
precise indications for these options remain unclear.

Purpose. The purpose of this systematic review was to synthesize the available research on
prognostic models for predicting outcomes in adults undergoing physical therapy for painful
rotator cuff disorders.

Data Sources. The MEDLINE, EMBASE, CINAHL, Cochrane CENTRAL, and PEDro data-
bases and the World Health Organization (WHO) International Clinical Trials Registry Platform
(ICTRP) up to October 2015 were searched.

Study Selection. The review included primary studies exploring prognostic models in
adults undergoing physical therapy, with or without other conservative measures, for painful
rotator cuff disorders. Primary outcomes were pain, disability, and adverse events. Inclusion
was limited to prospective investigations of prognostic factors elicited at the baseline assess-
ment. Study selection was independently performed by 2 reviewers.

Data Extraction. A pilot-tested form was used to extract data on key aspects of study
design, characteristics, analyses, and results. Risk of bias and applicability were independently
assessed by 2 reviewers using the Prediction Study Risk of Bias Assessment tool (PROBAST).

Data Synthesis. Five studies were included in the review. These studies were extremely
heterogeneous in many aspects of design, conduct, and analysis. The findings were analyzed
narratively.

Limitations. All included studies were rated as at high risk of bias, and none of the
resulting prognostic models was found to be usable in clinical practice.

Conclusions. There are no prognostic models ready to inform clinical practice in the
context of the review question, highlighting the need for further research on prognostic
models for predicting outcomes in adults who undergo physical therapy for painful rotator cuff
disorders. The design and conduct of future studies should be receptive to developing
methods.
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Painful shoulder complaints are
among the most common musculo-
skeletal disorders in medical and

physical therapist practice.1 These com-
plaints may become persistent, poten-
tially leading to increased use of health
care resources and prolonged sick leave
and placing a cost burden on the individ-
ual and society.2,3 Most shoulder
complaints (29%–85%) involve the
subacromial-subdeltoid bursa and rotator
cuff.4,5 The pathology is diverse, reflect-
ing a degenerative continuum from ten-
dinopathy to partial- or full-thickness
tears.6 Rotator cuff tears, in particular,
have a reported prevalence of over 40%
in symptomatic shoulder pain popula-
tions7 and are strongly correlated with
age.8 Clinical features of rotator cuff dis-
orders may include pain, abnormalities
on tests of rotator cuff function and
integrity,9 and significantly impaired
shoulder function and health-related
quality of life.10,11 Although diagnosis of
rotator cuff disorders is based on clinical
signs and symptoms,9 verification of a
rotator cuff tear requires diagnostic imag-
ing (eg, ultrasonography, magnetic reso-
nance imaging).12

Initial treatment of rotator cuff disorders
usually involves medical care (eg, oral
medication, corticosteroid injections)
and physical therapy (eg, exercises, man-
ual therapy). Current guidelines advise
conservative treatment as the first-line
treatment, with surgery mainly reserved
for nonresponders.13–15 Direct compari-
sons of conservative versus surgical treat-
ment16–19 have not shown clinically rel-
evant differences between groups.
Nonetheless, the rates of surgical inter-
vention for rotator cuff disease have con-
siderably increased in many coun-
tries.20,21 Unnecessary surgery is
undesirable, as is ineffective conserva-
tive treatment. Patients and health care
providers alike would benefit if likely
responders and, by corollary, nonre-
sponders to conservative interventions
could be identified at the commence-
ment of the care pathway. This early
identification would avoid unnecessary
suffering, reduce uncertainty and anxi-
ety, limit exposure to the risks of sur-
gery, and conserve limited resources.
“Understanding which patients [with
rotator cuff tears] do best with non-

operative treatment” has been rated a
top priority research issue.22

The importance of predicting which
patients will respond to particular treat-
ments is increasingly recognized and has
stimulated interest in prognosis and
prognosis research.23 There has been a
corresponding development in progno-
sis research methodology.24–26 Prognosis
research aims to predict clinical out-
comes in individual patients.25 One
aspect of prognosis research involves sin-
gle factors, which, in the context of pain-
ful rotator cuff disorders, would typically
be demographic or clinical. However,
single factors are unlikely to predict out-
comes satisfactorily. Multivariable prog-
nostic models are better placed to do so
because they account for real-life clinical
complexities.27,28 An illustration of a
multivariable model is the Nottingham
Prognostic Index (NPI), which is used to
predict survival of women diagnosed
with primary breast cancer by the follow-
ing formula: NPI � [0.2 � tumor diame-
ter (cm)] � lymph node stage � tumor
grade.29 Scores are interpreted by refer-
ence to a table.

