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PURPOSE Over 1.4 million Americans with rheuma-
toid arthritis (RA) have some form of hand disability.
However, the surgical management of this disease is
controversial, demonstrated by large national varia-
tions in the surgical rates of RA hand procedures.1

The source of these variations—patient preference or
provider bias—is unknown. Our objective is to con-
duct a national survey evaluating potential differ-
ences in physicians’ attitudes towards the manage-
ment of RA hand deformities. 

METHODS We performed a national cross-sectional
survey using a self-administered, mailed question-
naire to 500 rheumatologists and 500 hand sur-
geons. The questionnaire was designed through a
process involving literature reviews, interviews with
physicians and patients, and extensive pilot testing.
The physicians are a random sample from the 2001
registry of the American College of Rheumatology
and American Society for Surgery of the Hand. The
responses are based on ordered categories, and
Wilcoxon rank sum test is used for the analyses. 

RESULTS Of the rheumatologists, only 15% believe
that quality information exists regarding rheumatoid

hand surgery, and 70% consider hand surgeons
deficient in knowledge pertaining to the medical
options for rheumatism. Surgeons are equally critical,
as 64% perceive rheumatologists as being too pas-

sive in managing RA hand deformities, and 79% find

the timing of rheumatologists’ referrals inappropriate.

When asked to evaluate the benefit of RA hand pro-

cedures, major differences between the providers

are highlighted. Metacarpophalangeal joint arthro-

plasty is believed to improve hand function by only

45% of rheumatologists compared to 89% of sur-

geons (p<0.0001); extensor tenosynovectomy is

believed to prevent tendon rupture by only 46% of

rheumatologists compared to 92% of surg e o n s

(p<0.0001); and small joint synovectomy is believed

to delay joint destruction by only 8% of rheumatolo-

gists compared to 60% of surgeons (p< 0.0001). 

C O N C L U S I O N S Rheumatologists and hand sur-

geons significantly disagree on the effectiveness of

hand surgery in the RA population. These survey

responses explain the wide national variation in sur-

gical practice patterns for rheumatoid disease. This

study accentuates the need to develop consensus

among physicians caring for RA patients. Further

research should be aimed at improving communica-

tion between the specialties, coordinating research

efforts, and developing an optimal treatment strategy

for this common disease.

1 . A l d e rman, A, Chung, K, DeMonner, S., Spilson, S., Hayward ,
R. Large area variations in the surgical management of the

rheumatoid hand. Surgical Forum LII: 479-481, 2001.
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P U R P O S E Our prior Phase 2 clinical trials of
injectable collagenase for Dupuytrens disease have
shown clinical safety and efficacy as a non operative
treatment. The purpose of this study was to deter-
mine a minimum safe and effective dose of collage-
nase for injection in a random, placebo controlled,
double blind dose study.

M E T H O D S Eighty patients entered the study, 64 males
and 16 females, mean age 64 years. Fifty-five patients
had MP joint contractures (mean contracture = 5 0
d e g rees) and 25 had isolated PIP contractures (mean
c o n t r a c t u re=49 degrees). Patients were randomized
to receive either saline/calcium placebo or 2,500,
5,000 or 10,000 unit collagenase injection. Patients
w e re evaluated at 1, 7, 14 and 30 days. If patients did
not respond with cord ru p t u re to 0-5 degrees of exten-
sion by day 30, repeat, open label 10,000 unit colla-
genase injections, up to a total of 5, could be given,
either to the initial target joint or other involved joints.
Patients were further followed at 2, 3, 6, 9 and 12
months post injection. Serial IgE testing was also done
to monitor potential allergic response. 

RESULTS Seventeen patients received placebo, 18
patients received 2,500 units, 22 patients received
5,000 units and 23 patients received 10,000 units
collagenase. There was no response to placebo
injections in any patient. The 10,000 unit dose was
the most effective in inducing cord rupture. The sta-
tistical success rate (hazard function) in returning
patients to 0-5 degrees of extension at 30 days was
90% for MP joints and 70% for PIP joints at the 10,000
unit collageanse dose. These results were sustained
for 12 months. Other involved joints of the same fin-
ger/hand or contralateral hand, treated open label
with repeat 10,000 unit collagenase injections
responded in the same statistical manner. These
included 13 MP joints and 25 PIP joints. The success
rate for the lower doses in both MP and PIP joints
were approximately 40%. There were no adverse
immune effects to any collagenase injections.

CONCLUSIONS This study has shown that the mini-
mum, safe and effective dose of injectable collage-
nase for Dupuytren’s disease patients to restore nor-
mal hand extension is 10,000 units. This therapy has
shown clear merit as a safe and effective alternative
to surgical fasciectomy.
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A nonunion of the scaphoid has traditionally been
managed by open reduction, internal fixation with
bone grafting. Open reduction and bone grafting of a
scaphoid nonunion through a volar approach poten-
tially affects the vascularity of the fracture fragments,
while division of the important radioscaphocapitate
ligament may result in instability. The purpose of this
study was to evaluate the healing rate of selected
scaphoid nonunions managed by art h ro s c o p i c
assisted fixation alone without supplemental bone
grafting. Fifteen patients underwent art h ro s c o p i c
assisted fixation of a scaphoid nonunion without
bone grafting. There were 14 males and 1 female in
the study. Average age was 20 years (range 17–28
years). A history of a scaphoid nonunion was present
an average of 8 months prior to fixation (range 4–15
months). The lunate was neutral on pre-operative
radiographs without carpal collapse to be included in
the study. There were 12 horizontal oblique fractures
involving the middle third, 1 transverse and 2 proxi-
mal third fractures. A guide wire is placed under flu-
oroscopic guidance and anatomic reduction of the
fracture was assessed arthroscopically from the mid-
carpal space. The fracture reduction was “fine-
tuned” with joysticks as viewed from the midcarpal

space as necessary. A headless cannulated com-

p ression screw is then placed dorsal to volar. No

patient underwent bone grafting. Fracture union was

evaluated by CT scan and plain radiographs. All

patients healed their fractures. Average time to

union was twelve weeks (range 8–18 weeks).

Average wrist extension was 50°, flexion 60°, radial

deviation 20°, and ulnar deviation 25°. Utilizing the

Mayo Modified Wrist Score, there were 12 excellent

and 3 good results. Bone grafting may not be

re q u i red in all patients with scaphoid nonunion.

A rt h roscopic assisted fixation of selected scaphoid

nonunions without bone grafting yielded a 100%

union rate in this series with minimal morbidity.

Placement of a cannulated screw under art h ro s c o p-

ic guidance avoids soft tissue stripping, pre s e rv e s

the blood supply to the fracture fragments and

yields an excellent range of motion in this series. The

patients in the study were relatively young, which

may have influenced the results. This technique

would not be recommended in patients with a

“humpback” deformity or signs of carpal collapse

w h e re bone grafting is re q u i red to correct the flexion

d e f o rmity of the scaphoid. 
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OBJECTIVE To compare indirect reduction and percu-
taneous fixation versus open reduction and internal
fixation for displaced intra-articular distal radius frac-
tures in a multi-center randomized clinical trial. 

METHODS 179 skeletally mature patients 16–75 with
displaced intra-articular distal radius fracture s
received either indirect percutaneous reduction and
external fixation (N=88) or ORIF (N=91). Each frac-
ture was reduced to a standard of acceptable radi-
ographic parameters. Patients were evaluated at 6
weeks, 6 months, 1 and 2 years. Function was meas-
u red using the upper extremity module of the
Musculoskeletal Function Assessment representing
the primary endpoint. Pain, Jebsen Taylor functional
testing, ROM, grip and pinch strength were second-
ary outcomes. Repeated measures analysis of vari-
ance was used to compare outcome between the
two study groups over time. 

RESULTS Primary and secondary outcome measures
improved significantly the first year. By two years the
mean Jebsen Taylor and pain scores were within 1/2
standard deviation of the control population scores
for both study groups. Upper extremity function
improved more rapidly after indirect reduction as
compared with ORIF; a 13 point score difference was
noted in favor of indirect reduction at the six month
evaluation (p=0.037). After adjusting for repeated
measures over the two year study period, indirect
reduction resulted in significantly better upper

extremity function as compared with ORIF (p=0.014).
Pinch strength was also significantly better after indi-
rect reduction (p=0.020), with similar trends for grip
s t rength (p=0.448) and Jebsen Taylor score s
(p=0.059). There was no statistically significant dif-
ference in the radiographic restoration of anatomic
parameters (p>0.05). Twelve patients (14%) healed
with residual intra-articular step deformity in the indi-
rect reduction group compared with thirteen patients
(14%) in the open reduction group (p=1.0). Only
three patients (3%) in the indirect group and two
patients (2%) in the ORIF group had step deformity
of more than 2 mm at union (p=0.679). Residual step
and gap deformity were associated with radiograph-
ic arthritis development and also with poor function
scores (p<0.05). 

Indirect reduction and percutaneous fixation results
in more rapid return to function and superior func-
tional outcome within two years from injury as com-
pared with ORIF for displaced intra-articular distal
radius fracture provided that intra-articular step and
gap deformity is minimized. 

CLINICAL IMPLICATIONS This is the first study show-
ing that ORIF of intraarticular distal radius fractures
should be preceded by attempts at closed reduction,
percutaneous stabilization and external fixation. Only
if the reduction cannot be obtained with closed per-
cutaneous methods should the fracture be opened
and internally secured. 
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P U R P O S E The reliability of plain radiographs to

assess union following scaphoid fractures has been

questioned. However, a “gold standard” for imaging

the healing scaphoid has not been established. The

purpose of this study is to evaluate the inter- and
intra-observer reliability of CT compared with plain

radiographs to assess scaphoid union. 

METHODS Twelve patients with scaphoid fractures

u n d e rwent scaphoid CT and plain radiographs

(scaphoid series) at an average of 7 weeks (range:

6–11) following injury or surgery. Mean patient age
was 32 years (17–67); all were male. The studies

were evaluated on two separate occasions by three

orthopaedic hand surgeons who were blinded to

patient identity. For each study, three questions were

answered: 1) is the fracture united; 2) are there tra-

beculae crossing the fracture line; and 3) is t h e re

s c l e rosis at the fracture site. Five possible answers
included definitely no/yes, probably no/yes, and

inconclusive. Following the second assessment, the

observers were given the matched Xray/CT pair for a

third review, and responded as to whether the CT

would make a difference in the management of the

fracture. The data were analyzed and expressed in
terms of intra- and inter-observer agreement in pairs,
and weighted Kappa statistics were applied. 

RESULTS For assessing union, the average inter-
observer correlation was slight (k=0.147) with plain
radiographs, and substantial (k=0.62) with CT. The
average intra-observer correlation was fair (k=0.397)
with plain radiographs, and substantial (k=0.777)
with CT. For both types of imaging, there was a sub-
stantial correlation between bridging trabeculae and
union, but a poor correlation between sclerosis and
union. Fifteen percent of the fractures appeared less
healed by CT than plain Xray, while 65 percent
appeared to be more healed on CT. In 67 percent of
cases, the observers concluded that the CT results
would make a difference as to how the fracture would
be treated. 

DISCUSSION Both the intra- and inter-observer relia-
bility of scaphoid CT appears to be far superior to
plain Xray in assessing scaphoid healing. CT is prob-
ably unnessary when plain radiographs show definite
evidence of union, but is of value in assessing the
degree of healing in equivocal cases. 
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The present study was undertaken to assess the reli-
ability of the Lichtman classification for Kienböck’s
disease with specific attention paid to distinguishing
Stages 3A from 3B. Posteroanterior and lateral wrist
radiographs from thirty-nine patients with previously
diagnosed Kienböck’s disease were studied. Four
reviewers evaluated each radiograph set.
Radiographs were graded according to Lichtman
classification; additionally, scapholunate angle (SL),
radiolunate angle, capitolunate angle, scaphocapi-
tate angle, and radioscaphoid angle (RS) were
measured. The presence of a scaphoid cortical ring
sign, the modified carpal height ratio and the Stahl
ratio were all assessed. Data were analyzed using
kappa values, Wilcoxon-Mann-Whitney and Fisher
Exact tests. Whereas interobserver reliability of the
Lichtman classification was found to be substantial
with a kappa coefficient of 0.63, only the modified
carpal height ratio and the Stahl index correlated
positively with Lichtman stage. Measures of carpal
height were not correlated with pathologic flexion of

the scaphoid. The Stahl ratio, the SL angle, and the
RS angle were found have a high degree of intero b-
s e rver re l i a b i l i t y. Several conclusions may be drawn
f rom these findings: 1) While the Lichtman classifi-
cation is reliable as evidenced by the moderate
kappa value, diff e rentiation between stages 3A and
3B is difficult. 2) Presence of a scaphoid cortical ring
sign does not correlate with increased SL or RS
angles, or with decreased carpal height ratio and
Stahl index; it is there f o re not a reliable sign of carpal
collapse or of disease pro g ression. 3) Pathologic
scaphoid flexion, as can be reliably measured by RS
angle, is a known precursor to wrist arthritis and has
been previously correlated with worsening clinical
outcomes in patients with Kienböck’s disease.
Radiographs with a RS angle greater than 60
d e g rees should be classified as Lichtman Stage 3B
without consideration of carpal height. This modifi-
cation of the Lichtman Classification will impro v e
re l i a b i l i t y, will assist with treatment planning, and
clarify outcomes expectations. 
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BACKGROUND Although significant advances in MR

technique have allowed detailed evaluation of radio-
carpal anatomy, the differentiation and confident

diagnosis of pathology involving the triangular fibro-

cartilage and the intrinsic and extrinsic ligaments of
the wrist have continued to provide a challenge.

Several techniques combining arthrography with MRI

have evolved in order to improve diagnostic accura-
c y. Previous re p o rts have discussed the utility of thre e

c o m p a rtment MR art h rography in order to diagnose
and characterize triangular fibro c a rtilage and intrinsic

carpal ligament injuries. In this study, the utility of sin-

gle compartment MR art h rography is discussed as a
practical and accurate method for diagnosing injuries

of the wrist. 

MATERIALS AND METHODS We performed single

compartment MR arthrography on 10 patients (ages
23–52) who presented with wrist pain and/or weak-

ness. The pre-operative MR diagnosis was com-

pared to findings at surgery. Three of the ten patients
had both pre- and post-operative MR arthrograms.

MRI of the wrist was performed using coronal and

axial T1 weighted sequences with and without fat sat-
uration, thin-section gradient echo coronal, FSE T2

coronal and axial images with fat saturation. These

sequences were performed after single compart-
ment arthrography using fluoroscopic guidance and
an injection of dilute gadolinium in normal saline and
iodinated contrast. 

RESULTS A total of 4 triangular fibrocartilage tears, 2
lunato-triquetral ligament tears, and 5 scapho-lunate
ligament tears were identified. In addition focal carti-
lage defects, focal marrow abnormalities, and abnor-
malities of the extrinsic ligaments of the wrist were
identified. These findings were compared to findings
at surgery.

DISCUSSION Single compartment MR arthrography
p rovides a distinct advantage over pre v i o u s l y
described three compartment techniques in that the
injection of only one compartment saves consider-
able time and is technically less challenging. It is our
belief that single compartment injection provides
adequate detail and allows confident diagnosis of
tears of the triangular fibrocartilage, scapho-lunate,
and lunato-triquetral ligaments. The post-arthrogram
images give excellent visualization of the intrinsic lig-
aments allowing differentiation of partial from com-
plete tears. Limitations of this study include a small
patient population and the lack of a direct compari-
son to standard non-invasive MR techniques.
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PURPOSE To evaluate the effect of rotational malposi-
tion of the wrist on the measurement of typical radi-
ographic parameters of the distal radius and carpus. 

METHODS Seven wrists from four young (age 25–38)
healthy volunteers were imaged in varying degrees
of rotation. The wrists were placed in a custom, cali-
brated jig and images were taken in 5-degree incre-
ments to a maximum pronation and supination of 20
degrees. Radiographs were obtained and printed
using a mini-fluoroscopy machine. The images were
digitally scanned and angles were calculated using a
custom software package. The following measure-
ments were made: scapho-lunate (S-L) angle, radio-
scaphoid (R-S) angle, radial-ulnar overlap, radio-lunate
(R-L) angle and volar tilt. Radial-ulnar overlap was
defined as the distance between the dorsal cortex of
the radius and ulna, with a positive value re p re s e n t i n g
dorsal displacement of the ulna. 

R E S U L T S The results demonstrate the following
trends: a steady decrease in the S-L angle with
extremes of pronation and supination; an increase in
volar tilt with supination and a decrease with prona-
tion; no consistent change in the R-L or R-S angle
with rotation, and an average 6.3 mm change in ulnar
displacement with each 10 degrees of rotation.

DISCUSSION This is the first study to quantify the
effect of wrist rotational mal-position on common
intercarpal and distal radial measurements. These
results demonstrate how malrotation in x-ray posi-
tioning can have a significant effect on the apparent
alignment of the distal radius and carpal bones.
Measurements taken from these poor x-rays typically
fall outside of the normal range and could adversely
effect treatment decisions. 
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(degrees) 20pro 15pro 10pro 5pro Neut 5sup 10sup 15sup 20sup

Scap-lun 41.8 45.8 50.0 53.5 54.0 47.5 40.5 30.0 26.0

Rad-scap 49.3 51.5 50.8 56.3 57.0 63.3 50.3 37.0 39.5

Vol-tilt 1.7 2.8 4.5 8.8 10.5 11.4 14.1 16.2 19.3

Rad-lun 7.5 6.0 -8.2 1.5 3.3 5.3 11.0 7.3 13.3

Rad-Uln 9.8 7.3 1.3 0.5 -3.5 -6.0 -9.8 -12.5 -14.5

Ovrlp(mm)
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INTRODUCTION Traditional corrective osteotomy for
distal radius malunion is a technically challenging
procedure. A fixation-based three-dimensional pre-
surgical planner and intraoperative guidance system
has been developed which, in in vitro tests, has dis-
played significant reductions in both maximum error of
c o rrection and the standard deviation of the corre c t i o n
e rro r. Intraoperative registration and guidance utilizes
an optical tracking system, reducing or e l i m i n a t i n g
the use of fluoro s c o p y. Six clinical cases have been
p e rf o rmed with this computer-assisted distal radius
osteotomy (CA-DRO) technique. The presented work
is a postoperative study of outcomes.

CLINICAL RELEVANCE The purpose of this single-
cohort study was to validate the technique and to
d e t e rmine the long-term outcomes of computer
assisted corrective osteotomy for post-traumatic
deformity of the distal radius. 

METHODS Six patients with malunion following distal
radius fractures (4 dorsal and 2 volar malunions)
u n d e rwent computer-assisted distal radius osteotomy
and were available for follow-up evaluation of range
of motion, grip strength, radiographic parameters
and with the Disability of the Arm, Shoulder and H a n d
(DASH) questionnaire. Pre- and post-osteotomy CT
based 3D isosurface models were constructed and
visually assessed for correction of deformity.

R E S U L T S At an average of 25 months (range, 15 to

36 months) after computer-assisted surg e ry the
average grip strength measured with a Jamar

dynamometer was 30 kilograms compared with 38
kilograms in the contra-lateral hand. Post-operative

range of motion measured 87% of the motion of the

contra-lateral limb. DASH results averaged 14.0;
range, 3.3-53.3. Radiographic measures impro v e d

in all three planes. Radial inclination improved fro m
12° pre-operatively to 21° post-operatively (norm a l l y

22°), ulnar variance improved from +7.5mm pre -
operatively to +1.9mm post-operatively (contralater-

al mean +1.5mm), and volar tilt improved from -30°

for dorsal malunions and +20° for volar malunions
p re-operatively to 9° post-operatively (normally 11°).

Axial malalignment, not seen on plain radiographs,
was identified and corrected in all cases. An aver-

age of 15° of supination was re q u i red as part of the
c o rrection in dorsal malunions.

CONCLUSIONS CA-DRO improves objective radi-
ographic measurements and provides outcomes, as

measured by clinical examination and functional

questionnaires, comparable or superior to published
results for conventional techniques. CA-DRO allows

the surgeon to accurately and reliably correct multi-
planar deformities with reduced radiation exposure

to patients and OR staff. 
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I N T R O D U C T I O N A common sequelae after obstetrical
brachial plexus palsy is glenohumeral joint deform i t y.
This purpose of this study is to determine if the physi-
cal examination findings correlate with the severity of
glenohumeral joint dysplasia. 

M E T H O D S T h i rty children between the ages of 1.3 and
9.3 years (average=4.8 years) with residual brachial
plexopathy underwent MR imaging of both shoulders
using high-resolution 3-millimeter thick axial gradient-
recalled echo images. The glenoscapular angle (the
d e g rees of version) was measure d and the percent of
humeral head anterior to the middle of the glenoid
fossa (PHHA) was calculated on both sides. The
physical examination findings were re c o rded includ-
ing the active and passive motions about the shoulder.
The external rotation of the glenohumeral joint was
m e a s u red during firm stabilization of the scapulotho-
racic joint. The data was analyzed using analysis of
variance and Pearson product correlation coefficients. 

