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Foreword

on arthroscopic surgery of the wrist. Dr. William B. Geissler, uniquely qualified

to address the diagnosis and treatment of wrist disorders, has devoted himself
to teaching others the advantages and techniques of applying minimally invasive
surgical approaches to this complex joint. He has assembled an impressive team
of accomplished contributors; thus the reader will find it enjoyable, informative
and particularly thorough as a reference for hand surgery.

Dr. Geissler has organized the text and DVD to the practitioner’s advantage.
Arthroscopic anatomy is discussed in detail. Specific diagnoses are addressed sep-
arately throughout. Newer technologies such as laser energy and electrothermal
devices are addressed to illuminate their potential application in the wrist.

Arthroscopy has provided new, minimally invasive access to smaller joints as
well. The distal radioulnar joint of the wrist and even the carpometacarpal joint
of the thumb can now be evaluated and surgically treated in many cases by
arthroscopy.

For those who are looking to master the newer surgical approaches to the hand
and wrist, or for those seeking guidance for a specific surgical procedure for the
wrist, this book, with an accompanying DVD, constitutes an excellent source. It
surely represents the current state of the art for arthroscopic surgery of the wrist.

It is a great pleasure to introduce this techniques book and accompanying DVD

Terry L. Whipple, MD, FACS



Preface

technical capability to examine and treat intra-articular abnormalities di-

rectly. The development of wrist arthroscopy was a natural evolutionary
progression from the successful application of arthroscopy to other, larger joints.
The wrist is a labyrinth of eight carpal bones and multiple articular surfaces, with
both intrinsic and extrinsic ligaments and a triangular fibrocartilage complex—
all within a 5-cm interval. This perplexing joint continues to challenge clinicians
with an array of potential diagnoses and treatments. Wrist arthroscopy has sig-
nificantly advanced our knowledge and understanding of this complex joint. This
is an exciting time in the field; there has been considerable growth since pioneers,
such as Terry L. Whipple, MD, Gary Poehling, MD, and A. Lee Osterman, MD,
reported their original descriptions of the techniques they developed from re-
viewing the anatomy of the wrist.

The indications and techniques for wrist arthroscopy have continued to ex-
pand since Terry L. Whipple wrote his original textbook on arthroscopic surgery
of the wrist approximately 12 years ago. Much has changed as more surgeons have
been exposed to wrist arthroscopy and have contributed to the field, and as ar-
throscopy has been applied to the thumb and smaller joint areas of the hand.

This is truly an international text. Recognized experts from around the world
have contributed their latest techniques and advances in wrist arthroscopy. These
authors describe their arthroscopic techniques in detail and include tips and tricks
to make the procedure easier for all of us to perform. This book and DVD con-
tain updates on commonly performed wrist arthroscopy procedures, such as de-
bridement of tears of the triangular fibrocartilage complex (TFCC) and manage-
ment of carpal instability and distal radius fractures. It also includes the very
latest descriptions of arthroscopic management of acute scaphoid fractures and
selected nonunions, including arthroscopic bone grafting, arthroscopic excision
of both volar and dorsal wrist ganglia, new techniques in arthroscopic repair of
peripheral TFCC tears, and the application of arthroscopy and debridement to
arthrofibrosis of the wrist.

This book, with an accompanying DVD is intended for the surgeon who is
just beginning to develop an interest in wrist arthroscopy, as well as for the ex-
perienced arthroscopist who wants to refresh his memory before performing a spe-
cific arthroscopic procedure. Subjects for the beginner include how to evaluate
the painful wrist; when to order imaging studies and which studies are appro-
priate; understanding the complexities and mechanics of carpal instability; and
general arthroscopic anatomy and setup. Complex topics such as arthroscopic
proximal carpectomy, electrothermal shrinkage, and arthroscopy of the thumb
carpometacarpal joints and the small joints of the hand are discussed in detail for
the wrist arthroscopy expert.

ﬁ rthroscopy has revolutionized the practice of orthopedics by providing the
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General Anatomy and Setup
Thomas B. Hughes, Jr., and Arnold-Peter C. Weiss

in 1979, it did not become an accepted method
of diagnosis until the mid-1980s. As our tech-
nical abilities and technologies improved, wrist ar-
throscopy became a therapeutic modality as well as a
diagnostic one.! It is useful in the diagnosis and treat-
ment of triangular fibrocartilage complex (TFCC)
pathology, ligamentous injuries, carpal instability,
chondral defects, arthritis, carpal and radial fractures,
ganglia, synovitis, and loose bodies. There is little
doubt that arthroscopy will continue to play a larger
role in the diagnosis and treatment of wrist pathology.
A complete understanding of the anatomy as well
as appropriately sized instrumentation facilitates vi-
sualization. Precise placement of portals and adequate
traction are required in wrist arthroscopy due to the
small space available within the wrist joint. Once these
techniques have been learned, arthroscopy can be used
to treat a tremendous array of wrist pathology.

T hough wrist arthroscopy was first introduced

SURGICAL TECHNIQUE

Although arthroscopy without traction has been de-
scribed, traction is usually recommended.? Several
methods of traction are available. A traction tower al-
lows precise modulation of the traction through a gear-
ing mechanism (Figures 1.1 and 1.2). The forearm is
stabilized while the traction is applied vertically
through finger-traps, which permits 360-degree access
to the wrist. If a traction tower is not available, a
shoulder holder can be used to hold the arm vertically
with a countertraction band around the arm proximal
to the elbow. Weights can be added to the counter-
traction to adjust the tension. Finally, the wrist can
be positioned horizontally on a hand table (Figure 1.3).
Finger traps are placed on the index, long, and ring fin-
gers, with 10 pounds of weight suspended over the end
of the table. A bar or pulley is used to provide coun-
tertraction. The advantage of this last method is its
simplicity and ease of setup.

The development of diagnostic and therapeutic in-
dications for wrist arthroscopy would not have been
possible without the development of smaller arthro-
scopy equipment in the 1980s. Small-bore arthro-
scopes and shavers are either 2.7 or 2.9 mm in dia-

meter.3 Arthroscopes are available with either a 30-
degree or 70-degree viewing angle. An appropriately
sized wrist probe is essential to fully examine the con-
tents of the joint. A variety of hand-held graspers and
punches have been developed that have expanded our
ability to treat TFCC and ligament tears. A video
printer is also helpful to document identified pathol-
ogy and demonstrate treatments performed.

Thorough understanding of wrist anatomy is the
most crucial aspect of wrist arthroscopy. Proper por-
tal placement, identification of pathology, and suc-
cessful treatment all rely on a complete understand-
ing of the structures at risk and the ability to recognize
the abnormalities present.}24-7 Placement of the por-
tals either too proximal or too distal can cause artic-
ular cartilage injury. It is important to mark the por-
tal sites after traction is applied, so that the
relationships of surface landmarks are not altered. Pal-
pation and marking of the index, middle, and ring
metacarpal bases provide good landmarks for the dis-
tal edge of the carpus. The surgeon’s fingertip can be
rolled over the distal edge of the radius to identify the
“soft spot” of the radiocarpal joint. Additionally the
extensor digitorum communis, extensor pollicis
longus, and extensor carpi ulnaris are all palpable if
the wrist is not markedly swollen.

The portal locations are identified relative to the
extensor compartments between which they pass (Fig-
ure 1.4A,B). The 3-4 portal is between the third and
fourth compartment, and the cannula passes radial to
the extensor digitorum communis tendon to the index
finger and ulnar to the extensor pollicis longus tendon.
Bony landmarks for this portal include Lister’s tuber-
cle, which is approximately 1 cm proximal to the wrist
joint; and the radial aspect of the long finger, which is
in line with the 3-4 portal. The surgeon should place
a fingertip on Lister’s tubercle and then roll the finger
over the distal edge of the radius into the soft spot of
the 3-4 portal. The surgeon who uses the fingernail for
part of this last step can feel the extensor tendons on
either side of the 3-4 portal (Figure 1.5).

The 4-5 portal passes ulnar to the extensor digito-
rum communis tendon to the ring finger and radial to
the extensor digiti minimi tendon. The fourth com-
partment is palpated, and the finger is rolled over ul-
narly over the tendons until it falls into the soft spot



FIGURE 1.1. A specialized tower providing traction significantly
aids in instrument placement.

on the ulnar side of the fourth compartment (Figure
1.6). Because of the radial inclination of the distal ra-
dius, the 4-5 portal is usually slightly proximal to the
3-4 portal (and never distal to the 3-4 portal). The 6-R
portal lies radial to the extensor carpi ulnaris tendon
and ulnar to the extensor digiti minimi tendon and can
be found by moving the finger over the palpable fifth
compartment. Alternatively, the surgeon can locate
the prominent extensor carpi ulnaris (ECU) tendon of
the sixth dorsal compartment and palpate the soft spot
just radial to it and distal to the edge of the radius.

The 6-U portal is just ulnar to the extensor carpi
ulnaris tendon, dorsal to the flexor carpi ulnaris, and
just distal to the ulnar styloid. Any instruments placed
in the 6-U portal should be introduced by “hugging”
the underside of the ECU, thereby avoiding any po-
tential injury to the ulnar neurovascular structures.
Midcarpal portals can be placed on the radial and ul-
nar sides of the capitate approximately 1 cm distal to
the 3-4 and 4-5 portals, respectively.8

The wrist joint is distended by the introduction of
3 to 5 mL of saline prior to trocar insertion. A sepa-
rate inflow cannula can be placed throughout the pro-
cedure to keep a constant pressure or flow of the irri-

THOMAS B. HUGHES, JR., AND ARNOLD-PETER C. WEISS

FIGURE 1.2. Diagram of a new traction tower designed by Geissler
and Slade (Acumed, Beavertown, OR). The traction bar is off to the
side which allows simultaneous arthroscopic and fluoroscopic eval-
uation of the wrist without having to move the wrist around the trac-
tion bar to obtain radiologic evaluation. Also, the traction tower can
be set up so the surgeon may arthroscope or perform open surgery to
the hand or wrist in either the vertical or horizontal position.

FIGURE 1.3. Alternatively, horizontal traction through finger traps
and a pulley system can provide joint distraction. This type of set-
up is especially useful for arthroscopic treatment of distal radius
fractures.
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FIGURE 1.4. An illustration in cross-section (A) and frontal view
(B) of the main working portals.

gant (Figure 1.7) Irrigation pumps are now available
that regulate fluid volumes and pressure to avoid ex-
travasation and decrease intraoperative bleeding. In
the midcarpal joint, care should be taken to maintain
the cannulas in the joint once they are placed, because
extravasation of fluid makes reintroduction of the can-
nulas into this tight joint difficult.

A needle should be placed into the joint at the
prospective portal sites prior to skin incision to con-
firm their location. Longitudinal portal incisions are
made to avoid tendon transection by an inadvertently
deep incision. Prior to making the incisions, the skin
should be pulled taut against the tip of a number 11
blade so that only the skin is cut. This prevents inad-
vertent injury to branches of the radial sensory nerve,
which run in the immediate subcutaneous tissue.

The 3-4 portal is usually established first, as this
is the main viewing portal. A blunt trocar with a can-
nula is directed volar and proximal at a 30-degree an-

B e

e

FIGURE 1.5. From Lister’s tubercle, the 3-4 portal is found 1 ¢m
distally as a soft spot when palpated by the thumb or finger.

-

FIGURE 1.6. After rolling the finger over the 4th compartment ten-
dons, the 4-5 portal soft spot is identified.
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FIGURE
provides excellent joint irrigation.

gle. This technique aligns the cannula with the artic-
ular surface of the radiocarpal joint. If one attempts to
place the cannula into the joint perpendicular to the
wrist, injury to the dorsal articular surface will occur
(Figure 1.8). Once the camera is introduced, more pre-
cise placement of the remaining portals is possible.
The 4-5 or 6-R portals are commonly used to insert
instruments if a therapeutic arthroscopy is planned.
The 6-U portal is used as the inflow portal, while the
port on the camera cannula is left open to allow fluid
to drain.

Other portals described include the 1-2 portal and
anterior portals. The 1-2 portal passes ulnar to the ex-
tensor pollicis brevis tendon and radial to the extensor
carpi radialis longus tendon. Various anterior portals
have been described, but most recently a safe inside-
out technique has been described for a portal that is ul-
nar to the flexor carpi radialis tendon and radial to the
median nerve. Though these portals are not used rou-
tinely, they may be helpful in certain circumstances.

Examination of the wrist should be systematic to
make certain that all areas are inspected and that
pathology identified early does not distract from a
thorough exam. Frequently the exam is performed be-
ginning radially and moving ulnarly. The radial sty-
loid and scaphoid articular surfaces are examined for
degeneration as well as for surrounding synovitis. As
the camera is moved ulnarly, the extrinsic volar liga-
ments are visible beyond the scaphoid articular sur-
face. First the radioscaphocapitate ligament comes

Jald

W

incorrect

.

Scaphoid

FIGURE 1.9. The radioscaphocapitate and long radiolunate ligaments
run side-by-side in a proximal-radial to distal-ulnar orientation.

into view, then the long radiolunate ligament, which
is about three times wider (Figure 1.9). Next, the ra-
dioscapholunate ligament (ligament of Testut) is seen,
which is small and identified by the blood vessels that
frequently run upon it (Figure 1.10). This usually
marks the scapholunate joint and the intrinsic
scapholunate ligament. Complete injury to this liga-
ment allows the arthroscope to pass between the
scaphoid and lunate, visualizing the capitate head
(known as a “drive-through” sign).1?:10 Next, the lu-
nate fossa of the radius and the proximal lunate ar-
ticular surfaces are examined.

Attention is then turned to the triangular fibro-
cartilage complex (TFCC) and its attachment to the
ulnar portion of the distal radius. A probe is used to
perform the trampoline test, which involves ballotte-
ment of the disk of the TFCC to test the disk’s in-
tegrity (Figure 1.11). When the disk is without tension
or a break in the smooth contour is noted, a tear must
be suspected (Figure 1.12). Both the central and pe-

FIGURE 1.8. To avoid injury, the normal inclination of the
distal radius must always be taken into consideration when
entering the joint with a trocar. The usual alignment is with
the trocar angled 20 to 30 degrees proximally to match the
distal radius articular curve.
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FIGURE 1.10. The radioscapholunate ligament (ligament of Tes-
tut) is a vascular structure; the distal end marks the scapholunate
ligament.

ripheral portions of the disk must be inspected, as ei-
ther can lead to a loss of the tension of the TFCC. In
the distal ulnar portion of the TFCC, the ulnar sty-
loid recess can be mistaken for a tear, though it is a
normal anatomic finding. The trampoline test can be
helpful to confirm that this is not a tear, as the TFCC
will remain taut.

Arthroscopy should continue with examination of
the lunotriquetral articulation and the ulnocarpal lig-
aments. The lunotriquetral interosseous ligament has
a concave appearance between the 2 bones (Figure
1.13). The ulnocarpal can be best visualized by switch-
ing the scope to the 4-5 or 6-R intervals. Capsular

TFC disc

FIGURE 1.11. A probe is used to check for the tightness of the TFC
articular disk by the trampoline test.

FIGURE 1.12. Loss of the trampoline effect or an obvious disrup-
tion (as in this case) indicates a TFC disk tear.

thickenings can be identified volarly that represent the
ulnolunate and the ulnotriquetral ligaments.
Following complete examination and treatment of
the radiocarpal joint, the arthroscopy should continue
with insertion of the arthroscope into the midcarpal
joint as described earlier (Figure 1.14). Midcarpal ar-
throscopy has been shown to contribute to the diag-
nosis of pathology in 82% to 84% of cases and can
significantly impact the treatment protocol.® The first
landmark identified is usually the convexity of the
proximal capitate. The scope is then turned proxi-
mally to view the scapholunate joint radially and the
lunotriquetral joint ulnarly, and these joints are

Lunate

FIGURE 1.13. A slight concavity marks the lunotriquetral liga-
ment.
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Capitate head

FIGURE 1.14. During midcarpal arthroscopy, excellent visualiza-
tion of both the scapholunate (shown here) and the lunotriquetral
articulations is accomplished.

probed to detect signs of instability. The scapho-
trapeziotrapezoid (STT) joint can be visualized by
moving the scope radially and distally around the
capitate head, while the capitohamate joint can be
viewed by moving the scope distally and ulnarly
around the capitate. The articular surfaces should be
examined for early arthritic changes. Visualization
of a significant amount of the volar capsule between
the hamate and the triquetrum is a sign of midcarpal
instability.

CONCLUSION

Arthroscopy of the radiocarpal and midcarpal articula-
tion can be performed safely and effectively once the
anatomy is mastered and the appropriate equipment is
obtained. Its usefulness as a diagnostic and therapeu-
tic modality for pathology of the wrist has been dem-
onstrated. As our understanding of wrist pathology and
our technical ability increase, arthroscopy will play a
larger role in the treatment of disorders of the wrist.
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Arthroscopic Wrist Anatomy

Jonathan H. Lee, Nathan L.
and Melvin P.

rist arthroscopy allows excellent visualiza-
s;s; tion of the articular surfaces of the carpal
bones and ligaments that is not possible via
an open arthrotomy.! Arthroscopy of the wrist is now
a primary method of evaluating and treating many
intra-articular wrist conditions, including triangular
fibrocartilage complex tears, chondral injuries, distal
radius fractures, carpal fractures, wrist ligament in-
juries, loose bodies, and ganglia (Table 2.1).2 A thor-
ough knowledge of overall wrist anatomy, including
topographic landmarks, extracapsular tendon and neu-
rovascular structures, and intracapsular ligamentous
and osseus structures is essential to proper diagnosis
and treatment.? Chapter 1 outlined the basic setup and
surface topography of the wrist joint, as well as the
creation of the standard radiocarpal and midcarpal por-
tals. This chapter will focus on the internal anatomy
of the radiocarpal, midcarpal, distal radioulnar joint,
and thumb carpometacarpal joint.

A thorough understanding of the topographic anat-
omy of the wrist and appropriate portal placement
greatly influences the surgeon’s view of internal anat-
omy.* We must emphasize that all external anatom-
ical landmarks and all portals must be marked after
traction is applied but before starting the arthroscopic
procedure. Important points to remember when cre-
ating the portals include (1) proper portal placement
by careful palpation of the surrounding tendinous and
bony landmarks, (2) incision only through the skin,
and (3) blunt dissection to the capsule. To avoid ia-
trogenic cartilage injuries when entering the joint, the
capsule should be distended by insufflating the joint
with saline, and only blunt instruments should be
used to pierce the capsule.* This technique can also
provide some information on intercarpal ligamentous
integrity if the fluid does not leak out of its respec-
tive compartment.

