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Paper #1

Induction of the Donor-Specific Chimerism and Tolerence in Fully MHC Mismatched

Limb Allograft Recipients

Maria Z. Siemionow, MD, PhD, DSc, Cleveland, OH
Dariusz Izycki, MD, Cleveland, OH

Maciej Zielinski, MD, Cleveland, OH

Kagan Ozer, MD, Cleveland, OH

Objectives Induction of donor-specific tolerance in com-
posite tissue allografts (CTA) remains one of the most
challenging goals in transplant surgery. Recently, we
have developed a protocol (alpha-beta TCR mAb/ CsA)
for tolerance induction in the rat hind limb transplanta-
tion model (LBN; RT1n/l; F1 to Lewis; LEW; RT1l). In this
study we present tolerance induction in the fully MHC
mismatched allograft recipients under 7 day protocol of
combined alpha-beta TCR/CSA protocol.

Methods Thirty transplantations across strong MHC bar-
rier were performed between Brown-Norway donors
(RT1n) and LEW recipients. Isograft and allograft rejec-
tion control groups received no treatment. Experimental
groups received either rat alpha-beta TCR or CsA or
combination of alpha-beta TCR and CsA at the day of
transplantation and for 7 days thereafter. The efficacy of
immunosuppressive treatment and chimerism level was
monitored by flow cytometry (FC). Donor specific toler-
ance and immunocompetence of the limb recipients
was determined in vivo by secondary skin grafting from
the recipient (LEW), the donor (BN) and the party (ACI)
animals. Mixed lymphocyte reaction (MLR) was per-
formed for the assessment of donor- specific tolerance
in vitro.
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Results Only fully mismatched allograft recipients under
alpha-beta TCR/CsA protocol survived indefinitely (over
250 days). Three color FC analysis at day 120 post-trans-
plant demonstrated stable, multilineage, donor- specific
chimerism in the periphery of the tolerated recipients
(7.6% of CD4+PE/RT1n+APC and 1.3% of CD8+PE/RT
Tn+APC positive T cell subpopulations and 16.5% of
CD45RA+PE/RT1n+APC -16.5% B cell population).
Donor specific tolerance and immunocompetence in
vivo was confirmed respectively by the acceptance of
secondary skin grafts from the donor and rejection of the
third-party (ACI) grafts. MLR revealed lack of response to
the host (LEW) and donor (BN) antigens but strong reac-
tivity against the third-party (ACI) alloantigens.

Conclusions To the best of our knowledge, for the first
time donor-specific tolerance was induced under 7 days
protocol of combined alpha-beta TCR/CsA therapy in the
fully mismatched limb allograft recipients. Stable mixed
chimerism was achieved without the need for myeloab-
lative bone marrow modification of the recipients and
without the need for chronic immunosuppression. This
protocol may have direct impact on transplantation of
composite tissue allografts in the clinical scenario.
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An Anatomical Robotic Hand for Instruction and Simulations

Sean Michael Bidic, MD, Pittsburgh, PA
Joseph E. Imbriglia, MD, Wexford, PA
Yoky Matsuoka, PhD, Pittsburgh, PA

Objectives Through a collaborative effort between sur-
geons at the University of Pittsburgh and engineers at
Carnegie Mellon University, a prototype of an anatomical
robotic hand has been created. Unlike previously engi-
neered robotic hands, which only mimicked the appear-
ance of human hands, our goal is to achieve a level of
anatomical accuracy that permits the hand’'s use as a
teaching tool for medical students, residents and health
care professionals. Because its design is anatomically
based, we can induce known pathological deformities
(e.g. boutonniere deformity). Since the motor-pulley
apparatuses (muscle-tendon units) can be programmed
in groups, disabilities associated with specific peripheral
nerve palsies can be mimicked (e.g. radial nerve palsy).
Also, because the tendinous insertions can be unat-
tached, rerouted, and reattached; the effect of tendon
transfers and unbalanced tendons can be simulated.

Methods In our first version, a right upper extremity from
the distal humerus to the fingertips is presented. The
bony structure is made of individual polyurethane molds
cast from a human cadaver. The ligaments are an epoxy-
coated, minimally elastic fabric. Joints are constructed
of a gelatinous foam compound wrapped in poorly com-
pliant mesh. A servomotor-cable apparatus simulates an

individual muscle-tendon unit. With this version our
desire was to mimic all the extrinsic muscles using 20
motors. The EDC is represented by a single motor with
branching cables, but the FDS and FDP tendinous exten-
sion to each finger is represented by an individual motor
and cable. The palmaris longus is excluded. This motor
distribution (APL, EPB, ECRL, ECRB, EPL, EDC, EIP,
EDM, EDU, FCR, FPL, FDSx4, FDPx4, and FCU)
accounts for all 20 motors. Each cable is directed to its
hand insertion point by following the recognized anatom-
ical pathways. Three programmable motor boards repre-
sent the ulnar, median, and radial nerves, and the com-
puter represents the brain.

Results The torque, velocity, acceleration and timing of
each servomotor are programmable via this system. The
servomotors can be programmed to function individual-
ly or in coordination with other servomotors to create
specific patterns of motion.

Conclusions \We are still improving on this prototype
anatomical robotic hand and are currently incorporating
intrinsic muscles and an accurate extensor hood mech-
anism, as well as a glove-driven and voice-recognition
control interface.
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Beyond 2000: Neurally Controlled Artificial Hand with Sensory Feedback

Gurpreet Singh Dhillon, MD, Salt Lake City, UT
Kenneth W. Horch, PhD, Salt Lake City, UT

Objectives The purpose of this study was to investigate
whether it is possible, through interfacing with severed
nerves, to provide closed loop control of artificial limbs
for below elbow amputees.

Methods Intrafascicular electrodes were implanted in the
severed nerves of upper limb amputees. Following post-
operative recovery, the subjects were evaluated for a
period of up to 4 weeks. Each subject was directed to
attempt to make a missing limb movement. Recorded
efferent nerve signals were amplified, processed, and
control signals sent through a laptop computer to the
artificial arm. The subject was asked to demonstrate
control over pincer grip movements. For sensory feed-
back, electrodes were stimulated separately to assess if
it is possible to provide graded, tactile and propriocep-
tive sensations, referred to the missing limb. Following
this, the ability of the subject to discriminate sensations
from the artificial hand was tested and quantified.
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Results After the electrode(s) were mapped as corre-
sponding to a particular phantom movement, the subject
could control volitional motor nerve signals almost
instantaneously, and modulate pincer grip control to dif-
ferent positions of opening and closing. Subjects reported
phantom sensations of touch, movement and joint posi-
tion sense. The intensity of these sensations and the
degree of phantom joint flexion could be systematically
modulated through varying the stimulation parameters.
In addition, graded tactile and joint position sensations
could be provided from sensors in the artificial hand.

Conclusions \With multiple electrodes implanted in multi-
ple severed peripheral nerves, below elbow amputees
can be provided with sensate artificial limbs. Efferent
nerve signals can be used to control actuators in the arti-
ficial arm and sensors in the gripper and joints can be
used to relay feedback, allowing the amputee to exe-
cute real time closed loop control over the prosthesis.
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Outcomes of Suprascapular Nerve Neurotization in 150 Patients with Brachial Plexus

Injuries

Julia K. Terzis, MD, PhD, Norfolk, VA
loannis Kostas, MD, Norfolk, VA

Objectives Shoulder stabilization is of utmost importance
in upper extremity reanimation. The purpose of this
study is to present our experience of suprascapular
nerve reconstruction in 150 cases of obstetrical and
adult brachial plexus lesions. Outcomes will be analyzed
in relation to various factors including age of the patient,
denervation time, donor nerve used, and functional
restoration achieved in the supraspinatus versus the
infraspinatus muscles.

Methods The medical records of 165 patients who had
suprascapular nerve reconstruction were reviewed. One
hundred fifty patients operated by a single surgeon
between 1978 and 2000 had adequate follow-up. One
hundred two patients were adults, and 48 suffered from
obstetrical brachial plexus palsy (OBPP). Direct neuroti-
zation of the suprascapular nerve was done in 95
patients while in 55, interposition nerve grafts were
used. In 90 patients, the distal spinal accessory was
used as the motor donor nerve for suprascapular nerve
neurotization, while in 60 intraplexus and extraplexus
donors were used.

Results The overall results in adult plexopathies were
good or excellent in 75% of the patients for the
supraspinatus muscle and in 55% for the infraspinatus

muscle. In the OBPP, the results were good or excellent
in 96% for the supraspinatus muscle and 65% for the
infraspinatus muscle. The mean postoperative muscle
grading for the distal accessory to suprascapular nerve
neurotization was 3.31; for intraplexus to suprascapular
neurotization was 3.37; and for cervical plexus to supras-
capular neurotization was 3.19. There was a statistically
significant difference between direct accessory to
suprascapular neurotization versus accessory to supras-
capular via a nerve graft (P<0.05) in the posttraumatic
group; while in the OBPP patients, although the func-
tional results after direct suprascapular nerve recon-
struction were superior to those via graft, there was no
statistically significant difference between the two
groups (p=0.027). Early surgery, less than 6 months,
yielded significantly better results than late surgery,
more than 12 months.

Conclusions Suprascapular nerve reconstruction is a
worthwhile procedure that stabilizes the glenohumeral
joint, avoids shoulder arthrodesis, as well as restoring
shoulder abduction from 20 to 80 degrees. The best
results are seen in the OBPP patients, when direct neu-
rotization of the suprascapular nerve is carried out soon
after injury (6 months or less).
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A 27 Year History of Malpractice Lawsuits for Surgical Treatment of Carpal Tunnel
Syndrome at the Nation’s Largest Medical Malpractice Insurance Company

Carter B. Lipton, MD, New York, NY
Benton E. Heyworth, MD, New York, NY
Andrew H. Patterson, MD, New York, NY
Melvin P. Rosenwasser, MD, New York, NY

Objectives The frequency of major surgical complications
in the treatment of carpal tunnel syndrome (CTS) is gen-
erally considered low. The purpose of this study is to
examine the frequency and cause of malpractice law-
suits associated with treatment of CTS over the past
twenty-seven years in the state of New York and examine
the importance of surgical technique (open vs. endoscop-
ic), surgeon'’s training, surgeon’s experience and patient
demographics.

Methods The legal records of closed cases in New York
from Medical Liability and Mutual Insurance Company
(MLMIC), the U.S.'s largest medical malpractice insur-
ance company, were reviewed for claims related to CTS
between 1975 and 2002. The following data were gath-
ered: patient information, procedure details, surgeon’s
training, and claim outcome. Additionally, all cases with
the ICD-9 code for CTS from inpatient and outpatient sur-
gery between the years 1984-2002 from the New York
Department of Health Statewide Planning and Research
Cooperative System (SPARCS) data were analyzed.

Results 73 lawsuit claims were identified related to sur-
gical management of CTS. 291,239 CTS procedures
were identified in New York from SPARCS data. 67% of
the CTS legal claims resulted in indemnity payments to
the plaintiff, with a mean payment of $166,000. Mean
indemnity payment for male plaintiffs was $217,000 vs.
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$143,000 for female plaintiffs. Plaintiffs were signifi-
cantly younger than all New York CTS patients, 47 vs. 53
years old (p<.001). The most common causes for claims
included: laceration of a nerve (49%), development or
exacerbation of reflex sympathetic dystrophy (RSD)
(12%), wrong operation or wrong operative side (7%),
incorrect diagnosis (5%), and failure to obtain proper
informed consent (3%). Development or exacerbation of
RSD resulted in the highest mean indemnity payments
($410,000). 86% of claims involving laceration of a nerve
resulted in indemnity payments. Since 1992, 15% of
CTS procedures in New York were performed endo-
scopically, but 46% of nerve laceration claims were
endoscopic cases. Endoscopic procedures have a higher
frequency of claims involving nerve lacerations than
open procedures (p<.01). Mean indemnity payments for
endoscopic cases were $252,000 vs. $157,000 for open
cases over this time. Five of the six claims involving
complete transection of the median nerve were endo-
scopic procedures.

Conclusions Surgical treatment of CTS is associated with
a relatively large number of malpractice lawsuits in New
York. These result in high payments to the plaintiff. In
cases involving nerve injuries, endoscopic technique
has resulted in significantly more lawsuits than open
technique.
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Why Is There Pain with Carpal Tunnel Syndrome?

Ranjan Gupta, MD, Irvine, CA
Tom Chao, BS, Irvine, CA

Neil F. Jones, MD, Los Angeles, CA
Oswald Steward, PhD, Irvine, CA

Objectives Although carpal tunnel syndrome affects mil-
lions, there is no understanding as to why there is actu-
ally pain with this condition. The current dogma is that
the ischemia of chronic nerve compression (CNC) leads
to mild Wallerian degeneration which may be the source
of the pain. One of the major changes in Wallerian
degeneration is granular disintegration of the axoplasm
representing a breakdown of the normal axonal
cytoskeleton (1). To better understand CNC, we evaluated
the axonal architecture of nerves in a model for carpal
tunnel syndrome.

Methods A nerve compression model was developed
with Sprague-Dawley rats. A silastic tube (I.D. 1.3mm)
was atraumatically placed around each right sciatic
nerve. EMG/NCV studies were performed at specimen
harvest. For EM evaluation, the specimens were post-
fixed in osmium tetroxide, dehydrated in acetone and
embedded in Epon resin. Design-based, unbiased
stereologic counting was used to obtain number and
size estimates (2). Flourescent immunohistochemistry
was performed to evaluate neurofilament protein
expression.

Results There were no significant electrophysiological
changes at the one-month time point. By the eight-
month time point, NCV consistently decreased to 65%
of the normal value. Review of 280 photomicrographs
did not provide any evidence of granular disintegration of
the axoplasm. Surprisingly, at the one-month time point,

there was a 58% increase in unmyelinated axons rela-
tive to normal nerve, which was not present at the eight-
month time point. Fluorescent microscopy demonstrated
that at one month post surgery, there was evidence of
axonal sprouting marked by the appearance of thinner
neurofilament proteins emerging from thicker base pro-
teins. Consistent with the EM data, such alterations are
only observed at the periphery of the nerve section,
while the center retained its normal architecture. By
eight months, there was a return to a near normal neu-
rofilament protein and axonal architecture.

Conclusions There is no ultrastructural evidence of
Wallerian degeneration early with CNC. Rather, there is
a marked increase in the number of unmyelinated axons
that originate from existing axons, i.e. axonal sprouting.
These fibers, which typically mediate pain and tempera-
ture, are not present at the later time points. Changes in
unmyelinated axons follow the same time course as the
expression of pain in patients with compression neu-
ropathies. Thus, the data suggests a novel hypothesis
that chronic nerve compression may provide an early
stimulus for re-innervation that aberrantly results in the
pain associated with compression neuropathies.

References
George, R et al; J. of Neurocytology 23: 655-667, 1994.