Prognostic modeling encompasses 3 key
phases: development (including internal
validation [ie, determining the model’s
replicability using data from the primary
sample]), external validation (determin-
ing the model’s generalizability using
data from independent samples), and
investigation of clinical impact (a
model’s effectiveness and cost-
effectiveness in improving out-
comes).28,30 External validation is a
crucial step before a model can be con-
sidered usable in clinical practice.28

The objective of this review was to syn-
thesize the available research on prog-
nostic models for predicting outcomes in
adults who undergo physical therapy for
painful rotator cuff disorders. We aimed
to provide a resource to facilitate clinical
decision making and to identify any
research gaps. To our knowledge, this is
the first systematic review to synthesize
the available evidence on this topic.

Method
Overall Approach
We based our methods on the recent
recommendations of the PROGRESS
(PROGnosis RESearch Strategy) partner-
ship25 and, complementarily, the
Cochrane Prognosis Methods Group.26

We used PROGRESS terminology where
possible.27 This review is based on an a
priori protocol, registered in PROSPERO,
the International Prospective Register of
Systematic Reviews31 (registration num-
ber: CRD42014008973), and available at
http://www.crd.york.ac.uk/PROSPERO/
display_record.asp?ID�CRD4201400
8973. Differences between protocol and
review are specified within the supple-
mentary material (eTab. 1, available at
ptjournal.apta.org).

Criteria for Considering Studies
for Inclusion
Types of studies. We included pri-
mary studies exploring prognostic mod-
els for predicting outcomes in adults
undergoing physical therapy, with or
without other conservative measures, for
painful rotator cuff disorders. Inclusion
encompassed any of the 3 phases of
prognostic research. We considered any
prospective longitudinal research
designs. There was no language restric-
tion on searches. Only reports written in
English were included, but we planned
to document relevant studies reported in
other languages.

Participants. This review addressed
adults (age �18 years) diagnosed with
painful rotator cuff disorders, at any
stage, which was unrelated to substantial
trauma (eg, dislocation). We placed no
restriction on how these disorders were
diagnosed. We also included studies
whose inclusion criteria were symptoms
or mechanisms consistent with rotator
cuff disorders (eg, subacromial pain,
subacromial impingement, shoulder
impingement). Studies in which 85% or
more of the participants satisfied our cri-
teria were included. We did not actively
seek studies focused on subacromial-
subdeltoid bursitis, although, due to its
intimate relationship with the rotator
cuff, incidental involvement of this bursa
may well occur in our population of
interest. There was no restriction on the
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duration or severity of symptoms at base-
line, or on the care setting.

We excluded studies focusing on people
who were pain-free or had trauma-
related conditions and studies on calcific
tendinitis or disorders of the long head of
the biceps. We anticipated that, in some
studies, there would be insufficient char-
acterization of participants (eg, that
other potential causes of shoulder pain
might not be considered). In these cases,
we erred on the side of inclusivity.

Interventions. We included studies
evaluating physical therapy, of any dura-
tion or frequency and with or without
other conservative measures, as part of a
nonsurgical care pathway. Physical ther-
apy had to involve therapeutic exercises
or manual techniques, as these are con-
sidered the core interventions,32 but
could include adjunctive treatments (eg,
acupuncture, electrotherapy, corticoste-
roid injections, osteopathic musculoskel-
etal interventions, thermotherapy). Stud-
ies comparing physical therapy and a
non–physical therapy control group
were considered only if there was sepa-
rate prognostic modeling for physical
therapy.

Prognostic factors. For simplicity,
we applied the term “prognostic factor”
to any factor under investigation, regard-
less of whether it was (or had previously
been) found to have prognostic proper-
ties. We required these factors to be elic-
ited at the baseline assessment.

Outcomes. Primary outcomes were:
pain, shoulder disability on a validated
patient-reported outcome measure (eg,
Oxford Shoulder Score), and adverse
events (eg, exacerbations of symptoms).
Secondary outcomes were: health-
related quality of life (eg, 36-Item Short-
Form Health Survey [SF-36]), sick leave,
the patient’s global perception of change
(GPC), imaging determination of struc-
tural progression of tear, and the
patient’s decision to undergo surgery. To
be included, a study had to present a
prognostic model in relation to at least
one of these outcomes.

Types of analysis. Studies had to eval-
uate prognostic models of multiple fac-

tors, but no restriction was placed on the
phase of research or on the type of mul-
tivariable analysis. Furthermore, the
models had to be presented in full in the
study report or provided on request by
the corresponding authors.

Data Sources and Searches
Electronic searches. Building on the
experience of previous searches for a
prognostic study (2011–2012, report in
preparation) and 2 systematic reviews of
interventions in this field,32,33 we devel-
oped a broad strategy including only
search terms relating to the population
and interventions. For MEDLINE, we
used a slightly amended version of a filter
developed for prognosis research34 (see
eTab. 2, available at ptjournal.apta.org,
for the full search strategy).