A systematic approach must be used when per-
forming wrist arthroscopy to avoid missing any
pathology and to properly view normal anatomy.! Cer-
tainly the order of visualizing structures is not criti-
cal, but one should develop a consistent pattern to
avoid overlooking subtle abnormalities. Another im-
portant practice in wrist arthroscopy is switching

Taylor, Ryan A. Beekman,
Rosenwasser

viewing portals to visualize all structures from vari-
ous angles. More than one viewing portal is always
necessary during wrist arthroscopy. In contrast to knee
and shoulder arthroscopy, there is an almost complete
absence of in-and-out movement of the arthroscope
when performing wrist arthroscopy. The inexperi-
enced surgeon often makes the mistake of inserting
the arthroscope too far so that the tip is against the
volar capsule or of pulling the arthroscope back too
much so that it is no longer in the joint. Because the
anterior-posterior depth of the wrist joint is small, the
arthroscope can only be moved in or out by approxi-
mately 1.5 cm. Pressurized saline irrigation maintains
excellent viewing, especially through the small inflow
available with wrist arthroscopes.

RADIOCARPAL ARTHROSCOPIC
ANATOMY

In general, make the first portal away from the site of
major symptoms to ensure that any pathology en-
countered will be untainted by portal entry injury. All
portals are first checked with an 18-gauge needle to
correctly determine angle of insertion and adequacy
of traction. The 3-4 portal is created first and is usu-
ally the main viewing portal. The 4-5 portal is created
next for instrumentation. The inflow tubing is at-
tached to the arthroscope sheath to keep soft tissue
away from the viewing field. Outflow is then created
through the 6-U portal. This is done after the 6-U re-
gion is palpated from outside while viewing the presty-
loid recess arthroscopically to confirm proper location.

The articular surfaces of the scaphoid and lunate,
as well as the intervening scapholunate interosseous
ligament are first visualized by rotating the field of
view of the arthroscope to look distally (Figure 2.1).
Be careful to maintain perspective with a visible hori-
zon such as the distal radius and proximal carpal row.
The volar and dorsal margins of the articular surfaces
of the two bones can be inspected by flexing and ex-
tending the wrist slightly. The proximal articular sur-
face of the lunate has two distinct segments. The lat-
eral portion articulates with the lunate fossa of the
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TABLE 2.1. Arthroscopic Portals for Various Diagnoses.
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Primary portals Secondary portals
Diagnosis Viewing Instrumenting Viewing Instrumenting Treatment
Dorsal ligament 1-2 3-4 6-R Debride, excise
injury/ganglion
Radial styloiditis 3-4 1-2 1-2 3-4 Debride
Intra-articular distal 3-4 4-5 4-5 3-4 Arthoscopically assisted reduction/pinning
radius fracture
Scaphoid fracture 3-4 1-2 1-2 RMC 3-4 Arthroscopically assisted reduction/fixation
Acute scapholunate 3-4 4-5 4-5 RMC 3-4 Inspect/probe, debride, internal fixation
ligament injury
Volar radiocarpal 3-4 4-5 — — Inspect/probe
ligament injury
Lunotriquetral 4-5 6-U 6-U UMC 4-5 Inspect/probe, debride, internal fixation,
ligament injury ulnar shortening
TECC tear
Class 1A 4-5 6-U 6-U 4-5 Debride
Class IB 6-U 4-5 — — Repair
Class IC 4-5 6-U 6-U 4-5 Debride
Class ID 6-U 3-4 6-U 3-4 Debride, repair
STT joint pain RMC STT — — Inspect for staging, debride, fixation
Midcarpal pain RMC UMC — — Inspect/probe, debride
DRUJ pain DRUJ DRU]J — — Inspect, debride
Ulnar impaction DRUJ DRUJ — — 1. TECC injury: Ulnar shortening
syndrome 2. No TFCC injury: DRUJ arthroscopy
CMC arthritis/ T™ (CMC) T™M (CMC) TM (CMC) ™™ (CMC) Synovectomy, debridement, removal of
fracture volar dorsal dorsal volar loose bodies
Dorsal capsule Volar radial Any dorsal — — Dorsal capsulotomy, inspect S-L volar
contracture port ligament

distal radius, and the medial portion articulates with
the triangular fibrocartilage complex (TFCC). The sur-
face of the scaphoid can be followed radially up the
wrist, at which point capsular attachments prevent
further visualization. The articular cartilage should be
off-white and smooth and should feel firm on palpa-
tion with a probe. Cartilage softening, fragmentation,
or fissuring indicate chondromalacia and should be
graded and recorded. The scapholunate interosseous
ligament may not be immediately obvious in some
cases because it has the appearance of cartilage. It can

Scaphoid
Ridge

FIGURE 2.1. The 3-4 portal allows excellent visualization of the
scapholunate ligament as well as the scaphoid and lunate fossae
seen here.

appear as a localized valley in an otherwise smooth
cartilaginous surface. The location of the ligament
is confirmed by palpating it with the probe, because
the ligament is softer than the surrounding cartilage.
The ligament has three distinct segments: (1) dorsal,
(2) proximal or membranous, and (3) volar. Probing
may also show tears that were not noticed initially
(Figure 2.2). Partial tears often involve the proximal
aspect of the ligament because it is fibrocartilaginous,

Scaphoid

FIGURE 2.2. Obvious disruption of the scapholunate ligament.
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unlike the dorsal and palmar aspects of the ligament.®
It is impossible to fully visualize the volar aspect of
the scapholunate ligament arthroscopically, but the
membranous (proximal) and dorsal portions can be
seen in their entirety.

The arthroscope is then rotated proximally, show-
ing the lunate and scaphoid fossae of the distal radius
(Figure 2.1). The two fossae are separated by a sagit-
tal ridge. The scaphoid fossa can be followed radially
up to the radial styloid (Figure 2.3). Air bubbles that
obscure the view are frequently found in this region,
because it is the highest portion of the radiocarpal
joint with the forearm in the vertical position. Plac-
ing an egress needle here facilitates egress of bubbles.

The volar carpal ligaments are evaluated next and
consist of the radioscaphocapitate (RSC), radio-
lunotriquetral (RLT), and radioscapholunate (RSL) lig-
aments. The latter two are also known as the long ra-
diolunate (LRL) and short radiolunate (SRL) (Figure
2.3).6 The RSC ligament is the most radial, arising
from the radial styloid process and inserting onto the
waist of the scaphoid as well as progressing distally to
the capitate.” The orientation of the fibers is not lon-
gitudinal but oblique in the ulnar direction.®? The lig-
ament should feel taut on palpation with a probe be-
cause traction is being applied to the wrist.

The RLT ligament is just ulnar to the RSC ligament
and is slightly broader and more obliquely oriented.®
The ligament is also referred to as the radiolunate lig-
ament because many question the importance of the
lunotriquetral portion.!®!! The RLT and RSC liga-
ments are separated by an interligamentous sulcus,
which provides a useful arthroscopic landmark. The
ulnar portion of the ligament may be covered with a
synovial tuft, which originates from the radioscapho-
lunate ligament.

FIGURE 2.3. The radioscaphocapitate originating from the radial
styloid lies just radial to the radiolunotriquetral ligament also
known as the long radiolunate ligament.

Distal Radius

FIGURE 2.4. The ligament of Testut (radioscapholunate ligament)
is a vestigial neurovascular structure just radial to the scapholunate
ligament.

The radioscapholunate ligament (ligament of Tes-
tut) is visualized with the arthroscope pointed directly
volar (Figure 2.4). The ligament can be identified by a
synovial tuft covering a portion of it. There is a nat-
ural redundancy to the ligament that should not be
mistaken for a tear. The fibers of the ligament course
slightly in a radial direction and form a 60- to 80-
degree angle to that of the RL ligament. The structure
is weak and considered to be more of a neurovascular
connection to the scaphoid and lunate rather than a
ligament.!2

The arthroscope is again directed at the articular
surface of the lunate, which is then followed ulnarly
to the triquetrum to view the lunotriquetral (LT) in-
terosseous ligament (Figure 2.5). Deviating the wrist
ulnarly can help in visualizing the triquetrum, but oc-

Lunate

FIGURE 2.5. Concave surface of the lunotriquetral ligament is
noted between the lunate and the triquetrum.
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casionally the arthroscope must be moved to a more
ulnar portal to see the triquetrum well. The lunotri-
quetral interosseous ligament is often more difficult
to detect than the scapholunate interosseous liga-
ment. There may again be a small valley at the site
of the LT ligament, but probing the ligament is the
best way to localize it.

The arthroscope is then rotated proximally to view
the TFCC (Figure 2.6). The TFCC consists of the tri-
angular fibrocartilage (TFC) or articular disk, the dor-
sal and palmar distal radioulnar ligaments, the floor
of the extensor carpi ulnaris (ECU) sheath, and ulno-
carpal ligaments. The TFC is wedge-shaped in the
coronal plane with an ulnar base that is attached to
the styloid process and a radial tip that merges with
the articular surface of the distal radius. The junction
between the TFCC and the distal radius can be diffi-
cult to visualize. In some cases, there may be a color
change or crease at the junction. Palpation with a
probe will show the junction with a change from the
firm resistance of the lunate fossa to the softer re-
silience of the articular disk of the TFCC.!! The re-
silient “trampolining” of the TFC on palpation (Fig-
ure 2.7) is an important finding because it indicates
that the supporting structures are intact.!3 With a sig-
nificant tear of the TFCC, this resilience is lost, and
the TFC becomes soft and compliant with bulging in
the middle.

Tears of the central avascular portion of the TFCC
are common, particularly in older patients.!* Ordi-
narily the ulnar head is not visible from the radio-
carpal joint, but with a full-thickness tear of the
TFCC, the ulnar head can be visualized through it (Fig-
ure 2.8). Congenital perforations of the central region
are occasionally observed.!®> Also a ballooning bucket-
handle tear may obscure visibility here. Always use
the probe to ascertain if a cleavage tear is present.

FIGURE 2.6. The normal smooth articular surface of the TFC.
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FIGURE 2.7. TFC trampoline effect.

The periphery of the TFCC should be examined
and probed as well. The peripheral 15% to 20% of the
TFCC is vascularized and therefore has healing po-
tential if torn. The dorsal and palmar radioulnar liga-
ments are thickenings of the periphery of the TFCC
and attach to the ulnar styloid and distal radius.'® One
has to differentiate deep radioulnar ligaments attach-
ing to the fovea from superficial ones attaching to the
styloid. Only foveal ligaments are seen. The palmar
radioulnar ligament is taut in pronation, and the dor-
sal margin becomes taut in supination. The prestyloid
recess (Figure 2.9) is located volar to the ulnar styloid
and is a synovium-lined pocket that can be confused
with a TFCC tear. It can also lead to confusion with
imaging modalities because the recess fills with con-
trast in arthrography, and in wrists with effusions can
appear as a bright signal on T2-weighted MRI. As
noted earlier, the 6-U portal enters the joint above the

FIGURE 2.8. Central disruption of the TFC with ulnar head pro-
trusion.
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FIGURE 2.9. Prestyloid recess with adjoining articular surface of
triquetrum and insertion of TFC.

prestyloid recess, and the surgeon must be certain that
this is above the TFC articular disk.

The ulnocarpal ligaments (Figure 2.10) consist of
the ulnolunate and ulnotriquetral ligaments. They
both originate from the ulnar styloid, where they
blend together with fibers of the TFCC.!> They pass
volar to the palmar distal radioulnar ligament and
insert on the volar surfaces of the lunate and tri-
quetrum, respectively. They limit wrist extension
and radial deviation. These ligaments should be pal-
pated with a probe to ensure their competence. It
should be noted that the lunotriquetral interosseous
ligament can be located by following distally the
interval between the ulnolunate and ulnotriquetral
ligaments.

The floor of the ECU sheath and the dorsal ul-
notriquetral ligament are strong structures on the dor-
sal aspect of the TFCC. They are often covered with
synovial tissue and therefore not immediately visual-
ized arthroscopically. The synovial tissue should be
removed and the structures inspected and followed
along their course in patients with dorsoulnar wrist
symptoms, because injuries are frequently seen, such
as partial tears with surrounding synovitis.

When indicated, a new volar radial (V-R) portal can
be used for specific indications such as viewing the
dorsal capsule and palmar scapholunate (SL) liga-
ment.!” This may allow safer dorsal capsulotomies,
assessment of scapholunate injuries, and perhaps volar
carpal ganglionectomies. Slutsky recommends creat-
ing this portal from outside-in for any patient with
radial-sided wrist pain.'® The V-R portal can also be
created from inside-out as described by Tham.!” While
viewing through the V-R portal and instrumenting the
standard dorsal portals, a dorsal capsulotomy or bony
debridement can be performed for dorsal capsule con-
tracture or impingement.

MIDCARPAL ARTHROSCOPIC
ANATOMY

The midcarpal joint is initially distended with 2 to
3 cc of saline injected through the radial midcarpal
(RMC) portal to begin midcarpal arthroscopy. The
depth of the midcarpal joint is less than half that of
the radiocarpal joint, and great care must be taken
when entering the joint. One must also be careful
when creating this portal, because the space is tight
and it is easy to create a furrow in the capitate.2? Thus
always triangulate this space with an 18-gauge needle
prior to placing the blunt trocar. Sharp trocars should
never be utilized in wrist arthroscopy. The ulnar mid-
carpal portal is created as well, for instrumentation
and visualization of the ulnar portion of the midcarpal
joint. The midcarpal joint space is smaller than that
of the radiocarpal joint, and occasionally a smaller
arthroscope is beneficial 2!

The scaphocapitate joint is viewed through the ra-
dial midcarpal portal (Figure 2.11).22 However, it is
easiest to get one’s orientation by visualizing the
scapholunate joint ulnar to the insertion point of the
arthroscope. One should first see the head of the cap-
itate and the well-defined normal cleft between the
scaphoid and lunate. This must always be probed
through the companion ulnar midcarpal portal. The
scapholunate interosseous ligament is present on the
palmar, proximal, and dorsal edges but not the distal
edge of the scapholunate joint; therefore, midcarpal ar-
throscopy usually gives the best view within the
scapholunate joint. Marginal degenerative changes
without an obvious static scapholunate dissociation
may indicate a dynamic instability.!! A fibrocarti-
laginous meniscus may extend into the joint from the
membranous regions of the interosseous ligament. In-
traoperatively, the stability of the joint can be assessed

FIGURE 2.10. Ulnolunate ligament lies just radial to the ulnotri-
quetral ligament, both running in an ulnar to radial direction.
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FIGURE 2.11. The radial midcarpal portal allows visualization of
scaphoid and lunate pathology. The ulnar midcarpal portal (not
shown) offers views of the lunate and triquetrum.

by performing the “scaphoid shift test.”23 While vi-
sualizing the joint arthroscopically, do not forget to
move the wrist in the traction tower to provoke
provocative stress when examining the scapholunate
ligament.

The arthroscope is then brought back to the
scaphocapitate joint. The articular surface of the cap-
itate is convex, whereas that of the scaphoid is con-
cave. If the arthroscope is advanced volarly, the
scaphocapitate ligament can be seen. This ligament
originates from the scaphoid tubercle and inserts onto
the palmar aspect of the capitate.

The arthroscope is then brought distally along
the scaphocapitate joint. The edge of the capitate-
trapezoid joint can be seen. The arthroscope is further
advanced over the scaphoid to enter the scapho-
trapeziotrapezoidal (STT) joint. The trapezoid appears
closer to the camera than the trapezium. Significant
degenerative changes can be seen in the STT joint.2*
It is sometimes possible to see the palmar scapho-
trapezial ligament on advancing the arthroscope
volarly. This ligament is a strong structure reinforced
by the flexor carpi radialis tendon sheath.>2* Bubbles
tend to collect in this joint because it is higher than the
RMC portal when the arm is held vertically in the trac-
tion device. If need be, the bubbles can be removed with
a hypodermic needle placed through the STT portal.

The STT portal, located just ulnar to the extensor
pollicis longus in line with the radial side of the second
metacarpal, is utilized primarily for instrumentation of
the STT joint. Located between the distal pole of the
scaphoid, trapezium, and trapezoid, this portal can be
created for better visualization or for instrumentation.
When utilizing the radial midcarpal portal and visual-
izing the STT joint, evacuating bubbles with a needle
inserted via the STT portal can be very beneficial.
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The lunocapitate surface is then inspected and fol-
lowed ulnarly. The distal ulnar aspect of the lunate
should be evaluated for the presence of a medial facet.
This facet, which articulates with the hamate, is pres-
ent in approximately two-thirds of cases and is asso-
ciated with degenerative changes of the hamate artic-
ular surface. In wrists with a medial facet of the lunate,
the proximal articular surfaces of the capitate and ha-
mate tends to form a biconvex curve, whereas in
wrists with only a single facet on the lunate, the cap-
itate and hamate generally form a single convex
curve.?’> The arthroscope is then advanced further ul-
narly and rotated proximally to view the lunotrique-
tral joint. It is possible to peer into this joint as with
the scapholunate joint. A fibrocartilaginous meniscus
may be present in this joint as well. A ballottement
test can be performed while visualizing the joint to
assess for instability.!1,26

Rotating the arthroscope ulnarly shows the saddle-
shaped triquetrohamate joint. Ordinarily the joint is
held tightly by the volar triquetrohamate and tri-
quetrocapitate ligaments.2* Midcarpal laxity may be pre-
sent if one can see across the joint to the volar capsule.

FIRST CARPOMETACARPAL JOINT
ARTHROSCOPIC ANATOMY

Arthroscopic evaluation of the first carpometacarpal
joint can be utilized in any instance where direct vi-
sualization of the first CMC intra-articular anatomy
is desired and is a viable alternative to open arthro-
tomy. To date, the primary indication has been in os-
teoarthritis, but authors have advocated it both for the
early treatment and partial resection of the trapezium,
and for interpositional arthroplasty.2’:28

After a 1.9-mm arthroscope has been inserted in ei-
ther the 1-R (radial) or 1-U (ulnar) portal, most of the
articular surface of the trapezium and the base of the
first metacarpal articular surface can be visualized.
With appropriate traction and anatomy, a 2.7-mm
scope can be safely placed (Figure 2.12). The far lateral
capsule and articular surfaces may be difficult to vi-
sualize from either portal. The 1-R (radial) portal al-
lows visualization of the dorsoradial ligament (DRL),
the posterior oblique ligament (POL), and the ulnar col-
lateral ligament (UCL), while the 1-U (ulnar) portal pro-
vides for optimal viewing of the radial collateral liga-
ment (RCL) and the anterior oblique ligament (AOL).2?

