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Adequacy of Education in 
Musculoskeletal Medicine

BY ELIZABETH MATZKIN, MD, MAJOR ERIC L. SMITH, MD, 
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Investigation performed at the University of Hawaii and Tripler Army Medical Center, Honolulu, Hawaii

Background: Basic musculoskeletal knowledge is essential to the practice of medicine. A validated musculoskeletal
cognitive examination was given to medical students, residents, and staff physicians in multiple disciplines of medi-
cine to assess the adequacy of their musculoskeletal medicine training.

Methods: The examination was given to 334 volunteers consisting of medical students, residents, and staff physi-
cians. Analysis of the data collected and comparisons across disciplines were performed.

Results: The average cognitive examination score was 57%. Sixty-nine participants (21%) obtained a score of
≥73.1%, the recommended mean passing score. Of the sixty-nine with a passing score, forty (58%) were orthopaedic
residents and staff physicians with an overall average score of 94%. Differences in the average scores for the ortho-
paedic residents compared with all other specialties were significant (p < 0.001). The average score was 69% for the
124 participants who stated that they had taken a required or an elective course in orthopaedics during their training
compared with an average score of 50% for the 210 who had not taken an orthopaedic course (p < 0.001). When the
scores of those in orthopaedics were excluded, the average score for the participants who had taken an orthopaedic
course was 59%; this difference remained significant (p < 0.001).

Conclusions: Seventy-nine percent of the participants failed the basic musculoskeletal cognitive examination. This
suggests that training in musculoskeletal medicine is inadequate in both medical school and nonorthopaedic resi-
dency training programs. Among the nonorthopaedists, scores were significantly better if they had taken a medical
school course or residency rotation in orthopaedics, suggesting that a rotation in orthopaedics would improve the
general level of musculoskeletal knowledge.

asic musculoskeletal knowledge is essential to the prac-
tice of medicine. Many disciplines in medicine treat pa-
tients with musculoskeletal problems on a routine basis.

In 2002, the Centers for Disease Control reported that muscu-
loskeletal problems are second only to upper respiratory illness
as reasons why people seek medical attention in the emergency
department1. Musculoskeletal symptoms are also the most
common reason for visits to outpatient departments2.

In 1998, Freedman and Bernstein developed a muscu-
loskeletal examination to test health-care providers with re-
spect to their basic cognitive understanding of musculoskeletal
problems3. This examination was previously described as a
“competency examination”; however, it was renamed a “cogni-
tive examination” to better reflect the depth of knowledge that
it was able to test4. This examination was developed and vali-
dated by both orthopaedic and internal medicine chairper-
sons, and a passing score was set at ≥73.1%3,5. The examination
was administered to eighty-five residents in their first post-
graduate year of training3. Seventy (82%) of the eighty-five res-
idents failed to demonstrate basic cognitive understanding of

musculoskeletal problems, with an overall mean score of 59.6%.
Residents who had taken an elective course in orthopaedic sur-
gery during medical school had an average score of 68.4%
compared with 57.9% for those who had taken the required
course in orthopaedics and 55.9% for those who had not had a
rotation in orthopaedics3.

Jones administered the same musculoskeletal cognitive
examination to twenty-two medical students in their last
month of their final year of training at the University of the
West Indies, Barbados6. Eighty-two percent failed to score over
73.1%. The questions were also categorized into three groups:
anatomy, trauma, and general orthopaedics. All students
failed to score over 73.1% in anatomy, 64% failed in trauma,
and 45% failed in general orthopaedics6.

Education in musculoskeletal medicine has been shown
to be inadequate in some medical school curricula7,8. Regard-
less of specialty training, physicians, residents, and students in
most areas of medicine should know the basic elements of
musculoskeletal history and physical examination and basic
musculoskeletal pathology. The purpose of this study was to
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determine the adequacy of musculoskeletal education by test-
ing medical students and physicians in several fields of medi-
cine at a university-based training hospital and a United States
Army Medical Center.

Materials and Methods
he validated basic cognitive examination3 consisting of
twenty-five short-answer questions, scored on a scale of

0 to 100 points, was administered prospectively to medical
students, residents, and staff physicians over a twelve-week
period. Before the examination was administered, the insti-
tutional review boards of the involved institutions approved
the study. Each packet contained the cognitive examina-
tion, a cover letter explaining the purpose of the study, and
a demographic questionnaire (see Appendix). Verbal in-
formed consent was obtained prior to administration. Inclu-
sion criteria included all second and fourth-year medical
students, resident physicians, and staff physicians who were
available to hear the instructions given in the cover letter.
The instructions and the examination were given during a
one-hour block of medical school lectures or during a
weekly conference in the respective specialty. All participants
took the basic examination voluntarily. Exclusion criteria in-
cluded those individuals who were not present during their
lecture block or were not participating in their weekly con-
ference and those who voluntarily chose not to take the ex-
amination. The examination was administered in the same
fashion to all participants and was collected promptly after
completion. Written answers to the examination were made
available after all had taken it, to prevent the circulation of
either the questions or the answers prematurely.