Larsen, JO; J of Neuroscience Methods 85: 107-118,
1998.
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Acute Compression of the Median Nerve at the Elbow by the Lacertus Fibrosis

William H. Seitz, Jr., MD, Cleveland, OH
Hideaki Matsuoka, MD, Cleveland, OH

Objectives Chronic compression of the median nerve at
or about the elbow has been described resulting from a
number of structures including the lacertus fibrosis.
However, in these chronic cases, symptoms of com-
pressive peripheral neuropathy included achiness,
paresthesias, numbness and a sense of weakness or
fatigue with the onset being insidious and frequently
without a precipitating cause. This paper presents a
series of patients with acute median nerve compression
different from the previously described series.

Methods A series of nine consecutive cases of acute
median nerve compression in the antecubital fossa is
presented resulting from an extremely forceful injury to
the elbow. In all cases, a sudden severe attempt at
elbow flexion was performed against a severe counter
force resulting in immediate severe pain radiating from
the elbow down to the forearm. The pain was severe,
persistent and unremitting and worsened with passive
elbow extension and forearm pronation. Duration of
symptoms was 3-6 months until definitive diagnosis
was made. Multiple diagnoses including “elbow strain,”
medial and/or lateral epicondylitis were erroneously
entertained and patients were treated with a variety of
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modalities unsuccessfully prior to definitive treatment.
Surgical decompression was performed in all cases.

Results Evidence was found at the time of surgery of
partial rupture of the distal myotendinous junction of the
biceps brachia creating increased tension across the
median nerve by a tethered lacertus fibrosis. Common
characteristics found in all cases included: identifiable
forced flexion injury against resistance; severe unremit-
ting pain from the time of injury especially with resisted
elbow flexion, passive extension and pronation, or direct
compression over the antecubital fossa; evidence of par-
tial rupture of the distal myotendinous junction of the
biceps at surgery; and prompt complete persistent relief
of symptoms following surgical decompression.

Conclusions Awareness of the potential for acute com-
pression of the median nerve by the lacertus fibrosis fol-
lowing a severe flexion injury can prevent erroneous
diagnosis and improper treatment. It can help the treat-
ing surgeon differentiate this entity from the more
chronic forms of compressive neuropathy. Surgical
decompression provides definitive management with a
predictably effective outcome.
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Paper #8

Median Nerve Alteration in Malunited Fractures of the Distal Radius

Karl-Josef Prommersberger, MD, Bad Neustadt, Germany

Ulrich B. Lanz, MD, Bad Neustadt, Germany
Jorg van Schoonhoven, MD, Bad Neustadt, Germany
Alfred Baumgarten, MD, Bad Neustadt, Germany

Objectives Prospective study to investigate electrophysi-
ological findings of the median nerve in distal radial
malunion before and after corrective osteotomy (without
carpal tunnel release) and their relationship to radiologi-
cal parameters.

Methods 30 patients, referred to us for treatment of a
radial malunion, underwent nerve conduction studies
(distal motor nerve latency, sensor velocity, peak-to-peak
amplitude of the sensor nerve action potential) of both
wrists by one board-certificated neurologist. Patients
with abnormal findings at the uninjured wrist (3), bilater-
al abnormal findings (1) or with history of carpal tunnel
release (2) were excluded from the study. 13 of the
remaining 24 patients had abnormal findings at the
injured site. The nerve conduction studies of each
patient were analyzed and graded according to severity.
Grade 1=1 abnormal parameter, grade 2=2, grade 3=3
abnormal parameters. Correlation coefficients were cal-
culated to investigate the relationship between the
severity of electrophysiological impairment and findings
on plain radiographs and CT-scans of the wrist. With use
of statistical tests, the 13 patients with median nerve
alteration on the injured wrist were compared to the 11
patients with bilateral normal electrophysiological findings.
All patients underwent corrective osteotomy, but had no
carpal tunnel release. At the fellow-up examination, ten of

the 13 patients with preoperative median nerve alteration
agreed again to electrophysiological tests.

Results At the involved wrist, 6 patients had grade 1, 4
grade 2, and 2 grade 3 severity of neurophysiological
impairment. There was no correlation between the
severity of electrophysiological impairment and findings
on plain radiographs. There was a good, but positive cor-
relation between the cross section area of the proximal
(r=0.62) and distal (r=0.76) carpal tunnel at CT-scans and
the severity of neurophysiological impairment of the
median nerve. There were no significant differences
between patients with and without median nerve alter-
ation at the injured wrist with respect to patients’ demo-
graphic data, injury and primary treatment related data,
and findings on plain radiographs. Surprisingly, the cross
section area of the proximal and distal carpal canal was
significantly greater for patients with than for patients
without median nerve irritation. At the follow-up, 6 of
the 10 patients with electrophysiological re-examination
showed improvement of the neurophysiological data (4
with normal findings); in 3 patients the electrophysiolog-
ical tests were unchanged and in 1 patient an impair-
ment was found.

Conclusions Median nerve alteration can often be found
in malunited distal radial fractures. Radial corrective
osteotomy alone improves median nerve alteration.
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Paper #9

Tendon Transfers to Restore Thumb Opposition—A Biomechanical Study

Eric Chang, MD, Stanford, CA

Joseph D. Towles, MS, Mountain View, CA
Michael William Grafe, MD, Stanford, CA
Vincent R. Hentz, MD, Palo Alto, CA

Objectives The significance of lost thumb opposition is
confirmed by the many different opponens transfers and
methods of attachment described as improving thumb
function. Multiple investigators have simulated oppo-
nens transfers and measured their effect on thumb
motion. No one has systematically examined the force
production at the thumb tip produced by these tendon
transfers, although accurately directed force production
is functionally essential.

Methods (Please see figures 1-4 on page 10) Eight fresh
cadaveric hands were mounted to a fixation device that
stabilized the forearm and hand. The unrestrained thumb
was placed in a functional posture with the thumb tip
affixed to a six-axis dynamometer to measure force and
torque in three-dimensions. Four common tendon trans-
fers (Royal-Thompson (RT), Bunnell (BUN), Burkhalter
(EIP), and Camitz (PL) were simulated using two recom-
mended insertions for each transfer, the Abductor
Pollicis Brevis alone (APB), and the Abductor Pollicis
Brevis and Extensor Pollicis Longus combined
(APB/EPL). 10 newtons were applied, and the force and
torque at the thumb tip measured. ANOVA statistical
testing was applied.

Results In terms of thumb-tip force production, mean
BUN, EIP, and PL transfers were statistically indistin-
guishable when evaluated in the radial/ulnar and dor-
sal/palmar (or flexion/extension) planes. The mean of RT
transfer, however, showed a distinctly different vector
with more dorsally and less radially directed force. In the
proximal/distal plane, however, RT and BUN transfers
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produced equivalent distally directed thumb-tip forces;
the EIP less. In contrast, PL transfers to the APB pro-
duced significant proximally directed forces. APB/EPL
insertions produced greater dorsally directed force as
well as increased thumb pronation (torque) across all
transfers when compared to the APB insertion. The
APB/EPL insertion dramatically alters force production of
the PL transfer, where a previously strong radial-palmar-
proximally directed force becomes radial-dorsally-distally
directed.

Conclusions In contrast to mean values, in individual
hands, every transfer produced similarly directed and
proportioned thumb tip forces, suggesting that intrinsic
anatomy is of greater influence than transfer choice.
While all transfers (except RT) produced adequate
abduction forces, these transfers produced statistically
significant different forces in the proximal-distal plane
which may have under-appreciated functional conse-
quences. For PL transfers, a dual insertion produces a
less proximally directed force and therefore more
thumb-tip stability. The APB/EPL insertion produces sig-
nificantly more pronation torque, and is recommended if
this is deemed an important reconstructive goal.

References

Cooney WP, Linscheid RL, An KN. Opposition of the
thumb: An anatomic and biomechanical study of tendon
transfers. J Hand Surg 1984; 9A:777-786.

Roach SS, Short WH, Werner FW, Fortino MD.
Biomechanical evaluation of thumb opposition transfer
insertion sites. J Hand Surg 2001; 26A:354-361.
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Paper #9 (cont.)
Tendon Transfers to Restore Thumb Opposition—A Biomechanical Study

Eric Chang, MD, Stanford, CA

Joseph D. Towles, MS, Mountain View, CA
Michael William Grafe, MD, Stanford, CA
Vincent R. Hentz, MD, Palo Alto, CA
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Paper #10

Evaluation and Diagnosis of Scapholunate Instability

Walter H. Short, MD, Syracuse, NY
Frederick W. Werner, MME, Syracuse, NY
Jason K. Green, BS, Syracuse, NY

Shunji Masaoka, MD, Syracuse, NY

Objectives This biomechanical study evaluated the func-
tion of the scapholunate interosseous ligament (SLIL),
radioscaphocapitate ligament (RSC) and scaphotrapezial
ligament (ST) and assessed the gap between the
scaphoid and lunate.

Methods Sixteen specimens were evaluated. Tracking
sensors were indirectly attached to the scaphoid, lunate
and third metacarpal to measure angular and translation-
al motion of these bones. Each wrist was physiological-
ly moved using a wrist joint simulator. Carpal bone
motion data was collected in the intact specimen, and
after sectioning of the SLIL, RSC and ST in two
sequences. Data was again collected after 1000 cycles
of motion following complete ligament sectioning to
mimic continued use after injury. Restoration of normal
kinematics by surgical reconstruction was tested.

Results Sectioning the RSC or ST produced no statistical
changes in scaphoid or lunate angular position.
Sectioning both the RSC and ST resulted in slight angu-
lar changes to the scaphoid and lunate. Sectioning the
SLIL alone resulted in scaphoid and lunate angular
changes during both wrist flexion/extension and wrist
radial/ulnar deviation. Sectioning the ST and RSC after
the SLIL had been cut resulted in further changes. 1000
cycles of motion caused more changes. Analysis of

_. Q‘

Figure 2A
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translational changes in the carpal bones using 3-D visu-
alization and animation software showed dramatic
changes in carpal bone motion after SLIL sectioning.
Additional ligament sectioning resulted in an increasing
diastasis between the scaphoid and lunate. Based upon
these results, a surgical reconstructive procedure to cor-
rect scapholunate instability was developed. The mini-
mal distance between the scaphoid and lunate was
determined using this 3-D method. The length and posi-
tion of this minimum distance changed depending upon
wrist position and ligaments cut (Please see Fig. 1 on
page 12). A comparison was made between the actual
minimal distance between the scaphoid and lunate and
the measurement of the gap between the scaphoid and
lunate on a simulated 2-D x-ray. It was found that the 2-D
gap measurement may inaccurately assess ligamentous
stability of the scaphoid and lunate (Fig. 2A,B).

Conclusions The SLIL was found to be the major stabiliz-
er of the scaphoid and lunate. The RSC and ST are sec-
ondary supporting structures. Cyclic motion following
ligament injury resulted in further changes in carpal kine-
matics. Changes in carpal bone position are much better
detected using 3-D visualization techniques. The accura-
cy of measuring a scapholunate gap on a 2-D x-ray is
questioned.

Figure 2B
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Paper #10 (cont.)

Evaluation and Diagnosis of Scapholunate Instability

Walter H. Short, MD, Syracuse, NY
Frederick W. Werner, MME, Syracuse, NY
Jason K. Green, BS, Syracuse, NY

Shunji Masaoka, MD, Syracuse, NY

Figure 1—Minimum Distance Between Scaphoid and Lunate
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Paper #11

Paper #11

Correlation Radiography—Arthroscopy in the Scapholunate Instability

Nicolas Dreant, MD, Nice, QC, Canada
Thierry Balaguer, MD, Nice, QC, Canada
Miroslav Veliky, MD, Nice, QC, Canada
Gilles Dautel, MD, Nancy, France

Objectives Radiographic and arthroscopic findings of a
cohort of 104 patients with acute or chronic wrist pain
in the area of the scapholunate articulation have been
correlated.

Methods Static and dynamic X-rays, and wrist arthroscopy
was done for each patient. The following X-ray findings
were noted: scapholunate space, radiolunate and
scapholunate angles, carpal height, distal radioulnar
index and projected scaphoid height in radial and ulnar
deviation. The following arthroscopic findings were
noted: estate of the scapholunate ligament, estate of
the articular surfaces, severity of the scapholunate insta-
bility according to the Dautel's arthroscopic score, and
eventually associated lesions.

Results According to the radiographic classification there
were 30 static instabilities, 28 dynamic instabilities, 33
preradiographic instabilities and 13 patients presenting
no instability. According to the arthroscopic classification,
there were 32 stage 3, 52 stage 2, 7 stage 1 and 13
stage 0. When the arthroscopic score of severity is com-
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pared to the radiographic classification, in stage 1 there
is 86% of preradiographic and 14% of dynamic instabili-
ties. In stage 2: 52% of preradiographic, 38% of dynamic
and 10% of static instabilities. In stage 3: 22% of
dynamic and 78% of static instabilities. The articular
lesions are never retrieved in the stages 0 and 1. In the
stage 2, the proximal pole of the scaphoid shows articular
defect in 3 cases (6%) and the proximal pole of the luna-
tum in 2 cases (4%). In the stage 3, articular lesions are
retrieved in 11 cases (34%) including 5 cases of articular
defect of the capitolunate articulation.

Conclusions The goal of this work is to show that arthro-
scopic classification of scapholunate instability is much
more accurate and close to the reality than radiographic
classification. Wrist arthroscopy is not only able to test
in a dynamic way the scapholunate joint, but can also
detect articular lesions a long time before the radi-
ographs. We believe that wrist arthroscopy is a part of
indispensable exams in the balance of the scapholunate
instabilities and of the wrist pain without radiographic
evidence generally.
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Paper #12

Capsulodesis for Chronic Scapholunate Instability

Steven L. Moran, MD, Rochester, MN
Justin Strickland, MD, Rochester, MN
William P. Cooney, MD, Rochester, MN
Richard A. Berger, MD, PhD, Rochester, MN

Objectives Scapholunate (s-l) instability is the most com-
mon form of carpal instability. The treatment of this dis-
order is challenging and varying treatment options have
been described, including intercarpal arthrodesis and
dorsal capsulodesis. However, treatment of chronic
scapholunate dissociation remains unsatisfactory. We
wished to examine the long-term results of ligamentous
repair and capsulodesis alone for cases of chronic
scapholunate dissociation.

Methods A retrospective analysis was preformed on 398
wrist procedures preformed between January 1990 and
February of 2000. 31 patients were identified with iso-
lated chronic s-I dissociation, being defined as wrist pain
present for greater than 3 months. All patients underwent
direct scapholunate repair in conjunction with a dorsal
capsulodesis procedure. Dorsal capsulodesis was pre-
formed with either a modified Blatt technigue or with a
Mayo method of using a portion of the dorsal intercarpal
ligament attached to the lunate. Results were reviewed
clinically and radiologically. Static and dynamic instability
was defined by radiological and established arthroscopic
criteria. Patients had to have a minimum follow-up of
two years for inclusion in the study.