RESULTS The uninvolved shoulders averaged minus
6° (range: -15 to 0°) of version and PHHA averaged
50% (range: 41 to 60%). The involved shoulders
averaged minus 26° (range: -75 to -4) of version and
PHHA averaged 34% (range: 5 to 52%). Both version

and subluxation were significantly different (p< .001)

between uninvolved and involved shoulders. There

was a significant correlation between version and

subluxation (r=.9, p < .001). External rotation was

limited on the involved side averaging minus 3°

(range: -45 to 35°). There was a significant correla-

tion between external rotation, version (r=.5, p=.01),
as well as PHHA (r=.7, p < .001). Progressive loss of

external rotation beyond neutral was associated with

increased angles of retroversion and diminished

humeral head anterior to the middle of the glenoid

fossa. Abduction or age did not correlate with the

amount of deformity.

DISCUSSION Normal shoulder development appears

to require a complete range of motion between the

humeral head and glenoid. Residual obstetrical

brachial plexus palsy often results in a persistent

deficiency of external rotation and creates a constant

position of internal rotation, which promotes glenoid

retroversion and humeral head subluxation. The clin-
ical loss of glenohumeral external rotation beyond

neutral correlates with the underlying glenohumeral

dysplasia and should be regarded as an indicator of

shoulder malformation.
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Seventy-two micro n e u rovascular toe-to-hand trans-
plantations were done for 66 pediatric patients
between 1979 and 2001. For this study we selected
those toe-to-hand transfers in which the indication
was to improve the gripping ability of the defective
hand. Both posttraumatic and congenital cases
w e re included. Joint transfers were excluded. The
studied material consists of 52 transfers for 49
defective hands.

POSTTRAUMATIC SERIES There were 16 patients.
The age of the patients ranged from 3 to 14 years.
Mean age was 9.4 years. A thumb was re c o n s t ru c t e d
in 13 hands and a finger(s) in 3 hands. The trans-
ferred toe consisted of all three joints in 8 cases, two
joints in 7 cases and a second toe wrap-around a
flap was used for one thumb reconstruction. 

CONGENITAL SERIES There were 32 patients and 36
toe-transfer operations were done. Age ranged from
1 to 14 years. The mean age was 4.9 years. There
were 33 adactylic or acheiric hands with a major
defect in hand function. The main indication (30
hands) was the lack of gripping or pinching ability. A
monodactylous symbrachydactyly was indication in
21 and acheiria in 5 hands. Two extreme cleft hands
with single ulnar digit were treated with toe transfers.
The thumb was reconstructed in 11 operations and
an ulnar finger reconstruction was performed in 25

cases. Three hands were operated twice for further
grasp improvement. The transplanted toe included
all three joints in 30 transfers and two joints in 5 trans-
fers and only a proximal phalanx in one case. A non-
vascularised free phalanx transfer was combined to
improve the function in 6 cases. 

RESULTS The microsurgical success rate was 96%.
In posttraumatic series, no failures were recorded. In
the congenital series, there were 2 complete vascu-
lar failures. Both failures occurred in the age group
below 2 years. The pinching ability was restored in all
posttraumatic hands and in 29/33 congenital hands.
The new grip was considered very useful in all but
one congenital hand after successful transfers. The
donor feet had no problems at follow-up. 

CONCLUSION AND SIGNIFICANCE A defective
hand can be re c o n s t ructed successfully using
m i c ro n e u rovascular toe-to-hand transplantation in
children. It is a very effective means of improving the
gripping ability after posttraumatic thumb defects
and especially in monodactylous symbrachydactyly
type of adactyly in congenital hands. The recom-
mended age in congenital cases is from 3 to 5 years
of age. A cosmetic improvement was better achieved
in posttraumatic group while the overall hypoplastic
appearance of the hand will remain in congenitally
severely defective hands. 
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In Ollier’s disease the short tubular bones of the hand
a re most frequently involved with multiple enchondro-
mas, but little has been written on upper extre m i t y
issues. Only a few cases have been reported, one
series of 10 patients describes specific hand lesions,
w h e reas treatment of multiple enchondromas is
occasionally reported with their solitary counterparts
in mixed series. We report a retrospective study of 22
children followed up through growth for hand multiple
enchondromatosis. We recorded 246 localizations on
short tubular bones presenting usually painless fin-
ger masses and radio-lucent lesions. Half the
patients presented unilateral lesions while bilateral
involvement was correlated with a more severe and
generalized form of the disease. 14 patients have
reached skeletal maturity with a stable condition. 7
patients averaging 9 years 3 months are currently
being followed up. 1 patient suffering from Maffucci’s
syndrome died aged at 6+3 from angiosarcomatous
degeneration of a leg soft tissue lesion. Average age
at diagnosis was 6 years 9 months. Pain and patho-
logical fractures were a very unusual symptom
encountered in only 3 patients. Function generally
remained adequate. However 14 patients were oper-
ated on; 3 for forearm lesions and 11 for symptomatic
increase of hand tumor volume, at an average age of

8+8. Of the latter, 5 were operated twice, and 1
patient 3 times, totaling 18 surgical procedures.
T h e re were 37 tubular bones operated with 51 surg i-
cal interventions. Curettage alone was perf o rmed in
21 cases, and associated with autologous cancellous
bone grafting in the remaining 30. One ray was
amputated. At a shortest post-operative follow up of
19 months, residual radio-lucent lesions were com-
mon averaging 62%, of which 43% re q u i red re - o p e r a-
tion. In general, disabling forms are rare, function
remains adequate without surg e ry and pathological
f r a c t u res are exceptional. Cosmetic issues indicate
s u rg e ry in most cases. The goal for surg e ry is to
d e c rease bulk and prominence to improve cosmesis
rather than eradication of the lesion which is difficult to
obtain by surg e ry. At skeletal maturity the disease sta-
bilizes. Pain, swelling or pathological fractures are
highly suspect of malignant changes. No secondary
c h o n d ro s a rcomas were observed in our series of
young patients. However, with increasing age, the risk
of their development increases. This occurre n c e
should lead to carcinological excision, posing the
p roblem of choice of resection margin. The behavior
and aggressiveness of multiple enchondromas of the
hand makes these lesions separate entities from their
s o l i t a ry counterparts and deserve specific discussion.
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INTRODUCTION AND PURPOSE A heretofore unde-
scribed muscle is consistently noted in children with
Thrombocytopenia Absent Radius(TAR) Syndrome.
This muscle contributes to the persistence, and or
recurrence, of the radial club hand deformity. We
attempt to better describe and characterize this
anatomic finding. 

MATERIALS AND METHODS A retrospective review
of all cases of TAR syndrome seen at our institution
was made. There were 15 patients with 29 arms with
a Bayne Type IV totally absent radius. Operative
records and radiographs and intra operative photo-
graphs were examined. To serve as a control, the
radiographs of 13 cases of radial dysplasia not asso-
ciated with Thrombocytopenia Absent Radius (TAR)
Syndrome were examined. 

R E S U L T S In all 29 limbs with Type IV totally absent
radius in association with the TAR syndrome, the

anomalous muscle was clearly demonstrated on the

radiograph and originates high on the humerus at the

level of the deltoid muscle insertion. All cases that we

have explored for this muscle, it has presented as a

b road, substantial muscle that spans the elbow and

wrist joint and attaches to the deficient carpus. In 12

cases reviewed with Type IV radial dysplasia not asso-

ciated with TAR syndrome, the muscle was not seen.

DISCUSSION The anomalous muscle appears to be

a homologue of the normal brachioradialis muscle

but is more proximal in its origin and more distal in its

insertion but usually is more fan shaped. During the

reconstructive procedure to treat the radial club hand

deformity associated with TAR syndrome, both prox-

imal and distal release and/or resection of this muscle

has appeared to play an important role in improved

outcomes. Surgeons treating these children should

be aware of its clinical significance.
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OBJECTIVE To determine the effect of centralization
on the longitudinal growth of the ulna in radial longi-
tudinal deficiency and whether the technique of cen-
tralization can alter this effect. 

METHODS AND MATERIALS Charts were reviewed
on 90 patients with 124 affected limbs. Thirty-four
(38%) of the patients were affected bilaterally and 56
(62%) were affected unilaterally. In the unilateral
patients the right side was affected in 29 (52%) of the
patients and the left side in 27 (48%) of the patients.
Using the Bayne and Klug classification there were 5
type I, 3 type II, 9 type III, and 107 type IV deformi-
ties. Deficiency in the thumb was found in 113 (91%)
of these limbs. Eleven of the thumbs were normal, 59
(47%) were hypoplastic, 43 (35%) were aplastic, and
11 (9%) had deficiencies of digits in addition to the
thumb. Fifty (56%) of the patients had an associated
syndrome or deformity. All available radiographs
were measured for ulnar length, ulnar angulation,
hand-forearm axis, and distal metaphyseal width and
depth. Seventy-three limbs (59%) had available radi-
ographs. Of the measured radiographs 46 (63%) had
undergone a centralization, 4 (5%) had an alternative
procedure, and 23 (32%) had non-operative treat-

ment. The patients undergoing a centralization were
subclassified into a “notched” centralization, if any

portion of the carpus or ulna was resected, or a “non-
notched” centralization, if neither the carpus nor the

ulna had been resected. 

RESULTS Ulnar length for the non-operative, non-

notched centralization, and notched centralization
groups were compared to normative data for ulnar

length. The non-operative group attained 64% nor-

mal length, while the non-notched centralization
group attained 58% and the notched centralization

group attained 48% of normal ulnar length. When
compared to the non-operative group, the expected

difference in ulnar length at skeletal maturity was 1.6
cm less for the non-notched centralization group and

4.7 cm less for the notched centralization group. 

C O N C L U S I O N Patients with radial longitudinal defi-

ciency can be expected to attain 64% of norm a l
f o re a rm length. When treated with a centralization

p ro c e d u re some of their ulnar growth potential will
be lost. A non-notched centralization will pre s e rv e

m o re of the ulnar growth potential than a notched
c e n t r a l i z a t i o n.

FRIDAY, OCTOBER 4   8:21 A.M.
Session IIB—Congenital

Paper #8B

Ulnar Growth Patterns in Radial Longitudinal Deficiency 

Anthony Sestero, MD, Minneapolis, MN 

Ann E. Van Heest, MD, Minneapolis, MN 

Julie Agel, MA, Minneapolis, MN 

14 Synergy 2002: ASSH 57th Annual Meeting

PAPER #8B



15Meeting Abstracts

PURPOSE Deformities of the forearm in patients with

multiple hereditary osteochondromatosis may result
in functional impairment and cosmetic deformity of

the extremity. We evaluated the natural history to
determine predictors of deformity.

MATERIAL AND METHOD The re c o rds of 102
patients who had forearm deformities associated

with multiple hereditary osteochondromatosis were

reviewed. Anteroposterior and lateral radiographs of
the forearms were available for forty-eight patients; a

total of seventy-six forearms were studied. Clinical
cases were divided into 6 types according to osteo-

chondromatosis location. Type 1: The main osteo-
chondroma formation is in the distal portion of the

ulna: 30 forearms. Type 2: Distal ulna and radius: 23

forearms. Type 3: Distal radius: 9 forearms. Type 4:
Diaphysis of the ulna: 7 forearms. Type 5: Proximal

radius or ulna: 2 forearms. Type 6: Radial head dislo-
cation at initial evaluation: 5 forearms. Radiographic

determinations included 1) Ulnar bow- the maximal
distance between posterior border of the ulnar dia-

physis and ulnar axis divided by the length of the lin-

ear axis of forearm, 2) Ratio of proximal point of
osteochondroma (RPO) - the distance from the prox-

imal osteochondroma to distal radial physeal plate
divided by the length of the linear axis of the forearm,

3) Ulnar variance, 4) Radial articular angle (RAA), 5)

Radial bow, 6) Radial and ulnar length. The effects of
each measure were statistically evaluated with the
use of linear regression and correlation analysis in
each Type. 

RESULTS Radial and ulnar lengths were highly corre-
lated linearly in all Types (Type 1: r2=0.72: p<0.0001,
Type 2: 0.94, Type 3: 0.99, Type 4: 0.99). In Type 1,
correlation was shown between RAA and radial bow
(r2=0.633), RAA and radial lengths (r2=0.656), radi-
al bow and radial length (r2=0.568), ulnar bow and
ulnar length (r2=0.61), ulnar bow and radial length
(r2=0.58), ulnar bow and RPO (r2=0.59), RPO and
ulnar length (r2=0.58), ulnar variance and ulnar
length (r2=0.58). 

DISCUSSION Because the natural history of multiple
hereditary osteochodromatosis remains ill defined,
the role and timing of surgical treatment of the fore a rm
remains controversial. Our observations demonstrated
that Type 1 forearms are most likely to develop
excessive bowing of the radius and ulna. The five
Type 6 forearms appeared to have initially demon-
strated Type 1 appearance. Moreover 7 of the 30
Type 1 forearms developed subsequent radial head
dislocation, while only one of the others, 41 forearms,
a Type 2 forearm, developed radial head dislocation.
This review suggests that Type 1 forearms are most
at risk to develop secondary deformity.
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INTRODUCTION AND PURPOSE The most common
residual weakness in neonatal brachial plexus
palsies (NBPP) involves the shoulder. Glenoid dys-
plasia and shoulder subluxation, dislocation and stiff-
ness are known complications for patients with
NBPP. The incidence of posterior shoulder disloca-
tions in infants with neonatal brachial plexus palsies
is about 8% at our institution. We present here our
treatment algorithms, operative indications, surgical
procedures, and results of our care of shoulder sub-
luxations and dislocations in infants with NBPP.

MATERIALS AND METHODS 38 patients with NBPP
and posterior shoulder subluxations or dislocations
u n d e rwent surgical pro c e d u res on the shoulder.
Average age at time of operation was 12.9 months
(range 3–27 months). There were 20 females and 19
male patients. Procedures included intraoperative
arthrograms, closed and open reductions, soft-tissue
releases, capsulorrhaphies, muscle and tendon trans-
fers. Two patients underwent concomitant brachial

plexus explorations and neurolyses. Preoperative and
postoperative shoulder range of motion was re c o rd e d

and imaging studies were compare d .

RESULTS Mean follow-up time was 16 months (range

6–40 months). One shoulder required a second open
reduction. Glenoid development has not been nor-

mal in any child. Range of motion improved in active
abduction by an average of 18 degrees. 

D I S C U S S I O N The onset of posterior shoulder sublux-
ation or dislocation in patients with NBPP can occur

earlier and more suddenly than has generally been
a p p reciated. We re p o rt here our surgical approach to

39 patients who underwent open or closed re d u c t i o n s

on the shoulder with concomitant soft-tissue re l e a s e s ,
c a p s u l o rrhaphies, and tendon transfers. Our re s u l t s

indicate that active range of motion, particularly in
abduction, improved in these patients and suggest

that longer-term follow-up may reveal improved func-
tional results.
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I N T R O D U C T I O N Swanson Metacarpophalangeal

Joint Arthroplasty (SMPA) has been widely used for

correction of ulnar subluxation of the fingers in the

rheumatoid hand. However, a prospective outcomes

study has been lacking to demonstrate the effective-

ness of this procedure in improving health-related

quality of life in the rheumatoid population. The pur-

pose of this study is to prospectively evaluate a
series of patients undergoing SMPA using a validated

outcomes questionnaire and objective hand function

tests. 

METHODS Over a two-year period, we prospectively

enrolled a group of rheumatoid patients undergoing

SMPA who have Stage 3 or 4 disease at the metacar-

pophalangeal (MCP) joints. Patients are eligible if

they require SMPA on all four MCP joints, with and

without thumb MCP fusion. Preoperative evaluations
include the Michigan Hand Outcomes Questionnaire

(MHQ), Jebsen-Taylor test, grip/pinch stre n g t h ,

degree of ulnar deviation of the fingers, and finger

range of motion. Patients are followed at six-month,

one year, two year, and three year intervals with these
same tests. Results: We have enrolled 17 patients
into this study, and the six-month data is presented.
There is no statistically significant difference in the
functional outcomes, as shown in Table 1. Ulnar drift
improves from 29 to 6 degrees (p=0.03), while MCP
joint range of motion does not change significantly (45
to 47 degrees (p=0.83)). However, Table 2 indicates
that the most important improvements occur in the
MHQ domains. Huge effect sizes are seen in the ADL,
aesthetics, satisfaction, and overall hand function
domains, while large effect sizes are seen in the work
and pain domains. 

CONCLUSION At six-month follow-up, SMPA signifi-
cantly improves health-related quality of life in
rheumatoid patients, while the biomechanical param-
eters are not changed. This study highlights the
importance of using validated quality of life measures
in the study of rheumatoid patients. SMPA is highly
effective in the short term in improving hand function.
Our ongoing study will determine whether the salutary
outcomes are maintained over the long term.
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TABLE 1

Test Pre-Operative Post-Operative p-Value Effect 
Mean Mean Size

Grip Strength 7.2 6.4 0.40 0.3
(kg)

Key (Lateral) 2.8 3.1 0.40 0.3
Pinch (kg)

2-Point (Tip) 1.5 2.0 0.15 0.6
Pinch (kg)

Three Jaw 2.0 2.7 0.14 0.6
(Palmar) 
Pinch (kg)

Jebsen-Taylor 42.8 35.3 0.16 0.6
(sec)

TABLE 2

MHQ Scale Pre-Operative Post-Operative p-Value Effect 
Mean Mean Size

Function 36.88 71.25 <0.01 1.7

ADL 30.43 78.70 <0.01 3.1

Work 23.75 55.0 <0.01 1.4

Pain 73.75 34.38 <0.01 2.0

Aesthetics 22.66 94.53 <0.01 3.9

Satisfaction 18.23 76.04 <0.01 4.0



P U R P O S E Silicone replacement art h roplasty has
proven to be an effective procedure for relief of pain
and improvement in range of motion in select
patients with rheumatoid arthritis (RA). We know of no
large published series that has examined the results
of isolated metacarpophlangeal (MCP) arthroplasty
for osteoarthritis. The purpose of this study was to
review the senior author’s technique and results of sil-
icone replacement arthroplasty for isolated MCP
post-traumatic and primary osteoarthritis (OA) and to
identify factors associated with a poor outcome. 

METHODS Twenty-four patients with isolated MCP
posttraumatic OA and primary OA underwent sili-
cone replacement arthroplasty. Average age at oper-
ation was 49 years (range 24–74 years). 16 cases
involved middle, 4 index, 2 ring and 2 small MCP
joints. Two patients had a history of Diabetes Mellitus.
All patients were evaluated preoperatively in the off i c e .
9 patients had primary OA with the remainder having
a rthritis associated with a history of trauma. The pri-
m a ry indications for operation were pain unre s p o n s i v e
to conservative treatment, loss of range of motion and
X-ray findings consistent with degenerative art h r i t i s .
Length of follow up averaged 43 months.

T E C H N I Q U E The operative technique for isolated
MCP arthroplasty, as opposed to multiple arthroplas-
ties, involved an axial rather than transverse skin
incision. In contrast to the technique we use for
rheumatoid patients, we resected the metacarpal
head just distal to the origin of the collateral ligaments
rather than proximal. This allows more stability, pre-
s e rves length and leads to more physiologic motion. 

RESULTS Good pain relief at the MCP joint was
obtained in 21 of 24 patients. The average postoper-
ative range of motion was 68 degrees. Major compli-
cations included infection in two patients requiring
removal of the prosthesis. Patients with primary OA
had the best results with some patients obtaining an
85 degree arc of motion. The postoperative range of
motion was proportional to the preoperative range of
motion in the postraumatic cases.  

CONCLUSION Patients with the best overall results
were those with primary isolated MCP OA. Patients
with posttraumatic OA, major concomitant soft tissue
injuries and stiffness involving other digits had the
poorest results. 
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I N T R O D U C T I O N Isolated osteoarthritis of the
scaphotrapezial trapezoid (STT) joint accounts for
approximately 15 % of osteoarthritis of the wrist.
Patients who fail conservative treatment may need
surgical intervention, in the form of either STT fusion
or silicone arthroplasty. Both options are associated
with relatively high complication rates. Resection of
the distal scaphoid has been proposed as a surg i c a l
a l t e rn a t i v e.

MATERIALS AND METHODS Between 1994 and
1999, 23 patients underwent distal scaphoid resec-
tion for isolated STT arthritis. There were 14 males
and 9 females, with an average age of 63 years.
Patients were symptomatic for an average of 19
months. The distal 1/4 of the scaphoid was resected
t h rough a dorsoradial approach under re g i o n a l
anesthesia on outpatient basis. The plane of re s e c-
tion was made perpendicular to the long axis of the
f o re a rm rather than the axis of the scaphoid. Dorsal
capsulodesis was perf o rmed in 8 patients because
of pre o perative dorsal intercalated segmental insta-
bility (DISI) tendency. Postoperatively, patients were
placed in short arm splint for three weeks, followed
by active range of motion (AROM) exercises.  

