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Foreword

I t gives me great pleasure to present
the 1992 Department of Orthopaedics
Research Report.

This year, our cover features
three faces of cartilage. The photo in
the upper left corner, courtesy of John
Clark, shows the normal developing
cartilage of the growth plate. The
upper right photo illustrates poorly
behaved cartilage in a chondrosar-
coma, courtesy of Chappie Conrad.
An example of Linda Sandell’s in situ
hybridization technique is illustrated
in the photograph of procollagen type
IIB in the lower third.

In this issue we highlight and
honor the work of Dr. Sandell and her
investigative team, who received the
American Academy of Orthopaedic
Surgeons’ highest award for ortho-
paedic research, the Kappa Delta
Award, for their study of cartilage
collagen genes and musculoskeletal
development.

Research such as Dr. Sandell’s
will help us understand what causes
cartilage cells to turn on and turn off
their synthesis of cartilage and to
behave or misbehave. She deter-
mined that the type II procollagen
gene can be differentially expressed in
two isoforms generated by alternative
splicing of the pree-mRNA. Her work
was unique in that it combined the
techniques of histochemistry and
molecular biology by using hybridi-
zation of DNA molecules to cellular
mRNAs in situ.

The quality of the Department’s
research program is reflected not
only in Kappa Delta Awards
received by Dr. Sandell and her team
in 1992, and by Dr. Stan Bigos and
his team in 1991, but also in the
receipt of federal grant dollars.
Competition for these dollars is
extremely high, yet in 1991 our
Department was second among all
orthopaedic departments nation-
wide in NIH extramural awards.
We owe this success to the efforts
of such principal investigators as
David Eyre, Linda Sandell, Stan
Bigos, and Michelle Battié.

Our commitment to research
also involves our medical students.
Brad Henley, Scott Hoffinger, John
Clark, David Eyre, Chappie Conrad,
and Allan Tencer are all actively
involved in the Medical Student
Research Training Program, helping
students with projects as diverse as
analysis of walker use in children
with cerebral palsy, the effects of
steriod use on bone resorption, and
evaluation of major histocompati-
bility antigens for osteochondral
allografts.

Our Resident Research Program
is progressing well under the super-
vision of Bruce Sangeorzan. This
report proudly presents the abstracts
of our six graduating residents. An
increasing number of our residents
are participating in the American
Orthopaedic Association’s Resident
Research Conference. Lyle Soren-
son, Susan Schmitt, Phil Kregor,
and Eric Vanderhooft presented at
this year’s meeting in Ann Arbor,
Michigan. In 1993 we will be
honored to have the program hosted
in Seattle, with Drs. Kregor and
Sorenson serving as the resident
coordinators.

This year, our Resident Re-
search Days, June 12 and 13, feature
Joseph Buckwalter, professor of
orthopaedic surgery at the Univer-
sity of lowa and past president of the

Orthopaedic Research Society. Dr.
Buckwalter is just returning from
England where he was the interna-
tional visiting professor at the
Nuffield Orthopaedic Center at
Oxford University. He will critique
the residents’ research presentations
and will deliver a guest lecture
entitled “Growth: Do Plants and
Animals Use the Same Mechanism?”
This 1992 report presents only a
sample of the spectrum of research
in progress in the Department of
Orthopaedics. We have included a
series of excellent papers from our
pediatric orthopaedic faculty, as
well as papers on trauma and adult
orthopaedics. It is through these
investigations that we strive to carry
out one of our primary missions:
“to make important contributions to
the body of knowledge on which the
practice of orthopaedics is based.”

e i

Frederick A. Matsen III, M.D.
Professor and Chairman



Study of a Collagen Gene Reveals a New Step
in Musculoskeletal Development

Linda J. Sandell, Ph.D.
James Sugai, M.S.

Mary B. Goldring, Ph.D.
James Robbins, B.S.
Stephen Trippel, M.D.

The techniques of molecular

biology provide powerful tools for
exploring the mechanisms of muscu-
loskeletal development, growth, and
repair. Our laboratory has a partic-
ular interest in the molecular biol-
ogy of cartilage. Using these tech-
niques, we hope to gain insight into
the basic processes of development,
growth, and repair that may help us
understand the normal state as well
as disease processes and possible
mechanisms of treatment.
Predominant macromolecules
in the extracellular matrix of carti-
lage are type II collagen and proteo-
glycans. These molecules are syn-
thesized by chondrocytes, the cells
resident in cartilage. Our laboratory
has concentrated its studies on the
mechanisms by which chondrocytes
control synthesis of cartilage matrix
molecules. Since the control of
synthesis occurs at the DNA (gene)

1992
Kappa
Delta
Award

For the second consecutive year,
faculty members from our
Department have won this most
prestigious award in orthopae-
dics, presented by the American
Academy of Orthopaedic
Surgeons. This year the award
went to Dr. Linda ]. Sandell and
her research team for their study
of “Expression of Collagen and
Agerecan Genes During Skeletal
Development and Growth:
Control at Transcription and
Posttranscription.” Department
investigators have now won the
Kappa Delta Award five times.

level, we have been particularly
interested in the type II collagen
gene, which contains the DNA that
“encodes” the protein sequence for
type Il collagen.

Unexpectedly, in the late 1970s,
it was found that the code for genes
was not linear but rather was
interrupted by segments of “non-
coding” or intervening DNA. The
intervening DNA contained vital
control elements responsible for
deciding how much and when to
make protein from the gene, in this
case the type Il collagen gene. The
interspersion of coding and non-
coding DNA allows for the inclusion
or exclusion of various segments in
the resulting protein by the proce-
dure of alternate splicing of coding
domains. During our studies, we
found that the type II collagen gene
can be expressed in two forms
arising from the use of two different
type II procollagen messenger RNAs
(Figure 1).

We hypothesized that the
differential expression of type Il
procollagens may be a marker for
distinct populations of skeletal cells.
We used the technique of in situ
hybridization of DNA “probes” to
messenger RNA to localize specific
procollagen messenger RNAs in
tissue. This technique was applied
to developing cartilage, growing
cartilage, and tissues thought to be
responsible for repair.

An embryonic vertebral column
provided a source of tissue under-
going rapid cartilage development
(chondrogenesis) and allowed exam-
ination of a variety of cell types
related to cartilage. In this tissue,
each collagen messenger RNA had a
distinct tissue distribution: type IIB
procollagen was expressed in



chondrocytes and type IIA was
expressed in prechondrocytes, the
cells surrounding existing cartilage
(Figure 2).

The morphology of the cells
expressing the two collagen types
was distinct: the cells expressing the
type IIA are narrow, elongated, and
“fibroblastic” in appearance, while
the cells expressing type IIB are
large and round. The expression of
type IIB appears to be correlated
with abundant synthesis and accu-
mulation of cartilaginous extracellu-
lar matrix, and is spacially corre-
lated with the high-level expression
of cartilage proteoglycan. These
observations established type 1B
procollagen and proteoglycan as
markers for the chondrocyte pheno-
type. These studies suggest that the
conversion from the type IIA to type
IIB collagen is a previously unrecog-
nized step in the formation of carti-
lage: prechondrocytes make procol-
lagen type IIA while mature chon-
drocytes make type IIB.

We next studied the expression
of collagens during the growth of
long bones to determine if the two
type Il collagen isoforms were
present there as well. We studied
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FIGURE 1: Differential expression of exon 2. Diagram of the COL2A1 gene,
type |IA and type 1IB mRNAs, and type IlA and type |IB procollagens. Exons
in the gene are indicated as open boxes. Oligoneucleotide probes specific for
type lIA or type IIB mRNA are indicated by bars above the mRNAs. In the
procollagen molecules, SP is the signal peptide, NH, is the amino-terminal
propeptide, TP is the telopeptide, Gly-X-Y indicates the triple helical domain,
and COOH is the carboxy-terminal propeptide. The regions indicated by a
straight line are triple helical and regions indicated by the curved lines
indicate globular portions of the protein. The differentially spliced domain is
indicated by arrows under the type llA procollagen.

growth plate chondrocytes in situ
with particular regard to the expres-
sion of type Il procollagen messen-
ger RNA as well as the expression of
type I and type X collagens.

Here again, the expression of
collagens was dependent on their
stage of differentiation. All chon-
drocytes synthesized type IIB pro-
collagen. In addition to type II pro-
collagen, growth plate chondrocytes

Type IIB, 59d. human.

FIGURE 2: Tissue expression of type IlA and type |IB collagen mRNA in vertebral tissue observed
by autoradiography of tissue sections. Mid-sagittal sections of vertebral column were hybridized
with collagen-specific oligonucleotide probes: type IIA collagen (a) and type IIB (b). Autoradio-
graphs were analyzed with the aid of an MCID Image Analysis Sytem without contrast enhance-
ment. Type IIA (a) surrounds the vertebral area while type IIB (b} is observed only within the

centrum/vertebral body.

initiated abundant synthesis of type X
procollagen, even in the middle of the
growth plate. Type X procollagen is
generally considered characteristic of
hypertrophic chondrocytes. After
lysis of the hypertrophic chondro-
cytes, the cells that invaded and
attached to the collagen matrix syn-
thesized abundant type I procollagen,
which is characteristic of bone. Con-
sequently, unlike cartilage develop-
ment, cartilage growth does not
appear to require the expression of
the two isoforms of type II procolla-
gen in the growth plate. Instead, it
requires abundant type IIB and type
X collagen (Figure 3).

Finally, we examined the peri-
chondrium and periosteum, again
using hybridization to DNA probes.
These tissues, which surround cart-
ilage and bone, are thought to be
important in development, growth,
and repair. In these tissues, we found
abundant expression of the new
type IIA collagen. The expression of
this collagen type provides a marker
for the potential of those cells to
become either cartilage or bone. This
observation ties together the hypo-
thesis that collagen type I1A is the
precursor to cartilage.

ORTHOPAEDIC RESEARCH REPORT
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FIGURE 3: Sections of newborn epiphyseal growth plate showing cells aligned in vertical columns
synthesizing high levels of mMRNA. Type X mRNA (C,D) is localized in a subset of type Il (A,B)
collagen-synthesizing cells. Resting cartilage is located above the region shown and the chondro-
osseus junction is at the bottom of the photograph. A and B are bright-field and dark-field photo-
graphs of a section hybridized to the type IIB procollagen probe. C and D are hybridized to the type
X collagen mRNA probe. The same column is localized on each section (an example is indicated
by the bracket). Within a column, individual cells can be resolved. The synthesis of type X collagen
mRNA is initiated synchronously across the cell columns. In one column (indicated with curved
arrow), the accumulation of type X mRMNA can be observed in most of the lower cells, but not in the
first one or two cells. Type X and type Il mRNA localization continues until the terminal chondrocyte
degenerates and the lacunae is empty. Bar = 45 pm.

In summary, in situ hybridiza-
tion to messenger RNA allows us to
localize the site of synthesis of
extracellular matrix macromolecules
in the tissue. This technique thereby
permits the analysis of cell function
without disruption of cell morphol-
ogy. For the first time, we can
determine exactly which cells are
responsible for the deposition of
different matrix molecules. To

compare the processes of develop-
ment, growth, and repair, we
examined the expression of collagen
messenger RN As during vertebral
column chondrogenesis and chon-
drocyte differentiation within the
growth plate. We found that one
type of collage (IIB) occurs where
cartilage currently exists and that
another (ITA) occurs where cartilage
will be formed in the future.

Clinically, the discovery of type
ITA procollagen and its expression in
non-cartilaginous and precartilag-
inous tissues may provide the key to
understanding the question of how
and where skeletal elements are
induced in the growing embryo.
These sites will include those where
bones and joints will eventually be
formed. A similar process will help
elucidate the basis for the ability of
bones and cartilage to be repaired.
We now have the tools for studying
not only when and where cartilage
may develop, but also for exploring
the possibility of turning on and off
the growth and repair mechanisms.

Supported by the National Institutes
of Health and the Department of
Veterans Affairs

Recommended Reading

Ryan MC, Sandell L]: Differential
expression of a cysteine-rich domain
in the amino terminal propeptide of
type Il procollagen by alternative
splicing of mRNA. | Biol Chem
265:10334-10339, 1990.

Sandell L], Morris N, Robbins JR
Goldring MB: Alternatively spliced
forms of type II collagen mRNA
define distinct populations of cells
during vertebral development:
Differential expression of the amino-
propeptide. | Cell Biol 115:1307-1319,
1991.

Sandell L], Goldring MB, Zamparo
O, Wu ], Yamin R: Molecular biol-
ogy of type Il collagen: New infor-
mation in the gene. In: Articular
Cartilage and Osteoarthritis, KE
Kuettner, R Schleyerback, JG Peyron,
VC Hascall (eds). New York: Raven
Press, 1992, pp 81-94.



Calcaneal Neck Lengthening
for Severe Abducto-Valgus (Flat)
Hindfoot Deformities In Children

Vincent S. Mosca, M.D.

T‘he flatfoot is a poorly understood
condition. The idiopathic form has
been a source of interest, investiga-
tion, and controversy for decades.
Controversy surrounds the exact
clinical and radiographic definitions
of a flatfoot, the implications of satis-
fying those definitions, and the indi-
cations for observational, nonopera-
tive, and operative management.

Flatfeet can be defined as
abducto-valgus hindfoot deformities,
thereby describing the talonavicular
joint abduction and the talocalcaneal
(subtalar) joint valgus. Another
important component is plantar-
flexion of the talus, which creates a
second plane of deformity at the talo-
navicular joint, namely dorsal sublux-
ation of the navicular. The overall
effect is a foot in which the medial
longitudinal arch is depressed and, in
fact, inverted. The head of the talus
is exposed plantarmedially, covered
only by skin and a thin layer of fat
inadequate for weight-bearing. This
arrangement forces the head of the
talus to become a major weight-
bearing portion of the foot and, there-
fore, a potential source of disability
due to pain, calluses, and ulceration.

Although controversies of defi-
nition and management persist for
the idiopathic form, it is clear that
pathologic forms cause disability and
warrant treatment. No reliably
successful surgical technique has
evolved when conservative manage-
ment fails.

