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Study Design: Systematic review of the titerature.

Objectives: To develop a grading scale to judge the quality of randomized clinical trials (RCTs)
and conduct a systematic review of the published RCTs that assess nonoperative treatments for
patellofemoral pain syndrome (PFPS}

Background: Systematic reviews of the quality and usefulness of clinicat trials allow for efficient
synthesis and dissemination of the literature, which shoutd facilitate clinicians’ efforts to
incorporate principles of evidence-based practice in the clinical decision-making process.
Methods and Measures: Using a scale based on criteria in the Cochrane Collaboration Handbook,
we sought to critically appraise the methodology used in RCTs related to the nonoperative
management of PFPS, synthesize and interpret our results, and report our findings in a
user-friendly fashion. A scale to assess the methodological quality of trials was designed and pilot
tested for its content and reliability. Published RCTs identified during a literature search were then
selected and rated by 6 raters. We used predefined cutoff scores to identify specific weaknesses in
the clinical research process that need to be improved in future clinicat trials.

Results: The quality scale we developed was demonstrated to be sufficiently reliable to warrant
interpretation of the reviewers’ findings. The percentage of trials that met a minimum level of
quality for each specific criterion ranged from a low of 25% for the adequacy of the description of
the randomization procedure to a high of 95% for the description and standardization of the
intervention.

Conclusions: Based on the resuits of trials exhibiting a sufficient level of quality, treatments that
were effective in decreasing pain and improving function in patients with PFPS were acupuncture,
quadriceps strengthening, the use of a resistive brace, and the combination of exercises with
patellar taping and biofeedback. The use of soft foot orthotics in patients with excessive foot
pronation appeared useful in decreasing pain. In addition, at a short-term follow-up, patients who
received exercise programs were discharged earlier from physical therapy. Unfortunately, most
RCTs reviewed contained qualitative flaws that bring the validity of the results inta question, thus
diminishing the ability to generalize the results to clinical practice. These flaws were primarily in
the areas of randomization procedures, duration of follow-up, control of cointerventions,
assurance of blinding, accountability and proper analysis of dropouts, number of subjects, and the
relevance of outcomes. Also, given the limited number of high-quality clinical trials,
recommendations about supporting or refuting specific treatment approaches may be premature
and can only be made with caution. J Orthop Sports Phys Ther. 2003:33:4-20.
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atellofemoral pain syn-
drome (PFPS) is a com-
mon source of anterior
knee pain in active indi-
viduals,* #3358 T ac-
counts for 256% to 40% of all knee
problems seen in sports medicine
centers.”*" Although the etiology
of PFPS is unclear, some have sug-
gested that the pain and discom-
fort is likely to be the result of
abnormal muscular and
biomechanical factors that alter
the distribution of shearing and
compressive forces on the patel-
lofemoral joint during normal ac-
tivity.*! Dye et al'? recently sug-
gested that the onset of PFPS may
be due to a complex pathophysi-
ologic process that may include
peripatellar synovitis, increased
intraosseous pressure, and in-
creased intraosseous remodeling.
Because of the multifactorial
nature of PFPS, many conservative
treatment options have been pro-
posed to treat this condition.
However, no single intervention
has been demonstrated to be the
most effective. Consequently, sev-
eral authors have conducted criti-
cal reviews of studies of the
nonoperative treatment of
PFPS.> 104868 Although the au-
thors of these reviews offer many
opinions of others’ studies, their
judgments are not based on a sys-
tematic approach to reviewing the
literature. For example, Crossley
et al' published a systematic re-
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view of physical therapy treatments for PFPS. Sixteen
clinical trials published as of October 2000 were se-
lected for review. Although the effectiveness of physi-
cal therapy interventions such as strengthening,
stretching, bracing, and taping was discussed, the
specific criteria used to assess the methodological
quality of these trials were not included.

A systematic review is a method that many believe
minimizes bias and allows for better clinical decision
making based on the evidence.® When several trials
have been conducted that demonstrate efficacy for
more than 1 treatment intervention, a systematic re-
view of the literature has been suggested to provide
the clinician with more information than the results
of a single study.56 Di Fabio''? discussed the various
ways to gather evidence from the literature using tra-
ditional, systematic, and masked reviews, and meta-
analyses. Di Fabio also cautioned readers about the
interpretation of systematic reviews, emphasizing the
lack of definitions and the high degree of subjectivity
when using these techniques. Jadad and his col-
leagues®® reported that 80% of publications identi-
fied as systematic reviews had serious or extensive
flaws, thus corroborating Di Fabio's view that such
reviews are highly variable in their methodological
rigor.

The purpose of this study was 2-fold: first, we
sought to develop a grading scale to judge the qual-
ity of randomized clinical trials (RCTs); secondly, we
wanted to use this scale to conduct a systematic re-
view that critically appraises the methodological qual-
ity of the published RCTs that assess nonoperative
treatments of PFPS, synthesize and interpret our re-
sults, and report our findings in a user-friendly fash-
ion.

METHODS

To judge the quality of the RCTs, we developed a
quality scale based on the Cochrane Collaboration
Handbook.” The scale included factors that have
been demonstrated to elicit bias and other factors
that might affect the ability of clinicians to incorpo-
rate the results into their clinical practice. There is a
general consensus that the Cochrane Collaboration
guidelines® offer a relatively high degree of rigor to
systematically examine the quality of clinical trials.
While there is frequently little evidence to support
the various weights given to components of quality
scales, we believe that scales should ideally include
empirically-based criteria that have been associated
with bias in clinical trials. This is in accord with the
view given in the Cochrane Collaboration Handbook,
which states that the guidelines for systematic reviews
are not to be used to dictate arbitrary standards, but
rather to "help reviewers make good decisions about
the methods they use.”®
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Design of Scale

One meeting was initially conducted among 6 ex-
perienced physical therapists with knowledge in fac-
tors that lead to bias in clinical trials and who were
familiar with determining the best evidence upon
which to base treatment strategies for their patients.
During this meeting, the group discussed how to
combine the relevant factors that might influence
the methodological quality of a clinical trial into a
meaningful scale. As an initial framework, the guide-
lines for systematic reviews proposed by the
Cochrane Collaboration were followed.”” Based on
this discussion, the group agreed on the importance
of 4 main criteria: (1) population, (2) interventions,
(3) effect size, and (4) data presentation and analy-
sis.

Scoring System of Methodological Quality Scale

Twenty-five points were assigned for each of the 4
main criteria for a total of 100 points. More specific
criteria within each main criterion were then devel-
oped. Depending on our weighting of the criteria, a
maximum of 5 or 10 poeints per specific criteria were
given. All criteria ranged from 0 to 5 or 0 to 10
points, with 0 points for an inadequate description
and the maximum number of points for an appropri-
ately detailed description and adherence to the pro-
spectively determined rules where applicable. If the
rater believed that at least an attempt had been
made to satisfy any criteria, even if inadequate, a par-
tial score could be assigned. This latitude was pro-
vided to allow the rater freedom to score criteria
that were partially complete and partially described.
For example, description of exercise interventions
that did not provide sufficient details to facilitate
replication of the study (ie, information regarding
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technique, intensity, duration, frequency, etc) could
receive partial credit. Each of the specific criteria
were then further defined and weighted consistently
with other published scales.

Considerations Within Each of the 4 Criteria

A brief description of the items that contributed to
the assignment of points within each of the 4 main
criteria and the relative weights given to the more
specific criteria within each main criterion is out-
lined below.

