
Risk Factors for Stress Fractures
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Anatomic variables that put athletes at risk for multiple
stress factors included high foot arch, leg length inequality, and

excessive forefoot varus.

Source: Korpelainen R, et al. Risk factors for recurrent stress fractures in
athletes. Am J Sports Med. 2001;29(3):304-310.

Although stress fractures are common in athletics, our
understanding of which risk factors are important and how to

prevent them is not altogether clear. Korpelainen and colleagues
from Finland used an extensive database at a sports medicine clinic,
with a series of more than 12,000 athletes treated more than 23
years, to identify 34 athletes who had at least 3 separate stress frac-
tures in the lower extremity. Amazingly, 31 were available to com-
plete an extensive questionnaire that detailed their training history,
menstrual history, height, weight, dietary history, and use of tobac-
co and alcohol. Half of the subjects were available for a body bio-
mechanical analysis to include radiographic determination of leg
length, femoral anteversion, and bone mineral density. Additional
measurements included a pedogram to determine foot shape, fore-
foot varus, pronation of the ankle, and range of motion at the ankle
and hip. Motor performance testing measured reaction times, bal-
ance, speed, and accuracy of movement. A group of patients treated
for other lower extremity problems and matched for body mass
index, demographics, and sports event served as the controls.

Their hypothesis was that certain anatomic variables associated
with the ankle and lower extremity would put the athlete at risk for
stress fractures. After statistical analysis of all of these variables, a
high longitudinal foot arch, leg length inequality, and forefoot varus
greater than 10° had the strongest correlation with multiple stress
fractures. Not surprisingly, distance runners were the largest sub-
group (61%); yet, weekly mileage did not correlate directly with fre-
quency of fracture. In fact, some athletes developed stress fractures
with only moderate training activity. This supported Korpelainen et
al’s premise that anatomic variables influenced risk of fracture more
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than training alone.
Almost half of the female athletes reported men-

strual irregularities. Two athletes with primary
amenorrhea were osteoporotic by bone densitometry
(> 2.5 standard deviations from the mean). Because
of variability among subjects and sample size, dif-
ferences between the 2 groups were not statistically
significant.

■■ COMMENT BY DAVID R. DIDUCH, MS, MD
Stress fractures hurt in more ways than one, frequent-

ly preventing an athlete from competing in events for
which they trained so hard that they developed the prob-
lem. Yet, our understanding of what risk factors are most
important, and how to prevent stress fractures, is limited.
Korpelainen et al have enhanced our understanding with
an extensive study from a database spanning 12,000 ath-
letes and 23 years. By analyzing a selected group of 31
athletes with multiple stress fractures and comparing
them to a carefully matched control group, they tried to
determine what anatomic risk factors were important.
The methodology and the statistics were valid and the
conclusions sound.

While type of training (ie, distance running) was
important, a direct correlation with extent of training (ie,
weekly mileage) was not. This supports Korpelainen et
al’s hypothesis that anatomic variables play a key part in
determining who gets stress fractures. Forefoot varus,
leg length difference (shorter leg most often involved),
and pes cavus were most frequently associated with mul-
tiple stress fractures.

It would seem that the logical next step is to screen
the athletic population and correct these anatomic
problems where possible with orthotics and proper
shoewear. Such prospective data are critical to support
this hypothesis. It is also essential for sports medicine
providers to be able to affect this problem in a preven-
tive way.   ❖

Bone Tunnel Remodeling at
Bioabsorbable Screw Sites
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: This study prospectively evaluated the long-
term effects of bioabsorbable (copolymer) screws. At an
average 5-year follow-up, MRI scans demonstrated
remodeling and new bone formation at the site of the
implants. 

Source: Lajtai G, et al. Bone tunnel remodeling at the site of
biodegradable interference screws used for anterior cruciate
ligament reconstruction: 5-year follow-up. Arthroscopy. 2001;
17(6):597-602.