We searched the following electronic
databases from inception: MEDLINE
(EBSCO), EMBASE (Ovid), Cochrane
CENTRAL (Ovid), CINAHL (EBSCO),
PEDro, and the World Health Organiza-
tion (WHO) International Clinical Trials
Registry Platform (ICTRP). The formal
database search was initially run on May
16, 2014 (ICTRP was searched on August
14) and updated to October 19, 2015.
One author (C.B.) conducted the
searches. We followed up “related arti-
cles” suggestions for all relevant studies.

Searching other sources. We sup-
plemented the electronic searches by
hand searching the reference lists of all
relevant studies and existing prognosis
systematic reviews on shoulder pain. We
further matched the compilation of eligi-
ble studies with the results from our pre-
vious searches.

Study Selection
Study selection was independently per-
formed by 2 authors (C.B. and N.C.H. or
H.H.H.). In case of disagreement, con-
sensus was sought through discussion or
involvement of a third person (A.M.B. or
H.H.H.).

Data Extraction and Quality
Assessment
Data extraction and management.
We used a purpose-designed and pilot-
tested form to extract data on key
aspects of study design, characteristics,

analyses, and results. For developmental
studies, we extracted only one model
per study: either the reportedly final
model or the most complete model
including the main effects for all prog-
nostic factors. We extracted key statistics
of the models and of model performance
as reported by the studies. Extraction of
summary statistics of predictive perfor-
mance, where possible, included the
standard error of the estimate (SEE) for
studies with continuous outcomes and
likelihood ratios or area under the curve
(C statistics) for studies with binary out-
comes. We also reported any further
measures of model performance (eg, of
the model’s discriminative ability) and
validation (internal or external). Two
authors (C.B., N.C.H.) independently
extracted the data. We did not impute
missing data. We limited author contact
to the clarification of issues related to
study eligibility.

Assessment of risk of bias and
applicability. To assess risk of bias
and applicability, we used the latest avail-
able version of the Prediction Study Risk
of Bias Assessment Tool (PROBAST),35

which, at the time of writing, was in the
late stages of development but unpub-
lished (Robert Wolff; personal communi-
cation; September 16, 2014). The
PROBAST is designed to assess risk of
bias and applicability of primary studies
evaluating (developing or validating)
prognostic models. It is domain-based,
with a similar structure to that of the
QUADAS-2.36 It has 5 key domains: par-
ticipant selection, predictors (ie, prog-
nostic factors), outcome, sample size and
participant flow, and analysis. Each
domain comprises a set of “signaling
questions” to facilitate judgments about
risk of bias: low, high, or unclear. Addi-
tionally, the first 3 domains are assessed
for concerns (low, high, or unclear)
about the applicability of the study’s
design and characteristics to the review
question. A summative judgment across
all domains leads to an overall rating of
low, high, or unclear risk of bias or con-
cern about applicability. Lastly, the
usability of the model is rated as “yes” or
“no.” For this item, we considered
whether the model was ready for use in
the intended context and target popula-
tion, in view of the phase of research, the
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detail with which the model was pre-
sented, and the risk of bias. Risk of bias
and applicability assessment was inde-
pendently performed by 2 authors (C.B.,
N.C.H.). In case of disagreement, consen-
sus was sought through discussion or
involvement of a third person (A.M.B. or
H.H.H.).

Data Synthesis and Analysis
All included studies were tabulated and
narratively synthesized. In the absence of
sufficient good-quality, comparable, and
externally validated studies, we did not
undertake quantitative data synthesis.

Results
Search and Selection Process
The complete process is outlined in the
Figure. The titles and abstracts of 5,889
results overall were screened. Fifty-four
full-text articles were obtained and con-
sidered for inclusion, 6 of which were
identified from previous prognosis sys-
tematic reviews,37,38 5 from our previous
searches, and 1 from personal communi-
cation (Thilo Kromer; September 22,
2014). We included 5 studies39–43 and
excluded 49 studies (see eTab. 3, avail-
able at ptjournal.apta.org, for further
details). The most frequent reason for
exclusion was a lack of multivariable
prognostic modeling. We identified (by
protocol or registry entries) 8 clearly or
potentially relevant ongoing studies (see
eTab. 4, available at ptjournal.apta.org,
and Figure). We obtained unpublished
full multivariable model data relating to
the trial of Hallgren et al.40

Included Studies
Study characteristics. Key character-
istics of the 5 studies are presented in
Table 1. The studies were published
between 2005 and 2014. All studies
appeared to have been conducted in out-
patient settings. All were cohort studies,
but in 2 studies, the cohort was derived
from pooled data from a randomized
controlled trial (RCT).39,40 None of the
studies were prospectively registered;
however, the intention for a prognostic
investigation was mentioned in the pub-
lished protocol for the study by Kromer
et al.44 Four studies concerned model
development, and the fifth study42 was
reported as a validation study.

