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ABSTRACT. Background. Pediatric residents have the
need for additional training in the care of common mus-
culoskeletal injuries.

Objectives. To implement and evaluate the effects of
a teaching intervention on pediatric residents’ knowl-
edge and skills in performing the physical examination
of the ankle and knee.

Study Design. Prospective, intervention, single-sam-
ple study design.

Methods. Pediatric residents (n 5 58) on a 1-month
adolescent medicine rotation received a teaching inter-
vention after a baseline evaluation of their knowledge and
skills. The teaching intervention was designed to improve
their knowledge about and skills in performing physical
examinations of the ankle and knee. The intervention
included watching a videotape, followed by observation
of the attending physician demonstrating the techniques
on a standardized patient, followed by correct demon-
stration of the techniques by the resident. The residents’
knowledge and skills were assessed at the end of the
rotation and 9 months later. Knowledge was assessed
using a written examination. Skills assessment was per-
formed using a Clinical Skills Assessment Examination.

Results. At baseline, the residents performed 37% of
the ankle and 18% of the knee physical examination
techniques correctly. At 1 and 9 months, the residents’
knowledge of ankle and knee examinations was greater
than at baseline. The residents performed 77% of the
techniques correctly at 1 month and 67% at 9 months. The
residents performed 55% of the knee examination tech-
niques correctly at 1 month and 47% at 9 months. The
teaching intervention was rated highly by the residents.

Conclusions. The residents’ performance of ankle and
knee examinations was suboptimal at baseline and im-
proved significantly after the teaching intervention. Ob-
served improvements persisted for a mean of 35 weeks. The
teaching intervention described in this study could meet
the need for improved ankle and knee examination skills,
the 2 most common sites of skeletal injury in young ath-
letes. The teaching model is novel in that it couples video-
tape and skills-based teaching methods with reliable eval-
uation methods. This model teaching method could be
adapted for use in other pediatric residency training pro-

grams and other content areas. Pediatrics 2001;107(4). URL:
http://www.pediatrics.org/cgi/content/full/107/4/e52; muscu-
loskeletal, physical examination, resident curriculum.

ABBREVIATION. CSAE, Clinical Skills Assessment Examination.

Current and recent residents in pediatrics, fam-
ily practice, physiatry, and medicine–pediat-
rics have identified the need for additional

training in the care of common musculoskeletal in-
juries.1–4 Recent graduates of pediatric residency
programs ranked sports medicine/orthopedics sec-
ond in areas where they felt least comfortable.2 How-
ever, there is a gap between pediatric residents’ need
to learn to diagnose and treat common musculoskel-
etal problems and knowledge of the best educational
model for teaching this material. Primary care resi-
dency faculty may not be trained in the diagnosis
and rehabilitation of common musculoskeletal inju-
ries that can propagate the cycle of inadequate train-
ing.5 The Centers for Disease Control and Prevention
recently called for the development of model curric-
ula, instructor training manuals, and learning mate-
rials to be distributed nationally as part of a national
plan for action to address injury control in the United
States.6 The purpose of this study was to implement
a novel teaching intervention and to evaluate its
effects on pediatric residents’ knowledge and skills
in performing the physical examination of the ankle
and knee, the 2 most common sites of sport injury in
young athletes.

In the investigators’ pediatric residency training
program, the residents on a 1-month adolescent
medicine rotation consistently requested more sports
medicine training. Barriers to learning to perform
examinations of the musculoskeletal system during
the 1-month rotation included inadequate faculty
time to teach physical examination techniques in the
context of patient care and with the detail required
for residents to gain proficiency. To address resi-
dents’ desire to view the faculty performing physical
examination techniques, a teaching videotape dem-
onstrating proper physical examination techniques
of the musculoskeletal system was developed by one
of the investigators. This videotape was coupled
with a skills-based teaching session to create the
teaching intervention described here. This article re-
ports the implementation of this teaching interven-
tion and its effects on pediatric residents’ knowledge
and skills 1 and 9 months later. The method to mea-
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sure the knowledge and skill outcomes is described
in the accompanying article.