Population (25 Points Total)

Inclusion Criteria (5 Points) The subjects had to be
clearly defined in terms of the localization of the
symptoms (anterior part of the knee) and type of
symptoms (pain during squatting, kneeling, stairs,
walking, and sitting with flexed knee) to substantiate
a diagnosis of PFPS. Commonly used diagnostic sub-



stitutions that were also accepted included anterior
knee pain, patella pain, chondromalacia patellae,
and patellofemoral chondral lesions.

Exclusion Criteria (5 Points) The trial had to clearly
define the exclusion criteria for potential subjects.
Commonly utilized exclusion criteria were previous
knee surgeries (tibiofemoral and patellofemoral) and
knee instabilities (tibiofemoral and patellofemoral).

Adequate Number (10 Points) If the null hypothesis
was rejected, discussion of power was considered not
necessary and 5 points were given. However, if the
null hypothesis was not rejected, the rater searched
for the author to comment on the study’s power. Up
to an additional 5 points were given based on a scale
considering the number of subjects per group: more
than 25 subjects = 5 points; 21 to 25 = 4 points; 16
to 20 = 3 points; 11 10 15 = 2 points; 6 to 10 = 1
point; and less than 5 = 0 points.

Homogeneity (5 Points) The baseline characteristics
of important prognostic indicators (sex, age, pain
level, strength, and activity level) had to be similar
among the groups.

Interventions (25 Points Total)

Standardized and Described (10 Points) The type of
intervention used in the study had to be described
explicitly, such that other researchers would be able
1o replicate the study. Important details of the inter-
vention such as type, application technique, intensity,
duration, and frequency of sessions had to be clearly
stated to obtain a score of 10 points.

Control and Placebo Adequate (10 Points) Five points
were assigned each for the presence of a control
group and a placebo group.

Cointerventions Avoided (5 Points) No other interven-

tions parallel to the main intervention were allowed,
unless the rater determined that the cointerventions
were applied equally to both the experimental and
control groups.

Effect Size (25 Points Total)

Relevant Outcome (10 Points) Outcome measure-
ments should be explicitly described, symptom and
region specific, and relevant to the research question
and clinical practice. Raters searched for the instru-
ments’ reliability, validity, and responsiveness. Raters
looked for outcome measures of physical perfor-
mance and selfreported measures of pain, function,
and disability.

Blinded Outcome Assessment (10 Points) Outcome as-
sessment done by a person masked to group assign-
ment must be explicit and sufficiently described.

Follow-up Period Adequate (5 Points) The following
scale was used: more than 24 months = 5 points; 13
to 23 months = 4 points; 7 to 12 months = 3 points;
4 to 6 months = 2 points; 1 to 3 months = 1 point;
and less than 1 month = 0 points.

6

Data presentation and Analysis (25 Points Total)

Randomization Described (5 Points) The randomiza-
tion procedure had to be explicitly described. To
avoid excessively penalizing the authors who stated
the word “randomize” but did not provide details of
the randomization procedure used, we allowed par-
tial credit.

Drapouts (5 Points) The authors had to clearly de-
scribe the rate of withdrawal in each group. In addi-
tion, the reason for subjects initially enrolled in the
study who did not complete the trial or were lost to
follow-up (eg, change of residence, job change, treat-
ment intolerance, or adverse effect of the interven-
tion) had to be clearly stated to allow determination
of risks associated with the treatments.

Intention to Treat (5 Points) The data analysis had to
include those subjects who were noncompliant to
treatment or were lost to follow-up.

Proper Statistical Procedures Described (10 Points) The
research hypothesis had to be analyzed with the ap-
propriate statistical procedures and provide a clear
description, including presentation of point estimates
and measures of variability.

Pilot Testing of the Scale

To pilot test the scale, the same group of 6 experi-
enced physical therapists involved in the develop-
ment of the scale reviewed and scored 5 published
trials and then met to discuss the results. The goal of
this meeting was to assess the agreement on the cri-
teria list and the weights assigned to each item. Addi-
tionally, this process was used to clarify any confusion
regarding the interpretation of each item and to de-
termine if any significant items were missing. The
same 5 trials were then rescored together during the
following meeting. Disagreements between reviewers
were resolved by consensus under the guidance of a
third party “referee,” author AD, who was the senior
researcher of the group. The idea was not to force
the reviewers to assign the same score, but rather to
agree on a common interpretation of each criterion.
A range of 2 to 3 points of deviation for each main
criterion was considered acceptable. Table 1 provides
a copy of the final scale that was used for scoring the
trials.

Literature Search

Because of the known bias associated with designs
other than the RCT,*® we chose to limit the review to
trials that at least were purported to allocate subjects
randomly to treatment groups. The focus was on
published RCTs in the English peer-reviewed litera-
ture. Moher et al’® found no differences between the
quality of reporting in RCTs published in English,
French, German, ltalian, and Spanish. Thus there is
a consensus that to minimize potential bias, all trials
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TABLE 1. Scoring scale used to grade triafs.

Criteria Points Comments

Population (25)
Inclusion criteria {5)
Exclusion criteria (5)
Adequate number (10)
Homogeneity (5)
Intervention {25)
Standardized and described (10)
Control and placebo adequate (10)
Cointerventions avoided (5)
Effect size (25)
Relevant outcome (10)

Blinded outcome assessment (10)
Follow-up period adequate (5)
Data presentation and analysis (25)

Randomization described (5)

Dropouts accounted for {5)

Intention to treat (5)

Proper statistica! procedures (10}
Total score

should be included in systematic review regardless of
the language in which they were published.'® How-
ever, the translation of trials published in languages
other than English would have been time- and cost-
prohibitive for the purposes of this review.

We conducted a search on the MEDLINE,
CINAHL, and Web of Science databases, and the
Cochrane Database of Systematic Reviews for the pe-
riod between 1966 and October, 2000. The following
key words were utilized singularly and in all possible
combinations: patellofemoral pain syndrome, patella
pain, peripatellar pain, retropatellar pain, patella,
anterior knee pain, knee pain, chondromalacia patel-
lae, chondropathy, physical therapy, physiotherapy,
rehabilitation, controlled clinical trial, and random-
ized controlled trial. The reference list provided in 4
previous reviews,” " %% and the reference lists in
the identified trials were also screened. Redundant
trials were then removed and the remaining 20 trials
listed as RCTs in the databases were retrieved for
review. Despite the fact that many studies lack an
explicit randomization procedure, we kept all 20 tri-
als, and did not apply a methodological filter to the
RCTs based on randomization, as proposed by
Sackett et al®® for 2 reasons: first, a small number of
studies were available, and second, the randomiza-
tion criteria from the scale would account for the
appropriateness of the randomization procedure
used.

To obtain trials related to PFPS, the inclusion cri-
teria for the trial had to provide some framework for
determining that the subject had PFPS. However, be-
cause the inclusion criteria in some trials were not
specific enough to rule out the possibility of compet-
ing diagnoses related to anterior knee pain, some of
the patients in these trials may have had other
sources of anterior knee pain. We only included tri-
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als that used nonoperative interventions such as
therapeutic exercises, taping, braces, orthotics, injec-
tion, and medication.

Scoring of Trials

The trials were then reviewed by a second group
of physical therapists, consisting of 6 graduate stu-
dents and 2 seasoned faculty members. During the
first meeting, the articles were distributed and train-
ing was conducted by one of the authors to ensure
that all reviewers understood the components of the
scale and how to score the various trials. A second
meeting was conducted 1 week later to clarify any
questions about the scoring criteria. This meeting
served to minimize disagreements or misunderstand-
ings, thus to ensure common interpretation of the
scoring criteria. We planned to resolve any disagree-
ment of more than 3 points for a main criterion be-
tween 2 reviewers in a consensus fashion. If the dis-
agreement persisted, a third party “referee’” would
be consulted to assist in the resolution. However, be-
cause the ranges of the scores were within limits, ref-
eree consultation was not necessary. Finally, the re-
sults of the 20 scored trials were forwarded to one of
the authors, and the results were entered into a com-
puterized database (SPSS, Version 10.1, SPSS, Inc.,
Chicago, IL) for analysis.