Four studies39–41,43 investigated mixed
populations with impingement-related
shoulder pain. One of these studies41

excluded full-thickness tears. One
study42 investigated a rotator cuff tear
population without differentiating
between partial- and full-thickness tears.
Initial sample sizes ranged from 3341 to
102,40,43 with the number of outcome
events (number of patients in whom the
prognosticated event occurred) ranging
from 2341 to 89.43 Although varying in
duration, content, and dosage, physical
therapy was provided to all study partic-
ipants; steroid injections were provided
to all participants of one study40 and
were optional in another study.43

The number of initially considered prog-
nostic factors was unclear in 3 stud-
ies,39–41 but, based on the presented
data, appeared to range from 8 prognos-
tic factors43 to presumably more than
60.41 Prognostic factors mainly involved
demographics and clinical characteris-
tics, such as symptoms or diagnostic
imaging findings. One study39 investi-
gated psychosocial factors. None of the
studies provided a full and unambiguous
rationale for all initially considered fac-
tors. Although, in some cases, the
authors referred to previous prognosis
research, the approaches to the litera-
ture appeared nonsystematic. Kromer et
al39 presented some focused, literature-
based justification for 2 of the factors
modeled: fear-avoidance beliefs and
catastrophizing. Apart from these 2
exceptions, prognostic factors were
not systematically derived from the
literature.39–43

Each study used different outcome mea-
sures, but all studies included patient-
reported outcome measures; the out-
comes used for this review are presented
in Table 1. Follow-up ranged from 6
weeks41 to 12 months.39,40,42,43

The methods for selecting prognostic
factors for multivariable analysis, where
specified, varied (eTab. 5, available at
ptjournal.apta.org); 2 studies39,41 explic-
itly reported using some automated sta-
tistical method (eg, analysis of univari-
able correlations between the prognostic
factors and the outcome).

Approaches to multivariable modeling
also varied. An automated statistical pro-
cess (eg, stepwise regression) was used
in 3 studies.39,41,43 The nominal valida-
tion study by Merolla et al42 was severely
flawed by inappropriate statistical
analysis.

Risk of bias and applicability. Table
2 presents the summary of our PROBAST
assessment. Overall, all studies were
rated as at high risk of bias, mainly due to
issues within domains 3 to 5 (outcome,
sample size and flow, and analysis). Rat-
ings were affected by numerous issues,
namely: inclusion of prognostic factors
in the outcome definition39,42,43; unclear
or lack of blinding of outcome determi-
nation to prognostic factor informa-
tion41,42; an unreasonable number (�5)
of prognostic factors in relation to the
number of outcome events (which we
assessed in relation to the number of
factors included in the reported final
model or, where this number was not
specified, the most complete model
including main effects for all prognostic
factors)40,42; unclear handling of missing
data39–43; use of univariable analyses to
select prognostic factors39,41; unclear40

or unspecified42 modeling methods; and
failure to consider overfitting of data,
complexities in the data, evaluation of
performance measures, or nonlinear
relationships.39–43

Overall, concerns about applicability
mainly related to domain 2 (predictors)
and were rated as low for 2 studies,39,40

unclear for 1 study,43 and high for 2 stud-
ies (for concerns related to the definition
and assessment of prognostic fac-
tors).41,42 We rated all models as not
usable in clinical practice (Tab. 2). Both
risk of bias and applicability ratings were
affected by inadequate reporting, which
was a primary reason for “unclear”
domain ratings.

Results of included studies. Hetero-
geneity of clinical characteristics, prog-
nostic factors, and methods, including
the statistical approaches to multivari-
able modeling, precluded the statistical
synthesis of the 4 development studies
and limited the narrative synthesis of all 5
studies. Considering the studies’ hetero-
geneity and poor performance against
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Table 1.
Characteristics of Included Studies (Alphabetical Order)a

Study Characteristics

Hallgren et al,40 2014

Design Cohort study derived from 2-group RCT, model development

Setting Sweden, presumably outpatient

Start point Not precisely defined; recruitment was from the waiting list for arthroscopic subacromial decompression (duration of symptoms
�6 mo)

Participants N�102 (data on 95),* subacromial pain, mixed population: non-tear (69%), partial tear (22%), full tear (9%)

Intervention Exercise-based physical therapy for both groups (specific versus control exercises) following initial steroid injection (duration�
12 wk)

Prognostic factors
considered

N�8, Constant score (quartiles), proximal humeral migration (yes or no), radiological determination of osteoarthritis (in the
shoulder complex) (yes or no), cuff status (intact, partial tear, or full tear), subacromial calcification (yes or no), subacromial
degeneration (yes or no), sex, treatment group (control versus specific)

Outcome Choice of surgery (yes or no, based on record of treatment)
Outcome events: N�41

Endpoint After 1 y (after inclusion or after surgery)

Selection of
factors

For multivariable modeling: unclear (lack of information); there is no suggestion of prognostic factor selection based on
univariable analysis.