METHODS

Study Design
The study design was a prospective, intervention, single-sample

study design. Because this was an evaluation of an existing teaching
intervention provided for the residents as part of their 1-month
rotation, institutional review board approval was not sought.

Study Participants
There were 60 second-year pediatric and internal medicine–

pediatric residents assigned to a 1-month adolescent medicine
rotation between September 1998 and December 1999, under the
supervision of one of the investigators who is board certified in
adolescent medicine and sports medicine. The focus of the rotation
is adolescent medicine. However, depending on patient volume,
residents on the adolescent medicine rotation see sports medicine
patients in the sports medicine clinic of the investigators, which is
conducted simultaneously with the adolescent clinic. All residents
were eligible to participate unless they took the sports medicine
elective with the investigators before or during the study. Fifty-
eight of the 60 eligible residents participated at baseline. At the
end of the 1-month rotation, 48 of the 58 repeated the evaluations.
All but 2 of the 10 residents not available at 1 month were on
vacation at the end of the month. Follow-up evaluations at 9
months were repeated by 36 of the original 58. Five residents were
not eligible for the 9-month follow-up because they completed the
sports medicine elective with the investigators. Therefore, 68% of
the original eligible participants completed an evaluation at 9
months. The remaining 17 did not complete the evaluation be-
cause of commitments to other rotations.

Intervention: Method Development

Videotape
A 42-minute videotape entitled “Musculoskeletal Examination:

Diagnosing Ankle, Knee, Shoulder, and Back Injuries in a Primary
Care Setting” was produced in 1997 (Write Eye Productions,
Houston, TX) using one of the investigators to demonstrate correct
physical examination techniques of the ankle, knee, back, and
shoulder and actors as patients. The first 18 minutes of the video-
tape include the physical examination of the ankle and knee. The
script for the videotape was developed using physical examina-
tion checklists for the ankle and knee currently used in the inves-
tigators’ sports medicine clinic. The videotape was first given to a
convenience sample pilot group of 17 health care providers in-
cluding pediatric residents and physicians in practice or in full-
time academic positions. Each pilot group member was also asked
to rate the videotape from uninformative to very informative. All
reviewers indicated that there was a need for the information
provided on the videotape; 15 of the 17 rated the videotape as very
informative.

The skills teaching session was developed by the investigators
using examination techniques described in standard textbooks
and used by the investigators in their sports medicine clinic (see
accompanying article).

Baseline Evaluation
The baseline evaluation took place the day of the teaching inter-

vention, within the first 2 days of the adolescent medicine rotation.
The baseline evaluation and teaching intervention were conducted
between the morning and afternoon clinic sessions and required ;1
hour and 30 minutes to complete. Using a questionnaire, the resi-
dents rated how comfortable they were in making the diagnosis of
ankle and knee injuries based on history and physical examination
using a 5-point scale: 1 5 very uncomfortable/always refer, 2 5
uncomfortable, refer most, 3 5 neutral, 4 5 comfortable, seldom
refer, and 5 5 very comfortable/almost never refer. The residents’
knowledge about and skills in performing the physical examination
of the ankle and knee were evaluated using a written test and Clinical
Skills Assessment Examination (CSAE) checklists, described in the
accompanying article. The written test contained 10 knee and 10
ankle questions. The written test–retest reliability was 0.72. This
a-value was calculated by comparing each resident’s total test score
immediately after the intervention and again at the end of the month.

Any change in a resident’s test score was counted as discordant. The
residents examined a standardized patient using a CSAE format
including short patient scenarios presented to the resident before the
examination. The residents were asked to demonstrate physical ex-
amination techniques of the ankle and knee. The investigators rated
their performance using checklists, which are presented in the ac-
companying article.

Intervention
1. Each month, a new group of residents watched the teaching

videotape with one of the investigators. As a secondary rein-
forcer to the videotape, the residents were given ankle and knee
physical examination checklists used in the investigators’
sports medicine clinic on which they could take notes while
watching the videotape.