Results Of the 31 patients, 18 had dynamic lesions and
13 had static lesions. 20 were men and 11 were

women. Average age at the time of surgery was 38
years, (range 17-76). The average time from injury to
surgery was 20 months. Average length of follow up
was 54 months (4.5 years). Post-operatively wrist
motion was 64% of normal and average grip strength
was 83% of the normal hand. There was a 24%
decrease in wrist motion following capsulodesis. All
patients had improvement in pain, but only two patients
were pain free. Average s-I gap increased on follow-up
from 2.75 mm pre-operatively to 3.85 mm post-opera-
tively. Scapholunate angle also increased from 56 to 61
degrees. Average Mayo wrist score was 73. There was
no statistical difference in overall wrist motion, grip
strength or wrist score between the dynamic and static
group. Of the 31 patients, only nine had either good or
excellent results. Time to surgery and age had no signif-
icant effect on overall outcome. There was no direct cor-
relation between post-operative s-I gap, s-I angle, or
radio-lunate angle on outcome.

Conclusions In conclusion, repair of the scapholunate lig-
ament with dorsal capsulodesis did provide pain relief in
the majority of patients. Though pain is improved, it is
unresolved in most patients. Patients should be advised
that pain will most likely still be present and wrist motion
will be decreased.
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Paper #13

The Diagnostic Utility of Midcarpal Anesthetic Injection in the Evaluation of Chronic

Wrist Pain

Alexander Y. Shin, MD, Rochester, MN
S. Josh Bell, MD, San Diego, CA
Steven L. Moran, MD, Rochester, MN

Objectives The evaluation of chronic wrist pain can be a
diagnostic dilemma. Lidocaine injections combined with
corticosteroids are often used for both therapeutic as
well as diagnostic purposes. The purpose of this study
was to determine if a midcarpal injection of lidocaine
could serve as a diagnostic tool in patients with chronic
wrist pain. Specifically, the relationship of pain relief
from the injection and improvement of grip strength
were compared to the presence of intracarpal pathology
as confirmed by wrist arthroscopy.

Methods Forty-five patients with chronic wrist pain
underwent a midcarpal injection of lidocaine with or
without corticosteroids. Improvement of pain and
improvement of grip strength were determined. Each of
these patients subsequently underwent a radiocarpal
and midcarpal arthroscopy, and the pathologic findings
of arthroscopy were compared to the improvement of
pain and grip strength. These data were compared to a
cohort of six volunteers without history of wrist pain or
trauma that underwent midcarpal injection of lidocaine.
Statistical analysis was performed using Receiver-
Operator-Characteristic analysis.

Results The average age of the patients with chronic pain
was 30.3 years, with an average of 9.8 months of wrist
pain. The ultimate diagnoses included 35 patients with
carpal instability dissociative, 2 with nondissociative
instability, 7 with complex instability of the carpus, 3
with extensor carpi ulnaris tendonitis and 1 with
deQuervain’s tenosynovitis. After lidocaine injection, the
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normal cohort had a mean loss of 2 kg (-5.3%) (p=0.02)
in grip strength whereas the experimental cohort had a
mean improvement in grip strength of 5.73 kg (34.4%).
Improvement of pain after injection did not correlate
with  pathologic arthroscopic findings (p=0.92).
Improvement in grip strength after midcarpal lidocaine
injection of 6 kg or 28% had a 73% sensitivity and a
70% specificity (p=0.02) of having intracarpal pathology
at the time of arthroscopy. Of the chronic wrist pain
patients, only 4 had a normal arthroscopy, and the
remainder had at least one area of significant pathology
attributing to their pain. Please see graph on page 16.

Conclusions \We conclude that a midcarpal injection of
lidocaine can serve as an effective diagnostic tool in the
evaluation of the patient with chronic wrist pain.
Improvement of grip of 28% with or without relief of
pain is highly correlated with intracarpal pathology.
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The Diagnostic Utility of Midcarpal Anesthetic Injection in the Evaluation of Chronic
Wrist Pain

Alexander Y. Shin, MD, Rochester, MN
S. Josh Bell, MD, San Diego, CA
Steven L. Moran, MD, Rochester, MN
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Paper #1J,

Capitate-Based Kinematics of the Midcarpal Joint during Wrist Radioulnar Deviation

Hisao Moritomo, MD, Osaka, Japan
Tsuyoshi Murase, MD, Osaka, Japan
Akira Goto, MD, Osaka, Japan
Yoshinobu Sato, PhD, Osaka, Japan

Objectives The purpose of this study was to obtain qual-
itative and quantitative information regarding capitate-
based kinematics of the midcarpal joint during wrist
radio-ulnar deviation using an MRI-based in vivo 3-
dimensional (3D) motion analysis.

Methods \We studied the in vivo kinematics of the mid-
carpal joint during wrist radioulnar deviation in the right
wrists of 5 volunteers, using a technology without
radioactive exposure. The MRI images were acquired
during radioulnar deviation with 10° increments. Surface
models of all carpal bones were obtained by applying a
3D surface generation using the marching cubes tech-
nique. The capitate was registered with the scaphoid,
the lunate, and the triquetrum using the iterative closest
point algorithm, and then animations of the relative
motions were created. Accurate estimates of the relative
positions and orientations of the bones and axes of rota-
tion (AORs) of the motions from extreme wrist radial
deviation to extreme ulnar deviation were obtained.

Results The averaged AORs of the scaphoid, the lunate,
and the triquetrum relative to the capitate were located
closely in space, running obliquely from the radiopalmar
aspect of the distal scaphoid to the ulnodorsal aspect of
the hamate penetrating the waist of the capitate (Figure
1), while there was minor relative motion among the
proximal row bones. During wrist radial deviation, the
scaphoid, the lunate, and the triquetrum rotated
radiodorsally relative to the capitate. The converse was
true during wrist ulnar deviation. The average range of
motion of the scaphoid, the lunate, and the triguetrum
around their own axes were 40.3°+6.2°, 48.5°+9.0°, and
35.6°+5.1°, respectively.

Conclusions This study is the first to report the in vivo 3D
measurements of midcarpal motion relative to the capi-
tate. Despite minor intercarpal motion and individual
variance, the overall isolated midcarpal motion during
radioulnar deviation could be approximated to be a
radiodorsal-ulnopalmar rotation.

Figure 1. Axes of rotation (AORs) of the scaphoid, the lunate, and the triquetrum relative to the capitate during wrist radioulnar deviation. All
AORs run obliquely from the radiopalmar aspect of the distal scaphoid to the ulnodorsal aspect of the hamate penetrating the waist of the capitate.

A. Dorsal View

B. Palmar View

C. Proximal View

| AOR of scaphoid motion
D AOR of lunate motion
r:l AOR of triqguetrum motion
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Paper #15
The Hysteresis in Carpal Motion

Sunjay Berdia, MD, Rockville, MD
Wialter H. Short, MD, Syracuse, NY
Frederick W. Werner, MME, Syracuse, NY
Manohar M. Panjabi, PhD, New Haven, CT

Objectives Carpal bones exhibit hysteresis that is
dependent upon the direction of wrist motion during a
continuous active loading protocol. In spinal biomechanics,
neutral zone (NZ) has been a sensitive parameter for
determining instability. This paper’s purpose is to develop
an accurate methodology for computing the carpal NZ
from its hysteresis effect and to apply this model to
determine scapholunate instability during sequential lig-
ament sectionings.

Methods Carbon rods were placed in the scaphoid,
lunate, and third metacarpal of eight specimens. A wrist
joint simulator provided continuous active motion in flex-
ion-extension (FE) and radial-ulnar deviation (RUD).
Motion was analyzed for the intact state and after
sequential sectioning of the SLIL, STT ligaments, and
RSC ligament. Carpal motion was plotted with respect
to the third metacarpal. Regression analysis using sixty
different equations determined that polynomials best fit
the data. An F test (a < 0.01) was used to minimize poly-
nomial order, while still retaining accuracy. NZ was cal-
culated by computing the hysteresis area between the
two curves that represent opposite directions of wrist
motion. A larger area comesponds to a larger NZ. The NZ
of three planes of motion were summed to give the total
laxity or global neutral zone (GNZ). Repeated measures
ANOVA was used to determine significance (a = 0.05).

Results In the RUD trials, scaphoid GNZ after SLIL sec-
tioning was significantly greater than intact GNZ (Fig 1).
In four specimens, lunate GNZ decreased upon sequen-
tial sectionings. These four had significantly greater
intact GNZ than the other four specimens. Further analy-
sis of these four specimens found lunate GNZ after SLIL

Conclusions \We showed how to compute NZ from the
hysteresis effect. This analysis can be used in future
studies as a sensitive technique to determine the onset
of abnormal carpal motion. Using this technique in a lig-
ament sectioning study, we found significant increases
in the GNZ after just SLIL sectioning during wrist RUD.
This subtle change may signify dynamic scapholunate
instability found during diagnostic wrist arthroscopy
which can result from isolated SLIL rupture before radi-
ographic diastasis. Also, we found GNZ lunate in some
specimens not to increase after ligament sectioning.
This divergent behavior may explain why not all patients
with scapholunate instability develop DISI.

Figure 1. Global Neutral Zone for the Wrist RUD Trials
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Paper #16

Preiser’'s Disease: Identification of Two Patterns

David M. Kalainov, MD, Chicago, IL
Mark S. Cohen, MD, Chicago, IL

Ronald W. Hendrix, MD, Chicago, IL

A. Lee Osterman, MD, King of Prussia, PA

Objectives A large, multicenter series of patients with
documented Preiser’s disease is reviewed in order to
better understand the clinical patterns and natural history
of the condition.

Methods Twenty-three patients with Preiser’s disease,
representing 24 cases, were identified from 3 institu-
tions. Using magnetic resonance imaging (MRI) criteria,
2 disease patterns were clearly observed; diffuse necrosis
and/or ischemia of the scaphoid (Type 1 disease—15
cases), and segmental vascular impairment (Type 2 dis-
ease—9 cases). The two groups of patients were similar
with respect to age, sex, and hand dominance. Risk fac-
tors for osteonecrosis, treatment methods, and serial
radiographs were reviewed in all cases, and 19 patients
were examined for the purpose of this study at an average
follow-up of 35 months.

Results MRI signal changes of necrosis and/or ischemia
involved 100% of the scaphoid in Type | cases and 43%
in Type 2 cases (range 33-66%; p<0.01). In Type 1
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cases, regardless of the treatment employed, the
scaphoid typically fragmented and collapsed. In Type 2
cases, scaphoid architecture was minimally altered fol-
lowing similar treatment methods. A history of wrist
trauma was significantly more common in Type 2 dis-
ease, and the results of the treatment were generally
better in this group of patients (Mayo modified wrist
score 88 points versus 58 points).

Conclusions This study supports the concept of 2 pat-
terns of scaphoid involvement in Preiser’s disease. Type
1 cases are characterized by MRI signal changes of
necrosis and/or ischemia involving the entire scaphoid
bone. Patients in this group have a propensity for
scaphoid deterioration, regardless of the treatment insti-
tuted. Type 2 cases have MRI signal changes involving
only part of the scaphoid. These patients commonly
report a history of wrist trauma, demonstrate fewer ten-
dencies toward scaphoid fragmentation, and may have a
more favorable clinical outcome.
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Paper #17

Is There a Role for Radial Osteotomy in Advanced Kienbock’'s Disease?

Akio Minami, MD, Sapporo, Japan
Hiroyuki Kato, MD, Sapporo, Japan
Norimasa |Iwasaki, MD, Sapporo, Japan

Objectives Roles of radial osteotomies in the treatment
of advanced Kienbdck's diseases were evaluated.

Methods FEighteen patients with Lichtman’s stage IIIB
Kienbdck's disease were treated with radial osteotomies
consisting of both methods of radial shortening and lat-
eral closing radial wedge osteotomy. There were radial
shortenings in eight patients, and lateral closing radial
wedge osteotomies in ten. There were no preoperative
differences with respect to age and gender between
both osteotomy groups (Table 1). The period of follow-up
ranged from 36 to 108 months with an average of 48
months. Clinical evaluations were based on a modifica-
tion of the scoring system of Nakamura et al. (Table 2).

Table 1. All Data of Patients

Results All patients in both groups had either good or
excellent results, clinically (Table 3, page 20). Radiograph-
ically, the radioscaphoid angle significantly increased and
the Stahl index significantly decreased in the lateral closing
radial wedge osteotomy group. The progression of
degenerative changes at the radioscaphoid joint was
observed in two of ten patients in this osteotomy group.
On the contrary, progression of any radiographic param-
eters and occurrence of degenerative changes were not
observed in radial shortening group.

Conclusions Although radiographic progression occurred
after the lateral closing radial wedge osteotomy, both
osteotomy procedures provided satisfactory clinical
results in the treatment of stage llIB Kienbdck's disease.

Average age, y Gender Site Average follow-up period, mos
Radial shortening group (n=8) 32 (17-59) 4 men, 4 women 3right, 5 left 55 (36-108)
Radial wedge osteotomy group (n=10) 36 (13-60) 7 men, 3 women 8 right, 2 left 45 (36-66)

Table 2. Scoring System for the Assessment of Clinical Results (6)

Points Points

Pain in the Wrist Increase in Range of Extension-Flexion Arc

NONE. .o 10 3207 ittt 6

Mild with Strenuous activity..........ooeeveiiecieiiecn, 7 310-19" 1oeoiiriiririei et 5

Mild With Ight WOTK ... 4 SBm0" e 3
Grip Strength (percentage of unaffected side) Overall Grade (total points)

G0Y0 et e e e aaaaaaaaas 5 Excellent

BO00 it 4 (€770 Yo I

0N 3 Fair/Poor...

BOYD .ttt 2

BOYD oot 1
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Paper #17 (cont.)

Is There a Role for Radial Osteotomy in Advanced Kienbdck’'s Disease?

Akio Minami, MD, Sapporo, Japan
Hiroyuki Kato, MD, Sapporo, Japan
Norimasa Iwasaki, MD, Sapporo, Japan

Table 3. Clinical Results in Each Osteotomy Group

Preop Postop
Radial Shortening Group
Range of wrist extension-flexion arc of the wrist 94 + 31° 114 + 25°
Percentage grip strength of unaffected side 44 + 24% 87 +20% *
Clinical score -) 17+4
Radial Wedge Osteotomy Group
Range of wrist extension-flexion arc of the wrist 92 + 32° 118 £ 30° t
Percentage grip strength of unaffected side 63 + 30% 81+ 20% ¥
Clinical score ) 16+ 4
Mean + SD.

* P<0.001 preop versus postop
T P<0.5 preop versus postop
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Paper #18

Radiographic and Clinical Analysis of Structural Bone Grafting for Scaphoid Nonunions

Vikas Tuli, MD, Thornhill, ON, Canada
Robert S. Richards, MD, London, ON, Canada
John D. Bennett, MDCD, London, ON, Canada
James H. Roth, MD, London, ON, Canada

Paper #18

Objectives The purpose of this study is to determine if a
post-surgical humpback deformity adversely affects the
functional outcome of patients who are treated with
structural bone grafts for scaphoid waist nonunions.