Arthrodesis of one or more of the
hind- or midfoot joints has been the
traditional management for these
disabling deformities. However,

arthrodesis frequently shortens the
foot, puts excessive stress on adja-
cent joints (leading to degenerative
joint disease), eliminates the shock
absorption function of the foot, and
may not correct all components of
the deformity. It also is inappropri-
ate for children with significant
growth remaining.

Evans described the calcaneal
neck lengthening osteotomy as a
way to avoid fusion when correcting
severe flatfoot deformity. He felt
that underlying diagnoses of cere-
bral palsy and spina bifida were
contraindications for the technique,
although he had no data to support
this contention.

We conducted our study to
assess the ability of Evans’ technique
to correct abducto-valgus hindfoot
deformity in a series of patients with
significant disability. Most of these
patients had underlying neurologi-
cal disorders.

Materials and Methods
A consecutive series of 39 patients
with 55 severe and disabling
abducto-valgus hindfoot deformities
had calcaneal neck lengthening
osteotomies between June 1988 and
November 1991. To date, 31 feet in
20 patients have been followed for a
minimum of two years. Inasmuch
as the results in this two-year group
showed no deteriorization at maxi-
mum follow-up (3 years, 7 months),
this report presents data on the
entire series.

We performed the osteotomy in
28 feet in 18 patients with myelome-
ningocele when neurotrophic cal-
luses and ulcers persisted under the
head of the talus despite extensive
brace modifications. This group
included 19 flatfeet and nine skew-
feet (identical hindfoot deformity
plus severe metatarsus adductus).
Fifteen distal tibial varus derota-
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tional osteotomies and 12 medial
cuneiform opening wedge osteoto-
mies were performed simultane-
ously.

There were nine flatfeet and one
skewfoot in the seven patients with
cerebral palsy who underwent
surgical correction, and all had short
tendo-Achilles that were lengthened
concurrently. Three patients with
four severe, symptomatic, idiopathic
skewfeet had simultaneous calcaneal
neck and medial cuneiform length-
ening osteotomies.

We performed the procedure in
four overcorrected clubfeet in three
patients with underlying syndromes
and in one patient who was other-
wise normal. The osteotomy helped
to maintain foot length in two
patients in the former group who
had simultaneous talonavicular
fusion.

Three feet in three patients with
tarsal coalitions had calcaneal neck
lengthening to correct severe defor-
mity, two following successful resec-
tion and fat grafting of the coalition,
and one without resection.

The remaining cases were three
severe flexible flatfeet with short
tendo-Achilles, two flatfeet caused
by Guillain-Barré syndrome, and
one flatfoot with hallux valgus and
mild cerebral palsy. All had cal-
luses, tenderness, and pain over the
plantarmedial aspect of the talar
head.

We performed tendo-Achilles
open Z-lengthening in all feet that
lacked 10° of dorsiflexion after graft
placement. We rarely used talona-
vicular joint capsular plication.
Following patient preference, we
used tricortical iliac crest autograft
in eight feet and allograft bone in
47 feet.

Results were assessed clinically
and radiographically. A satisfactory
clinical result was characterized by
elimination of the callus, redness,
pain, and tenderness over the talar

FIGURE 1 FIGURE 2

FIGURES 1-4: Painful flatfoot with callus under talar
head. Figure 1: AP talo-first-metatarsal angle markedly
abducted. Figure 2: Calcaneal pitch is 0° and Meary's
angle is 35°. Figure 3: Trapezoid-shaped tricortical iliac
crest graft is inserted 1-1.5 cm proximal to calcaneocuboid
joint. Figure 4: Calcaneal pitch corrected to 21° and
Meary's angle to 0'.

FIGURE 4 FIGURE 3

head, and improvement in brace
tolerance and shoe wear. The visible
presence of a longitudinal arch was
considered desirable, but not neces-
sary. Radiographic assessment was
particularly difficult because many
of the neurogenic flatfeet had mild
metatarsus adductus that made

the anteroposterior (AP) talo-first-
metatarsal angle somewhat unreli-
able. Although it was possible to
group these feet with the severe
skewfeet, they were so mild that
forefoot correction was not deemed
necessary. The normal, laterally
eccentric ossification of the navicular
in the younger children also made



assessment of talonavicular align-
ment difficult. The most reliable
radiographic values seemed to be
the calcaneal pitch and Meary’s
lateral talo-first-metatarsal angle.

Results

Calluses, redness, tenderness, and
pain were eliminated in all but three
feet. In one, the graft slipped in the
postoperative cast and was malu-
nited. In two others, Meary’s angle
was greater than 50° before surgery
(normal average 0°) and only cor-
rected to 30° despite placement of
the largest graft possible. These feet
were, nevertheless, improved.

Although subtalar motion is
difficult to assess accurately, sub-
talar joint motion was clearly pre-
served in all feet that did not under-
go simultaneous fusion.

Grouped statistical analysis of
radiographic data is inappropriate
because of the varied deformities
and patient ages. All measurements
showed marked improvement in all
patients. Calcaneal pitch and
Meary’s angle were corrected to the
normal range in all except the three
feet discussed above. The AP talo-
first-metatarsal angle corrected to
the normal range in all except the
foot in which the graft slipped. All
grafts incorporated within two
months.

Some feet showed a tendency
for dorsal subluxation of the distal
calcaneal fragment at the calcaneo-
cuboid joint during graft placement.
This problem was controlled with a
longitudinal wire that crossed the
joint from distal to proximal and
then continued through the graft
into the proximal calcaneus.

Discussion

There is no consensus on what
constitutes strict clinical and radio-
graphic criteria for defining a foot as
flat or as needing treatment. Itis
clear, however, that many children
with neuromuscular disorders have
feet that satisfy the loose anatomic
criteria, and many of these cause
disability.

Children with spastic diplegia
and quadriplegia have short and
spastic gastrocnemius/soleus
complexes associated with their
flatfeet. This forces the head of the
talus into even more rigid plantar-
flexion and shifts the unyielding
terminal ankle dorsiflexion to the
more supple talonavicular joint.
Large, tender, and painful calluses
develop over the plantarmedial
aspect of the head of the talus.

Flatfeet also are frequently seen
in children with myelomeningocele.
Although they rarely have short
tendo-Achilles, their insensate pedal
skin contributes to neurotrophic
ulceration over the talar head.
Ankle joint valgus, which is an
anatomic variation in almost all
children with myelomeningocele,
adds to the stress placed on the
medial aspect of the foot and, in
particular, the head of the talus.

Severe and disabling abducto-
valgus hindfoot deformity also is
seen in other paralytic conditions as
well as in skewfeet (whether idio-
pathic, iatrogenic, or paralytic) and
overcorrected clubfeet.

When conservative manage-
ment fails to relieve the disabilities
caused by severe abducto-valgus
(flat) hindfoot deformities, surgical
treatment is indicated. Calcaneal
neck lengthening offers a solution
that obviates the many short- and
long-term disadvantages and disa-
bilities of arthrodesis. It is simple,
reliable, effective, and appropriate
for children as young as four years
and for those with neuromuscular
disorders. Long-term follow-up is
needed to determine if restoration of
normal joint alignment with preser-
vation of subtalar motion by this
method will give good lasting
results.

Recommended Reading

Crego CH, Ford LT: An end-result
study of various operative proce-
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“Metaphyseal” Cysts in
Legg-Calvé-Perthes Disease

Scott A. Hoffinger, M.D.
George T. Rab, M.D.
Peter B. Salamon, M.D.

M etaphyseal changes in the

proximal femur in Legg-Calvé-
Perthes (LCP) disease have been the
subject of several investigations, but
remain poorly understood. Many
investigators have confirmed the
prognostic significance of these so-
called “cysts,” yet their etiology and
location remain unclear. The
presence of these changes on both
the anteroposterior and lateral plain
radiographs makes it appear that
they are located within the meta-
physis. However, the “sagging
rope” sign calls this into question.

In 1981 Apley and Weintroub
described the sagging rope sign as
“a thin opaque line in the upper
femoral metaphysis,” which they
felt was “related to the extent of the
metaphyseal response (to ischemic
damage).” However, during a hip
exploration two years later, Clarke
and colleagues showed this sagging
rope to be no more than the “antero-
lateral edge of a very deformed
femoral head.” Therefore, any
changes proximal to the sagging
rope may be epiphyseal despite a
metaphyseal appearance on
radiographs.

As we have found no meta-
physeal lucencies distal to the
sagging rope, we hypothesized that
these so-called “cysts” might repre-
sent epiphyseal or physeal changes
radiographically superimposed on
the metaphysis. We conducted our
study to test whether routine hip
radiographs could project purely
epiphyseal changes onto the upper
femoral metaphysis.

Materials and Methods

The lower portion of a skeletally
immature left proximal femur was
potted in methylmethacrylate.
Radio-opaque barium sulfate paste
was used to mark the physis and to
make epiphyseal “lesions” by
painting barium on the anterior and
anterolateral portions of the epiphy-
sis. Anteroposterior and lateral
radiographs were then taken with
different sized “lesions.”

A proximal femoral hemisec-
tion from a patient with Perthes
disease was obtained from a nec-
ropsy specimen. This specimen
allowed excellent identification of
the physeal line and was used to
perform similar radiographic studies
on a more deformed epiphysis.

Results

Radiographs of the normal femur
were taken to locate the physeal line.
Due to the convex nature and
orientation of the physis, peripher-
ally placed markings projected onto
the proximal metaphysis (Figure 1).
Markings similar to Catterall 2 and
Catterall 3 Perthes disease were
made. The anteroposterior (AP)
radiograph of the Catterall 2 lesion
projected these markings onto the
metaphysis while the lateral radio-
graph showed the markings to be
epiphyseal. The Catterall 3 lesion
projected onto the metaphysis in
both the AP and lateral views
(Figure 2).

The mild flattening in the head
with Perthes distorted the epiphysis
enough to make even the physeal
line markings project well into the
metaphysis. A lesion was made
laterally on the deformed epiphysis,
and the AP radiograph clearly
shows the lesion to appear deep
within the metaphysis (Figure 3).



FIGURE 1: AP radiograph of the normal prox-
imal femur with physeal markings. The peri-
pheral physeal marking can be seen (white
arrows), but the opposite view shows that one
projects onto the metaphysis (black arrow).

Discussion

It has always been assumed that
radiographic changes projected on
the metaphyseal area on both AP
and lateral views are truly meta-
physeal. Histologic data on this
subject are sparse. Ponseti, in 1956,
biopsied two patients with Perthes
and found “tongues of fibrillated
cartilage ... [extending] deep into the
femoral neck.” He postulated that
where disruption of ordered
enchondral ossification occurred,
growth retardation would leave
rests of physeal cartilage in the
metaphysis. However, Katz refuted
Ponseti’s theory of cartilage rests by
noting that the depth of these lesions
would require an extraordinarily
large amount of growth in a short
period, more growth than could be
expected. Also, such lesions should
start at the physis and progress
distally over time, which has not
been observed.

FIGURE 2: A larger epiphyseal lesion, again,
proximal to the physeal line. The radiograph
shows the lesion to project onto the metaphy-
sis (arrows), as it does on the lateral view as
well. This occurs because a different portion of
the epiphysis overhangs the metaphysis on
each projection. A lesion-that involves enough
of the epiphysis will project onto the metaphy-
sis in multiple views.

Despite study of several speci-
mens, researchers have yet to biopsy
a metaphyseal cyst. In view of
Clarke’s findings that the sagging
rope is not within the metaphysis
but is the edge of the femoral head,
and our findings of epiphyseal pro-
jection artifact, it seems likely that
an epiphyseal or physeal process
may be responsible for these
“metaphyseal” cysts. We believe
these “metaphyseal” changes in
Perthes disease are the result of
projection artifact exacerbated by
deformity and three-dimensional
distortion of the proximal femur.

Our next project involves an
MRI study of patients both with and
without “metaphyseal” changes on
plain radiographs . A pilot study
has shown that MRI is an extremely
sensitive tool able to detect changes
where none exist on plain radio-
graphs. Most lesions appear to be
physeal or epiphyseal rather than
truly metaphyseal.
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FIGURE 3: An epiphyseal lesion in the Legg-Calvé-
Perthes (LCP) specimen projects well into the metaphy-
sis. This is due to the flattening and distortion created
by the LCP.
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Prognostic Factors
in Infantile Tibia Vara

Mark C. Dales, M.D.
Charles E. Johnston, M.D.
Randall L. Loder, M.D.

I nfantile tibia vara, often referred
to as “Blount’s disease,” is one of
several conditions (along with phys-
iologic bowing, rickets, and osteo-
chrondrodystrophies) that may
present as “bowlegs” in the toddler
or child. Blount described tibia vara
in 1937. Investigators have since
found that the pathologic changes are
a disturbance in growth of the medial
physis and metaphysis producing
progressive genu varum with
growth.

RRT

FIGURE 1: Langenskiold grading system of infantile tibia vara.
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Physiologic bowlegs are normal
in the toddler and spontaneously
resolve to the normal 7° to 9° valgus
by three years of age. By contrast,
infantile tibia vara is a pathologic
process that, if untreated, will pro-
gress with physeal irregularity and
eventual damage leading to perma-
nent angular deformity.

Separating infantile tibia vara
from physiologic bowing can be
difficult, especially at less than 18
months of age. Levine and Drennan
suggested using the tibial meta-
physeal-diaphyseal angle to differ-
entiate the two prior to the appear-
ance of the radiographic changes
indicating Blount’s disease, but this
approach has not been duplicated by
other investigators or in our own
experience. After the diagnostic
radiographic changes appear, the
physician must determine optimal
timing and method of treatment.

Early reports suggested that
infantile tibia vara could be treated
successfully up to the age of eight.
Traditionally, changes up to
Langenskiold’s stage IV (Figure 1)
were felt to be reversible and cur-
able. More recent series, however,
have suggested a poorer prognosis
and have recommended earlier
intervention. The usual treatment is
bracing or corrective osteotomy.