2. The physical examinations of the ankle and knee were demon-
strated on the standardized patient by one of the investigators
in a clinic examination room. The residents used the checklists
as guides to follow the investigator doing the examination.

3. The residents performed the examinations correctly under the
supervision of the investigators guided by checklists and their
notes.

One-Month Follow-Up
At the end of the 1-month rotation, each resident completed the

written test and the CSAEs on the standardized patient and esti-
mated the number of patients with ankle and knee injuries that
they had seen during the month. The checklists with notes were
not allowed as a guide during the CSAEs. After the CSAEs, the
investigators gave feedback to the group about areas for improve-
ment in their physical examination skills.

Nine-Month Follow-Up
Six months after the adolescent medicine rotation, the residents

were contacted to schedule a time to complete the written test,
perform the CSAEs on the standardized patient, and complete an
evaluation of the intervention program, using a 5-point Likert
scale ranging from strongly disagree to strongly agree. Limited
resident availability resulted in the mean time for the follow-up
being 35 weeks (23–48 weeks).

Statistical Analyses
Pearson correlation coefficients were calculated between written

test scores and CSAE score at baseline and at 1 and 9 months.
Spearman correlation coefficients were calculated between the self-
rated comfort level in diagnosing ankle and knee injuries and the
CSAE scores at baseline. Paired t tests were performed for the written
test and CSAE scores at baseline and at 1 and 9 months. Univariate
analyses were used to detect relationships between the dependent
variables (the change in written and CSAE scores) and independent
variables (gender, number of ankle and knee examinations seen
during the month). General linear regression analysis modeled the
relationship between the dependent and independent variables
while controlling for covariates. The scale for residents’ ratings
of the intervention was modified, so that strongly agree and agree
were collapsed into one value and strongly disagree and disagree
were collapsed into one value, resulting in a 3-point scale. Data were
analyzed using the Statistical Package for the Social Sciences, Version
10.0 for Windows (SPSS, Chicago, IL). A P value of ,.05 was estab-
lished for statistical significance.

RESULTS

Resident Characteristics
Sixty-nine percent of the residents who partici-

pated in this study were female. Ten were second-
year combined internal medicine–pediatrics resi-
dents; the others were pediatric residents. The
residents’ self-rated comfort level in making diag-
noses of ankle and knee injuries based on the history
and physical examination at baseline were 2.6 6 0.8
and 2.5 6 0.8, respectively, indicating that most resi-
dents were neutral to uncomfortable in making these
diagnoses. The comfort level with making a diagnosis
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of an ankle injury was not related to the baseline ankle
CSAE score (r 5 0.22; P 5 .1), and the comfort level
with diagnosing a knee injury was not related to the
baseline knee CSAE score (r 5 0.26; P 5 .05). The
baseline ankle CSAE scores were higher in the medi-
cine pediatrics group compared with the pediatric res-
ident group (18.5 vs 11.3, respectively; P , .001), while
there were no group differences in the baseline written
test scores and knee CSAE scores.

Written Test and CSAE Scores
The scores on the written test and CSAEs increased

at 1 and 9 months, compared with baseline (Table 1).
Ten residents had lower or unchanged scores on the
ankle component of the written test at 9 months
compared with baseline (data not shown). Seven res-
idents had lower or unchanged scores on the knee
component of the written test at 9 months compared
with baseline (data not shown). The remaining resi-
dents had higher written test scores at 9 months
compared with baseline.

The percentage of correctly performed techniques
for the ankle and knee, doubled and tripled, respec-
tively. These improvements persisted, with some de-
cline, over 9 months. Four residents had lower ankle
CSAE scores at 9 months compared with baseline
(data not shown). Two residents had lower knee
CSAE scores at 9 months compared with baseline
(data not shown). All the other residents had higher
CSAE scores at 9 months compared with baseline. At
9 months the residents were performing two thirds
of the ankle examination techniques correctly, nearly
one half of the knee physical examination techniques
correctly, and answered 75% of the knowledge ques-
tions correctly. The residents took longer to complete
the ankle and knee CSAEs at 1 month compared with
baseline and 9 months (Table 2).