Within multivariable modeling: unclear (lack of information). No rationale was provided for the combinations of prognostic
factors, and no “final” model was specified, but apparently no stepwise regression was used.

Statistical analysis Logistic regression

Notes *Unpublished analysis data specifies up to 97 observations.

Hung et al,41 2010

Design Cohort (single-group), model development

Setting Taiwan, presumably outpatient

Start point Recruitment by an orthopedics clinic or by “general announcements in the local Internet media”; no further information was
provided

Participants N�33 (of interest for the present review was a subgroup of 23 participants who showed “improvement”), subacromial
impingement syndrome, presumably mixed population (rotator cuff tears were not excluded, but no further information was
provided)

Intervention Standardized physical therapy program (duration�6 wk)

Prognostic factors
considered

N�unclear; up to 60 patients may have been assessed, covering the following predictors or categories†: scapular kinematics,
shoulder PROM, isometric strength, thoracic spine posture, posterior shoulder tightness, functional disability, symptom
duration, adherence to treatment, age, height, weight

Outcome “Improvement” on 15-point GRCS, with dichotomization into “improved” or “not improved”
Outcome events: N�23

Endpoint After 6 wk (conclusion of physical therapy treatment)

Selection of
factors

For multivariable modeling: “Variables from the shoulder kinematics and clinical impairments were tested for their relationship
with the reference outcome using independent sample t tests. Variables with a significant level of P�.10 may be retained as
potential predictor variables.”

Within multivariable modeling: stepwise regression

Statistical analysis Logistic regression

Notes †All potential prognostic factors were dichotomized; although the method of dichotomization was prespecified, its implementation
was data-driven.

Kromer et al,39 2014

Design Cohort study derived from 2-group RCT, model development

Setting Germany, outpatient

Start point Presentation to a physical therapist following referral by general practitioner or orthopedic surgeon (duration of symptoms �4 wk)

Participants N�90 (data for 88), subacromial shoulder pain, presumably tendinopathies and partial tears

(Continued)
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Table 1.
Continued

Study Characteristics

Intervention Both treatment groups included supervised exercises; the intervention group received additional treatment with manual
mobilizations, individualized education, and instruction on ADL (overall duration�12 wk).

Prognostic factors
considered

N�7,‡ age, 11-point VNRS, FABQ-PA, PCS, sex, SPADI-F, symptom duration

Outcome SPADI-F change score
Outcome events: N�88

Endpoint After 12 wk (conclusion of intervention)

Selection of
factors

For multivariable modeling: It is unclear what predictors were initially considered. Multicollinearity was assessed among the 7
predictors that are specified in the report (cutoff r��.5); in case of a correlation, the “most easily obtainable variable in clinical
practice” was chosen for further analysis; selection was done regardless of the statistical significance of univariable correlations
of predictors with the outcome.

Within multivariable modeling: backward regression

Statistical analysis Linear regression (hierarchical)

Notes ‡The narrative implies that there were other, unspecified predictors.

Merolla et al,42 2011§

Design Cohort (single-group), model validation

Setting Italy, outpatient

Start point Diagnosis of a symptomatic rotator cuff tear by a shoulder surgeon

Participants N�60 (of interest for the present review was a subgroup of 33 participants who were treated conservatively), symptomatic rotator
cuff tears (presumably both partial and full-thickness)

Intervention Treatment included pain control, passive mobilization, supervised exercises, and laser therapy (overall duration unclear)

Prognostic factors
considered

N�17; acromiohumeral interval (�7 mm/�7 mm); AROM (�90°/�90°, although the movements to which this factor applied
were unspecified); age (�60 y, �60 y); bilateral tear (yes or no); drop sign (yes or no); long head of biceps muscle status
(normal, rupture, instability); overhead sport (yes or no); previous rehabilitation (yes or no); scapular dyskinesis (yes or no);
shoulder trauma (�6 mo/�6 mo); subscapularis muscle tear (yes or no), type of tear (complete, partial); working activity (light,
heavy); workers’ compensation (yes or no); passive stiffness, measured goniometrically (none or mild, moderate, severe), rotator
cuff fatty infiltration (grades 0–I, II, or III); and rotator cuff muscle atrophy (grades I, II, III, or IV)

Outcomes Constant score, subjective satisfaction (assessed with a nominal scale), pain (assessed with VAS). It is unclear whether all outcomes
were used for the validation of the model. Election of surgery and QoL also appear to have been assessed but were not
prespecified outcomes in the Method section.