RESULTS Post operative follow-up ranged from 2-7
years with an average of 31/2 years. Relief of pain
was excellent in 61%, good in 30%, fair in 4% and
poor in 4%. AROM and grip strength averaged 85%
and 79% of the contralateral side re s p e c t i v e l y.
According to Mayo wrist scoring system: excellent
results were achieved in 57% of the patients, good in
35%, fair in 4%, and poor in 4%. All patients eventu-
ally returned to their original work activities. All
patients exhibited some postoperative increase of the
radiolunate angle which was less in patients who
u n d e rwent capsulodesis. The degree of DISI deform i-
ty did not change with time. One patient developed
significant increase in the degree of DISI deform i t y.
That patient continued to complain of pain and limited
extension. He underwent further surgical pro c e d u re
for removal of the scaphoid and 4-corner bone
fusion. 92% of the patients were very satisfied with
the operation. 

C O N C L U S I O N Resection of the distal scaphoid is a
viable option for treatment of isolated scaphotrapezial
trapezoid arthritis. Capsulodesis may prevent furt h u r
p ro g ression of DISI deform i t y. Patients with a signifi-
cant degree of preoperative DISI deformity may be
better treated with STT fusion. 
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Total wrist replacement and silicone implant have
been used for rheumatoid patients. Despite the early
enthusiastic applications, long term results with
these arthroplasties are disappointing. Radio-lunate
fusion is an excellent procedure when the mid carpal
joint is preserved. Palmar shelf arthroplasty and
fibrous-union combined with dorsal stabilization are
other historical techniques for more advanced
destruction; but, total arthrodesis is probably the
most established choice for the advanced condi-
tions. Our experience, however, makes us believe
that total arthrodesis can be avoided even for failed
arthroplasty if bone resection is limited to a minimum.
We report new surgical procedure for wrists with
destruction in both radiocarpal and mid carpal joints.
Tendon suspension and interposition arthroplasty
(TSIA) of the wrist was designed to create a space by
joint debridement and proximal row carpectomy; to
stabilize the wrist (using wrist tendons), and inter-
pose these tendons into the space. One wrist exten-
sor (ECRB or ECRL) and one flexor (FCR or FCU) are
incised proximally, kept attached distally and used
as suspension interposition between capitate and
radius. The wrist flexor is passed from volar to dorsal
via a hole made at the distal radius (volar to dorsal
stabilization); half of the extensor is passed from cap-

itate to radius through boney holes made in the cen-

ter of the joint (central stabilization); the other half of

the extensor is passed through a dorsal hole in the

radius (dorsal stabilization). Each tendon slip is then

anchored around the tendon that is located in the

center of the joints. Twenty-two wrists (20:RA, 2:OA)

in 21 patients aged 29 to 68 were operated in past 6

years, with minimum follow up of 18 months (aver-

age, 36.6 months). Mean postoperative flexion/

extension arc was 36 degrees active and 64 degrees

passive. Grip strength doubled on average com-

p a red to pre-operation in 17, no change in 3,

decreased in 2. Pain relief and patients’ satisfaction

were excellent except for 3. There was one delayed

wound healing and two ulnar nerve palsies and no

infections. The two patients with palsy underwent

nerve release, and one recovered completely but the

other developed RSD. Joint space created by this

operation decreased within 6 months, however no

ankylosis was observed. Advantages of this opera-

tion include use of no foreign materials, preservation

of minimum motion and excellent pain re l i e f .

Although further follow up and more cases are

required, this operation has proven to be a good

alternative to total joint replacement or total fusion.
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The biaxial total wrist arthroplasty (TWA) has offered
good pain relief and adequate range of motion to
many patients. One concern regarding the implant is
survivorship, especially with failure of the distal com-
ponent. Previous studies have noted approximate
20% failure rate by six years. A long revision distal
stem was developed in 1993. The purpose of this
study is to evaluate the results of primary TWA with
this longer stem. Seventeen wrists in fourt e e n
patients underwent primary TWA using the modified
distal component between 1993 and 1997. The diag-
noses included eleven patients with rh e u m a t o i d
arthritis (RA), one patient with juvenile RA, and two
with osteoarthritis. The mean age at surgery was 58.6
years. The mean follow-up period is 73.9 months
(range 49–102 months). Pain is reported as none in
15 (88%) and mild in 2 (12%), whereas all patients
had significant pain pre-operatively. The average
wrist range of motion at follow-up was 26° flexion, 35°
extension, 9° radial deviation, and 22° ulnar devia-
tion. The average grip strength improved from 5.6 kg
(pre-operatively) to 9.8 kg. To date no prosthesis has
failed. One prosthesis demonstrated mild erosion
into the dorsal cortex of the third metacarpal that sta-
bilized with no clinical relevance to date. In this case,

initial placement of the distal component was dorsal
within the metacarpal. Two cases of intra-operative
non-displaced metacarpal fractures have been
noted. Both cases went on to heal uneventfully. At
most recent follow-up four cases (23%) demonstrate
some degree of lucency about the cement mantle.
Two patients had an isolated lucency in zone 3, and
one in zones 1 and 5. A final patient demonstrated
d i ffuse lucencies in zones 2 and 3. The bony
changes have not proven clinically relevant and no
radiographic evidence of basilar settling or loosening
of the prosthesis has been noted. No cases of dislo-
cation or infection have occurred. No proximal com-
ponent loosening or settling has occurred. The
results of this study are equal to or better than previ-
ous studies examining the biaxial TWA. Historically,
the major site of failure has been secondary to distal
component loosening. Early data using the longer
stem is very encouraging. No failures at a greater
than 6-year average (4-year minimum) follow-up
have been noted. All of the patients were satisfied
with their surgery. Intra-operative complications such
as fracture and technical challenges of placement of
a longer metacarpal stem were encountered but did
not affect the outcomes. 
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INTRODUCTION The Universal wrist prosthesis has
several features designed to improve the perform-
ance and longevity of total wrist arthroplasty. This
report presents the radiographic and clinical out-
comes of a multicenter, prospective study involving
six surgeons using the prosthesis for the treatment of
rheumatoid arthritis.  

METHODS A consecutive series of patients from the
practices of six surgeons who are participating in an
ongoing, prospective, multicenter study of the pro s-
thesis were reviewed. All patients suff e red fro m
longstanding inflammatory arthritis with stage 3 or 4
r a d i o g r a p h i c findings. 85 wrists in 82 patients were
reviewed, with follow-up ranging from 1 to 6 years.
The information collected included the DASH outcome
questionnaire, and assessments of wrist and forearm
motion, grip strength, wrist balance and prosthetic
stability. Radiographs were obtained preoperatively
and at specified postoperative intervals to assess the
severity of arthritis, operative technique, and implant
loosening.  

RESULTS DASH scores improved on average 28
points. With the exception of those patients having a
complication, all patients believed the operation met
their expectations and claimed they would have the

p ro c e d u re again. Average postoperative wrist

motions were: 40° flexion, 32° extension, 11° radial
deviation, and 17° ulnar deviation. Pronation aver-

aged 86° and supination 79°. Grip strength improved

118%. Radiographs showed no implant loosening of

either the carpal or radial component. Two patients

developed mild ulnar deviation imbalance but it did
not noticeably impact function. The resected distal

ulna did not cause symptoms. There were no deep

infections. Complications were more common in each

s u rg e o n ’s early experience and in patients with
s e v e re disease. Prosthetic instability was more pro b-

lematic in patients with severe deform i t y, pre o p e r a t i v e

joint laxity and active synovitis. Dislocations occurred

in six such patients; four responded to further tre a t-

ment and retained their implants and two were
e v e n t u a l l y converted to an arthrodesis.  

D I S C U S S I O N The clinical and radiographic outcomes

of multiple surgeons were favorable in the tre a t m e n t

of patients with rheumatoid arthritis. The design of the
carpal component provides consistent and secure fix-

ation, and the prosthesis aff o rds good wrist balance

and motion. In properly selected patients, the

Universal prosthesis provides a functional wrist and
high patient satisfaction. 
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The ulnar head prosthesis (UHP) has been advocated
for the salvage of painful instability of the distal ulna
following resection arthroplasties of the distal radioul-
nar joint (DRUJ). Being a hemiarthroplasty, direct
contact between the head of the prosthesis and the
sigmoid notch as well as the surrounding soft tissues
is given. Stabilization of the shaft of the prosthesis
shall be achieved by osseointegration into the ulnar
shaft. The aim of this prospective, longitudinal study
was to evaluate the effects of the UHP against the
sigmoid notch, the carpal bones and the surrounding
soft tissues as well as the clinical performance. From
1996 to 2001 the UHP has been in 14 patients. All
patients were clinically and radiologically followed up
in yearly intervals. One patient was excluded from
the study as the prosthesis was removed due to a
deep infection. Patients, age averaged 44 (28–57)
years, follow up 46 (6–69) months. Preoperative clin-
ical examination included pain and satisfaction scor-
ing using a visual analog scale (0-10), grip strength
and forearm rotation. Radiographic investigations
included p.a., lateral and transverse loading views.
At the latest examination the DASH score was
applied next to a full clinical examination.
Radiologically, standard radiographs, MRI- and CT-

investigations were performed. Pronation increased

f rom 73° preoperatively to 80° postoperatively,

supination from 65° to 78°. Grip strength improved

f rom 41% to 84% compared to the unaff e c t e d

extremity. Pain decreased from 9 to 3 and patients

satisfaction improved from 2 to 8 on the visual ana-

logue scale. The DASH score measured from12 to 82

but seems to be highly influenced by additional wrist

pathology (arthrodesis). Radiologically an average

ulna-minus situation of 2.06 (+0.5 to -4) mm was

achieved. CT-scans demonstrated osteointegration in

all patients. A bone resorption at the distal end of the

ulna proximal to the neck of the prosthesis was evident

in 10 patients with an average of 1.17 (0–3) mm.

Osteophytic bone adaptions at the edges of the sig-

moid notch were found in 4 patients. MRI demon-

strated in only one patient bone edema at the ulnar

aspect of the lunate due to ulna impaction syndrome.

Synovitis around the head of the prosthesis was evi-

dent in one patient. The UHP significantly improves the

clinical symptoms in these patients. Osteointegration

is achieved, pressure overload of the radius is not

evident. Bony reactions at the sigmoid notch or the

distal ulna do not show progress over time. 
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Synovectomy is usually employed to relieve pain and
preserve the function of wrists affected by rheuma-
toid arthritis. The use of arthroscopic technique has
advantages over the conventional open procedures
in avoiding major surgical trauma to the joints. The
purpose of this study is to evaluate the therapeutic
effectiveness of arthroscopic synovectomy for the
patients with rheumatoid wrists. 19 wrists in 18
patients (4 males and 14 females, average age 49.2
years) who had not responded to anti-rheumatic
medications, were treated with arthroscopic syn-
ovectomy. Patients who had tenosynovitis or severe
radiographic involvement were not included.
Arthroscopic synovectomy was performed using a
2.4-mm or 4.0-mm diameter art h roscope and a
motorized shaver system. In addition to standard
portals, extra portals were employed to gain access
to all the areas of the radiocarpal and midcarpal
joints. The distal radioulnar joints were accessed
t h rough the perforated triangular fibro c a rt i l a g e .
Immediate mobilization was allowed postoperatively.
Patients’ subjective symptoms were evaluated by the
visual analogue scales for pain and satisfaction.
Range of motion was measured. Standard pos-
t e roanterior radiographs taken preoperatively and at
the final follow up were analyzed by the modified
Larsen/Rau score system (normal, 0; total destru c t i o n ,

40). The average follow up period was 28.2 months

(range from 24 to 45 months). Postoperatively, all

patients experienced reduction in pain. Two patients

required repeated arthroscopic synovectomy due to

re c u rrence of symptoms. The mean preoperative pain

s c o re was 8.6 and decreased to 3.6 at one year after

the operation. It increased to 6.3 at the final follow-up,

suggesting tendency of pain aggravation with time.

The average satisfaction score at the final follow up

was 6.3(10 points is the maximum satisfaction). The

average flexion-extension arc was incre a s e d from 81

degree preoperatively to 92 degree at the final follow-

up. The mean modified Larsen/Rau score was 11.9

preoperatively and increased to 16.5 at the final radi-

ographs, demonstrating slow progression of degen-

erative changes. The severity of joint degeneration

showed no correlation with the postoperative results.

There was no complication, such as postoperative

s t i ffness and infection. The art h roscopic synovectomy

of the rheumatoid wrists results in effective reduction

of pain and high satisfaction. It provides a short period

of rehabilitation with no risk of postoperative stiffness.

The effectiveness of art h roscopic synovectomy is com-

parable with the conventional surgical synovectomy,

however prolonged benefit should be observed with

long term follow-up. 
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P U R P O S E C h i l d ren born with congenital absence of
the digits due to transverse or longitudinal deficiencies
or constriction ring syndrome have conventionally
been re c o n s t ructed using non-vascularized toe pha-
langeal bone grafts, but more recently, microsurgical
toe-to-hand transfers have been advocated. The
purpose of this study was to compare the conven-
tional technique of non-vascularized toe phalangeal
bone grafting with micro s u rgical re c o n s t ru c t i o n
using toe-to-hand transfers by analysis of growth of
the transferred bone and hand function. 

M E T H O D S 17 children who had undergone non-
vascularized toe phalangeal bone grafting were
c o m p a red with 17 children who had underg o n e
m i c ro s u rg i c a l toe-to-hand transfers. Radiographic
analysis of growth was evaluated by the appearance
of open epiphyseal plates, phalangeal growth over
time and comparison of the transferred toe pha-
langes with the contralateral foot. The parents sub-
j e c t ively evaluated the improvement in their child’s
hand function.  

RESULTS 29 non-vascularized toe phalangeal bone
grafts harvested extra-periosteally from the second,
third or fourth toes were transferred in 17 children.
Mean age at operation was 1.8 years, and mean radi-
ographic follow-up was 4.5 years. 36% of growth

plates remained open, but no growth of the trans-
ferred proximal phalanges was observed over time.
Only 3 parents (18%) felt that hand function had
improved after toe phalangeal bone grafting. 21
m i c ro s u rgical toe transfers were perf o rmed in 17 chil-
d ren at a mean age of 4.6 years with a mean follow-up
of 2.5 years. 96% epiphyseal plates remained open
and progressive growth of the phalanges over time
was seen in 90%. In those children in whom it was
possible to compare radiographs of the contralateral
foot, there was equal growth in the transferred toe
phalanges. All parents (100%) felt that microsurgical
toe transfers had improved both pinch and grasp
function.  

CONCLUSIONS Despite meticulous extra-periosteal
dissection, conventional re c o n s t ruction by non-
v a s c u l a r i z e d toe phalangeal bone grafts does not
seem to provide any bone growth over time.
Conversely, with microsurgical toe-to-hand transfers,
growth potential is preserved and is comparable to
the corresponding toe on the contralateral foot. Little
improvement in hand function is seen after conven-
tional reconstruction, except in those children in
whom the toe phalangeal bone grafts are placed distal
to the PIP joints. Microsurgical toe transfers into the
thumb or ulnar border digit position improves both
pinch and grasp function.
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PURPOSE We have indicated vascularized toe PIP
joint transfer for reconstruction of severely damaged
finger PIP joints since 1979. Early clinical results of
f ree vascularized joint transfers previously re p o rt e d
f rom some centers showed almost satisfactory motion
and stability, but long-term results re p o rts were very
f e w. We reviewed the long-term results of our cases
and examined the problems of this operation.

MATERIALS AND METHODS Eleven joints in ten
cases were reviewed 10 to 22 years after the opera-
tion (average 14 years). There were 1 female and 9
male patients, with an average age at the operation
of 32 years (range 9–53 years). Operated fingers
were index-1, long-7, ring-2, and little-1. Evaluation of
the cases included direct interview, physical exami-
nation, and x-ray film. 

RESULTS An average ROM was 47 degrees (ext. -41-
flex. 87 degrees). An average ROM decreased com-
paring with the early results, average 52 degrees
(ext. -28-flex. 80 degrees). Grip power in all cases
was maintained at about 80 percent of non-affected
side. No cases complained finger and toe pain, and
gait disturbance. Two patients complained of lack of

extension and three patients complained lack of flex-
ion. Ten cases were satisfied with the functional and
cosmetic results except one. X-ray showed that all the
cases kept joint spaces, but three cases had osteo-
phytes at the insertion of central slip and volar cart i l a ge
plate, and one case, followed for 22 years, had mild
a rthritis change. We saw no Charcot-like change.

DISCUSSION Long-term results of our free vascular-
ized joint transfers were almost satisfied. But all
cases had some extension lag and flexion contrac-
ture. This lack of extension increased gradually with
the lapse of time. We speculate that the preoperative
damages of extensor mechanism and the natural
flexed habitus of the toe PIP joint caused the lack of
extension. As the toe PIP joint which had narrow
ROM (an average 42 degrees, ext. -9-flex. 51
degrees in our cases) received the strong force of
finger flexion after the transfer, the ROM was shifted
to flexion side. We thought that the flexion force to the
transferred joint made the osteophyte as mentioned
above. It is important to prevent the extension lag
and maintain the extension mechanism with tight
central slip suture of the transferred joint and meticu-
lous postoperative care.
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Loss of epiphyseal plate viability following successful
vascularized allograft transplantation occurs due to
rejection of the vascular supply. This study investi-
gated the effect of immunosuppression withdrawal
on epiphyseal plate viability after bony healing to the
recipient site. Our objective was to determ i n e
whether or not vascularized epiphyseal plate allograft
transplants remain viable after the withdrawal of short -
t e rm CyclosporineA (CsA) immunosuppression using
a validated model for the heterotopic micro v a s c u l a r
transplantation of rabbit proximal tibial epiphyseal
plate allografts. Our hypothesis was that vascularized
allografts would survive following immunosuppre s s i o n
withdrawal only if bony healing, and therefore epi-
physeal and metaphyseal vascular continuity, had
occurred between the transplanted epiphyseal plate
and recipient bone. Female New Zealand White rab-
bits at 12 weeks of age were used as both donors
and recipients. The proximal tibial epiphyseal plate
was isolated on the popliteal vessels, and harvested
from the donor animal. The graft was transferred to
the recipient allogeneic animal into a cancellous
defect created in the iliac crest. Microvascular anas-
tomoses were performed to recipient vessels to
restore graft circulation. The short-term immunosup-
pression regimen consisted of CsA 10 mg/kg/day SC
administered for 6 weeks, followed by a withdrawal of
immunosuppression for 4 weeks. Sacrifice was at ten
weeks post-operatively. CsA levels were monitored
w e e k l y, and fluoro c h romes were administered prior to
sacrifice. Two experimental and two control gro u p s
w e re evaluated. Group I (n=12) consisted of grafts
t r a n s f e rred with bony contact between the transplant-
ed graft and the iliac crest recipient site, where a s
g roup II (n=12) consisted of allografts transplanted
without bony contact (grafts were transferred into a
soft tissue pocket.) Control groups had identical sur-
gical pro c e d u res done but were not immunosup-
p ressed post-operatively. Longitudinal growth and
bony union were assessed by fine-detail radiography.
P o s t - m o rtem specimens were evaluated for fluo-
ro c h ro m e uptake and histological features. A cellular

viability index was calculated by immunohistochemi-
cal quantification of bromodeoxyuridine uptake and
analyzed statistically by 2-way ANOVA to compare
epiphyseal plate viability between groups. Following
withdrawal of short-term immunosuppression, the
viability index of epiphyseal plate grafts with bone
contact was significantly greater than those without
bone contact (16.0±2.9 vs. 0.0±0.0; p<0.05). All con-
trol growth plates transferred without immunosup-
pression were non-viable. These results suggest that
the viability of epiphyseal plate allograft transplants
is pre s e rved following withdrawal of short - t e rm
immunosuppression, provided that graft design and
recipient site preparation allow for epiphyseal and
metaphyseal neovascularization via bony healing
between graft and recipient. 
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FIGURE 4—Serial photomicrographs of transplanted epi-
physeal plates with short-term immunosuppression (6 weeks
with, 4 weeks without) with and without bone contact. Only
grafts with bone contact were viable, and were positive for
BruD detection by immunohistochemistry.
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P U R P O S E The 21 months follow-up of the first bilateral

hand transplant is presented. 

METHODS The operation was performed on January

14th, 2000 in a 33 year-old male who had lost both

hands in an explosion injury 4 years ago. The level of

amputation was the same in both upper limbs, i.e. at
the distal forearm level. Both hand transplantations

w e re perf o rmed simultaneously in the Edouard

Herriot Transplantation Unit by two hand surgeon

teams. Five HLA-A, -B, and -DR mismatches were
present with the donor; T and B cell cross-match was

negative. Immunosuppressive protocol included

t a c rolimus, prednisone, mycophenolate mofetil

and, for induction, antithymocyte globulins and then
C D 25 monoclonal antibody. Follow-up included

immunological tests, skin biopsies, repeated clinical

and x-rays evaluations, electromyography, functional

MRI and an intensive rehabilitation program. 