Assessors were not masked to the authors, institu-
tion, and journal of publication for the trial under
review. Several studies have assessed the importance
of masking articles for a quality assessment of clinical
trials 2337401271 Although there is some evidence
that failure to mask these factors results in higher
and less consistent scoring,25 a recent study found no
association between masking and unmasking with
respect to factors related to quality assessment.”!
Both the logistical difficulty of masking and the in-
consistent magnitude and direction of the effects of
masking contributed to our decision not to mask the
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trials.

Interrater Reliability of the Scale

The intraclass correlation coefficient (ICC, ;) for
each component of the scale and for the total score
of the trial was calculated according to the method |
described by Shrout and Fleiss.®" Formula 1,1 was
used because each trial reviewed was rated once by a
different set of raters.”’ In this case, 6 out of 8 re-
viewers judged each trial and the combination of rat-
ers varied for each trial.

Identification of Areas of Improvement

To identify weaknesses in the methodology used in
the RCTs in the treatment of PFPS, it was necessary
to establish a minimum level of quality for each of



the 14 criteria in the quality scale. Minimum quality
was operationally defined as a trial scoring at least
half of the maximum possible score for the criterion
under review. For example, if a specific criterion was
assigned a maximum score of 10 points, trials that
achieved a score of at least 5 points for this item
were considered to meet a minimum level of quality.
Table 2 depicts whether the minimum level of qual-
ity was satisfied for each criterion across all of the
trials reviewed. Then, for each of the 14 criteria, we
calculated the percentage of the trials (number of
trials out of the 20 trials) that met the minimum
level of quality. A calculation of the percentage of
trials that met this cutoff was used to identify specific
areas of the clinical research process that needed
improvement. We defined that if 70% or less of the
trials did not meet the minimum level of quality in a
specific criterion, that criterion reflected a problem-
atic area that needed to be more adequately ad-
dressed in future trials.

The cutoff value selected to define a minimum
level of quality and the definition of areas that
needed improvement based on the percentage of
trials that met the minimum level of quality are ad-
mittedly somewhat arbitrary. However, we chose a
minimum level of quality of half of the maximum
points possible to protect against the possibility of
being unreasonably critical in the review. Moreover,
based on our judgment, this minimum level seemed
to differentiate those trials with sufficient quality to
provide valid results with adequate generalizability. It
is entirely possible that a different set of reviewers
may have selected different cutoff scores.

RESULTS

The ICCs for each criterion in the scale and the
total score of the methodological quality of the trials
are reported in Table 3. The [CCs for the items
within each of the 4 main criteria ranged from 0.64
for the intervention’s standardization and description
to 0.99 for the item related to the blinding of out-
come assessors. The ICC for the total quality score
was 0.97.

Descriptive statistics (mean and standard devia-
tion) of each trial with respect to the individual crite-
rion score and total methodological quality score can
be seen in Table 4. The total methodological quality
scores ranged from a low score of 19 to a high score
of 82.

Table 5 illustrates the relative scores of each trial
and the description of interventions assessed in each
of the RCTs. The display of the scores was divided
into quartiles to facilitate visualization of the distribu-
tion of the scores. Two trials scored in a range of 0
to 24 points, 5 scored between 25 to 49, 8 scored
between 50 to 74, and 5 scored between 75 to 100.
Whether the trial detected a significant difference
between interventions and what intervention was
shown to be superior is also noted in Table 5. To
facilitate the discussion of the results of the review,
we classified the interventions into 7 groups, based
on the primary goal of the intervention. We classi-
fied separately the studies in which more than 1 in-
tervention was tested (eg, an exercise program versus
education, and versus education with taping}. The
groups are as follows: (1) orthotics (including foot

TABLE 2. Descriptive statistics for each trial and percentage of trials meeting the minimum level of quality for each area. Yes indicates the

the last column.

Rogvi-
Criteria Antich? Fulkerson'® Finestone'” Miller®® Kowall*? Eburne'® Rowlands®® Roush®> Hansen®'
Population (25)
Inclusion criteria (5) no no yes yes yes yes yes yes yes
Exclusion criteria (5) no no no yes no yes yes yes yes
Adequate number (10) no yes no no no yes no no no
Homogeneity (5) no no no no yes yes no no yes
Intervention (25)
Standardized and described (10) yes yes yes no yes yes yes yes yes
Control and ptacebo adequate (10)  yes no yes yes yes no yes yes yes
Cointerventions avoided (5) no no yes no no no yes no no
Effect size (25)
Relevant outcome (10) no no no no yes no yes no no
Blinded outcome assessment (10) no no no no no yes no yes yes
Follow-up period adequate (5) no no no no no no no no no
Data presentation and analysis {25)
Randomization described (5) no no no no yes no no no no
Dropouts accounted for (5) no no no no yes yes no yes no
Intention to treat (5) no no no yes yes no no no no
Proper statistical procedures (10) no no no no yes yes yes no yes
8 ] Orthop Sports Phys Ther * Volume 33 * Number 1 © January 2003



orthoses, patellar braces, elastic sleeves, and patellar
taping), (2) manual therapy, (3) modalities, (4)
medications, (5) acupuncture, (6) strength training
methods, and (7) combined interventions. The theo-
retical rationale and the results of each study will be
discussed with respect to the treatment category to
which the trial was assigned.

The percentage of trials that met the minimum
level of quality for each specific criterion based on
this definition ranged from a low of 25% for the ad-
equacy of the description of the randomization pro-
cedure to a high of 95% for the description and
standardization of the intervention (Table 2).

Several areas included in our quality scale were
consistently scored high by most of the trials, sug-
gesting a good understanding of these criteria by the
researchers. Five out of the 14 areas scored well, de-
fined as greater than 70% of the trials meeting the
minimum level of quality. These 5 criteria include:
(1) standardization and description of intervention,
(2) adequate control and placebo, (3) description of
inclusion criteria, (4) description of exclusion crite-
ria, and (5) proper statistical procedures. Table 2
includes the specific percentage for each of these
items. Because these items were consistently scored
high by the reviewers, these components of the clin-
ical research process will not be discussed further.

Nine out of 14 specific areas of the scale did not
score well, suggesting a poor understanding of these
criteria by the researchers. They include the follow-
ing: (1) adequate description of randomization, (2)
adequate follow-up, (3) sufficient control of
cointerventions, (4) assurance of blinding, (5) con-

sideration of an intention-to-treat analysis (ITT), (6)
adequate number of subjects, (7) inclusion of rel-
evant outcomes, (8) proper accounting for withdraw-
als and dropouts, and (9) homogeneity of groups at
baseline.

DISCUSSION

Reliability of the Scale

The ICC ranges from 0 to 1, with higher values
representing better reliability. Portney and Watkins?’
suggest that ICCs above 0.75 represent good reliabil-
ity, ICCs from 0.75 to 0.5 represent moderate reliabil-
ity, and those below 0.5 indicate poor reliability. In
this study, the consistency of rating each criterion
and rating the total score using the qualitative scale
was considered acceptable. With exception of 3 crite-
ria that demonstrated moderate reliability (inclusion
criteria, homogeneity of groups, and description of
interventions), all other criteria demonstrated good
reliability. The total score of quality of the trials
seems to represent consistency of rating among all
criteria. Although we recognize that the content of
any grading scale is determined by the consensus of
individuals who developed it, we believe that the to-
tal scores offer some valuable information as to the
methodological quality of the trials, based on the
good reliability demonstrated across the ratings.