Outcome events: N�33 for continuous outcomes (conservatively treated participants)

Endpoint Unclear. Outcomes were measured at 6, 9, and 12 mo, but the prognosis aspect may have been assessed at 12 mo only.

Statistical analysis Unclear. “Student’s t-test was used to highlight significant differences between pre- and post-rehabilitation program scores.”

Notes §Unclear and incomplete reporting seriously hindered data extraction.

Taheriazam et al,43 2005

Design Cohort (single-group), model development

Setting Iran, outpatient

Start point New diagnosis of impingement syndrome

Participants N�102|| (data for 89), subacromial impingement syndrome (NI on whether rotator cuff tears were included)

Intervention Treatment was based on a standardized protocol including oral NSAIDs, up to 2 local steroid injections, and a supervised physical
therapy program (overall duration presumably 12 mo)

Prognostic factors
considered

N�8, acromial morphology (type I, II, or III),¶ acromial spur (present, absent), AROM into flexion and abduction (implicitly
measured goniometrically, but converted into ordinal data for analysis as “normal,” “mildly impaired,” “moderately impaired,”
or “severely impaired”),¶ age, Constant score, dominant shoulder involvement (yes or no), sex, symptom duration

Outcomes Constant score
Outcome events: N�89

Endpoint After 12 mo (follow-up visit at clinic)

(Continued)
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the PROBAST criteria, we limited the
presentation of data within our review to
a table of key study characteristics with-
out results (Tab. 1). For a more detailed
table of the characteristics, including
results, see eTable 5.

The presented models differed greatly in
various aspects, including the number
and composition of prognostic factors,
and in the presented statistics (eTab. 5).
Only Hung et al41 provided a prognostic
index (eTab. 5).

Conflicts of Interest
Conflicts of interest were explicitly
addressed only in 2 studies,40,43 which
stated that there were none.

Discussion
Summary of Main Results
This systematic review included 5 stud-
ies with a total of 387 patients that aimed
to either develop39–41,43 or validate42

prognostic models for predicting out-
comes in adults who undergo physical
therapy, with or without other conserva-
tive measures, for painful rotator cuff
disorders.

The studies were heterogeneous in
terms of the populations, phases of
research, prognostic factors studied, sta-
tistical approaches used, and results
reported. These considerations ruled out
meaningful statistical synthesis and
imposed major limitations on narrative

synthesis. Moreover, all of the studies
were at high risk of bias, and most raised
“unclear” or “high” concerns about
applicability. None of the models were
ready for use in practice.

Overall Completeness,
Applicability, and Usability of the
Evidence
The study populations were broadly rel-
evant to the review question. Four stud-
ies39–41,43 investigated populations with
impingement-related shoulder pain,
implicitly including rotator cuff tears of
varying completeness, except for the
study by Hung et al,41 who excluded
full-thickness tears. Merolla et al42 exclu-
sively studied rotator cuff tears, although

Table 1.
Continued

Study Characteristics

Selection of
factors

For multivariable modeling: all 8 predictors were included in the multivariable analysis regardless of the statistical significance of
univariable correlations of predictors with the outcome.

Within multivariable modeling: after the initial inclusion of all predictors, further modeling was based on the statistical significance
of the regression coefficients (P�.05). Among the 3 remaining predictors, 3 additional multivariable models were then
calculated.

Statistical analysis Linear regression

Notes ||As reported by the authors, but there is a discrepancy. Of 128 eligible patients, 93 consented, and 13 were excluded from the
analysis, giving a sample of 80.

¶Categorized but erroneously analyzed as continuous data.

a ADL�activities of daily living, FABQ-PA�Fear-Avoidance Beliefs Questionnaire Physical Activity subscale, FLEX-SF�Flexilevel Scale of Shoulder Function,
GRCS�Global Rating of Change Scale, NI�no information, NSAIDs�nonsteroidal anti-inflammatory drugs, QoL�quality of life, RCT�randomized controlled
trial, PROM�passive range of motion, AROM�active range of motion, SLAP�superior labral anterior to posterior, SPADI-F�Shoulder Pain and Disability
Index Function subscale, VAS�visual analog scale, VNRS�Visual Numeric Rating Scale, PCS�Pain Catastrophizing Scale.