DISTAL RADIOULNAR JOINT (DRUJ)
ARTHROSCOPIC ANATOMY

Indications for diagnostic DRU]J arthroscopy include
distal radius fracture involving the DRUJ; articular car-
tilage injury; partial-thickness, proximal-sided TFCC
tear; and capsular contraction resulting in limitation
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1st Metacarpal Base

FIGURE 2.12. The 1-U (utilized here) or the 1-R portal allows
visualization of most of the carpometacarpal articular surface and
capsule.

of forearm rotation.3? Therapeutic uses of DRUJ ar-
throscopy include arthroscopic distal ulnar resection
for ulnocarpal abutment, removal of loose bodies, and
synovectomy.3! Arthroscopy of the DRU]J is more dif-
ficult than that of the radiocarpal or midcarpal joints
because of the limited space. Occasionally, the 2.7-
mm arthroscope cannot be inserted into the DRUJ,
and a smaller arthroscope is required. In some wrists,
however, it may be impossible to enter the joint even
with a 1.9-mm arthroscope. Again, it is important to
triangulate the entry portals with 18-gauge needles
first. In these cases, one should abort the procedure or
perform an arthrotomy instead rather than continue
to struggle and risk iatrogenic injuries to the joint or
surrounding soft tissue.

DRUJ arthroscopy is carried out with the forearm
held vertically in the wrist traction device as in ra-
diocarpal and midcarpal arthroscopy, but without any
traction applied. After the joint is localized with the
wrist in supination, 3 mL of saline are injected into
it. A longitudinal incision is then made through the
skin approximately 5 mm proximal to the proximal
portion of the joint. After the soft tissue is spread down
to the capsule with a hemostat, the arthroscopic sleeve
with a blunt obturator is angled slightly distally and
placed into the joint. If required, outflow can also be
created by placing an 18-gauge needle into the distal
portion of the joint. The sigmoid notch of the distal
radius and the articular surface of the distal ulna are
immediately seen through the arthroscope. Forearm
rotation allows visualization of more of the distal ulna
joint surface. Advancing the arthroscope distally al-
lows inspection and brings the undersurface of the
TFCC and dorsal and palmar radioulnar capsular lig-
aments into view. This is useful for lysis of adhesions,
marginal debridement chondroplasty, exostectomy, or
capsulotomy of the distal radioulnar joint.

13
CONCLUSION

Arthroscopic wrist anatomy is best learned from ca-
daveric bioskills first, and reinforced through experi-
ence. Correlating focal clinical findings with arthro-
scopic anatomy, both normal and pathologic, can
expand the clinician’s understanding and nuanced-
interpretation of presenting complaints. Wrist ar-
throscopy has been shown to be more effective and
predictable than all but the most sophisticated MRI
and has an added benefit of real-time assessment of
dynamic instability and partial cartilage lesions. Vi-
sualizing wrist pathology with the arthroscope is of-
ten more reliable than a physical examination or im-
aging studies such as MRI, arthrography, or plain
radiographs. It is essential to alternate viewing and in-
strumentation portals to properly view normal and ab-
normal anatomy from various angles. Once arthro-
scopic wrist anatomy is understood and mastered, the
surgeon can best plan and perform treatment based on
the patient’s internal wrist pathology.
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Evaluation of the Painful Wrist
Karl Michalko, Scott Allen, and Edward Akelman

espite the increasing use and availability of
D newer imaging modalities, radiographs remain

an important technique for evaluating the pa-
tient with wrist pathology. More advanced techniques
and tests are available to further delineate abnormal-
ity, but are frequently unnecessary with properly ex-
ecuted plain films. The goal of this chapter is to pre-
sent the various choices, including the advantages and
disadvantages of each, that are available in the evalu-
ation of the painful wrist.

ROUTINE RADIOGRAPHS

Following a thorough history and physical exam, ra-
diographic evaluation of the wrist should be per-
formed. The minimum studies that should be ordered
include a posteroanterior (PA) and lateral view of the
wrist. Additional studies that may be indicated, de-
pending upon the clinical scenario, include the
scaphoid view, or ulnar-deviated PA view, the PA 45-
degree pronated oblique view, the carpal tunnel view,
and the anteroposterior (AP) 30-degree supinated view.
Adequate radiographic evaluation of the wrist is pred-
icated upon standard positioning of the patient. The
following explains the proper technique for obtaining
the necessary views, as well as criteria for evaluating
the adequacy of those views.

Posteroanterior View

TECHNIQUE

Consistency in how the PA radiograph is taken is im-
portant to assess the alignment of the carpal bones and
to measure ulnar variance.! Ulnar variance has been
shown to change with pronosupination. Supination
will decrease the apparent length of the ulna, whereas
pronation will increase the apparent length of the ulna
as compared to the radius.?2 The convexity of the dor-
sal aspect of the hand makes AP positioning unreli-
able, but with the fingers in extension and the thumb
in radial abduction, the PA position is stable and re-
producible. The standard way to obtain a reproducible
PA view is an X-ray with the shoulder abducted 90
degrees, the elbow flexed 90 degrees, and the hand flat

on the plate with the fingers and thumb in the previ-
ously mentioned stable position. Changes in ulnar
variance between exams and between patients may be
assessed only when films are taken in this way.

ASSESSMENT

The ulnar styloid is at its most ulnar location when
radiographed in this standard position. When it is lo-
cated more radially, the wrist is likely pronated or
supinated. At the distal radioulnar joint, there is no
overlap of the articular surfaces, and the joint space is
clearly outlined.® Distally, all the carpometacarpal
joint spaces are well outlined, and all the inter-
metacarpal joint spaces are of equal width. The axis
of the radius should be colinear with the long axis of
the third metacarpal.

Clinical information available from a posteroante-
rior view of the wrist begins with evaluation of the
joint surfaces. Parallelism is a normal condition of the
joint surfaces of the wrist that is evident on a correctly
performed study. Parallelism should be evident be-
tween the surfaces of the radius, scaphoid, and lunate;
between the proximal and distal rows; and between
the distal carpus and the metacarpals. Overlapping of
these normally parallel surfaces should alert one to
the possibility of subluxation or dislocation.* Gilula’s
arcs can be drawn on a normal PA view of the wrist.
Arc T is formed by the proximal borders of the
scaphoid, lunate, and triquetrum. Arc II corresponds
to the distal borders of the same bones. Arc III is
formed by the proximal borders of the capitate and ha-
mate (Figure 3.1). These arcs should be smooth; if bro-
ken or not well delineated, this finding is suggestive
of fracture, subluxation, or dislocation. The scaphoid
fat pad is visible on a PA view, which parallels the ra-
dial surface of the scaphoid. This fat pad is located
between the tendon sheaths of the extensor pollicis
brevis, the abductor pollicis longus, and the radial col-
lateral ligament. Obliteration, or bowing, of this line
may be indicative of a subtle scaphoid fracture. The
presence of a foreshortened scaphoid, or signet ring
sign, on a PA view may signify a tear or attenuation
of the scapholunate ligament. Abnormal widening of
the scapholunate interval (>2 mm), known as the
Terry Thomas sign, suggests this condition as well. In
the wrist-neutral position, at least half of the lunate
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FIGURE 3.1. PA of wrist demonstrating Gilula’s arcs.

should articulate with the distal radius. The relation-
ship of the distal ulnar articular surface to the ulnar
side of the distal radial articular surface is studied to
measure ulnar variance.

Lateral View

TECHNIQUE

The lateral view is best taken with the arm adducted
against the chest, the elbow flexed to 90 degrees, and
the forearm and hand lying with their ulnar borders,
especially the ulnar styloid and olecranon, against the
radiographic plate.3

ASSESSMENT

To evaluate the adequacy of a lateral view, the ulnar
head and distal radius should be superimposed, the ul-
nar styloid should be in the center of the ulnar head,®
and the bases of the index, middle, and ring finger
metacarpals should overlap.® Additionally, the pisi-
form should overlap the midportion of the scaphoid
on a lateral view.

Special attention should be focused on soft-tissue
shadows. The soft tissues of the distal wrist are nor-
mally concave, and therefore any convexity or
straightening of the soft-tissue shadow is indicative of
swelling. The pronator fat pad is visible as a straight
line volar to the distal radius. Convexity of this line
is associated with volar swelling and may be sugges-
tive of a subtle fracture of the distal radius. The
scapholunate and capitolunate angles may be calcu-
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lated from the lateral view. For the scapholunate an-
gle, a line is drawn that subtends the volarmost points
on the proximal and distal poles of the scaphoid. A
second line is drawn perpendicular to the line sub-
tending the distalmost points of the dorsal and volar
lip of the lunate. The scapholunate angle is the angle
between these two lines and should be between 30
and 60 degrees. Any angle between 60 and 80 degrees
is questionably abnormal, and greater than 80 degrees
is abnormal. The capitolunate angle is calculated us-
ing the same line for the lunate and a second line
drawn along the long axis of the capitate. This angle
should be between 0 and 30 degrees. These two an-
gles may be used to diagnose volar intercalated seg-
ment instability (VISI) or dorsal intercalated segment
instability (DISI) types of instability patterns.

Other Views

SCcAPHOID VIEW

The scaphoid view, which is also called the ulnar-
deviated PA view, places the scaphoid in an extended
position relative to the wrist. This aligns the long axis
of this irregularly shaped bone perpendicular to the X-
ray beam. The film is taken in the same manner as
described for the PA view of the wrist, but with the
hand in maximal ulnar deviation. This X-ray view’s
utility lies in its demonstration of the integrity of the
scaphoid (Figure 3.2).

PA CLENCHED-FIST VIEW

This film is obtained by having the patient make a
full fist with maximal force in the PA position. This
X-ray effectively drives the capitate down into the ac-
etabulum formed by the scaphoid and the lunate. If
the scapholunate ligament is torn or attenuated, the
scapholunate interval will widen when compared to a
standard PA view.

CARPAL TUNNEL VIEW

This supplemental view of the wrist is obtained by
placing the palmar surface of the wrist on the film cas-
sette and maximally extending the wrist, using either
the patient’s opposite hand or a strap to hold the po-
sition. The beam is directed to the base of the hand
angling approximately 15 degrees toward the carpus.
This view affords an excellent projection of the hook
of the hamate, the pisiform, and the volar aspect of
the triquetrum.

AP 30-DEGREE SUPINATED OBLIQUE VIEW

The 30-degree supinated oblique view is the best way
to assess the pisotriquetral joint for fracture or os-
teoarthritic changes. The ulnar side of the hand is
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FIGURE 3.2. A. PA and (B) scaphoid view of wrist demonstrating
scaphoid fracture.

placed against the film cassette at a 30-degree angle
with the beam directed at the wrist. The pisotrique-
tral joint is seen in profile without bony overlap.

PA 45-DEGREE PRONATED OBLIQUE VIEW

This view is obtained by placing the ulnar border of
the hand on the cassette and pronating the hand ap-
proximately 45 degrees. The beam is directed at the
wrist. This view demonstrates the dorsal aspect of the
triquetrum, the body of the hamate, the radiovolar bor-
der of the scaphoid, as well as the best view of the
scaphotrapezial joint and the trapeziotrapezoid joint

CARrAL Boss VIEW

This infrequently used view is obtained by taking a
lateral view and slightly supinating the hand. This ef-
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fectively places the boss directly in the path of the
beam and allows for evaluation of the boss itself, as
well as identification of secondary ossicles or fracture
of the base of the second or third metacarpal.*

REVERSE OBLIQUE VIEW

Another infrequent view of the wrist is obtained by
taking a PA view with the ulnar border of the hand
elevated above the cassette. This can demonstrate
avulsion fractures from the dorsoradial border of the
scaphoid.*

Static Wrist Instability Series

If there is any suspicion from a patient’s history, phys-
ical, or plain film evaluation, a wrist instability series
may be indicated. This can be done with plain films
or by fluoroscope, if available. The series consists of
PA films taken of both wrists in neutral, radial, and
ulnar deviation, as well as lateral views of the wrist
in neutral, flexion, and extension.® These films allow
scrutinization of all the carpal bones and assessment
of their movement with different positions of the
wrist. Comparison with the opposite side is important
to differentiate pathologic motion from a patient’s
unique anatomy. The joint spaces should not change
significantly with changes in wrist position. With the
wrist in ulnar deviation, the scaphoid assumes an elon-
gated posture, while in radial deviation the scaphoid
flexes and appears rounded. The lunate should partially
articulate with the distal radius in a neutral view
whereas the surface contact increases more with ulnar
deviation and less with medial deviation.

FLUOROSCOPY

As previously mentioned, the wrist instability series
can be done fluoroscopically. This can be performed
by the examining orthopaedist if in-office fluoroscopic
equipment is available, or more commonly by the ra-
diologist. Fluoroscopic evaluation is especially help-
ful in the patient with painful clicking or popping and
for patients who have pain related to a specific mo-
tion. The wrist should be evaluated while watching
the exact motion that causes pain. Motion between
the carpal bones, especially between the scaphoid and
lunate, lunate and triquetrum, and lunate and distal
radius should be carefully evaluated. Midcarpal insta-
bility, in particular, can only be demonstrated reliably
by using active motion studies.

CT SCANNING/TOMOGRAPHY

CT scanning has limited use in the routine evaluation
of the painful wrist. Its role in evaluating healing
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scaphoid fractures has been demonstrated by numer-
ous authors, and it is excellent for demonstrating oc-
cult fractures (Figure 3.3). It can be useful in evalua-
tion of the distal radioulnar joint (DRU]J) with respect
to subluxation. For this purpose, continuous 3 mm
cuts are taken from Lister’s tubercle to the distal
carpal bones. The asymptomatic wrist can be scanned
for comparison. Drawing arcs between the articular
surface of the radius and the articular surface of the
ulna assesses congruity of the DRUJ. These arcs
should be congruent; loss of congruency is associated
with subluxation or dislocation.”

BONE SCAN

A bone scan may be useful for evaluating the patient
who has normal radiographs but unexplained pain. Its
utility lies primarily in its specificity; however, a
normal bone scan essentially rules out significant
bone or joint pathology. A positive result is usually
less diagnostic other than by confirming a pathologi-
cal condition. Bone scans are generally performed by
injecting an intravenous compound labeled with tech-
netium 99m. Three-phase imaging is now standard.
Phase 1, or the radionuclide angiogram, consists of
multiple images taken in the first 1 to 2 minutes fol-
lowing injection while the isotope is still intravascu-
lar. Phase 2 is the soft-tissue pooling phase obtained
5 to 10 minutes after injection. This phase corresponds
to the isotope diffusing into the extracellular fluid. De-
layed bone images correspond to the third phase.
These are taken 2 to 3 hours after injection when the

FIGURE 3.3. Sagittal CT scan demonstrating scaphoid fracture.
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FIGURE 3.4. Bone scan soft tissue pool (A) and delayed (B) image
demonstrating right scaphoid fracture.

isotope is bound to bone. Increased uptake or “hot
spots” are displayed in areas of increased bony turn-
over (Figure 3.4).

MAGNETIC RESONANCE IMAGING

There is great interest in using magnetic resonance
imaging (MRI) for the diagnosis of wrist pain, given
its noninvasive nature and absence of ionizing radia-
tion. Early enthusiasm for this diagnostic modality has
been tempered by an understanding of its limitations.
Standard MRI is unsurpassed in its ability to demon-
strate osteonecrosis (ON), as early as 5 days following
onset.* Imaging of the triangular fibrocartilage com-
plex (TFCC) has generally been accepted as reliable
using MRI, but concern has been raised regarding the
sensitivity and specificity of MRI for the extrinsic and
intrinsic ligaments. Ideally, MRI of the wrist should
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be performed using dedicated wrist surface coils and
by a radiologist skilled in interpreting the images.
Early studies showing the inferiority of MRI compared
with other techniques were performed with coils not
suited to wrist imaging. Current research is focused
upon enhancing the ability to differentiate between
symptomatic and asymptomatic lesions.

MRI is the gold standard for the diagnosis of ON,
such as in Kienbock’s disease. When evaluating cases
for ON, it is important to look at both the T1-weighted
and T2-weighted images, as osteonecrosis has an ab-
sent signal on both TI- and T2-weighted images.
Other pathophysiologic processes, such as active bone
healing, bone bruises, and marrow edema, have an ab-
sent or diminished signal on T1-weighted images but
increased signal on T2-weighted images.*

MRI has been shown to be both sensitive and spe-
cific in identifying pathology in the TFCC.8 The TFCC
will appear as a band of low-signal intensity on both
T1- and T2-weighted images. It arises from the ulnar
aspect of the distal radius and inserts near the base of
the ulnar styloid. The prestyloid recess is a constant
perforation that is seen between the TFCC and the ul-
nocarpal meniscus.’ On T1-weighted images, high sig-
nal intensity is normally seen here. Small fluid col-
lections may be normal here as well, manifesting as
high signal intensity on T2-weighted images. Tears of
the TFCC will appear as discontinuities or fragmen-
tation of the TFCC. Additionally, these discontinu-
ities are highlighted by interposed high signal inten-
sity. The vast majority of these tears will be found
along the ulnar insertion. The major current limita-
tion of identifying TFCC pathology with MRI is the
inability to differentiate between lesions causing pain
and those associated with the normal aging process.
Up to 40% of patients over the age of 50 may have
asymptomatic, degenerative tears of the TFCC, and
this number increases to 50% for those over 60 years
of age.!0 To aid in differentiating these lesions, most
degenerative tears will be located centrally, where the
substance of the complex is thinner.

The extrinsic ligaments can be seen on both sagit-
tal and coronal sections as low-signal bands on both
T1- and T2-weighted images. The radial and ulnar col-
lateral ligaments are best seen on coronal images. Dis-
continuity of these ligaments, manifested as high sig-
nal intensity on T2-weighted images in the substance
of the ligaments, is easily seen. Evaluation of the in-
trinsic ligaments of the wrist, specifically the scapho-
lunate and lunotriquetral, is somewhat more difficult.
This is due to their small size and curved shape. Nor-
mally, these ligaments should be seen as a continu-
ous, low-signal band on at least two images when us-
ing 3 mm cuts.® Again, discontinuity, elongation,
absence, or high signal intensity on T2-weighted im-
ages along or within the substance of the ligament is
associated with a significant tear. The sensitivity and
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specificity for scapholunate tears has been reported as
86% and 100%, respectively. For lunotriquetral tears,
it was reported as 50% and 100%, respectively. These
numbers compare favorably with arthrography® (Fig-
ure 3.5).