A perplexing aspect of infantile tibia
vara is the variable nature of the
disease, with seemingly similar
clinical and radiographic appear-
ances having quite different out-
comes despite similar treatment
(Figure 2). To attempt to identify
patients at risk for a poor result, we
posed the following questions:

1. Is bracing effective, and
when is it appropriate?

2. Can the Langenskiold
grading system accurately be used
to predict prognosis or the timing of
surgery?

3. Are there other indices that
could be used to predict prognosis?
We reviewed the results of
treatment in 54 knees in 33 patients
and attempted to identify the early
clinical and radiographic indices to

develop prognostic factors for the
treatment of Blount’s disease.
Patients with less than two years’
follow-up, older than eight years at

initial visit, and without definite
radiographic evidence of infantile
tibia vara were excluded. Follow-up
averaged 6.2 years. Langenskiold
staging and four radiographic
measurements (Figure 3) were made
for each initial radiograph. The final
results were graded clinically and
radiographically (Table 1).

Inter- and intra-observer var-
iance was assessed for applying the
Langenskiold stage and its correla-
tion with prognosis. Significant
variance was found between
graders, especially for stage II to IV
lesions, suggesting that the Langen-
skiold scale be used cautiously as an
indicator of extent of disease, treat-
ment timing, or prognosis.

None of the radiographic
measurements were useful in pre-
dicting outcome, either overall or
within each Langenskiold stage.
There was no statistically significant
differentiation for the group in
which orthotics had been successful
and those that required osteotomy.
Finally, the radiographic measure-
ments did not predict which
patients would achieve a satisfac-
tory result with a single osteotomy
versus those that required multiple
osteotomies.

The only factor that correlated
with success of the first osteotomy
was age. Of 11 patients under four
years old, eight had a satisfactory
final result, defined as a good or fair
clinical and radiographic outcome
accomplished with a single osteot-
omy. Two of the three unsatisfac-
tory results were in patients with

TABLE 1: Grading for Final Results

Good: Mechanical axis 0
Shortening <1 cm
Congruent joint

Pain free

Fair: <7° varus
Occasional pain
Congruent joint

Poor: >7° varus
>2.5 cm short
Incongruent joint
Pain




FIGURE 2: The variable nature of infantile tibia vara is shown in these two patients with early
Blount's disease. The patient on the left had a satisfactory result with bracing. The patient on the
right progressed despite bracing, required multiple procedures, and still had significant deformity.

good final clinical results but who
required a second osteotomy. Only
one of the 11 had a poor result. In
contrast, only 11 of 27 patients who
had osteotomies after age four had a
good or fair final result, and only
nine were from a single osteotomy.

The results for stage III or IV
lesions were disappointing. This
moderate degree of involvement has
been considered curable in past
reports, but we found one good,
three fair, and four poor results in
the stage III lesions, and no good,
three fair, and three poor results in
the stage IV. Only five of the 14

patients had a satisfactory result with
a single osteotomy.

In patients with early disease
(stage I or II), bracing improved
clinical alignment and reversed the
radiographic changes in 46%. How-
ever, too many different types of
braces and methods were used over
the review period to provide statis-
tical support for any one type of
bracing protocol. These results are
encouraging, however, and a pros-
pective study using a specific bracing
protocol is under way.

Our study suggests that bracing
may be beneficial for early (stage I

and II) Blount's disease. We cur-
rently recommend that knee-ankle-
foot or hip-knee-ankle-foot orthoses
be worn during the day when the
child is weight-bearing. Braces
should only be used by patients with
documented radiographic changes,
since “deformity” also may be due
to physiologic bowing, which has a
natural history of resolution. Braces
should be worn until the lesion
resolves, but not past four years of
age, since our data support the
recommendation to operate prior to
age four. For this reason it also is
not reasonable to begin bracing after
three years of age.

Although the Langenskiold
classification correlates fairly well
with prognosis at either end of the
scale (Table 2, page 32), there is
significant variability of results in
the middle stages (II to IV). For this
reason, as well as the intraobserver
variance noted, we do not recom-
mend the classification be used as
the sole determinant of treatment.
As no other reliable prognostic indi-
cator has been found, we recom-
mend corrective osteotomy if defor-
mity and radiographic changes are
present by four years of age.

The best results are obtained if
surgery is performed prior to four
years of age. Even then, 20% in our
series required a second procedure.
We found no radiographic or clinical
parameter to identify those patients
with a poor prognosis, nor could

(continued on page 32)

FIGURE 3: Methods of measurement. A - mechanical axis.
B - metaphyseal-diaphyseal angle. C - femoral metaphyseal-tibial
diaphyseal angle. D - femoral physeal intersect line.
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The Hamstrings in Cerebral Palsy Crouch Gait

Gait Laboratory Analysis

Scott A. Hoffinger, M.D.
George T. Rab, M.D.
Hassan Abou-Ghaida, M.S.
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FIGURE 1: The relative contribution of each
joint’s position to the length of the hamstrings
depends on the perpendicular distance from
the origin to the hip joint center and from the
insertion to the knee joint center.

C rouch gait is a common walk-

ing pattern in children with cerebral
palsy. Tight triceps surae and
hamstrings often are implicated as
the cause of crouch gait and, as a
result, frequently are lengthened
surgically.

It has been shown, however,
that the hamstrings account for
approximately one-third of the hip
extensor torque in normal persons.
The hamstrings exert their effect
over two joints (hip and knee). The
length of the hamstrings affects, and
is affected by, the position of both
joints. The relative contribution of
each joint’s position to the length of
the hamstrings depends on the
perpendicular distance from the
muscle origin to the hip joint center
and from the muscle insertion to the
knee joint center (Figure 1). This
lever arm has been calculated to be
three times as great at the hip as at
the knee.

After observing some patients
with excessive hip flexion following
hamstring lengthening, we became
concerned that the hamstrings are
important hip extensors in patients
with crouch gait. We studied the
motion of the hip and electrical
activity of the medial hamstrings
with three-dimensional gait analysis
and dynamic electromyography
(EMG) to determine if the ham-
strings were contributing to hip
extension in these patients.

Materials and Methods

We studied 16 patients with the
clinical diagnosis of crouch gait.
Many of these patients demon-
strated increased muscle tone
during the dynamic state (when
walking) as compared to a static
physical exam. All patients there-
fore underwent a thorough physical
exam and complete gait analysis.
We used a Motion Analysis Expert
Vision System with four channels of
dynamic, surface EMG data in each
lower extremity.

We determined hamstring
length by calculating the distance
between muscle origin and insertion
along the path of that muscle. The
length is reported relative to the
anatomic resting length (1.0),
defined as the distance between
origin and insertion in the anatomic
position (Figure 2). We specifically
looked for medial hamstrings that
showed abnormally prolonged
electrical activity and concentric
contraction as this defines “positive
work” according to Winter. Clinical
hamstring tightness was measured
by the “popliteal angle,” which is
more reproducible in the cerebral
palsy population. This is the angle
of the popliteal fossa when the
patient is supine, the hip is held at
90°, and the knee is extended
maximally.

Results

The average age of our patients was
10 years 6 months. Their popliteal
angles averaged 78° on the right and
80° on the left, indicating a signifi-
cant degree of hamstring tightness.
Dynamically, on gait analysis, the
minimum hip flexion (best exten-
sion) during stance was 20° on the
right and 27° on the left. The mini-
mum dynamic knee flexion during
stance phase averaged 22° on the
right and 31° on the left. The EMG
activity in the medial hamstrings
during stance was greater than
normal (233% of stance) in 13 of the
16 patients and significantly pro-
longed (267% of stance) in 12 of
these 13 patients.



Evaluation of calculated
dynamic hamstring length revealed
that in all but four patients both
right and left medial hamstrings
were longer than resting length
during stance phase (Figure 2). In
these other four patients, one side
was shorter than resting length
while the other was longer than or
equal to resting. Considering the
hamstrings independently, 28 of 32
hamstrings were longer than resting
length during stance phase.

The slope of the hamstring
muscle length plot was compared to
the EMG data for those patients who
showed significantly prolonged
stance phase activity (267%) to deter-
mine which muscles were contract-
ing concentrically. Of the 32 ham-
strings in our 16 patients, 18 were
found to be contracting concent-
rically and were thus aiding hip
extension.

Discussion

Crouch gait, while easily recognized
clinically, is poorly defined biome-
chanically. Sutherland, in one study
of crouch gait, included only
patients with =230° of knee flexion
throughout stance, but all had
“exaggerated ankle dorsiflexion”

as well.

All descriptions of crouch gait
include increased knee flexion
during stance. The other deformities
frequently mentioned as accompany-
ing knee flexion in crouch gait (i.e.,
equinus, calcaneus, and hip flexion)
can be secondary to knee flexion.

To remain upright, primary knee
flexion obligates the patient to flex
the hips and either assume a calcan-
eus posture or rise up on the toes.
We thus considered persistent knee
flexion during stance phase both a
necessary and sufficient criterion for
the diagnosis of crouch gait.

Our study population consisted
of ambulatory cerebral palsy
patients with crouch gait, defined as
persistent, dynamic knee flexion
during stance. Their popliteal angles
averaged 78° to 80°, indicating
clinically “tight” hamstrings. Yet,
when these patients were studied
using the muscle length program,
the hamstrings were found to be

longer than resting length. Al-
though this seems unusual as one
expects the hamstrings to be short
due to their clinical tightness, the
effect of hip position on hamstring
length must be considered.

The fact that the hamstrings in
our patients are “long” rather than
“short” is due to the hip flexion
contracture. This contracture has a
profoundly greater influence on
hamstring length than does the knee
flexion contracture.

Conclusion

The significance of these findings
has affected the way we deal with
tight hamstrings in ambulatory
diplegic patients. Tight hamstrings
do not necessarily mean short ham-
strings, but may be an indicator of
hip flexion contracture and should
direct attention there. Should these
patients come to surgical treatment,
we carefully examine the gait anal-
ysis to determine if the hip shows
dynamic contracture and if the
hamstrings have prolonged electrical
activity during stance. If so, we are
especially careful to avoid hamstring
over-lengthening to prevent an
increase in hip flexion, and will
strongly consider lengthening the
iliopsoas at the pelvic brim to
counteract the decreased hip exten-
sor force. Crouch gait in cerebral

palsy may indeed be due to tight
hamstrings, which may itself be due,
in part, to hip flexion contracture.
We are continuing our investigation
by attempting to determine how
much dynamic knee flexion contrac-
ture can be alleviated through ilio-
psoas lengthening alone.
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FIGURE 2: Muscle length plots. The length is reported relative to the anatomic resting length (1.0) defined as the
distance between origin and insertion in the anatomic position. Credit: Gait Analysis Laboratory, Department of
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The Role of the Shelf Procedure
in Managing Acetabular Dysplasia

Lynn T. Staheli, M.D.

A cetabular dysplasia usually

leads to degenerative arthritis of the
hip. The human hip joint is inher-
ently susceptible to degenerative
changes as demonstrated by the
frequency of degenerative arthritis
of the joint. This inherent vulnerabil-
ity of the hip joint is due to its tenu-
ous vascularity, the hip’s marginal
load-bearing area (presumably
related to our upright posture), and
the accumulated wear on the joint
in the aging population. At special
risk are dysplastic hips or shallow
sockets at the end of the spectrum
of normal anatomic variability. As
we have become more aware of the
poor prognosis for the hip in the
child or adolescent with a dysplastic
acetabulum, and as our operative
techniques to correct dysplasia
become more refined, the practice
of correcting acetabular dysplasia

in childhood has become a more
accepted practice.

Buttress graft
Articular cartilage
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FIGURE 1: The slotted acetabular augmentation procedure. The completed
augmentation shows the congruous extension of the acetabulum by a bone
graft. The first layer of graft is placed within the slot. The lower-most two
layers are held in position by the tendon of the reflected head of the rectus
femoris. The augmentation is supplemented by additional bone above.
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Imaging

In the child, acetabular dysplasia is
often clinically silent but is readily
demonstrated by conventional
radiography. The most valuable
measures are those for which norm-
ative values are available for com-
parison. These measures include the
acetabular index (AI), most useful in
the infant and young child, and the
center-edge (CE) angle, a reliable
measure in the older child, adoles-
cent, and adult. With advancing age
the Al gradually declines. Values in
excess of 40° in early infancy, and
beyond 25° in the two-year-old, are
abnormal. An abnormally high Al,
and a failure of the Al to decline
over a period of observation, consti-
tutes an indication for operative
correction of acetabular dysplasia in
the infant and young child. In the
adolescent and adult, a CE angle
less than 20° is abnormal. Addi-
tional features of dysplasia include
an abnormal shape of the acetabu-
lum and upper femur, subluxation
of the joint, and malposition of the
hip socket relative to the pelvis.

Selection of Procedure

The selection of the operative pro-
cedure to correct acetabular dys-
plasia should be tailored to correct
the problems most effectively. The
patient’s age, the severity of dys-
plasia, and the shape of the acetab-
ulum and upper femur are impor-
tant concerns. In the infant and
child, dysplasia usually is best cor-
rected by pelvic osteotomies such as
the Salter or Pemberton procedures,
which reposition hyaline cartilage
over the femoral head. For severe
acetabular dysplasia, especially in
the older child or adolescent, acetab-
ular augmentation — the “shelf”
procedure — is often useful.

Shelf Procedure

The shelf operation, the oldest of
acetabular procedures, was first
performed a century ago by Konig.
The shelf procedure is a capsular
arthroplasty designed to enlarge the
acetabulum by placing a bony graft
over the joint capsule to extend the
load-bearing area of the joint. Many
shelf operations have been devised,
but a common problem was the
difficulty in creating congruity



between the graft and the acetabu-
lum. If the augmentation was
placed too high, the shelf would
remain unloaded and undergo
resorption. If placed too low, the
graft would impinge on the femoral
head and accelerate the rate of de-
generative change. Proper position-
ing of the graft has been improved
by the “slotted acetabular augmen-
tation” technique (Figure 1). The
graft is placed in a slot in the ilium
exactly at the acetabular margin.
This precisely controlled placement
has improved results (Figure 2).