The examinations were scored anonymously after col-
lection. Each question was worth a maximum of 1 point.
Raw scores were multiplied by four to obtain a score from 0
to 100 points. Partial credit was given for some questions
that required multiple answers. The overall unweighted ex-
amination score was calculated as described by Freedman

and Bernstein3, with a recommended passing score of
≥73.1%.

A power analysis was performed, and differences between
groups of subjects were analyzed according to the type of out-
come variable. Categorical data (outcomes) were analyzed with
use of chi-square or Fisher exact tests. Independent sample t
tests and one-way analysis of variance were used to analyze total
scores and subscores (continuous data) between groups. When
the analysis-of-variance results showed significant differences,
multiple pairwise comparisons were performed with use of the
Bonferroni method. The level of significance was set at 0.05.
Statistical analysis was performed with use of SPSS software
(version 10.1; SPSS, Chicago, Illinois).

Results
Participant Characteristics

he examination was administered to 113 medical stu-
dents, 167 residents, and fifty-four staff physicians for a

total of 334 participants; ninety-five were active-duty military
personnel, and 239 were civilians. A breakdown of the resident
and staff specialties is shown in Figure 1. Of the 113 medical
students, forty had completed two years of medical school di-
dactics and seventy-three were completing fourth-year clinical
rotations.

One hundred and twenty-four participants (37%) had
taken an elective or required course in orthopaedics, and 155
participants (46.4%) were comfortable with their skills in per-
forming a clinical musculoskeletal examination. Twenty-seven
participants (8.1%) stated that they had taken a musculoskele-
tal examination before.

Overall Scores
The average cognitive examination score was 56.9%. Only
sixty-nine (20.7%) of the participants obtained a score of
≥73.1%. Two hundred and sixty-five participants (79.3%)
failed. Of the sixty-nine participants with a score of ≥73.1%,
forty (58%) were from orthopaedics, with an overall average
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Fig. 1

The physician participants according to the 

different specialties. Med = internal medi-

cine, Ortho = orthopaedics, Peds = pediat-

rics, OB = obstetrics-gynecology, GS = 

general surgery, FP = family practice, Psy = 

psychiatry, Other = anesthesia (2 partici-

pants), emergency medicine (2), ophthalmol-

ogy (1), radiology (2), and transitional (5).
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score of 94%. Excluding the scores of those in orthopaedics,
the overall mean cognitive score was 52%.

Scores by Discipline
The average score for each group was 48.8% for medical stu-
dents, 58.1% for residents, and 70.4% for staff physicians.
Eleven percent of the residents and 41% of the staff physicians
were in orthopaedics. The mean score for the staff was signifi-
cantly better than that of the residents and the students (p <
0.001 for both), and the residents scored significantly better
than the students (p < 0.001). A score of ≥73.1% was achieved
by 21% of the residents (including those in orthopaedics) com-
pared with 5% of the students and 52% of the staff physicians.

The average scores by specialty are shown in Figure 2.
The difference in the mean scores for the orthopaedic residents
compared with all other specialties was significant (p < 0.001).
The average scores for the second and fourth-year medical stu-
dents were 39.9% and 53.7%, respectively (p < 0.001).

Scores According to Whether a 
Required or an Elective Course in 
Orthopaedics Had Been Taken
The average score was 69% for the 124 participants who stated
that they had taken a required or an elective course in ortho-
paedics during their training compared with 50% for the 210
who had not taken an orthopaedic course (p < 0.001). Exclud-
ing the scores of orthopaedic residents and staff physicians,
the average score for those who had taken an orthopaedic
course was 59% and this percentage remained significantly
greater than the percentage for those who had not taken a
course (p < 0.001). Medical students who had participated in
an orthopaedic rotation had an average score of 58.8% and
those who had not participated had an average score of 47%
(p = 0.001). A significant correlation was found between the
year in medical school and the examination score, with
fourth-year students scoring significantly better than second-
year students (p < 0.001). With the numbers available, no sig-
nificant correlation was found between the number of years in

practice or residency year and the score on the basic muscu-
loskeletal cognitive examination (r = 0.43).