Summary of the Trials

The remaining discussion provides a summary of
the results of the systematic review, with each trial

minimum level of quality was met and no indicates that it was not; percentages of trials meeting minimum level of quality are denoted in

% Meeting
Minimum
Eng'® Thomee®” Suter®™ Harrison®  Timm®® Witvrouw’® Raatikainen®® Kannus?’ Clark® Kannus?® Jensen?® Quality
yes  yes yes yes yes yes yes yes yes yes yes 90%
yes  yes yes yes yes yes yes yes yes yes yes 80%
yes  no yes yes yes yes yes yes yes yes yes 60%
yes  yes yes yes yes yes yes yes yes no yes 65%
yes  yes yes yes yes yes yes yes yes yes yes 95%
yes  no yes yes yes yes yes yes no yes yes 80%
no no yes yes yes yes yes yes no no yes 45%
no  yes yes yes yes yes yes yes yes yes yes 60%
no  no no no no no yes no yes yes yes 35%
no  yes no no no no yes yes yes yes yes 30%
no  yes no no no yes no no yes yes no 25%
yes  yes yes yes yes yes yes yes yes yes yes 70%
yes  yes yes yes yes yes no no yes no yes 50%
yes  yes yes yes yes yes yes yes yes yes yes 75%
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TABLE 3: Summary of intraclass correlation coefficients (ICCs) for

scale criteria and total score.

included in the same intervention group because an

Criteria

ICC (Formula 1,1)

orthosis is defined as any external appliance worn to

restrict or to enhance motion.*® The use of foot

Population
Inclusion criteria
Exclusion criteria
Adequate number
Homogeneity
Intervention
Standardized and described
Control and placebo adequate
Cointerventions avoided
Effect size
Relevant outcome
Blinded outcome assessment
Follow-up period adequate
Data presentation and analysis
Randomization described
Dropouts accounted for
Intention to treat
Proper statistical procedures
Total score

0.66
0.89
0.9
0.74

0.64
0.95
0.87

0.87
0.99
092

0.93
0.96
0.95
0.91
0.97

orthotics for PFPS is based on the assumption that

excessive foot pronation during stance phase would
cause abnormal tibial internal rotation that conse-
quently would disrupt the normal tracking of the
patella inside the trochlear groove.]3'16'30 Therefore,
the foot orthotic is believed to modify foot and leg
position during stance phase of gait, potentially re-
storing normal patellar tracking.
Eng et al'® conducted a RCT assessing the efficacy
of soft foot orthotics in a group of adolescent fe-
males exhibiting excessive foot pronation, which was
defined as calcaneal varus or forefoot varus greater
than 6°. Patients who completed 16 sessions of a
physical therapy program consisting of exercises and
the wearing of soft foot orthotics were demonstrated

being discussed within the treatment group to which
the trial was assigned (based on the primary goal of
the intervention). The theorelical rationale for each
intervention is discussed to provide a context that
might explain why the investigators in each clinical
trial selected the particular treatment or combination
of treatments in their study. In addition, the items in
the scale in which the minimum level of quality was

met or was not met for each trial is reported.

Orthotic Interventions

Orthotic interventions such as foot orthoses, patel-
lar braces, elastic sleeves, and patellar taping were

TABLE 4. Descriptive statistics (mean

1o have significant reductions in pain compared to a

control group who completed the same physical

therapy program, except they did not receive the soft

foot orthotics. Therefore, it seems that there is some

evidence for using this intervention in female adoles-
cents who exhibit excessive foot pronation. This trial
was assigned a score of 61 points (Table 5). This trial

did not meet the minimum level of quality for the
following items in the scale: cointerventions avoided,

relevant outcome, blinded outcome assessment,
follow-up period adequate, and randomization de-

scribed (Table 2).

Patellar braces were initially suggested as an inter-
vention purported to apply a sustained medially dis-

placing force to the lateral border of the palella.45

The theoretical rationale of patellar bracing is o im-

standard deviation) for the reviewers' scores on each criterion in the quality scale for all of the

Criteria Antich®  Fulkerson'® Finestone'”  Miller®®  Kowall®>  Eburne' Rowlands®®  Roush®?

Population (25)

Inclusion Criteria (5) 03+05 20+09 25:08 40+10 45+05 40:+09 44:05 3111

Exclusion Criteria (5) 00+£00 04+07 10+£08 47205 03+05 27+05 49:+04 41:09

Adequate Number (10) 27+05 60+09 3505 29:+07 26+05 67+05 29+07 46+08

Homogeneity (5) 00£00 18+10 15£05 21+09 45:05 3305 07:10 23:+05
Intervention (25)

Standardized and Described (10) 60+15 85+11 70+09 49+09 54:+07 53+14 8711 91+09

Control and Placebo Adequate (t0) 53 +05 00:+00 50:+00 53+05 50+00 43:10 51:04 50+00

Cointerventions Avoided (5) 10:09 04+05 46+05 14+08 03:x05 10:x09 5000 11+11
Effect Size (25)

Relevant Outcome {10) 17+10 30£13 304211 33+10 54:07 03:05 59:09 41:09

Blinded Outcome Assessment {10) 00+00 00+£00 0000 0+00 00:+00 100+£00 00+00 100:00

Follow-up Period Adequate (5) 07£10 03+£05 19:04 13:05 05:05 03«05 06+05 16+05
Data Presentation and Analysis (25)

Randomization Described (5) 1.0£09 06+05 01:04 03:05 4407 13x05 14:05 06+05

Dropouts Accounted For (5) 03+05 00+00 03+07 00:00 45+05 27+05 00:00 47:05

Intention To Treat (5) 00+£00 00+00 00:00 40+10 44+09 00+00 00:00 00:00

Proper Statistical Procedures (10) 00+00 09+10 10+11 40«10 59+10 57+10 86+10 39:13
Total Score (100) 19.0+£18 238+35 314+32 381+39 475429 47.7+10 481+20 543:+43
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prove tracking of the patella in the trochlear groove,
thus reducing the pain believed to be associated with
patellar malalignment. Two trials'™*® in our review
incorporated a patellar brace for the purpose of im-
proving pain. Finestone et al'” used a sample of indi-
viduals diagnosed as having overuse patellofemoral
pain to compare the efficacy of an elastic knee sleeve
that has a silicone patellar ring with a simple elastic
sleeve with a control group that received no treat-
ment. They reported no difference in pain reduction
between the groups and reported that wearing the
sleeve with a silicone ring resulted in significantly
more skin abrasion. Miller et al*® compared what
they referred to as a “dynamic patellar brace” versus
a knee strap versus a no-brace condition. They found
no significant difference in pain between the groups
throughout the study. The studies by Finestone et
al'” and Miller et al® were assigned scores of 31 and
38 points, respectively (Table 5). Both of these trials
did not meet the minimum level of quality for ad-
equate number of subjects, homogeneity of groups,
use of relevant outcome, blinded outcome, blinded
outcome assessment, follow-up period adequate, ran-
domization described, accounting for dropouts, and
proper statistical procedures. Furthermore, the
Finestone et al'” trial did not meet the minimum
level of quality for the exclusion criteria and inten-
tion to treat, whereas the Miller et al*® study did not
meet the minimum level of quality for standardiza-
tion and description of intervention and avoidance
of cointervention (Table 2). Based on the relatively
low quality scores of these studies, there does not
appear to be adequate evidence to support or refute
the use of patellar bracing to improve patellar pain
in the management of PFPS.

trials included in the review.