Indications

A shelf procedure is considered in a
child, adolescent, or young adult
with acetabular dysplasia when a
redirectional pelvic osteotomy is
contraindicated because of joint
incongruity, severity, or for technical
reasons. The shelf procedure is best
performed in the older child or
adolescent with severe dysplasia.
The procedure is ideal in cases of
bilateral dysplasia as both acetab-
ulae can be augmented during the
same procedure. As no internal
fixation is required, a second pro-
cedure is not needed.

Technique

The procedure is performed through
a “bikini” incision and an iliofem-
oral approach. The hip joint is
exposed and the reflected head of
the rectus femoris isolated. The
tendon is incised anteriorly and
dissected from the underlying
capsule. Its posterior attachment is
preserved. A slotis created at the
acetabular margin with articular
cartilage of the acetabulum on its
floor. Iliac bone is taken from the
crest and placed within the slot and
extended over the capsule. The
extent of the graft is measured to
create a CE angle of about 45°. Care
is taken to avoid excessive anterior
extension of the augmentation that
might block flexion. Two or three
layers of bone are placed. The
medial portion of the graft is
secured in the acetabular slot and
the lateral aspect is secured by
repositioning the tendon of the
reflected head over the graft and
suturing the anterior end of the ten-
don onto the capsule. Abundant

FIGURE 2: Acetabular augmention in a 13-year-old girl with developmental hip dysplasia who has persisting acetabular
dysplasia, joint subluxation, and residual femoral head deformity. (L to R) The preoperative, initial, and two-year post-
operative radiographs are shown.

additional graft is placed above the
augmentation, encompassing the
tendon of the reflected head, to
increase the thickness of the aug-
mentation. The postoperative man-
agement includes immobilization in
a spica cast for six weeks and the use
of crutches for an additional two to
three months to protect the graft
until it solidifies.

Results

Our study included 157 hips in 140
patients between two and 21 years
(mean 12 years). The indications for
the procedure included pain in 71
hips, progressive subluxation in 52,
and acetabular dysplasia in 34 hips.
The common causes of dysplasia
were developmental dysplasia in
55% and cerebral palsy in 35%. The
augmentation frequently was com-
bined with other procedures such as
femoral or pelvic osteotomies. The
most common complications were
excessive anterior extension of the
augmentation necessitating “trim-
ming” of the graft and insufficient
thickness of the augmentation. In
108 hips with a follow-up of more
than 24 months (mean 60 months),
83% were rated as good or excellent,
based on criteria which included
both radiographic and clinical
features.

Future Role of the

Shelf Procedure

The shelf operation has a clear role
in managing acetabular dysplasia
because of its versatility, safety, and
effectiveness. A new application is
in the early treatment of Perthes
disease. The augmentation is

performed early to provide contain-
ment and prevent extrusion of the
avascular femoral head to maintain
sphericity of the femoral head. The
results appear promising.
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The Investigation of Multiple Hereditary Exostoses
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M ultiple hereditary exostoses

(MHE) is a benign, familial dyspla-
sia of skeletal bone that typically
produces significant orthopaedic
deformity in the majority of persons
affected. It has been classically
described as a familial disease of
autosomal dominant inheritance,
and shows wide variation in the
reported rates of incidence and of
malignant degeneration.

The cellular events that initiate
formation of an exostosis are
unknown. Early studies by Muller
and Keith suggested that defects in
the perichondral ring and enchon-
dral ossification are involved in
the pathogenesis of the disease.
Although the natural history of
MHE is not fully characterized, its
genetic basis and association with
chondrosarcomas offer a possible
genetic model for the investigation
of malignant transformation.

Studies of prevalence in several
small populations have revealed
rates ranging from one person
affected in 1,000 to one in 90,000.
Based on Washington’s 1990 popu-

FIGURE 1: Thickened cartilage cap of an active exostosis.

lation of 4,866,692, and the ascer-
tainment of 68 affected Washington
residents, we calculated an “in state”
prevalence of one in 70,000. This
estimate is likely to be low, as
persons with mild or subclinical
disease may not have been diag-
nosed. The sex distribution for these
cases was 56% male to 44% female.

We have established a compre-
hensive multiple hereditary exosto-
sis project as a collaborative effort
between the Department of Ortho-
paedics and the Division of Medical
Genetics at the University of Wash-
ington and Children’s Hospital and
Medical Center. The objectives are:

1. To identify the prevalence
and expression of MHE in our
region.

2. To identify the incidence of
malignant degeneration.

3. To identify the penetrance of
the MHE gene.

4. To carry out gene mapping
on involved families.

We reviewed medical charts at
Children’s Hospital and the Univer-
sity of Washington Medical Center
to establish a registry of patients and
involved families. We also sent
letters to local orthopaedists to iden-
tify additional cases. The registry °
now includes 43 families with 98
affected members, not all of whom
are Washington residents. This
study population is larger than any
reported in the medical literature.



For all families we obtained
initial medical histories through
telephone interviews and then con-
ducted follow-up physical exams to
assess the clinical manifestations of
hereditary exostoses and complete
the family histories. Peripheral
blood was drawn on affected and

unaffected family members to deter-
mine karotypes and extract DNA for

genetic markers. Statistical analysis
was carried out by a Simlink pedi-
gree analysis system donated by the
University of Michigan.

We used a clinical staging
system to assess severity of MHE.
Review of the clinical data and
pedigrees suggests that 15% of the
cases (12 of 78) appeared to be new
occurrences arising from genetic
mutation. The mean age at diagno-
sis was 4.3 years + 0.9 years (range
16 months to 55 years) with the
majority of the cases detected by the
age of 12.

One patient with severe MHE
developed multiple chondrosar-
comas and is in the terminal phase
with metastatic disease. Seventy-
two percent of the patients had
moderate or severe disease defined
by multiple exostoses with either
functional limitation or severe
deformity. Thus, even without
malignant degeneration, this dis-
ease confers significant morbidity.

Treatment in this patient popu-
lation most commonly involved
multiple excisions of the exostoses
(Figures 1 and 2). Angular deformi-
ties of the long bones accounted for
most of the morbidity. Severe
involvement also was associated
with leg or arm length discrepan-
cies. Efforts to minimalize deformi-
ties through more timely surgical

b i -

intervention (growth arrest versus
lengthening procedures) will be a
focus of future evaluations. Many
patients in this cohort had multiple
procedures that might have been
possible to peform during one
surgery.

We plan genetic studies to map
the location of the MHE gene in the
affected families. We also will inves-
tigate the possible roles of onco-
genes, collagen genes, and sup-
pressor genes in the development of
exostoses and chondrosarcoma. This
hereditary tendency toward tumor
development provides a unique
opportunity for defining factors
predisposing to neoplasia.

Supported by the Department of
Orthopaedics, Children’s Hospital and
Medical Center, and the Medical
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FIGURE 2: Cartilage-bone interface of a benign exostosis.
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S tress fractures are a common and
disabling problem in female athletes
and ballet dancers. Overuse gener-
ally is considered the primary cause
of stress fractures. The higher inci-
dence of stress fractures in female
than in male athletes has led investi-
gators to look for additional etiologic
factors.

Menstrual irregularity and poor
nutrition have been implicated in
causing stress fractures in gymnasts
and runners. High incidences of
delayed menarche (beginning of
menstruation), primary amenorrhea
(never menstruating), and secondary
amenorrhea (normal cycles initially,
but less than six cycles per year
subsequently) have been reported in
ballet dancers and athletes who train
intensively.

Several studies have noted a
significantly higher incidence of
stress fractures in amenorrheic
runners and dancers than in their
normally menstruating peers. How-
ever, duration of the amenorrheic
interval as a risk factor has not been
examined. Drinkwater and others
have found that amenorrheic athletes
lose bone mineral, making them
effectively osteoporotic long before
menopause.

Female ballet dancers train
intensively, often from the age of six.
In addition to hours spent rehearsing
and performing, a professional
dancer takes classes four to six hours
per day, five to six days per week.
Technical standards and current
aesthetic ideals mandate that today’s
professional dancer be not only a
precise technician, but also conform
to an ultra-lean body image.

Anorexia nervosa, bulimia, and
other eating disturbances are preva-
lent among young ballet dancers.
The combination of nutritional defi-
ciencies, menstrual abnormalities,
and strenuous training schedules
may leave the ballet dancer at risk
for skeletal injuries. Our study was
designed to determine if menstrual
history, hours of training, calcium
intake, and other factors differed
significantly between dancers with
and without stress fractures.

We surveyed 54 female dancers
in two nationally recognized pro-
fessional ballet companies. We col-
lected company-specific data includ-
ing dance technique, floor surface,
season length, number of perfor-
mances during the season, tour
length, vacation time, and size of the
company to ensure that the compa-
nies were indeed comparable.
Dancers reported their consumption
of a specific list of calcium-rich foods
during the prior one-week period.
Each dancer also completed a ques-
tionnaire on age, height, weight,
dance training history, age of men-
arche, menstrual history, oral contra-
ceptive use, and stress fracture
history.

Stress fractures were diagnosed
by a physician and were confirmed
by either radiograph or bone scan.

A total of 27 fractures were reported
in 17 dancers. Fractures of the meta-
tarsal were the most common (63%),
followed by fractures of the tibia
(22%) and spine (7%).

Only six of the 54 dancers men-
struated normally. Fifty-six percent
of the dancers in the fracture group
were amenorrheic, compared to only
17% of the non-fracture group.
Dancers in the fracture group also
had a significantly longer duration of
amenorrhea than those in the non-
fracture group. Only one dancer in
the non-fracture group had been
amenorrheic for longer than six



months; in the fracture group all of
the amenorrheic dancers had been so
longer than six months.

Dancers who danced more than
five hours per day were significantly
more likely to have a stress fracture
than those dancing less than five
hours per day. Hours danced per
day and duration of amenorrhea
were found to contribute indepen-
dently to the risk of stress fracture.
Four dancers had both risk factors
(i.e., they danced more than five
hours per day and were amenorrheic
longer than six months) and all four
sustained stress fractures. Similarly,
of the 17 dancers with stress frac-
tures, only one had neither risk
factor.

No significant difference was
found between the stress fracture
and non-fracture group for other
variables examined. There were too
few dancers taking oral contracep-
tives to determine whether they
might protect the amenorrheic
dancer from bone mineral loss.

Although the mean weekly
calcium intake was 4,788 mg, well
below the minimum recommended
dietary allowance of 8,400 mg per
week, there was no difference
between the stress fracture group
and non-fracture group; 76% in each
group had weekly calcium intakes
below the RDA.

We found no significant differ-
ence in fracture incidence as a func-
tion of age at menarche or of age at
the time of study. Age might be
considered to be a risk factor because
the older dancer would have had
more “opportunities” to fracture and
to be amenorrheic. We did not find
this to be the case.

Our data suggest that both
excessive training and duration of
amenorrhea are associated with
increased stress fractures and that
they contribute independently to the
risk of fracture. Duration of amen-
orrhea was defined as the longest

single period of time without men-
struating. A woman with short
intervals of amenorrhea might be
able to regain bone lost during that
brief time, whereas a woman with a
prolonged interval of amenorrhea
might not. In our study, with one
exception, all dancers who were
amenorrheic longer than six months
sustained at least one stress fracture.
Obviously the risk in these dancers
is extremely high, approaching
100%.

To best protect their bones from
stress fractures or premature osteo-
porosis, we recommend that female
dancers and athletes adjust their
training schedules to avoid overuse
and meet the RDA guidelines for
calcium intake for postmenopausal
women (1,500 mg/day). Modera-
tion in training and sound nutri-
tional habits may prevent long inter-
vals of amenorrhea and premature
bone loss. A randomized trial inves-
tigating the role of oral contracep-
tives and fracture frequency is
needed before recommending oral
contraceptives for amenorrheic
athletes.

This completed study will appear
in the American Journal of Sports
Medicine.
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Factors Influencing Pullout Strength
of Bone Screws in Porous Materials
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M any orthopaedic procedures

employ bone screws. In several
anatomic regions, such as the sacro-
iliac joints, the vertebral body and
the femoral neck, cortical bone is not
available for secure screw fixation.
Although investigators have studied
the mechanical properties of screws
anchored in cortical bone or solid
substances, only limited data exist
on the pullout strength of screws
anchored in cancellous bone.

Recently, screws with a cannu-
lated shank have become available.
These screws allow for initial
placement of a small guide wire over
which drilling, tapping, and screw
insertion can be performed. Possible
advantages of such a system include
increased precision of screw insertion
while maintaining reduction, and
less bone destruction compared to
that caused by standard drill bits
should a change in orientation of the
initial guide wire become necessary.
These screws have a smaller thread
volume because of the requirement
for a larger shank diameter. The
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FIGURE 1: Each data point represents the mean and standard deviation of ten pullout
tests. Twelve screw types were tested in three different densities of polyurethane foam.
Predicted pullout force was calculated as outside thread circumference x thread length x
material shear strength.
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effect of this diminished thread
volume on pullout strength has not
been well studied.

Our biomechanical study com-
pared the pullout strength of cannu-
lated versus standard bone screws.
We also explored the effect of tap-
ping the hole prior to screw insertion
into various porous materials.

Materials and Methods

We tested 13 different cannulated and
standard screw systems. Pullout
strength was predicted using the
formula P = C x L x S where C =
outside thread circumference (mm),

L = thread length (mm), and S = shear
strength (MPa) of the material in
which the screw is inserted.

Comparison of screws: To stan-
dardize comparisons, we did pullout
testing of all screws in polyurethane
foam of three different densities in
the range of human cancellous bone.
A mechanical testing machine (Model
1022, Instron Corporation, Canton,
MA) was used to pull ten screws of
each type, each 60 mm in length and
inserted to a depth of 35 mm. In
addition, we compared the pullout
strength of AO 6.5-mm screws with
16-mm and 32-mm thread lengths
after pretapped and nontapped
insertion. The shear strengths of the
foam materials of different densities
were assessed independently:
low (L) density = 0.19 g/cm’ shear
strength = 1.41 MPa; medium (M)
0.23 g/cm?® 2.78 MPa; high (H) 0.29g/
cm’ 3.89 MPa.