RESULTS AND DISCUSSION Neither anti-HLA anti-

bodies nor chimerism in peripheral blood were

shown. Two episodes of acute rejection with cutaneous
lesions occured on day 53 and 82 after transplantation.

Both were reversed by topical clobetasol and

i n c reased systemic cort i c o s t e roid therapy. Side-

effects related to treatment were reversible serum
sickness and hyperglycemia. No infectious compli-
cations and no signs of graft-versus-host disease
occured. At 21 months follow-up, immunosuppres-
sive treatment was well tolerated. General condition
and function were similar in both hands although
function was better in the right dominant hand.
Median and ulnar nerves showed signs of recovery in
both hands. General appearance and vascularity
w e re satisfactory; satisfactory nail growth was
observed. Active wrist and fingers motion reached
about 30% of normal; this was mainly due to extrinsic
muscle activity but there was also some definite clin-
ical and electromyographic intrinsic muscle activity
in both hands. Good protective sensation was
observed; monofilament # 4.56 was felt at index and
fifth finger pulps in both hands. However, there was
no static two-point discrimination. Comparison of pre
and post functional MRI showed pro g ressive cort i c a l
re o rganization. The result was fair according to Chen’s
s c o re. Despite this fact, the result in this part i c u l a r
patient was interesting because of good tolerance of
the immunosuppressive treatment and because both
hands were used in many activities of daily living.
H o w e v e r, hand transplantation is still an experimental
p ro c e d u re. The latest follow-up will be pre s e n t e d .

FRIDAY, OCTOBER 4   1:21 P.M.
Session IIIB—Microsurgery and Nerve Injury

Paper #14B

Follow-Up on the First Bilateral Hand Transplant Patient 

Jean Michel Dubernard, MD, Lyon, France 

Guillaume Herzberg, MD, Lyon, France 

Marco Lanzetta, MD, Monza, Italy 

Earl Owen, MD, Sydney, Australia

28 Synergy 2002: ASSH 57th Annual Meeting

PAPER #14B



29Meeting Abstracts

INTRODUCTION Following primary repair of digital
nerve lacerations, casting for three to four weeks has
been the accepted protocol at least since Miller’s
recommendation in 1921, theoretically to keep ten-
sion off the nerve repair as it heals. This could, how-
ever, compromise range of motion in the injured digit.
In contrast, combined digital nerve and flexor tendon
repairs are rehabilitated with a protocol of immediate
post-operative range of motion. To our knowledge, no
previous studies have evaluated the effects of imme-
diate motion on the results of digital nerve repair in
these two common, yet different, clinical situations.
The purpose of this study was to compare the results
of primary nerve repair in isolated digital nerve lacer-
ations immobilized post-operatively, with nerv e
repairs combined with flexor tendon repairs which
are mobilized immediately post-operatively.

MATERIALS AND METHODS We re t ro s p e c t i v e l y
reviewed patients who had undergone surg i c a l
repair of isolated digital nerve lacerations or com-
bined digital nerve and flexor tendon lacerations.
Demographics obtained included age, hand domi-
nance, injured digit, and time to mobilization. Follow-
up data included range of motion at the MCP, PIP, DIP,
and wrist joints, grip and pinch strength, static 2-point
discrimination, Semmes-Weinstein monofilament
testing, and subjective satisfaction. Between group
comparisons were based on t-tests for continuous

m e a s u res and chi-squared tests for categorical
measures. Paired t-tests were used for within group
comparisons. All comparisons were based on two-
tailed 0.05 level tests.  

RESULTS Fifteen patients (17 digits) with isolated dig-
ital nerve repairs (Group I) and 12 patients (13 digits)
with combined digital nerve and flexor tendon repairs
(Group II) were seen in follow-up. The average age
and duration at follow-up were similar in the two
groups. The average time to mobilization, however,
was 21 days in Group I and 4 days in Group II.
Injuries occurred equally in dominant and non-
d o m i n a n t hands. Good range of motion returned in
all joints with one exception. There was a significant-
ly decreased arc of motion in the MCP joint of the
injured digits of Group I. We found comparable return
of grip and pinch strengths in both groups. In addition,
t h e re was no significant diff e rence in final 2-point dis-
crimination (p=0.67) and Semmes-Weinstein testing
(p=0.09) between Group I and Group II. 

CONCLUSIONS Our data showed statistically signifi-
cant stiffness in the metacarpophalangeal joint after
isolated digital nerve repairs immobilized post-
o p e r a t i v e l y. The diff e rence in sensibility, however
was not found to be statistically significant between
the two groups. This data challenges the long-held
belief that digital nerve repairs should be immobi-
lized post-operatively.
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Over a ten year period (1991–2001), 49 pedicled
vascularized bone grafts (VBG) were performed as
treatment for lunate avascular necrosis (Kienböck’s
disease). Average patient age was 30 (16–59). At the
time of surg e ry, one patient was classified as
Lichtman Grade I, 19 grade II, 20 grade IIIA and 8

grade IIIB. 80% of patients underwent a reverse-flow
pedicled VBG from the distal radius, based upon the
described anatomy1. The vascular pedicles used
included the 1,2 intracompartmental supra-retinacu-
lar artery (ICSRA) (1), 2,3 ICSRA (3), 4th extensor
compartmental artery (ECA) (5), 5th ECA (2), 4+5
ECA pedicle (27) and palmar metaphyseal arch (1).
Several early cases used VBG harvested from the

radial diaphysis (3), ulnar shaft (3) and 2nd
metacarpal (4). Concomitant unloading procedures
were used in 90% of cases. These included tempo-
rary wrist external fixation (23 patients) or midcarpal
joint pinning (14). Permanent unloading was used in
15 instances, including 4 scaphocapitate fusions, 10
radial shortening and one ulnar lengthening proce-
dure. Mean follow-up was 22 months. Post-operative

evaluation included range of motion, grip strength,
pain evaluation, Lichtman outcome score, carpal
height and post-operative MRI. Prior to surgery, the
flexion-extension arc of the involved wrist was 66% of
the unaffected side. Radioulnar deviation was 64%,

and grip strength was 57% of unaffected hand. Post-
o p e r a t i v e l y, there was no significant change in flexion-
extension arc motion. Wrist deviation improved to
79% of the unaffected side, however, and grip
strength improved to 89%. 98% of patients had sig-
nificant improvement in pain. Satisfactory results
were seen in 88% of patients, using the Lichtman
score 2. 83% showed no further collapse at and aver-
age of 22 months post-operatively. 18 of the 49
patients had follow up MRIs at a mean of 18 months
post-operatively. 89% (16/18) showed evidence for
revascularization, with improvement in T2 and/or T1
signal. Complications occurred in 14% of patients.
Most were related to fixation, including 4 pin tract
infections, and 1 EPL ru p t u re. Others included
delayed union at a radial shortening site (1) and
scapho-lunate dissociation from further lunate frag-
mentation (1). Vascularized pedicle bone grafts pro-
vide improved grip strength and wrist range of
motion, as well as MRI evidence of revascularization
when used for the treatment of Kienböck’s disease.
The current pro c e d u re utilizing the 4 + 5 ECA pedicled
graft allows graft harvest and lunate revascularization
through a single dorsal wrist incision. Overall compli-
cations are low and pain relief quite reliable. 

1. Sheetz, KK, et al., J. Hand Surg., 1995; 20: 902–14. 

2. Lichtman DM, et al., J. Hand Surg. 1982; 7: 343–7.
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I N T R O D U C T I O N Both bone fore a rm fracture s
(BBFFs) are prevalent in children. Treatment depends
upon displacement, angulation, and soft tissue
injuries. Neurovascular injury is uncommon, although
a potential problem in widely displaced fractures.
This report details the clinical history and treatment of
7 patients with a BBFF and concomitant ulnar nerve
injury. This injury pattern was reproduced in a series
of cadavers.  

MATERIALS AND METHODS Five males and 2
females with an average age of 6.2 years were eval-
uated following a displaced BBFF and concomitant
ulnar nerve injury. Four injuries were Grade I open
and three were closed. All children had similar frac-
ture patterns with midshaft volar angulation and
p rominent proximal ulna spike. The ulnar nerv e
deficit was noted prior to reduction (5) or during
immobilization (2). Follow-up averaged 3.2 years
(range; 1.5 to 5.4 years). Impact loading was used to
recreate midshaft BBFFs in 6 cadavers. X-ray was
used to verify the fracture and closed reduction per-
formed. Specimens were dissected to assess the
vulnerability of the ulnar nerve. 

RESULTS Surgery was performed in 6 cases and
refused in one patient. Findings included entrapment
of the ulnar nerve in callus (4) or interposition of the

nerve between the fractured ends (2). Treatment con-
sisted of neurolysis (3), direct neurorrhaphy (2), or
nerve grafting (1). Follow-up revealed complete ulnar
n e rve function in 4 and partial re c o v e ry in 2.
Sensibility exceeded motor recovery in instances of
partial recovery. All fractures healed, although the x-
rays in 2 patients revealed a notch indicative of nerve
entrapment. Cadaver dissection revealed ulnar nerve
vulnerability within the mid to distal third of the fore-
arm. The nerve is confined between the shaft, flexor
digitorum profundus, and flexor carpi ulnaris. A BBFF
with an apex volar angulation of the ulna intrudes this
area and can injure the nerve by impact or entrap-
ment between the bone ends.  

DISCUSSION BBFFs require assessment of the neu-
rovascular status at presentation and following
reduction. Considerable displacement with volar
angulation can injure the nerve, which resides in a
precarious position in the mid third of the forearm.
Open injuries should heighten the clinical suspicion
of nerve injury. A block to reduction in a closed injury
w a rrants early exploration to ensure the ulnar nerv e
is not interposed between the fractured bone ends.
An open injury should include debridement with
wide exposure to identify entrapment of the ulnar
n e rve. In a subacute presentation MRI could confirm
e n t r a p m e n t .
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INTRODUCTION The management of radial nerve
palsy associated with fracture of the humeral diaph-
ysis is disputed. Some recent data suggest that high-
energy closed fractures merit exploration. 

METHODS Twenty-nine patients with fracture of the
diaphyseal humerus and radial nerve palsy were
reviewed re t ro s p e c t i v e l y. Twenty-five patients (17 men
and 7 women; average age 25 years) were injured in
high-energy accidents and four patients (all older-
aged women) were injured in simple falls. Ten frac-
tures were open (Gustilo Type 2 in 5 and Type 3 in 5).
Six were associated with a massive upper extremity
injury (multiple open fractures or multiple neurovas-
cular injuries), 3 part of a floating elbow injury, and 7
one of multiple traumatic injuries. Thirteen fractures
were isolated injuries. Nerve exploration was per-
formed in all patients with open wounds, none of the
patients with closed injuries. 

RESULTS All five patients with transected nerves had
open humerus fractures as part of a massive upper
extremity injury. None of the nerves recovered after

repair. Among the twenty-four nerves treated closed
or found to be intact at operation, all but one recov-
ered-a patient treated with closed IM rod fixation and
noted to have nerve transection at a later surgery for
nonunion (whether the nerve was transected by the
injury or the placement of the rod is not known).
Twenty-two of the twenty-three nerves recovered
within 12 months of injury (average 5 months). One
nerve required 21 months for complete recovery.

DISCUSSION Transection of the radial nerve is asso-

ciated with open fractures of the humerus that are

part of a massive upper extremity injury. The results

of nerve repair in this circumstance are dismal, limiting

the value of exploration and repair. Exploration of the

radial nerve is not necessary for closed fractures,

even those that are part of a high-energy injury, as

transection is unusual. Early tendon transfers should

be considered if the nerve is lacerated, but tendon

transfers should be delayed at least one year in

patients with closed injuries or intact nerves as com-

plete or near complete recovery are the rule.
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INTRODUCTION Carpal collapse and progressive
degenerative change characterize the natural history
of scaphoid nonunion. Various grafting techniques
can be technically challenging due to difficulties with
graft sculpting, alignment correction and stability. We
present our results of a technique used since 1989
that places a size-matched iliac crest dowel bone
graft in transverse orientation across the scaphoid
nonunion, with stability usually augmented by a
Herbert screw.

MATERIALS AND METHODS Ninety-eight consecu-
tive patients with scaphoid non-union (100 wrists)
underwent dowel bone grafting and internal fixation,
with 26 fractures involving the proximal pole. The
patients were assessed prospectively with a consis-
tent technique by a single surgeon. Average time
from injury to surgery was 38 months. 96% follow up
was achieved at an average of 11 months.  

RESULTS An overall union rate of 88% (proximal pole
71%, waist 94%) was obtained. Grip stre n g t h
improved from 68% to 83% (p<0.01) of the contralat-
eral wrist and wrist flexion-extension arc improved
from 114 degrees to 118 degrees. Using a modified
Green and O’Brien wrist score the average preoper-
ative rating improved from 66 to 81 postoperatively
(p<0.01). There were 11 nonunions (four waist frac-

tures and seven proximal pole fractures). Seven went
on to successful costo-osteochondral (rib) autografts,
one was treated with an art h rodesis and three had
mild symptoms not requiring operative interv e n t i o n .
A p a rt from three patients requiring hard w a re
removal, there were no other complications.  

D I S C U S S I O N Dowel bone grafting for scaphoid non-
union has technical advantages over alternate bone
sculpting methods, and achieves a high union rate
with low donor site morbidity. The technique is techni-
cally straightforw a rd and allows correction of scaphoid
angulation and displacement, and was universally
applicable in a wide range of scaphoid non-unions. 

SATURDAY, OCTOBER 5   9:00 A.M.
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PURPOSE Trans-scaphoid dorsal perilunate fracture-
dislocations (TS-dorsal PLFD) are the most frequent
type of perilunate dislocations. However few studies
consider this group as a specific entity. The purpose
of this study was to focus on the long-term results of
a series of TS-dorsal PLFD surgically treated at the
acute or subacute stage. 

METHODS 14 patients (14 wrists) with TS-dorsal
PLFD were retrospectively reviewed. All were male.
Their average age was 24 (range 17 to 45). The
delay between injury and surgery averaged 6 days
(range 0 to 21 days). In seven wrists the lunate and
proximal scaphoid fragment maintained their rela-
tionships with the radius (stage I): all were treated by
ORIF (single dorsal approach in 6 wrists, combined
carpal tunnel and dorsal approaches in 1 wrist). In
five wrists the lunate and proximal scaphoid were
volarly dislocated with a rotation arc of less than 90°
(stage II A) : all were treated by ORIF through a single
dorsal approach. Two wrists in which lunate and
proximal scaphoid were volarly dislocated with a
rotation arc of more than 90° (stage II B) were treat-
ed by 1 ORIF and 1 proximal row carpectomy (PRC)
t h rough combined carpal tunnel and dorsal
approaches. Each patient was clinically and radio-
logically evaluated by an independent observ e r

(modified Mayo wrist score, standard PA and lateral
x-rays) at an average 8.5 years follow-up (range 3 to

13 years). 

RESULTS Among 13 wrists treated by ORIF, there
were 4 excellent, 7 good and 2 poor clinical results.

All fixed scaphoids healed. Carpal alignment meas-
urements were within normal limits in all cases. No

lunate or proximal scaphoid necrosis with collapse
w e re observed. However, degenerative changes
were observed at the midcarpal level in 12/13 case

and at the radio-carpal level in 9/13 wrists. The two
poor clinical results displayed an osteochondral frac-

ture of the head of the capitate at the time of surgery.
The patient having sustained PRC had a good result

at 13 years follow-up. 

DISCUSSION Early surgical treatment of TS-dorsal
PLFD led to satisfactory long-term clinical results in

85% of the cases in this series. Fixation of scaphoid
fracture through a dorsal approach was effective.
However, late degenerative changes at mid and

radiocarpal levels were almost constant. The nega-
tive effect of an associated osteochondral fracture of

the head of the capitate on the clinical result was
striking in this series; its prognosis value has to be
confirmed at a larger scale. 

SATURDAY, OCTOBER 5   9:06 A.M.
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PURPOSE Dorsal angulation of the distal radius post-
f r a c t u re is known to affect the constraints of the distal
radioulnar joint (DRUJ). The purpose of this study
was to examine the torque required to achieve a full
range of motion with increasing dorsal angulation. 

METHOD Nine normal human cadaveric forearm
specimens were dissected, leaving the soft tissue of
the wrist, elbow, and IOM intact. PQ, PT, FCR,
Supinator, Biceps, ECRL and ECRB tendons were
prepared and loaded. Unloaded and resistive mus-
cle loading conditions were simulated throughout a
complete pronation-supination motion on a forearm
simulator. A torque cell was used to measure the
torque required to create and resist motion of the
DRUJ. The torque required to achieve a prescribed
full range of motion was measured. Data was collect-
ed in the intact state, and after increasing degrees of
distal radial fracture realignment: 0°, 10°, 20°, 30°,
and 40° dorsal tilt. After measurements of torque with
ligaments intact, the TFCC was sectioned and the
distal radius angulation sequence was repeated.
Dynamic loading data was reduced to 4 static points
in the full range of motion to facilitate data analysis.
Data were compared to normal using ANOVA. 

R E S U L T S The torque to complete motion was aff e c t e d
by the degree of simulated malunion, TFCC pres-
ence, and muscle loading. With muscles unloaded,
for both the TFCC intact and disrupted, there was
statistically increased torque at the DRUJ with
greater than 30° malunion (Fig. 1). With resistive
loading and the TFCC intact, increased torque was
necessary to achieve a full range of motion with
greater than 40° angulation in pronation, and 30°
angulation in supination (Fig. 2). 

C O N C L U S I O N Dorsal angulation of the distal radius,
as may occur following Colles fractures, is associated
with increased resisted torque at the DRUJ. With a
malunion of more than 30° dorsal angulation, the
t o rque across the joint is increased even with the
muscles unloaded. With active load in supination,
m o re than 30° dorsal malunion and more than 40° in
p ronation produced increased torque at the DRUJ.
Although not statistically significant, results indicate
t o rque changes with as little as 10° malunion. This
suggests that a correction osteotomy may be indi-
cated with lesser degrees of malunion if the full
range of motion of the wrist is particularly import a n t
for a patient. 

SATURDAY, OCTOBER 5   9:15 A.M.
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INTRODUCTION Common types of malunion of the
distal radius include shortening and angulation
deformity in the sagittal and frontal plane. In addition,
a certain rotational deformity of the distal fragment with
respect to the diaphysis may exist. While angulation
d e f o rmity and shortening and their effects on the bio-
mechanics of the wrist are well-known, little is known
about rotational deformity of the distal fragment.

PURPOSE The aim of this study was to analyze malu-
nions of the distal radius with respect to rotational
deformity of the distal fragment and its effect on fore-
arm rotation. 

MATERIAL AND METHODS 25 patients with a dor-
sally and 12 patients with a volarly tilted malunion of
the distal radius, which were referred to us for the
treatment of a symptomatic malunion, had computer
tomography of both wrists to determine rotational
deformity of the distal fragment with respect to the
diaphysis according to the method outlined by
Frahm. Radius tilt, ulnar inclination and ulnar variance
were assessed on plain radiographs. 

RESULTS Dorsally angulated malunions: 11 patients
(44%) had no rotational deformity, 8 (32%) had
pronation and 6 (24%) supination deformity. The
average on pronation deformity was 10° (range, 3 to
22°). The average on supination deformity was also

10° (range, 4 to 18°). Volarly angulated malunions: 3
(25%) patients had no rotational deformity, 6 (50%)
had pronation and 3 (25%) had supination deformity.
The average on pronation deformity was 13° (range,
3 to 28°) and 14° (range, 10 to 19°) on supination
deformity. Whilst there was no significant differences
between dorsally and volarly tilted malunions in
regard to forearm pronation, forearm supination was
significantly more decreased in volarly tilted malu-
nions with an average of 48° as in dorsally tilted
malunions averaging 68° (p=.04). Surprisingly
v o l a r l y tilted malunions with a rotational deformity
less than 10° had the smallest amount of forearm
supination averaging 43° compared to volarly angu-
lated malunions with a rotational deformity greater
than 10° (average, 53°), dorsal malunion with a rota-
tional deformity less than 10° (average, 71°) or more
than 10° (average, 62°). Multivariate re g re s s i o n
analysis showed, that forearm supination is affected
more by the radius tilt (p=.036) than by rotational
deformity or ulnar variance. 

CONCLUSION Rotational deformity is very common
in malunited fractures of the distal radius, especially
in volarly angulated malunions. However, in this clin-
ical study rotational deformity had less effect on
f o re a rm rotation as dorsal or palmar angulation of
the distal radius. 

SATURDAY, OCTOBER 5   9:21 A.M.
Session IVA—Wrist Fractures

Paper #22A

Rotational Deformity in Malunited Fractures of the Distal Radius 

Karl-Josef Prommersberger, MD, Bad Neustadt, Germany 

Steffen C. Froehner, MD, Bad Neustadt, Germany 

Rainer R. Schmitt, MD, Bad Neustadt, Germany 

Ulrich B. Lanz, MD, Bad Neustadt, Germany 

36 Synergy 2002: ASSH 57th Annual Meeting

PAPER #22A



37Meeting Abstracts

OBJECTIVE To compare closed reduction and casting
with closed reduction and external fixation for distal
radius fractures with metaphyseal displacement but
without joint incongruity.