Scores According to Whether the Participants 
Were Comfortable with Their Ability to 
Perform a Musculoskeletal Examination
One hundred and fifty-five participants (46.4%) who stated
that they were comfortable with regard to their ability to per-
form a musculoskeletal examination had an average score on
the cognitive examination of 66%. One hundred and seventy-
nine participants who stated that they were not comfortable
with regard to their ability to perform a musculoskeletal ex-
amination had an average score of 49% (p < 0.001). The most
common reasons why participants were not comfortable per-
forming the examination were as follows: “training in muscu-
loskeletal medicine inadequate” (58%), “never did a rotation
in orthopaedics” (16%), “not required or taught during my
training” (8%), and “other reasons” (18%).

Percentage of Participants Who 
Answered Each Question Correctly
The questions on the basic musculoskeletal cognitive exami-
nation were numerically placed in order of importance as
rated by 157 orthopaedic chairpersons3. Question 1 was deemed
more important to basic musculoskeletal cognition than was
question 25. The percentage of the participants who answered
each question correctly is shown in the Appendix. The overall
percentage of participants who answered correctly ranged
from 94% for question 2 (compartment syndrome) to 13%
for questions 6 (low-back pain) and 17 (common sources of
cancer metastatic to bone). When only the participants with
a passing score were considered, it was found that 100% of
them answered questions 2, 7 (treatment of compartment
syndrome), and 10 (carpal tunnel) correctly compared with
42% who answered question 17 correctly. Excluding ortho-
paedists, participants with a passing score also answered ques-
tions 2, 7, and 10 correctly 100% of the time, and question 17
was answered correctly 13.8% of the time. When the scores of

Fig. 2

Average scores by specialty. Med = internal 

medicine, Ortho = orthopaedics, Peds = pedi-

atrics, OB = obstetrics-gynecology, GS = gen-

eral surgery, FP = family practice, Psy = 

psychiatry, Other = anesthesia (2 partici-

pants), emergency medicine (2), ophthalmol-

ogy (1), radiology (2), and transitional (5).
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orthopaedists were considered, the lowest score was also seen
for question 17 (66%).

Comparison of Civilian and 
Military Training Facilities
The mean score was 62% for the ninety-five participants who
were active-duty military personnel compared with 55% for
the civilians (p < 0.001). The mean score for the military resi-
dents was 67% compared with a mean score of 54% for the ci-
vilian residents (p < 0.001).

Discussion
ognitive recognition of musculoskeletal problems is im-
portant in a clinical practice. Practitioners must know

how to treat basic musculoskeletal symptoms, when to refer
patients with such symptoms, and what constitutes an or-
thopaedic emergency. The foundation of musculoskeletal
knowledge must stem from appropriate medical school and
residency training curricula.

Primary care physicians have been evaluated with regard
to their level of understanding of musculoskeletal problems9.
Fowler and Regan reported that, for 95% of patients with
symptomatic, chronic tears of the anterior cruciate ligament,
the condition was misdiagnosed by the primary care physician9.
Forty-nine percent of those patients were able to provide an ac-
curate description of the injury consistent with an anterior cru-
ciate ligament disruption9. Our study likewise found this area to
be poorly understood. Questions 16 and 20 on the cognitive ex-
amination tested the level of understanding with regard to the
diagnosis of an anterior cruciate ligament tear. Only 40% and
54%, respectively, of those in the primary care specialties pro-
vided a correct response to questions 16 and 20. In 1990, there
were fifteen million office visits because of mechanical low-back
pain, making it the fifth most common reason for all physician
office visits10. Fifty-six percent of those visits were to primary
care physicians10. Questions 6, 11, and 14, which pertained to
this topic on the cognitive examination, were answered cor-
rectly by 10%, 24%, and 27%, respectively, of the participants
who were in the primary care specialties.

The underlying deficiency of musculoskeletal medical
knowledge may be due, in part, to the lack of exposure to basic
anatomy and to musculoskeletal medicine as a whole. The
average score on the eight basic anatomy questions on the ex-
amination was 49%. Anatomy is one of the core courses of
medical education, but the time devoted to anatomic dis-
section and other traditional methods of instruction is de-
creasing11-13. Medical students have recognized the importance
of anatomy and laboratory dissection as the foundation for
their clinical clerkships12, and, for physicians, anatomy is an
essential element of patient care.