Bioabsorbable interference screws are a popu-
lar method for fixation of ACL grafts. Recent expe-

rience with revision ACL reconstruction has demonstrat-
ed that PLLA screws often take an exceedingly long
time to degrade (more than 2-3 years). Concerns over
cystic or osteolytic changes in the surrounding bone
have also been suggested. Other case reports have sug-
gested that PLLA screws, although they may have long
resorption times, do not have adverse tissue reactions.
The present paper is the first study of a copolymer screw
that contains both lactide and glycolide (85/15 D,L Lac-
tide/Glycolide, Biologically Quiet Screw, Instrument
Makar, Okemos, Mich). 

In a prospective study, these devices were used in
32 cases of isolated ACL reconstruction using a patel-
lar tendon autograft and fixed with a 9 × 25 mm
bioabsorbable interference screw. A total of 28 of the
original 32 patients were evaluated clinically, with
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plain radiographs, and with MRI at an average 5.2
year follow-up (range, 4.1-6.4 years). The clinical
outcome was good to excellent in more than 90% of
cases, and plain radiographs showed no osteolysis or
cystic bone formation. MRI scans showed no evi-
dence of residual screws and no edema. Thus, the
screws had completely resorbed and were replaced by
bone. Lajtai et al did report some tunnel widening on
MRI, particularly in the femur, but it was of no appar-
ent consequence. 

■■ COMMENT BY MARK D. MILLER, MD
This is a good prospective study with mid- to

long-term follow-up. Lajtai and colleagues empha-
size in their discussion (and I think it is important as
well) that their results are only applicable to this par-
ticular screw. Additional studies need to be done on
other screws that are in clinical use. This copolymer
has a quicker absorption profile than more common-
ly used screws, with absorption within 6 months in
an animal study cited by Lajtai et al. The use of plain
radiographs and MRI to evaluate bone changes is
good, but unfortunately not as good as a gross and
histologic evaluation, which simply isn’t possible in
a clinical study. This is good news for those who use
this particular screw—I hope to see similar studies
of other screws in the near future.   ❖

Swelling and Ankle Sprains 
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: The degree and duration of swelling after a
lateral ankle sprain did not correlate with function and
perhaps should not be used for return to play criteria.

Source: Pugia ML, et al. Comparison of acute swelling and
function in subjects with lateral ankle injury. J Orthop Sports
Phys Ther. 2001;31(7):384-388.

Ankle sprains are an extremely common sports-
related injury. In addition, approximately 85% of

sprains are of the lateral ligaments of the ankle. Signifi-
cant swelling is a common symptom following this type
of injury. The purpose of this study was to determine the
relationship between functional indices and the presence
of swelling. 

Twenty-nine subjects varying between the ages of
18-59 (mean age, 38.88 ± 11.37) participated in the
study. Of these, 20 were male and 9 were female.
All subjects had ankle sprains within 10 days of

examination, with a mean of 3.28 days prior to
examination. Exclusion criteria included bilateral
ankle injuries and concomitant lower extremity
fractures. Ankle girth was measured using a tradi-
tional figure 8 measurement (figure 8 around the
ankle and foot with a tape measure). While several
different examiners performed this measurement,
inter-observer reliability was reported to be 0.99
and intra-observer reliability was 0.98-0.93. In
addition, participants were asked to complete the
ankle osteoarthritis scale (AOS) and the foot and
ankle ability index (FAAI). Both of these measures
are functional indices indicating the subject’s per-
ception relative to their function. Validity and relia-
bility have been established using the AOS. The
FAAI has not yet established reliability and validity.
However, the FAAI has a sports subscale and many
of the questions were similar to the AOS, so it was
hypothesized that these 2 indices should be strongly
correlated to each other. 

The results indicated that the FAAI sports subscale,
the modified AOS scale, and weight-bearing status did
not significantly correlate with swelling as determined by
figure-of-8 girth measurements. Significant correlations
were found between the various functional measures.

■■ COMMENT BY CLAYTON F. HOLMES, EdD, PT, 
ATC
Measurements such as range of motion and swelling

have long been performed with the assumption that
these symptoms limit function. This simple, clean
study indicates that swelling may indeed not be an indi-
cation of function, at least relative to the common later-
al ankle sprain. This is a significant finding because
sports participation is often limited due to observation
of swelling, when in fact, function may well be close to
normal. While there are certainly many variables that
were not controlled for in this study, including adher-
ence to a home program and degree of sprain severity,
this is still an important study. The introduction of
functional measures such as the AOS for use with such
a common injury is critical and may affect examination
of ankle sprains. It is also important to note that this
was the first time the AOS scale was used relative to
ankle sprains.  