At baseline, the male residents scored higher on
the knee component of the written test compared
with the female residents (5.8 6 2.2 vs 4.5 6 1.5,
respectively; P 5 .007) and higher on the knee CSAE
(6.4 6 2.7 vs 5.0 6 2.0, respectively; P 5 .03). This
latter difference persisted at 1 month (P 5 .002) but
not at 9 months (P 5 .2). There was no difference
between male and female residents in their ankle
written test and CSAE scores. There were no differ-
ences in the baseline test or CSAE scores for the

residents who followed up at 1 month compared
with those who did not. There were no differences in
the 1-month written test scores (P 5 .7) or CSAE
scores (P 5 .3 and P 5 .14 for knee and ankle,
respectively) between those who followed up at 9
months and those who did not.

The mean number of patients with ankle and knee
complaints that each resident reported seeing during
the month were 2.8 6 3.2 and 2.2 6 2.3, respectively,
with no gender difference (P 5 .9). The change in
ankle CSAE scores from baseline to 1 month was
unrelated to the number of patients with ankle com-
plaints seen by the resident during the month. The
change in knee CSAE scores from baseline to 1
month was positively related to the reported number
of patients with knee complaints seen by the resident
during the month (P 5 .03) and was greater in the
male residents than in the female residents (mean
difference between change scores was 3.7; P 5 .02).
The change in knee CSAE scores at 1 month was
independently related to the reported number of
knee injuries seen during the month (R2 5 0.26; P 5
.001) and male gender (R2 5 0.09; P 5 .008, adjusting
for number of injuries seen). The change in knee
CSAE scores at 9 months was not related to the
number of knee injuries seen during the month on
the adolescent medicine rotation.

The correlation between the written test and CSAE
scores improved over time for the knee examination.
This correlation increased for the ankle at 1 month
and returned to baseline at 9 months (Table 3). The
residents’ rating of the teaching intervention was
highly favorable (Table 4).

DISCUSSION
The residents’ physical examination skills at base-

line were suboptimal, as was their confidence in

TABLE 1. Written Test and CSAE Scores

Baseline
(Mean, SD)

(n 5 58)

Percentage
Correct*

One Month†
(Mean, SD)

(n 5 48)

Percentage
Correct

Nine Months†
(Mean, SD)

(n 5 36)

Percentage
Correct

Written test
Ankle component 5.2 6 1.8 52 7.6 6 1.9 76 7.3 6 1.6 73
Knee component 5.0 6 1.7 50 8.4 6 1.5 84 7.8 6 1.5‡ 78
Total score 10.1 6 2.7 51 16.0 6 2.9 80 14.9 6 2.9‡ 75

CSAE
Ankle component 12.5 6 5.1 37 26.1 6 6.0 77 22.5 6 6.7‡ 67
Knee component 5.5 6 2.3 18 16.9 6 5.6 55 14.5 6 5.1‡ 47
Total score 18.0 6 6.5 28 43.0 6 9.7 66 37.0 6 10.6‡ 60

SD indicates standard deviation.
* Refers to the percent of questions answered correctly on the written test or the percent of techniques performed correctly on the ankle
and knee CSAEs, of a possible maximum score of 34 (ankle) and 31 (knee).
† All scores were higher than baseline scores (P , .001).
‡ Less than score at 1 month (P , .009).