Pinney and Regan noted a marked discrepancy between
the necessary skills and knowledge required to treat patients
with musculoskeletal disorders, as determined by a survey of
primary care physicians, and the amount of time devoted to
teaching these skills in Canadian medical schools8. One hun-
dred and forty-one practitioners in family medicine stated

that, on the average, 27.4% of their practice involved mus-
culoskeletal disorders, yet <3% of all curricular hours in the
typical Canadian medical school are devoted to musculoskele-
tal education7. DiCaprio et al. found that only twenty-five
(20.5%) of 122 medical schools in the United States required a
formal musculoskeletal clerkship (averaging 2.4 weeks) in the
clinical years7. They determined that almost half of the Ameri-
can medical schools do not require any formal clinical or basic
musculoskeletal course prior to graduation7. The findings in
our study reinforce the assumption that there is a lack of expo-
sure to musculoskeletal medicine in medical schools, as the
majority of respondents who were not comfortable with per-
forming a musculoskeletal examination claimed that their
training in the area had been inadequate or nonexistent.

Sneiderman, in a survey of 302 family physicians in
North Carolina, found that half thought that their training in
orthopaedics was inadequate and they recommended one to
three months of postgraduate training in this area14. This was
also supported by Reznick et al., who stated that family doc-
tors in practice would have benefited from more training in
orthopaedics15. Matheny et al. surveyed 351 graduating family
practice residents and noted that residents who spent eight
weeks or more on an orthopaedic service had substantially
higher confidence in their ability to perform a physical exami-
nation and radiographic evaluation and to diagnose and treat
musculoskeletal conditions16.  Hergenroeder et al. showed that
the skills of pediatric residents in performing a physical exam-
ination of the knee and ankle were significantly (p < 0.001)
improved after an educational intervention, which included a
video demonstration of the proper examination techniques, a
demonstration of physical examinations, and evaluations of
the residents’ follow-up examination techniques17. Our study
supports these ideas. Medical students and residents who had
participated in a required or an elective course in orthopaedics
demonstrated significantly better scores on the examination
compared with those who had not. This indicates that a re-
quired course in orthopaedics should be considered essential
for adequate musculoskeletal training. The orthopaedic course
should be tailored to commonly seen musculoskeletal prob-
lems, musculoskeletal anatomy, and orthopaedic emergencies
seen in an outpatient setting.

Despite the consensus in the literature that primary care
physicians are inadequately trained to treat musculoskeletal
problems, clinics dedicated to such care can excel. Alcoff and
Iben reported on the data from a family practice orthopaedic
trauma clinic at a military medical center18. Fractures ac-
counted for 79.2% of the injuries, sprains accounted for
17.7%, and contusions made up 3.1%. Only 16.2% of the 540
patient visits required an orthopaedic consultation, indicat-
ing that the majority of nonsurgical, acute musculoskeletal in-
juries can be effectively managed in a family practice clinic18.
Musculoskeletal problems are common in the active military
population, and physicians in the primary care specialties
must be able to diagnose and treat them on a regular basis.
The greater exposure to musculoskeletal problems among the
residents at the military medical training facility may account
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for the overall better scores that they had compared with those
in the civilian residency program in the present study.

The limitations of this study are the cognitive examina-
tion itself and its open-ended response format. Validation of
the examination was performed by clinicians who may not
necessarily have been experts in educational testing. Even
though this was not a perfect examination, the overall scores
suggest a discrepancy between the problems that the physicians
see in their practices and their basic education regarding these
problems. A more representative examination should have
scores approaching 100%. Given the fact that this examination
was validated by experienced clinicians, that the scores of the
orthopaedic physicians approached 100%, and that the scores
may have been independent of experience level, we believe that
it is a good representation of basic musculoskeletal knowledge.
The strengths of this study are that it evaluated basic cognitive
musculoskeletal knowledge of medical students and physicians
from all specialties and levels of training and correlated this
knowledge with exposure to orthopaedics.

This study is the first, as far as we know, to assess basic
cognitive musculoskeletal knowledge in multiple disciplines of
medicine at all levels of training. Deficits in musculoskeletal
knowledge were found at all levels, excluding the orthopae-
dists. As such, this study strongly suggests that there is a lack
of basic musculoskeletal education in medical school and dur-
ing nonorthopaedic residency training. Improvements in edu-
cation in musculoskeletal medicine should be pursued in all
medical schools and residency training programs.

Appendix
Tables presenting the basic competency examination and
its demographic data sheet and a figure showing the per-

centage of participants answering each question correctly are
available with the electronic versions of this article, on our
web site at jbjs.org (go to the article citation and click on
“Supplementary Material”) and on our quarterly CD-ROM
(call our subscription department, at 781-449-9780, to order
the CD-ROM). �

NOTE: The authors thank Richard Severino, MS, for his assistance with the statistical analysis.