DESIGN Multicenter randomized clinical trial. 

STUDY COHORT Skeletally mature individuals 16–75
with displaced extra-articular distal radius fractures. 

METHODS 113 eligible patients with distal radius
fractures with metaphyseal displacement but without
joint incongruity, were randomized to either closed
reduction and casting (N=59) or closed reduction
and external fixation (N=54). In five patients random-
ized to cast treatment, an open procedure was
required within the first three weeks due to significant
loss of correction. One patient randomized to exter-
nal fixation underwent open reduction and internal
fixation because of displacement of a previously
undisplaced partial articular fracture. Patients were
evaluated at 6 weeks, 6 months, 1 and 2 years.
Upper extremity function as measured using the
upper extremity module of the Musculoskeletal
Function Assessment represented the primary end-
point. Pain, Jebsen Taylor functional testing, range of
motion, grip and pinch strength were evaluated as
secondary outcomes. Repeated measures analysis
of variance was used to compare outcome between
the two study groups. Results at each time interval

were compared using the student’s t-test or chi
squared testing. 

RESULTS Upper extremity function scores, Jebsen
Taylor scores, pain scores and grip stre n g t h
improved significantly the first year of the study for all
patients. By two years, Jebsen Taylor scores and
pain scores were similar to population age and gender
matched control scores in both study groups. At all
evaluation time points, there was a trend for better
function in the external fixation group, however this
did not reach statistical significance (p<0.05). The
mean difference in upper extremity function scores at
two years (the primary endpoint) was 5.5 in favour of
external fixation (power=0.161). For 80% statistical
power approximately 896 patients in total would
need to be studied. There were six pin site infections
in the external fixation group (14%), with one deep
infection requiring curettage (2%). One patient in the
external fixation group (2%) and two in the cast
group (6%) developed reflex sympathetic (p=0.585).
There was no statistically significant difference in the
radiographic restoration of anatomic parameters
although there was a trend for better length and pal-
mar tilt restoration with external fixation (p>0.05).  

C O N C L U S I O N S T h e re was a trend for better function-
al, clinical and radiographic outcomes with immediate
e x t e rnal fixation for distal radius fractures with
m e t aphyseal displacement but with a congruous joint.

SATURDAY, OCTOBER 5   9:30 A.M.
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PURPOSE Two common techniques for treatment of
unstable distal radius fractures in young adults
include percutaneous pinning combined with plaster
cast, and application of an external fixator, fre q u e n t l y
with adjunctive pinning. While the simplicity of percu-
taneous pinning has been documented, many
authors recommend external fixation to impro v e
reduction of unstable fractures and prevent re-dis-
placement. A higher incidence of superficial radial
nerve injuries, stiff wrist joints and reflex sympathetic
dystrophy (RSD) has been attributed to the use of
external fixation. The objectives of this prospective
randomized study were: 1. To compare the short and
m i d - t e rm radiographic and clinical outcomes of
these two common fixation techniques. 2. To com-
pare the complications of the two techniques, specif-
ically the incidence of pin tract infections, stiffness,
nerve injury and RSD. 

METHODS 50 adult patients (<65 years of age) with
an unstable fracture of the distal radius were recruit-
ed into this study. Patients were randomized pre-
operatively to either percutaneous pinning or exter-
nal fixation. All fractures were scored according to
the AO classification. More than 75% of fractures
were C2 or C3, with an equal distribution of each type
in both treatment groups. All surgery was performed
by one of three surgeons within 10 days of the injury.
Patients were followed to one year post-surg e ry with

radiographs, independent clinical exam, and DASH
q u e s t i o n n a i res. 

R E S U L T S 24 patients underwent pinning with casting,
while 26 received an external fixator. The use of an
e x t e rnal fixator did not improve the mean radiograph-
ic parameters of radial length, radial angulation or
volar tilt at any time point. However, reduction of intra-
articular steps was noted to be slightly improved with
the use of an external fixator. No diff e rences in mean
DASH scores, total ROM or grip strength were
o b s e rved, but more pin site complications were noted
with the fixator group. Three patients were diagnosed
with sympathetic dystrophy—all received external
fixation. 

DISCUSSION External fixation is a popular treatment
modality for high energy fractures of the distal radius
in young patients. The results of this study suggest
that the limitations of this technique are significant.
The reduction obtained with its use provides no
clear clinical advantage over the result obtained with
f r a c t u re manipulation and pinning. While it is wort h
noting that external fixation does not increase wrist
s t i ffness, important factors to consider are the
added cost and RSD rate with external fixation.
F u rt h e rm o re anatomic reduction of highly comminut-
ed fractures is difficult to achieve, re g a rdless of the
technique employed. 
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OBJECTIVE The goal of treatment for unstable dis-
placed distal radius fractures is to restore and main-
tain radial length, palmar tilt and articular congru i t y.
This is especially difficult to achieve with impacted
f r a c t u res or when initial treatment is delayed.
I d e a l l y, this should be achieved in the least invasive
m a n n e r. The purpose of this study is to assess the
results of a new technique of minimally invasive
open reduction of distal radius fractures, supple-
mented with K-wire, internal fixation, and extern a l
fixation without adjunctive bone grafting treated up
to five weeks after initial injury.

CLINICAL STUDY Twenty patients (average age 51.5
years) with irreducible Melone Type IIB distal radius
fractures were treated by this method. All patients
required delayed management with initial treatment
administered between two and five weeks after injury
and all incurred relatively violent trauma resulting in
major articular disruption. Ten patients demonstrated
concomitant median neuro p a t h y. Follow-up evaluation
ranged from one to six years. 

TECHNIQUE The reduction was performed through a
limited carpal tunnel incision. A Josef elevator was
inserted into the fracture beneath the contents of the
flexor compartment. Utilizing fluoroscopic guidance,
the fracture fragments were disengaged and
reduced into anatomic position. The reduction w a s

m a i n t a i n e d by a combination of perc u t a n e o u s
Kirschner wire internal fixation and ligamentotaxis by
external fixation. 

R E S U L T S Postoperative evaluation included the follow-
ing: range of motion, strength, radiographic evaluation
and patient assessment of re c o v e ry. Pre - o p e r a t i v e
dorsal tile was 22, ulnar variance +4mm and articular
step off was 2.4 mm compared to postoperative of 4
d e g rees volar tilt, 0.9 mm, 0.3mm re s p e c t i v e l y.
Flexion/extension averaged 63/60 (84% of the oppo-
site wrist), P/S 80/78 (98% of opposite wrist), grip
was 60 lbs. (86% of opposite wrist), and pinch was
16 lbs. (83% of opposite wrist). Post-traumatic arthri-
tis, DRUJ instability and residual nerve dysfunction
was not encountered whereas a high level of patient
satisfaction was the rule. 

CONCLUSION This study demonstrates that this
technique of minimally invasive treatment for distal
radius articular fractures using a limited (carpal tunnel)
incision has the capacity to restore distal radius
anatomy thereby reducing the need for more exten-
sive methods of treatment. It is consistently eff i c a c i o u s
for patients requiring delayed management, having
been successfully employed for as long as five
weeks after initial injury. In such cases osteotomy
and bone grafting have been avoided, while a favor-
able outcome has been achieved. 
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PURPOSE The use of a carbonated apatite calcium
phosphate cement (Norian SRS) has been shown in
a multicenter study to be effective in the treatment of
distal radius fractures, allowing for earlier return of
motion and function without loss of reduction com-
pared to conventional treatment. The primary techni-
cal difficulty in the use of this cement was inadequate
intramedullary fill leading to fracture settling. While
this led to the use of an open technique to prepare
the fracture defect, it became clear that improved
methods were re q u i red to optimize the post-re d u c t i o n
fracture void to allow adequate cement filling for frac-
ture stabilization. This study evaluates the use of a
percutaneous balloon tamp for this purpose.  

METHODS Ten matched pairs of cadaveric below-
elbow specimens were potted and distal radius frac-
tures were created with a servohydraulic materials
testing machine using a previously described model.
Following closed reduction and provisional Kirschner
wire stabilization, specimens were randomly divided
into two groups: traditional open cement technique
or percutaneous balloon augmentation. In the first
g roup, through a traditional limited-open dorsal
approach, the fracture defect was prepared with a
series of tamps, curettes and elevators and filled with
cement. In the second group, a specially designed

balloon tamp was used to percutaneously prepare
the defect followed by percutaneous cement delivery.
The volume of cement was recorded and fracture

reduction was assessed with standard radiographic
indices for each group. Specimens were then
stripped of soft tissue and stability was tested to failure
with the materials testing apparatus.  

RESULTS Initial fracture reduction was equivalent

between the two groups in all parameters measured
(P > 0.05). Defect size and fill were significantly
improved with the balloonplasty (4.4cc versus 2.3cc;
P<0.05). Biomechanical studies revealed improved

fracture stability, both in settling and ultimate load to
failure, in the percutaneously treated group using the
tamp (P<0.01).  

D I S C U S S I O N The use of a specially designed balloon
tamp significantly improves the ability to fill the

i n t r a m e d u l l a ry space with calcium phosphate
cement and stabilize fractures of the distal radius.
This technical improvement allows perc u t a n e o u s
cement delivery without compromise of fracture

reduction. Pre l i m i n a ry results have shown the
described technique to be effective clinically in five
patients treated to date. Laboratory and clinical
results will be discussed. 
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INTRODUCTION Increased incidence of falls and
osteoporosis combine to make distal radius fractures
a major cause of morbidity for the elderly patient.
This paper presents our experience treating distal
radius fractures on this population using a volar fixed
angle internal fixation plate. 

METHODS We reviewed retrospectively all patients
>75 y/o treated between January 1998 and August
1991 at our centers, for unstable distal radius fracture s
using the DVR plate applied through the extended
FCR approach. Postoperative management included
immediate finger motion, early functional use of the
hand and a wrist splint used for an average of three
weeks. Standard radiographic fracture parameters
were measured and final functional results where
assessed by measuring digital motion, wrist motion
and grip strength. 

RESULTS Of 21 patients that fit the inclusion criteria,
we were able to follow 18 patients with 19 unstable
distal radius fractures for an average of 63 weeks.
One patient died of unrelated causes and two were

lost to follow-up. Fifteen patients were treated as out-

patients, all under regional anesthesia. Three were

treated as inpatients; two were discharged in less

than 23 hours and one patient (associated pelvic

fracture) stayed 14 days in a rehabilitation unit. Final

volar tilt averaged 6 deg., radial tilt 20 deg. and radi-

al shortening averaged <1 mm. The average final

dorsiflexion was 61 deg., volar flexion 56 deg.,

pronation 80 deg. and supination 76 deg. Grip

strength was 77% of the contra-lateral side. There

were no plate failures or significant loss of reduction,

although there was some settling of the distal frag-

ment in three patients (1–3 mm.). 

C O N C L U S I O N The treatment of unstable distal

radius fractures in the elderly patient with a volar

fixed angle plate provides stable internal fixation and

allows early function. This technique minimizes mor-

bidity in this population by successfully handling

osteopenic bone, allowing early return to function,

providing good final results and presenting a low

complication rate. 

SATURDAY, OCTOBER 5   10:00 A.M.
Session IVA—Wrist Fractures

Paper #27A

Internal Fixation for Unstable Distal Radius Fractures in the Elderly Patient 

Jorge L. Orbay, MD, Miami, FL 

Alejandro Badia, MD, Miami, FL 

Roger Khouri, MD, Miami, FL 

Eduardo Gonzalez-Hernandez, MD, Miami, FL 

PAPER #27A



I N T R O D U C T I O N Studies have documented i n -
c reased mortality rates in patients sustaining hip and
v e rtebral fractures. Distal radius fractures are common
injuries among the elderly and are a significant sourc e
of disability. The purpose of this study is to analyze
mortality rates in elderly patients after distal radius
fractures.  

M E T H O D S The re c o rds of 325 elderly patients tre a t e d
for distal radius fractures between 1992 and 1999
were reviewed and submitted to the national death
registry maintained by the National Death Index and
the Center for Disease Control. The mortality experi-
ence of the patient cohort was analyzed using bivariate
statistical tests and multivariate regression.  

RESULTS Patients included 260 women and 65 men.
Average age at diagnosis: 77.37 years (range 65 to
106 years). 20.6% of patients (29.2% of men, 18.5%
of women) died during the study period. At 7 years

post-fracture, the cumulative estimated survival in the
cohort under study was 57% compared with an
expected value of 71%, a difference of 14%. After
accounting for variations in age and comorbidities,
men were 2.41 times more likely to die than women
(95%CI=[1.21, 4.77], p=0.012) and their hazard of
death was 1.83 times that of women (95%CI=[1.07,
3.14], p=0.028). After accounting for variations in
age and gender, patients with comorbidities were
5.23 times more likely to die (95%CI=1.80, 15.23,
p=0.002) and did not survive as long as those with-
out comorbidities (p=0.02). 

CONCLUSIONS Survival rates following distal radius
fr a c t u res were significantly lower than those expected
for individuals of the same age and gender in standard
populations. Men were twice as likely to die as
women and did so almost twice as quickly. Distal
radius fractures may be associated with increased
mortality in elderly patients. 
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I N T R O D U C T I O N Despite traditional treatment of
comminuted PIP volar lip fractures with osteosynthesis,
volar plate art h ro p l a s t y, traction or external fixation,
complications such as pain, stiffness and/or re c u rre n t
subluxation/dislocation (especially when greater than
50% of the volar lip is fractured) may occur. This study
was designed to evaluate the clinical and radi-
ographic results of a hemi-hamate autograft for the
treatment of comminuted dorsal PIP fracture sublux-

ation/dislocations. 

MATERIALS AND METHODS Thirteen patients (4M:
9F), average age 29 yrs (range: 15–50 yrs), under-
went hemi-hamate autograft for treatment of a dorsal
PIP fracture dislocation. The technique re q u i re s
debridement of the fractured middle phalangeal

base and replacement of the bony defect using a
size-matched portion of the dorsal/distal hamate
osteo-articular surface.  The autograft is secured with
lag screws. Average volar lip involvement on initial
i n j u ry films was 60% (range: 40–80%). The average
time to surg e ry was 45 days (range: 2–175 days).
Range of motion, stability and grip strength were meas-
u red at a mean follow-up of 6 months (range: 2–13
months). Radiographs were evaluated for union, graft
incorporation and/or collapse. Subjective data [pain
level as measured on a visual analog scale (0–10), sat-

isfaction, and re t u rn to work] was obtained with twelve
of the thirteen patients at a mean of 10 months (range:
2–36 months).  

RESULTS Average arc of motion at the PIP joint was
80° (10° extension / 90° flexion). MCP and DIP aver-
age motions were 0°/90° and 0°/60° respectively.
None of the joints were unstable. Average grip
strength was 74% of the uninjured side. Bony union
was noted in all patients and none of the grafts had
collapsed. Except for one patient who had transient
dorsal subluxation that responded to splinting, there
were no complications. Average pain level was 1.8
with only one patient noting frequent pain at both the
PIP joint and the hamate harvest site. Eleven of the
twelve patients were “very satisfied” with their function;
the other patient was “somewhat satisfied.” All but
one patient returned to their previous employment at
an average of 33 days.  

CONCLUSION When greater than 50% of the volar
base of the middle phalanx is involved in a PIP frac-
ture/dislocation, a hemi-hamate autograft should be
considered to: 1) Reconstruct the stable cup-shaped
contour of the middle phalanx articular surface; 2)
Provide a stable, functional arc of motion at the PIP
joint; and 3) Render minimal disability with a low rate
of complications. 

SATURDAY, OCTOBER 5   9:00 A.M.
Session IVB—Hand and Wrist Reconstruction

Paper #19B

Treatment of Unstable PIP Fracture-Dislocations Using a Hemi-Hamate Autograft 

Rafael M. M. Williams, MD, Cincinnati, OH 

Peter J. Stern, MD, Cincinnati, OH 

Thomas R. Kiefhaber, MD, Cincinnati, OH 

T. Greg Sommerkamp, MD, Edgewood, KY 

PAPER #19B



I N T R O D U C T I O N For the purpose of achieving

anatomical reduction as precisely as possible, we
performed osteochondral grafting from the costo-

osteochondral junction in 16 patients (17 joints) with
c a rtilage disorders or defects in fingers due to trauma

and other causes. Among them, 12 patients (13
joints) were followed up for at least two years postop-

e r a t i v e l y. In 7 of these patients (8 joints), an extre m e l y
small portion of the viable implanted cartilage was

sampled with the consent of the patients at the time of

pin removal and was used to pre p a re histological
specimens (stained with H.E.). We are intro d u c i n g the

clinical outcome in these patients and the histological
findings. 

PATIENTS The sixteen patients were all men, ranging
in age from 18 to 68 years (mean: 40 years). The

injured joints included 3 MP joints, 6 PIP joints, 2 DIP
joints, and 2 IP joint. The defect accounted for 50-

100% of the entire articular surface (mean: 61%). 

OPERATION The collateral ligament was preserved

where possible. The graft was generally obtained
from the 5th or 6th costo-osteochondral junction,

trimmed to fit the defect, and fixed as firmly as pos-
sible using mini-screws or Kirschner-wires. 

RESULTS Implanted cartilage remained viable in all of
the patients and the mean time until bone union was
58 days. The mean range of motion was 13.6
degrees before surgery versus 60.5 degrees after
surgery, with a mean increase of 46.9 degrees.
Histological examination of the implanted cartilage
revealed scattered chondrocytes within the matrix,
and there were generally no differences from normal
hyaline cartilage in all 8 joints assessed. The chon-
drocytes in the grafts appeared to be viable, and the
reconstruction of the joint surface could be con-
firmed histologically.

DISCUSSION Osteochondral grafting from the costo-
osteochondral junction is considered to be one of the
procedures achieving the most anatomical recon-
struction of the injured joint without affecting other
joints. Non-invasiveness to other joints is a beneficial
characteristic of this pro c e d u re. Donor sites no
longer cause pain at 2 or 3 days after surgery, and
raise no particular problems. This technique is par-
ticularly beneficial in the cases where it is difficult to
obtain donors, as with those often observed in
Japan. Although there is an article in which satisfac-
tory clinical results of 7 reconstructed finger joints in
5 patients using this technique was reported, this is
the first re p o rt on the histological features of implanted
cartilage in patients. 

SATURDAY, OCTOBER 5   9:06 A.M.
Session IVB—Hand and Wrist Reconstruction

Paper #20B

Clinical Outcome and Histological Findings of Costal Osteochondral Grafts for Cartilage
Defects in Finger Joints 

Kazuki Sato, MD, PhD, Tokyo, Japan 

Takashi Sasaki, MD, PhD, Yokohama, Japan 

Shinnichiro Takayama, MD, PhD, Tokyo, Japan 

Yoshiyasu Ito, MD, PhD, Tatebayashi, Japan

44 Synergy 2002: ASSH 57th Annual Meeting

PAPER #20B



45Meeting Abstracts

P U R P O S E Evaluate prospectively the results of
trapezial excision and temporary Kirschner wire
d i s t r a c t i o n /stabilization of the first metacarpal for
treatment of thumb basal joint osteoarthritis. 

METHODS Twenty-eight consecutive patients from
one surgeon’s practice entered into a prospective,
single-arm study of surgical treatment for thumb
basal joint osteoarthritis. Measurements taken preop-
e r a t i v e l y, and 6 and 24 months postoperatively
included motion, strength, stress radiographs, and
AIMS2 outcomes analysis. The surgical procedure
consisted of piecemeal excision of the entire trapezium
and 5-week K-wire immobilization of the first
metacarpal in slight distraction and opposition.
Neither tendon interposition nor ligament reconstruc-
tion was included.  

R E S U L T S At 6-month evaluation, 26/28 thumbs
adducted fully into plane of palm, and 27/28
opposed to the fifth metacarpal head. Three patients
were lost to follow-up after the 6-month evaluation. At
2-year follow-up, 23 patients remained pain free and
2 reported occasional ache with forceful activities.
Strength increases averaged 17.4 to 25.5 kgf for grip,
4.5 to 6.0 kgf for key pinch, and 4.0 to 4.9 kgf for tip

pinch. Radiographic scapho-metacarpal distance
d e c reased 53% on average, and there was no corre-
lation between metacarpal subsidence on either static
or stress x-rays with strength or functional outcomes
m e a s u rements. AIMS2 results indicated significant
i m p rovement in “hand and finger function” scale, “sat-
isfaction,” and “arthritis pain.”  