Timm® conducted a study in which he compared

a group that used the Protonics brace (Inverse Tech-
nology Corporation, Lincoln, NE) during daily activi-
ties against a control group that received no treat-
ment. The brace was designed to provide progressive
resistance to knee motion in the sagittal plane, with
the rationale that a high volume of submaximal con-
centric contractions of the quadriceps and hamstring
muscles may perhaps facilitate patellar alignment and
reduce abnormal patellar congruence and pain.
They reported that patients in the experimental
group had significant reduction in pain and improve-
ment in function compared to the control group.
Based on these results, there seems to be some evi-
dence that this resistive brace may reduce pain and
improve function. This study was assigned a score of
72 points (Table 5). This trial did not meet the mini-
mum level of quality for the following items in the
scale: blinded outcome assessment, follow-up period
adequate, and randomization described (Table 2}.

Patellar taping is suggested to correct the position
of the patella to promote alignment, reduce pain,
and reduce joint reaction forces.'!*% A recent review
of nonrandomized studies of patellar taping con-
cluded that, although there is some evidence to sup-
port the application of patellar taping to produce
immediate reduction in pain during provocative
tasks, there is insufficient evidence to confirm any
carryover in pain reduction or any other proposed
effect.’!

We found only 1 RCT that isolated the effect of
patellar taping as the treatment being studied.
Kowall et al** found no significant differences at a
I-month follow-up between a physical therapy pro-
gram over 8 sessions that incorporated stretching

Rogvi- Har- Wit- Raati-
Hansen®’ Eng'®  Thomee®” Suter®®  rison?®  Timm®®  vrouw™ kainen®® Kannus?’  Clark®  Kannus?®  Jensen?®
40+0.0 48+05 49+04 50+00 50+00 50+00 49:+04 42+10 4904 45:08 50:00 45:08
33+¢05 43+09 49+04 50+00 50+00 50+00 4408 40:+09 47+05 48:05 49:04 33:09
30+00 68+09 47+05100+00100+00 100+00 100+£00 72+10 81+15 83+12 77+11 100:+00
50£00 46+07 43:x10 44+08 44:08 4408 40+08 43+05 40:+10 48«05 1.1:09 45:08
93+10 93:10 99:+04 100+00 10.0+£00 100+£00 86«14 75+08 91+12 78+12 91+09 89+12
100+00 50+00 03+05 50+00 50+00 50+£00 50+£00 90+09 90:+08 48:05 93:+05 5612
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TABLE 5. Summary of the mean total scores between the reviewers for each trial in the study and the results displayed relative to the inter-
vention. When a significant difference was detected between treatment groups, the horizontal bar appears as a solid bar and is placed next
to the intervention shown to be more effective. When no differences were found, the horizontal bar appears as a striped bar and is placed
in the center of the cell. Score (divided in quartiles), with the total possible score from 0 to 100 points (0 meaning poor quality and 100
meaning high guality).

Methodologic Quality Scores
Trial Interventions 0-24 25-49 50-74 75-100

Antich? + lce
Phonophoresis

lontophoresis
Uitrasound/ice contrast

Fulkerson'® « Nonsteroidal anti-inflammatory A (diflunisal) i
« Nonsteroidal anti-inflammatory B (naproxen)

Finestone'” -« Elastic sleeve (silicon ring)
* Simple elastic sleeve LI
* No sleeve

Millers® « Palumbo brace
« Cho strap )
* No brace
Kowall32 » Physical therapy (PT) program and patellar taping s

» PT program

Eburne'® < lIsometric quadriceps exercise and functional re-education
= McConnell's regimen

Rowlands®® + Patella mobilization
» Detuned ultrasound

Roush®? « Home program
* PT program
» Home program (“vastus medialis oblique special”)

Rogvi- * Low-level laser
Hansen>' » Sham laser 2227 f ////I/ﬁ
Eng't » Physical therapy program/foot orthotics
+ Physical therapy program
Thomee®’ = Isometric quadriceps exercise L
. ' 7% 7
= Eccentric quadriceps exercise
Suter®* + Sacroiliac joint manipulation
» Sacroiliac/lower back “assessment”
Harrison?® - Home strength/stretching program
+ Program monitored by PT A,
* Comprehensive PT program |
Timm®® » Exercise with “resisted brace”
* No treatment
Witvrouw’™  « Open kinetic chain exercise
« Closed kinetic chain exercise ZzZz 1 7 1 2z

Raatikainen® - Injections glycoaminoglycan polysulfate
« Placebo injection

Kannus?’ * Injection glycoaminoglycan polysulfate/quadriceps

exercise e

+ Placebo injection/quadriceps exercise
* Quadriceps exercise

Clark® - Exercise/taping/education
+ Exercise/education
+ Taping/education i
» Education

Kannus?® + Injection glycoaminoglycan polysulfate/quadriceps

exercise T 7

« Placebo injection/quadriceps exercise
» Quadriceps exercise

Jensen?t = Acupuncture
¢ No treatment
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and isometric, isotonic, and isokinetic quadriceps
strengthening exercises versus the same program
plus patellar taping applied during the exercises.
This trial was assigned a score of 48 points (Table 5).
The study did not meet the minimum level of quality
for the following items in the scale: description of
exclusion criteria, adequacy of number of partici-
pants, avoidance of cointerventions, blinded outcome
assessment, and follow-up period adequate (Table 2).
Based on the results of this study and in light of its
quality score, the usefulness of patellar taping in the
management of PFPS is not clear.

Manual Therapy

Manual therapy for the treatment of PFPS has
been used in 1 RCT in the form of manual stretch-
ing of the lateral patellar structures and in another
RCT as manipulation directed to the sacroiliac joint
(S1)). Studies have suggested that patients with PFPS
may exhibit tightness of structures that attach to the
lateral border of the patella, such as the lateral
retinaculum ®'57 Tightness of the lateral retinacular
structures, perhaps as a result of increased tension in
the iliotibial band, may adversely alter tracking of the
patella in the trochlear groove. The theoretical ratio-
nale for manual stretching of the lateral patellar
structures is that the application of a low-load, pro-
longed stretch may increase the length of these tis-
sues and decrease the excessive lateral pull of these
structures over the patella, allowing a normal track-
ing of the patella inside the trochlear groove. The
biological plausibility of lengthening soft tissue to
facilitate a permanent elongation has been previously
reported in the literature.®’

Rowlands et al®® compared a group of patients
who received detuned ultrasound with a group that
received a patellar mobilization procedure consisting
of manual sustained glide followed by high-velocity,
low-amplitude manipulation. They reported that al-
though no difference was found in functional out-
come between the groups, the patellar mobilization
group demonstrated significantly lower levels of pain
than the control group at a l-month follow-up. This
study was assigned a score of 48 points (Table 5).
The study did not meet the minimum level of quality
for the following items in the scale: adequate num-
ber of subjects, homogeneity of groups, blinded out-
come assessment, follow-up period adequate, ran-
domization described, dropouts accounted for, and
use of intention-to-treat analysis (Table 2). It seems
there may be some usefulness for manual therapy in
the treatment of PFPS, however, the results must be
interpreted in light of the study’s quality score.