TABLE 2. Time to Perform the CSAE (Minutes 6 SD)

Ankle Knee

Baseline 2.1 6 1.3 3.3 6 1.7
1 mo 3.0 6 1.2* 5.0 6 2.1‡
9 mo 2.1 6 0.9 3.6 6 1.8

SD indicates standard deviation.
* P # .003 compared with baseline and 9 months.
‡ P # .03 compared with baseline and 9 months.
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making diagnoses of ankle and knee problems. This
is consistent with other reports.2,3 In addition the
residents’ scores at baseline in this study highlight
the lack of training in the physical examination of the
musculoskeletal system that residents receive when
they are medical students. Improved training in the
physical examination of the musculoskeletal system
during medical school is needed and has been sug-
gested by others.7,8 The teaching intervention tested
in this study was associated with improvement in the
knowledge and skills of the residents in performing
physical examinations of the ankle and knee. The
teaching intervention described in this and the ac-
companying article may serve as a model teaching
intervention that could be incorporated into routine
pediatric residency training. What is novel about this
teaching intervention is that there is a videotape
accompanied by written descriptions of correct per-
formance of the physical examination techniques.
This teaching intervention could fill the gap between
residents’ need for hands-on demonstration of tech-
niques and the lack of written descriptions coupled
with practical demonstration of techniques. The
CSAEs used in this study are at the level of thor-
oughness and complexity used by sports medicine
specialists in evaluating patients. That the majority of
techniques and knowledge were mastered and main-
tained by the residents suggests an improved ability
to make correct diagnoses. This is the ultimate goal
of the teaching intervention.

There are other models for teaching the musculo-
skeletal examination.9–13 McGaghie et al11 reported

that medical students correctly performed 44% to
49% of the items on a knee examination checklist
over 3 consecutive years. This is a similar rate of
accuracy for performance of the knee examination in
this report. McGaghie et al11 described their experi-
ence of designing, pilot testing, and using checklists
for evaluating the musculoskeletal physical examina-
tion skills of medical students. Rheumatologists de-
signed the checklists for an ideal performance of the
physical examination of the knee; however, the level
of detail precluded their use as practical tools for
primary care residents. These checklists were not
published. Lawry et al10 reported methods for teach-
ing a screening musculoskeletal examination that
lacked the detail to make a diagnosis. The checklist
used to evaluate the physical examination skills was
not published. The Society of Teachers of Family
Medicine published a curriculum guide for teaching
sports medicine to family practice residents.12 In this
curriculum guide, it is suggested that evaluation of
residents include direct observation complemented
by checklists with component skills; however, the
checklist was not provided. Stirling et al13 described
a teaching program in which physical therapists and
physicians gave instruction and feedback about the
examination of the knee and upper extremity to in-
ternal medicine residents. Performance checklists
and a written examination were used, yet not pro-
vided in the article. In summary, the models avail-
able in the literature are too complex to be practical,
too superficial to allow a diagnosis to be made, have
not published their checklists so that they could be
tested in other settings, or lack long-term follow-up
of the learners’ skills. The model described in this
article is the first to describe the implementation and
evaluation of a teaching model to learn physical ex-
amination techniques in a pediatric residency pro-
gram. The residents’ rating of the teaching interven-
tion indicates that it was well received and valuable.
Similar support for structured training interventions
for residents have been reported.14 The next step will
be to test this method in other residency programs.

There was a decline in skills and knowledge be-
tween the intervention and final follow-up. This was
expected and has been reported elsewhere.10 Knowl-
edge and skills at 9 months remained above baseline
levels, suggesting that the effect of the teaching in-
tervention was not transient. There was an added
effect on improving knee examination skills related
to the number of patients with knee injuries seen
during the month by the resident that did not occur

TABLE 3. Pearson Correlation Coefficients Between CSAE Scores and Written Test Scores

CSAE Ankle CSAE Knee P Value

T0 T1 T9 T0 T1 T9

Written test score
Ankle, T0 0.28 .03
Knee, T0 0.14 .3
Ankle, T1 0.48 ,.001
Knee, T1 0.59 ,.001
Ankle, T9 0.22 .21
Knee, T9 0.64 ,.001

T0 indicates baseline; T1, 1 month; T9, 9 months.

TABLE 4. Resident Evaluation of Teaching Intervention at
Nine-Month Follow-Up

Percentage
Agree/

Strongly Agree

The educational videotape effectively
demonstrated physical examinations for the
ankle and knee.