D I S C U S S I O N U n s a t i s f a c t o ry results with simple
trapezial excision led first to silicone implant art h ro-
plasty and then to various interposition and suspension
a rt h roplasties. These pro c e d u res re q u i re additional
operative time and surgical exposure, often with ten-
don harvest, but result in more thumb stiffness and
particularly less strength (See Figure 1). All surgical
treatments for thumb basal joint arthritis benefit to
some degree from local denervation and h e m a t o m a
f o rmation, organization and fibrosis. The question has
been whether the surgeon must formally re c o n s t ruct a
s u p p o rting ligament or interpose material in the
trapezial void. Our results support the concept that
immobilization in a slightly overc o rrected position, but
without formal interposition or ligament re c o n s t ru c t i o n ,
allows for restoration of a supple, stable, pain-fre e
thumb that has superior strength compared to more
complicated interventions. 
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LRTI Hematoma-Distraction

Burton ‘95 Weiland ‘98 Present Study

Preop Postop % ∆ Preop Postop % ∆ Preop Postop % ∆

(24 mo) (32 mo) (24–40 mo)

Grip Strength (kg) 14.6 17.6 21% 26.9 29.6 9% 17.4 25.5 47%

Key Pinch (kg) 4.8 4.4 -8% 5.2 6.2 17% 4.5 6.0 33%

Tip Pinch (kg) 2.9 3.3 14% 3.1 3.8 17% 4.0 4.9 23%

FIGURE 1



P U R P O S E The study was designed to determine the
complications associated with condylar blade plate
stabilization for thumb carpometacarpal art h ro d e s i s
and to compare our results with a previous study fro m
our institution utilizing Kirschner wires for fixation.

MATERIALS Thirty-two trapeziometacarpal arthrode-
ses utilizing plate and screw stabilization were retro-
spectively reviewed. The average age was 50 years
(range, 29–66) and the average follow-up was 34
months (range, 6–73 months). There were three bilat-
eral arthrodeses. Patients were asked to rate their
current level of pain on an analog scale from 0 (no
pain) to 10 (severe, constant pain). 

RESULTS There were a total of 25 complications in 32
a rt h rodeses (78%). Seven patients had no compli-
cations. Twenty-two of twenty-nine patients had a
c o m p l i c a t i o n (76%). There were nineteen minor
complications and six major complications. There
were 2 (6%) nonunions and 4 (12%) delayed unions.
Both nonunions were painful. Other complications
included hardware malposition (8, 25%), continued

pain (7, 22%), and neuritis of the superficial sensory
branch of the radial nerve (2, 6%). Nine patients
(31%) in the plate and screw group required a sec-
ond surgery, most commonly a hardware removal. In
contrast, only 2 of 49 (4%) patients in the pin group
required a second surgery. Comparing plate and
screw stabilization arthrodesis with pin stabilization
demonstrated the nonunion rate to be similar, 7% for
pins and 6% for plate and screw fixation (p=1.000).
The pain score averaged 1.5 for the pin group and
2.0 for the plate group. Again, this was not signifi-
cant. (p=0.0551). 

CONCLUSIONS 1. Plate and screw arthrodesis of the
trapeziometacarpal joint has a high complication rate
(78%) and is more likely to lead to subsequent pro-
cedures when compared to pin fixation arthrodesis
(31% v. 4%, p=0.003). 2. Both techniques lead to
similar union rates (94% v.93%). 3. The satisfaction
rate in the plate group was lower compared to the pin
group (83% v. 98%, p=0.035). 4. We recommend pin
fixation over plate and screw fixation when perf o rm i n g
a trapeziometacarpal arthrodesis. 
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INTRODUCTION The purpose of this study is to
examine isolated lunotriquetral interosseous ligament
tears treated by ulnar shortening osteotomy and vari-
ables causally related to the diagnosis. 

METHOD 55 patients not responding to conservative
management of ulnar sided wrist pain (wrist x-rays
and splinting) underwent bone scan, arthrogram and
arthroscopy to confirm the presence of an isolated
tear of the lunotriquetral interosseous ligament. All
were treated with ulnar shortening osteotomy; in most
cases, 2.5mm of ulna was removed. 

RESULTS Pre-op ulnar variance was positive in 39,
neutral in 12, and negative in 4. Mean pre-op grip
strength increased from 53 lbs. to a mean post-op
strength of 69 lbs. The mean bone healing time was
17 weeks post-osteotomy. There were no non-unions
or complications. Variables having a high degree of
association with LTL tears are: mechanism of injury

and positive ulnar variance. Also frequently seen was

ulna sided wrist pain radiating to the ring and little fin-

gers. A loaded dorsiflexion wrist injury was the gre a t e s t

p recipitating injury, commonly seen with MVA’s .

Follow-up was completed in 45 patients post-ulnar

s h o rtening osteotomy. Results were graded using

Chun and Palmers revised grading system. There were

17 excellent, 21 good, 7 fair and no poor outcomes. 

CONCLUSION This study demonstrates ulnar short-

ening osteotomy to be an effective form of treatment

for isolated interosseous lunotriquetral ligament

tears. Ulnar shortening is not effective when L-T tears

are accompanied by a mid carpal instability or

lunotriquetral osteoarthritis. The surgeon should

maintain a high degree of suspicion for L-T ligament

tears when treating patients with ulnar sided wrist

pain following an MVA or dorsiflexion injury, particu-

larly when accompanied by ulnar positive variants.
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Pain on the ulnar side of the wrist continues to be an
unsolved and incompetely understood problem in
hand surg e ry. In our continuing attempt to understand
this problem, a group of patients with ulnar- s i d e d wrist
pain, ulnar ligamentous injury or laxity, and associated
chondromalacia of the proximal pole of the hamate
was identified—(HALT wrist—Hamate arthrosis sec-
ondary to lunotriquetral instability). The occurrence
of this pathological condition appears to be biome-
chanically analagous to degenerative arthritis on the
radial aspect of the wrist secondary to scapholunate
instability or nonunion/malunion of the scaphoid, i.e.
SLAC or SNAC wrist (Watson et al. 1984, 1987). 

METHODS AND MATERIALS A clinical review of 23
patients treated between 1991 and 2001 with ulnar-
sided wrist pain who were found to have chondroma-
lacia of the proximal pole of the hamate (hamate
DJD) at the time of midcarpal arthroscopy was
undertaken to assess the relationship of hamate DJD
to ulnar ligamentous injuries and other arthroscopic
findings, and the success of arthroscopic excision of
the proximal pole of the hamate. No patients received
treatment for their lunotriquetral instability although
two had previously undergone treatment for LT insta-
bility (one LT fusion and one LT pinning). 

BIOMECHANICAL STUDY Six fresh frozen wrists with
type 2 lunates were studied, before and after proxi-

mal hamate resection to a level that completely
unloaded the proximal pole of the hamate, measur-
ing bone resection at the hamatolunate joint (x-rays)
and load transfer at the triquetral-hamate joint (Fuji
pressure sensitive film). 

RESULTS

Clinical—15 of 23 patients were considered both
subjectively and objectively to have an excellent
result, 4 good and 4 poor. 18 of 23 patients were able
to return to their preoperative employment or recre-
ational status at an average of 9 weeks post surgery.

Biomechanical—Removal of 2.4 mm. of bone
unloads the lunatohamate articulation without chang-
ing the force transfer at the triquetrohamate joint. 

CONCLUSION Arthrosis or degenerative change of
the proximal pole of the hamate is a clinical entity!
This condition is most frequently seen in conjunction
with laxity or tear of the lunotriquetral ligament (HALT
wrist). 2+ mm. of bony resection of the proximal pole
of the hamate both clinically and biomechanically
unloads the lunatohamate articulation without
increasing load at the triquetral-hamate articulation.
Arthroscopic excision of the proximal pole of the
hamate gives excellent clinical results even when
lunotriquetral laxity is untreated if there is no associ-
ated radiocarpal arthritis.
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INTRODUCTION Although motion preserving proce-
dures of the wrist are believed to provide better
upper extremity function than arthrodesis, objective
evidence is lacking to justify these more complex
procedures associated with higher risks. The goals of
this study were to: 1) further define the disability
caused by impaired wrist motion using objective
measurements of function, 2) quantify the perform-
ance differences between motion preserving proce-
dures and arthrodesis, and 3) assess compensatory
motions of the shoulder, elbow and forearm that are
imposed by impaired wrist motion.

M E T H O D S Twenty-one subjects without upper
extremity compromise performed the Jebson’s test
and a series of 13 tasks taken from outcome surveys
(DASH, PRWE, SF36) and pertinent literature. Tasks
were performed under three conditions: 1) unrestrict-
ed wrist motion (normal), 2) fully restricted wrist
motion (simulated total arthrodesis), and 3) partially
restricted wrist motion (30º F and 30º E). A hinged
brace was customized to each subject to restrict
wrist motion. While performing the tasks, motions of
the wrist, forearm, elbow, shoulder and trunk were
recorded using a tracking system. The Jebson’s test
was timed. Subjects completed surveys (DASH,
PRWE, study specific) to assess perceived difficulty
under each condition.

RESULTS Compensatory motions of the shoulder,
elbow and fore a rm were expressed as perc e n t
changes from the unrestricted wrist. Results were
averaged over the 13 tasks for each condition.

Survey scores were averaged for each condition.
Simulated total arthrodesis had consistently negative
e ffects on task perf o rmance and compensatory

motions. Compared to unrestricted wrist motion,
J e b s o n ’s test time increased 19%. Shoulder abduction-
adduction increased 10%, flexion-extension
i n c reased 26% and rotation increased 34%. Elbow

flexion-extension increased 29% and fore a rm ro t a t i o n
i n c reased 10%. Survey scores deteriorated on aver-
age 83%. Simulated motion pre s e rving pro c e d u re s
had smaller effects on task performance and com-

p e n s a t o ry motions. Jebson’s test time incre a s e d
14%. Compared to unrestricted wrist motion, the
shoulder abduction-adduction increased 8%, flexion-
extension increased 22% and rotation increased
31%. Elbow flexion-extension increased 15% and

forearm rotation did not increase. Survey scores
worsened on average 60%. In comparing simulated
arthrodesis to motion preserving procedures, survey
s c o res were significantly worse (p<.0001) for

arthrodesis.

CONCLUSIONS Wrist motion preserving procedures,
such as intercarpal fusions, PRC, and wrist replace-
ment, provide sufficient motion for common tasks
and do not require substantial compensatory motions

of the trunk, shoulder, elbow and fore a rm .
Conversely, total wrist arthrodesis has a greater
impact on task perf o rmance and compensatory
motions. These findings should be considered in

selecting the appropriate surgical procedure, espe-
cially for patients with multiple joint involvement.
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BACKGROUND Total wrist arthrodesis is regarded as
the most predictable way to relieve the pain of post-
traumatic wrist arthritis. Wrist arthrodesis is also
believed to be compatible with a high level of upper
extremity functioning. The upper extremity specific
and general health status of patients with total wrist
arthrodesis after trauma has not been evaluated.  

METHODS Using an IRB approved protocol, twenty-
two patients were evaluated an average of 6 years
after total wrist arthrodesis for post-traumatic arthritis.
Upper-extremity specific and general health status
were measured using the DASH and SF-36 instru-
ments respectively. Patient satisfaction and interest in
pursuing a wrist mobilizing procedure, should one
become available, were also assessed. Objective
assessment included grip strength, digit range of
motion, and radiographic fusion. 

RESULTS The average DASH score was 25 out of 100
possible points (range 4 to 57) with 0 points indicating
no disability. The average physical component score
(PCS) of the SF-36 was 39 (range 15 to 60) and the
average mental component score (MCS) was 52
(range 44 to 64) with a score of 50 representing pop-
ulation norms and each 10 points below 50 repre-

senting one standard deviation below population
norms. Of note, 14 patients complained of wrist pain,

including severe pain in 4 patients. Two of these

patients had ulnar nerve damage at the time of their
original injury, and continue to have nerve-related

pain. Fifteen patients were satisfied or very satisfied
with the result of the fusion, 5 patients were neutral,

and 2 patients were mildly dissatisfied. Tw e n t y

patients would elect to have a motion restoring pro-
cedure should one become available. One patient

required a second surgery to obtain successful
fusion of the wrist. Subsequent surgery included neu-

roma excision in one patients, and hardware removal
in six. Grip strength averaged 58% of the uninvolved

wrist and none of the patients had stiff digits. 

CONCLUSION Substantial dysfunction was noted on

both upper extremity specific and general health

status measures after total wrist art h rodesis for post-
traumatic conditions. Pain was improved, but not

e l i m i n a t e d. While some of the pain and dysfunction
was related to associated problems, the interest in

motion restoring pro c e d u res expressed by our

patients reflects the residual pain and functional lim-
itations associated with an arthrodesed wrist.

SATURDAY, OCTOBER 5   9:51 A.M.
Session IVB—Hand and Wrist Reconstruction

Paper #26B

Health Status after Wrist Arthrodesis for Post-Traumatic Arthritis 

Lauren Adey, MD, Boston, MA 

David C. Ring, MD, Boston, MA 

Jesse B. Jupiter, MD, Boston, MA 

50 Synergy 2002: ASSH 57th Annual Meeting

PAPER #26B



51Meeting Abstracts

I N T R O D U C T I O N Adult patients with Madelung’s
deformity may present with ulnar-sided wrist pain.
Treatment often involves addressing the distal radial
deformity. However, if there is focal wrist pathology
and a positive ulnar variance, then an isolated ulnar
s h o rtening osteotomy may provide symptomatic
relief in these patients. 

METHODS From 1988 to 1994 seven wrists in seven
adult patients with Madelung’s deformity and ulnar-
sided wrist pain underwent ulnar shortening osteotomy.
The distal radial bony abnormality was not
addressed. All of the patients were female, and the
average age at the time of surgery was 33.1 years.
Two of the individuals were mesomelic dwarfs, and
the remaining five patients were otherwise normal.
Surgery was performed after the patients failed at
least six months of non-operative management. The
technique for ulnar shortening included tension band

wiring (one patient), dynamic compression plating
(three patients), and the Rayhack osteotomy system

(three patients). 

RESULTS All patients were asymptomatic at follow-up
ranging from seven to 108 months. All of the

osteotomies achieved union. One patient required
replating for a delayed union. There were no infec-

tions, and no ulnar carpal subluxation. Ulnar positive
variance correction averaged 4.5mm; 8.0mm in the

mesomelic adults, and 3.2 mm in the “normal” adults.
Postoperative range of motion and grip strength were
equivalent to the contralateral, uninvolved wrist. 

CONCLUSION Ulnar shortening osteotomy is a safe
and reliable surgical pro c e d u re that can relieve ulnar-
sided wrist pain in adult patients with symptomatic

M a d e l u n g ’s deformity and positive ulnar variance and
may eliminate the need for radial osteotomy.
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INTRODUCTION Osteotomy of malunited fractures
of the distal radius has become more commonplace
as awareness of the relationship between the align-
ment of the distal radius and function of the wrist and
distal radioulnar joints has improved. Articular malu-
nion of the distal radius can lead to disability and
arthritis and may also merit reconstructive surgery.
The appeal of intra-articular osteotomy has been lim-
ited by the technical difficulty of the procedure and
the concern that the meager blood supply of the
a rticular fragments may increase the risk of avascular
necrosis and nonunion.  

METHODS Twenty-six patients with malunited articu-
lar fractures of the distal radius had an intra-articular
osteotomy at one of three medical centers over a
three-year period. There were 17 men and 11 women
with an average age of 42 years (range 14 to 75
years). Six fractures were shearing type fractures
(AO Type B, Fernandez Type 2) with 4 involving the
volar articular margin (so-called Barton’s) and 2 the
lunate facet. There were 20 articular compression
fractures (AO Type C, Fernandez Type 3) with six
complex fractures (Subtype C3) and 14 simple artic-
ular fractures (Subtypes C1 and C2). The initial treat-
ment was nonoperative in 12 patients and operative
in 14 (8 percutaneous pinning, 4 plate and screws,

and 2 external fixation). The interval from the injury to
the osteotomy averaged 17 weeks (range 8 to 56
weeks). The indication for surgery was a step-off
between the scaphoid and lunate facets of gre a t e r
than 2 millimeters in 22 patients and volar radiocarpal
subluxation related to a malunited volar shearing
( B a rt o n ’s) fracture in four patients. In addition, thre e
patients had dorsal and five had volar subluxation or
dislocation of the carpus with a malunited lunate
facet fragment. 

RESULTS At an average follow-up of 22 months
(range 14 to 26 months) all of the osteotomies healed
and no avascular necrosis was observed. Implant
removal was performed in 14 patients. Complications
included an extensor tendon rupture and a case of
sympathetic dystro p h y. One patient had a subsequent
distal radioulnar joint pro c e d u re (Sauve-Kapandji).
The radiographic result was good or excellent
( L i d s t rom) in 23 patients and the clinical re s u l t
( F e rnandez) was good or excellent in 22 patients.

C O N C L U S I O N S I n t r a - a rticular osteotomy of malunited
a rticular fractures of the distal radius is associated
with little risk of avascular necrosis, an acceptable
complication rate, and radiographic and functional
improvements in most patients.
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INTRODUCTION Patients presenting with arm pain
often have vague and diffuse symptoms and the
examination does not disclose a discrete source of
pain (idiopathic arm pain). Psychological and socio-
logical factors may be an important element of this
type of illness.  

METHODS 35 patients with idiopathic upper limb
pain and 35 patients with a discrete source of pain
w e re enrolled in an IRB-approved prospective pro t o c o l
after informed consent. Five quantitative psychologi-
cal questionnaires were completed by each patient.
The Multidimensional Health Locus of Control scale
(MHLC) measures patients’ perceptions of what con-
trols their health (self, others, or chance). The Body
Consciousness Questionnaire (BCQ) measures a
patient’s awareness of and predisposition with bodily
sensations. The Pain Anxiety Symptom Scale (PASS)
measures anxiety related to pain. The Pain Catastro-
phizing Scale measures a patients tendency to
respond to pain with poor adaptive mechanisms,
expecting the worst. The Wahler Physical Symptom
Inventory (WPSI) measures the frequency of common
physical symptoms such as headaches. It can be
used to measure patients’ tendency to somatize.  

RESULTS Patients with idiopathic pain and patients
with discrete pain had similar scores on the WPSI

indicating a similar frequency of somatic complaints.

Patients with idiopathic upper limb pain had signifi-
cantly greater private and public body consciousness;

fear and cognitive anxiety of pain; tendency to

respond to pain with catastrophizing behavior (expect-
ing the worst); and locus of control due to chance

( i n t e r p reting the pain as the result of bad luck rather

than something that they or their doctor could contro l ) .

CONCLUSIONS Patients with idiopathic upper limb

pain are more focused on bodily sensations, are
more likely to interpret discomfort as indicating a

problem, have greater fear and anxiety of pain, and

believe that health problems are related to bad luck.
These factors may help to explain why patients with

pain but no clear pathology are motivated to come to

physicians. It is important to acknowledge this pain
without mislabeling patients with diagnoses such as

carpal tunnel syndrome, tendonitis, fibromyalgia, or

reflex sympathetic dystrophy which have far re a c h i n g

psychological and sociological implications. Hand
s u rgeons and all physicians should be more comfort-

able saying, “I don’t know,” utilizing the diagnosis o f

idiopathic pain, and providing frequent supportive
visits and reassurance rather than ordering costly,

potentially misleading diagnostic tests or performing

potentially harmful operative procedures. 
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INTRODUCTION The Disabilities of Arm, Shoulder,

Hand (DASH) questionnaire is a patient-centre d

i n s t rument, developed to measure levels of impair-

ment (symptoms) and functional disability in upper
e x t remity conditions (functional activities, sport/ music

and work). Although widely used, only 4 validation

studies of DASH have been published to date. With

the aim of producing a reliable tool which could be
used in German-speaking countries, we performed

cross-cultural adaptation of the DASH to German,

which was carried out in accordance with the AAOS

guidelines. We then proceeded with the first steps to

evaluate the psychometric pro p e rties of the translated
questionnaire. 

METHODS Between March 1999 and December

2000, 342 patients were recruited from 6 diagnostic

groups: amputation of one ray, burns of the hand,
median nerve injury, injury to the proximal-interpha-

langeal (PIP) joint, wrist fusion and resection-suspen-

sion arthroplasty (RSA) of the first carpo-metacarpal

joint. DASH was applied to all 6 groups. In the
absence of a gold standard to test criterion validity,

the RSA, amputation and PIP injured sub-groups

(n=183) also completed a Disability Index which

includes 7 domains of health-related activities.

Additional data was collected from the sub-group of
patients with wrist fusion (n=86) using the Mayo and
modified German Krimmer wrist scores, as well as
clinical tests of grip strength and range of motion.
Spearmann rank correlations were used to examine
relationships between scores. Exploratory factor
analysis was carried out with Varimaxrotation on
items of DASH. 

RESULTS Correlations between DASH domains of
symptoms and function were high for all of the 6
groups (lowest 0.66, highest 0.89), but not for the
areas of sport/music (0.3). The Disability Index corre-
lated positively with DASH symptoms (0.79) and
DASH function (0.73), as did both the Mayo and
Krimmer scores (0.72 and 0.78), however correlation
between clinical tests and DASH was poor (r< 0.25).
A 5 factor analysis was able to account for 70% of
DASH items. 