Suter et al®® documented the presence of
quadriceps activation failure (QAF) in patients with
anterior knee pain. QAF is the inability to fully acti-
vate a muscle during a maximum voluntary contrac-
tion.%? Although there is no evidence documenting
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the role of the SIJ in the maintenance of normal
patellofemoral joint mechanics, the authors speculate
that SIJ dysfunction may adversely alter patel-
lofemoral biomechanics. They reported that the pa-
tients who received a manipulation theoretically di-
rected at the SIJ demonstrated short-term results in
decreasing QAF compared with patients who did not
receive manipulation.®* This study was assigned a
score of 71 points (Table 5). This trial did not meet
the minimum level of quality for the following items
in the scale: blinded outcome assessment, follow-up
period adequate, and randomization described
(Table 2). Therefore, there seems to be some evi-
dence that the proposed manipulation approach de-
creases QAF. However, the direct effect of this find-
ing on pain and function has not been established.

Modalities

Antich et al® published the first RCT to investigate
the effect of different modalities on strength and
subjective improvement for patients with
chondromalacia patella, infrapatellar tendonitis, and
peripatellar pain. Ice, phonophoresis, iontophoresis,
and ultrasound-ice contrast were compared. This
study was assigned a score of 19 points (Table 5).
The results suggested that the use of ultrasound-ice
was the most effective modality for treatment of pain
in these patients. However, we suggest caution the
use of these results as evidence because of the
study’s low-quality score. The only items in which this
trial met the minimum level of quality were the stan-
dardization and description of intervention and use
of adequate control and placebo group (Table 2).
Rogvi-Hansen et al’' found no difference in symp-
toms between patients with arthroscopically diag-
nosed chondromalacia patellae who received real or
sham low-level laser. This trial was assigned a score of
58 points (Table 5). This trial did not meet the mini-
mum level of quality for the following items of the
scale: adequate number of subjects, cointerventions
avoided, use of relevant outcome, follow-up period
adequate, description of randomization, dropouts
accounted for in the analysis, and use of an
intention-to-treat analysis (Table 2). The results of
this study seem to indicate that low-level laser treat-
ment is not effective in the management of PFPS,
but the low quality of the study does not allow a de-
finitive conclusion.

Medications

Nonsteroidal anti-inflammatory drugs (NSAIDs)
are commonly used as an adjunct to physical therapy
in the management of PFPS.* Fulkerson et al'® com-
pared 2 different NSAIDs, diflunisal and naproxen,
in patients described as having anterior knee pain
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and found significant levels of pain relief for both
drugs. This study was assigned a score of 24 points
(Table 5). The only items in which this trial met the
minimum level of quality were the adequacy of the
number of subjects and standardization and descrip-
tion of interventions (Table 2). It appears that some
of the patients in this study may have been diag-
nosed with anterior knee pain other than PFPS.
Therefore, the subjects could have had a variety of
conditions that are primarily inflammatory in nature
which might respond well to NSAIDs.

Kannus et al®’?® assessed the effect of intra-
articular and intramuscular injections of
glycoaminoglycan polysulfate {(GAGPS) in the man-
agement of PFPS. Experimental research has shown
that GAGPS can inhibit degradative enzyme reac-
tions, thus inhibiting the inflammatory cascade of
events associated with inflammation, and can stimu-
late the metabolism of chondrocytes and synovial
cells.” They compared the use of intra-articular in-
jections of GAGPS with placebo injections and no
injections. The results were published in 2 studies, 1
reporting the results at follow-ups of 6 weeks and 6
months,?” and the other reporting the results at a
follow-up of 7 years.28 The 3 groups of patients also
received an exercise program (isometric quadriceps
and stretching) and oral doses of the NSAID
piroxicam during the initial 6-week period of reha-
bilitation. These studies reported that at 6-week,?’
6-month,?” and 7-year follow-ups,®® the use of intra-
articular injections of GAGPS does not influence the
outcome of rehabilitation in patients with PFPS par-
ticipating in a quadriceps exercise program. These
trials were assigned scores of 7627 and 80 points,?®
respectively (Table 5). Both trials did not meet the
minimum level of quality for the criteria related to
use of an intention-to-treat analysis. Additionally, the
first trial?” did not meet the minimum level of qual-
ity for blinded outcome assessment, whereas the sec-
ond trial®® did not meet the minimum level of qual-
ity for homogeneity of groups and cointerventions
avoided (Table 2). Another study®” that investigated
a similar hypothesis reported results that conflicted
with the one above. In a trial that was assigned a
score of 75 points (Table 5), Raatikainen et al’® re-
ported positive results with intramuscular injections
of GAGPS in patients with arthroscopically verified
damage of patellar cartilage. However, the type of
injection (intramuscular versus intra-articular) and
patient selection criteria were different between the
2 studies. This trial did not meet the minimum level
of quality for the description of randomization and
use of an intention-to-treat analysis (Table 2). Al-
though the above studies seem to possess a sufficient
level of quality, the role of injection of GAGPS re-
mains unclear based on the contradictory findings of
the studies.

14

Acupuncture

Although the mechanism by which acupuncture
reduces pain is unclear, it is believed to be related to
the gate and endorphin theories of pain reduction.’®
Jensen et al®® assessed the effect of acupuncture in
the treatment of PFPS and found significant im-
provements in pain and function in those patients
who received acupuncture. This trial was assigned a
score of 83 points (Table 5). The only item in the
scale for which this trial did not meet the minimum
level of quality was the item related to the descrip-
tion of randomization (Table 2). Based on the results
of this study and in light of its quality score, acu-
puncture appears to be effective in the treatment of
PEPS.

Strength Training Methods

Werner et al’® demonstrated that patients with
PFPS exhibited decreased strength and reduced
electromyographic activity during a seated knee ex-
tension exercise compared 1o subjects who did not
have PFPS. The restoration of quadriceps muscle
strength has been found to correlate with the long-
term outcome in patients with PFPS.*

Two RCTs™* assessed quadriceps training meth-
ods and found no measurable difference of any rel-
evant outcome between the different approaches in-
vestigated. Witvrouw et al™ evaluated the efficacy of
non-weight-bearing exercises versus weight-bearing
exercises in patients with patellofemoral pain. Al-
though they reported decreased pain and increased
function in both groups, no difference in pain,
muscle performance, and functional outcomes be-
tween groups was observed. Thomee et al®’
pared isometric and eccentric training programs and
observed no overall differences in physical activity,
pain, or muscle function between groups. The stud-
ies by Witvrouw et al” and Thomee et al®” were as-
signed scores of 75 and 69 points, respectively (Table
5). Both of these trials did not meet the minimum
level of quality for the item related to blinded out-
come assessment. Additionally, the Witvrouw et al’*
trial did not meet the criterion for adequacy of the
follow-up period, whereas the Thomee et al'’ trial
did not meet the minimum level of quality for ad-
equate number of subjects, adequacy of control and
placebo group, and cointerventions avoided (Table
2). The fact that all the groups in both trials demon-
strated some improvement in function and decrease
in pain, suggests that there is moderate evidence that
non-weight-bearing, weight-bearing, isometric, and
eccentric exercises may be useful in the management
of PFPS; however, no single approach has been dem-
onstrated to be superior to another.

com-
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Combined treatments

The rationale for trials to combine different treat-
ment approaches likely involves an effort to simulta-
neously ameliorate as many impairments associated
with PFPS as possible. Many studies have investigated
the impairments associated with PFPS. Some stud-
ies®*™® demonstrated that decreased quadriceps
strength and decreased hamstrings and quadriceps
flexibility are risk factors for the development of an-
terior knee pain.'? It has been theorized that de-
creased flexibility of the iliotibial band/tensor fascia
lata complex, and tightness of the lateral retinacular
tissues may also contribute to PFPS.#6315773 [n aqdi-
tion, some authors suggest that muscle imbalance
between the vastus medialis oblique (VMQ) and
vastus lateralis contribute to a tendency for the pa-
tella to laterally sublux,”® but there is little evidence
to substantiate this hypothesis, and there is increas-
ing evidence that this is in fact not the case.>***"
The anatomical differentiation between the fibers of
the VMO and fibers of the vastus medialis lateralis
has also been recently questioned.?! We found 4
RCTs that used a combination of different exercises,
patellar taping, orthotics, biofeedback, and patient
education.