Screw performance in bone:
Paired, thawed, fresh-frozen human
cadaver specimens (two tibial pla-
teaus, three calcanei) were decorti-
cated and instrumented with nine of
each of the following screws: AO
7.0-mm diameter, 16-mm long
cannulated; AO 6.5-mm diameter,
16-mm long tapped; and AO 6.5-mm
diameter, 16-mm long nontapped.
We obtained the pullout data by
comparing one screw type against
another for exactly matching screw
holes in comparable sites of the bone
specimen.




Effect of tapping: The volume of
material removed during prepara-
tion of tapped versus nontapped 6.5-
mm screws was determined using
alloy castings of the prepared holes.
Tests were done with foam of three
densities from human cadavers and
femoral condyles and calcanei.
Alloy castings standardized for
length were then weighed to reflect
the volume of the hole.

Results

Pullout strength was proportional to
thread length and outer thread cir-
cumference. This correlation could
be verified in foam of all three den-
sities tested (Figure 1).

Cannulated and standard can-
cellous screws showed similar pull-
out characteristics in dense foam.
However, contrary to our predic-
tion, cannulated screws had signifi-
cantly less pullout resistance than
standard screws in low-density
foam (p=.005, Figures 2 and 3).
Similarly, AO 7.0-mm cannulated
screws had a significantly decreased
pullout resistance in cadaveric bone
compared with AQ 6.5-mm tapped
(p=0.0022) and AO 6.5-mm non-
tapped (p=0.0277) screws.

Pullout testing of tapped versus
nontapped screws did not show sig-
nificant differences in high-density
foam. However, tapping in low-
density foam significantly reduced
the pullout force required for 6.5-
mm screws, compared to the non-
tapped comparison group. Paired
testing in human cadaveric bone
confirmed these findings (p=0.0166).
The alloy casting method showed
the screw holes to be significantly
enlarged by tapping in all three
foam densities, by 18% in low-
density foam and by 34% in high-
density foam (p=0.005). Tapping
enlarged the screw holes in
cadaveric bone by 16% (p=0.0005).

Conclusion

Overall, screw pullout correlates
directly with the outer thread dia-
meter, thread length, and material
shear strength. However, cannu-
lated screws showed reduced pull-
out strength compared with stan-
dard screws in low density polyure-

4
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pullout force than standard cancellous screws.

FIGURE 2: Each bar represents the mean and standard deviation
of ten pullout tests of two different small fragment screws of 4.0-
mm outside diameter and 14-mm thread length. One screw had
standard cancellous thread design and the other was cannulated.
The pullout shear strength each screw generated is shown as a
percentage of the shear strength of the three polyurethane foams
used for testing. Cannulated screws generated 16-18% less

3.89

thane and cancellous bone. This may
have been related to diminished
thread volume, which is determined
not only by the outside thread radius
but also by the shank radius.

Tapping appeared to lower
pullout strength in lower density
foam by increasing the screw hole
volume. We conclude that maximum
purchase in lower density cancellous
bone is achieved without tapping
and with noncannulated screws.
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FIGURE 3: Same as Figure 2, for large fragment screws of
16-mm thread length. Cannulated screws generated 13-15%
less pullout force than standard cancellous screws.
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New Techniques in Fracture Stabilization
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Pelvic fractures continue to

challenge the orthopaedic surgeon.
Hemorrhage and associated injuries
are responsible for most deaths, and
mortality rates remain approxi-
mately 10% despite aggressive man-
agement. When the patient survives,
malunion of the posterior pelvic ring
may result in disabling pain.
Anatomical restoration of the
pelvic ring improves functional
outcome, according to Slatis and
Huittenen. Hesp reported that early
operative stabilization of pelvic
fractures and dislocations improves
patient survival. Many fixation
techniques are used, yet none are
without complication. Extensive
surgical dissection through zones of
traumatized tissues often results in
wound necrosis and infection.
According to Kellam, posterior
pelvic exposures have infection rates
as high as 25%. Simpson noted that
anterior surgical approaches have
fewer wound complications but
safely access only the symphysis
pubis and sacroiliac joint.
Controversy continues regard-
ing the best methods and implants
for treating pelvic ring fractures.
Clinical attempts at closed reduction
and percutaneous screw fixation of
posterior pelvic ring disruptions
under fluoroscopic control have
been promising. Our interest is
evaluating the biomechanical
differences of various surgical
implants used to treat symphysis
pubis and sacroiliac joint disrup-
tions; specifically, which implants
are necessary and, of those, which
provide the most rigid fixation.

Materials and Methods

We harvested seven fresh-frozen,
unembalmed cadaveric pelvises,
along with the intact lumbar

vertebrae to L4 and the proximal
femora. The donors had no known
skeletal disease. The stabilizing
pelvic ligament complexes were
preserved. For each specimen, both
femora were secured with a potting
compound and the pelvis was
anchored with cables simulating the
muscular forces that normally
maintain the proper pelvic orienta-
tion. The fourth lumbar vertebra
was potted to facilitate loading in
the material testing machine.

Previous reports quantify
physiological loads on the lumbar
spine and the pelvis. Liquid metal
strain gauges measured gap open-
ing perpendicular to the sacroiliac
joint and symphysis pubis. Incli-
nometers parallel to the sacroiliac
joints measured flexion or extension
of the sacrum with loading. Loads
simulating compression, forward
flexion, lateral bending, and rota-
tion were sequentially applied to
each pelvis. Testing was carried out
in the intact pelvis, after disruption
of stability and after different
fixation methods. The sequence of
testing was:

1. Intact pelvis

2. Symphysis pubis disruption

3. Unilateral anterior sacroiliac
joint disruption

4. Ipsilateral sacrospinous and
sacrotuberous ligaments division

5. Symphysis pubis fixation
with a 4.5-mm DC plate, according
to the technique of Lange and
Hansen

6. Plate fixation of the sacro-
iliac joint, according to the tech-
nique of Simpson, along with pubis
plating

7. Lag screw fixation of the
sacroiliac joint, according to the
technique of Matta, along with
pubis plating

8. Plate fixation of the sacro-
iliac joint, without pubis plating

9. Lag screw fixation of the
sacroiliac joint, without pubis
plating.



Results

The intact pelvic specimens demon-
strated minimal changes with load-
ing. Significant symphyseal displace-
ments occurred with compression
loading after symphysis pubis disrup-
tions. In these specimens, the intact
sacroiliac joint remained normal.
With additional division of the
anterior sacroiliac joint ligaments,
both the joint and symphysis pubis
demonstrated significant instabilities.
Further disruption of the ipsilateral
sacrotuberous and sacrospinous
ligament complex produced some
additional instability to compression
loading (Figure).

Plate fixation of the symphysis
pubis alone stabilized the symphysis
pubis, but the motion at the disrupted
sacroiliac joint was not decreased.
The addition of either a plate or a lag
screw across the disrupted joint
significantly stabilized both the pubis
and joint. There was no gross differ-
ence in stability achieved with the
plate or lag screw as long as the
symphysis remained fixed with the
plate. Removal of the symphyseal
plate and fixation of the sacroiliac
joint using either a plate or lag screw
destabilized the symphysis signifi-
cantly while the joint remained stable
to compression loading. The contra-
lateral normal sacroiliac joint demon-
strated no changes during all phases
of compression testing.

Discussion

Operative reduction and fixation of a
displaced pelvic fracture provides
pain relief, allows patient mobiliza-
tion, and improves both survivability
and outcome. Various methods of
fixation are advocated, yet none is
ideal. Symphyseal plating contrib-
utes to the overall pelvic stability.
Plate or screw fixation of the dis-
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FIGURE: Joint displacement under 400-newton compression load on vertebral body.
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rupted sacroiliac joint adds stabil-
ity. Biomechanically these two
implants demonstrate no significant
differences. In a clinical setting, the
sacroiliac plate requires an anterior
surgical exposure, and the lag screw
can be placed percutaneously. We
conclude that both anterior and
posterior pelvic ring fixation should
be used to maximally stabilize the
pelvis against compression loading
when the symphysis pubis and
sacroliac joint are disrupted.
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Intramedullary Reaming:
Changes Over 25 Years
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I ntramedullary nailing of long
bones, particularly of the femur and
tibia, has steadily gained popularity
among traumatologists worldwide
over the last ten years. However,
reaming the medullary canal is
accompanied by serious risks from
local complications in tibial fractures,
and from systemic complications,
including death, in femoral fractures.

The Tibia

It has long been recognized that ream-
ing is poorly tolerated by the tibia.
The medullary anatomy of the tibia
can vary in shape from a long, uni-
form cylinder to an hourglass. Dense
cortical bone in the mid-diaphysis is
vulnerable to mechanical and thermal
damage from reaming. If the tibia
has a particularly small canal and a
long, cylindrical shape, the reamer
begins to bite into cortical bone prox-
imally and becomes very hot as it
moves into the distal tibia due to
continued contact with hard, cortical
bone.

The tibia has relatively poor
muscle coverage throughout its
course. In the distal tibia, the poste-
rior lateral muscle compartments get
thinner and thinner, and the amount
of heat “sink,” or the ability of the soft
tissues to dissipate the heat, becomes
progressively less. In severe tibial

fractures, surrounding soft tissues
are stripped from the bone, further
lessening their ability to dissipate
heat.

The use of a tourniquet during
reaming further restricts the intra-
medullary circulation and elimi-
nates its cooling effect. Therefore,
the combination of a severe tibial
fracture with a small canal and
insufficient soft-tissue coverage
predisposes to risks of serious ther-
mal damage, slow union, necrosis,
and sequestration of the shaft.

These difficulties with tibial
reaming are so severe that the trend
is now to avoid tibial reaming alto-
gether in acute, high-energy frac-
tures. The prereamed nail is
replaced with a small, solid or
thick-walled intramedullary nail
that can be inserted without ream-
ing. This device can be locked to
resist torsional forces, facilitating
the maintenance of anatomical
length and rotation.

The Femur
The femur is less vulnerable to
local complications from reaming.
Although a limited amount of
necrosis occurs in the areas of the
bone contacted by the reamer, it is
apparently well tolerated. Unlike
the situation of the tibia, clinically
significant, full-thickness bony
sequestration of the femur is rare.
In patients with compromised
pulmonary function, femoral nail-
ing of an unstable femoral fracture
often is indicated to break the cycle
of events that further damage
pulmonary function. If traction is
used and the patient immobilized
and supine, the lungs are steadily
showered with fat and other debris

from the unstabilized fracture. Lack
of fracture immobilization, on the
other hand, causes significant pain
that requires successive narcotic
medication, which further impacts
pulmonary function. Stabilization
with intramedullary nailing allows
a patient to assume the upright posi-
tion comfortably and minimizes the
need for narcotics.

While femoral nailing is often
the best way to mobilize patients
with pulmonary compromise,
pulmonary complications of nailing
must be avoided. A preoperative
arterial PO, reading is required in
severely injured patients to ensure
adequate oxygenation. The anesthe-
siologist needs to be aware of any
intrinsic injury to the patient’s lungs.

In a severely compromised
patient, an unreamed nail may be
preferred. In general, however,
careful reaming can be carried out
if certain precautions are observed.
The primary problem to avoid is the
production of high, intraosseous
pressure, which forces fat and other
debris into the venous circulation
where it is embolized to the lung.
This is particularly a problem in
fractures to the upper third of the
femur, where the reaming of the
long distal segment (which may
include the entire isthmus) can pro-
duce the same effect as reaming an
intact femur. “Venting” the distal
femur through the insertion of a
suction drain in the distal medial
metaphysis is helpful in avoiding
this problem.

Use of a sharp reamer with deep
flutes and a tapered tip connected to
a smaller shaft allows efficient cut-
ting of the bone and passage of the
debris by the reamer head and up
the medullary canal. The reamer
needs to be advanced slowly, allow-
ing the medullary contents to move
past. When cutting resistance is
encountered, the size of the cutting
head should be increased by the
smallest possible increment. If a
pressure sensation is noted, the



flutes must be cleaned frequently
and the debris removed from the
distal fragment by suction during
reaming. We have used these guide-
lines in more than 1,000 femoral
nailings and have rarely encoun-
tered problems with pulmonary
complications.

In summary, intramedullary
stabilizations of the femur and tibia
have proven to be excellent adjuncts
to the care of multiply injured
patients. Local complications due to
reaming of the tibia are avoided by
using unreamed nails. The systemic
complications of femoral reaming
are avoided by using sharp, prop-
erly designed reamers and appropri-
ate technique with decompression of
long distal segments. Attention to
these details can provide the benefits
of medullary fixation, while avoid-
ing the potential risks.

A Case Study

A 40-year-old nurse, a small Caucasian woman,
sustained a low-energy fracture with rotation
while skiing.

FIGURES 1A & B: AP and lateral radio-
graphs show the fracture is quite distal for
nailing and, more importantly, the bone has
a very long, narrow, cylindrical medullary
canal that is a maximum of 5 to 7 mm wide
and 12 to 15 cm long.

FIGURE 2: A radio-
graph of the opposite
leg confirms the unu-
sual medullary canal
in a relatively small
tibial bone.