Table 2.
Prediction Study Risk of Bias Assessment Tool (PROBAST) (Risk of Bias and Applicability) Ratingsa

Study

Risk of Bias Applicability Concerns Overall Judgments

Participant
Selection Predictors Outcome

Sample
Size
and
Flow Analysis

Participant
Selection Predictors Outcome

Risk of
Bias Applicability

Usability
of the
Model

Hallgren
et al,40

2014

Low Low Low High ? Low Low Low High Low High

Hung
et al,41

2010

Low ? High ? High ? High ? High High High

Kromer
et al,39

2014

Low Low High ? High Low Low Low High Low High

Merolla
et al,42

2011

? ? High High ? ? High ? High High High

Taheriazam
et al,43

2005

Low Low High ? ? ? ? Low High ? High

a Low�low risk/concerns, High�high risk/concerns, ?�unclear risk/concerns.
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it is unclear whether they incorporated
partial-thickness tears in this definition.
However, applicability was compro-
mised by unclear eligibility criteria in
some studies, pertaining, for example, to
frozen shoulder41 or rotator cuff
tears.39,40,43 Also, in 2 studies, the patient
populations were selected by dint of
their agreement to participate in an
RCT,39,40 which may have reduced exter-
nal validity.

The physical therapy intervention was
insufficiently described to allow a judg-
ment in the study by Taheriazam et al.43

However, in the intervention group of
Hallgren et al40 and in the other 3 stud-
ies,39,41,42 the physical therapy interven-
tion was generally consistent with stan-
dard practice.45,46

Less uniform was the selection of predic-
tors, which was generally unjustified and
diverse. In one case,41 prediction
required measurement using specialized
equipment (the FASTRAK motion analy-
sis system, Polhemus Inc, Colchester,
Vermont) that would not be available in
most clinical settings. Replicability and
applicability of the models are likely to
be reduced by the questionable clinimet-
ric properties of some prognostic factor
measurements, such as posterior shoul-
der tightness in the study by Hung et al41

and the application of arbitrary cutoff
points for categorizing continuous prog-
nostic factors.

Some of our prespecified outcomes were
reported in some studies, including
pain,42 shoulder disability,39,42,43 and
global perceived change.41 Hallgren et
al40 reported the decision to undergo sur-
gery. The remaining outcomes of interest
for this review, including adverse events,
health-related quality of life, sick leave,
and structural progression of tears, were
either not reported or, in one case,42

reported too unclearly for extraction.

None of the 4 development
studies39–41,43 reported any form of
internal model validation, and none of
these studies were followed by an exter-
nal validation, even though 5 and 10
years had elapsed since the studies by
Hung et al41 and Taheriazam et al,43

respectively. Lack of appropriate valida-

tion of prognostic models is a widely
observed issue.47 There is good empiri-
cal evidence that models perform sub-
stantially less well in external (ie, inde-
pendent) samples and that performance
in external samples is more representa-
tive of clinical performance,28,48 so these
factors present a major obstacle to usabil-
ity. The fifth study (Merolla et al42),
although reportedly a validation study,
was seriously flawed in both concept and
execution. Ultimately, none of the stud-
ies have been assessed for clinical
impact, and, consequently, none of the
models presented in the included studies
is usable in clinical practice.

Quality of the Evidence
We evaluated risk of bias in 5 domains:
participant selection, predictors, out-
come, sample size and flow, and analysis.
Our judgment of risk of bias was affected
by a number of methodological issues
(see Results section). Most of the identi-
fied deficiencies have been addressed
extensively in the literature; several,
including, in particular, those relating to
the number of prognostic factors in rela-
tion to the number of outcome events
and use of univariable analyses to select
prognostic factors, have been shown to
result in invalid and unreliable models.49

Similarly, the use of statistical methods,
such as stepwise regression, to select fac-
tors within the multivariable analysis has
been criticized.49,50 These findings sug-
gest that the presented models are highly
unlikely to produce valid and reliable
predictions. Moreover, deficiencies such
as unclear handling of missing data and
the failure to consider overfitting of data,
complexities in the data, evaluation of
performance measures, or nonlinear rela-
tionships seriously hamper the judgment
of the quality of the data and the models’
performance. The single “validation”
study, by Merolla et al,42 was at high risk
of bias in most domains.

An issue warranting special emphasis is
the inclusion of prognostic factors in the
outcome definition (ie, the problem of
incorporation bias through mathematical
coupling), as it represents a conflict
between risk of bias and applicability.
The literature on incorporation bias pri-
marily relates to diagnostic research. In
that context, it relates to the interaction

between index and reference tests.51

Mathematical coupling, which inher-
ently occurs “when one variable directly
or indirectly contains the whole or part
of another,”52(p444) may either errone-
ously purport a relationship between the
prognostic factors and the outcome or
overestimate an existing relationship,
thus inflating estimates of predictive per-
formance. The conflict with applicability
arises specifically because baseline and
endpoint evaluation of a given outcome
measure is standard clinical practice.
This approach particularly applies to the
increased use of patient-reported out-
come measures in clinical practice and
research.53 Moreover, in the present con-
text, patient-reported outcome measures
are among very few prognostic factors
that have a basis in evidence.37,38 In our
review, this conflict was encountered in
2 studies,39,43 which were both down-
graded for risk of bias in the outcome
domain. The described problem may be
accommodated in the study design (eg,
by including a no-treatment control
group as a point of reference) or
addressed at the analysis stage, but
should not be overlooked.