In summary, there certainly is not enough evidence
to support not limiting an athlete’s participation sec-
ondary to swelling. This study is certainly a step in the
right direction in using the recent move toward func-
tional scales and away from a reliance solely on other
“objective” measures, such as range of motion and
swelling.   ❖
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Shock the Monkey:
Shock Wave Therapy and
Musculoskeletal Disorders
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: An excellent review article of the current liter-
ature and a recent meta-analysis of shock-wave treat-
ments in the management of musculoskeletal disorders
is presented. Currently, there are 3 major commercial
types of shock-wave devices, and accepted treatments
include disorders of the plantar fascia and lateral epi-
condylitis. Many unanswered questions remain, espe-
cially with possible detrimental effects with the use of
shock wave in tendon, muscle, and nerve.

Source: Ogden JA, et al. Shock wave therapy (orthotripsy) in
musculoskeletal disorders. Clin Orthop. 2001;387:22-40.

This thorough review article describes the 
current knowledge base as well as less well-known

but described applications of shock wave treatments to
the musculoskeletal system. Introduction of therapeutic
shock waves to noninvasively treat kidney stones
(lithotripsy) has revolutionized the management of this
urologic problem, and application of shock wave extra-
corporeal energy to the musculoskeletal system has had
recent tremendous interest and study. 

Three devices have been produced specifically for
bone and contiguous soft tissues: Ossatron (High Med-
ical Technologies, Lengwil, Switzerland), Epos
(Dornier, Germering, Germany), and Sonocur (Siemens,
Erlangen, Germany). The Ossatron produces shock
waves electrohydraulically in contrast to Epos and
Sonocur, which generate waves electromagnetically.
Although multiple studies and articles have been prolif-
erated on shock wave treatment, there is little consensus
for efficacy of treatment except in the FDA-approved
Ossatron treatment of plantar fasciitis. 

Ogden and associates discuss (and in effect, trans-
late) the thorough meta-analysis by Heller and Niethard
who combed the literature and found the following
reports in plantar fasciitis (1131 patients), lateral epi-
condylitis (1672 patients), nonunion of fractures (1737
patients), and calcific tendonitis of the shoulder (916
patients).1 From the meta-analysis, only the treatment of
plantar fasciitis has credible science and efficacy. Cur-
rently approved FDA trials of shock wave applications
to lateral epicondylitis are ongoing. Lastly, Ogden et al
note the concern of detrimental effects to tendon, mus-
cle, and nerve, but they present an extensive review of

other investigator applications to osteochondroses and
enthesopathies including medial epicondylitis, patellar
tendonitis, trochanteric bursitis, Achilles tendonitis, and
noncalcific shoulder problems. They conclude that cur-
rent treatment recommendations for musculoskeletal
soft-tissue disorders include that of plantar fasciitis and
lateral epicondylitis (currently in FDA trial).

■■ COMMENT BY ROBERT C. SCHENCK, Jr., MD
The area of shock wave therapy to the musculoskele-

tal system has had recent interest and excitement. Appli-
cation of low energy for bone healing with medium and
higher energies for soft tissues has had recent practical
applications to include tibial nonunions and FDA
approved application of the Ossatron to plantar fasciitis.
There is little agreement on energy levels (ie, what are
considered low, medium, and high energy levels), the
exact mechanism of shock wave therapy in healing, and
degree of application. Although there are a plethora of
applications, the clinician must be cautioned in taking a
“shotgun” approach to musculoskeletal disorders with
extracorporeal shock wave treatment. Nonetheless, the
use of shock wave therapy to osteochondritic lesions
may have great potential with the ability to affect osteo-
chondral healing. There are many unanswered questions,
but patients will ask.   ❖

Reference
1. Heller KD, Niethard FU. Der Einsatz der extrakor-

paralen stobwellen therapie in der orthopade: Eine
metanalyse. Z Orthop. 1998;136:391-401.