FIGURES 3A & B: Postoperative AP and
lateral radiographs show a low starting
point of a 10-mm nail but, more importantly,
the marked thinning of the anterior cortex in
the distal half of the isthmus. Reamers of
9, 9.5, 10, and 10.5 mm have been used as
the smallest reamer available was the 9-
mm end-cutting reamer. Using this reamer
in a canal that was 2 to 3 mm smaller than
its diameter meant cutting this thickness of
cortical bone through a good portion of the
isthmus, which was almost 15 cm long.
Although the surgeon did not commit any
major error, such as using dull reamers or
a tourniguet, and did not note unusual heat
or resistance passing this reamer, this long
length of hard cortical contact with the
initial reamer would have produced consid-
erable heat by the time it reached the lower
third of the tibia, just where the overlying
soft tissues and potential heat sink would
be the most limited.
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FIGURE 4: AP and lateral radiographs at FIGURES 5A & B: Exploratory surgery at

three months. The patient had immediate
postoperative symptoms similar to a compart-
ment syndrome with partial paresis, hyperes-
thesia, pain, and swelling. Careful measure-
ments in all compartments showed no signi-
ficant abnormal pressure readings. However,
on day 3 postop a blister appeared over the
anterior tibia about 2 inches proximal to the
fracture site. Eventually, a full-thickness, 5-cm
by 2-cm slough of soft tissue occurred with
apparent dead bone in its base. The lateral
radiograph shows lysis of bone about 2 inches
proximal to the fracture site and over the
center of the lower half of the long isthmus
noted on the original bone, also in the anterior
surface, the site of greatest thinning.

six months revealed 10 cm of completely
necrotic bone and a 1-cm circumferential
sleeve of necrotic soft tissue. After debride-
ment of all necrotic tissue, an early attempt
at stabilization was made but within weeks
the patient requested a BK amputation.
This clearly was a problem of thermal
necrosis due to the long, narrow medullary
canal. The maximum reaming in any area
should be less than one-half of the cortical
thickness. The other obvious treatment
option, without this risk, would have been a
simple plating of the tibia and fibula. A
careful analysis of bony anatomy and a full
range of well-designed reamers and proper
technique are required for selection of pre-
reamed tibial nails as an acute treatment.
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The Epidemiology of

Seatbelt-Associated Injuries

Paul A. Anderson, M.D.
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The last decade has witnessed

several important developments in
motor vehicle occupant protection.
Federal motor vehicle safety stan-
dards now require all passenger cars
to be equipped with lap/shoulder
harness systems for front seat pas-
sengers and lap belts for rear seat
passengers. Thirty-four states have
laws requiring front seat occupants
and /or all passengers to use seat-
belts. Consequently, seatbelt use in
the United States has increased
dramatically in the last three years
and is now approximately 42%
nationally.

Currently available restraint
systems significantly decrease the
risk of injury in collisions, particu-
larly frontal collisions. Seat re-
straints have been estimated to
decrease fatalities in collisions by
40% to 45% overall, and to decrease
fatalities in rear seats by approxi-
mately 18%. Among non-fatal crash

TABLE 1: Demographic Characteristics of Study Population
Number Percent
303 100
Sex
Male 189 62.4
Female 114 7.6
Age (years)
<14 18 5.9
15-44 233 76.9
45-65 32 10.6
>65 20 6.6
Seat Position
Front 205 67.7
Back 39 12.9
Unknown 59 19:5
Belt Use
None 184 60.7
Lap/shoulder 42 13.9
Lap 25 8.3
Child's restraint 1 0.3
Restrained, type unknown 13 4.3
Unknown 38 125

victims, restrained occupants have
less severe injuries than nonre-
strained occupants and lower costs
for care. Seat restraints do not elim-
inate the risk of injury completely,
however. Lap belt use has been
associated with an apparent in-
creased risk of certain types of injur-
ies, including bowel and mesenteric
injuries and lumbar spine injuries.
Lap/shoulder harness-type re-
straints have been associated with
aortic, pancreatic, and cardiac
injuries.

In 1986, seatbelt use became
mandatory in Washington State.
Since then, we have observed an
increase in Chance-type fractures
and abdominal injuries. To accu-
rately assess this observation, we
performed an epidemiologic study
that examined the association of
spine and abdominal injuries with
restraint use among all patients
admitted to Harborview Medical
Center for the care of motor vehicle
trauma. In addition, we assessed
the increase of these injuries as
related to the concurrent increase in
seat restraint use nationwide.

Methods

This study retrospectively examined
all patients admitted to Harborview
Medical Center from 1984 to 1988 for
treatment of spine and /or abdomi-
nal injuries sustained by motor vehi-
cle occupants. Abdominal injuries
affected the small intestine, colon,
spleen, kidney, liver, pancreas, mes-
entery, bladder, uterus, and any vas-
cular structure within the abdominal
cavity. Spinal fractures were clas-
sified according to the three-column
theory of Denis. Seatbelt-related
injuries were considered as either
Chance fractures or flexion distrac-
tion injuries.

Seatbelt use data was obtained
from the National Highway Traffic
Safety Agency, the National Acci-
dent Sampling System, the Washing-
ton State Traffic Safety Commission,
and from the review of the patients’
medical records.



Results

The study included 303 patients
with spine and/or abdominal in-
juries (Table 1). The male to female
ratio was 1.7:1. Only 6% were chil-
dren and 6.7% were 65 years of age
or older. Two-thirds of patients
were front seat occupants, 13% rear
seat, while seat position was un-
known in 19%. Drivers accounted
for 83% of front seat occupants.

Sixty-one percent of patients
did not use restraints. Fourteen
percent used lap/shoulder har-
nesses and 8.3% used lap belts
alone. Child restraints were used in
0.3% of cases. The use of restraints
was unknown in 17% of cases.

Spinal injuries were distributed
equally in cervical, thoracic, lum-
bar, and sacral regions (Table 2).
Although the frequency of spine
injury did not increase, the number
of Chance-type fractures rose in the
last two years of the period studied.
In 1988 Chance-type fractures
accounted for 15.5% of spinal injur-
ies, compared to 6.5% in 1986 and
0% in 1984-85.

Spine injury was strongly asso-
ciated with seat position (Figure 1).
Patients with Chance-type fractures
were eight times more likely to be
rear-seated than those with cervical
spine injuries, and 6.7 and 3.1 times
more likely than those with thoracic
and other lumbar spine injuries,
respectively. The type of injury
also was associated with the use
and the type of restraint. Nearly
86% of patients with cervical injur-
ies were unrestrained; in contrast,
82% of patients with Chance-type
fractures were restrained. In
respect to the type of restraint, no
patients with cervical or thoracic
spine injuries were wearing lap
belts alone, compared to 62.5% of
those with Chance-type fractures.

Similarly, seat position, use of
restraint, and restraint type signifi-
cantly affected the chance of small
and large bowel injuries (Figure 1).
Patients in the rear seat and re-
strained by lap belt alone were
significantly more likely to sustain
these injuries than injuries to the
solid viscera.

Perhaps the most alarming
results were found in children. Six
of seven children with Chance-type

Type of Injury (#)

® Lap/shoulder belt

O Lap belt A None

FIGURE 1: Restraint type for various injuries

Cervical (48) i @ A
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Solid viscus (72) -0 ® A
Retroperitoneal (41) +—@——O0—&
Vascular (16) 4+—0O & A
Bowel (115) (o A
Coetmel oo N
0 20 40 60 80 100

Percent Restrained

fractures had concomitant bowel
injury and all were rear-seated and
wore only lap restraints (Figure 2).

Nationally, in Western Washing-
ton and in Seattle, seatbelt use
increased dramatically from 1982 to
1988 (Figure 3, page 32). Similarly,
the use of restraints as observed at
accident scenes also has increased.
Accident surveys showed an increase
in lap belt use from 2% to 4% from
1982 to 1988. Lap/shoulder restraint
use increased dramatically from 5%
to 33%.

Discussion

This study confirms our suspicion
that we have observed an increase in
hollow viscus and Chance-type
injuries with increased restraint use.
The mechanism of injury is similar,
accounting for these observations.
Our results in Seattle were consistent
with national trends that document
similar increases in hollow viscus and
thoracolumbar spine fractures. Occu-
pants who wear only a lap belt
restraint are at risk for seatbelt-related
injuries.

Despite these observations, we
continue to strongly recommend the
use of restraint systems. This study
should be not interpreted as implying
that seatbelts are harmful. Rather, we

point out that current systems, espe-
cially rear seat lap belts alone, are
inadequate. Fortunately, the federal
government has mandated the
installation of three-point restraints
in rear seats of all automobiles pro-
duced since 1990. This still leaves
(continued on page 32)

TABLE 2:
Spinal and Abdominal Injuries
Number
Spinal Injuries
Cervical 59
Thoracic 71
Lumbar 70
Lumbar Chance-type 10
Sacral 64
Abdominal Injuries
Bowel 106
Solid Viscus 87
Retroperitoneal 51
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Residual Motion After Glenohumeral
or Scapulothoracic Arthrodesis

Eric David Walker, B.S.
Douglas T. Harryman II, M.D.
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FIGURE 1: Glenohumeral fusion performed because of
refractory damage to the rotator cuff and deltoid. Com-
pression screws and a neutralization plate provide excel-
lent initial stability.

S houlder motion, the motion
between the humerus and the
thorax, is a composite of the motion
at the glenohumeral (Figure 1) and
scapulothoracic (Figure 2) articula-
tions. Arthrodesis of one or the
other of these articulations is occa-
sionally required. The degree of
motion in the remaining joint after
one of these two types of fusions has
not been rigorously determined.

Our study compared the
humerothoracic motion in the
remaining joint after a glenohumeral
or scapulothoracic fusion with the
motion of the same joint in the
normal shoulder. The purpose of
this study was to determine if fusion
was associated with a compensatory
increase or a decrease in residual
motion.

We measured the motion of the
shoulder using a six-degree of free-
dom position sensing system devel-
oped at the University of Washing-
ton Department of Orthopaedics by
Dr. John A. Sidles. The total angle
of elevation achievable is influenced
by the plane in which the arm is
elevated. To specify the plane of
elevation, we refer to the coronal
plane as the 0° plane. Anterior ele-
vation in the sagittal plane is eleva-
tion in the +90° plane, and posterior
elevation in the sagittal plane is in
the -90° plane.

We compared the motions in
eight normal subjects with those of
12 shoulders that had glenohumeral
arthrodesis and seven shoulders that
had scapulothoracic arthrodesis. In
normal subjects, the glenohumeral
and scapulothoracic motions were
measured by pinning sensors to the
humerus and to the scapula. In the
patients with arthrodeses, measure-
ment of motion at the single residual
joint required the attachment of the
sensor to the humerus only.

In the normal subjects, elevation
in the +90° plane averaged 147+15°.
The scapulothoracic component of
that motion averaged 57° and the
glenohumeral component 91°. In the
patients with glenohumeral arthro-
deses, elevation in the +90° plane
was limited to 47°. In shoulders
with scapulothoracic arthrodeses
elevation in the +90° plane averaged
93°. These numbers were compa-
rable to the values for the two
respective components of motion in
the normal shoulders.

Similarly, elevation in the -90°
plane averaged 74+12° in normal
shoulders. The scapulothoracic
component averaged 21° and the
glenohumeral component averaged
58°. In the patients with glenohu-
meral arthrodeses, the elevation in
the -90° plane averaged 22° and in
the patients with scapulothoracic
arthrodeses it averaged 35°. Again,
these values are comparable to the
component motions of the normal
shoulder.

External rotation averaged 65°
in the normals, with an average of
16° at the scapulothoracic and 51° at
the glenohumeral joint. Patients
with glenohumeral arthrodeses
averaged 9° of external rotation and
those with scapulothoracic arthro-
deses averaged 33°.

Finally, internal rotation
averaged 78° for normal shoulders.
The scapulothoracic component
averaged 25° and the glenohumeral
component averaged 70°. Patients
with glenohumeral arthrodeses
averaged 46° and those with scapu-
Ithoracic fusions averaged 60°.



Despite the relatively small
sample sizes, these results indicate
that the residual shoulder motion
after a glenohumeral or a scapulo-
thoracic arthrodesis is essentially that
of the unfused joint in a normal
shoulder. Since the normal motion at
the glenohumeral joint is substantially
greater than that at the scapulothor-
acic joint, it can be predicted that
patients with glenohumeral arthro-
deses would be substantially more
compromised from a functional
standpoint than those with scapulo-
thoracic fusions.

An analysis of the function of
shoulders with fusions confirmed this
prediction. All patients with scapulo-
thoracic fusions were able to reach
their mouth, side pocket, back pocket,
perineum, and groin. All but one
could reach their axilla and their back,
and all but two could reach their hair.
In marked contrast, of the 12 patients
deprived of glenohumeral motion, 11
lost the ability to reach their hair and
back, seven lost the ability to reach
their perineum, and six lost the ability
to reach the back pocket, five the
axilla, and two the side pocket.

In conclusion, this study is the
first to measure in six degrees of
freedom the in vivo glenohumeral
and scapulothoracic motions in
normal subjects and subjects with
glenohumeral or scapulothoracic
arthrodeses. It demonstrates that, to
a large degree, the motion of the
residual joint after an arthrodesis can
be predicted from a knowledge of the
two component motions of the normal
shoulder. It demonstrates that the
scapulothoracic joint is an important
contributor to the normal range of
motion of the arm, and that gleno-
humeral motion is essential for some
of the important activities of daily
living.

FIGURE 2: Scapulothoracic fusion performed because of shoulder girdle weakness from
scapulo-humeral muscular dystrophy. A plate is used to buttress and secure the medial
scapular border to the ribs using circlage wires. Bone graft assists the fusion of the scapula
to the ribs.

Supported by the University of
Washington Department
of Orthopaedics
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Glenohumeral Stability
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The mechanisms by which the

glenohumeral joint is stabilized in the
mid-range of motion have not been
well defined. In the mid-range, the
ligaments and capsule are lax and
cannot exert major stabilizing effects.
The rotator cuff is ideally situated to
compress the humeral head into the
concave glenoid fossa in the mid-
range of motion. However, the
glenoid is only one-fourth the artic-
ular surface of the humeral head and
provides a much more shallow socket
as compared to the acetabulum of the
hip joint.

The purpose of this research is to
determine the degree to which com-
pression of the humeral head into the

glenoid concavity stabilizes it
against translating forces. Given
that the anatomy of the glenoid
fossa changes around its circumfer-
ence, we also investigated the differ-
ences in compression stabilization
for different directions of displace-
ment. Finally, we investigated the
effects of labral resection on the effi-
ciency of compression stabilization.

Methods
We studied ten normal, fresh-frozen,
cadaver glenohumeral joints in
which the labrum was preserved but
the tendons and capsule were re-
sected. With minimal load applied,
the humeral head was translated
from the center of the glenoid to the
glenoid edge, from superior to
inferior, and from anterior to poste-
rior. The lateral displacement of the
humeral head plotted as a function
of the translation away from the
glenoid center in the given direction
provided a measure of the effective
depth of the glenoid concavity.