CONCLUSION These results indicate that DASH dis-
criminates adequately between the given domains of
functional activities, symptoms and sport. Our find-
ings confirm that DASH is a suitable instrument for
assessing patients’ perceptions of their health status
and substantiate the view that treatment outcomes
cannot adequately be based on clinical data alone. 
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Dorsal carpal ganglions are common causes of pain
and limited function. Treatments include immobiliza-
tion, aspiration with and without injection, and surg e ry.
R e c u rrence is a frequent complication. Surg e ry
affords the best chance for definitive treatment. Open
resection is typically the surgical method of choice.
However, difficulties with this technique may include
wrist instability with over-aggressive resection and
unsightly scars. Arthroscopic resection may afford
some advantages such as improved visualization
and a more controlled resection, decreased morbid-
ity, and smaller incisions. The purpose of this paper
is to review the results of arthroscopic resection of
dorsal wrist ganglions. Between November 1994 and
May 2001, forty-one patients with dorsal wrist gan-
glions underwent arthroscopic resection. There were
24 females and 17 males. The right wrist was affect-
ed in 19 patients and left in 22. The average patient
age was 29.8 years (range 11 to 56). All of the
patients demonstrated clinical evidence of a dorsal
wrist ganglion, with exam findings of pain (especially
with wrist dorsiflexion), localized swelling and/or lim-
ited range of motion. The most common location was
at the scapholunate joint. Ultrasound confirmed diag-
nosis in nineteen cases and magnetic resonance
imaging aided in diagnosis in three patients. The
remaining 19 patients were treated based on clinical

exam and history. Twelve patients had previous injec-
tions with recurrence. The average pre-operative
range of motion was flexion of 50°, extension of 42°,
radial deviation of 16° and ulnar deviation of 32°. The
average pre-op grip strength was 15.3 kg. The aver-
age follow-up to date is 35.2 months (range 6 to 84).
In all patients, post-operative range of motion was
equal to or better than pre-operative motion. Ten
cases had significant stiffness immediately following
surgery that resolved within 3 months with therapy.
Another case had persistent swelling following
a rt h ro s c o p y, which eventually resolved by six
months. No cases of postoperative scapholunate
instability occurred. The postoperative grip strength
average improved to 22 kg. Thirty-nine of 41 (95.1%)
patients had no recurrence. Both cases that recurred
went on to undergo two attempts at open resection to
successfully eradicate the ganglion. No intra-operative
complications were noted. The published recurrence
rate for open ganglionectomy is appro x i m a t e l y
5–10%. In this study, the results of arthroscopic gan-
glion resection are very encouraging. At nearly an
average 3-year follow-up, the recurrence rate is
4.9%. No significant intra-operative or post-operative
complications occurred. Based on these results,
arthroscopic ganglionectomy is a safe and reliable
alternative to open resection.
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Complications arising from wrist art h roscopy are
believed to be uncommon. The true complication rate
following this pro c e d u re is largely unknown since most
of our knowledge originates from surveys, individual
case re p o rts, and cadaveric studies. The purpose o f
this study is to determine the incidence and nature of
complications following wrist art h ro s c o p y.

The outpatient records and operative reports of one
hundred and fifteen consecutive patients who under-
went wrist arthroscopy performed by two surgeons
over a four-year period were reviewed. The most
common indications for arthroscopy were triangular
fibrocartilage complex (TFCC) tears (n=53), inter-
carpal ligament injury (n=27), wrist pain (n=19), artic-
ular degeneration (n=17), and articular distal radius
fracture (n=6). Complications were subdivided into
major and minor using the modified Morrey criteria.
We identified a total of 13 complications in our patient
group (11%). Of these, one complication was identi-
fied as major (permanent wrist contracture) while the
remaining 12 were minor (9 patients with transient
wrist joint stiffness, 2 with transient superficial sensory

neurapraxia, and 1 with superficial portal site infec-
tion). All of the minor complications resolved at latest

follow-up with conservative care consisting of occu-
pational therapy for the patients with wrist stiffness,

observation for the patients with neurapraxia, and
oral antibiotics for the patient with the wound infec-

tion. We identified no other major complications,
such as vascular injury, compartment syndrome, joint

infection, permanent nerve injury, or reflex sympa-
thetic dystrophy (RSD). Surprisingly, there is little

information in the literature regarding complications

following wrist arthroscopy. We identified a complica-
tion rate of 11%, which is higher than we expected.

Analysis of our data reveals that the majority of the
complications were limited and resolved with conser-

vative care. Only one patient in the group was identified
as having a major complication (<1%). Te m p o r a ry wrist

stiffness was identified as the most common minor
complication in our study group (8%). All patients in

this group improved with occupational therapy. Wrist
arthroscopy is a safe procedure with a low incidence

of major complications.
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INTRODUCTION Osteoarthritis (OA) of the thumb
carpometacarpal (CMC) joint is a debilitating disease.
Extension osteotomy of the metacarpal has been
reported to result in pain relief and improved hand
function, but little is known about its biomechanical
effects. It has been hypothesized that joint ligament
laxity is an etiological factor in the promotion of OA.
In this study, we propose that extension osteotomy of
the thumb metacarpal results in a decrease in joint
laxity. To test this hypothesis we used a custom
designed CMC Joint Laxity Tester to measure the
l a x i t y of non-OA cadaveric specimens before and
after a simulated extension osteotomy.

M E T H O D S Seven fresh frozen human cadaveric
hands all under age 35 without evidence of arthritis
on x-ray were dissected. The trapezium, trapezoid
and 1st metacarpal were removed from each speci-
men leaving the CMC joint capsule intact. The distal
portion of the metacarpal was fixed in a specimen
holder with PMMA cement. The trapezium-trapezoid
complex was fixed similarly. A CMC joint laxity tester
with a precision of 25 microns was then used to study
the specimens. The specimen was placed into the
laxity tester by manually aligning the anatomic axes
of the joint with the axes of the tester. Ten cycles of
preconditioning followed by ten cycles of data acqui-

sition were performed for each of four directions:
radial-ulnar translation, dorsal-volar translation,
pronation-supination, and joint distraction. An exten-
sion osteotomy was simulated by flexing the
metacarpal on the trapezium by 30 degrees, and all
testing pro c e d u res were repeated. A one-way
repeated measures ANOVA was used to determine
the effect of joint angle on the joint laxity and stiffness
in each of the four directions. 

RESULTS The simulated extension osteotomy signifi-
cantly reduced laxity in the radial-ulnar, pronation-
supination, and dorsal-volar directions: p=0.0067,
p=0.0092 and p=0.0196 respectively. The laxity in
distraction was reduced, but not significantly. In
addition, the stiffness of the joint complex in the dor-
sal direction was significantly increased, p=0.0059
(see Figures 1 & 2).  

D I S C U S S I O N It was found that the simulated extension
osteotomy significantly reduced the overall laxity of the
CMC joint. The reduction in joint laxity coupled with
i n c reased dorsal stiffness may result in an overall
d e c rease in joint translation, particularly in the dorsal
d i rection, which occurs during dynamic pinch activity.
The increased stability may be at least partially re s p o n-
sible for the reduction in symptoms and improved hand
function observed with extension osteotomy.
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PURPOSE One of the frequent deformities in obstetri-
cal brachial plexus palsy is winging of the affected
scapula. The purpose of this study is to introduce the
scapula stabilization procedure, a novel dynamic
technique for the winging scapula, and to assess the
functional results in a population of 26 patients. In the
majority of cases the contralateral trapezius with or
without the rhomboid muscle were transferred. In
s e v e re cases, the contralateral latissimus dorsi muscle
has been used. This deformity is not only functional
but also cosmetic. Scapulothoracic joint deformity is
caused by muscle imbalance of the shoulder gird l e .
P o w e rful internal rotators and paralyzed external ro t a-
tors cause upward and outward contracture of the
joint. The net result is an atrophic winged scapula.

M E T H O D Twenty-six patients with obstetrical
brachial plexus palsy underwent dynamic scapula
stabilization. The mean age was 6.4 years. The mean
follow up was 16.2 months. Eleven patients had global
paralysis and fifteen had Erb’s palsy. In 19 patients
contralateral trapezius transfer was performed and in
seven patients this was combined with a contralateral
rhomboid muscle transfer. In five patients the con-
tralateral trapezius was done initially, followed by a
contralateral latissimus dorsi transfer. The distal third
of the trapezius muscle was raised through a small

posterior midline incision. The muscle was transferre d
and anchored along the medial border and angle of
the contralateral winged scapula. Compre s s i o n dres-
sing and a figure eight sling were applied for eight
weeks postoperatively.

R E S U L T S P reoperative and postoperative the distance
between the spine and the angle of the scapula was
m e a s u red with the patient pushing against the wall.
The mean difference between the paralyzed and
normal side was 3.8cm preoperatively as compared
to 0.6cm postoperatively. The cosmetic and function-
al deformity was corrected in nearly all cases. The
average increase in abduction was 14º [preoperative

mean 97º; postoperative mean 111º]. The mean
e x t e rnal rotation increase was 17º [pre o p e r a t i v e
mean 34º, postoperative mean 51º].  

C O N C L U S I O N S The transfer of the contralateral

trapezius and/or latissimus dorsi muscle to the medial
border and angle of the scapula is a reliable method
of dynamic scapula stabilization and in addition, it
can improve shoulder function in obstetrical brachial
plexus palsy. Elimination of scapula winging and
restoration of muscle balance in the scapulothoracic
joint was achieved in nearly all cases with this inno-
vative new procedure. 
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Epidermolysis bullosa (EB) is represented by a group
of genetically determined skin fragility disord e r s
characterized by repeated blistering of the skin and
mucosae with minimal mechanical trauma. The
hands are constantly exposed to shear forces and
microtrauma during daily activities; therefore, blister-
ing and scarring occurs continuously beginning in
early childhood. Remarkable deformities including
complete cocooning of the hands, pseudosyndactyly,
adduction contractures of the thumb, and flexion/
extension contractures of the thumb and fingers can
occur. These patients require release of their first
web space, palmar contractures, and webbing
between the fingers to restore functional pinch and
grasp; however, the use of autologous skin is associ-
ated with delayed healing of the donor site and
chronic wound formation. The skin graft, Apligraf
(Organogenesis Inc, Canton, Mass), has metabolic,
morphologic, and biochemical similarities to human
skin and has recently been proven effective in pro-
moting rapid wound healing in EB. We have treated
6 patients with hereditary dystrophic epidermolysis
bullosa with release of the cocooning deformities,
pseudosyndactylies, finger and thumb flexion con-
tractures, and first web space contractures followed
by application of Apligraf to serve as a biologic
dressing. There were 3 male and 3 female patients
with an average age of 15.1 years (range: 8–30

years). The Apligraf was covered with a Mepitel
dressing, and silicone spacers were placed between
the fingers. Dressings were changed at one week
postoperatively. Patients were started on active and
active-assisted exercises for finger flexion/extension
and fitted with thermoplastic resting splints for use
between therapy sessions. All wounds were healed
by 6 weeks postoperatively, and patients were able
to achieve functional use of their hand. We followed
the patients for an average of 15 months (range:
12–23 months). There were no surgical complications
and all patients had 100% take of the Apligraf dress-
ing. Additionally, patients had a marked improvement
in their self esteem, functional independence, and
quality of life. These results indicate that surgical
release of hand deformities due to epiderm o l y s i s
b u l l o s a can be successfully managed by application
of the biologic bilayered skin Apligraf without risk of
rejection or adverse side effects. 
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Recent advances in flexor tendon repair techniques
have increased the repair strength to allow early
active mobilization programs within the first post-
operative week. However, most tendon transfer
re h a b i l i t a t i o n protocols recommend immobilization
for 3–6 weeks to protect the transfer. The purpose of
this study is to biomechanically test a modification to
the Pulvertaft weave to determine the creep following
repetitive loading and ultimate strength of the repair.
Three matched pairs of fresh-frozen arms were used.
Within each pair, one hand received all Pulvertaft and
the other all modified Pulvertaft weaves. All flexor
tendons were transected distal to the musculotendi-
nous junction and left attached to their respective
phalanges. The FDS tendon was woven through the
FDP tendon of the index, middle, and ring finger. The
FPL was woven through the FDP of the small finger.
One specimen was broken pre m a t u rely by the testing
equipment. The matched specimen was discard e d ;
t h e reby yielding 11 weaves in each group. All
Pulvertaft weaves had three perpendicularly placed
passes through the FDP tendon, sutured at these
three points with a 2-0 Ethibond horizontal mattress.
In the modified Pulvertaft group, the free end of the
FDS or FPL tendon was placed over the entire length

of the weave. A 2-0 Ethibond simple, running suture

with 3 mm spacing was placed for the entire length

of the weave on both sides of the FDS/FPL. To test

the biomechanics, a K-wire was passed through

each phalanx and the specimens mounted on an

Instron model 1122. The weaves were cycled at 20 N

for 1200 cycles and the stretch of the weave meas-

ured. Next, the tendons were loaded to failure. The

results were compared using a student’s paired t-test.

The modified Pulvertaft weave showed a statistically

significant increased load to failure. The mean load

to failure for the Pulvertaft group was 117 + 2 2 . 3 N

c o m p a red to 242 + 47.9N for the modified Pulvert a f t

g roup (p < 0.001). The modified weave also demon-

strated a statistically significant decreased creep.

The mean increase in the length of the weave for the

Pulvertaft group was 2.62 + 0.84mm and for the mod-

ified Pulvertaft group was 1.28 + 0.60mm (p=0.001).

The modified Pulvertaft weave offers a significant

decrease in creep and increase in s t rength for tendon

transfers with little added diff i c u l t y. Although furt h e r

testing is re q u i red, this tendon weave modification

may allow for immediate active range of motion fol-

lowing certain tendon transfers.
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B A C K G R O U N D The anterior and posterior
interosseous nerves have been demonstrated to
i n n e rvate the central two thirds of the anterior and
posterior wrist joint capsule. Partial denervation of the
wrist has been clinically applied to reduce chro n i c
wrist pain. However, the normal anatomic relation-
ships and functional roles of these nerves related to
wrist proprioception remain unknown. An investiga-
tion of the mechanoreceptor populations in the wrist
joint capsule associated with the anterior and poste-
rior interosseous nerves has been undertaken to
determine the extent and nature of their role in wrist
proprioception. This specific study addresses the
mechanoreceptor population in the dorsal radio-
carpal (DRC) ligament. 

MATERIALS AND METHODS The DRC ligaments
were harvested from four wrists of two fresh cadavers
within 12 hours of death. Before the tissues were har-
vested, radiographs were taken to exclude any
arthritic conditions of the wrists. Tissues were fixed,
sectioned, and collected on glass slides. Slides were
p rocessed for fluorescence immunohistochemistry
using antibody to protein gene product 9.5 (PGP 9.5)
and a secondary antibody conjugated to a fluore s c e n t
tag. The sections were evaluated with an LSM-510
confocal laser scanning microscope and a Kontron KS
400 image analyzer. Labeled mechanore c e p t o r s w e re
mapped, measured and categorized.

RESULTS Three major types of mechanoreceptors,

including Type I (Ruffini ending), Type III (Golgi ten-

don organ) and Type IV (free nerve ending), could be

identified in all four DRC ligaments. More Type I and
IV receptors could be identified compared to Type III

receptors. These receptors were distributed primarily

over the superficial two thirds of the ligament (>

70%), and near the origin and insertion to the bones

(> 80%). More than 70% of the receptors were iden-
tified in epiligamentous spaces rather than in peri-

fascicular spaces. Type I receptors were oval or

irregular in shape, and were measured from 100 to

400ìm. Type III receptors were generally fusiform in

shape, and were between 500 and 650ìm. Type IV
receptors were identified either as single strands or

ramifying arborizations. The terminal axons were

from 1.0 to 1.5ìm in diameter.

CONCLUSION From this preliminary investigation,
we have discovered that the DRC ligament has a rich

sensory innervation from the posterior interosseous

nerve. This information, along with ongoing studies of

the specific aff e rent electrical activities obtained

f rom the posterior interosseous nerve and studies of
p roprioceptive acuity in the wrist, will contribute to

our understanding of the factors involved in joint

p ro p r i o c e p t i o n .
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INTRODUCTION Scapholunate dissociation (SLD) is
the most common carpal instability. Recent studies
have suggested a greater role in stabilization of the
scaphoid and lunate by the dorsal intercarpal (DIC)
and the dorsal radiocarpal (DRC) ligaments. This
study was designed to attempt to determine the role,
if any, of the DIC in the development of SLD and
resulting DISI. 

MATERIAL AND METHODS Five fresh frozen cadaver
arms were used (Male 3, Female 2; age 52 to 68,
average age 60.8; right 3, left 2). Six increasing
stages of instability were developed by progressive-
ly sectioning the following structures: stage 1; partial
dorsal capsulectomy retaining both the DIC and DRC
ligaments, stage 2; sectioning of the palmar and
proximal (membranous) portion of the scapholunate
interosseous ligament, stage 3; detaching the DIC
from its insertion on the scaphoid and trapezium,
stage 4; sectioning of the dorsal scapholunate
interosseous ligament (dSLIO) from the scaphoid,
stage 5; detaching the DIC ligament from its attach-
ment on the lunate, stage 6; sectioning of the luno-
toriquetral ligament. PA and lateral x-rays of the wrist
were obtained at each stage, both with an axial load
of five kilograms and without loading, and the posi-
tion of the scaphoid and lunate were analyzed. In
addition, a 3D digitizer was used to evaluate the

scaphoid and lunate position using nine points (three
on the radius, two on the scaphoid, one on the
lunate, one on the capitate and two on the third
metacarpal bone). Each specimen was evaluated in
six different positions both with and without the 5 kg
axial load. The forearm was maintained in full supina-
tion, and the wrist was tested in neutral, 10 degrees
of radial deviation, 20 degrees of ulnar deviation, and
in 20 and 40 degrees of flexion and 20 degrees of
extension.

R E S U L T S The scaphoid position changed significantly
after sectioning the dSLIO (Stage 4) although only
when the 5kg load was applied, but the lunate position
was unchanged in both the loaded and the unloaded
conditions. Therefore stage 4 resulted in what could
be considered a dynamic instability of the scaphoid
without a DISI. After detaching the DIC from the
lunate (Stage 5), both the scaphoid and l u n a t e
moved significantly in both loaded and unloaded
conditions and demonstrated a DISI deform i t y.
T h e re f o re stage 5 resulted in a static DISI deform i t y.

SUMMARY Complete disruption of the SL ligament
did not necessarily imply the development of a static
collapse of the lunate. The DIC had an important role
to stabilize the scaphoid and lunate and to prevent
DISI deformity.
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PURPOSE The purpose of this study was to develop

an in-vitro forearm fracture model and determine the

role of forearm rotation in the production of particular

injury patterns. 

METHODS A novel in-vitro model was developed to

simulate impact loading within the forearm. Twenty

fresh frozen cadaveric arms were thawed in a warm

isotonic saline solution. The wrist of each specimen

was excised and the proximal humerus was dissected.

The arm was potted at the proximal humerus and

positioned in extension using a plate across the distal

forearm and against the elbow (no clamps or pins

were used in arm positioning). The rotational range of

motion was measured using a goniometer starting

from a neutral position (_=0°) and the forearm was

then placed in the desired rotational position. The

impactor consisted of a horizontal metal bar with an

impact extension traveling on vertical frictionless

guides. The specimens were aligned with the impactor

and a 27 kg weight was raised to 90 cm and dro p p e d

upon the distal radius. Each arm was dissected and

the type of injury and location was assessed.

RESULTS The impact model reliably reproduced pre-

dictable fracture patterns. A concomitant mid-shaft

radius fracture, distal ulna fracture and partial IOM

tear occurred at 51.1 ± 2.6° of supination (n=4).

Isolated radial head (RH) fractures occurred at 11.7

± 5.2° of supination (n=7). Further rotation resulted in

comminuted RH fractures and IOM tears at 13.9 ±

25° of pronation (n=9). There was a significant differ-

ence between the degree of forearm rotation and

pattern of injury (Figure 1, p < .01). 

D I S C U S S I O N This study was able to re p roduce in-vitro
forearm fractures and demonstrated that the injury
p a t t e rn was dependent upon fore a rm ro t a t i o n .
Rotation of the forearm from supination to pronation
changed the radiocapitellar joint (RCJ) and IOM
loads in a predictable pattern. In full supination,
impact forces were completely maintained by the
IOM, resulting in both bone forearm fractures (BBFF)
and partial membrane tears. In slight supination,
there was mild loading of the RCJ, which yielded iso-
lated RH fractures. In pronation, minimal IOM loading
resulted in comminuted RH fractures followed by
traumatic IOM tearing. This fracture model demon-
strated that as the forearm is rotated from supination
to pronation, impact loading will result in a pro g re s s i o n
from a BBFF to an isolated RH fracture to an Essex-
Lopresti lesion. 