Methods 25 adult patients with documented scaphoid
waist nonunions were subjects in this study. Inclusion
criteria are the requirement of a pre and post-operative
CT, volar surgical approach, application of a structural
wedge of iliac crest graft, fixation via Kirschner wires,
and follow-up of a minimum of 12 months. The opera-
tions were performed in the same manner in each case
via a modified Russe approach. CT specifically
addressed the following parameters: intrascaphoid
angle, height/length ratio and scapholunate angle.
Questionnaires documented patient satisfaction, pain,
and Patient Rated Wrist Evaluation scores. Furthermore,
physical examination was carried out for range of
motion, grip strength of both the affected wrist and con-
tralateral wrist for control purposes. Statistical tests,
including regressional analysis, were carried out for
above parameters.

Results Mean time of follow-up was 31 months. All
scaphoids healed and the mean subjective satisfaction
was 8.3 out of 10. Mean flexion-extension and grip
strength were respectively 88.1 and 90.6% compared to
contralateral wrist. There was a mean correction of
intrascaphoid angle of 10.6° (13.0%), mean correction of
scapholunate angle of 9.7° (14.9%), and mean improve-
ment in scaphoid length of 12.0%. The correlation
between final intrascaphoid angle and percentage of
wrist flexion-extension was moderately significant at p =
0.49. However, the intrascaphoid angle only explains
24% of the variability in the final flexion-extension arc.
The other factors contributing to final arc of flexion-
extension are unknown. The percentage change in
scaphoid length and and percentage grip strength is
moderately significant, p=0.56. Regression analysis
shows that only 31% of the variability in final grip
strength is explained by the post-surgical scaphoid
length.

Conclusions A post-surgical humpback deformity follow-
ing scaphoid nonunion grafting does not predict a poorer
functional outcome. The correlation between clinical and
radiographical parameters is generally poor.
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Paper #19

Long Term Results Treating Scaphoid Non-Union with Flexor Carpi Radialis Interposition

Mitchel A. Lipton, MD, Phoenix, AZ
Carter B. Lipton, MD, New York, NY

Objectives Bone grafting of scaphoid non-union can
require five months of immobilization. Bone grafting
with internal fixation has a high rate of union with shorter
immobilization, but is technically demanding. In addition,
bony union does not necessarily yield a functional pain-
less wrist. Flexor carpi radialis (FCR) interposition strives
to make the scaphoid non-union functional and painless
without achieving union. Bentzon used a dorsal soft tissue
flap interposed between two poles of the scaphoid with
excellent long term results. We theorized that the FCR,
typically used for the “anchovy” procedure would pro-
vide more soft tissue than Bentzon's dorsal flap.
Additionally, the FCR interposition would allow a volar
approach thus avoiding the scaphoid’s dorsal arterial
supply.

Methods \We retrospectively reviewed the results of 12
patients who underwent FCR interposition for scaphoid
non-union between 1983 and 1999. Two patients were
excluded: One was lost to follow-up and the other had
multiple concomitant fractures. Range of motion, grip
and pinch strength, pain and occupational status were
obtained from the remaining ten patients.

Surgical Technique Through a volar incision the scaphoid
non-union is exposed. The pseudoarthrosis is excised,
trimming back abutting margins of the proximal and dis-
tal poles to avoid impingement between the two poles.
FCR is cut longitudinally, remaining distally attached. The
transferred portion of FCR is placed between the proxi-
mal and distal poles, creating a two-bone scaphoid. The
capsule is repaired to hold the FCR anchovy in place, and
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the incision sites are closed. Motion of the wrist is
allowed once wound healing has occurred.

Results The patients were all male with a mean age of
22 years (range 18-35). Mean time from injury to surgery
was 325 days (range 102-1296). Mean follow up was
10.4 years (range 0.7-17.4). Motion was initiated at a
mean of 17 +/- 8 days following surgery. At most recent
follow-up, compared to contralateral wrist, range of
motion was 87% +/- 7%, grip strength was 94% +/-
17%, pinch strength was 104% +/- 16%. All patients
returned to full work. 80% of patients report no pain,
20% report occasional pain, 0% of patients report per-
sistent pain.

Conclusions FCR interposition for scaphoid non-union has
resulted in excellent long term results at greater than
ten years of follow up. FCR interposition is a technically
simple procedure. This procedure is particularly attractive
for a patient who is unwilling to endure a long immobi-
lization period.
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Paper #20

CT Angiography in Upper Extremity Reconstruction: Outcomes and Cost Analysis

Michael Bogdan, MD, Mountain View, CA
Geoffrey D. Rubin, MD, Stanford, CA
Timothy R. McAdams, MD, Palo Alto, CA
James Chang, MD, Stanford, CA

obiectives Vascular imaging may be necessary to assist
preoperative planning in reconstructive surgery.
Standard arteriography may lead to complications related
to arterial puncture, including hematoma, pseudoa-
neurysm, arteriovenous fistula, and thrombosis. CT
angiography [CTA] is a new technique that provides high
resolution, three dimensional vascular imaging in addition
to excellent bone and soft tissue spatial relationships.
The purpose of this study was to examine the utility of
CTA in complex upper extremity reconstruction.

Methods Seventeen CT angiograms were performed on
fourteen patients evaluated for microsurgical recon-
struction of the upper extremity from 2000 to 2002.
Average patient age was 37 years (range 5 to 65), 8
patients were male and 6 were female. Twelve were
undergoing reconstruction of traumatic injuries, 6 of
which were acute. The intravenous administration of
contrast dye was performed through a small peripheral
IV. No arterial puncture was necessary. Nine studies
were utilized to evaluate the recipient anatomy, 3 were

Ulnar artery occlusion

Proximal radius defect

Monteggia fracture
with bone loss

utilized to evaluate potential free fibula donor sites, and
5 to evaluate vascular insufficiency.

Results CT angiograms were useful for clinical decision-
making in all cases. Six patients had abnormal peripher-
al vascular exams which were confirmed by CTA. Two
patients with normal pulse exams were found to have
significant abnormalities on CTA. CTA and intra-operative
findings correlated well in all operative cases. There
were no complications related to CTA studies or recon-
structive operations. Patients were extremely satisfied
with the ease and speed of the CT angiogram procedure
itself. Cost analysis at our institution found the average
cost of CTA to be $1,140 versus $3,900 for traditional
angiography

Conclusions \We have found CTA to be useful in preoper-
ative planning in cases of upper extremity reconstruction.
It is a safe, well tolerated, and cost effective procedure
that provides superior anatomic information and offers a
favorable alternative to standard angiography.

Calcified lower extremity runoff vessels
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Paper #21

The Natural History of Dupuytren’s Nodules

Rachel Reilly, BA, Cincinnati, OH
Peter J. Stern, MD, Cincinnati, OH
Charles A. Goldfarb, MD, St. Louis, MO

Objectives The natural history of Dupuytren’s nodules is
unknown. This investigation was designed to evaluate
the progression of nodules at greater than five years
follow-up.

Methods Ninety-six patients with isolated Dupuytren’s
nodules were identified and 59 returned for repeat phys-
ical examination at average follow-up of eight years.
Patients were questioned regarding: family history of
Dupuytren’s disease, family genealogy, alcohol con-
sumption, smoking, liver disease, seizures, diabetes,
signs of systemic disease such as plantar nodules, and
disease progression. Physical examination evaluated
range of motion of the finger joints, location of the dis-
ease, and pain.

Results Fifty-one percent of the patients (30/59) with pre-
viously diagnosed isolated nodules developed a cord. In
13% of patients (12/90), either a new nodule or cord
developed in the previously disease-free hand. Fifty- four
percent of patients had a European heritage, 23% had a
family history of Dupuytren’s disease, 11% drank alco-
hol regularly, and 9% were diabetic. Five patients (8%)
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lost extension, with an average loss of 60° at the MCP
joint and 40° at the PIP joint. Ten patients (17%) under-
went surgical intervention for either loss of motion or
pain. Three of the ten patients had a flexion contracture
of the MCP or PIP joints averaging 50°. The other seven
underwent surgery for persistent pain related to a nodule
or cord (without contracture) that had been present for
an average of 2.3 years. All surgically treated patients
had at least one risk factor and seven had more than one
risk factor. In seven patients, the Dupuytren’s nodule
had disappeared at the time of latest follow- up.

Conclusions The progression of the nodular form of
Dupuytren’s disease to cord-like disease is common but
not inevitable. This evaluation of the natural history of
Dupuytren’s nodules has demonstrated that at an average
eight years after diagnosis with Dupuytren’s nodules, only
8% (5/59) of patients lost extension and only one in five
patients underwent surgery. The majority of nodules
were painless; however, 12% (7/59) were painful and
were excised. The nodules disappeared in twelve percent
of patients.
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Paper #22

Locked Percutaneous Intramedullary Nailing of Metacarpal and Phalangeal Fractures

Jorge L. Orbay, MD, Miami, FL
Alejandro Badia, MD, Miami, FL
Roger K. Khouri, MD, Miami, FL
Eduardo Gonzalez-Hernandez, MD, Miami, FL

Paper #22

Objectives To introduce the new technique of using prox-
imally locked flexible intramedullary nails for fixation of
metacarpal and phalangeal fractures.

Methods Extra-articular metacarpal and phalangeal frac-
tures including those with spiral patterns or segmental
comminution were treated with close fluoroscopically
assisted reduction and locked percutaneous flexible
nails. A manually operated slotted awl was used for nail
insertion and proximal locking was provided by a cap-
tured transverse pin. The nails were routinely removed
after fracture healing. Standard principles of hand reha-
bilitation including early motion and splinting were used
in the post-operative period.

Results \We reviewed retrospectively 84 consecutive
patients treated at our center with this technique

between July 1999 and June 2000. We were able to fol
low 73 patients for a minimum of one year. There were
45 metacarpal and 28 phalangeal fractures. All fractures
healed. There were no rotational deformities or significant
shortening. Metacarpal fractures generally recovered full
range of motion. Average total active motion for pha-
langeal fractures was 240. Loss of PIP joint extension
with proximal phalanx fractures averaged 15 deg.
Complications consisted of delayed healing (>8weeks)
due to distraction in one metacarpal and one phalangeal
fractures and two cases of tendon irritation over the
base of the 4th metacarpal.

Conclusions Locking miniature flexible intramedullary
nails increases their power of fixation and expands their
indications. Comminuted and spiral fractures can now
be effectively stabilized with this percutaneous technique.
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Paper #23

Surgical Treatment for Type O Clubhand

Josephine Huang, MD, St. Louis, MO
Paul R. Manske, MD, St. Louis, MO

Objectives Type O radial clubhand as described by James
et al. includes normal radial length with absent or abnor-
mal radial carpal bones. The purpose of our study was
two-fold: 1) to describe the pathologic anatomy associ-
ated with type 0 radial clubhand and 2) to report the
results of a surgical procedure designed to improve the
alignment of the hand and forearm.

Methods Since 1986, six cases of type O radial clubhand
in five children seen at the St. Louis Shriner’'s Hospital
were treated with a new procedure. Age at operation
ranged from 12 to 40 months with an average of 21
months. Average follow-up was 21 months. In each
case, the extensor carpi ulnaris (ECU) tendon was
detached just proximal to its insertion and sutured to the
dorsal wrist capsule to augment wrist extension. The radi-
al wrist extensor tendon was also divided and reattached
to the distal ECU stump, relieving the radial tether and
converting it into an ulnar deviator. Patients were immo-
bilized for 4-6 weeks postoperatively and then begun on
range of motion exercises afterwards.

Results In each case, it was noted that the radial wrist
extensor was dysplastic in appearance and tethered the
hand in radial deviation. In four cases there was only a
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single radial wrist extensor tendon. Preoperative radial
deviation at rest averaged 58°, ranging from 35° to 90°.
Postoperative radial deviation at rest averaged 12°, ranging
from 0° to 25°. Improvement in resting posture averaged
51°, ranging from 35° to 75°. Improvement of active wrist
extension averaged 35°, ranging from 15° to 55°. There
were no complications.

Conclusions According to James et al., 24% of radial
clubhands are classified as type 0. We believe that most
children with type 0 clubhand do not require an inter-
vention since the hand is not held in radial deviation. In
our patients who had poor alignment of the hand and
forearm, it was noted at surgery that the radial wrist
extensor was dysplastic and exerted a tethering force
across the wrist. For these children, a simple procedure
to release this tether and convert it into an ulnar deviator
and augment the function of the ECU tendon as a wrist
extensor improves alignment with minimal morbidity.

References
James MA, McCarroll HR Jr, Manske PR. The Spectrum
of Radial Longitudinal Deficiency: A Modified

Classification. J Hand Surg 1999; 24A: 1145-1155.
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Paper #25

Pain Dominates Measurements of Elbow Function and Health Status

Lauren M. Fabian, BA, Boston, MA
David C. Ring, MD, Boston, MA
Leah Fourt, BA, Boston, MA

Jesse B. Jupiter, MD, Boston, MA

Objectives Elbow function can be quantified using com-
prehensive elbow rating systems and health status
questionnaires. This study attempted to determine which
patient factors contribute most to the scores derived from
these research tools.

Methods Under an IRB-approved protocol, 125 patients
with elbow dysfunction were evaluated with three
elbow evaluation systems (Mayo Elbow Performance
Index [MEPI], Broberg and Morrey [B/M], and American
Shoulder and Elbow Surgeons [ASES] and both upper
extremity specific (DASH) and general (SF-36) health sta-
tus questionnaires. Stepwise multiple linear regression
was used to measure the proportion of the scores
derived from these research tools that was due to pain,
ulnohumeral motion, forearm rotation, arthrosis, and
ulnar neuropathy.

Results Models including pain alone were twice as good
as models including motion alone at predicting DASH
and SF-36 scores (38% vs. 21% and 35% vs. 16%) and
the inclusion of both factors only slightly improved the

success of the models (44 and 38%) over those including
pain alone. Pain was also the dominant factor in models
to determine MEPI and B/M scores (65% vs. 33% and
61% vs. 44%), whereas ASES scores were equally well
predicted by pain (54%) and motion (59%). Both health
status measures and elbow evaluation systems had
moderate to good correlation with one another (r=0.53
to 0.89), but only fair correlation with objective factors
(ulnohumeral motion [r=0.37], forearm rotation [r=0.42]).

Conclusions The influence of pain was far greater than
objective factors on most elbow evaluation systems and
health status questionnaires. This is problematic
because the experience and expression of pain is
strongly influenced by psychological and sociological
factors and is not always explained by objective factors.
This has two important implications for the study of
elbow problems: 1) objective improvements in elbow
function achieved by operative procedures may be
devalued by the use of these systems, and 2) a better
understanding of the differences between the subjective
and objective perception of elbow function is needed.
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Paper #26

Partial Ruptures of Distal Biceps Tendon

Bruce M. Leslie, MD, Newton, MA
Dennis J. Feen, MD, Newton, MA

Objectives Review clinical presentation, radiographs,
operative/histologic findings, and results of surgical
treatment of partial ruptures of distal biceps tendon.