Elizabeth Matzkin, MD
Duke University Medical Center, Box 3615, Durham, NC 27710. E-mail 
address: ematzki@aol.com

Major Eric L. Smith, MD
Orthopaedic Department, Naval Hospital, 100 Brewster Boulevard, 
Camp Lejeune, NC 28547

Captain David Freccero, MD
Tripler Army Medical Center, 1 Jarrett White Road, Honolulu, HI 96859

Allen B. Richardson, MD
Deceased

The authors did not receive grants or outside funding in support of their 
research or preparation of this manuscript. They did not receive pay-
ments or other benefits or a commitment or agreement to provide such 
benefits from a commercial entity. No commercial entity paid or 
directed, or agreed to pay or direct, any benefits to any research fund, 
foundation, educational institution, or other charitable or nonprofit 
organization with which the authors are affiliated or associated. The 
views expressed in this article are those of the authors and do not reflect 
the official policy of the Department of the Army, the Department of 
Defense, or the United States Government.

doi:10.2106/JBJS.D.01779

References

1.  McCaig LF, Burt CW. National Hospital Ambulatory Medical Care Survey: 2001 
emergency department summary. Adv Data. 2003;335:1-29.

2.  Ly N, McCaig LF. National Hospital Ambulatory Medical Care Survey: 2000 out-
patient department summary. Adv Data. 2002;327:1-27.

3.  Freedman KB, Bernstein J. The adequacy of medical school education in mus-
culoskeletal medicine. J Bone Joint Surg Am. 1998;80:1421-7.

4.  Broadhurst N. Measuring cognitive and clinical competency in orthopaedics. 
J Bone Joint Surg Am. 2002;84:683-4.

5.  Freedman KB, Bernstein J. Educational deficiencies in musculoskeletal medi-
cine. J Bone Joint Surg Am. 2002;84:604-8.

6.  Jones JK. An evaluation of medical school education in musculoskeletal medi-
cine at the University of the West Indies, Barbados. West Indian Med J. 2001;
50:66-8.

7.  DiCaprio MR, Covey A, Bernstein J. Curricular requirements for musculoskeletal 
medicine in American medical schools. J Bone Joint Surg Am. 2003;85:565-7.

8.  Pinney SJ, Regan WD. Educating medical students about musculoskeletal 
problems. Are community needs reflected in the curricula of Canadian medical 
schools? J Bone Joint Surg Am. 2001;83:1317-20.

9.  Fowler PJ, Regan WD. The patient with symptomatic chronic anterior cruciate 
ligament insufficiency. Results of minimal arthroscopic surgery and rehabilitation. 
Am J Sports Med. 1987;15:321-5.

10.  Hart LG, Deyo RA, Cherkin DC. Physician office visits for low back pain. Fre-

quency, clinical evaluation, and treatment patterns from a U.S. national survey. 
Spine. 1995;20:11-9.

11.  McKeown PP, Heylings DJ, Stevenson M, McKelvey KJ, Nixon JR, McCluskey 
DR. The impact of curricular change on medical students’ knowledge of anatomy. 
Med Educ. 2003;37:954-61.

12.  Pabst R. Gross anatomy: an outdated subject or an essential part of a mod-
ern medical curriculum? Results of a questionnaire circulated to final-year medi-
cal students. Anat Rec. 1993;237:431-3.

13.  Rizzolo LJ. Human dissection: an approach to interweaving the traditional 
and humanistic goals of medical education. Anat Rec. 2002;269:242-8.

14.  Sneiderman C. Orthopedic practice and training of family physicians: a sur-
vey of 302 North Carolina practitioners. J Fam Pract. 1977;4:267-70.

15.  Reznick RK, Brewer ML, Wesley RM, Stauffer ES. Orthopaedic teaching: the 
practicing family doctor’s perspective. Orthop Rev. 1987;16:529-35.

16.  Matheny JM, Brinker MR, Elliott MN, Blake R, Rowane MP. Confidence of 
graduating family practice residents in their management of musculoskeletal con-
ditions. Am J Orthop. 2000;29:945-52.

17.  Hergenroeder AC, Chorley JN, Laufman L, Fetterhoff AC. Pediatric residents’ 
performance of ankle and knee examinations after an educational intervention. 
Pediatrics. 2001;107:E52.

18.  Alcoff J, Iben G. A family practice orthopedic trauma clinic. J Fam Pract. 
1982;14:93-6.