Harrison et al*® performed a study comparing 3
groups that received different treatments: (1) lower
exiremily strengthening and stretching exercises per-
formed as a home program; (2) lower extremity
strengthening and stretching exercises plus stretching
of the lateral retinacular structures supervised by a
physical therapist; (3) same as group 2 plus patellar
taping and biofeedback technique directed to the
VMO muscle. They found significant improvement in
pain and function for group 3 at the I-month follow-
up. However, no differences were detected between
the rehabilitation programs at a l-year follow-up.
This study was assigned a score of 72 points (Table
5). This trial did not meet the minimum level of
quality for the following items in the scale: blinded
outcome assessment, follow-up period adequate, and
description of randomization (Table 2). Although no
differences were detected at the 1l-year follow-up, the
improvements reported at 1-month may still justify
intervention based on the potential to resolve the
patient’s complaints sooner.

Clark et al® found no significant differences at a
l-year follow-up between 4 groups that incorporated
the following interventions: (1) exercise, taping, and
education; (2) exercise and education; (3) taping
and education; and (4) education alone. However,
patients who received the exercise program were sig-
nificantly more likely to be discharged after 3
months compared to patients who did not receive
exercise. Patient satisfaction was used as the criterion
for discharge. There were no significant differences
in pain, anxiety and depression, quadriceps strength,
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and function at the 3-month and 1-year follow-ups.
This study was assigned a score of 80 points (Table
5). This trial did not meet the minimum level of
quality for the items related to adequate control and
placebo group and cointerventions avoided (Table
2). Similar to Harrison et al,?’ based on the ability to
quickly resolve a patient’s complaints, even short-
term improvements that are not necessarily main-
tained over a longer period of time may still be suffi-
cient to justify intervention.

Roush et al®* examined 3 treatments: (1) a home
program that used traditional straight-leg-raising and
pillow-squeezing exercises; (2) a physical therapy pro-
gram conducted over 18 physical therapy sessions
consisting of stretching, strengthening, patellar mobi-
lization, taping, orthotics, and aerobic exercise; and
(3) a special home program that incorporated a
modified straight leg raise purported to be specific
for isolating the VMO. Recruitment of the VMO was
not investigated during the trial. They reported im-
proved pain and function at 12 weeks for subjects in
group 3. This study was assigned a score of 54 points
(Table 5). This trial did not meet the minimum level
of quality for the following items in the scale: ad-
equate number of subjects, homogeneity of groups,
cointerventions avoided, use of relevant outcome,
follow-up period adequate, description of randomiza-
tion, intention-to-treat analysis, and use of proper
statistical procedures (Table 2).

Eburne et al'® compared a group that received
isometric quadriceps exercises and functional re-
education with a group that received McConnell’s
regimen (ie, patellar taping, VMO training, eccentric
muscle action in weight bearing, and functional ac-
tivities). The only significant difference was that
fewer patients who received McConnell's regimen
exhibited a positive symptom provocation test upon
completion of the treatment, however, there were no
differences in the primary pain outcome measure.
This trial was assigned a score of 48 points (Table 5).
The study did not meet the minimum level of quality
for the following items in the scale: control and pla-
cebo adequate, cointerventions avoided, use of rel-
evanl outcome, follow-up period adequate, descrip-
tion of randomization, and use of an intention-to-
treat analysis (Table 2).

Several trials® 52952 have investigated the use of a
combined treatment approach in the management of
PFPS. Except for 1 trial,'® each demonstrated a rela-
tively short-term treatment effect in improving pain
and function®>* or the rate of discharge from physi-
cal therapy based on patient satisfaction.® Two of the
4 trials®*® also had quality scores that exceeded 70
points (Table 5). Based on the evidence from these
trials and in light of their quality scores, there ap-
pears to be some evidence for the use of a combined
treatment approach in the management of PFPS.
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Areas of Improvement and Practical Applications

A secondary purpose of this review was to objec-
tively identify and discuss specific areas in the clinical
research process that need to be improved in future
clinical trials. If improvements in these areas could
be incorporated into the design of future clinical
trials, the end result would be an improvement in
the validity and generalizability of the results from
these studies. The areas of the clinical research pro-
cess that may need to be improved based on the pre-
defined cutoff scores (ie, those areas in which 70%
or less of the trials satisfied the minimum level of
quality for that criterion) are briefly discussed in the
order of the lowest to highest percentage of trials for
each criterion.

Failure to appropriately randomize subjects to
treatment groups was the criteria that scored the low-
est using our scale. Although all studies in this re-
view were purported to be an RCT, only 25% of all
trials met the minimum requirement for appropriate
randomization (Table 2). Failure to randomly allo-
cale patients to treatment groups, which may include
using an inadequate randomization procedure, is
believed to be the most important factor contribut-
ing to bias in clinical trials.>® Random allocation
among a sufficiently large sample tends to distribute
important variables, both known and unknown,
equally across treatment groups. This helps to ensure
that at the beginning of treatment groups are similar
with respect to characteristics other than treatment
assignment that might influence the outcome. In this
manner, one can be confident that the observed
treatment effect can be attributed to the treatment
of interest and that causal relationships can be iden-
tified.

The criterion that addressed the homogeneity of
the treatment groups at baseline was met in 65% of
the trials (Table 2). The failure to use an appropri-
ate randomization procedure may partially account
for the apparent lack of similarity between the
groups at baseline. The reason it is necessary to test
for homogeneity of the treatment groups under in-
vestigation is to assure the reader that the random-
ization process achieved its goal. In the absence of
proper randomization, even when the groups are
demonstrated to be homogenous for the chosen
tested variables, it is possible that another important
variable overlooked by the researcher (eg, level of
physical activity, strength) could still affect the out-
come and bring the validity of the results into ques-
tion.

Only 30% of trials met the minimum requirement
to follow subjects for a sufficiently long period after
treatment (Table 2). In general, the follow-up period
must at least be sufficiently long for the outcome of
interest to appear. Treatment effects tend to “wash
out” over time, meaning that as treatment groups
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get farther from the time in which they were ex-
posed to treatment, they become more equal with
respect to the outcome of interest. This may or may
not influence one’s interpretation of the clinical
meaningfulness of the results of a study. For ex-
ample, even shortterm improvements in pain and
function potentially may have implications for de-
creasing costs associated with treatment and preven-
tion of future injury. In most trials assessing physical
therapy interventions, a follow-up period of at least 6
months to 1 year is ideal, although follow-up for
even longer periods is even better. However, if the
outcome of interest is expected to appear within a
few days, such as an improvement in pain, or the
nature of the research question justifies a short-term
outcome, a short-term follow-up period may be ap-
propriate.