Methods From 1996 to 2001, 111 distal biceps tendons
in 101 patients were re-attached by one surgeon using a
modified anterior approach. 30 had partial ruptures.
Partial ruptures were incompletely attached to the radial
tuberosity and could not be detached from the tuberosity
with blunt dissection.

Results There were 27 men and 3 women. Male average
age was 44 years, female 72.6 years. Significant age dif-
ference (p value<0.001) between sexes. All patients pre-
sented with pain in the antecubital fossa. The 3 women
also presented with a cystic mass. 21 of 30 had dis-
comfort/weakness with resisted supination. 7 of 30 had
discomfort/weakness with resisted biceps flexion. 8 of
28 had thickening of biceps tendon. 2 partial ruptures
occurred in men with prior complete ruptures of the distal
biceps tendon in contralateral arm. The mechanism of
injury was usually a frequently performed vocational or
avocational activity. Preoperative MRI scans were
obtained in 26 patients: 5 were read as complete tears,
17 as partial tears, and 4 as intact tendons. Histology
demonstrated chronic changes in distal biceps tendon
and bone-tendon interface. All patients were treated
with debridement of tenosynovial tissue, detachment of
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Partial rupture of the distal
biceps tendon. The very
few fibers still attached to
the bicipital tuberosity are
identified by the arrow.
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remaining fibers still attached to tuberosity, and re-
attachment of freshened end of distal biceps tendon.
Preoperative pain was relieved in all patients. All but one
patient returned to preoperative level of activity.

Conclusions Partial ruptures are characterized by persist-
ent anterior elbow pain which may develop acutely after
a specific traumatic event, or may be chronic with no
specific inciting event. The tendon is almost always pal-
pable. Resisted biceps supination is generally associated
with discomfort or weakness. Radiographs are frequently
normal. MRI scans generally show some abnormality,
but may be incorrectly read as either consistent with a
complete rupture or an intact tendon. At surgery, diag-
nosis may be suspected with the exposure of tenosyn-
ovitis or release of tenosynovial fluid; the diagnosis is
not confirmed until the attachment of the tendon to the
bicipital tuberosity is exposed. In all patients with partial
ruptures of the distal biceps tendon the pain was com-
pletely relieved with transection of the remaining intact
fibers and reattachment to the bicipital tuberosity. 2/3's
of the patients were treated in the last of half of this
series, suggesting that this diagnosis is either unrecog-
nized or under reported.

Section of the radial tuberosity with f
residual biceps tendon (bone-tendon ¥ » 5
interface). The bone is at the bottom !

and the tendon is at the top. The cortex
is thickened. Just below the tidemark is
a large area of neovascularization f
(arrow). To the left of the neovascular- i i '
ization are Haversian canals filled with i

fibrous tissue. The arrowheads point to

frayed disrupted biceps tendon. To the . f-
right the tendon is still attached to the : L Jem || }
tuberosity, but the tendon is not normal; - g g

the normal architecture has been infil- - = , ,'l
trated with fibroblasts and neovascular- , AL .:;1
ization. (100X Hematoxylin-Eosin) - b
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Paper #27

Coronoid Fracture Patterns

Job Doornberg, MS, Boston, MA
David C. Ring, MD, Boston, MA

Objectives Fractures of the coronoid have been classified
on the basis of size alone. With greater experience treat-
ing coronoid fractures, it has become clear that the overall
injury pattern and specific fragment characteristics may
also be important.

Methods A single surgeon repaired 41 coronoid fractures
in 40 patients with fracture-dislocation of the elbow over
a 3-year period. Each coronoid fracture was character-
ized on the basis of operative exposure according to the
overall pattern of injury, the pattern of coronoid frag-
mentation, the size of the fracture fragments, and asso-
ciated ligament injuries.

Results The coronoid fracture was associated with an
olecranon fracture-dislocation in 22 patients; an elbow-
dislocation and radial head fracture (terrible triad) in 16
patients; and posteromedial varus rotational instability
(PRVI) pattern in 3 patients. Among patients with olecra-
non fracture-dislocations, 6 had anterior and 16 posterior
displacement of the forearm. Twenty of the fractures
associated with an olecranon fracture involved greater
than 50% of the coronoid height and two were smaller
fractures involving the anteromedial facet and tip of the
coronoid process. Among the twenty large coronoid
fractures, 9 were large single-fragments, 8 had three
fragments (anteriomedial facet, central, lesser sigmoid

notch), 1 had a single sagittal split, and 2 had greater
than 3 fragments. Seven patients with posterior olecranon
fracture-dislocations had lateral collateral ligament (LCL)
injury, and one with an anterior dislocation had both
medial and lateral collateral ligament injuries. All sixteen
patients with terrible triad injuries had small (less than
50%) coronoid fractures and LCL injury. 15 patients had
a transverse fracture of the tip (14 simple, one commin-
uted) and one had a fracture of the anteromedial facet
and the tip. The 3 patients with PVRI injuries had fracture
of the anteromedial facet of the coronoid, fracture of the
tip of the coronoid and fracture of the sublime tubercle.
All 3 had injury to the LCL.

Conclusions Fractures of the coronoid associated with
olecranon fracture-dislocations, terrible triad injuries, and
PRVI injuries have distinct injury patterns. Small frac-
tures can involve the tip (terrible triad injuries) or the
anteromedial facet (all PRVI and a few terrible triad and
olecranon fracture-dislocations). Large fractures (olecranon
fracture-dislocations) can vary substantially. Anticipation
and recognition of these patterns can help guide treat-
ment. In particular, anteromedial facet fractures may
require a separate medial exposure and internal fixation
and very comminuted large fractures may require hinged
external fixation.
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Paper #28

Biomechanical Stability of Fixation Constructs for ORIF of Radial Head Fractures

John T. Capo, MD, Newark, NJ
John Ashgar, MD, Newark, NJ
Chris Sabatino, BS, Newark, NJ
Virak Tan, MD, Newark, NJ

Objectives To evaluate the bending and torsional rigidity
of five different fixation constructs commonly used for
ORIF of radial head/neck fractures.

Methods Using six fresh frozen cadaveric radii, fractures
of the radial neck were created 2cm from the articular
surface. The fracture was stabilized with five different
commonly used constructs: crossed K-wires; a 2.4 mm
T-plate using screws in the head (T Plate+screw); a T-
plate using locking buttress pins in the head (T Plate); a
T-plate with an interfragmentary screw from the shaft
retrograde, through the plate into the head (RetrolFrag);
and a T-plate with an interfragmentary screw from a non-
articular portion of the head antegrade into the shaft
(AntelFrag). All constructs were tested for bending and
torsional rigidity in an Instron mechanical testing
machine. Loads used were well below failure. Statistics
were performed using ANOVA and individual statistical
differences were determined by Fisher’'s PLSD method.

Results In torsion, all plating constructs were significant-
ly more rigid than pinning. Bending tests in the plane of
the crossed K-wires showed surprising rigidity. Locking
bolts versus screws into the head did not significantly
increase rigidity in either torsion or bending. The addition
of an interfragmentary screw significantly increased
rigidity in both torsion and bending. These results are
shown in Table 1, and Figures 2 and 3.

Conclusions Operative fixation of radial head and neck
fractures is technically difficult. Open treatment of these
fractures has high rates of non-union and hardware fail-
ure. This is the first paper to evaluate fixation constructs
for radial head/neck fractures. Plating is significantly
more rigid than pinning in torsion. The addition of a lag
screw across the neck fracture significantly improves
stability of the construct.

Table 1. Torsional and Bending Rigidity of Radial Head ORIF Constructs

Torsion (N-m) Bending (N-m)

KWWITE. et e e e e e e e e e s e e ananes
T PlALE. .ot

T Plate + Screw.

Retrograde Iflag ........ocooveiiiiiiiee e
Antegrade Iflag ........ooceeeiiiiiii e

Figures 2 and 3 on page 32
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........................................ 2.17 + 68...............5.25 + .014
......................................... 3.61+ .67................4.02 £ .269

L3791 3l 3.98 + .328
......................................... 454+ 42........... 475 £ .641
......................................... 5.20 + .67................5.24 £ .120
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Paper #28 (cont.)

Biomechanical Stability of Fixation Constructs for ORIF of Radial Head Fractures

John T. Capo, MD, Newark, NJ
John Ashgar, MD, Newark, NJ
Chris Sabatino, BS, Newark, NJ
Virak Tan, MD, Newark, NJ

Figure 2. Bending Stiffness of Radial Head ORIF Figure 3. Torsional Stiffness of Radial Head ORIF
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Paper #29

Primary Osteoarthritis of the Elbow: Evaluation of Morphologic Predisposition,
Results of Operative Debridement at Intermediate Follow-Up and Basis for a New

Classification System

Lance A. Rettig, MD, Baltimore, MD
Hill Hastings I, MD, Indianapolis, IN
Judy R. Fineberg, PhD, Indianapolis, IN

Objectives \We present morphologic analysis of the
ulnotrochlear (UT) and radiocapitellar (RC) joints in
osteoarthritic (OA) disease and normal elbows to deter-
mine if joint anatomy predisposes to the development of
primary osteoarthritis. A classification system for the
staging of elbow OA was developed and applied to more
accurately assess intermediate follow-up results after
open elbow debridement utilizing a lateral collateral liga-
ment sparing approach.

Methods Eight different morphologic parameters were
defined and measured from radiographs of 24 primary
OA and 127 non-OA elbows to evaluate morphology of
the UT and RC joints. Statistically significant differences
between the two groups were found for the lateral
trochlear facet angle, and radial axis to capitellar center
distance. Based upon common patterns of arthritic
involvement identified on anteroposterior and lateral
radiographs, the elbows were classified according to
one of three classes. Stage | shows degenerative
changes of the UT joint with coronoid and olecranon
spurring but no changes at the RC joint. Stage Il shows
degenerative changes at the UT and RC joints, mild joint
space narrowing at the RC joint, and marginal osteo-
phytes of the radial head and proximal radioulnar joint.
Stage Il shows similar changes as in Classes | and Il,
but in addition has subluxation of the RC joint.
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Results Seventeen of eighteen patients who underwent
elbow debridement were clinically and radiographically
evaluated after a mean follow-up of 65 months (35-112
months). Clinical data for the entire cohort and compar-
isons among the three classes were statistically analyzed.
The average Mayo Elbow Performance Score (MEPS)
was 85.8 with an average 30° gain in total range of
motion (TROM) at follow-up. Among the three classes,
there were statistically significant differences encoun-
tered for pain score, TROM (Class 1=125°, Class [I=115°,
Class 111=101°), MEPS (Class 1=95, Class [1=83.8,
Class 111=76.7), and Mayo Task Scores (Class 1=47.3,
Class 11=45.8, Class Il1=41.5).

Conclusions Open elbow debridement and capsular
release through a lateral collateral ligament preserving
approach resulted in functional improvement in all
patients at intermediate follow-up. This newly developed
classification system can help predict post-operative fol-
low-up outcomes with lower performance scores
expected as stage of arthritic involvement increases. The
trochlear and radiocapitellar radiographic parameters we
have defined showed few morphologic differences
between primary OA and non-OA elbows.
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Paper #30

Reconstruction with Osteochondral Autograft for an Advanced Lesion of
Osteochondritis Dissecans (OCD) of the Elbow

Kozo Shimada, MD, Izumisano, Japan
Takeshi Yoshida, MD, Amagasaki, Japan
Ken Nakata, MD, Amagasaki, Japan

Masayuki Hamada, MD, Hirakata, Japan

Objectives Baseball is very popular in Japan and a lot of
young athletes are still suffering from OCD of the elbow.
Treatment should be conservative in an early stage but it
is still controversial for an advanced stage. We have tried
osteochondral autograft from the patients’ knee
described by Bovic to reconstruct the cartilaginous
defect of the elbow in order to obtain the former sports
activity. This is a report of the results.

Methods Nine male patients (age: 12 to 17 with mean of
14 years) received this procedure and were followed
more than eighteen months (follow-up: 18 to 30 with
mean of 22 months). Lesion diameter was 13mm to
20mm with mean of 15mm. Two to five cylindrical
osteochondral bone plugs were transferred from a lateral
femoral condyle to the cartilaginous defect of the
capitellum humeri. Elbow function was assessed by the
Japanese Orthopaedic Association Score (JOA score).
Radiographic evaluation was performed in terms of per-
centage of radio-capitellar congruity (fig.1) at postopera-
tive six, twelve months and last follow-up. Cartilage was
also evaluated by MRI T2* images. In four cases, second
look was performed at six to twelve months after surgery
and histological evaluation was performed.

Results Bony union was achieved in three months in all
cases. Elbow JOA score was 75 pts in the first case (fair)
who was already showed arthritic change before surgery.

The other eight patients recovered well (91pts to
100pts) in six months and returned to the former sports
activity. Average JOA score was 83pts before surgery
and improved to 94pts at FU. Good congruity of the
radiocapitellar joint was observed by radiograms (radio-
capitellar congruity was 35% before surgery and
improved to 56% at FU), MRI and identified at second-
look (Fig.1). In histology, cartilaginous viability was con-
firmed by proteoglycan formation. Most of the patients
showed good clinical outcome, however, one patient
showed recurrence of the free body at postoperative
twenty-four months probably because of subchondral
fracture of the osteochondral bone plug which was
inserted in the most lateral portion of the lesion.

Conclusions Osteochondral autograft is one of the surgi-
cal options for large advanced lesions of OCD of the
elbow although long-term follow-up study is inevitable.
Recipient site is small in the elbow comparing to the
knee, so insertion of osteochondral plugs should be
careful to avoid poor outcome.

References
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Figure 1. Case 3: 15 Years Old. Operative Findings and X-ray Evaluation
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Paper #31

Surgical Treatment of Post-Traumatic Elbow Stiffness

Min Jong Park, MD, Seoul, Korea
Hyung Gun Kim, MD, Seoul, Korea
Jong Youl Lee, MD, Seoul, Korea

Objectives There are various causes of elbow stiffness
following trauma. We analyzed the clinical results of
surgical treatment in patients with post-traumatic stiff
elbows.

Methods \We performed operative release of the elbow in
27 patients who had post-traumatic stiffness at an aver-
age of 15.5 months after the initial injury. All patients had
stiffness of less than 100 degrees of motion arc in spite
of conservative treatment after the injury. The causes of
stiffness in all patients were considered to be extrinsic.
Patients who had initial intra-articular fractures were
healed successfully without major incongruity.
Contractures developed after burn or brain injury was
excluded. Preoperatively measured mean limitation of
extension was 39.6 degrees and mean flexion was 86.3
degrees. Intraoperatively, our goal of motion, which was
from 20 to 130 degrees flexion, was successfully
achieved in all patients. Ulnar nerve release was per-
formed in 18 patients during the operation. On the basis
of radiographs and operative findings, patients were
divided based on the presence (18 cases) or absence (9
cases) of ectopic ossification; and on the involvement of
articular surface (13 cases) or not (14 cases). The final
arc of motion and ratio of desired gain were compared
between each group by the Mann-Whitney U test at an
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average follow-up period of 22.5 months (range, 12-43
months).