WRIST ARTHROGRAPHY

Arthrography has been used most commonly to eval-
uate suspected lesions of the triangular fibrocartilage
complex (TFCC) and the intercarpal ligaments—pri-
marily the scapholunate (SL) and lunotriquetral (LT)
ligaments. The technique involves injecting ra-
diopaque contrast dye into the compartments of the
wrist. Dye leakage between the compartments sug-
gests the location of causative wrist pathology when
correlated with a physical exam.

The three anatomically separate compartments of
the wrist are the midcarpal, radiocarpal, and distal ra-
dioulnar joint (DRUJ) compartments. The midcarpal
compartment lies between the carpal rows and is sep-
arated from the radiocarpal compartment by the in-
tercarpal ligaments. The DRUJ compartment is sepa-
rated from the radiocarpal compartment, which lies
between it and the midcarpal compartment, by the
TFCC. While the compartments are initially separate,
it has been noted that communication between com-
partments due to attritional changes may be seen in
asymptomatic wrists as early as the third decade of
life, and that 50% of patients aged 50 years may have
attritional tears.!0 In an evaluation of 30 patients with
unilateral posttraumatic wrist pain, 30% had bilateral

FIGURE 3.5. MRI coronal view of normal wrist.
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compartment communication.!! These findings em-
phasize the importance of the corresponding physical
exam findings.

Single and triple compartment injection tech-
niques have been advocated.”.'2-14 The passage of dye
is monitored in both techniques by fluoroscopy dur-
ing injection and subsequent range of motion, fol-
lowed by a series of plain radiographs. In the single
compartment technique, the dye is injected into the
radiocarpal compartment and monitored. The triple
compartment technique involves an initial injection
with monitoring into the radiocarpal compartment
(Figure 3.6) followed by injection into the midcarpal
(Figure 3.7) and DRUJ (Figure 3.8) compartments. This
technique requires approximately 3 hours between the
radiocarpal and midcarpal/DRU]J injections to allow
clearance of the contrast from the radiocarpal injec-
tion.!> Digital image subtraction of the carpal bones
may enhance interpretation and, when combined with
subtraction of radiocarpal injection dye, may shorten
waiting time in the triple technique.!?

Some authors report increased lesion identifica-
tion using the triple compartment injection tech-
nique. They suggest that a significant number of SL
and LT tears are missed by the radiocarpal com-
partment injection alone, which may be blocked by
flap tears of the ligaments.!314 In one large series
of 300 consecutive wrist triple arthrograms, it was
noted that of the total number of tears identified by
the triple injection technique, 29% of LT, 43% of
SL, and 14% of TFCC tears were missed by radio-
carpal injection alone.!3 These authors also suggest
that midcarpal injections better demonstrate SL and
LT ligament tears, as 93% of LT and 87% of ST
tears were seen after midcarpal injection alone,
compared to 71% of LT and 57% of SL seen after
radiocarpal injection alone. Of note, the 14% of
TFCC tears picked up by the DRUJ injection were
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FIGURE 3.7. Midcarpal compartment arthrogram demonstrating
lunotriquetral tear.

all at the ulnar attachment, none of which were
seen on the radiocarpal injection alone.

Other authors advocate tailoring the arthrographic
exam to the site of symptoms.”-!2 In a study of 50 wrist
arthrograms, the author found that of the total lesions
discovered by triple injection, 96% of midcarpal-
radiocarpal communications and 83% of DRUJ-radio-
carpal communications were demonstrated after radio-
carpal injection alone.!? One possible explanation for
the difference between the aforementioned studies was
a higher volume of contrast used to distend the radio-
carpal joint. It was felt that in order to save time,
money, and patient discomfort the exam should be
stopped after radiocarpal injection if intercompartmen-
tal flow was noted at the site of pain on physical exam.

FIGURE 3.6. Radiocarpal compartment arthrogram demonstrating FIGURE 3.8. DRUJ compartment arthrogram demonstrating TFCC

normal wrist.

tear.
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It is important to remember that results of an
arthrogram may not correlate with traumatic injury
to the intercarpal ligaments or the TFCC, due to the
incidence of intercompartmental communication in
asymptomatic wrists. It has also been shown that a
negative arthrogram does not preclude a ligament tear.
A subset of arthrogram study patients above had sub-
sequent arthroscopy, and it was noted that only 69%
of SL tears and 86% of LT tears were seen on arthrog-
raphy.!® In a study comparing arthrographic and ar-
throscopic findings, the sensitivity (56%), specificity
(83%), and accuracy (60%) of the triple injection
arthrograms were noted to be low when compared to
arthroscopy.!® Arthrography remains a useful tech-
nique, especially in the diagnosis of intercarpal liga-
ment tears. It may ultimately be replaced by the MRI
as a diagnostic intervention in evaluating the painful
wrist as that imaging technique is refined and becomes
more cost-effective.!®

CONCLUSION

Numerous modalities are available for the evaluation
of the painful wrist. Plain films will suffice in the vast
majority of cases. Specialized views are ordered when
the patient’s history, physical exam, or plain film eval-
uation indicates the need. A static wrist instability se-
ries still has a place in diagnosis of the painful wrist.
CT scanning is of limited utility for most wrist pathol-
ogy except for DRUJ subluxation. Bone scans are less
frequently indicated, given the increasing use of MRI,
but are generally indicated when evaluating complex
cases with minimal findings on other tests. MRI will
become increasingly common in the place of arthrog-
raphy, but currently is the gold standard for the diag-
nosis of carpal osteonecrosis. Its role in the diagnos-
tic armamentarium is still being defined as technology
improves.
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Lasers and Electrothermal Devices
Daniel J. Nagle

significant part of arthroscopic wrist surgery
Aincludes debridement of the triangular fibro-

cartilage (TFC), interosseous ligaments, syn-
ovium, cartilage, and even bone. Until the mid-1980s,
these procedures were carried out using mechanical
devices such as mini-banana blades, mini-suction
punches, graspers, and motorized cutters and abraders.
Good results were achieved with these instruments
but with some difficulty because of the small size of
the wrist joint. The small joint instruments were lim-
ited in variety and efficacy. This problem was first ad-
dressed by the holmium YAG (yttrium aluminum gar-
net) laser and later by radiofrequency (RF) devices,
both of which are small, precise cutting and ablating
tools.

LASERS

The bulk of the research on laser/RF assisted arthro-
scopy has been on the knee and shoulder. There has
been some controversy on the use of lasers in the knee
due to the report of four cases of femoral condyle avas-
cular necrosis.! Whether the laser played a role in
these cases remains to be seen. Avascular necrosis has
also been reported after meniscectomy performed us-
ing mechanical devices.? Janecki et al. reviewed 504
laser-assisted knee arthroscopies and noted no new
cases of avascular necrosis of the femur.3

There was also concern regarding the “sonic
shock” produced by the vaporization of the water at
the tip of the holmium YAG (Ho:YAG) laser. Gerber
and his associates* have studied this issue and have
concluded that there is no acoustic trauma associated
with the use of the Ho:YAG laser.

The CO, laser was the first laser to be used in
arthroscopy, but it proved difficult to use. The CO,
laser energy cannot be transmitted through a
fiberoptic cable and therefore requires a series of
prisms in an articulated arm for delivery. Further-
more, the joint must be inflated with a gas (CO,) be-
cause water strongly absorbs CO, laser light. This
inflation often produces subcutaneous emphysema.
Finally, the CO, laser produces a significant amount
of char. The one advantage of the CO, laser is that
its thermal effect remains very superficial (tissue
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penetration of +50 microns) thus producing very lit-
tle damage to adjacent tissue.

The shortcomings of the CO, laser contributed to
the introduction of Ho:YAG laser-assisted arthro-
scopy. The holmium laser functions (as does the CO,
laser) in the infrared region of the electromagnetic
spectrum at 2.1 nm. In contrast to the CO, laser, the
Ho:YAG energy can be transmitted through a quartz
fiber and functions well underwater. Also, it is well
absorbed by cartilage, fibrocartilage, synovial tissue,
scar tissue, and hemoglobin. This last point explains
the Ho:YAG’s hemostatic capabilities.

Other types of lasers have been used in arthro-
scopy. The neodynium YAG laser has a wavelength
of 1.064 nanometers, which, like the Ho:YAG and
CO, lasers, is in the infrared region of the electro-
magnetic spectrum. Like the Ho:YAG laser, it can be
used in a liquid medium. However, it has proved dif-
ficult to control the depth of penetration of the laser
energy, and because of this the neodynium YAG laser
is no longer used in arthroscopy.

Erbium lasers have also been used. Like the CO,
and Ho:YAG lasers, the erbium is an infrared laser.
The erbium laser combines the advantages of the
Ho:YAG with the reduced collateral tissue injury seen
with the CO, laser. Its use in the United Sates has
been limited.

The excimer laser has also been used in arthro-
scopy. The wavelength of the excimer laser is in the
ultraviolet region of the electromagnetic spectrum.
This laser’s ablative potential is based on its ability to
resonate with and disrupt the covalent bonds of the
tissues being ablated. This interaction produces no
heat, and therefore thermal collateral injury is elimi-
nated (hence the term cold Iaser). As mentioned, the
excimer laser functions in the ultraviolet region of the
electromagnetic spectrum; for this reason there is some
concern it may be mutagenic. Hendrich et al. evalu-
ated the mutagenic effect of ultraviolet light of the
same wavelength (308 nm) as that used by the excimer
laser and concluded that excimer laser energy is not
mutagenic.’ The excimer laser has not been used
widely in arthroscopy, for two reasons. The first is that
these lasers are extremely expensive. The second rea-
son is that the fluence, or the amount of energy that
can be transmitted through the quartz fiber carrying
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the laser energy, is barely sufficient to ablate fibrocar-
tilage. Attempts to increase the fluence have resulted
in destruction of the fiberoptic delivery system.

Let us return now for a closer look at the Ho:YAG
laser. The Ho:YAG laser functions by superheating the
tissues to be ablated. When the laser fires, it creates
a small bubble of water vapor at its tip (the Moses ef-
fect). The tissue within this bubble absorbs the ma-
jority of the laser energy and is vaporized, leaving a
layer of “caramelized” protein behind, but no char. Be-
yond the vapor bubble, the laser energy is quickly at-
tenuated as it is absorbed by the water in the joint.
This drop-off in energy allows the surgeon to titrate
the amount of energy transmitted to the tissues in the
joint. By “defocusing” the laser (pulling the tip away
from the tissue), the tissue is taken out of the Moses
bubble and less energy is imparted to the tissue. This
allows the “melting” of chrondomalacic fronds and
capsular shrinkage without injuring adjacent tissues.
The water in the joint not only absorbs the laser en-
ergy but it also acts as a large, continually renewed
heat sink. The problems of heat buildup and collat-
eral tissue damage are also addressed by pulsing the
laser light. The time between pulses allows the tis-
sues outside the ablation zone to transmit the energy
they absorb to the heat sink (water) and thus remain
protected from thermal injury. Continuously applied
laser energy does not permit the flow of heat energy
away from the ablation site and results in significant
collateral damage. Thus, with appropriate technique,
one can modulate the energy imparted to the tissues
by changing the laser pulse frequency, by changing the
amount of energy per pulse, and finally, by focusing
or defocusing the laser.

RADIOFREQUENCY DEVICES

Radiofrequency devices, like lasers, ablate/shrink tis-
sue by heating the tissue. The RF devices transmit en-
ergy to the tissues via radiofrequency waves in the 100
to 450 kHz range. This electromagnetic energy causes
the electrolytes within the tissue to oscillate very rap-
idly. This molecular oscillation creates friction within
the tissue that, in turn, heats the tissue. The RF en-
ergy produces enough friction to either denature the
collagen and cause shrinkage or vaporize the tissue.
Monopolar and bipolar radiofrequency devices are
available. Monopolar units require that a grounding
pad be attached to the patient, while the bipolar de-
vices do not. The RF devices oscillate the polarity of
the active and passive electrodes to produce the RF
energy. The energy of the monopolar devices flows
from the active electrode through the tissue being
treated to the passive, ground electrode. Bipolar de-
vices have both the active and passive electrodes in
the tip of the probe. The energy flows from the active
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FIGURE 4.1. Monopolar: electrical current is conducted into the
tissue to the grounding pad. Bipolar: current is conducted away from
the tip to the return electrode on the probe shaft.

electrode back to the passive electrode, passing
through the superficial layers of the tissue near the
probe tip (Figure 4.1). The depth of penetration of the
monopolar devices is greater than that noted with
bipolar devices (4 mm vs 0.2 to 0.3 mm). With
monopolar devices, the depth of tissue penetration
also depends on the impedance of the tissue (see Table
4.1). It follows that the energy will penetrate deeper
into a ligament than into cartilage. The RF current fol-
lows the path of least resistance.

Monopolar and bipolar devices both require a con-
ductive milieu such as normal saline or lactated
Ringer’s. The tips of the RF probes are available in
many shapes and sizes to accommodate the anatomy
of the problem being treated.

While the following discussion focuses on the use
of the Ho:YAG laser, radiofrequency (RF) devices can
be used in place of the laser.® The only exception to
this generalization is the ablation of bone, which is
more readily accomplished with the laser. The RF
probes can be used through the same portals described
for the laser probes. Radiofrequency devices can
ablate and shrink tissue. However, one must be care-
ful while using RF wands to not overheat the joint
or the structures adjacent to the joint. Adequate
inflow/outflow is essential while using the RF devices.
Prolonged use of the RF probes without an adequate

TABLE 4.1. Tissue Impedance.

Tissue/Substance Impedance Q)
Saline 90-120
Ligaments 100-140
Cartilage 350-500
Bone 1100
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heat sink (fluid flow) can lead to diffuse thermal in-
jury of the joint surfaces and adjacent peri-articular
structures. The RF energy penetrates the tissue to a
depth of 4 or more mm as compared to the 0.5 mm
penetration of the laser. There is therefore a greater
potential for injury to adjacent extraarticular struc-
tures (nerves) when using the RF probes.

LASER/RF-ASSISTED
TFCC DEBRIDEMENT

Andrew Palmer’ devised a classification scheme for
TFCC tears that divides TFCC tears into traumatic
tears, type I and degenerative tears, type II.7 While
both types of tears can be treated arthroscopically,
types I-A, II-C, and II-D lend themselves to laser-
assisted debridement (Figure 4.2).

Before starting arthroscopic treatment of TFCC
tears, the ulnar variance must be evaluated. This is
done by taking an X-ray with the shoulder abducted
to 90 degrees and the elbow flexed to 90 degrees with
the hand flat on the X-ray cassette (the “90 X 90” view
of Palmer).® Triangular fibrocartilage debridement in
face of an ulnar-plus variance is doomed to fail, as the
simple debridement of the TFCC is insufficient to de-
compress the ulnar side of the wrist. In such cases of
ulnar abutment syndrome, an ulnar shortening is
needed. The results of TFCC debridement in patients
with an ulnar-zero variance can be good, but there
lingers the possibility of having to perform an ulnar
shortening later. It is recommended that this possibil-
ity be discussed with the patient preoperatively. In con-
trast to the patient with an ulnar plus variance, the pa-
tient who presents with an ulnar minus variance is
very likely to respond to simple debridement of the
central portion of the triangular fibrocartilage.”10

The technique of laser-assisted triangular fibrocar-
tilage debridement is similar to that of mechanical de-
bridement of the triangular fibrocartilage with the ex-
ception that the arthroscope can be left in the 3-4
portal while the laser is kept in the 4-5 portal. The
laser is set to 1.4 to 1.6 joules at a frequency of 15
pulses per second. With the help of a side-firing 70-
degree laser tip, the triangular fibrocartilage can be

Class 1A

Class 2C

Class 2D
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very rapidly and precisely debrided. The 70-degree
laser tip permits ablation not only of the radial and
palmar portions of the TFCC tear, but also the ulnar
and dorsal components. There is no need to bring the
laser probe in through the 3-4 portal. During the de-
bridement, care must be taken not to injure the ulnar
head. This is avoided by firing the laser tangentially
to the head of the ulna or passing the probe beneath
the triangular fibrocartilage and firing distally. This
latter technique presents minimal danger to the lu-
nate or triquetrum, in that the fluid used to expand
the joint acts as a heat sink and absorbs the laser en-
ergy as it emerges from beneath the triangular fibro-
cartilage. The central portion of the TFCC is debrided
back to stable edges, taking care not to injure the dor-
sal and palmar radioulnar ligaments.

The arthroscopic treatment of the ulnar abutment
syndrome is facilitated by using the Ho:YAG laser.!!
Hyaline cartilage is very efficiently removed with the
laser at higher energy settings (2.0 joules at 20 pulses
per second). Not only are the ulnar head hyaline car-
tilage and subchondral bone rapidly removed, but, in
contrast to burring, they are removed without pro-
ducing much debris. Once the cancellous bone of the
ulnar head is exposed, however, the bur becomes the
most effective tool to complete the ulnar shortening.
This is because it becomes very time consuming to
focus the laser beam on each trabecula. During the
ulnar head resection, care must be taken to not in-
jure the sigmoid notch with either the laser or the
bur. Also, care must be taken not to detach the in-
sertion of the triangular fibrocartilage from the fovea
at the base of the ulnar styloid. The successful ar-
throscopic ulnar shortening relies on teamwork. The
assistant brings the surfaces of the ulnar head to be
resected to the laser being held by the operating sur-
geon. By progressively supinating and pronating the
forearm, an appropriate amount of ulnar head is ex-
cised. The goal is to resect sufficient ulna to produce
a 2 mm negative ulnar variance. The amount of ulna
resected must be verified with intraoperative fluo-
roscopy. Occasionally, complete visualization of the
ulnar head requires that the scope be placed in the
4-5 portal with the laser entering the distal radioul-
nar joint through the distal radioulnar joint portal.

FIGURE 4.2. Palmer classification of TFCC tears.
(Adapted with permission from Palmer AK. Trian-
gular fibrocartilage complex lesions: a classifica-
tion. ] Hand Surg Am 1989;14:594-606.)
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FIGURE 4.3. Ulnar abutment.