Cryotherapy . . .
Skin Deep or to the Bone?
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Whether applied immediately or after an
hour delay, cryotherapy produced a significant drop in
intraarticular temperature following knee arthroscopy.

Source: Martin SS, et al. Cryotherapy: An effective modality
for decreasing intraarticular temperature after knee
arthroscopy. Am J Sports Med. 2001;29(3):288-291.

Cryotherapy is commonly used in sports medi-
cine following knee, shoulder, and ankle

arthroscopy. The benefits of ice and compression have
included decreasing pain and improving early postopera-
tive motion. Prior studies have reported benefits of
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superficial cooling, but deep cooling has not been report-
ed. The purpose of this study was to prospectively evalu-
ate the intraarticular knee temperature after routine
arthroscopy with and without the use of an Aircast Cry-
ocuff.

Seventeen patients undergoing routine arthrosocopy
were placed into 1 of 2 groups. Patients undergoing
complex intraarticular procedures like ACL reconstruc-
tion or lateral release were not included. At the comple-
tion of the arthroscopy, skin and intraarticular probes
were placed in the knee for 2 hours postoperatively. The
first group had immediate postoperative cryotherapy and
compression, and the second group had the same treat-
ment instituted after a 1-hour delay. The ice water was
changed every 30 minutes. Temperature was measured
every minute for 2 hours before the probes were
removed. 

The results showed that the intraarticular tempera-
ture dropped 3° over the 2 hours in the first treatment
group. In the second treatment (delayed) group the
intraarticular temperature increased by 5° for the first
hour but decreased 4° during the second hour when the
ice water was added. Therefore, the total difference
between both groups during the first hour was a 7°
temperature drop.

■■ COMMENT BY JAMES R. SLAUTERBECK, MD
The benefits of ice and compression are known to

nearly everyone. Most athletes and nonathletes routinely
use ice for its analgesic and anti-inflammatory effect.
Physicians routinely prescribe ice and compression
modalities after injury and surgery. Many have asked if
the benefits of cryotherapy are more than skin deep. This
study was designed to answer this question. 

Several points can be gained from this simple and
well-designed study. First, cryotherapy and compression
effectively decreases the intraarticular temperature. Sec-
ond, without the use of cryotherpy, the intraarticular
environment increased in temperature. Third, a cooling
effect in the intraarticular environment will occur even
after a 1-hour delay in beginning cyrotherapy. In sum-
mary, a net difference of 7° was recorded between the
cooled and noncooled knee at 1 hour. 

So what does this mean? This study has demonstrated
to me that the effects of compression and cryotherapy go
far beneath the skin. Although this study does not
address more complex knee surgeries, I would bet that
similar findings would be noted. Although not addressed
in this article, the thickness of the postoperative dressing
could significantly affect the intraarticular cooling
process. I routinely use compression and cryotherpy
with light postoperative dressings with good results.   ❖

Arthroscopic Release for
Tennis Elbow
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Arthroscopic release for recalcitrant tennis
elbow yielded subjective improvement for all patients,
with a rapid return to work averaging just 6 days. 

Source: Owens BD, et al. Arthroscopic release for lateral epi-
condylitis. Arthroscopy. 2001;17(6):582-587. 

Tennis elbow, or lateral epicondylitis, is a 
common musculoskeletal complaint among active

people. The etiology is accepted to involve microscopic
or macroscopic rupture of the extensor carpi radialis bre-
vis (ECRB) tendon origin from the lateral epicondyle.
About 90% of these patients improve with nonoperative
measures that include steroid injections, anti-inflammato-
ry medications, and therapy. Those who do not improve
may come to surgery. Owens and colleagues from the
Walter Reed Army Medical Center have provided the
first clinical paper that looks at using the arthroscope to
treat this problem. Kuklo, one of the researchers, previ-
ously had described the technique in a cadaver study. 