We applied a compressive load
of 50 newtons to the humeral head

Labrum

point, centered in the glenoid fossa.

Glenoid

FIGURE 1: The V-shaped graph shows the path taken by the center of the head as it is
translated away from the glenoid center. The effective depth of the glenoid concavity is the
maximum lateral displacement of the humeral head at the glenoid edge from its starting

Humeral head

Effective depth of
glenoid concavity

in a direction normal to the glenoid
surface. We then applied increasing
translation forces tangential to the
glenoid surface until the head dis-
located over the glenoid lip. The
translation force at dislocation was
recorded for eight different direc-
tions 45° apart (superior, antero-
superior, anterior, etc.). Finally, the
entire protocol was repeated after
the glenoid labrum was excised
flush with the articular cartilage.

Results

The lateral displacement of the hu-
meral head as it rode up the surface
of the glenoid concavity was plotted
as a function of the translation in a
given direction away from the
glenoid center, creating a V-shaped
graph (Figure 1). This graph repre-
sented the changing slope of the
glenoid concavity that was in con-
tact with the humeral head. The
effective depth of the concavity was
given by the maximum lateral
translation of the humeral head at
the glenoid edge compared to the
starting point at the glenoid center.
This effective depth of the glenoid
concavity was always greater in the
superior-inferior (0°-180°) direction
than in the anterior-posterior (90°-
270°) direction, as seen for a typical
shoulder in Figure 2.

With the applied compressive
load of 50 newtons, we observed a
sudden dislocation of the humeral
head as the translation force was
increased beyond a threshold level.
To quantify this limit of the gleno-
humeral stability, we computed a
“stability ratio” as follows:

Stability ratio (%) =

translation force at onset of dislocation

compressive force

x 100

Higher stability ratios reflect
greater degrees of stability from
concavity-compression. Figure 3
shows the average stability ratios for
the intact labrum and the labrum-
excised glenoid preparations with a
50-newton compressive load. Note
that with the labrum intact, the
stability ratio was as high as 64% for
some directions of translation force;
that is, when compressed into the
glenoid concavity, the humeral head



resisted a translation force up to 64%
of the compressive load (Figure 3A).

Resection of the glenoid labrum
reduced the stability ratio (effective-
ness of concavity-compression
stabilization) for each direction (i.e.,
0°, 45°, 90°, etc.) for the 50-newton
compressive load (Figure 3B). The
percent reduction in stability by
labrum resection was variable, with
an average of approximately 20%.

Compression stabilization was
more effective in the superior and
inferior plane than in the anterior or
posterior plane, due to the greater
glenoid depth in the former direc-
tion. In contrast, we found no signi-
ficant difference between superior
and inferior directions, nor between
the anterior and posterior directions
for stability ratio.

Conclusions
Our study investigated the stabiliz-
ing role of concavity-compression at
the glenohumeral joint. The results
indicate that compression of the
humeral head into the concave
glenoid fossa can effectively stabilize
the articulation in the mid-range
where the capsule and ligaments are
lax. The greater the glenoid concav-
ity, the greater the stability of the
humeral head to translation forces,
with the greatest stability in the
superior-inferior direction. The
effectiveness of this mechanism is
significantly decreased by the
absence of an intact glenoid labrum.
This research suggests that the
stability of the glenohumeral joint

4 Superior (0°)

| Posterior (270°)

Lateral Translation (mm)

Inferior (180°) 0°

Anterior (90°)

—e— 0°/180° Plane

—o—— 90°/270° Plane

0 Y T
20 10

10 20

Translation (mm) in 0°, 180°, 90°, or 270° direction

Figure 2: Effective depth of the glenoid in the superior-inferior direction and anterior-posterior direction.

also may be compromised in all
directions when the glenoid surface
is relatively flat, when the labrum is
small or less firm, when the mus-
cular compressive force is imbal-
anced or eccentrically applied into
the glenoid, and when the glenoid
concavity does not stay properly
aligned to the humeral head.
Repair of the glenoid labrum in a
manner that reestablishes the con-
cavity may be important to restor-
ing glenchumeral stability after
traumatic dislocation.
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FIGURE 3A: Stability ratio (average + 1 STD) for labrum intact
at 50-N compressive load in ten glenohumeral joints.
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Seatbelt Injuries (from page 27)

2A 2B 2E
FIGURE 2A: Lateral lumbar radiograph of two-year-old boy who sustained L2/3 Chance fracture with complete T10 para-
plegia and bowe! perforation. He was rear seat passenger wearing a lap belt and no child restraint in an automobile involved
in head-on collision.

FilGURE 2B: Anteroposterior lumbar radiograph demonstrating diastasis between L2 and L3. At surgery the neural elements
and dura were ruptured and unrepairable.

FIGURES 2C-D: Treatment with pediatric CD rods and posterior lateral fusion L1 to L3.
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FIGURE 3: Seatbelt use.

the problem of the many automobiles
that have inadequate restraint sys-
tems manufactured before 1990.
Also, when children wear the cur-
rent lap/shoulder systems designed
for adults, the shoulder harness often
crosses the neck or is held under the
shoulder, which increases the risk of
injury. We believe that the engineer-
ing and design of these restraints
should be improved to better distrib-
ute crash forces, particularly for
smaller and younger occupants.
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Tibia Vara (from page 11)

these measurements be used to iden-
tify patients who could be observed
or treated non-operatively for a
longer period. Infantile tibia vara
must be observed closely, and treat-
ment begun at a young age when
the disease is in its early stages to
achieve the best long-term results.

TABLE 2: Final Results for
Each Langenskiold Stage

Percent
Stage Good  Fair Poor

| 50 50 0
I 40 48 12
1l 12 35 53
v 0 50 50
v 0 0 100
Vi 0 0 100
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Ringing to a single proton’s magnetic nudge

A proton behaves as if it were a minia-
ture bar magnet twirling like a top. This
combination of spin and magnetism has
permitted researchers to develop a vari-
ety of sophisticated techniques — based
on a phenomenon known as nuclear
magnetic resonance — for determining
the composition and structure of mole-
cules in pure samples and for picturing
complex processes such as blood flow
through the heart.

A medical physicist has now suggested
an alternative, potentially more sensitive
means of extracting information from a
nuclear magnetic resonance experiment.
His calculations show that, under the
proper conditions, a single proton’s inter-
action with a magnetic field may be
strong enough to set a nearby, micro-
scopic sliver of quartz quivering in much
the same way that a tuning fork begins to
ring when bathed in sound waves of just
the right frequency. By monitoring these
induced vibrations, researchers could, in
principle, detect and locate single pro-
tons deposited on a surface.

“It turns out that the predicted signal
levels are well above quantum and [ther-
mal] noise limits,” says John A. Sidles of
the orthopedics department at the Uni-
versity of Washington School of Medicine
in Seattle. Although little is known about
fabricating mechanical oscillators small
enough to work in such an experiment,
the technique may eventually allow the
imaging of individual biological mole-
cules — a level of resolution not possible
with conventional magnetic resonance
imaging.

“Sidles’ idea is kind of revolutionary in
the field [of nuclear magnetic resonance
imaging],” says physicist Myer Bloom of
the University of British Columbia in
Vancouver, who studied a related effect in
the 1960s. “I don't see why the idea
shouldn't be right, but I'm not completely
sure that the claimed sensitivity can be
achieved.”

Sidles presents the theoretical basis of
his proposed technique in the Feb. 24
PHysicaL ReviEw LETTERS. Through a
quirk of the review process, a subsequent
paper describing possible designs for
such a detector appeared last summer in
the June 17 APPLIED PHYSICS LETTERS.

Sidles’ scheme ingeniously combines
nuclear magnetic resonance techniques
with the kind of technology that made
possible both the scanning tunneling
microscope and the atomic force micro-
scope (SN: 4/1/89, p.200; 2/29/92, p.135).
Already used to measure tiny variations
in magnetic force across a surface, these
scanning methods—when further refined

A single proton sitting on a quartz slab
interacts with the magnetic field gener-
ated by a spherical permanent magnet at-
tached to a quartz oscillator resembling a
tuning fork. When the slab supporting the
proton moves back and forth at an appro-
priate frequency, the proton exerts a force
that induces vibrations in the oscillator.

and developed — could form the basis
for detecting single-proton magnetic
resonance.

In such an experiment, a miniature
mechanical oscillator would ride just a
few angstroms above a surface dotted
with protons. When the distance between
a proton and the oscillator reached a
certain critical value, the oscillator would
begin to vibrate, generating a detectable
signal. Successive scans could produce
enough information to reconstruct the
three-dimensional structure of a protein
or some other complicated molecule.

“l hope my work will establish ...
molecular imaging [via nuclear magnetic
resonance| as a legitimate, publishable
area of research,” Sidles says. “Even if the
approaches | have described prove im-
practical, perhaps other, more ingenious
scientists will be encouraged to do
better”

“It may be hard to make the thing work
properly, but it has the potential of being
very important,” Bloom says. “It gives
you a different way of thinking about
fundamental measurements.”

— I. Peterson

substrate motion
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This reprint from Science News
reports on Dr. John A. Sidles'
theoretical work for a proposed new
technique that could lead to major
advances in the field of magnetic
resonance imaging.

Reprinted with permission from Science News,
the weekly newsmagazine of science,
©1992 by Science Service, Inc.
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Chief Resident Abstracts

Surgical Treatment of Upper
Extremity Deformities
in Arthrogryposis

Curtis W. Rodin, M.D.
Allan W. Bach, M.D.

A rthrogryposis multiplex con-

genita is a nonprogressive congenital
syndrome or complex that occurs in
approximately three in 10,000 live
births. Itis characterized by poorly
developed and contracted muscles,
deformed joints with abnormal peri-
articular tissues, an intact sensory
system, and normal intellectual
development. Patterns of deformity
and weakness are more variable in
the upper extremity and typically
include internal rotational contrac-
tures of the shoulder, extension con-
tractures of the elbow, wrist flexion,
pronation, ulnar deviation contrac-
tures, digital interphalangeal joint
contractures, and thumb-in-palm
deformity.

Of the 91 patients treated for
arthrogryposis at Children’s Hospital
and Medical Center from 1970 to
1989, 25 had 67 operative procedures
to correct upper extremity deformi-
ties. Sixteen procedures in 12
patients involved the elbow. Nine
posterior releases yielded greater
than 100° of flexion in six patients,
70° in two, and 55° in one. Four
Steindler flexorplasties resulted in
grade 2/5 flexor strength in a 10-30°
flexion arc. Two triceps transfers
resulted in good strength (3/5) and
range of motion (40-115°).

Twenty procedures in 14 pa-
tients involved the wrist. Soft tissue
procedures were used in the major-
ity; most obtained neutral wrist flex-
ion and some achieved passive dor-
siflexion. Carpectomies and fusions
were done for persistent or untreated
deformities in older children. No
active extension was gained with
flexor carpi ulnar to extensor carpi
medialis brevis transfer.

Hand and digit deformities
were treated with 14 procedures in
nine patients. Four of five isolated
PIP releases recurred, but those
done in conjunction with wrist
releases maintained position. Web
Z-plasties improved hand use.

Eight patients had 16 proce-
dures for thumb-in-palm deformity.
The majority were first web Z-
plasties with or without skin graft,
singly or in combination with
capsule and/or adductor releases.
Thirteen of 16 were successful in
achieving position resulting in
improved grasp and opposition.

To our knowledge, this review
evaluates the largest series of
combined upper extremity proce-
dures in arthrogryposis to date and
demonstrates important principles
in patient care. In general, patients
with arthrogryposis show remark-
able adaptability to their deformity,
and a thorough evaluation of over-
all function and abilities must be
made prior to any surgical interven-
tion. It appears that increasing
range of motion has a favorable
influence on function. Adding even
limited amounts of motor power
can provide a sizeable functional
improvement.

Histiocytosis X:
A Spectrum of Disease

Michael J. Sailer, M.D.
Ernest U. Conrad III, M.D.

H istiocytosis X is the designa-

tion for a spectrum of disease
characterized by a non-neoplastic
proliferation of reticulohistiocytic
elements with varying numbers of
eosinophils, neutrophils, leuko-
cytes, plasma cells, and multinucle-
ate giant cells. Solitary or multifocal
eosinophilic granuloma is defined
as isolated bony involvement and
accounts for 37% to 62% of all bony
lesions. Hand-Schiiller-Christian
disease is a benign, chronic, dissem-
inated form, with absence of severe
multisystem dysfunction. Skin

involvement is common and the
classic triad of a skull lesion, exop-
thalmos, and diabetes insipidus
occurs with a 10% frequency.
Letterer-Siwe disease is a highly
malignant, acute, disseminated form,
with symptoms of fever, hepato-
splenomegaly, lymphadenopathy,
thrombocytopenia, otitis media, and
skin lesions. Prior studies have
reported a 40% mortality rate.

To help define appropriate
treatment for these conditions, we
reviewed the computerized database
Children’s Hospital and Medical
Center and identified 42 patients
diagnosed with histiocytosis X from
1980 to 1990. Twenty-three had
solitary or multifocal eosinophilic
granuloma, 10 had Hand-Schiiller-
Christian disease, and nine had
Letterer-Siwe disease. The average
age at diagnosis was 4.2 years, with a
mean three years of follow-up (range
three months to nine years). Male to
female ratio was 15/27, as compared
to a 2/1 ratio in previous studies.
Forty-seven bone sites were involved,
with wide anatomic distribution.

We found three thoracic and one
lumbar lesion, all the classic vertebra
plana. All four patients were braced
and spinal lesions were treated with
various combinations of biopsy and
currettage, bone grafting, and chem-
otherapy. All four demonstrated loss
of vertebral body height and all were
free of spinal disease at follow-up.

Our series included 18 involved
skulls and three mandibles. Only one
active skull lesion was found at
follow-up, in a patient with Letterer-
Siwe disease, and it was treated with
excision, x-ray therapy, and chemo-
therapy. The appendicular skeleton
was involved in 15 patients; at
follow-up 14 were disease-free and
one had died of Letterer-Siwe
disease. In the 11 patients with
appendicular or spinal involvement
only, none developed further lesions.