Results The mean postoperative limitation of extension
was 18.9 degrees, and the mean postoperative flexion
was 120.7 degrees. The arc of elbow motion was
improved in all patients after the operation. The mean
final arc was 110.0 degrees for ectopic ossification
group and 85.6 degrees for non-ectopic ossification
group, showing significantly higher final arc in the
ectopic ossification group. The ratios of desired gain
were 93.4% and 68.4%, respectively, being significant-
ly higher in the ectopic ossification group. In terms of
the articular surface involvement, there was no signifi-
cant difference between the two groups. Complications
included one deep infection, one ulnar neuropathy and
one ectopic bone formation.

Conclusions \When performing operative treatment of
post-traumatic stiff elbow, assessment of the cause of
stiffness is important. In patients who have stiff elbows
associated with ectopic ossification, satisfactory results
can be expected with operative treatment if the ectopic
bone is matured. In patients who have stiff elbows due
to capsuloligamentous contracture, a careful postopera-
tive management is required to minimize a loss of
motion arc that has been achieved operatively.
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Paper #32

Operation for the Post-Traumatic Stiff Elbow

Hiroyasu lkegami, MD, PhD, Tokyo, Japan
Shinichiro Takayama, MD, PhD, Tokyo, Japan
Yoshiyasu Ito, MD,PhD, Tokyo, Japan

Yukio Horiuchi, MD, PhD, Tokyo, Japan

Objectives \We evaluated the surgical outcomes of the
post-traumatic stiff elbow, and the study of condition
and treatment through operation was described.

Methods From January 1984 until December 2000, 257
patients with a stiff elbow underwent our operative
treatment. Of these patients, 129 patients developed
elbow contracture after a traumatic injury to the upper
extremity. There were 94 males, 35 females with an
average age of 30 years old (range 6-58). Our tactics for
the treatment for the stiff elbow are as follows:

At first, we investigate whether there is bone incon-
gruity or not. If there is bone incongruity, this incongruity
has to be treated by operation. If there is not, conservative
treatment by a dynamic splint is primarily administered.
If conservative treatment is not effective, then we carry
out operation using a medial skin incision to resect pos-
terior oblique fibers & capsule. Of course if there is an
operation scar, we generally use it. Plain radiographs and
tomograms were useful in detecting bony spurs and
ectopic ossification. Two separate skin incisions, medial
and anterior, were used in most cases. Scarred thickened
posterior oblique fibers of the medial collateral ligament
were usually found. The most effective procedure to
improve elbow flexion was resection of the thickened
fibers or the ectopic ossification.

Figure 1. Medial Approach

Results Patients were evaluated at an average of 55
months after contracture release (range 18 to 120
months). Motion at final follow-up averaged 125 degrees
of flexion, -15 of extension; 70 of pronation and 70
supination. The average improvement in range of motion
during operation was 63 degrees (36 degrees in flexion,
27 degrees in extension). The observation during the
operation found the cause to be one or more: medial
components (115 cases), lateral components (33 cases,
of which 31 cases were bony abnormality), and other
components (50 cases).

Conclusions Before the operation for the post-traumatic
stiff elbow, the causes of contracture have to be inves-
tigated thoroughly. These causes are eliminated by a
minimal invasive surgery to allow active flexion and
extension exercises as soon as possible. If there is bony
abnormality, we treat this abnormality first. If there is
not, we choose a medial skin incision, because thickening
of the posterior oblique fibers of the medial collateral
ligament is the most common cause of stiffness.

References

ltoh, Y., et al.: Operation for the stiff elbow. International
Orthopaedics 13: 263-268,1989.

Figure 2. After resection of POL (posterior oblique
ligament)
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Paper #33

Hinged Elbow Fixation for Severe Elbow Contracture

Jesse B. Jupiter, MD, Boston, MA
Robert N. Hotchkiss, MD, New York, NY
Daniel Guss, BS, Boston, MA

Objectives Hinged external fixation with a worm gear
mechanism can improve the arc of ulnohumeral motion
after open release of severe elbow contracture by grad-
ually stretching contracted muscles.

Methods Forty-two patients were evaluated at an aver-
age of thirty-nine months after operative release of a
post-traumatic severe elbow contracture (defined as
less than 40 degrees initial range of motion). Twenty-
three patients in whom a hinged external fixator incor-
porating a worm gear was applied and used for static
progressive stretch post-operatively during the early part
of the series were compared to nineteen patients that
were treated without hinged external fixation during the
later part of the series as the hinge was used less fre-
quently. The operative techniques did not otherwise
change during the study period. Demographics, injury
characteristics, and associated problems were compara-
ble between groups
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Results The average gain in range of motion was 89
degrees in patients with hinge application and 78
degrees in patients treated without a hinge. This differ-
ence was not statistically significant with the numbers
available (p=0.175). Complications associated with
hinge wear included pin track sepsis managed non-oper-
atively, one case of pin track osteomyelitis, one ulna
fracture through a pin site, two broken Schantz screws,
and irritation of the ulnar nerve in two patients.

Conclusions Open release of severe elbow contracture
results in substantial gains in motion, with or without
hinged elbow fixation. The slightly greater average
improvement in motion with the hinge might be statisti-
cally significant in a larger study, but may not justify the
greater risk, expense, and complications associated with
hinge use.
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Paper #3,

Central Slip Tenotomy for the Treatment of Chronic Mallet Finger: An Anatomic Study

Robert J. Strauch, MD, New York, NY
Jerome Donald Chao, MD, New York, NY
Vishal Sarwahi, MD, New York, NY

Yong Sing S. da Silva, BA, New York, NY

Objectives Mallet finger (closed or open terminal tendon
disruption) will often result in a chronic distal interpha-
langeal (DIP) joint extensor lag, even with adequate initial
treatment, due to slight lengthening of the healed tendon.
Tenotomy of the central slip, described by Fowler, can
clinically improve chronic DIP extensor lag by allowing
the finger extensor mechanism to slide proximally,
thereby reducing the ‘slack’ in the terminal tendon. To
our knowledge, no anatomic or biomechanical study has
studied the amount of extensor lag that is correctable
with a central slip tenotomy. The goal of this study is to
evaluate the potential of central slip tenotomy to restore
DIP joint extension, with respect to the severity of the
pre-existing extensor lag.

Methods Fourteen fresh frozen cadaver fingers (age
range 22 to 46 years) that were free of joint contractures
were used for this study. The skin over the dorsal aspect
of the fingers was removed. The extensor tendon inser-
tion was identified and a suture anchor placed into the
bony insertion. The extensor tendon was then sectioned
over the DIP joint, producing a mallet deformity. The
braided suture-anchor suture was then secured to the
extensor tendon over the middle phalanx with 2 hemo-
clips to simulate lengthening of the tendon that might

occur with healing. The degree of extensor lag produced
was measured with an analog goniometer. A 5 pound
weight attached to the proximal extensor tendon over
the hand provided a uniform traction force. Central slip
tenotomy was then performed by lifting the extensor
tendon from the ulnar side and completely sectioning
the insertion on the middle phalanx. Measurements
of the degree of extensor lag pre- and post-tenotomy
were made.

Results Following sectioning of the extensor tendon over
the DIP joint, the average amount of extensor tendon lag
produced was 45° with 5 pounds of proximal traction.
After performing central slip tenotomy, the average
amount of extensor lag correction was 36°. The largest
extensor lag able to be corrected measured 46°.

Conclusions Several clinical studies have demonstrated
that central slip tenotomy is an effective treatment for
chronic mallet finger, but may not fully restore DIP joint
extension. In this study, a DIP joint extensor lag of up to
46° was fully correctable with central slip tenotomy, but
the average degree of correction was 36°. Patients with
a pre-existing extensor lag of greater than 36° may not
achieve full correction with central slip tenotomy.
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Paper #35

Effect of Partial Resection of A2 and A4 Pulleys on Finger Joint Torques and Radii

Mark H. Gonzalez, MD, Chicago, IL
Jonathon W. Sensinger, BS, Evanston, IL
James C. Chow, MD, Chicago, IL

Farid Amirouche, PhD, Chicago, IL

Objectives Surgical repair of flexor tendons may require
“venting” of the pulley for proper exposure. Studies
show that 50% of the A-2 pulley and 75% of the A-4
pulley may be transected without significant changes in
kinematics. The location of this transection is significant
in determining the kinetic behavior of the pulley system.
The objectives of this study are to provide evidence for
the role of location of pulley transection on joint torque
and radius alteration.

Methods (ndex and little fingers of 10 fresh-frozen cadaver
hands were studied. FDP excursion was generated and
measured by a computerized servo, providing constant
force, which was later measured. MCP, DIP, and PIP
joint ROM were measured in relation to excursion using
simultaneous data acquisition of micro-potentiometers
placed at the respective centers of joint rotation. The
data was filtered and analyzed to assess the dynamic
biomechanics. This data yielded joint torques, and from
this data combined with the force exerted by the motor,
pulley moment arms (radii) were computed. These

Figure 1. A2 Torque Comparison
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results were analyzed for both an intact finger pulley
system and one with partial excision. A2 and A4 pulleys
were isolated and transected for the respective studies.
All other pulleys remained intact.

Results 1.17 N was applied at all times. Proximal A2 tran-
section had a 740% greater effect on torque at the MCP
than distal transection, and a 244% greater effect on
torque at the PIP than distal transection. Distal A4 tran-
section had a 170% greater effect on torque at the MCP
than proximal transection, and a 400% greater effect on
torque at the PIP than proximal transection.

Conclusions The results demonstrate that distal A2 tran-
section and proximal A4 transection better preserve joint
dynamics, both in terms of joint torque and in minimiza-
tion of bowstringing (by preserving radius). These findings
concur with previous kinetic research focused solely on
torque, and provide a link between joint torque and radius
demonstrating that a biomechanical model of the joint
provides an optimum solution both in terms of kinematics
and kinetics.

Figure 2. A4 Torque Comparison
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Paper #36

Work of Flexion After Flexor Tendon Repairs: Effects of Number of Strands and

“Pre-Stress” Maneuver

Yann Dausse, MD, Nancy, France
Gilles Dautel, MD, Nancy, France
Francois Dap, MD, Nancy, France

Objectives New multistrand techniques can improve
mechanical resistance of flexor tendon repairs. Among
numerous published studies, only a few authors were
interested in tendon friction. It can lead to peritendinous
adhesions, a factor in bad clinical results after flexor ten-
don repair. We tried to establish a correlation between
friction of sutured tendon and number of strands of
the repair.

Methods Frictions can be measured by increase of work
of flexion (WOF). We have built a specific machine for
evaluation of WOF in an in situ curvilinear cadaver hand
model. The method consists in simultaneous stress
measure while pulling a flexor profundus tendon. Area
under stress-excursion curve (Figure 1, page 41), between
start of movement and palmar contact, represents WWOF.
We compared 80 human tendons. 20 of them were
repaired by either the modified Kessler technique or a
multistrand technique (4-strand double loop, 6-strand
Savage or 8-strand Winters). Results were statistically
evaluated by one-way ANOVA and t-test of student.

Results \We noticed an important improvement of stress
levels after the first pull, but no further improvement in
the next trials. We called this effect “pre-stress” as it
was sometimes not measurable when digit was
stressed before the first flexion. Only the second trial or
next ones were used for WOF evaluation. We found a
significant increase of WOF between modified Kessler
(7.0 (2.8%) and multistrand techniques (13.6 (5.2%,
p=0.001). No difference was discernable between mul-
tistrand sutures. There was no influence of the repaired

digit. Modified Kessler and Winters techniques were
faster and easier to perform than double loop (p=0.01) or
Savage methods (p<0.00001).

Conclusions \WOF is higher in multistrand repairs than in
modified Kessler. Its elevation is due to the important
bulk of the Winters technique, the external location of
knots in the double-loop technique and the excessive
number of epitenon grasps in the Savage technique.
None of these multistrand techniques is ideal. Among
them, Winters technique is the faster and easier to per-
form. Its important bulk, due to the 8 strands of core
suture, should be reduced before any clinical use. The
“pre-stress” effect greatly improves biomechanical regi-
men of sutured tendon. This effect is due to a morpho-
logical adaptation of the suture when it is actively pulled
through a pulley. It should always be sought in human
operative procedures by an active pull of sutured tendon.

References

Lane JM, Black J, Bora FW. Gliding function following
flexor-tendon injury. A biomechanical study of rat tendon
function. J Bone Joint Surg 1976; 58A:985-9.

Aoki M, Manske PR, Pruitt DL, Larson BJ. Work of flex-
ion after tendon repair with various suture methods. A
human cadaveric study. J Hand Surg 1995; 20B:310-3.

Thurman RT, Trumble TE, Hanel DP, Tencer AF, Kiser PK.
Two-, four-, and six-strand zone |l flexor tendon repairs:

an in situ biomechanical comparison using a cadaver
model. J Hand Surg 1998; 23A:261-5.

On the Shoulders of Giants: ASSH 58th Annual Meeting



Saturday, September 20 10:30 a.m.
Clinical Session VI

Paper #36 (cont.)

Work of Flexion After Flexor Tendon Repairs: Effects of Number of Strands and
“Pre-Stress” Maneuver

Yann Dausse, MD, Nancy, France
Gilles Dautel, MD, Nancy, France
Francois Dap, MD, Nancy, France

Figure 1. Example of Stress-Excursion Curve Figure 2. “Pre-stress” Effect
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Superficialis Repairs Exert Different Effects on the Healing Profundus Tendons within

or Proximal to the A2 Pulley

Jin Bo Tang, MD, Nantong, People’s Republic of China

Yan Xu, MD, Nantong, People’s Republic of China

Objectives Repair of both superficialis (FDS) and profundus
(FDP) tendon was shown to produce poor outcomes in
the areas where major pulleys exist. No studies delineated
differential effects of superficialis repairs on the profundus
between the areas under or proximal to the pulleys. We
undertook a study to evaluate effects of the FDS repairs
on the healing FDP tendons of chickens following early
tendon motion.

Methods Both long toes (70 totally) of 35 leghorn chickens
were divided into 3 groups. The FDS and FDP tendons in
11 chickens were transected in the area covered by a
major pulley. In the other 11 chickens, the tendons were
cut proximal to the pulley. Both FDS and FDP were
repaired on the left, and only the FDP was repaired on
the right. The toes underwent passive flexion for 3
weeks, and function was evaluated at 8 weeks. (1)
Gliding excursion: With an Instron tensile machine, the
FDP excursion was measured during toe flexion. (2)
Work of flexion: The work needed to flex the toes was
recorded. (3) Areas of adhesions. (4) Extent of adhesion:
Severity of adhesion was graded. The long toes of the
13 un-operated chickens were tested to obtain normal
excursion values.

