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Prognosis is an important aspect of evidence-based care 
provided by physical therapists. The Guide to Physical 
Therapist Practice defines prognosis as the “determina-
tion of the level of optimal improvement that might 
be obtained from intervention and the amount of time 
required to reach that level of improvement.”1 Accord-
ing to Dorland’s Illustrated Medical Dictionary, prognosis 
is “a forecast as to the probable outcome of an attack 
of disease; the prospect as to recovery from a disease as 
indicated by the nature of symptoms of the case.”2 The 
ability to accurately predict the outcomes of a health 
condition and the likelihood that each outcome will oc-
cur could greatly enhance the care provided by physical 
therapists. An accurate method to predict the outcome 
of care would allow clinicians to distinguish between 
those patients who are most likely to have a favorable 
outcome from those who are at risk for a less favorable 
outcome. More specifically, development and validation 
of a clinical prediction rule to guide clinical decision 
making could provide physical therapists with a valuable 
tool for quantifying the contributions that various com-
ponents of the history and physical examination make 
toward predicting the likely response to treatment for an 
individual patient.

The purpose of the study by Kennedy et al was to deter-
mine prognostic factors affecting response in soft tissue 
disorders of the shoulder in patients receiving physical 
therapy. As such, this study has the potential to enhance 
clinical decision making, thus contributing to physical 
therapist practice.

The level of evidence provided by any research study is 
dependent on the research design relative to the under-
lying question addressed by the study. For prognostic 
studies, the optimal study design is a prospective cohort 
study in which one or more groups of patients who have 
not yet experienced the outcome of interest are followed 
forward over time. Potential prognostic factors or predic-
tors of outcome are collected when patients are enrolled 
in the study, and patients are followed forward over time 
to determine who develops the outcome of interest. An 
analysis is performed to determine which prognostic fac-
tors predict the outcome of interest. For the study to be 
valid, it must include a well-defined sample of patients 
who are representative of the population of interest and 
must make use of well-established criteria to determine 
when the outcome of interest has occurred.3 Further-
more, the predictors of outcome must be reliably and 
accurately measured.

The study by Kennedy and colleagues has met many of 
these criteria. They have included a well-defined sam-
ple of patients who are representative of patients with 
soft tissue disorders of the shoulder that are managed 
by physical therapists. The outcome of interest was pa-
tient-reported disability, and this was measured with 
the Disability of the Arm, Shoulder, and Hand (DASH) 
outcomes questionnaire, which has demonstrated psy-
chometric properties (including reliability, validity, and 
responsiveness) in patients with shoulder disorders who 
are receiving outpatient physical therapy. The authors 
measured a number of potential predictors of outcome 
at the time of enrollment of each patient into the study. 
Broadly, these prognostic factors included demograph-
ic, disorder-related and disability measures, medication 
use, clinical findings, and expectations for recovery.

Several of the decisions made by the authors raise some 
interesting questions that warrant further discussion. 
One of these decisions was how to operationally define 
the outcome of interest. Specifically, the authors defined 
outcome in terms of the level of disability at the end of 
care as well as the amount of change in disability from 
the beginning to the end of care. The results indicated 
that disability at the end of care and change in disabil-
ity over the course of care were predicted by a different 
set of prognostic variables. Higher levels of disability at 
the end of care were predicted by a higher level of dis-
ability at the beginning of care, presence of a workers’ 
compensation claim, the physical therapist’s prediction 
of restricted activities at the end of care, the patient’s 
increasing age, and whether the patient was female. On 
the other hand, a larger change in disability from the 
beginning to the end of care was predicted by a higher 
initial level of pain, surgery within 6 months of the start 
of care, a shorter duration of symptoms before the start 
of physical therapy, younger age, and worse physical 
health. The regression models were able to account for 
approximately 36% of the variability in the level of dis-
ability at the end of care and 23% of the variability of the 
change in disability from the start to end of care. Based 
on these results, the authors concluded that, in the fu-
ture, consumers of the literature must consider not only 
what instrument was used to measure disability, but also 
whether disability was defined in terms of the level of dis-
ability at the end of care or the change in disability over 
the course of care.