This portal is established just proximal to the 4-5 por-
tal and TFCC.

An effort is made to leave a smooth surface on the
remaining distal ulna. The trabeculae of the distal ulna
always produce a somewhat rough distal ulna at the
completion of the procedure. These irregularities,
however, disappear during the months following the
surgery (Figures 4.3 and 4.4). Large irregularities must
be avoided, as they can catch on the proximal surface
of the residual TFCC during supination and pronation.

The postoperative regimen after TFCC debride-
ment, with or without ulnar shortening, includes pro-
viding the patient with a wrist splint to be worn as
needed, as well as a home therapy program consisting
of active and passive range of motion exercises. The
sutures (wounds are closed using subcuticular sutures
of 4-0 Prolene) are removed at 2 weeks. Strengthening
exercises can be started at 6 weeks if needed. Prema-
ture resumption of heavy lifting or repetitive activi-
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ties will lead to radiocarpal synovitis. Some patients
feel so good after as little as 2 weeks that the surgeon
must temper the patient’s desire to return to full ac-
tivity. In the case of an ulnar shortening, the recovery
can be as long as 6 months, as suggested by Feldon.!?
However, the majority of patients will be improved
long before 6 months.

OTHER INDICATIONS
FOR LASER/RF-ASSISTED
WRIST ARTHROSCOPY

Synovectomy

Synovectomy is probably the most frequently per-
formed laser-assisted procedure. This procedure is of-
ten needed to permit complete joint visualization, par-
ticularly of the lunotriquetral and ulnocarpal joints.
The laser, set at 1.2 to 1.5 joules and 15 pulses per sec-
ond, vaporizes the inflamed synovium and scar tissue
quickly and with minimal bleeding due to the hemo-
static effect of the laser. The hemoglobin in the in-
flamed synovium absorbs the laser energy better than
the adjacent capsule, thus providing an extra level of
safety for the capsule. Scar tissue and synovitis in the
radiocarpal, ulnocarpal, and midcarpal joints can be
rapidly debrided. When performing a dorsal wrist syn-
ovectomy, or for that matter anytime the laser is be-
ing used, care should be taken to avoid aiming the
laser at the arthroscope, as the laser energy will de-
stroy the scope.

Partial Interosseous Ligament Tears

Partial tears of the scapholunate and lunotriquetral lig-
aments can be nicely treated with the laser set at 0.2

FIGURE 4.4. A. Early and (B) late post-laser-assisted arthroscopic ulnar shortening demonstrating smoothing of resection site with time.

A is 6 weeks postoperative, and B is 6 months postoperative.
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to 1.0 joule and 15 pulses per second. The ablation of
these tears can be done very precisely without scuff-
ing or injuring the adjacent intact articular cartilage.

Chondromalacia

Chondromalacia has been treated with the laser and
RF devices. There is, however, evidence that at least
in regard to the RF devices, significant injury to the
underlying healthy cartilage can occur even when ex-
ercising caution and using low power settings.!314
Based on this information, it is difficult to recommend
RF treatment of chondromalacia. Chondromalacic
fronds can, however, be gingerly vaporized with the
laser set at 0.2 to 0.8 joules and 15 pulses per second.
The laser beam must be oriented tangentially to the
joint surface so that only the fronds of frayed cartilage
are treated. Great care must be taken to not injure the
underlying healthy cartilage. Because the laser radia-
tion can be directed selectively toward the chondro-
malacic fronds, sparing the underlying cartilage, it is
safer in this situation than are RF devices. However,
great care must be exercised. It should be kept in mind
that the long-term effectiveness of debridement of
chondromalacic fronds has not been established, and
the potential for significant injury to healthy cartilage
cannot be ignored even with the laser.

Bone Resection

We have seen that the Ho:YAG laser can be used to
resect the distal ulna. Similarly, the laser can be used
to perform radial styloidectomies, osteophytectomies,
and complete resection of the ulnar head. The princi-
ples outlined in the section describing the laser-
assisted arthroscopic Feldon procedure apply to these
procedures as well. The articular cartilage and sub-
chondral bone are vaporized with the laser, while the
cancellous bone is removed with a bur.

Radial styloidectomy is performed with the
arthroscope in the 4-5 portal and the laser and bur
entering through the 1-2 and 3-4 portals. (The 1-2
portal is approached with caution, as the radial ar-
tery and branches of the superficial radial nerve
course through this area. Only blunt dissection
should be used in establishing the 1-2 portal.) A clear
junction usually exists between the area of the ra-
dial styloid to be debrided (exposed subchondral
bone) and the adjacent healthy cartilage. If this is
not the case, a K-wire can be placed under both flu-
oroscopic and arthroscopic control through the ra-
dial styloid at the ulnar limit of the proposed bone
resection. This provides an intra-articular landmark.
The amount of styloid resected should be just
enough to solve the problem being addressed, tak-
ing care to leave the attachments of the ra-
dioscaphocapitate and long radiolunate ligaments
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intact. Postoperative care after this procedure is sim-
ilar to that described for a TFCC debridement.

Laser-assisted arthroscopic Darrach procedures and
matched ulnar resections are logical extensions of the
laser-assisted arthroscopic Feldon procedure. The
technique used for these procedures is essentially the
same as that used for the laser-assisted arthroscopic
Feldon procedure. One would anticipate less morbid-
ity with this technique, though no published series
are currently available. The use of the laser to treat
grade IV chondromalacia has been successful in our
hands in a limited number of cases. Two approaches
are used, depending on the clinical presentation. If the
joint surfaces involved cannot be unloaded (i.e., the
proximal lunate), the laser is used to ablate the
detached cartilage and subchondral plate. The laser de-
bridement is extended to expose a healthy carti-
lage/bone interface. This “crater” margin is “fresh-
ened” with the bur. The subchondral bone is burred
back to bleeding, cancellous bone. This last step is
needed, as laser cauterization slows the fibrous tissue
ingrowth necessary for the success of chondroplasty
in this setting. Early range of motion is essential. The
use of continuous passive motion has proven to be
important.

The second approach is that applied to joint sur-
faces that can be unloaded through limited carpal
shortening. A prime example of this is chondromala-
cia of the proximal pole of the hamate often seen in
patients with a type II lunate.!® In this situation the
goal is not to promote soft tissue ingrowth but rather
to unload the lunatohamate joint. This can be ac-
complished by establishing a viewing portal at the ra-
dial midcarpal port and an instrument portal at the ul-
nar midcarpal port. The proximal pole of the hamate
is ablated using the laser. The resection is continued
until the lunate no longer impinges on the hamate
during ulnar deviation. (Care must be exercised not to
injure the ulnar limb of the arcuate ligament.) This
can be verified by removing the laser and manipulat-
ing the wrist while the arthroscope is still in the ra-
dial midcarpal joint. In this case the bur is not used
to freshen the hamate defect, as cauterization pro-
duced by the laser seems to decrease postoperative dis-
comfort. This effect is attributed to a decrease in post-
operative bleeding and inflammation. Though early
postoperative range of motion is promoted, continu-
ous passive motion has not been needed. It should be
noted that no clinical studies of chondroplasty using
the Ho:YAG laser have been published.

Capsular Shrinkage

Wrist capsular shrinkage may offer an attractive al-
ternative to more invasive treatments for subtle forms
of carpal instability. It would seem logical to apply to
the wrist what has been learned from shoulder cap-
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sular shrinkage. The basic science of capsular shrink-
age should be the same for both joints. However, the
wrist is not the shoulder, and extrapolation of shoul-
der data to the wrist may not be appropriate.

The biology of capsular shrinkage has been exten-
sively studied in animal models. Capsular shrinkage
is a refined “hot poker” technique. The triple helix of
collagen unwinds when heated to 60 degrees C; max-
imum shrinkage is achieved between 65 and 75 de-
grees C (Figure 4.5). The hydrogen bonds holding the
type I collagen triple helix together rupture as the col-
lagen is heated beyond 60 degrees C. As the collagen
triple helix unwinds, it shortens (Figure 4.6). This
shortening can reach 50% of the resting length of the
untreated collagen. The shortened, denatured collagen
acts as scaffolding onto which new collagen is de-
posited.!® The new collagen fibers maintain this short-
ened conformation, thus assuring the long-term main-
tenance of the shortening.

Biomechanical studies have demonstrated that the
tensile strength of heated collagen decreases rapidly
and does not return to normal values for 12 weeks.!”
The tensile strength returns to nearly 80% of normal
by 6 weeks after heating (Figure 4.7). This transient
loss of tensile strength would suggest that the appli-
cation of stress to recently heated collagen is con-
traindicated. Premature loading of the shrunken col-
lagen will lead to a lengthening of the collagen. This
has been verified in an animal model.'8!° Based on
these data, it would seem reasonable to recommend
at least 6 to 8 weeks of joint immobilization after cap-
sular shrinkage. Clearly, heavy loading of the joint
should be avoided for 12 weeks.

Shrinkage requires very low energy settings. The
RF devices must be adjusted to heat the tissue to a
temperature of between 65 and 75 degrees C. It is wise
to start at low energy and slowly increase the energy
output until the desired shrinkage is observed. The
laser should be set to very low energy, i.e., 0.2 to 0.5
joules at 15 pulses per second (3 to 7.5 watts). The
laser is held away from the target ligament and slowly
advanced until the ligament is seen to shrink. Once
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FIGURE 4.5. Shrinkage vs RF probe temperature.

FIGURE 4.6. The normal collagen triple helix without shrinkage.

the shrinkage has stopped, continued laser exposure
will only further weaken the ligament without in-
creasing the shrinkage. The color of the ligament
changes from white to light yellow during the shrink-
age. Lu et al. have suggested that a cross-hatching
shrinkage pattern optimizes the ingrowth of healthy
tissue and hastens the recovery of the ligament.20
During the shrinkage, traction on the wrist should
be reduced as much as possible to permit optimal
shrinkage.

Scapholunate Instability

Capsular shrinkage for mild scapholunate (SL) insta-
bility could be an attractive alternative to the cur-
rently available open procedures. The question is
what can or should be shrunk to stabilize the SL
axis. The SL interosseous ligament is a heterogeneous
structure. Its central portion is composed of fibrocar-
tilage, which is not shrinkable (Figure 4.8). The dor-
sal and palmar portions of the SL ligament are, how-
ever, composed of type I collagen and are shrinkable
(Figure 4.9). Anecdotal reports would suggest that
shrinkage of the dorsal and palmar aspects of the SL
ligament can help patients with mild SL instability.
No published studies are available, however, to sub-
stantiate these reports.

Capsular shrinkage of the dorsal intercarpal liga-
ment (DIC) could potentially reinforce the stabilizing
effect of SL ligament shrinkage. The DIC is attached
to the distal dorsal aspect of the scaphoid and the
dorsal triquetrum (Figure 4.10). Shrinkage of this
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FIGURE 4.7. Post-shrinkage tensile strength vs time.
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FIGURE 4.8. Histology of central fibrocartilaginous portion of the
scapholunate ligament. (Reprinted from Berger RA, Chapter 5 of
The Wrist Diagnosis and Operative Treatment by Cooney WP,
Lilnscheid RL, Dobyns JH. Mosby: St. Louis, 1998. Used with per-
mission of the Mayo Foundation for Medical Education and Re-
search, Rochester, MN.)

ligament could simulate the tensioning of this liga-
ment noted during open capsulodesis.?! To accom-
plish this, the scope and laser would be placed alter-
nately in the radial and ulnar midcarpal portals.
Again, no published data are available that support
this technique.

\ N & »

FIGURE 4.9. Histology of capsule demonstrating loose collagen
(CF) in a fibrous stratum (FS). (Reprinted from Berger RA, Chapter
5 of The Wrist Diagnosis and Operative Treatment by Cooney WP,
Lilnscheid RL, Dobyns JH. Mosby: St. Louis, 1998. Used with per-
mission of the Mayo Foundation for Medical Education and Re-
search, Rochester, MN.)
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FIGURE 4.10. Dorsal intercarpal ligament. Image from Primal Pic-
tures, Ltd., www.primalpictures.com, with permission.

Lunotriquetral and Ulnocarpal Instability

Mild forms of lunotriquetral instability can be treated
with ulnocarpal ligament shrinkage. I have applied
this technique in a limited number of cases with
satisfying results. This procedure takes advantage of
the anatomy of the ulnotriquetral and ulnolunate
ligaments. These ligaments form a V as they diverge
from their origin on the palmar distal radioulnar lig-
ament and insert on the palmar aspect of the lunate
or triquetrum (Figure 4.11). As the ligaments are

FIGURE 4.11. Palmar view of ulnocarpal ligaments demonstrat-
ing “V” configuration. Image from Primal Pictures, Ltd., www.
primalpictures.com, with permission.
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shrunk, the arms of the V shorten and approximate
the lunate to the triquetrum thus stabilizing the LT
joint. This stabilization can be further reinforced with
the shrinkage of the LT interosseous ligament. The
LT ligament histology is similar to that of the SL lig-
ament and can therefore undergo dorsal and palmar
but not central shrinkage. Isolated ulnocarpal liga-
ment instability can also be treated with ulnocarpal
ligament shrinkage. Ulnocarpal shrinkage is accom-
plished with the arthroscope in the 3-4 portal and the
laser in the 4-5 or 6-U portal.

Midcarpal Instability

It is tempting to apply capsular shrinkage to the treat-
ment of midcarpal instability. Midcarpal instability is
associated with attenuation of the ulnar arcuate, tri-
quetrohamate, dorsal intercarpal, and radiocarpal lig-
aments. All of these ligaments can be shrunk. The
arthroscope would be placed in the radial midcarpal
portal, while the laser probe would be placed in the
ulnar midcarpal portal. Meaningful studies of the ef-
ficacy of this technique will be long in coming, in view
of the rarity of this condition and the broad spectrum
of pathology associated with midcarpal instability.

CONCLUSION

Our experience since 1990 with over 250 laser-assisted
wrist arthroscopies using the Ho:YAG laser has been
excellent. We have encountered no laser-related com-
plications. We have noted no increase in postopera-
tive wrist effusion or pain. These clinical findings echo
those found in multiple articles reviewing the use of
the Ho:YAG laser in the knee?? and one article by
Blackwell et al, which reviews the use of the Ho:YAG
laser in the wrist.?3

The Ho:YAG laser and RF devices should be
viewed as additional tools in the wrist surgeon’s ar-
mamentarium. The advantages of the laser/RF de-
vices include their small size and the efficiency they
bring to wrist arthroscopy, as well as their capabil-
ity to cauterize and to precisely titrate the amount
of power delivered to the operative site. The devel-
opment of aggressive, 2.0 mm mechanical cutting
devices has been slow and may be reaching its prac-
tical limits. This is not to say, however, that me-
chanical devices are obsolete. Certainly, the full-
radius cutters and burs continue to be used routinely
in wrist arthroscopy.

The future of lasers in wrist and joint surgery in
general could be promising if the cost of the lasers de-
creases. Research is currently being done to evaluate
the use of lasers to shrink the wrist capsule to correct
subtle forms of carpal instability. Animal and tissue
culture research has demonstrated that laser energy of
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the appropriate frequency can stimulate chonodro-
blast proliferation and cartilage production.?*25 Per-
haps one day the laser will help create tissue rather
than ablate it.
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Repair and Treatment
of TFCC Injury

James Chow

ANATOMY AND FUNCTION OF TFCC

The triangular fibrocartilage complex is a homoge-
neous structure composed of the articular disk, the
volar and dorsal radioulnar ligament, the meniscal
homolog, the ulnar collateral ligament, and the sheath
of the extensor carpi ulnaris. The triangular fibrocar-
tilage complex acts as an extension of the articular
surface of the radius to support the proximal row and
stabilize the distal radioulnar joint. The volar carpal
ligaments assist in limiting wrist extension and radial
deviation, as well as in stabilizing the volar-ulnar as-
pect of the carpus.

BIOMECHANICS

Approximately 20% of the actual load of the forearm
is transferred through the ulnar side of the wrist and
through the triangular fibrocartilage complex. The
disk portion of the triangular fibrocartilage complex
has thickening of the volar and dorsal margin, which
are known as the volar and dorsal radioulnar liga-
ments. These ligaments help to stabilize the distal ra-
dioulnar joint. In 1989, Andrew Palmer of Syracuse,
NY proposed a classification system for triangular fi-
brocartilage complex tear! that divides these injuries
in two categories: traumatic (Class I) and degenerative
(Class II) (Table 5.1). The four Class I subclassifica-
tions, which describe the location of injuries, clinical
presentations, and suggested treatments, are outlined
in Table 5.1. The five Class II subclassifications,
which describe the severity of the wear to the trian-
gular fibrocartilage complex, arthritic changes of the
ulnar side of the wrist, and suggested treatments, are
outlined in Table 5.2.

Class IA, IB, and IC

Class IA tears or perforations are horizontal tears of
the triangular fibrocartilage complex that are usually
1 to 2 mm wide and are located 2 to 3 mm ulnar to
the radial attachment on the sigmoid notch, where the
articular disk is thinnest. The presenting symptoms

usually are dorsal tenderness at the distal aspect of the
ulna and pain with rotation of the forearm. A tri-
compartmental arthrogram may demonstrate contrast
medium leaking into the distal radioulnar joint. Ar-
throscopic debridement to remove the unstable flap of
the tear is the preferred treatment for such an injury
if the symptoms do not resolve after temporary splint-
ing. The arthroscope is placed in the 3-4 portal. A
small-joint banana blade is inserted through the 6-R
portal, and the unstable flap is excised. The arthro-
scope is transferred to the 6-I portal, and a small-joint
punch is inserted through the 3-4 portal to debride the
most ulnar aspect of the tear, which is hard to reach
from the 6-R portal. A small-joint shaver is used to
smooth the remaining portion of the articular disk.
Caution should be taken to avoid involving the volar
and dorsal radioulnar ligaments, which serve to sta-
bilize the distal radioulnar joint.

Class IB injuries are traumatic avulsions of the tri-
angular fibrocartilage complex from its insertion into
the distal aspect of the ulna; these avulsions may be
accompanied by a fracture of the ulnar styloid process
at its base.!”3 These injuries are usually associated
with distal radioulnar instability. The patient usually
has tenderness around the 6-U portal, and the pain
may be reproduced with ulnar deviation of the wrist.
A triple arthrogram may demonstrate normal findings,
and arthroscopic examination usually shows loss of
tension of the articular disk of the triangular fibro-
cartilage complex.* There may be hypertrophic syn-
ovitis covering the torn part of the ulnar-dorsal por-
tion of the articular disk, and debridement will help
in locating the tear.>® Various arthroscopic suturing
techniques have been described for repair of ulnar pe-
ripheral tears.