Results Tendon Excursion: The FDP excursion was 17.2
+/- 5.3 mm in the toes where only the FDP was repaired
within the pulley, which was significantly greater than
excursion after both repairs (13.5 +/- 2.9 mm) (p<0.01).
However, when tendons were cut proximal to the pulley,
the excursion (15.6 +/- 3.8 mm) after only the FDP was
repaired was not significantly different from that after
repair of both tendons (14.6 +/~ 2.4 mm). Work of
Flexion: The work of flexion was statistically greatest in
the toes with both tendon repairs within the pulley
(p<0.001). The work of flexion in toes with single or dou-
ble tendon repairs proximal to the pulley was statistically
the same. Areas/Extent of Adhesions: Adhesions were
significantly greater after both tendon repairs than after
single FDP repair within the pulley (p<0.05).

Conclusions Repair of both tendons worsens the function
of the FDP tendon within the major pulleys; however,
repair of both tendons yields functional outcome equiva-
lent to that following repair of only FDP tendon. This
study suggests reconsideration of FDS tendon treatment
according to the existence of major pulleys and areas
merely with synovial sheath.
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Prospective Study after Primary Repair of Flexor Tendons in Zone Il: Comparison of
Two Methods of Early Mobilization (Kleinert Versus Strickland Protocol)

Joel Vialaneix, MD, Nancy, France
Didier Petry, MD, Nancy, France
Francois Dap, MD, Nancy, France
Gilles Dautel, MD, Nancy, France

Objectives This prospective randomized study was
designed to compare two methods of early mobilization
(Kleinert versus Strickland protocol) after primary repair
of flexor tendons in zone |I.

Methods Group | (Kleinert) was composed of 19 patients
whereas 16 patients belonged to the group Il
(Strickland). In the overall series the mean age was 35
years. 15 patients (42.8%) were manual worker, 10
(28.6%) were students and 2 were unemployed.
Patients with associated lesions (vessels or nerves
injury, soft tissue defects, fractures) that precluded the
use of early motion were excluded from this series. A
hospital stay of at least 6 days was required to learn the
basis of the mobilization protocol. Rehabilitation was
started day 3 post-operative. Primary repair was per-
formed as an emergency procedure using a 4/0
absorbable Tsuge core suture and a peripheral epitenon
running suture (6/0 Prolene). The Kleinert protocol for
protected early motion was applied in all patients of
group | (reference 1). Early active motion according to
Strickland recommendations was applied in group I (ref-
erence 2, 3). Fingertip to palm distance was evaluated in
addition to measurement of active range of motion.
Results were classified as excellent, good, fair, or poor,
according to Strickland's scale.

Results Mean follow-up in this series was 18 months.
Subsequent procedures were required in 8 patients,
including 5 tenolysis, one DIP fusion and 2 flexor tendon
grafts (due to late rupture). Results in both groups are
listed in Table |. At final follow-up, good or excellent
results were obtained in 100% of group | versus 92% in
group Il. This difference was not statistically significant
(Student test). Mean period out of work was 14.2 weeks
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in the overall series. Using Strickland’s scale, after 8
weeks, we find 95% of good and excellent results with
the Kleinert mobilization, versus 75% for Strickland.
After 12 weeks, we find 94% versus 81%. At the end of
the study, we find 100% versus 92%. The average job
inability was 14.2 weeks with extremes 9 to 44.

Conclusions This study does not show any significant dif-
ference in terms of functional outcome between the
two groups. It is our opinion that both of them can lead
to good results, providing that they are strictly applied in
motivated patients. However the price to pay is several
days hospital stay followed by a long-standing rehabilita-
tion program.
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Table 1. Percentage of Good and Excellent Results

Kleinert Group Strickland Group

8Weeks 95 75
12 Weeks 94 81
24 Weeks 100 92
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Functional Outcomes of the Massachusetts General Hospital Flexor Tenorrhaphy and

Early Protected Active Motion

Bradon J. Wilhelmi, MD, Springfield, IL
Robert H. Kang, MD, Richland, Ml

James W. May, Jr., MD, Boston, MA

W. P. Andrew Lee, MD, Boston, MA

Objectives Of the several described flexor repair tech-
nigues, the ideal tendon repair should be strong enough
to allow for early active motion to minimize adhesion for-
mation and maximize tendon healing, ultimately to opti-
mize functional outcomes. The Massachusetts General
Hospital (MGH) flexor tenorrhapy is similar to the Becker
repair. The MGH repair is different from the Becker
because of the addition of an epitenon suture and
approximation of the cut tendon ends as is, transverse-
ly, without the fashioning the cut ends in the oblique
configuration. Biomechanical studies have proven the
MGH repair to be stronger than other techniques and to
allow for early active motion.

Methods \We performed 220 flexor tendon repairs for 61
patients consecutively over 4 years when early active
motion was not contraindicated. The median follow-up
was 28 weeks. Of these 61 patients, 48 were men and
13 were women. The average patient age was 27 years.
Of the 220 flexor repairs 8 were Zone | injuries, 28 were

Zone Il, 10 were Zone llI/IV, and 168 were Zone V, and 6
were zone || FPL tendon repairs. The total active motion
for these repairs per zone of injury was 243 degrees for
Zone |, 231 degrees for Zone I, 245 degrees for Zone
I1I/IV, 236 degrees for Zone V and 144 degrees for FPL
repairs. None of these patients required a tenolysis
procedure.

Results Overall, 130/139 digits (93.5%) attained good to
excellent function and 117/137 (85.4%) developed some
differential glide. None of these patients required a
tenolysis. Three of the patients (3/61patients, 5%) and
five repairs (5/220 repairs, 2.3%) ruptured due to suture
breakage and were associated with non-compliance
with the dorsal extension block splint.

Conclusions Our retrospective of review of 220 consecu-
tive flexor tendon repairs with the MGH technique,
which allows for early, protected active motion resulted
in 93.5% good to excellent functional outcomes and an
acceptably low complication rate.
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Anatomical Tilt Views of the Distal Radius: An Ex-Vivo Analysis of Operative Fixation

Kenneth J. Korcek, MD, New London, CT
Martin |. Boyer, MD, St. Louis, MO

Richard H. Gelberman, MD, St. Louis, MO
Bradley A. Evanoff, MD, St. Louis, MO

Objectives Evaluation of hardware placement subjacent
to the articular surface of the distal radius is often diffi-
cult on standard PA and lateral radiographs. This is due
to the normal anatomical angulation of the articular
surface in the PA and lateral planes. The objective of this
investigation was to evaluate the accuracy, sensitivity,
specificity, reliability and usefulness of anatomically tilt-
ed radiographic views of the distal radius in detecting
articular penetration by fixation screws.

Methods Twenty-four cadaver specimens were instru-
mented with a dorsal distal radius plate and screws.
Three groups were created based on screw penetration
of the articular surface: 1, no penetration, 2, radial-most
screw penetration, 3, ulnar-most screw penetration.
Standard PA and lateral, as well as, anatomically tilted
radiographs (23 degree inclined lateral and 11 degree
incline PA) were obtained. Radiographs were evaluated
by three observers who were blinded to screw position.
Observers recorded whether or not screw penetration
of the articular surface had occurred, and if so, which
screw (radial, ulnar, or neither) had penetrated the joint.
Data were analyzed for observer accuracy in detection of
screw penetration, its location, the sensitivity and speci-
ficity of each view, interobserver reliability, and subjective
observer confidence in their determinations.

Results There were statistically significant improve-
ments in the anatomical tilt versus standard views in the
following measures:

1. Accuracy in detection of screw penetration on isolated
anatomical tilt lateral views (0.93 vs. 0.64, p<0.001).
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2. Accuracy of determination of the position of the pen-
etrated screw on isolated anatomical tilt PA and com-
bined anatomical tilt views (0.79 vs 0.36, p<0.001).

3. Sensitivity and specificity in detecting screw penetra-
tion on the isolated anatomical tilt lateral view (sensi-
tivity 0.98 vs. 0.77, p<0.001, specificity 0.83 vs 0.38,
p<0.001).

4. Interobserver reliability in determining articular screw
penetration (Kappa 0.80-0.90 vs. 0.00-0.12).

5. Confidence of the observer in the determination of
screw penetration as well as its position on all views
(penetration 92% vs. 46%, and location 82% vs.
46%, p<0.001).

Conclusions These data suggest that anatomical tilt radi-
ographs are superior to standard radiographs in detecting
and localizing screws that penetrate the articular surface
of the distal radius. Anatomical tilt radiographs significant-
ly improve observers' confidence in their assessment. 11
degree anatomical tilt PA and 23 degree anatomical tilt
lateral radiographs could therefore be of substantial use
in the evaluation of hardware position near the articular
surface of the distal radius.
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The DRUJ in Isolated Radial Shaft Fractures: Are They All Galeazzi Lesions?

David C. Ring, MD, Boston, MA
Richard Rhim, BA, Boston, MA

Creg Carpenter, MD, Boston, MA
Jesse B. Jupiter, MD, Boston, MA

Objectives \Whereas the existence of isolated ulnar shaft
fractures without radioulnar instability (the so-called
“night-stick” fracture) is well accepted, isolated fractures
of the radial diaphysis are expected to have associated
instability of the distal radioulnar joint (DRUJ).

Methods Two hundred and sixty two patients with dia-
physeal forearm fractures were treated at two institu-
tions over a 15-year period. Forty-two patients (16%)
had fracture of the radius without fracture of the ulna.
Six patients had less than 6 months follow-up and were
excluded, leaving 36 injuries to study. Displacement
(widening or ulnar variance) of the DRUJ was character-
ized as follows: greater than 1 cm displacement was
considered substantial displacement; less than 0.5 cm
was considered minimal displacement and; between 0.5
and 1.0 cm was considered intermediate displacement.

Results Nine injuries had wide displacement of the
DRUJ, 16 had minimal displacement, and 11 were inter-
mediate. One patient had an isolated fracture of the
radius (middle third) and proximal radioulnar joint (PRUJ)
displacement. Five of the 9 radius fractures with
substantial DRUJ displacement were in the distal third,
3 the middle third, and one the proximal third of the
diaphysis. Among the 27 fractures associated with

minimal or intermediate displacement of the DRUJ, only
2 were in the distal third, with 22 in the middle third, and
3 in the proximal third. All of the fractures were treated
with plate and screw fixation (8 with autogenous bone
grafting) and all healed. Patients with substantial initial
DRUJ displacement had temporary pinning or immobi-
lization of the DRUJ. Patients with minimal or intermedi-
ate displacement were mobilized within 2 weeks. The
functional results were satisfactory or excellent accord-
ing to the rating system of Andersen, et al. in all but two
patients with functional limitations related to central
nervous system injury. No patient had DRUJ dysfunction
at the final follow-up.

Conclusions There is a spectrum of severity of DRUJ
injury in association with isolated fractures of the radial
diaphysis. Fractures with minimal displacement are
more common than those with substantial displacement,
suggesting that most of these fractures are not true
Galeazzi lesions. The distinction of lesions with greater
DRUJ injury cannot be based upon fracture location
alone. While the DRUJ and PRUJ need to be evaluated
carefully when treating an isolated fracture of the radial
diaphysis, many fractures can be treated successfully
without specific treatment of the DRUJ and with imme-
diate mobilization.
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Locking versus Non-Locking T-Plates for Dorsal and Volar Fixation of Dorsally-
Comminuted Distal Radius Fractures: A Biomechanical Study

Corey A. Trease, MD, Kansas City, KS
Terence Mclff, PhD, Kansas City, KS
E. Bruce Toby, MD, Kansas City, KS

Objectives \olar plates have been associated with fewer
tendon complications than dorsal plates but are thought
to have mechanical disadvantages when used in dorsally-
comminuted distal radius fractures. Locking plates may
increase construct strength and stiffness. This study
was conducted to see if locking volar plates may be suf-
ficiently strong to use on dorsally-comminuted distal
radius fractures.

Methods Fifteen pairs of embalmed radii were stripped of
tissue, radiographed, and randomized into either dorsal
or volar groups. Within each pair, a Synthes 3.6 mm
stainless LCP T-Plate (Locking Compression Plate) was
randomized to either the left or right radius. A Synthes
small stainless T-Plate was assigned to the contralateral
radius. Each radius was potted vertically and a 1 cm dorsal
wedge osteotomy was made 15 mm proximal to the
scaphoid fossa. Compressive load was applied axially
(2mm/s) to the distal end of each construct 15 mm from
the volar cortex. Failure was defined as the point of initial
load reduction due to bone fracture or substantial plate
bending. Independent variables included stiffness
and load to failure. T-tests and analyses of variance were
performed.

Results No statistically significant differences in stiffness

Figure 1. Mean Stiffness and Standard Deviation for
Each Treatment Group
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or failure load were found between volar plating with
locked and non-locked screws (paired, p>0.05). Though
not significant (p=0.16), mean stiffness of constructs
using dorsally applied locked plates was 51% greater than
constructs using non-locked plates. Plate placement,
volar or dorsal, was found to be a significant predictor of
both stiffness and failure strength. Dorsal constructs,
whether locked or non-locked, were more than two
times stiffer (p<0.05) than volar constructs. Mean failure
strength of dorsal constructs was 53% higher than that
of volar constructs. Failure for both volar locked and non-
locked constructs tended to occur as substantial plate
bending through the unfilled hole at the osteotomy site.
Failure for both dorsal locked and non-locked constructs
tended to occur due to bone fracture.

Conclusions No evidence was found that locking plates
increase the stiffness or strength of volarly-plated dorsally-
comminuted distal radius fractures. Axial failure strength
and axial stiffness are greater for dorsal constructs,
locked or non-locked, than for either volar locked or volar
non-locked constructs. Whether the lower stiffness and
failure strength are of clinical significance is unknown.
The unfilled hole at the site of comminution or osteotomy
is potentially a site of weakness in both the volar locked
and non-locked plates.

Figure 2. Mean Failure Strength and Standard Deviation
for Each Treatment Group
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Fragment Specific External Fixation of Distal Radius Fractures

David J. Slutsky, MD, Torrance, CA
Quiang Guo Doi, PhD, Loma Linda, CA

Objectives To determine if nonjoint bridging external fixa-
tion of intra-articular distal radius fractures can withstand
the expected loads that occur with passive wrist motion.

Methods 12 unembalmed potted cadaver forearms with
an 89 N preload underwent Instron testing. A dorsal
capsulotomy was performed for joint inspection. A 3
part intra-articular fracture was created in 4 specimens
and stabilized with two 3 mm radial styloid pins and two
dorsal pins, plus either 1 or 2 nonjoint bridging fixators.
A 4 part intra-articular fracture was created in the next 8
specimens and tested with a single custom fixator with
a dorsal sidearm. Specimens were loaded in extension
at a constant rate of 25 mm/min. The carpus was
removed, then specimens were axially loaded to 600 N
or 20 mm of displacement. Computerized data was plot-
ted graphically. Rigidity was defined as the slope of the
straight-line region of the load-displacement curve.