Given that different sets of predictors were identified 
dependent on how disability was defined, an interest-
ing question arises: What is more important from the 
patient’s perspective—the level of disability at the end 
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of care, or the change in disability from the start to the 
end of care? We could argue that the most important 
outcome from the patient’s perspective is the level of 
disability at the end of care. Lower levels of disability at 
the end of care would be expected to be viewed as more 
important by the patient. However, in the discussion, the 
authors have presented other perspectives of what may 
be most important from the patient’s perspective. These 
include change in the level of disability, achievement of 
some threshold level of disability where the patient can 
cope with the disability, achievement of a “normal” or 
“functional” range of disability, or change in disability 
that is greater than measurement error. Further research 
will be needed to determine what is most important from 
the patient’s perspective.

A limitation of defining outcome in terms of the change 
in disability from the start to the end of care is that the 
magnitude of change may be dependent on the initial 
level of disability. Those with initial higher levels of dis-
ability have “more room” for improvement and thus a 
greater change score compared with those who have 
lower initial levels of disability. In essence, this creates a 
ceiling effect for those with a lower initial level of dis-
ability. In support of this, the authors found a correlation 
coefficient of −.60 between the initial level of disability 
and the change in the level of disability from the start to 
the end of care. This finding suggests that greater change 
was associated with higher levels of initial disability.

The question arises as to whether the baseline disabil-
ity scores should have been included in the regression 
model to predict the change in disability from the start to 
end of care. The authors elected not to include the initial 
level of disability in the regression model to avoid the 
dependency that this would create between the indepen-
dent and dependent variables in the regression model. 
Some biostatisticians, however, would recommend in-
clusion of the initial level of disability in the regression 
model to predict the change in disability to remove the 
covariance due to the initial scores (personal commu-
nication; James E Bost, PhD, Biostatistician, Center for 
Research on Health Care Data Center, University of Pitts-
burgh, Pittsburgh, Pa; May 11, 2006). Further analysis of 
the results to determine how inclusion of the initial level 
of disability would affect the prediction of the change in 
disability would be interesting to explore.

The explained variation in the models to predict the fi-
nal level of disability and change in disability from the 
start to the end of care was 36% and 23%, respectively. 
This implies that 64% of the variability in the final level 
of disability and 77% of the change in disability was un-
explained by the set prognostic variables that were in-

cluded in the models. Given this, the prognostic factors 
included in the model are relatively inaccurate in pre-
dicting the outcome of physical therapy management of 
soft tissue disorders of the shoulder in terms of either the 
final level of disability or the change in disability from the 
start to the end of care. This limits the usefulness of the 
prediction model when attempting to apply it clinically 
to an individual patient.

Given the relatively large amount of unexplained varia-
tion, additional research is needed to identify other 
predictors of outcome. To manage soft tissue disorders 
of the shoulder, physical therapists often focus on im-
pairments in range of motion (ROM) and muscle func-
tion. Therefore, it would be informative to know how 
impairments in ROM and muscle performance relate 
to outcome in terms of disability. The authors included 
measurements of ROM and muscle performance in the 
prediction models; however, these impairments were 
not precisely measured. Because of the large number of 
physical therapists participating in the study, the authors 
elected to dichotomize these variables as “none” versus 
some degree of limited motion or muscle performance. 
There were significant univariate relationships between 
ROM and disability at the end of care, and the change 
in disability and muscle performance was related to dis-
ability at the end of care; however, these variables were 
not included in the final prediction models. It is likely 
that the decision to dichotomize the ROM and muscle 
performance variables improved the reliability of those 
measurements; however, it is also likely that dichotomiz-
ing these variables resulted in some loss of measurement 
precision, which may have attenuated the relationship of 
these variables to outcome. In the future, ROM and mus-
cle performance should be quantified using goniometry 
and handheld dynamometry, respectively. Furthermore, 
to account for individual variation among patients, ROM 
and muscle performance should be compared between 
the involved and noninvolved extremities. Establishing 
the relationship between measurements of impairment 
of ROM and muscle performance with the outcome of 
care may allow physical therapists to better direct their 
intervention to focus on managing the underlying 
impairments.

Other variables not measured by the authors of the study 
may be important predictors of treatment outcome for 
patients with soft tissue disorders of the shoulder. For 
example, in patients with acute low back pain, fear-
avoidance behavior was found to be a significant predic-
tor of the outcome of manipulation therapy,4 and educa-
tion level has been found to be a significant predictor 
of outcome after anterior cruciate ligament reconstruc-
tion.5 Therefore, future research should consider the 
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effects of psychosocial variables, such as fear-avoidance 
behavior, depression, anxiety, and education level, on the 
outcome of physical therapy management of soft tissue 
disorders of the shoulder.