SATURDAY, OCTOBER 5   2:45 P.M.
Session VB—Carpal Tunnel

Paper #29B

A Novel In-Vitro Model of Forearm Fracture and the Influence of Forearm Rotation 

Joseph C. McGinley, MSME, Philadelphia, PA

Brendon Hopgood, Philadelphia, PA

Scott H. Kozin, MD, Philadelphia, PA

PAPER #29B

-60 *

-40

-20

0
BBFF

20

40

60

Isolated
Radial
Head

Essex-
Lopresti

*

*

FRACTURE TYPE



INTRODUCTION Loss of forearm rotation can lead to
significant loss of upper extremity function. Operative
treatment to improve rotation of the forearm has been
re p o rted, however, limited information exists about the
e fficacy of conservative management. Non-operative
management is not effective in cases of mechanical
mal-alignment or bony block. We present the results
of static progressive splinting (SPS) for improvement
of forearm rotation caused by soft tissue contracture
of the proximal radio-ulnar joint (PRUJ) and/or distal
radio-ulnar joint (DRUJ). 

MATERIALS AND METHODS The re c o rds of 28
patients with loss of fore a rm rotation treated with static
progressive stretching splints were reviewed. 14
patients had PRUJ stiffness, 13 related to the DRUJ
and one with both. Causes included elbow fracture/
dislocation (5), isolated radial head injury (3), status
post radial head resection (5), distal radius f r a c t u re
(10), wrist ligament re c o n s t ruction (2) and ulna frac-
t u re (2). Patients with synostosis or malunited forearm
fractures were excluded. All patients had 50 degrees
or less of supination, pronation or both.  

RESULTS Mean time from injury to initiation of splint-
ing was 18.1 weeks, (6–62 weeks) with a median of

12 weeks. Duration of splinting was 12–24 weeks.
Average initial supination was 29.8 (0–48), and final
supination averaged 61.7 (10–90). Average gain was
31.9 degrees (-20–80). 23 of 25 (92%) patients
gained motion; 17 of 25 (68%) gained a functional
arc. Initial pronation averaged 28.7 (0–50) and final
pronation was 69.2 (40–90). Average pronation gain
was 39.9 degrees (10–69). All gained pronation, 13
of 15 (87%) achieved a functional arc. Complications
included radial sensory nerve neuropraxia in 2. Only
two patients required surgery for failure to achieve
functional rotation.  

DISCUSSION Static progressive stretching splints
have been effectively applied to elbow flexion con-
tractures, but have received limited attention for fore-
arm rotation. This type of splint allows for infinite
adjustability and control of tissue tension and joint
position to improve forearm rotation. Technical chal-
lenges to designing effective fore a rm stre t c h i n g
splints include difficulty with aligning the axis of
ro t a t i o n , as well as short lever arms with which to
apply stretching force. Despite these limitations, this
report demonstrates the efficacy of this type of static
progressive stretching splint for the improvement of
forearm stiffness related to soft tissue contracture.
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Painful elbow disorders are encountered frequently in
clinical practice. However, the pathways that carry
elbow pain are poorly defined. The purpose of this
study was to create a detailed 3-D reconstruction of
elbow innervation from fetal tissue. The lengths,
branch points, and degree of interspecimen variation
in the course of the ulnar, median, and radial nerves
at the elbow joint were determined. Serial 100
micrometer sections were taken of three human fetal
elbows (gestational ages 22–24 weeks) and stained
with anti-S-100 antibody to label nerve. Digital
images of each structure were stacked into proper
alignment using Adobe PhotoShop version 6.0.
Relevant structures were traced and exported in
Adobe Illustrator format, where the resultant paths
were reconstructed into 3-D images using Strata
Studio Pro version 2.5. This powerful modeling pro-
gram allowed for detailed analysis of nerve pathways,
branching sites, and precise relationships with
respect to different bony landmarks and furthermore
offered the advantage of visualizing the elbow from
any view and isolating specific structures of interest
for advanced study or review. For the ulnar nerve, an
average of 7.3 (range 7–8) total branches (TB), and

4.0 (range 3–5) capsular branches (CB) were detect-
ed and traced. Corresponding values obtained for
the median and radial nerves were 3.0 (2–4) TB, 2.7
(2-3) CB; and 4.7 (4–6) TB, 3.3 (3-4) CB, re s p e c t i v e l y.
The three reconstructed specimens demonstrated
(1) overlap of innervation from all nerves at the radio-
ulnar joint; (2) predominately ulnar innervation with
sparse contribution by median nerve at the humero-
ulnar joint and medial epicondyle; and (3) solely radial
nerve contribution to the innervation of the lateral epi-
condyle. While significant interspecimen variation
was noted in the course and termination of capsular
branches of the ulnar, median, and radial nerves,
careful inspection of the 3-D constructs revealed
considerable pattern uniformity in the nerve path-
ways and branch sites from specimen to specimen.
In part i c u l a r, significant interspecimen homogeneity
was present in a minimum of 3 ulnar and radial CB
and 2 median CB. Having defined the anatomic re l a-
tionships of these nerves and their branches to the
s u rrounding osteology, we can now identify the path-
ways transmitting pain from each elbow compart m e n t .
This knowledge can serve as the basis for designing
minimally invasive denervation pro c e d u re s .
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We report on the treatment of painful peripheral
nerves (Chronic Regional Pain Syndrome-I) with a
direct electrical nerve stimulation (DENS) program of
pain management. A specific screening program of
transcutaneous stimulation (TENS), nerve blocks and
psychiatric assessment was used in 30 patients fol-
lowed for greater than five years. We report reason-
able long-term success in controlling pain and
improved quality of life. From a total of 62 patients
treated by DENS, we report on 30 with long-term suc-
cess of pain relief for radial (2), ulnar (10), median
(17), and brachial plexus (1) related nerve pain. A
pre-operative pain scale and assessment of narcotic
medications, work status, and sleep were recorded.
All patients required relief of pain with one or more
peripheral nerve blocks, failed medical pain man-
agement, and reasonable psychiatric profile before
surgical treatment by neurolysis and implantation of

a direct electrical stimulation electrode system (Itrel
system, Medtronic Corp). The results from treatment
are long-term improved pain in 25 of 30 patients
(83%), ability to sleep (100%), and relief from narc o t i c -
based analgesics (100%) (Figure 1). Pain improved
from a mean of 8.5 (scale 1–10) and range 6–10
(Figure 2) to 3—from range of 0.5. Six patients
remained disabled, seven retired, while 17 returned
to some form of work or homemaker activities. Twenty
patients have near complete pain relief with the Itrel
unit removed, and ten patients continue intermittent
use of direct electrical stimulation with pain improved
60-90%. Further surgery except for Itrel removal has
not been required for any patient. We conclude that
DENS, in proper selected patients, can improve
chronic nerve pain (CRPS- I) long term with improved
sleep, work potential, and relief from narcotic anal-
gesics and overall improved quality of life. 
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The late treatment of unrecognized radial head dislo-
cation remains controversial. A reported surgical out-
come for the treatment of chronic dislocation showed
a high re-dislocation ratio with many complications.
We think that correction of mal-alignment by ulnar
osteotomy is a key to good surgical outcomes and
refined surgical techniques. This paper introduces
our surgical techniques and outcomes. 

METHODS Twenty-two patients were surgically treat-
ed since 1975. The mean interval between traumas
to reconstructive surgeries was 10 months (range: 2
months to 5 years and 2 months). There were 8 males
and 14 females; the mean age at surgery was 10
years and 2 months (range: 4 to 20 years). The right
elbow was injured in 13 patients, the left in 9. Open
reduction of the dislocated radial head was followed
by radial or ulnar osteotomy with or without annular
ligament reconstruction. Since 1991, we modified
s u rgical techniques; the ulna was osteotomized
obliquely at the proximal metaphysis, angulated and
elongated, then rigidly fixed by a plate. An annular
ligament reconstruction was performed by using a
triceps fascia rounded around the radial neck and
sutured back to the fascia itself. Postoperatively, the
cast was applied in 90° of flexion and neutral pro-

supination for 2 weeks. Nine out of 22 patients were
treated based on this modified technique. Follow-up

ranged from 8 months to 12 years and 9 months, with

a mean of 36 months. 

RESULTS There were no serious surgical complica-

tions such as nerve palsy or delayed union. Before
1991, good reduction was obtained in 4 patients,

subluxation remained in 2, and re-dislocation was
observed in 7. An average prosupination arc was

124 degrees; 7 out of 13 patients resulted in restrict-

ed fore a rm rotation postoperatively. By modified
o s t e o t o m y, good reduction was obtained in 7

patients, and 2 patients who had already had slight
radial head deformity resulted in subluxation. An aver-

a g e p rosupination arc was 146 degrees, and re s t r i c t e d

f o re a rm rotation was observed in 2 patients. 

CONCLUSIONS Since we modified ulnar osteotomy,

good reduction of the radial head was achieved with-
out causing serious contracture. Not only angulation

but also elongation of the ulna, so as to let the radial
head into a reduced position, was the key to tre a t m e n t

of chronic radial head dislocation.

See page 68 for more images.
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INTRODUCTION Elbow contracture is a well recog-
nized but potentially difficult problem. Pre v i o u s
authors have reported good success from capsular
release and/or excision of heterotopic ossification.
The senior author’s approach to a stiff elbow is based
on the concept that contracture is caused either by a
soft-tissue tether or a bony block, or both. These
structures can exist both anteriorly and posteriorly.
The authors present a series of elbow contracture
releases that entailed removing the “block” and/or
“tether” to motion.  

METHODS The study group consisted of fifty-two
patients (52 elbows) who had elbow contracture; 34
had prior operative procedures on their elbow. All
patients had open anterior and posterior capsulec-
tomies with excision of olecranon and coro n o i d
osteophytes, as needed. Post-operatively, the
patients underwent a rehabilitation program consist-
ing of passive motion and static splinting regimen. All
52 elbows were followed clinically for a mean of 20.4
months (range, 14–70). Comparison of pre- vs. post-
operative ranges of motion was performed with the
paired t-test.  

RESULTS The mean preoperative limitation of exten-
sion of 48 degrees was reduced to 16 degrees (p<

0.0001), and the mean elbow flexion improved from

103 degrees preoperatively to 130 degrees postop-
eratively (p < 0.0001). The total arc of motion

improved from a preoperative mean of 55 degrees to

114 degrees (p< 0.0001). Forearm supination and
p ronation increased by 21.2 degrees and 9.9

d e g rees, re s p e c t i v e l y. Fourteen patients (27%)

re q u i red closed manipulation under anesthesia
(MUA), post-operatively. Another 6 patients required

a second contracture release for recurrence. Five

patients failed due to: painful motion requiring total
elbow replacement (n=2) or distraction arthroplasty

(n=1), and elbow instability requiring a hinged fixator

(n=2). Other complications included wound infection
(n=3) and reflex sympathetic dystrophy (n=1). 

DISCUSSION Similar to other published data, this
operative approach to elbow contracture has been

met with much success. However unlike previous stud-

ies, we found that a high percentage of our patients
re q u i red subsequent pro c e d u res. Manipulation under

anesthesia in the early post-operative period was not

predictive of inferior results. Additionally, a certain
subset of patients may require a second operative

p ro c e d u re in order to obtain and maintain the

improved range of motion.
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PURPOSE To evaluate the results of a one-incision
posteriolateral surgical approach with concomitant
irradiation (700 rads) for early resection of synostosis
after the 2-incision biceps repair.

INTRODUCTION Radial ulnar synostosis is the most
common complication of the two-incision biceps
repair. Thus far, only one study in the literature has
described this complication and treatment thereof.  

MATERIALS AND METHODS Between 1992 and
2000, 8 patients with radioulnar synostosis after a
two-incision biceps repair were evaluated and tre a t e d
by the senior author, with a mean age of 38 (range
29–47) years old. The mean time between tendon
repair and resection of the synostosis was 8 (6–18)
months. The average follow-up was at 27 (range
13–36) months. An average pronation-supination arc
of 27 o (range 0 o–70 o) was noted preoperatively. All
patients underwent post-operative radiotherapy in
two divided doses for a total of 700 rads. 

OPERATIVE TECHNIQUE The posterolateral incision
was extended and the interval between the extensor
digitorum communis and the extensor carpi radialis
brevis is developed to expose the supinator muscle.
The posterior interosseous nerve is identified and
protected. The synostosis is subperiostaly exposed
through a separate interval, from the ulna to the
radius. After resection, bone wax is applied over

bleeding surfaces, the wound is irrigated and the
tourniquet is released to obtain excellent hemostasis.
A drain is placed for 24 hours. 

RESULTS At an average follow-up of 27 months, it
was noted that the rotation arc of the fore a rm
i m p roved to 155 o (range 140 o–170 o) with an average
gain of 128 degrees. The strength of supination w a s
80% (range 70%–90%) of the contralateral limb.
Seven of the eight patients had no pain after activities
of daily living or work. One had mild pain after pro-
longed activity. No radiographic or clinical evidence
of synostosis re c u rrence was noted at final follow-up. 

DISCUSSION The complication most often noted
after the two-incision biceps repair is radioulnar syn-
ostosis. Several articles have suggested that re s e c t i o n
of post traumatic radioulnar synostosis can be s a f e l y
p e rf o rmed even during nascent bone form a t i o n .
Based on our results, we believe that these authors are
c o rrect in that resecting the synostosis earlier should
achieve movement with less contracture of the
i n t e rosseous membrane. At final follow-up, all patients
w e re satisfied with the result of the pro c e d u re
described. 

CONCLUSION Based on our results we believe that
resection of early radioulnar synostosis can be effec-
tively achieved through one posteriolateral incision
and postoperative radiotherapy.

SATURDAY, OCTOBER 5   3:30 P.M.
Session VB—Carpal Tunnel

Paper #35B

Radial-Ulnar Synostosis after the Two-Incision Biceps Repair : A Standardized 
Treatment Protocol 

Ioannis Sarris, MD, PhD, Pittsburgh, PA

Kent Chou, MD, Pittsburgh, PA

Dean Sotereanos, MD, Pittsburgh, PA



71Meeting Abstracts

PAPER #36B

PURPOSE Numerous manuscripts in the hand litera-
ture have advocated routine wrist radiographs as
integral to the evaluation of carpal tunnel syndrome
(CTS). This places a legal imperative upon physicians
and added expense to the health care system. A
prospective study was undertaken to assess the
value of such radiographs and determine if specific
criterion may be present to guide the physician. 

METHOD 272 extremities from a series of consecu-
tive patients being evaluated for CTS were examined
and radiographed. The history included questions
regarding the nature of symptoms (e.g. numbness,
tingling, dysesthesia, night pain, swelling), onset of
symptoms, contributing or exacerbating factors,
employment history, past medical history, and treat-
ment to date. Physical examination included gross
inspection, Ti n e l ’s test, Phalen’s maneuver, wrist
range-of-motion, intrinsic and extrinsic motor function,
carpal stability assessment, reflexes, and two-point
discrimination. Radiographs were obtained at the
time of clinical evaluation, and read by the ort h o p e d i c
hand surgeon. Prior to reading the films, the hand
s u rgeon listed his predicted radiographic findings.
L a t e r, a fellowship-trained musculoskeletal radiologist,
who was blinded to the findings of the surgeon, inde-
pendently assessed the radiographs. 

R E S U L T S Radiographs documented 67 cases of
trapezial arthrosis, 15 cases of carpal instability, and

9 healed fractures. No significant case of arthrosis,
instability, tumor nor fracture was demonstrated that

was not predicted by the clinical evaluation of the
patient. 33 insignificant morphologic anomalies were

found that had not been predicted by history or
physical examination, and 183 extremities had no

pathologic radiographic findings. One patient was
excluded from the study, as she was pregnant. The
most predictive clinical parameters of radiographic

pathology included pain, range of motion, and sta-
bility tests.

DISCUSSION During the year prior to the collection
period, it was reported that an estimated 500,000
carpal tunnel releases were performed in the United

States. The cost of routine radiographs for these
patients was calculated to exceed $50 million for

that year. This does not take into account those
patients who were evaluated for CTS but did not

u n d e rgo surg e ry. As routine x-rays on all of these
patients are unlikely to reveal significant pathology,

such studies should not be recommended as standard
of care in the evaluation of CTS. The decision to
obtain radiographs should be deferred to the treating

physician following an appropriate examination.
Written guidelines dictating that such studies ro u t i n e l y

be performed cannot be supported and are based
on anecdotal experiences, create legal ramifications,

and create added expense. 
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PURPOSE The purpose of this study was to determine
patient satisfaction with bilateral simultaneous open
carpal tunnel release. Bilateral simultaneous hand
surgery is often discouraged due to concerns about
the patient’s post-operative management of activities of
daily living, and hygiene. We gathered data on the dif-
ficulty level of several activities after surg e ry, as well as
overall patient satisfaction with the bilateral pro c e d u re .

MATERIAL AND METHODS Thirty-nine patients who
underwent bilateral simultaneous open carpal tunnel
release completed a functional activity questionnaire
modeled after the Brigham and Women’s Hospital
carpal tunnel scale (1–5), relating to their immediate
post-operative status (first week after surgery) for
activities of daily living and hygiene tasks. They also
rated their satisfaction with the procedure on a scale
0–10, and were asked if they would have the surgery
again. All patients underwent the procedure under a
tourniquet with a local anesthetic, and all were
placed in bilateral volar wrist splints after the surgery.

RESULTS The patients included 24 women and 15
men. The average age of the patients was 52 years
(range 30–77 years). Six patients (15%) were work-
er’s compensation patients. Thirty-six patients (92%)

had a family member or friend available to help after
the surgery. Thirty-three patients (85%) stated that

they needed the help. The most difficult task was

opening a jar (avg. 4, range 1–5), and the easiest task
was eating (avg. 1.9, range 1–4). “Severely diff i c u l t ”

tasks included writing, buttoning, household chores,

carrying groceries, and driving. All hygiene tasks,
including perineal care, averaged “moderately diff i-

cult”, as did cooking. Tasks that were rated “less
d i fficult” included using a computer, holding a book

and phone, and shopping. Average return to work

was 2.9 weeks (range 1 day–6 weeks). Average sat-
isfaction with the surgery was 9.1 (range 5–10), and

37/39 patients (95%) would have or recommend the
bilateral simultaneous procedure again. 

DISCUSSION Patients demonstrated a high satisfac-
tion rate (95%) with bilateral simultaneous open

carpal tunnel release, and almost all would undergo

the procedure again. Most patients had assistance
after the surgery, however, and we would not recom-

mend a bilateral pro c e d u re for a patient who lives

alone. These data are useful for patient education and
decision-making when planning a surgical pro c e d u re

in a patient with bilateral carpal tunnel syndro m e .
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BACKGROUND The effectiveness of carpal tunnel

release in patients aged 65 or older is controversial.
Based on evidence of declining nerve conduction
velocities with age, surgery has been thought to be

less effective and more morbid in older patients. In
addition, numerous studies show that older patients

have poorer recovery after peripheral nerve injury
and repair than younger patients. As such, many sur-
geons feel that elderly patients do not benefit from

carpal tunnel release. 

M E T H O D This study prospectively examined
patients 65 years of age or older with carpal tunnel

syndrome warranting surgical release. All of the
patients underwent an open carpal tunnel release
through a limited palmar incision and a standardized

three week postoperative protocol for wound care,
exercise, and sensory reeducation. The patients’

subjective and objective signs and symptoms were
m e a s u red preoperatively and six months after their sur-
g e ry. The subjective parameters—paresthesias, numb-

ness, day pain, night pain, and nocturnal numbness—
were assessed on a 1 to 5 scale. Scar tenderness
and patient satisfaction were also recorded. The

Michigan Hand Outcome Questionnaire, a validated
instrument of measuring outcome, was used to deter-

mine overall hand function, activities of daily living,
work performance, pain, aesthetics, and satisfaction

with hand function. The objective measure m e n t s —
Ti n e l ’s sign, Phalen’ s sign, thenar atro p h y, grip
s t rength, pinch strength, and sensibility—were likewise
m e a s u red before and after surg e ry. The Pre s s u re
Specified Sensory Device(tm) was utilized to determ i n e
two-point discrimination. 

R E S U L T S Sixty-two hands in 45 patients were
enrolled; the mean age was 74 ± 6 years. By patient
re p o rt, paresthesias, numbness, day pain, night
pain, and nocturnal numbness were each significant-
ly reduced from severe or very severe to mild or none
(each p<0.0001). All but one of the Tinel’s signs
(p<0.0001), and 100% of the Phalen’s signs
(p<0.0001) became negative. Mean static two-point
discrimination improved from 6.3 ± 1.4 mm to 4.9 ±
1.1 mm (p<0.0001). Grip and pinch strength incre a s e d
by 2.8 ± 17.8 lb. and 1.1 ± 5.4 lb. (p=0.23 and 0.12,
respectively). The Michigan Hand Questionnaire
confirmed a significant improvement in overall hand
function, activities of daily living, work performance,
pain, and satisfaction with hand function (p<0.0001).
Overall 80% of patients were either very or com-
pletely satisfied with their results. 

C O N C L U S I O N S Patients 65 years of age or older
benefit significantly from carpal tunnel release. Age
alone should not be a contraindication to carpal
tunnel release. 
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