94

The hands-on teaching session for ankle and
knee examinations were effective.

97

I felt comfortable asking questions during the
teaching session for ankle and knee
examinations.

92

I received adequate feedback about my
techniques in examining the ankle and knee.

81

The skills I learned for performing ankle and
knee examinations have been useful in
practice.

86

The video and skills teaching session is a
worthwhile experience for residents.

97
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for the ankle examinations. The knee examination
requires more technical skill in performing provoca-
tive maneuvers than does the ankle examination,
explaining the lower knee CSAE scores compared
with the ankle CSAE scores, at baseline. In contrast,
the ankle is a smaller joint, is easier to access com-
pared with the knee, and has only 2 provocative
maneuvers associated with its examination. At base-
line, residents were more skilled at ankle examina-
tions and may have learned more quickly with the
teaching intervention for the ankle examination. The
residents’ skills in knee examinations were lower at
baseline, and because there is more to learn, rein-
forcement, in the form of seeing more patients in
clinic, seemed to be more important for the knee
examination. This speaks to a limitation of the study:
all improvements in knowledge and skill during the
month cannot be ascribed to the 1-time teaching
intervention. It may be that if this teaching model is
incorporated into other teaching programs, it may
not be as effective, especially for the knee examina-
tion, if there are no patients with knee injuries seen
by the residents or if an attending physician who is
skilled with these examinations is not present. This
will be considered when this model is adapted for
use in other residency programs.

The increased correlation between the written test
and CSAE scores for the ankle at 1 month and the
knee at 1 and 9 months suggests a better integration
of knowledge and skill in performance of the exam-
inations. The lack of a relationship between the writ-
ten test and CSAE scores for the ankle and the pres-
ence of a relationship for the knee at 9 months
suggest that the knowledge and skill remained better
integrated for the knee, yet the ankle CSAE score
remained higher at 9 months. The knee examination
is simply harder to perform and the residents im-
proved more in the knee examination than they did
with the ankle examination. Measures of academic
aptitude and clinical skills do not always correlate
because they may assess different features of
achievement.11 In addition, it was not a goal of this
study to improve the correlation of written and
CSAE scores.

Cost of educational interventions is important in
curriculum design. We estimated the annual cost of
this intervention to be $4364 assuming: 1) the study
coordinator/standardized patient would spend 6
hours per month on the evaluation and intervention
at an hourly rate consistent with an annual salary of
$38 000 plus 25% fringe benefits; 2) 1 sports medicine
pediatric faculty member would spend 3 hours per
month on intervention at an hourly rate consistent
with an annual salary of $100 000 plus 25% fringe
benefits; 3) supplies 5 $200; and 4) cost of the vid-
eotape 5 $39.

The differences between the skills of male and
female residents in test scores and CSAE scores at
baseline were small and disappeared by 9 months.
We do not interpret this to indicate a significant
gender difference in the ankle and knee examination
skills of the male and female residents.

There was a concern about follow-up bias at 9
months, ie, those who had better scores would be

more willing to be reevaluated at 9 months and
would overestimate the effect of the teaching inter-
vention. Sixty-eight percent of the residents that par-
ticipated at baseline and who were eligible at 9
months completed an evaluation at 9 months. There
were no differences between the test and CSAE
scores at 1 month in the group of residents who
followed up at 9 months compared with those who
did not, suggesting that follow-up bias was not sig-
nificant in this sample.

A final limitation was the absence of a control
group that was evaluated at baseline and 9 months
but did not receive any intervention. This will be
addressed in subsequent work as we export this
teaching intervention to other training programs.

CONCLUSION
This teaching model was associated with improve-

ment in the knowledge and skill of pediatric residents
in the physical examination of the ankle and knee. This
addresses an important need in pediatric residency
training. Subsequent interventions are being planned
for other components of the musculoskeletal system.
The next steps will include exportation of this model to
other residency programs to test for efficacy in im-
proved resident knowledge and skills.
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