Another limitation of the prediction models that were 
developed is that the identified prognostic factors are 
not under the direct control of the physical therapist. 
The authors addressed this in the introduction, indicat-
ing that even though the prognostic factors are not un-
der the control of the physical therapist, the prediction 
model can still be helpful in predicting the outcome of 
the episode of care. This information may provide both 
the patient and the physical therapist with knowledge 
about the expected outcome.

In the future, it would be beneficial to investigate the ef-
fects that specific interventions have on the outcome of 
care provided by physical therapists. This will not be a 
simple task. It is not likely that a single intervention will 
prove to be beneficial for all patients. Rather, it is likely 
that the effects of specific interventions will be depen-
dent on the patient’s signs and symptoms. For example, 
it could be hypothesized that patients with limited motion 
will achieve greater improvements in ROM and a greater 
reduction in disability if they receive interventions di-
rected at improving ROM (eg, ROM and stretching exer-
cises, joint mobilization) than if they do not receive these 
interventions directed at restoring motion. Furthermore, 
the effects of ROM and stretching exercises in patients 
with limited ROM may be dependent on the acuteness of 
the condition. For example, patients with acute adhesive 
capsulitis (ie, in the “freezing” phase) may respond better 
to ROM exercises within the available ROM as opposed 
to stretching exercises. Conversely, patients in the “thaw-
ing” phase may benefit more from stretching exercises as 
opposed to ROM exercises.

Similar arguments could be made for targeted interven-
tions for other impairments—such as rotator cuff weak-
ness, scapular muscle weakness, or glenohumeral joint 
laxity—that are commonly experienced by individuals 
with soft tissue disorders of the shoulder. In essence, this 
argues for the development and testing of a treatment 
classification scheme for individuals with soft tissue dis-
orders of the shoulder. A treatment classification scheme 
for management of low back pain has been proposed by 
Delitto et al,6 and recent evidence suggests that individu-
als who receive treatments matched to their classifica-
tion have a more optimal outcome.4,7–9 Development of a 
similar treatment classification scheme for management 
of soft tissue disorders of the shoulder may lead to im-
proved treatment outcomes.

Using cluster analysis, Winters et al10 proposed a classi-
fication system for patients with complaints of shoulder 
pain that was based on clusters of symptoms and signs 
with unique interventions for each category. The results 
revealed 3 classifications based on the magnitude and du-
ration of pain and ROM limitations.10 Furthermore, there 
is some evidence to suggest that these classifications are 
somewhat helpful in directing interventions.11 Further 
development of a treatment classification system for pa-
tients with soft tissue disorders of the shoulder may lead 
to improvements in the ability to predict the outcomes of 
physical therapy management and should be the subject 
of future research.

In summary, Kennedy and coauthors should be congrat-
ulated for their efforts in developing a model to predict 
the outcome of physical therapy management of patients 
with soft tissue disorders of the shoulder. The methodol-
ogy used by these authors lays the ground work for oth-
ers to follow to address this important question. In par-
ticular, the authors have made an important point that 
careful consideration should be given to how outcome is 
defined, that is, either as the level of disability at the end 
of care or as the change in disability from the start to 
end of care. The usefulness of the prediction model de-
veloped by these authors will be determined by replica-
tion of this work in a second independent sample. Future 
efforts to determine prognosis for soft tissue disorders 
of the shoulder should consider more precise measure-
ments of impairment, the effects of the specific interven-
tions provided, and the interaction between the patient’s 
signs and symptoms and the interventions provided. 
Furthermore, the prognostic value of psychosocial vari-
ables, which may indicate the need for consultation with 
other health care professionals, should be explored.

James J Irrgang, PT, PhD, ATC
Associate Professor and Director of Clinical Research
Department of Orthopaedic Surgery
University of Pittsburgh School of Medicine
Room 911, Kaufman Building
3471 Fifth Ave
Pittsburgh, PA 15260
jirrgang@pitt.edu

References

1 Guide to Physical Therapist Practice 2nd ed. Phys Ther. 2001;81:9–744.

2 Dorland’s Illustrated Medical Dictionary. 30th ed. Philadelphia, Pa: WB Saun-
ders Co; 2003.

3 Sackett DL, Straus SE, Richardson WS, et al. Evidence-Based Medicine: How 
to Practice and Teach EBM. 2nd ed. London, United Kingdom: Churchill 
Livingstone; 2000.