For tears that extend dorsally, Whipple and asso-
ciates!® describe an outside-in technique that in-
volves placing sutures longitudinally to reattach the
central cartilage disk to the floor of the fifth and sixth
extensor compartment. The arthroscope is normally
inserted in the 3-4 portal. After establishment of a 6-
R portal, fibrovascular tissue is debrided, and the dor-
sal margin of the central disk is freshened with a small
motorized shaver. A longitudinal incision, approxi-
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TABLE 5.1. Classification of Traumatic Injuries and Degenerative Lesions.

Type Description Clinical presentation Suggested treatment
Class TA Tears or perforations of the Dorsal tenderness of the distal Debridement to remove the
horizontal portion of the triangular ulna unstable flap, taking care to avoid
fibrocartilage complex Pain with pronation/supination involving the volar and dorsal
Usually 1-2mm wide radioulnar ligament
Dorsal palmar slit located 2-3 mm
medial to the radial attachment
of the sigmoid notch
Class IB Traumatic avulsion of triangular Tenderness around the 6-U Arthroscopic examination may
fibrocartilage complex from portal of the wrist show loss of “trampoline sign”
insertion into the distal ulna Pain may be reproduced with Debridement of hypertrophic
May be accompanied by a fracture ulnar deviation of the wrist synovitis will help locate tear
of the ulnar styloid at its base Triple arthrogram may be Arthroscopic suturing of
Usually associated with distal negative triangular fibrocartilage complex
radiocarpal joint instability
Class IC Tears of the triangular fibrocartilage Tenderness of palm over the If no wrist instability, treat
complex that result in ulnocarpal pisiform conservatively. Patients with
instability, such as avulsion of the Locking on ulnar side with ulnar carpal instability may
triangular fibrocartilage complex firm grip need exploration and repair
from the distal attachment of the
lunate or triquetrum
Class ID Traumatic avulsions of the Diffuse tenderness along entire Past treatment: Immobilization

triangular fibrocartilage complex
from the attachment at the distal

ulnar aspect of wrist
Possible hemarthrosis of wrist

for ~6 weeks
Arthroscopic reattachment

sigmoid notch

mately 12 to 15 mm long, is then made incorporating
the 6-R portal. The extensor carpi ulnaris tendon reti-
naculum is opened, and the tendon is retracted either
ulnarly or radially. A curved cannulated needle and
suture retriever are introduced through the extensor
compartment floor, the needle at the distal radioulnar
joint level, and the suture retriever at the radiocarpal
level. The suture is advanced through the needle,
brought through the dorsal capsule with the use of the
suture retriever’s wire loop, and tied over the dorsal
capsule. Normally, two to three sutures are all that is
needed to close the tear. The retinaculum can then be
closed with a single suture and the skin edges closed.
It is not necessary to disturb the extensor carpi ulnaris

TABLE 5.2. Degenerative Lesions—Class II.

tendon for tears that lie over the ulnar styloid. For
these, a 1.5 mm drill hole is made obliquely, under
fluoroscopic control, through the base of the ulnar sty-
loid. A straight needle is then used to pass a suture
through the drill hole and then distally through the
triangular fibrocartilage complex’s ulnar edge. The su-
ture is retrieved through a 6-U portal that has been
made inside the surgical incision and tied around the
volar edge of the styloid process. The patient is then
placed in a long arm cast or sugar-tongs splint, in slight
supination for 3 weeks; followed by a short arm cast
or rigid splint for 3 weeks. The patient should avoid
pronation and supination initially.

In Dr. Poehling’s technique, the camera is placed

Subclassification Description Suggested treatment
Class ITA Wear of the horizontal portion of the triangular Ulnar shortening if ulnar plus syndrome is
fibrocartilage complex distally, proximally, or both; with present
no perforation
Possible ulnar plus syndrome
Class IIB Wear of the horizontal portion of the triangular Ulnar shortening if ulnar plus syndrome is
fibrocartilage complex and chondromalacia of lunate present
and/or ulna
Class IIC Triangular fibrocartilage complex perforation and Arthroscopic debridement
chondromalacia of the lunate and/or ulna Wafer procedure if ulnar plus syndrome
is present
Class IID Triangular fibrocartilage complex perforation and Arthroscopic debridement
chondromalacia of the lunate and/or ulna Wafer procedure if ulnar plus syndrome
Perforation of the lunotriquetrum ligament is present
Class IIE Triangular fibrocartilage complex perforation and Arthroscopic debridement

chondromalacia of the lunate and/or ulna
Perforation of the lunotriquetrum ligament

Ulnocarpal arthritis

Wafer procedure if ulnar plus syndrome
is present
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in the 4-5 portal and a 20-gauge Tuohy needle is placed
in the radiocarpal joint through either the 1-2 or 3-4
portal. Under direct visualization, the needle is passed
through the torn edge of the triangular fibrocartilage
complex, then through the ligamentous tissue above
the ulnar styloid, and out through the soft tissue and
skin. A 2-0 absorbable suture is threaded through the
entire needle and anchored at each end with hemo-
stats. The needle is then brought back into the joint
space and passed through the edge of the tear again,
advanced through the ligamentous tissue on the ulnar
side of the joint, and out through the soft tissue and
skin, with the suture traveling through the soft tissue
both inside and outside the needle. The suture is
pulled out of the needle on the ulnar side of the wrist.
The needle is then withdrawn back into the joint
space. Both ends of the suture are anchored in the
same manner as before. This is repeated until three
sutures are in place; then the needle can be removed
from the wrist. Blunt subcutaneous dissection is then
carried out, and, under direct visualization from the
4-5 portal, all sutures are pulled back through the skin
and out the single incision. They are tied firmly so
that the triangular fibrocartilage complex is pulled
against the ulnar side of the wrist. The skin can then
be closed over the knots so that they stay subcuta-
neous. The patient is then placed in a splint for 1
month and allowed to move the fingers and pronate/
supinate the forearm.

The Chow technique uses a meniscus mender in-
strument set, along with a 25-gauge needle as a guide
for insertion of the sutures to reattach the triangular
fibrocartilage complex to the joint capsule. The
arthroscope is engaged in the 3-4 portal, using the
6-U portal for assistance. A shaver is introduced to re-
move the synovium and allow better visualization of
the dorsal aspect between the 3-4 and 4-5 portals. The
peripheral tear is identified, and the shaver used to re-
fresh the edges of the torn tissue, preferably to bleed-
ing tissue but taking care to avoid debriding too much
of the joint capsule. Following this, a 25-gauge needle,

o

}\ 4-5 Portal

FIGURE 5.1. The 4-5 and 6-R arthroscopy portals are the most com-
mon for suturing.
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with the head removed to gain access from the out-
side, is used as a guide for the insertion of the repair
sutures. The straight needle is then checked to be sure
that the wire loop is easy to open and that the sharp-
tipped side is pointing down.

The 4-5 and 6-R arthroscopy portals are the most
common suturing sites and, if the patient has a large
hand, it is recommended that the portals be made at
this time to allow easier movement of the needle in-
side the joint (Figure 5.1). The wire loop is brought
back inside the straight needle, and the needle is in-
serted on the distal side of the triangular fibrocarti-
lage complex, following the guide of the 25-gauge
needle and being careful that the bevel of the needle
is facing up to avoid damage to the articular surface.
The second straight needle, containing the suture, is
inserted 4 to 5 mm inferior to the first needle, with
the bevel face inserted face down and with the sharp-
tipped edge pointing upwards, for ease in puncturing
the torn triangular fibrocartilage complex.

Once the needle has passed through the triangular
fibrocartilage complex, the wire loop is advanced from
the first needle to loop around the second needle.
Turning the second needle gently so that the bevel
face is face up will engage the wire loop further while
the wire loop is gently pulled to further engage the tri-
angular fibrocartilage complex with the second needle.
The suture is then passed through the second needle.
Following this, the second needle is retreated gently
through the triangular fibrocartilage complex to avoid
cutting the suture (Figure 5.2). If there is difficulty in

D

FIGURE 5.2. The wire loop is advanced from the first needle to
loop around the second needle A. Turning the second needle
gently so that the bevel face is up will engage the wire loop further
B. The suture is passed through the second needle (C), and the sec-
ond needle is retreated gently through the triangular fibrocartilage
complex to avoid cutting the suture D.
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placing the wire loop over the second needle, the
grasper can be advanced to grasp the suture and pull
it through the 6-U portal.

The end of the suture is secured to the second needle
with a hemostat, and the wire loop is retracted, pulling
the suture back through the 6-U portal and out the dor-
sal aspect of the wrist, where it is secured. A small in-
cision is made between the sutures and blunt dissec-
tion to the joint capsule is performed with a hemostat,
under direct visualization of the scope, taking care not
to trap any tendons or puncture the joint capsule.

A probe is inserted into the incision and looped
around the suture, above and below, to bring it out of
the center incision. The probe is then used to ensure
that no tendons or tissue are caught, and hemostats
are used to tack down the suture for future tying. A
second suture can be placed in the same fashion. When
all of the sutures are in place, the tying process be-
gins. The surgeon’s knot is preferred for the first knot,
followed by insertion of the probe under arthroscopic
visualization to ensure that the suture is tight before
tying the second knot.

If the tear involves the 6-R or 6-U portal, an alter-
native method of the Chow technique can be used. As
the flat edge of the triangular fibrocartilage complex
tear should be easily identified, a grasper is brought in
through the portal to hold the triangular fibrocartilage
complex. A simple straight needle is passed through

skin
capsule
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the triangular fibrocartilage complex without diffi-
culty with the bevel face down. Once through, the
needle is turned bevel face up, and the suture is passed
through to be retrieved by the grasper. The needle is
backed out to avoid severing the suture, while the
grasper gently pulls the arm of the suture through the
portal. A nerve probe is then used to loop the other
suture arm and bring it through the portal (Figure 5.3).
Now the suture is freely tacked onto the triangular fi-
brocartilage complex, and the ends of the sutures are
free to tack to the joint capsule. The rest of the su-
turing procedure is as described above.

Class ID

Recently, Scott Sagerman and Walter Short have sug-
gested arthroscopic reattachment. Following debride-
ment of the bony rim of the sigmoid notch, the radial
edge of the horizontal disk is reattached to the bone
by means of drilling two holes with small K-wires per-
cutaneously into the joint from the sigmoid notch
across the distal radius.” Long meniscal repair needles
are inserted through the drill holes to place two non-
absorbable sutures into the horizontal disk and out
the radial aspect of the wrist. These sutures are tied
directly over the radius by means of a small incision.
The distal radioulnar joint is then pinned in neutral
position using one 0.062” K-wire percutaneously.

FIGURE 5.3. A grasper is brought in through the por-
tal to hold the triangular fibrocartilage complex A. A
straight needle is passed through the triangular fibro-
cartilage complex with the bevel face down B. Once
through, the needle is turned bevel face up and the
suture is passed through and retrieved by the grasper
C. The needle is backed out gently while the grasper
gently pulls the arm of the suture through the portal
D. A nerve probe is then used to loop the other suture
arm and bring it through the portal E-G.
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Class IIC, IID, and IIE

Arthroscopic debridement is the recommended treat-
ment of these lesions; however, if ulnar pulse is pres-
ent, the wafer procedure can be performed through the
arthroscope.® This involves using a bur to resect 2
to 3 mm of the ulnar head; visualization is gained
through the triangular fibrocartilage complex tear by
supinating or pronating the wrist. The most common
question regarding the wafer procedure is how much
bone needs to be resected. Under normal conditions
less than 4 mm of resection should be undertaken.
Precautions should be taken to preserve the stability
of the distal radioulnar joint and the origins of the ul-
nar carpal ligament. Some surgeons recommend the
use of the laser to resect the ulnar head to the bony
section before using the bur.®!0 However, I do not
have enough experience with this technique to com-
ment on its success.

In patients with Class IIA or B type pathology,
where the articular disk is eroded but not perforated,
open ulnar shortening may be considered. This is in-
dicated in patients with chronic ulnar-sided wrist pain
who are ulnar positive. It is important not to perfo-
rate the articular disk to perform an arthroscopic ul-
nar shortening. An oblique ostectomy is made in the
ulna, and a 7-hole, 35 mm plate is placed on the volar
surface of the ulna. The patient is less likely to feel
the plate on the volar surface of the ulna or to require
eventual metal removal. It is important not to make
the screws too long, or the patient may feel them
dorsally.
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It is helpful to place three saw blades together in
the saw when making the cut to ensure a perfect par-
allel ostectomy. Also, one screw placed on the distal
portion of the plate prior to cutting the bone helps to
control the ostectomy. A lag screw is placed through
the fourth screw hole across the oblique ostectomy.
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Repair of Peripheral
Ulnar TFCC Tears

Sanjay K. Sharma and Thomas E. Trumble

greatly advanced the diagnosis, evaluation, and

management of ulnar-sided wrist pain. One
cause of ulnar-sided wrist pain stems from an injury
to the triangular fibrocartilage complex (TFCC), an in-
tegral component to rotation of the carpus about the
ulna. This motion is quite complex, as it involves com-
binations of rotation, translation, and load transmis-
sion. Hence, injury to this region can cause persistent
pain, limited hand function, and patient unhappiness.
An understanding of the complex anatomy of the
TFCC has allowed practitioners to use the arthroscope
effectively in treating TFCC injuries. In the last 10
years, studies have shown arthroscopic repair of TFCC
injuries to be safe, effective, and long-lasting. Though
much has been written about treatment of TFCC in-
juries, the focus of this chapter will be arthroscopic re-
pair of peripheral ulnar-sided TFCC tears.

T he use of the arthroscope in hand surgery has

CLASSIFICATION

The most commonly used classification system used
to describe TFCC injuries was developed by Palmer.!
This classification helps differentiate between trau-
matic lesions and degenerative lesions. Understand-
ing the Palmer classification determines the course of
treatment, so it is essential to understand it.

Class 1

These acute, traumatic injuries are subdivided into 4
types based on the site of injury (Figure 6.1). Type 1A
lesions involve the central avascular portion and are
generally not suitable for direct repair. Arthroscopic
treatment is limited to debridement of the central tear
to remove any flaps that may impede movement. Type
1B (ulnar avulsion) injuries occur when the ulnar side
of the TFCC complex is avulsed from its insertion.
These injuries can be associated with ulnar styloid
fractures. The type 1C (ulnar distal) injury involves
rupture of the volar attachment of the TFCC or dis-
tal ulnocarpal ligaments; this is variably amenable to
repair. Finally, type 1D (radial avulsion) injuries occur
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when the radial attachment of the TFCC ruptures; this
can happen with or without a fracture of the radial
sigmoid notch.

Class 2

Degenerative TFCC lesions all involve the central por-
tion and are staged from A to E depending on the pres-
ence or absence of TFCC perforation, lunate and ulnar
chondromalacia, lunotriquetral ligament perforation,
and degenerative radiocarpal arthritis. These degenera-
tive lesions usually arise from ulnar abutment. Gener-
ally, class 2 lesions are not amenable to surgical repair.

We have subdivided TFCC tears further by their
time course.? Acute tears have occurred less than 3
months from the time of injury to repair and result in
the recovery of 80% of the grip strength and range of
motion of the contralateral side. Acute injuries have
a better prognosis than subacute injuries (3 months to
1 year) and chronic injuries (greater than 1 year).34
Subacute injuries are still amenable to direct repairs
of the TFCC, but in general regain less strength. Oc-
casionally, the TFCC tear in a chronic injury is re-
pairable, but the result is not as good as in acute re-
pairs, presumably due to contraction of the ligaments
and degeneration of the torn fibrocartilage margins.*
Chronic injuries frequently require ulnar shortening
with or without TFCC debridement.

DIAGNOSIS

History

Injuries to the TFCC commonly occur with extension
and pronation of the axially loaded carpus, as com-
monly occurs with a fall on the outstretched hand.
Another common mechanism involves traction forces
to the ulnar side of the wrist or forearm. Athletic ac-
tivities involving rapid twisting of the wrist with
ulnar-sided loading, such as in racquet sports or golf
are common injury mechanisms. Patients often delay
treatment or are misdiagnosed as having a wrist sprain
that fails to get better.
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Class 1B

Class 1C

Symptoms of a TFCC injury include ulnar-sided
wrist pain characterized by diffuse, deep aching, some-
times burning in nature, that can radiate dorsally but
rarely volarly. Pain is also elicited with firm grasp. A
clicking sensation may be present with wrist prona-
tion and supination. Patients may also complain of
generalized weakness both with and without wrist
loading.

Physical Examination

Acute TFCC injuries are accompanied by ulnar-sided
wrist swelling. A reversal of the normal convex shape
of the ulnar border of the wrist is noted in many cases.
Point tenderness is present when palpating the ulnar
side of the wrist in the ballotable region between the
ulnar styloid and the triquetrum (Figure 6.2). Passive
motion of the wrist through its range can reveal a click-
ing sensation resulting from a fibrocartilage flap trapped
in the radiocarpal joint or lunotriquetral ligament.
Several tests have been described that are help-
ful in the diagnosis of ulnar-sided wrist pain. The
TFCC compression test is positive if axial loading
of the TFCC with ulnar deviation results in signif-
icant pain. Similarly, de Araujo et al. described the
ulnar impaction test that elicits pain by wrist hy-
perextension and ulnar deviation with axial com-
pression.® The piano key test reveals distal radioul-
nar joint instability if the distal ulna is found to
freely move in the dorsal-volar plane. Volar sublux-

FIGURE 6.1. Palmer classification for class 1 trian-
gular fibrocartilage complex lesions. Class 1B and
1C represent ulnar and distal injuries, respectively.
(Modified and reprinted from J. Hand Surg. (WB
Saunders Co.) Triangular Fibrocartilage Complex
Lesions: A Classification,” Palmer, AK, 1988, Vol.
14A, No. 4, Figures 5, 7, 9, and 11 from p. 598-601
with permission from Elsevier Science.)

FIGURE 6.2. Pain elicited with pressure applied between the ulnar
styloid and triquetrum correlates with TFCC injury. (Reproduced
from Trumble TE: ‘Principles of Hand Surgery and Therapy,” (W.B.
Saunders Co,) (© July 2000), Chapter 6, ‘Distal Radioulnar Joint and
Triangular Fibrocartilage Complex,” Fig. 6-7 with permission from
Elsevier Science.)
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ation of the distal ulna can be represented by dim-
pling along the dorsal wrist surface with wrist
supination. Finally, the shuck test® can be used to
diagnose lunotriquetral ligament instability.