Sixteen patients had lateral epicondylitis that was
refractory to treatment for at least 6 months. Patients had
an average of 2.4 steroid injections per elbow. The aver-
age length of conservative treatment was almost 3 years.
The surgery involved placing the patient prone and using
proximal medial and proximal lateral portals to access
the joint. While visualizing the joint from a proximal
medial portal, the shaver was introduced through the
proximal lateral portal. They described the pathology as
falling into equal distributions, with about one third of the
patients having a frayed undersurface of the ECRB, one
third having linear tears within the ECRB, and a one third
having partial or complete avulsion of the ECRB origin.
Arthroscopic treatment involved using a shaver to resect
the synovium plus damaged portion of the ECRB fol-
lowed by a burr to decorticate the lateral epicondyle. A
fairly generous epicondyle resection was performed aver-
aging 22 mm on their cadaver study with 23 mm of
ECRB tendon release. No attempt at repair was made. 

The patients were immobilized in a simple sling for 2-
3 days with early active range and return to activity as tol-
erated. This averaged just 6 days with a maximum of 28
days for full return to work. They lost one quarter of the
patients to follow-up because of military transfer, but in
the remaining patients followed an average of 2 years, 10
of the 12 reported feeling much better and none reported
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feeling the same or worse. They documented this with a
visual analogue scale and also found all but 1 patient
returned to sports.

■■ COMMENT BY DAVID R. DIDUCH, MS, MD
This is an interesting paper for a common problem.

Treatment options for lateral epicondylitis that fail nonoper-
ative measures are varied to include simple percutaneous
release of the ECRB origin, open ECRB excision of the
degenerative tissue, + or - repair, and lateral epicondylar
decortication. Owens et al now effectively demonstrate that
arthroscopic treatment offers a viable alternative. The
advantages they tout are to allow visualization of associated
intraarticular pathology. However, only 3 elbows had any
pathology that required treatment. This included synovitis
or small spurs. They do make a case for the arthroscopic
method allowing safe and effective release of the ECRB
and decortication of the lateral epicondyle. They previously
demonstrated with a cadaver study that the limits of visual-
ization through the scope basically prevent excessive resec-
tion of the lateral epicondyle that could lead to damage to
the lateral ligaments and subsequent instability. 

Although the number of patients treated is small, the
follow-up appears adequate and the results, I think, are
valid. The major question is whether this is technically
demanding in that Owens et al are the same ones that
described the cadaveric study originally and have been
doing this for 5 years. The return to work is amazingly
short and is a testimony to the minimum morbidity
encountered with arthroscopic or minimally invasive pro-
cedures. If these results can be reproduced by other arthro-
scopists, then it offers an encouraging alternative to open
surgical treatment for this common problem.   ❖

Meniscal Allograft 
Transplantation
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: This study evaluates intermediate term
results of meniscal allografts. Pain and function
improved, however function remained limited and more
than one third of the grafts tore during the period of the
study. 

Source: Rath E, et al. Meniscal allograft transplantation.
Two to eight year results. Am J Spts Med. 2001;29(4):
410-414.

We have come full circle in our understanding
of the importance of the meniscus in the normal

knee. Complete meniscectomy remained the treatment
of choice for meniscal tears well into the 1980s. Menis-
cal repair has only recently become popular, and there is
no paucity of meniscal deficient knees in our population.
Because of the known likelihood of progressive arthritis
in this population, meniscal allograft transplantation has
been advocated. Allografts are not a panacea, however. It
is a technically difficult procedure to perform, there have
been reports of graft shrinkage and tearing, and clinical
results are mixed. 

In a prospective study, Rath and associates reviewed
the results of 27 meniscal allografts transplanted over a
period of 7 years. A bone-plug technique was used in all
but 1 case. Their inclusion criteria included postmenis-
cectomy knees with normal or corrected mechanical
alignment. Their exclusion criteria was severe degenera-
tive joint disease (including grade IV chondrosis). At an
average follow-up of 5.4 years, 22 implants in 18
patients were evaluated using a SF-36 and IKDC evalua-
tion.  

Ten patients underwent subsequent arthroscopy, usu-
ally for a meniscal tear. The graft completely healed to
the bed in all patients. Histological study of retrieved
allograft tissue demonstrated decreased cellularity
(50%) and decreased staining for PDGF-alpha, TGF-
beta, and IGF-1 as compared to normal menisci. At final
follow-up for the entire group, SF-36 scores in several
categories and IKDC functional scores improved signifi-
cantly from preoperative values. Rath et al conclude that
although meniscal allograft transplantation relieved pain
and improved function, it does not result in normal func-
tioning menisci. 