8 George SZ, Fritz JM, Bialosky JE, Donald DA. The effect of fear-avoidance 
based physical therapy intervention for patients with acute low back pain: 
results of a randomized clinical trial. Spine. 2003;28:2551–2560.

9 Brennan GP, Fritz JM, Hunter SJ, et al. Identifying subgroups of patients 
with acute/subacute “nonspecific” low back pain. Spine. 2006;31:623–631.

10 Winters JC, Groenier KH, Sobel JS, et al. Classification of shoulder com-
plaints in general practice by means of cluster analysis. Arch Phys Med Reha-
bil. 1997;78:1369–1374.

11 Winters JC, Sobel JS, Groenier KH, et al. The course of pain and the 
restriction of mobility in patients with shoulder complaints in general prac-
tice. Rheumatol Int. 1997;166:219–225.

4 Childs JD, Fritz JM, Flynn TW, et al. A clinical prediction rule to identify 
patients with low back pain most likely to benefit from spinal manipulation: 
a validation study. Ann Intern Med. 2004;141:920–928.

5 Spindler KP, Warren TA, Claiborne Callison J Jr, et al. Clinical outcome 
at a minimum of five years after reconstruction of the anterior cruciate 
ligament. J Bone Joint Surg Am. 2005;87:1673–1679.

6 Delitto A, Erhard RE, Bowling RW. A treatment-based classification 
aproach to low back syndrome: identifying and staging patients for conser-
vative treatment. Phys Ther. 1995;75:470–489.

7 Hicks GE, Fritz JM, Delitto A, McGill SM. Preliminary development of a 
clinical prediction rule for determining which patients with low back pain 
will respond to a stabilization exercise program. Arch Phys Med Rehabil. 
2005;86:1753–1762.

Author Response
tion, each approach to formatting the Disabilities of the 
Arm, Shoulder, and Hand (DASH) outcome measure 
(change, final state, or course) would likely have been 
considered adequate measurement of outcome, but the 
differences in predictors attributed to the format would 
be overlooked. We hope that our findings will help con-
sumers of the literature realize that a different array of 
predictive factors across studies, all of which seem to 
predict “disability,” could simply be due to the way the 
outcome was formatted in each study.

Issues of the Modeling
Irrgang raised 3 important issues regarding our deci-
sions related to statistical modeling, all of which are 
choices that need to be made when conducting an anal-
ysis with integrity. First, Irrgang raised the issue of the 
number of variables we could consider. We were unable 
to include likely important psychosocial variables such 
as fear-avoidance. In deciding with our clinical collabo-
rators which variables we would include, we were faced 
with issues of power. We wanted to follow the guide-
line of 10 observations for each parameter considered 
(variables plus any dummy variables needed) and were 
therefore limited even with a large sample size. Follow-
ing an even larger cohort to gain the additional power 
was not feasible, and our team members were more re-
habilitation oriented and were not trained in clinical 
psychology, so we ethically needed to decide what we 
were qualified to manage in 81 clinics across the prov-
ince and to interpret with our skills. We therefore de-
cided to focus on what our main stakeholders—physical 
therapists who manage these problems—and the litera-
ture suggested as clinically important and potentially 
useful predictors. We did not focus our analysis on the 
R 2 values (proportion of variance explained) but rather 
on the significance, magnitude, and direction of the 
beta coefficients. We also were able to use standardized 
coefficients to allow some comparison across variables 
in a single model. The lower, although not insignificant, 

We thank Irrgang for his thoughtful reflections on our 
article. His comments supported the fact that studies of 
prognosis are being recognized for their clinical impor-
tance and that—as we move toward the application of 
their results to clinical practice—their methods are un-
dergoing the same scrutiny that randomized controlled 
trials received several years ago. There has been an ex-
ponential rise in the number of systematic reviews of 
prognosis over the past few years, and, with that, a rise 
in the need for standardization of the ways we conduct, 
report, and interpret studies of prognosis.2 Prognostic 
studies are vulnerable to biases in selection, prognostic 
factor assessment, study attrition, analytic approach, and 
outcome determination2 and require careful thought 
and description of the decisions made.