Only 35% of the trials met the minimum leve! of
quality for adequate blinding of both clinicians and
outcomes assessors (Table 2). Increased effect sizes
have been associated with a failure 10 double-blind.*
When at all possible, subjects, outcomes assessors
(technictans, examining clinicians, etc), and even the
investigators not participating in the data collection
process, should be blind to treatment assignment
and outcomes. However, because subjects must be
made aware of potential treatment group assign-
ments when they provide informed consent, blinding
of subjects in trials assessing physical therapy inter-
ventions can be quite problematic as designing a
genuine placebo can be difficult, if not impossible.
However, investigators can still be extremely careful
to avoid implying to subjects which treatment is hy-
pothesized to be most efficacious. Investigators can
also assure that outcomes assessors remain blinded to
treatment group assignment. The use of self-report
measures of outcome helps to minimize bias associ-
ated with the failure to blind outcomes assessors, as
the patient’s self-report is not readily subject to bias
from the investigator or clinician. However, for mea-
sures subject to rater bias, such as range of motion
or muscle strength, it is imperative to utilize separate
“treating”’ and "examining’’ clinicians. This helps to
ensure that the treating clinician is blinded from the
outcome and the examining clinician is blinded from
treatment group assignment. Subjects must also be
given specific instructions and frequently reminded
to avoid divulging blinded information to either the
treating or examining clinician.

Adequate control of cointerventions was reported
in only 45% of the reviewed trials (Table 2). Extrane-
ous factors such as use of pain medication and par-
ticipation in sports may influence the effect of the
intervention under study on the outcome of interest
in PEPS, resulting in the inability to attribute the
outcome solely to the experimental treatment. If any
cointervention cannot be eliminated or manipulated
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to be equally applied to both the experimental and
control group, and it is associated with the outcome
of interest, then the cointervention should be ac-
counted for in the data analysis (eg, used as covari-
ate).

The criterion for intention-to-treat (ITT) was met
by only 50% of the trials in this review (Table 2).
The failure to analyze the data based on the ITT
principle has been frequently demonstrated to lead
to bias in clinical trials.***%%® To conduct an ITT
analysis, the researcher analyzes all subjects within
the group to which they were originally assigned, re-
gardless of whether they completed the original
treatment, dropped out of the study completely, or
crossed over to a different treatment group. By do-
ing an ITT, the researcher accounts for any system-
atic reasons as to why subjects dropped out of the
study.

The criteria that addressed the accountability for
withdrawals and dropouts was met in 70% of the tri-
als (Table 2). For clinicians o analyze the feasibility
of a studied treatment, researchers must include de-
tails of the number of and specific reasons for sub-
jects who drop out of each treatment group. It is
imperative to have a clear description of the reasons
for subjects dropping out and to acknowledge any
adverse event to allow determination of the potential
side effects and risks associated with the treatments.
A dramatically different dropout rate between groups
with reasons related to the side effects or lack of fea-
sibility of the treatment under investigation provides
the clinician a clue that the particular treatment, de-
spite any efficacy that has been demonstrated, may
not be practical or safe in clinical practice.

The size of the sample was considered appropriate
in 60% of the trials (Table 2). The number of sub-
jects in a study is important when interpreting the
results. Sample size is directly proportional to the
statistical power of the study. Failure to demonstrate
statistically significant differences should not be as-
sumed to mean that no difference truly exists with-
out a determination as to whether the study had suf-
ficient power. When the sample size is inadequate,
the possibility of not finding a difference in the ef-
fect of the treatments under investigation, when in
reality there is a difference, must be considered (ie,
Type 11 error).

Of the appraised trials, only 60% of the trials met
the minimal requirement for the use of relevant out-
come (Table 2). To achieve meaningful results, it is
essential to incorporate reliable, valid, and responsive
outcome measures that rate symptoms, impairments,
and functional limitations specific to patients with
PFPS. Moreover, it is important that the outcome
measure properly addresses the research question. In
a recent publication, Marx et al®® compared the reli-
ability, validity, and responsiveness of 4 self-reported,
knee-specific, health-related outcome scales in ath-
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letic patients with a variety of knee disorders, includ-
ing PFPS. Although the 4 scales demonstrated ad-
equate psychometric properties, they recommended
the use of the Activities of Daily Living Scale of the
Knee Outcomes Survey to assess physical function in
this population of ]:)atients.“'66

In a busy clinical practice, it may be both unrea-
sonable and unnecessary for clinicians to actually use
a quality scale and assign an individual score for
each consideration to obtain an overall quality score.
However, clinicians can relatively quickly judge the
overall quality of a treatment study with respect to
these problematic areas that may be associated with
bias in a study’s results simply by looking for key
words in the methodology and results section such
as, “‘randomization,” “blind,” “cointerventions,”
“follow-up,” “intention-to-treat,” etc. This brief
glance can give clinicians an initial impression as to
whether the study is of sufficient quality to warrant
applying the study’s results to their patients with
similar characteristics as those used in the study with-
out having to assign a definitive quality score. How-
ever, clinicians should always use caution in the deci-
sion to accept or reject treatment approaches based
on a limited number of trials, especially those that
are not high-quality studies. On the other hand, one
very high-quality RCT may in fact be sufficient to
base a treatment decision on, so long as the clini-
cian’s patient is similar to the subjects included in
the study.

Although several of the trials in this review demon-
strated a treatment effect for an intervention, others
did not. Perhaps the inability to demonstrate a thera-
peutic effect for some of the physical therapy inter-
ventions for the treatment of PFPS may be because
the researchers did not account for the existence of
different subgroups of patients who require a specific
type of treatment approach. In such a classification,
each subgroup of patients would be characterized by
a set of key signs and symptoms that clinicians could
use to match the patient’s findings with a well-
defined treatment approach tailored to that sub-
group. If clinicians were able to stage patients with
PFPS appropriately and then match each presenta-
tion with a targeted treatment based on those key
signs and symptoms, significant improvements in the
outcome of trials that assess nonoperative treatments
for PFPS would be expected. ldeally, the results of
the clinical examination would guide the clinician
down one of a finite number of paths of an easy-to-
use treatment-based algorithm demonstrated to be
reliable and valid in patients with PFPS. Treatment
progression would then be based on the patient’s
achievement of certain clinical milestones and the
clinician’s ability to detect clinically important im-
provements in impairments and measures of func-
tion and disability. In this manner, an evidence-based
approach could be used for the management of the
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patient across the entire spectrum of the patient’s
course of care, from the initial examination to the
patient’s return to full function. Developing effective,
clinical methods for classifying patients with PFPS
should improve clinical decision making and treat-
ment outcomes by matching treatments to the pa-
tients most likely to benefit from them. Classification
methods will also enhance the power of clinical re-
search in patients with PFPS by permitting research-
ers to study more homogenous groups of patients.

CONCLUSION

Based on the results of trials that seemed to ex-
hibit a sufficient level of quality, treatments that
seem effective in decreasing pain and improving
function in patients with PFPS are acupuncture,
quadriceps strengthening, the use of a resistive
brace, and the combination of exercises with patellar
taping and biofeedback. The use of soft foot orthot-
ics in patients with excessive foot pronation appears
useful to decrease pain. In addition, at a short-term
follow-up, patients who received exercise programs
were more likely to be discharged earlier from physi-
cal therapy.

Most RCTs we reviewed contained qualitative flaws
that may bring the validity of the results into ques-
tion, thus diminishing the ability to generalize the
results to clinical practice. These flaws were primarily
in the areas of randomization procedures, duration
of follow-up, control of cointerventions, assurance of
blinding, accountability and proper analysis of drop-
outs, number of subjects, and relevance of the out-
comes. More high-quality clinical trials are needed to
elucidate the most effective treatment strategies for
patients with PFPS. Trials of high quality will support
the clinical decision-making process in the care of
our patients and help to provide strong evidence
that can contribute to the recognition of the value of
physical therapy. Given the limited number of high-
quality clinical trials, recommendations to support or
refute specific treatment approaches may be prema-
ture and can only be made with caution.
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