This study confirms many prior
observations about the spectrum of
histiocytosis X as well as reports that
bony manifestations run a benign
course. In our study, biopsy and
currettage, with or without bone
grafting, x-ray therapy, chemo-
therapy, and bracing, either alone or
in combination, were equally effec-
tive in disease eradication.



Diagnostic Hip Arthrocentesis
in Children: The Significance
of a Dry Tap

John D. West, M.D.
Mark C. Dales, M.D.

S evere complications result from
delayed diagnosis in septic hips in
children. Differentiating between
sterile toxic synovitis and a septic
hip is often difficult as the history,
physical exam, and laboratory stud-
ies frequently are similar. Arthro-
centesis is the standard approach
and usually is diagnostic; however,
a dilemma occurs when no fluid is
obtained despite arthrogram-
documented penetration of the joint.

We reviewed 60 hip aspirations
performed in 54 patients at Chil-
dren’s Hospital and Medical Center
from 1980 to 1990. Patient age
ranged from three weeks to 16 years
(mean 4.5 years) with symptom
duration from less than 24 hours to
six months (mean 5.5 days). Twenty-
five of the 60 hips were septic. Fif-
teen had toxic synovitis with rapid
resolution of symptoms. Twelve
had osteomyelitis, seven in the
proximal femur and five in the ilium.

Fourteen of the suppurative hips
had sterile joint fluid cultures but
diagnostic gram stains. Ten of the
14 had been previously treated with
antibiotics. Illnesses frequently
associated with hip pyarthroses were
respiratory or ear-nose-throat infec-
tion in seven patients, H. influenza
meningitis in four, proximal femoral
osteomyelitis in three, and recent
surgical procedures in three.

In seven of the 60 hip aspira-
tions (12%) no fluid was obtained
despite arthrogram documentation
of the intra-articular location of the
needle. These patients had symp-
toms of less than 96 hours duration.
Five of the seven hips were suppura-
tive (71%). Four hips were grossly
purulent with two loculated at arth-
rotomy. Two of the joint cultures
grew S. aureus while three remained
sterile but had previous positive
blood cultures prior to the institution
of antibiotic therapy. Duration
between the dry tap and arthrotomy

ranged from less than 24 to 48 hours.
Two hips with a dry tap were not
septic, one had toxic synovitis and
the other osteomyelitis of the ilium.

Two patients with an initial dry
tap are known to have residual
sequelae. A ten-year-old boy had
severe avascular necrosis and
collapse of the femoral head at two
years, and a 15-month-old infant had
a half-centimeter shortening of the
femoral neck after 13 months. Two
patients have no apparent sequelae;
a nine-year-old after eight years of
follow-up and a two-year-old after
23 months of follow-up. One patient
was lost to follow-up.

Our data support the belief that
the history, exam, radiograph, and
lab values generally do not help to
differentiate between toxic synovitis
and pyarthrosis. Arthrocentesis
usually is diagnostic, although fail-
ure to obtain fluid is not rare and a
dry aspiration does not rule out
pyarthrosis. We recommend imme-
diate arthrotomy to avoid potential
serious morbidity associated with
further delay.

Posterior Dislocation of the
Insall Burstein Posterior Stabil-
ized II Total Knee Prosthesis

Donald B. Striplin, M.D.
Raymond P. Robinson, M.D.

We reviewed a series of 240

consecutive total knee replacements
using the Insall Burstein Posterior
Stabilized Il prostheses implanted at
Virginia Mason Medical Center in
1989-90. We report two cases of
posterior femorotibial dislocations.
This posterior stabilized design
uses a transverse femoral cam that
comes into contact with a tibial post
during knee flexion. This mechan-
ism enhances femoral rollback and
increases potential knee flexion. This
prosthesis has increased height of the
posterior femoral flange and allows
the femoral cam to ride up higher on
the tibial post to enhance flexion.
Case 1: A 61-year-old woman
underwent bilateral total knee

replacements with cemented 59-mm
prostheses. Examination prior to
closure revealed excellent stability
to varus and valgus stress in full
extension but mild laxity in 90° of
flexion. At three-month follow-up
her knee range of motion was from
full extension to 125° of flexion, with
mild laxity again noted. A few days
later when the patient tried to get up
from a chair, she was unable to
extend her knee. A lateral radio-
graph revealed a posterior disloca-
tion of the femorotibial articulation.

Case 2: A 75-year-old man had
bilateral simultaneous total knee
replacements with cemented 69-mm
prostheses. Seven months later,
while attempting to rise from a
kneeling position, he felt pain in his
right knee and was unable to extend
the joint. A lateral radiograph
revealed a posterior dislocation.
Closed reduction was performed, the
knee was not immobilized, and the
patient resumed full weight-bearing.
Two months later he again dislocated
his knee while kneeling on the floor.

Summary: Four factors were
involved in these dislocations. First,
the knees were flexed 120° to 130°,
resulting in a rise of the femoral cam
to the top of the tibial post. Second,
the joints were distracted, lifting the
cam above the tibial post. Such dis-
traction could result from an exter-
nally applied load or from impinge-
ment of bone or soft tissue posterior
to the knee joint during extreme knee
flexion. Third, there was sufficient
ligamentous laxity in flexion to allow
joint distraction resulting from such
a force. A posterior tibial post does
not obviate the need for precise
match of flexion and extension gaps.
Fourth, a posteriorly directed force
on the proximal tibia occurred,
pushing the tibial post behind the
femoral cam.

It was impressive how little
laxity in flexion was necessary to
make a knee with this prosthesis
vulnerable to dislocation when all
four factors were combined. Recent
design changes address two of the
factors leading to dislocation in our
patients, but they do not eliminate
the importance of achieving good
balance of extension and flexion
gaps even if a posterior stabilized
prosthesis is being used.
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A Prospective Study Evaluating
Core Decompression for Early
Osteonecrosis of the Hip in a
High-Risk Group of Patients

Elisha T. Powell IV, M.D.
William L. Lanzer, M.D.
Martin G. Mankey, M.D.

N umerous investigators have

advocated core decompression of
the femoral head for the early treat-
ment of osteonecrosis. However,
others have argued that core decom-
pression should be considered a
relatively ineffective procedure with
significant morbidity.

Among the various etiologies
associated with osteonecrosis of the
femoral head, prolonged steroid
administration has been associated
with fat emboli in subchondral
arteries, fat-cell hypertrophy, and a
gradual increase of intraosseous
pressure in the femoral head.
Increased pressure is thought to
produce a venous obstruction
resulting in progressive ischemia
and eventual osteonecrosis. Patients
with risk factors such as collagen
vascular and steroid associated
disease states have had poor results
from core decompression.

From 1986-88, at the University
of Washington Medical Center, 22
patients with history and physical
findings consistent with osteonecro-
sis of the femoral head were evalu-
ated preoperatively by conventional
radiographs, radionuclide scanning,
and magnetic resonance imaging
(MRI). Our series included 12
women and 10 men ranging from 16
to 60 years (mean 35 years). Osteo-
necrosis was related to steroid use in
17 patients. Three had a significant
history of alcohol use, and two had
no identifiable risk factors.

All patients with Ficat stage 0, I,
or I disease underwent core decom-
pression. Histologic examination
showed osteonecrosis of the femoral
head in all 34 biopsies. Vascular
outflow obstruction was evaluated
in 24 of the 34 hips. All 24 had
elevation of hydraulic resistance
prior to core decompression. MRI

was more sensitive than radionuclide
bone scanning, plain radiographs, or
clinical exam in detecting stage 0 and
stage I osteonecrosis of the femoral
head. The bone scan was falsely
negative in 31% of the hips. MRI
was 100% sensitive and specific.

Complete follow-up was avail-
able for all patients for an average of
four years. Four patients were de-
ceased at the time of final follow-up.
Of the 29 remaining hips, the mean
preoperative modified Harris Hip
score was 41 points and the mean
postoperative score was 85 points.

Our results demonstrated clini-
cal improvement, without radio-
graphic progression, in 58.6% of our
hips (66.6% of our patients). Eight
out of 29 hips had hip arthroplasty
performed compared to an expected
20 based on projections of data from
historical studies.

The importance of early diagno-
sis and surgical treatment of avascu-
lar necrosis of the femoral head in
patients on high doses of steroids is
emphasized by the excellent results
seen in core decompression of stage
0 and I avascular necrosis. In con-
trast, poor results with a failure rate
of 87% occurred in treatment of stage
Il disease. Thus, even in a group of
systemically ill patients on high
doses of steroids, core decompres-
sion can be effective if performed in
the early stages of avascular necrosis.

Deep Vein Thrombosis (DVT)
Prophylaxis in Orthopaedic
Trauma Patients

Jeffrey L. Stickney, M.D.

leonary embolism (PE) is the
cause of death in 10.9% of fatalities in
patients who survive the first 24 hours
after a traumatic injury, and is present
in 27% of all patients who die four
days or more after injury. Following
orthopaedic trauma, the incidence of
deep vein thrombosis (DVT) as
detected by venography is 53% if no
prophylaxis is provided. These lower
extremity DVTs are assumed to be the
source of fatal pulmonary embolism.

The treatment of DVT in a postop-
erative multiply injured patient has a
very high rate of associated morbid-
ity and mortality. A high complica-
tion rate also is associated with fully
anti-coagulating a trauma patient.

Our goal in this prospective,
randomized trial was to establish
whether mechanical compression
was an adequate prophylactic
measure or if the addition of anti-
coagulation was merited despite the
obvious concerns of increased blood
loss in trauma patients. Our study
population included 112 patients
with pelvic or femur fractures (57
men and 55 women, mean age 45.6
years) randomized into two groups
from January through June 1990 at
Tampa General Hospital, a level one
trauma center.

Group 1 received compression
(TED) thigh-high hose with thigh-
high sequential compression devices
(SCD); group 2 received TED hose,
SCDs and anticoagulation with
preoperative subcutaneous heparin
and postoperative warfarin. The
screening tool for the detection of
DVT was color doppler ultrasound.

The overall incidence of DVT
was 10 of 112, or 9%. In our patient
population 33% of the women taking
estrogen developed a DVT compared
to only 6.8% of those who were not
taking estrogen.

A number of prophylactic
measures have been developed in an
attempt to interfere with the process
of thrombus formation while
maintaining adequate hemostatis;
however, prophylaxis is not widely
accepted by practicing orthopaedists,
and controversy still exists regarding
the need for treatment of DVT.

This study documents that SCDs
with anticoagulation therapy is an
effective method of reducing the
incidence of DVT. The complications
associated with the use of anticoag-
ulation was a 7% incidence of
gastrointestinal blood loss with no
increased incidence of wound
hematoma formation. We recom-
mend prophylaxis for all patients
with pelvis or femur fractures, and
the patients of particular concern are
those that have sustained multiple
trauma, have multiple repeat trips to
the operating room, patients over the
age of 50 and women on estrogen.



Department of Orthopaedics

Faculty

Frederick A. Matsen III, M.D.
Professor and Chair

Paul A. Anderson, M.D.
Associate Professor

Michele C. Battié, Ph.D.
Research Assistant Professor

Stephen K. Benirschke, M.D.
Associate Professor

Stanley ]. Bigos, M.D.
Professor

Anne-Marie Bollen, Ph.D.
Research Associate

Jens R. Chapman, M.D.
Assistant Professor

John M. Clark Jr., M.D., Ph.D.
Associate Professor

Ernest U. Conrad III, M.D.
Associate Professor

Mark C. Dales, M.D.
Assistant Professor

David R. Eyre, Ph.D.
Professor

Theodore K. Greenlee Jr., M.D.
Associate Professor

Department of Orthopaedics

University of Washington, RK-10
Seattle, Washington 98195

Phone: (206) 543-3690
Fax: (206) 685-3139

Affiliated Institutions

Children’s Hospital and
Medical Center

4800 Sand Point Way NE
Seattle, WA 98105

(206) 526-2108

Harborview Medical Center
325 Ninth Avenue

Seattle, WA 98104

(206) 223-3466

University of Washington
Medical Center

1959 NE Pacific Street
Seattle, WA 98195

(206) 548-4288

Veterans Affairs Medical Center
1660 South Columbian Way
Seattle, WA 98108

(206) 764-2215

Douglas P. Hanel, M.D.
Associate Professor

Sigvard T. Hansen Jr., M.D.
Professor

Douglas T. Harryman IT, M.D.
Assistant Professor

M. Bradford Henley, M.D.
Associate Professor

Scott A. Hoffinger, M.D.
Assistant Professor

Roger V. Larson, M.D.
Associate Professor

Vincent S. Mosca, M.D.
Assistant Professor

Christopher Niyibizi, Ph.D.
Research Assistant Professor

Milton L. Routt Jr., M.D.
Assistant Professor

Linda J. Sandell, Ph.D.
Associate Professor

Bruce ]. Sangeorzan, M.D.
Associate Professor

John A. Sidles, Ph.D.
Associate Professor

Douglas G. Smith, M.D.
Assistant Professor

Lynn T. Staheli, M.D.
Professor

D. Michael Strong, Ph.D.
Research Professor

Marc F. Swiontkowski, M.D.
Professor

Carol C. Teitz, M.D.
Associate Professor

Allan F. Tencer, Ph.D.
Associate Professor

Thomas E. Trumble, M.D.
Associate Professor

Jiann-Tiu Wu, Ph.D.
Research Associate Professor



	01.tif
	02.tif
	03.tif
	04.tif
	05.tif
	06.tif
	07.tif
	08.tif
	09.tif
	10.tif
	11.tif
	12.tif
	13.tif
	14.tif
	15.tif
	16.tif
	17.tif
	18.tif
	19.tif
	20.tif
	21.tif
	22.tif
	23.tif
	24.tif
	25.tif
	26.tif
	27.tif
	28.tif
	29.tif
	30.tif
	31.tif
	32.tif
	33.tif
	34.tif
	35.tif
	36.tif
	37.tif
	38.tif
	39.tif
	40.tif
	41.tif
	42.tif