We would like to respond to 3 of Irrgang’s comments. 
First, the issues of format of the outcome; second, the 
issues of modeling; and finally, issues of moving forward 
from here—what was missed, and what lies ahead. In
many ways, we do not dispute Irrgang’s comments, and 
we appreciate the opportunity to respond to them.

Issues of the Format of the Outcome

Consumers of the prognosis literature often are happy to 
find multiple studies that, for example, look at disability 
or at pain as an outcome, and they may neglect to con-
sider the impact of how the outcome was formatted for 
analysis. The authors, or systematic reviewers, may well 
describe whether the study looked at a final state of dis-
ability or at a magnitude of change, without realizing 
that this is now an important part of the way we inter-
pret prognostic findings. We were surprised by the re-
sults of our study, which continued when we also mod-
eled the predictors of the “course” of disability over 
time.3 The results suggest one more layer to consider vis 
à vis Hayden and colleagues’ guidelines for systematic 
reviews2: the form of the outcome measure as part of 
the “adequate measurement of outcome.” In our situa-
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R 2 values do suggest that there is more to be learned 
about factors that are predictive of how people will do in 
physical therapy.

This leads to Irrgang’s second point—the way in which 
we measured range of motion and other clinical vari-
ables. We held training sessions with each of the clini-
cians involved in the study and provided guidance as to 
how to measure various predictors. Our pool of asses-
sors was large. We decided to measure some of the clini-
cal variables as “normal/abnormal” simply to reduce 
measurement error due to interobserver variability. Al-
though this does reduce the power of an analysis, it also 
improves the interpretability of the factor in a predictive 
model. Our model was testing whether restrictions in 
various planes of motion were associated with outcome. 
A model with a continuous measure of range of motion 
would be saying that a difference of 1 degree is predic-
tive of outcome—a level that is neither clinically impor-
tant nor useful for the individual client.

The final issue of modeling raised by Irrgang is what 
to do with baseline disability in a model of change. We 
thought extensively about this issue, which we raised 
in the discussion section of our article. We sought the 
advice of several epidemiologists as well as statisticians. 
From a mathematical perspective, baseline state is part 
of the change in state (follow-up–baseline); therefore, 
it cannot be on both sides of the equation. From a clini-
cal perspective, the importance of baseline status in a 
predictive model is critical. There was no consensus, 
and we were not able to find a source in the literature 
to give us a definitive answer. We did the analysis both 
ways and found a shift in the factors that were statistically 
important.

We re-ran a new model for the outcome of change in 
DASH score when the baseline DASH score was includ-
ed in the model. In this new model for change in DASH 
score, the Physical Component Score (PCS) and pain 
intensity were no longer retained in the model. Age (by 
decade), duration of current problem, and surgery re-
mained in the model. In addition, baseline DASH score 
and having a workers’ compensation claim were signifi-
cantly associated with change in DASH score. Therefore, 
the baseline DASH score replaced PCS and pain inten-
sity (which were moderately correlated with baseline 
DASH score) in the new model.

Issues of Moving Forward: What Was Missed, 
and What Lies Ahead
Our final response echoes Irrgang’s comments regard-
ing the next steps with our study. Our study, which fol-
lowed a large number of people across many clinical set-
tings, was challenging to carry out. Yet, it still did not 

fulfill enough of the criteria for a clinical prediction rule 
to be adopted into a study. We did move up Altman’s 
hierarchy of studies of prognosis4 by basing our variable 
selection on the existing literature. We also attempted to 
address many of the quality issues in our study design and 
reporting by following existing appraisal guidelines.5,6

Further work is needed to run this model in a similar 
sample and validate the results. We would be encour-
aged if others were interested in doing so—it is a critical 
step in the Childs and Cleland guidelines for developing 
a clinical prediction rule.1 We agree with Irrgang’s anal-
ogy to the classification systems in low back pain aiding 
the treatment of these individuals; however, it might be 
premature to apply our model in this way until it has 
been validated and tested for its clinical impact.

We thank Dr Irrgang for his thorough and insightful 
comments on our article and in particular for his em-
phasis on the importance that the format of the outcome 
seems to have had in our models. We look forward to 
others picking up the challenge to test our model and 
our findings about the format of the outcome so that we 
can continue to learn about the factors affecting studies 
of prognosis and their eventual clinical application.
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