■■ COMMENT BY MARK D. MILLER, MD
This is an interesting study of a controversial subject.

The indications for meniscal allograft transplantation
remain as elusive as obtaining consistently good results.
There is no question that these grafts heal to the host bed
reliably. The issue remains as to how well they function.
The present study suggests that we cannot replicate the
native menisci, but we can at least give intermediate
term clinical improvement for these patients. The tear
rate of these grafts is high and the function, as evidenced
by these cellular markers, is not normal. Rath et al
should be congratulated for their enterprise in evaluating
the histology and cellular markers in the retrieved speci-
mens. This is our first glimpse into what is going on
functionally with these grafts. The results are not sur-
prising, and mirror clinical experience. The question
remains—are they good enough to continue to offer this
difficult (both from a technical standpoint and an insur-
ance approval standpoint) procedure?   ❖
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CME Questions
15. The deepest level that a measured, significant decrease in tem-

perature occurred with cryotherapy and compression is the:
a. skin.
b. subcutaneous fat.
c. muscle.
d. intraarticular.

16. Which of the following risk factors was most strongly associat-
ed with multiple stress fractures?
a. Excessive weekly mileage
b. Pes planus
c. Femoral anteversion
d. Pes cavus

17. Plain radiographs and MRI studies 5 years following insertion
of bioabsorbable interference screws (copolymer of 85/15 D,L
lactide/glycolide) in ACL reconstructions demonstrate:
a. cystic changes and osteolysis.
b. retention of screw fragments.
c. complete replacement with new bone formation.
d. particulate debris.

18. Which of the following statements is consistent with the results
of this study?
a. Swelling after a lateral ankle sprain is a good indicator of 

function.
b. Swelling after a knee injury is a poor indicator of function.
c. Swelling after a lateral ankle sprain is not indicative of function.
d. None of the above

19. Shock wave treatment for musculoskeletal disorders has been
FDA approved for which of the following?
a. Lateral epicondylitis
b. Achilles tendonitis
c. Patellar tendonitis
d. Plantar fasciitis

20. Lateral epicondylitis or tennis elbow involves damage to the
origin of which tendon?
a. Extensor carpi radialis brevis
b. Extensor carpi radialis longus 
c. Pronator teres
d. Extensor carpi ulnaris

21. Intermediate term results of meniscal allograft transplantation
suggest:
a. that the menisci are histologically and functionally identical to

native menisci.
b. that the menisci do not reliably heal to the host bed.
c. that the menisci are histologically normal but do not function as

well as native menisci.
d. that the menisci are histologically abnormal and do not function

as well as native menisci.
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Attention Readers . . .
American Health Consultants is happy to announce

that we are opening up our Primary Care Reports
author process to our readers. A biweekly newsletter
with approximately 5000 readers, each issue is a fully
referenced, peer-reviewed monograph. 

Monographs range from 25-35 Microsoft Word docu-
ment, double-spaced pages. Each article is thoroughly
peer reviewed by colleagues and physicians specializing
in the topic being covered. Once the idea for an article has
been approved, deadlines and other details will be
arranged. Authors will be compensated upon publication. 

As always, we are eager to hear from our readers
about topics they would like to see covered in future
issues. Readers who have ideas or proposals for future
single-topic monographs can contact Managing Edi-
tor Robin Mason at (404) 262-5517 or (800) 688-
2421 or by e-mail at robin.mason@ahcpub.com.

We look forward to hearing from you.   ❖
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HOW IT WORKS

Readers are Invited. . .
Readers are invited to submit questions or com-

ments on material seen in or relevant to Sports Medi-
cine Reports. Send your questions to: Robert Kimball,
Sports Medicine Reports, c/o American Health Con-
sultants, P.O. Box 740059, Atlanta, GA 30374. For
subscription information, you can reach the editors and
customer service personnel for Sports Medicine
Reports via the internet by sending e-mail to
robert.kimball@ahcpub.com.   ❖
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