Potential Biases in the Review
Process
We sought to minimize bias in the
review process by developing an a priori
protocol that was registered with PROS-
PERO. In addition, the full protocol was
lodged, a priori, with the chair of the
Research Governance and Ethics Com-
mittee of the School of Health and Social
Care at Teesside University. We recorded
any deviations from the protocol
(eTab. 1).

Our searches were comprehensive and
included several supplementary sources,
as well as the thorough inspection of all
search results. The known difficulty of
identifying prognosis research34,54 is
reflected by the �0.1% yield of included
studies from our initial results (Figure).
Problems include the lack of appropriate
indexing functions in the electronic data-
bases and of current validated search fil-
ters. We identified several search filters
for prognosis research, 3 of which are
supplied here34,55,56; however, we had
concerns about the currency of all search
filters but one (ie, MEDLINE),34 which
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was purposely designed to identify prog-
nostic model studies for systematic
reviews. Applying this filter (amended by
“prognos*”) significantly decreased the
number of results in MEDLINE, but none-
theless, in contrast to all other databases
searched, retrieved all 5 studies that
were included in this review. This find-
ing suggests that this filter performs well.
Identification of relevant studies also was
hampered by uninformative titles and
abstracts, and inconsistent terminology
compounded these difficulties, as has
been noted by other authors.27,28

Although we restricted inclusion to
reports in English, we did not impose a
language restriction on our searches and
did not identify any non-English, but
clearly relevant, studies.

Systematic reviewing of prognostic mod-
eling studies is an evolving field, and the
methodology is a work in progress.
Nonetheless, in evaluating the studies,
we referred to the latest recommenda-
tions of the PROGRESS partnership25

and, after pilot testing earlier versions,
evaluated risk of bias and applicability
using a near-definitive but unpublished
version of PROBAST (Robert Wolff; per-
sonal communication; September 16,
2014). The use of PROBAST was espe-
cially appealing to us because it is the
first tool to specifically address risk of
bias and applicability in prognostic
model studies.

Agreements and Disagreements
With Other Studies or Reviews
To our knowledge, this is the first sys-
tematic review to synthesize the evi-
dence on primary prognostic model
research in adults with rotator cuff dis-
orders who are undergoing conservative
treatment with physical therapy. We
identified 2 other prognostic systematic
reviews addressing shoulder pain,37,38

but both aimed to synthesize evidence
on individual prognostic factors rather
than on prognostic models and have min-
imal overlap with our own review,
which has a single study41 in common
with the review by Chester et al37 and
none with the review by Kuijpers et al.38

Of the 2 reviews, Chester et al,37 like us,
limited inclusion to studies investigating
response to conservative treatment with
physical therapy, whereas Kuijpers et
al38 studied overall prognosis. Both

reviews addressed shoulder pain in gen-
eral and did not provide any subgroup
analyses to allow for inferences about
rotator cuff disorders. Thus, although
evidence was found supporting a limited
number of emerging factors, including
symptom duration, baseline function or
disability,37,38 pain, and age,38 the trans-
ferability of these findings to the popula-
tion of interest in our review is unclear.

Implications for Practice
There is no prognostic model ready to
inform clinical practice on the prognosis
of outcomes in adults who undergo phys-
ical therapy, with or without other con-
servative measures, for painful rotator
cuff disorders.

Implications for Research
The complexity of prognostic modeling
demands high levels of methodological
expertise and clinical judgment, but par-

ticularly calls for the involvement, from
the outset, of a statistician with expertise
in the field. The composition of primary
(and secondary) research teams, there-
fore, should reflect this need. Research-
ers should be receptive to developing
methods that may improve the validity
and reliability of prognostic models. Cru-
cially, more attention should be paid to
model validation, and ultimately, to the
assessment of clinical impact.

The PROBAST,35 once publicly available,
should facilitate the assessment of risk of
bias and applicability in future systematic
reviews of prognostic model studies. Fur-
thermore, both methods and reporting
will benefit from adherence to the rec-
ommendations set out in the recent TRI-
POD (Transparent Reporting of a multi-
variable prediction model for Individual
Prognosis Or Diagnosis) statement.57

Further guidance for systematic reviews

Figure.
Search and selection flow diagram (adapted from Liberati et al59).
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of prognostic model studies is now avail-
able through the CHARMS (Critical
Appraisal and Data Extraction for System-
atic Reviews of Prediction Modelling
Studies) checklist.58
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