Diagnostic Modalities

All patients presenting with acute or chronic onset
ulnar-sided wrist pain should have anteroposterior,
lateral, and oblique radiographs taken of the wrist.
While this does not directly diagnose soft tissue
pathology, indirect information can be obtained from
the relationships of ulnar variance, the distal radioul-
nar joint, and the presence or absence of an ulnar sty-
loid or distal radius fracture. The presence of cystic
changes in the lunate and distal ulna, especially in
conjunction with ulnar neutral or positive variance,
implies excessive loading through the ulnar carpus
and suggests additional offloading treatments be con-
sidered for this region.

Triple-injection wrist arthrography as described by
Zinberg et al has been useful in diagnosing certain as-
pects of TFCC tears.” Arthrography reliably diagnoses
TFCC radial detachment and lunotriquetral ligament
tears; however, other ulnocarpal ligament injuries and
ulnar TFCC detachments are often missed.>3 Periph-
eral TFCC tears are not well differentiated from cen-
tral tears.® Several reports of positive arthrograms in
asymptomatic patients raise the question of false pos-
itive results.”-1°

The usefulness of magnetic resonance imaging
(MRI) for the diagnosis of TFCC injuries is a con-
tentious issue. Golimbu et al'® and Skahen et al'”
stated that MRI detects central and radial detachment
lesions well. T2-weighted images enhance synovial
fluid, thus detecting TFCC injuries with an accuracy
of 95% (Figure 6.3). Bednar was less enthusiastic, stat-
ing that MRI is 44% sensitive and 75% specific for
TFCC injuries.'® Corso et al found a sensitivity of 76%
in a study of ulnar TFCC lesions.® Fulcher and Poehling
felt that MRI understaged some TFCC pathology while
overstaging others, and recommend the use of arthros-
copy for definitive diagnosis.!® Pederzini et al performed
arthrography, MRI, and arthroscopy on 11 patients with
TFCC injuries.2? Using arthroscopic findings as the gold
standard, they found 100% specificity of both tech-
niques and 80% and 82% sensitivity, respectively, of
arthrography and MRI. It is important to note that
these were chronic injuries (average 18 months old),
and 9 of 11 demonstrated chondromalacia.

Studies comparing arthroscopy with arthrography
confirm arthroscopy to be the gold standard in de-
tecting and characterizing TFCC injuries.!!21.22 The
principal advantage in proceeding with arthroscopy is
that one procedure has both diagnostic and therapeu-
tic capabilities. Irreparable or degenerative TFCC tears
can be debrided, while repairable tears can be ad-
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FIGURE 6.3. Enhancement of synovial fluid seen on T2-weighted
image MRI can delineate ulnar-sided tears of the TFCC. (Repro-
duced from Orthopedic Clinics of North America, (WB Saunders
Co.) Arthroscopic Repair of Triangular Fibrocartilage Complex In-
juries. Cober, SE and Trumble, TE. © 2001, Vol 30, No. 2, figure 8,
p. 284 with permission from Elsevier Science.)

dressed immediately. The prudent surgeon is advised
to consider the patient’s history, mechanism of injury,
and findings on physical examination to help guide
the choice of immediate arthroscopy versus advanced
imaging studies.

TREATMENT

Nonoperative Intervention

The appropriate treatment for TFCC injuries is vari-
able and dependent on the type of injury. The initial
decision for operative vs. nonoperative intervention is
based on ulnar-sided carpal and distal radioulnar joint
stability. If a patient presents with a history and exam
consistent with a TFCC injury, has normal radio-
graphs, and is clinically stable, 4 weeks of long arm
cast immobilization is usually successful. If no im-
provement is noted after 1 month, further diagnostic
studies such as arthrograms, MRI, or arthroscopy are
warranted. If a patient presents with radiographic or
clinical instability, primarily arthroscopic evaluation
and repair should be considered.

Ulnar Recession

Another confounding variable facing the surgeon re-
pairing the TFCC, especially in the chronic setting, is
whether to shorten the ulna. Numerous articles elu-
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cidate the importance of ulnar variance in the out-
comes of TFCC repair.23-2° The senior author believes
it is appropriate to perform ulnar recession when
symptoms have been present for more than one year
and an ulnar neutral or positive variance is present.*

Class 1B

These lesions will likely heal with suture repair since
they occur in the peripheral, well-vascularized portion
of the TFCC. Repairs of this class of ulnar-sided avul-
sion injuries can be divided into inside-out or outside-
in types. The inside-out repair enjoyed early recogni-
tion. Several authors describe using a 6-inch, 20-gauge
Tuohy (Becton Dickinson, Franklin Lakes, New Jer-
sey) needle with a blunt tip originally designed for
epidural placement.!®2¢ The technique described by
de Araujo et al introduces the needle into the radio-
carpal joint from the 1-2 portal, passing it through the
free edge of the TFC tear, and out the volar skin of
the ulnar carpus.® Once a 2-0 PDS is completely
through the needle, the Tuohy is withdrawn into the
radiocarpal joint, and the TFC is repunctured 3 to 5
mm from the first site and back out the skin. Next, a
horizontal mattress suture is placed in the TFC and
tied on the ulnar wrist capsule through a small skin
incision. Patients are immobilized in supination for 3
to 4 weeks and progress gently to activity as tolerated
at 6 weeks.!® These authors reported a 70% satisfac-
tion rate at 16 to 24 months in 17 patients. Skie et al.
describe a variation on this technique using “zone-
specific” cannulas from knee arthroscopic kits which
enabled long, flexible meniscal needles to be intro-
duced from the 4-5 portal and directed through the
torn region in a horizontal mattress manner.2’

The outside-in repair techniques all involve punc-
turing the ulnar wrist capsule through the torn edge
of the TFCC. The suture is then retrieved and brought
out the ulnar side of the wrist. Several authors de-
scribe using a TFCC repair kit (Linvatec, Largo,
Florida).82¢ A curved, cannulated suture passer is in-
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serted through the extensor carpi ulnaris (ECU) sheath
and the edge of the TFCC tear. A loop suture retriever
is then inserted with the loop end over the tip of the
suture passer. Using a 2-0 PDS suture, a simple tie se-
cures the TFCC across the tear. Several sutures are
passed as needed. Taking the wrist through its range
of pronation and supination with the sutures pulled
tight will help find the best position for coaptation of
TFCC edges. The sutures are then tied in this posi-
tion either over a bolster or on the wrist capsule
through a small skin incision. The postoperative reg-
imen includes immobilizing patients for 4 weeks in a
long arm cast, then advancing to a short arm splint
with progressive range of motion.® In a multicenter
study, Corso et al. reported 41 of 45 patients with good
or excellent results using the Mayo modified wrist
score and return to normal activity by 3 months.

Other methods of TFCC repair are modifications
of a meniscal repair described by Clancy, Graf, and
Warren.?82? Zachee repairs ulnar-sided TFCC avul-
sions by extending an 18-gauge needle across the tear
from the ulnar side of the wrist.3? A suture is then
passed through the needle and retrieved through a ra-
dial port. After an external knot is tied, the suture is
pulled back into the joint, leaving the internal knot
as an anchor to coapt the edges of the tear. A number
of sutures are passed in this manner so as to complete
the repair.

Our preferred repair method of ulnar-sided TFCC
injuries is an outside-in technique. The arthroscopy is
performed using distraction with a wrist traction
tower. Ten to 15 pounds of traction are applied de-
pending on the size of the extremity. After initial de-
bridement is completed, a small probe is inserted to
diagnose peripheral detachment of the TFCC, using
the trampoline test as described by Hermansdorfer and
Kleinman (Figure 6.4).3! The repair suture is threaded
into an 18-gauge needle and inserted into the wrist
joint just inferior to the 6-U portal under arthroscopic
guidance (Figure 6.5). The needle passes just radial
through the torn edge of the TFCC. The suture is

FIGURE 6.4. Trampoline test to detect lax peripheral
detachment of the TFCC. An intact TFCC is firm and
tense (A) whereas the torn TEC is loose and slack

(B). (Reproduced from Trumble TE: Principles of Hand
Surgery and Therapy, (W.B. Saunders Co.) (© July
2000) Chapter 6, ‘Distal Radioulnar Joint and Triangu-
lar Fibrocartilage Complex,” Fig. 6-18 with permission
from Elsevier Science.)
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FIGURE 6.5. The outside-in technique of repairing ulnar-sided
TFCC injuries. Using a passing needle, such as an 18-G needle, a
suture is introduced through the ulnar wrist capsule, which has
been guided through the detached edge and out the other side of
the TFCC. (Reproduced from Trumble TE: Principles of Hand Sur-
gery and Therapy, W.B. Saunders Co., © 2000 Chapter 6, ‘Distal Ra-
dioulnar Joint and Triangular Fibrocartilage Complex,” Fig. 6-19
with permission from Elsevier Science.)

threaded out through the needle and grasped using a
small arthroscopic grasping forceps or wire suture
grasper placed through the 6-U portal (Figure 6.6). Two
or three sutures are passed using this technique. To
help identify the dorsal sensory branch of the ulnar
nerve, the 6-U portal is made larger. This portal is
bounded radially by the ECU tendon and ulnarly by
the ulnar sensory branch. Thus, care must be taken
to identify the branches of the dorsal ulnar sensory
nerve while placing and tying the repair sutures. Ten-
sion is then placed on the sutures to ensure that there
is reestablishment of TFCC tension and obliteration
of any gapping between the articular disk and the pe-
ripheral capsular tissue. The hand is then taken out
of the traction device, and the sutures are tied with
the wrist in slight ulnar deviation and the forearm in
neutral rotation.

FIGURE 6.6. Through the 6U portal, the suture is then retrieved
using a grasping forceps and tied taking care to avoid the ulnar sen-
sory nerve. (Reproduced from Trumble TE: Principles of Hand Sur-
gery and Therapy, W.B. Saunders Co., © 2000 Chapter 6, ‘Distal Ra-
dioulnar Joint and Triangular Fibrocartilage Complex,’ Fig. 6-20
with permission from Elsevier Science.)
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Class 1C

Injuries that are directly along the volar side of the
wrist are often not amenable to arthroscopic repair,
but can be improved by debridement. When a repair
can be accomplished, we prefer an inside-out tech-
nique (Figure 6.7). A straight #12 French suction tip
is placed into the 3-4 portal as a cannula for 2-0 Maxon
meniscal repair sutures (Davis & Geck, Wayne, NJ).
The ulnar nerve is identified and protected using a re-
tractor. The sutures are then placed through the can-
nula and brought out through the ulnar incision. Two
or three sets of sutures are normally required.

CONCLUSION

The use of arthroscopy in the management of TFCC
lesions has changed and improved the outcomes of pa-

Ulnar nerve

Dorsal branch,
ulnar n.

Cannula
for

suture passing
(34) —

U : I £ ‘4
>

L o hi_l

Arthroscope (6R)

FIGURE 6.7. The inside-out technique for repairing peripheral ul-
nar TFCC tears. With the arthroscopic in the 6R or 4-5 portal, su-
tures transfix a peripheral tear through a cannula in the 3-4 portal;
a separate incision is made at the 6U portal between FCU and ECU
and sutures are tied with wrist in slight ulnar deviation, forearm
neutral. (Reproduced from J. Hand Surg. W.B. Saunders Co. “Isolated
Tears of the Triangular Fibrocartilage: Management by Early Ar-
throscopic Repair,” Trumble TE, Gilbert, M, Vedder, N. 1997, Vol.
22A, No. 1, Fig. 4, p. 61 with permission from Elsevier Science.)
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tients with this spectrum of wrist injuries. Ulnar-sided
TECC lesions, even the rare type IC tears, can be ef-
fectively treated with arthroscopic assistance. Less
scarring and less need for postoperative immobiliza-
tion help patients return to work with greater func-
tional capacity. Further refinements in repair of the
distal ulnar TFCC lesions will enhance the treatment
of these injuries and improve patient satisfaction and
outcomes.

References

1.

2.

10.

11.

12.

13.

Palmer A. Triangular fibrocartilage complex lesions: a classi-
fication. | Hand Surg 1989;14A:594-606.

Trumble T, Gilbert M, Vedder N. Isolated tears of the trian-
gular fibrocartilage: management by early arthroscopic repair.
J Hand Surg 1997;22A:57-65.

. Trumble T, Gilbert M, Vedder N. Arthroscopic repair of the

triangular fibrocartilage complex. Arthroscopy 1996;12:588—
597.

. Trumble T, Gilbert M, Vedder N. Ulnar shortening combined

with arthroscopic repairs in the delayed management of tri-
angular fibrocartilage complex tears. ] Hand Surg 1997;22A:
807-813.

. de Araujo W, Poehling G, Kuzma G. New Tuohy needle tech-

nique for triangular fibrocartilage complex repair: preliminary
studies. Arthroscopy 1996;12:699-703.

. Nagle D. Arthroscopic treatment of degenerative tears of the

triangular fibrocartilage. Hand Clin 1994;10:615-624.

. Zinberg E, Palmer A, Coren A, et al. The triple-injection wrist

arthrogram. | Hand Surg 1988;13A:803-809.

. Corso S, Savoie F, Geissler W, et al. Arthroscopic repair of pe-

ripheral avulsions of the triangular fibrocartilage complex of
the wrist: a multicenter study. Arthroscopy 1997;13:78-84.

. Brown J, Janzen D, Adler B, et al. Arthrography of the con-

tralateral, asymptomatic wrist in patients with unilateral wrist
pain. Can Assoc Radiol | 1994;45:292-296.

Cantor R, Stern P, Wyrick J, et al. The relevance of ligament
tears or perforations in the diagnosis of wrist pain: an arthro-
graphic study. ] Hand Surg 1994;19A:945-953.

Cooney W. Evaluation of chronic wrist pain by arthrography,
arthroscopy, and arthrotomy. | Hand Surg 1993;18A:815-822.
Kirschenbaum D, Sieler S, Solonick D, et al. Arthrography of
the wrist: assessment of the integrity of the ligaments in young
asymptomatic adults. ] Bone Joint Surg Am 1995;77A:1207-
1209.

Koman L, Poehling G, Toby E, et al. Chronic wrist pain: indi-
cations for wrist arthroscopy. Arthroscopy 1990;6:116-119.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

41

Levinsohn E, Rosen I, Palmer A. Wrist arthrography: value of
the three-compartment injection method. Radiology 1991;179:
231-239.

Osterman A. Arthroscopic debridement of triangular fibrocar-
tilage complex tears. Arthroscopy 1990;6:120-124.

Golimbu C, Firooznia H, Melone CJ, et al. Tears of the trian-
gular fibrocartilage of the wrist: MR imaging. Radiology
1989;173:731-733.

Skahen JI, Palmer A, Levinsohn E, et al. Magnetic resonance
imaging of the triangular fibrocartilage complex. ] Hand Surg
1990;15A:552-557.

Bednar M, Arnoczky S, Weiland A. The microvasculature of
the triangular fibrocartilage complex: its clinical significance.
] Hand Surg 1991;16A:1101-1105.

Fulcher S, Poehling G. The role of operative arthroscopy for
the diagnosis and treatment of lesions about the distal ulna.
Hand Clin 1998;14:285-296.

Pederzini L, Luchetti R, Soragni O, et al. Evaluation of the tri-
angular fibrocartilage complex by arthroscopy, arthrography,
and magnetic resonance imaging. Arthroscopy 1992,8:191-197.
Chung K, Zimmerman N, Travis M. Wrist arthrography ver-
sus arthroscopy: a comparative study of 150 cases. ] Hand Surg
1996;21A:591-594.

Weiss A, Akelman E, Lambiase R. Comparison of the findings
of triple-injection cinearthrography of the wrist with those of
arthroscopy. | Bone Joint Surg Am 1996;78A:348-356.
Hulsizer D, Weiss AP, Akelman E. Ulna-shortening osteotomy
after failed arthroscopic debridement of the triangular fibro-
cartilage complex. ] Hand Surg Am 1997;22:694-698.
Minami A, Ishikawa J, Suenaga N, et al. Clinical results of
treatment of triangular fibrocartilage complex tears by arthro-
scopic debridement. ] Hand Surg Am 1996;21:406-411.
Minami A, Kato H. Ulnar shortening for triangular fibrocarti-
lage complex tears associated with ulnar positive variance.
] Hand Surg Am 1998;23:904-908.

Gan B, Richards R, Roth J. Arthroscopic treatment of triangu-
lar fibrocartilage tears. Orthop Clin North Am 1995;26:721-
729.

Skie M, Mekhail A, Deitrich D, et al. Operative technique for
inside-out repair of the triangular fibrocartilage complex.
] Hand Surg 1997;22A:814-817.

Clancy WJ, Graf B. Arthroscopic meniscal repair. Orthopedics
1983;6:1125.

Warren R. Arthroscopic meniscus repair. Arthroscopy 1985;
1:170-172.

Zachee B, DeSmet L, Fabry G. Arthroscopic suturing of TECC
lesions. Arthroscopy 1993;9:242-243.

Hermansdorfer J, Kleinman W. Management of chronic pe-
ripheral tears of the triangular fibrocartilage complex. ] Hand
Surg 1991;16A:340-346.



Repair of Peripheral
Radial TFCC Tears

William B. Geissler and Walter H. Short

rthroscopy has revolutionized the practice of
Aorthopaedics by providing the technical capa-
bility to examine and treat intra-articular ab-
normalities. The development of wrist arthroscopy
was a natural progression from the successful appli-
cation of arthroscopy to other, larger joints. The wrist
is a labyrinth composed of 8 carpal bones, multiple ar-
ticular surfaces with 28 intrinsic and extrinsic liga-
ments, and the triangular fibrocartilage complex
(TFCC), all within a 5-cm interval. This perplexing
joint continues to challenge clinicians with an array
of potential diagnoses and treatments. Wrist arthro-
scopy allows direct visualization of the cartilage sur-
faces, synovial tissue, and the triangular fibrocartilage
complex under bright light and magnification.
Ulnar-sided wrist pain is a common complaint that
encompasses a broad range of potential differential di-
agnoses. One potential cause of ulnar-sided wrist pain
is a tear or degeneration of the TFCC. Tears of the
TFCC can occur centrally or at the radial or ulnar at-
tachment. This chapter addresses the arthroscopic
management of radial-sided tears of the triangular fi-
brocartilage complex.