Results In the first study, the mean stiffness with 4 pins
and 2 fixators was 116 N/mm in extension and 126
N/mm in axial loading. With 4 pins and 1 fixator, the stiff-
ness was 62 N/mm and 250 N/mm respectively. No joint
displacement was observed. In the second study, the
stiffness ranged from 17-96 N/mm in extension loading,
with a mean of 48 N/mm, and ranged from 100-350
N/mm in axial loading, with a mean of 235 N/mm. During
extension loading, there was gapping of the articular sur-
face in 2/8 specimens due to leverage on the dorsal
sidearm by the carpus. In axial loading, there was a 2

mm gap in specimen 4 at 500 N, and a 1 mm lunate
fossa depression in specimen 5 at 200 N.

Conclusions Previous studies demonstrate that double
plate fixation along the dorsoradial and dorsoulnar
columns of the radius are stronger than a dorsal AO T-
plate and _ plate, with a mean stiffness of 235 N. By
incorporating the principle of separate fixation of the
radial and ulnar columns using either two fixators or one
custom designed external fixator, comparable stiffness
in axial loading was achieved. There was no observable
displacement of the articular surface in 10/12 specimens
at load levels which exceeded those that occur with
active wrist motion. This study supports the use of non-
bridging external fixation allowing immediate wrist
motion for AO type C2 and C3 fractures when the medi-
al fragment is large enough for fixation with at least 2
dorsal pins.
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Relationship between Fracture of the Ulnar Styloid and DRUJ Instability—

A Biomechanical Study

Toshiyasu Nakamura, MD, PhD, Tokyo, Japan
Owen J. Moy, MD, Buffalo, NY

Clayton A. Peimer, MD, Evanston, IL

Craig Howard, BS, Buffalo, NY

Objectives Fracture of the ulnar styloid is commonly
associated with distal radius fractures or Galeazzi
fracture-dislocations. It may also occur independently
from a direct blow to the distal ulnar aspect of the wrist.
Ulnar styloid fracture is mostly asymptomatic and often
ignored or treated simply with immobilization unless
instability of the DRUJ is recognized. The relationship
between fracture of the ulnar styloid and DRUJ instability
has not been clarified. In this study, we examined
changes in DRUJ stiffness after simulating four types of
fracture pattern; tip, middle, base horizontal and base
oblique, using MTS machine.

Methods Ten specimens from fresh-frozen cadavers
were used. All soft tissue was excluded with the excep-
tion of the soft tissue around the wrist, DRUJ and the
interosseous membrane. The radius was mounted on
the MTS machine and the ulna on the load cell with the
custom device allowing 60 deg pronation, neutral, and
60 deg supination. Dorsopalmar stability of the intact
DRUJ was tested at a velocity of 1.25 mm/sec in prona-
tion, neutral, and supination. After the tip, middle, base
horizontal, and base oblique type of the ulnar styloid
fracture was made sequentially (Fig. 1), dorsopalmar
stiffness of the DRUJ was examined. Additional hori-
zontal cutting of the radioulnar ligament at the fovea was
also simulated with the base horizontal fracture. Percent
contribution of each sectioning to DRUJ stiffness was
compared with intact.

Results The tip and middle portion of the styloid fractures
did not demonstrate loss of stiffness compared with the
intact. The base horizontal fracture demonstrates
10-22% loss of dorsopalmar stiffness of the DRUJ. In
contrast, the base oblique fracture demonstrates signifi-
cant instability of the DRUJ (35-70% loss). Additional
section of the radioulnar ligament with the middle and
base horizontal fracture induced significant (25-56%)
loss of stiffness of the DRUJ with the intact (Figs. 2-4,
please see page 50).
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Conclusions Ulnar styloid fractures including the RUL origin
may destabilize the DRUJ, as the radioulnar ligament
originates from the fovea to the base of the styloid of
the ulna. Base oblique fracture demonstrates DRUJ
instability if there is RUL tear. Tip or middle ulnar styloid
fracture may not demonstrate DRUJ instability.
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Figure 1. Ulnar Styloid Fracture
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An Analysis of Strength of the Forearm Under Resisted Forearm Rotation in Patients

with Painful Unstable Distal Radioulnar Joints

Juli Matsuoka, MD, Kawasaki, Japan
Richard A. Berger, MD, PhD, Rochester, MN
Lawrence J. Berglund, BSME, Rochester, MN
Kai-Nan An, PhD, Rochester, MIN

Objectives Evaluating a patient with suspected instability
of the painful distal radioulnar joint remains a difficult
problem. It is assumed that loss of torque strength due
to pain or instability will adversely affect forearm function.
However, no data has been published regarding the
torque strength of the forearm, the range of displace-
ment of the distal radius and ulna in varying forearm
positions with resistance to pronation and supination in
patients with painful instability of the DRUJ. We devel-
oped a new method that allows a quantitative in-vivo
measurement of forearm torque strength comparing the
behavior of injured and intact sides. This study evaluates
forearm torque strength on the patients with painful
DRUJ for clinical validation as preliminary study.

Methods 90 bilateral wrists of the 45 right hand-dominant
patients with pain at the injured DRUJs aged 14 to 71
were subjected for preliminary study. A custom made
testing apparatus was used to measure peak torque
strength of the forearm in both rotation pronation and
supination generated maximum active resistance in
three positions corresponding to neutral forearm rotation,
60° pronation, and 60° supination. Isometric muscle load-
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ing of the forearm was applied to DRUJ under the condi-
tions of resisted pronation and resisted supination in
each forearm position explained above. The apparatus
incorporated a torque cell, which was able to record the
peak torque strength. After the first measurement was
completed, local anesthesia was injected into the injured
DRUJ. A second torque measurement series was per-
formed with the same protocol to compare the differences
of the forearm torque strength of pre and post anesthesia
and also injured and uninjured sides.

Results The mean torque strength of the injured side
was significantly weaker than that of the intact side
before the local anesthesia was injected to the DRUJ for
both men and women. The mean torque strength of
post-injection was greater than that of pre-injection for
both men and women. The results of torque strength of
the forearm revealed differences that showed trends of
values related to testing condition.

Conclusions This method would be potentially useful to
evaluate patients suspected instability of DRUJ. Further
analysis will be carried out to define the underlying cause
of asymmetrical values obtained from our CT protocol.
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The Effects of Ulnar Shortening Osteotomy on the Ulnocarpal and Distal Radioulnar

Ligaments

Sovanrith Tun, MD, Chicago, IL
Elizabeth Dailey, BA, Chicago, IL
Daniel P. Mass, MD, Chicago, IL
Craig S. Phillips, MD, Chicago, IL

Objectives This study investigated the effects of sequen-
tial ulnar shortening on the ulnocarpal and distal radioul-
nar ligaments in a human cadaver model. Understanding
these effects will help delineate the indications of this
procedure, and quantify the ideal amount of shortening
when used for patients with ulnocarpal abutment, and
chronic triangular fibrocartilage complex (TFCC) tears.
Specific attention was made on recognizing the conse-
quences of ulnar shortening on the distal radioulnar joint
(DRUJ).

Methods Ten fresh-frozen cadaver upper extremity limbs,
free of pathology, were transected through the humerus
midshaft. The ulnotriquetral (UT), ulnolunate (UL), dorsal
distal radioulnar and volar distal radioulnar ligaments
were identified, and a DVRT was placed on each liga-
ment along the direction of the fibers. Each specimen
was mounted on a custom adjustable jig. An ulnar short-
ening osteotomy of 3.5 mm followed by 5.2 mm was
performed using the Rayhack Precision Osteotomy
System. Data was obtained with the forearm in posi-
tions of neutral, pronation and supination rotations.
Ligamentous strain was measured using integrated soft-
ware in all 3 forearm positions and 2 osteotomy widths.
Duncan’s multiple range tests and ANOVA F-tests were
performed to evaluate the effect of ulnar-shortening
osteotomies on the ligaments at different positions.
Significance was considered when p<0.05. Power analy-
sis justified the number of specimens tested.

Results The effect of wrist position on the strain of any
ligament was not statistically significant for an osteotomy
of 3.5 or 5.2 mm. For both osteotomies, the strain for
the ulnotriquetral ligament was statistically more than
for the ulnolunate ligament. The strain for the ulnocarpal
ligaments was also significantly more than from the
radioulnar ligaments (see Figure 1 on page 53). The dorsal
and volar distal radioulnar ligaments were not significantly
different; however, increased significantly with progres-
sive ulnar shortening. The increase in strain for each lig-
ament from a 3.5 mm osteotomy to a 5.2 mm osteotomy
was statistically significant (see Figure 2). Ligaments with
a higher initial strain (UT) increased significantly with pro-
gressive ulnar shortening.

Conclusions An ulnar-shortening osteotomy leads to
lengthening of the ulnocarpal and distal radioulnar liga-
ments of different amounts. The ulnotriquetral ligament
undergoes the most amount of strain. These ligaments
significantly lengthen and most likely tighten further
when a larger shortening osteotomy is performed.
Through preferential tension, an ulnar-shortening
osteotomy may stabilize the lunotriquetral joint in
patients with late stages of chronic TFCC tears.
Additionally, this procedure may increase the stability of
the DRUJ, which might lead to stiffness, or exacerbate
underlying DRUJ arthrosis.
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The Effects of Ulnar Shortening Osteotomy on the Ulnocarpal and Distal Radioulnar
Ligaments
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Paper #1,7

The Ulnocarpal Impingement Syndrome: Incidence of Carpal Lesions and Factors
Related to the Healing Rate of the Ulnar Shortening Osteotomy

Robert Otis Anderson lll, MD, Indianapolis, IN
Thomas J. Fischer, MD, Indianapolis, IN

Objectives  Ulnar shortening osteotomy is a proven
method to alleviate ulnar sided wrist pain for manage-
ment of ulnocarpal impingement syndrome. This study
was designed to identify the contributing factors which
lead to failure of the shortening osteotomy. We also try
to identify the incidence of associated carpal pathology
in those treated with ulnar shortening osteotomy.

Methods \We evaluated 216 consecutive cases from 212
patients who underwent ulnar shortening from
10/11/1988 to 11/15/2001. We independently evaluated
factors which may lead to failure including the plane of the
osteotomy (transverse or oblique), LAC immobilization,
subperiosteal versus extraperiosteal plate placement,
type of plate (LCDC or DC), use of AO compression
device, interfragmentary screw use, plate position, and
smoking history. We also attempted to quantify and
qualify the intra-articular pathology in those wrists under-
going ulnar shortening osteotomy. To do this we felt it
was necessary to delineate the underlying cause of the
impingement. Those with an acquired impingement of
the wrist (distal radius fractures, premature physeal clo-
sures, Essex-Lopresti injuries, Galleazzi and Monteggia
fractures) were compared to the attritional causes of
impingement (ulnar positive variants, Madelung's, and
congenital variants).

Results 15/216 (6.9%) wrists had either established
nonunions which required re-operation (7) or delayed
radiographic union of at least 4 months (8). There were
no differences found with the type of plate, LAC immo-
bilization, interfragmentary screw placement, use of an
AO compression device, smoking history, or position of
the plate. However, use of a transverse osteotomy
(p<0.05) and subperiosteal plate placement (p<0.01)
were factors associated with a poor outcome. 185/216
wrists had an intra-articular evaluation. 69.4% had TFCC
tears, 45.8% had synovitis, 38.4% had LT tears, 29.2%
had lunate chondromalacia, 17.6% had triquetrium chon-
dromalacia, 11.1% had ulnar chondromalacia, 6.5% had
arthritic changes of the DRUJ, and 6.5% had SL tears.
The only differences between the 2 groups was the pre-
operative ulnar variance and rate of LT tears (p < 0.05).

Conclusions Use of an oblique osteotomy and extrape-
riosteal plate placement was associated with a lower
incidence of complications. Interfragmentary screws or
AO compression devices offer no significance to out-
come. LAC immobilization or smoking did not change the
outcome. The incidence of carpal pathology only differs
between causes of impingement in preoperative vari-
ance and LT ligament pathology. The lack of differences
may reveal that these groups are not clearly separate
entities, but a spectrum of the same disease.
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Paper #1,8

Results of the Sauve-Kapandji Procedure and the Darrach Procedure for Complications

After Colles’ Fracture

Michael S. George, MD, Cincinnati, OH
Thomas R. Kiefhaber, MD, Cincinnati, OH
Peter J. Stern, MD, Cincinnati, OH

Objectives Malunited Colles’ fractures may result in
derangement of the distal radio-ulnar joint and functional
limitations. In this circumstance, the Darrach procedure
has traditionally been recommended in older patients,
while the S-K has been reserved for younger patients.
Hypothesis: outcome following Darrach procedure is
comparable to S-K in patients less than 50 years of age.

Methods 19 patients under age 50 underwent the S-K
procedure and 31 patients underwent the Darrach pro-
cedure for DRUJ incongruity after Colles’ fractures.
12/19 of the Sauve-Kapandji group (mean age 38 years)
completed the DASH survey at a mean of 4.4 years
postoperatively and 9/19 returned for follow-up exami-
nation at a mean of 2.4 years. 21/31 of the Darrach
group (mean age 40 years) completed the DASH survey
at a mean of 6.2 years postoperatively and 13/31
returned for follow-up at a mean of 3.6 years. At follow-
up, patients were assessed for postoperative complica-
tions, grip strength, forearm and wrist range of motion,
and were scored according to the Gartland and Werley
Demerit System and the Modified Mayo Wrist System.

Results Of the patients in the S-K group who returned for
follow-up (9 patients), 3 experienced a painful click, 1
had a nonpainful click, 2 had painful hardware, and 1 had
sensory changes in the ulnar nerve distribution. Of the
patients in the Darrach group who returned for follow-up
(13 patients), 3 had pain at the ulnar stump, 1 had a
painful click, 1 had a nonpainful click, 3 had sensory
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changes in the ulnar nerve distribution, and 1 had evi-
dence of significant ulnar carpal translocation. The mean
DASH scores were 23.4 in the S-K group and 22.8 in the
Darrach group. There was no significant difference
between these scores (p=0.93). There were no signifi-
cant differences in grip strength, forearm and wrist
range of motion, Gartland and Werley Demerit Scores
(3.0 in the S-K group, 3.6 in the Darrach group), or the
Modified Mayo Wrist Scores (77.8 in the Sauve-Kapandji
group, 71.5 in the Darrach group).

Conclusions Our results show that the Darrach resection
and the S-K procedure yield comparable results following
Colles’ fracture in patients under age 50 with respect to
both subjective outcome (DASH score) and objective
parameters (Gartland-Werley and Modified Mayo Wrist
Scores).
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