ANATOMY OF THE TFCC

The anatomy of the TFCC is quite complicated. It in-
cludes the articular disk, meniscus homologue, both
the volar and dorsal radioulnar ligaments, and the ten-
don sheath of the extensor carpi ulnaris tendon. The
disk portion of the triangular fibrocartilage complex
is thicker at its volar and dorsal margins, which are
known as the volar and dorsal radioulnar ligaments.
These ligaments function as important stabilizers to
the distal radioulnar joint. Approximately 20% of the
load of the forearm is transferred through the ulnar
side of the wrist and the TFCC. The TFCC acts as an
extension of the articular surface of the radius to sup-
port the proximal carpal row.

Chidgey et al evaluated the collagen structure of
the triangular fibrocartilage complex, attempting to
correlate its biomechanic function.! He found that
short, thick collagen fibers extended from the radius
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1 to 2 mm into the articular disk. It is this area where
there is a change in collagen arrangement and where
many traumatic tears are found (Palmer Class 1A).

The arterial anatomy of the TFCC has also been
well studied. Thiru et al. evaluated 12 cadaveric spec-
imens with latex injection and determined three main
blood supplies to the triangular fibrocartilage com-
plex.2 The ulnar artery supplies most of the blood to
the TFCC, supporting the ulnar portion through both
dorsal and palmar radiocarpal branches. Dorsal and
palmar branches of the anterior interosseous artery
supply the more radial part of the TFCC. Histologi-
cal examination of the triangular fibrocartilage com-
plex found vessels filled with latex dye in the outer
15 to 20% of the articular disk. Similarly, Bednar et
al. examined 10 cadavers with an ink injection tech-
nique and found penetration of the vessels from the
peripheral 10 to 40% of the disk.? In both studies,
there was a relative paucity of vessels found supply-
ing the radial attachment of the triangular fibrocarti-
lage complex. This has significant clinical applica-
tions, in that a sufficient blood supply is necessary
for successful healing of a repaired peripheral tear.
This would be similar to arthroscopic repair of the
knee meniscus in its vascular zone. However, several
studies have shown clinical improvement and heal-
ing following repair of radial-sided TFCC tears, per-
haps secondary to stimulating a vascular response
from the radius by abrading the bony surface of the
sigmoid notch.*12 Cooney et al. evaluated 5 patients
by MRI evaluation 2 years or more after open repair
of a radial-sided tear of the triangular fibrocartilage
complex.” He documented a solidly healed edge by
MRI evaluation.

CLASSIFICATION OF TFCC TEARS

In 1989, Palmer proposed a classification system for
tears of the triangular fibrocartilage complex that di-
vides these injuries into two basic categories: trau-
matic (Class 1) and degenerative (Class 2) (Table 7.1).13
Traumatic tears of the triangular fibrocartilage com-
plex from its radial attachment are classified as Type
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TABLE 7.1. Classification of TFCC Tears.

Class 1: Traumatic
A B C D

Radial Avulsion
with sigmoid notch fx
without sigmoid notch fx

Ulnar Avulsion Distal Avulsion
with distal ulnar fx

without distal ulnar fx

Central Perforation

Class 2: Degenerative (Ulnocarpal Abutment Syndrome)

A B C D E
TFCC Wear TFCC Wear TFCC Perforation TFCC Perforation TFCC Perforation
lunate/ulnar lunate/ulnar lunate/ulnar lunate/ulnar
chondromalacia chondromalacia chondromalacia chondromalacia
lunotriquetral lunotriquetral
ligament ligament
perforation perforation
ulnocarpal
arthritis

ID lesions (Figure 7.1). These tears are traumatic avul-
sions of the triangular fibrocartilage complex from its
attachment on the sigmoid notch, which may or may
not include a fracture. It is vital to understand the dif-
ference between a Class 1A central perforation and a
Class 1D radial avulsion without a bony fragment. A
Class 1A central perforation usually runs in a longi-
tudinal volar to dorsal direction and occurs just ulnar
to the attachment of the articular disk to the sigmoid
notch of the radius. The important distinction be-
tween a Class 1A central perforation and Class 1D ra-
dial avulsion is involvement of the volar and/or dor-
sal radioulnar ligaments. When the volar and dorsal
radioulnar ligaments are involved in the tear, it affects
the stability to the distal radioulnar joint (Figure 7.2)
and would be classified as a Class 1D tear.

The articular disk has variable thickness through-
out its dimension from radial to ulnar. Near its radial
attachment, the articular disk is approximately 2 mm
thick as compared to its peripheral ulnar attachment,
which is up to 5 mm in thickness. Adams has shown

that the peak load occurs along the radial aspect to
the articular disk, which is maximized with prona-
tion.!* The peak strain runs from volar to dorsal in
this same area. This is in the area where Chidgey
found a change in the collagen arrangement to the ar-
ticular disk. This is a potential explanation why the
prevalence of TFC articular disk injuries occurs along
the radial aspect.

DIAGNOSIS

History

Patients with radial sided tears of the triangular fi-
brocartilage complex commonly report ulnar-sided
wrist pain. This may limit work or sports activities.
Patients frequently report a single traumatic event,
usually a hyperextension injury with the wrist in ul-
nar deviation, with an acute onset of pain. A common

FIGURE 7.1. A Palmer Type 1D tear is a radial tear of the articu-
lar disk from the sigmoid notch of the radius with or without a
bony avulsion and involvement of the radioulnar ligaments. R =
radius, T = triquetum, U = ulnar, L = lunate.

FIGURE 7.2. Arthroscopic view of a Palmer Type 1D peripheral ra-
dial tear of the TFCC. The articular disk is torn from its insertion
onto the sigmoid notch of the radius, and the volar radioulnar lig-
ament is involved as well.
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history is the driver with hands on the steering wheel
involved in a motor vehicle accident. Occasionally,
patients report a history of a hypertwisting injury to
the wrist as well.

Physical Examination

Physical examination of the wrist frequently reveals
ulnar-sided wrist swelling. Patients are tender to pal-
pation over the area of the triangular fibrocartilage
complex between the triquetrum and the ulnar sty-
loid. Patients complain of pain with radial and ulnar
deviation, as ulnar deviation compresses the TFCC,
and radial deviation applies tension to a peripheral
tear. Patients may complain of a click when the wrist
is pronated passively and supinated in maximum ul-
nar deviation. This click often represents a tear in the
triangular fibrocartilage complex interposed between
the head of the ulna and the proximal row of the car-
pus. Occasionally, when both wrists are flexed, there
may be an increased dorsal prominence of the head of
the ulna as compared to the unaffected side.

Diagnostic Modalities

Standard radiographic posterior, anterior, and lateral
views may reveal a bony avulsion, and also evaluate
ulnar variance. Oblique radiographs are helpful when
a bony avulsion is seen. The position of the extrem-
ity with the wrist in neutral flexion/extension, the
forearm in neutral pronation/supination with the el-
bow flexed 90 degrees, and the shoulder abducted 90
degrees is used as a standard to measure ulnar vari-
ance. Patients with positive ulnar variance may have
ulnar impingement syndrome, which is more likely
to be associated with a triangular fibrocartilage com-
plex tear. It is important to shorten the ulna at the
same sitting with a peripheral repair in a patient with
an ulnar-positive wrist.

The use of MRI has become more common in di-
agnosing tears of the triangular fibrocartilage complex.
T2-weighted images are best for evaluation of traumatic
tears. The synovial fluid has a high signal intensity on
T2-weighted images, allowing it to act as a contrast ma-
terial. In T1-weighted images, traumatic tears and de-
generative changes appear as an intermittent signal.
The articular cartilage of the distal radius as it contin-
ues as the articular cartilage of the sigmoid notch may
be misinterpreted as a radial-sided tear of the triangu-
lar fibrocartilage complex on T1-weighted images.

Triple-injection wrist arthrography is the most ac-
curate technique for wrist arthrography if this is cho-
sen to evaluate for tears of the triangular fibrocarti-
lage complex.!>1¢ This technique involves an initial
injection of the radial carpal joint under fluoroscopic
evaluation, followed by injection and evaluation of the
midcarpal and distal radioulnar joints. Approximately
25% of triangular fibrocartilage complex abnormali-
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ties may be missed by a single-injection wrist arthro-
graphy. The distal radioulnar joint injection is impor-
tant for evaluation of ulnar-sided attachment and par-
tial tears of the proximal surface of the TFCC. Patients
with persistent symptoms and a negative arthrogram
may still have a peripheral tear of the triangular fi-
brocartilage complex. This is due to synovitis that
forms over the tear, blocking the flow of contrast ma-
terial. Also, a positive arthrogram must have a strong
clinical correlation, as there is a high rate of false pos-
itive arthrograms in asymptomatic patients.!” The
natural history of TFCC tears shows that asympto-
matic, age-related attrition occurs in more than half
of patients over the age of 50. Brown et al. found per-
foration of the TFCC in 59% of symptomatic patients
and in 51% of asymptomatic patients undergoing
arthrography for lateral wrist pain.!”

Wrist arthroscopy continues to be the gold stan-
dard for the diagnosis of triangular fibrocartilage com-
plex tears. This technique allows evaluation of the
articular disk under bright light and magnified condi-
tions. A probe may be used to palpate the tension to
the articular disk using the trampoline test. The ar-
ticular disk should have a normal taut appearance
when palpated by the probe. In a patient with a pe-
ripheral tear of the articular disk, the disk is boggy
and redundant. In particular, wrist arthroscopy is ex-
tremely useful to differentiate between a Palmer Class
1A tear and a radial sided Palmar 1D peripheral tear
with involvement of the volar and/or dorsal radioul-
nar ligaments. The treatment for these two different
types of traumatic tears varies significantly.

TREATMENT

Nonoperative Management

The nonoperative management for patients with trau-
matic tears of the articular disk includes a trial of im-
mobilization. Occasionally, a physical therapy pro-
gram encompassing range of motion and strengthening
may be utilized. Steroid or lidocaine injections are ex-
tremely useful to differentiate a peripheral tear from
tendinitis of the extensor carpi ulnaris tendon.

Indications for Surgery

Surgical indications include failure to improve after 3
months of conservative treatment, with symptoms
that impair function. A second indication would in-
clude instability of the distal radioulnar joint.

SURGICAL TECHNIQUE

The patient is positioned supine on the operating room
table with the affected arm on a hand table and a
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padded tourniquet proximal to the arm. A tourniquet
is applied but rarely inflated during the procedure. Af-
ter general endotrachial anesthesia has been obtained,
the wrist is suspended in a traction tower with ap-
proximately 10 pounds of traction. The wrist is sys-
tematically evaluated, with the arthroscope initially
placed in the 3-4 viewing portal. A probe is utilized
in the 6-R portal to palpate the articular disk and to
assess the tension to the articular disk. If the tear is
ulnar to the attachment of the articular disk to the ra-
dius with no loss of tension and does not involve the
volar or dorsal radioulnar ligaments, the tear is arthro-
scopically debrided as described in Chapter 9. When
the tear involves the entire length of the sigmoid
notch with involvement of the volar and/or dorsal ra-
dioulnar ligament and the disk is soft with loss of ten-
sion, this would be consistent with a Palmer Class 1D
radial-sided tear of the triangular fibrocartilage com-
plex. A number of arthroscopic repair techniques for
radial-sided tears of the triangular fibrocartilage com-
plex have been described in the literature.*¢7,9-12,18,19

Patients who have a bony avulsion of the articular
disk from the sigmoid notch to the radius are arthro-
scopically pinned. The wrist is removed from traction.
Under fluoroscopic control, two 0.045 Kirschner wires
are placed just proximal to the articular surface from
the radial styloid across the radius into the avulsed
fragment. The starting position for the Kirschner wire
just beneath the articular surface of the radial styloid
is visualized under fluoroscopy. It is important to
make approximately a 1 cm skin incision and insert
the Kirschner wires through a soft tissue protector to
protect the soft tissues, particularly the dorsal sensory
branch of the radial nerve. Under fluoroscopic control,
the Kirschner wires are started into the radius and ad-
vanced ulnarly just short of crossing the avulsed frac-
ture fragment. The wrist is then placed back in trac-
tion. The arthroscope is then placed in the 3-4 portal,
and a probe is utilized in the 6-R portal. Under direct
arthroscopic visualization, the fracture fragment is re-
duced and potentially stabilized with the probe in the
6-R portal. Once the fracture is anatomically reduced
under direct observation with the arthroscope, the
Kirschner wires are advanced across the fracture frag-
ment. Following placement of the Kirschner wires, the
wrist is removed from traction and viewed under flu-
oroscopy. Two Kirschner wires are usually inserted. It
is important to view this under fluoroscopy to deter-
mine that the pins have not violated the distal ra-
dioulnar joint or the articular surface. Once this has
been confirmed fluoroscopically, the wrist is pronated
and supinated to note any crepitance. If crepitance is
noted, the pins are backed up slightly, as they are im-
pinging upon the distal radioulnar joint. Following
successful pinning, the wrist is immobilized. The pins
may then be removed in the office approximately 6
weeks later. If the fracture fragment is relatively large,
consideration can be given to potentially using a head-
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less cannulated screw. Generally, one screw would be
used. The technique for using a headless cannulated
screw is similar to using Kirschner wires. Two can-
nulated guidewires are placed, from radial to ulnar,
similar to the Kirschner wire technique. One cannu-
lated guidewire is for placement of the screw, and the
second is to control rotation while the fracture frag-
ment is drilled and the screw is inserted. Once the
guidewires have been advanced into the fracture frag-
ment as viewed arthroscopically, the wrist is taken
out of traction. The radius and avulsion fragment are
drilled with a cannulated reamer, and a headless can-
nulated screw is then placed under fluoroscopic con-
trol across the radius into the avulsion fragment. Fol-
lowing placement of the screw, the wrist is placed in
pronation and supination to confirm that the distal ra-
dioulnar joint has not been violated and that there is
no impingement of the screw against the articular sur-
face of the ulna. Once this has been confirmed, the
wrist is again suspended in traction, and the reduction
is checked under arthroscopic control to make sure
the fragment is not rotationally malpositioned. After
anatomic reduction of the avulsion fragment is con-
firmed arthroscopically, the secondary guidewire used
to protect against rotation is removed. The wrist is
then immobilized.

Several arthroscopic techniques have been devel-
oped for repair of a Palmer Type 1D radial-sided tear
of the triangular fibrocartilage complex that does not
involve bone.*®7:2-12 Sagerman and Short have de-
scribed an arthroscopic technique for reattachment of
radial-sided tears of the articular disk.” Utilizing their
technique, the wrist is suspended in a traction tower
with 10 pounds of traction. The arthroscope is intro-
duced into the 3-4 portal, and working portals are
made in the 6-R and 6-U portals. Particularly when
making the 6-U portal, it is vital to excise only the
skin, with just the tip of the knife blade. This is per-
formed by pulling the tip of the knife blade against
the skin with the thumb. Blunt dissection is then con-
tinued with a hemostat to level the capsule, and an
arthroscopic wrist cannula is then introduced into the
6-U portal. It is important to protect the dorsal sen-
sory branch of the ulnar nerve when utilizing these
techniques. Prior to making the 6-U portal, a needle
is inserted into the proposed location and viewed intra-
articularly with the arthroscope in the 3-4 portal. It is
important to determine the ideal location of the 6-U
portal so that it is not too proximal or distal to vio-
late the carpus of the wrist or too proximal to pass
through the articular disk itself.

An arthroscopic bur is brought in through the 6-R
portal. The sigmoid notch of the distal radius is then
abraded with the bur (Figure 7.3). The purpose of this
is to help stimulate a vascular response to facilitate
healing of the radial triangular fibrocartilage complex.
This is similar in principle to abrading the greater
tuberosity of the humerus while repairing a tear of the
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FIGURE 7.3. Arthroscopic view of a burr inserted through 6-R
working portal being used to abrade lightly the sigmoid notch of
the radius to facilitate revascularization of the radial TFCC tear that
is to be repaired

rotator cuff. The key in this technique is not to
overabrade the sigmoid notch of the radius. If the sig-
moid notch is aggressively abraded and too much bone
is taken, the articular disk may not reach the radius.
It is best to slightly abrade the sigmoid notch until
cancellous bone is visualized. Following abrasion of
the sigmoid notch, a 0.062 Kirschner wire is brought
in through the 6-U portal in the cannula (Figure 7.4).
The cannula is important to protect the soft tissues,
particularly the dorsal sensory branch of the ulnar
nerve. The 0.062 Kirschner wire is used to make the
drill hole, rather than a drill bit. There is less tendency
for the Kirschner wire to travel when initially mak-
ing the drill hole. Three drill holes are then made,
starting at the sigmoid notch and exiting across the
radius. The wires should exit on the distal third of the

FIGURE 7.4. Arthroscopic view of a 0.062 Kirschner wire being in-
serted through a cannula in the 6-U portal to drill 3 holes volar to
dorsal from the sigmoid notch across the radius and exiting at the
distal radial portion of the radius.
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radial side of the forearm. The three drill holes are
spaced equally, volar to dorsal. Double-armed, long
meniscus repair needles with nonabsorbable suture
are then utilized. The first limb of the needle is placed
through the cannula (Figure 7.5). The needle is placed
through the articular disk and into the volarmost drill
hole made by the Kirschner wire. A trick to help the
needle penetrate the articular disk is to flip up the torn
edge of the articular disk with a probe inserted through
the 6-R portal. Another option is to take a grasper
through the 6-R portal and grab the torn edge of the
articular disk and invert this. This makes it easier for
the needle to penetrate through the articular disk.
There is always concern about finding the drill hole
made in the sigmoid notch and across the radius with
the Kirschner wire with the needle after it has pene-
trated through the articular disk. This is usually not
a problem. The drill hole made by a 0.062 Kirschner
wire is considerably larger than the meniscus repair
needle. It is usually relatively easy and straightforward
to find this hole with a needle. A grasper inserted
through the 6-R portal can further help to direct the
needle into the drill hole, as these needles are quite
flexible and may be hard to control inserting through
the 6-U portal and a cannula. The meniscus repair
needle is then advanced through the drill hole in the
radius and advanced out the skin. A second arm of
the meniscus repair needle is then brought in through
the 6-U portal and advanced through the articular disk
in a horizontal mattress fashion (Figure 7.6). The wire
is then passed through the middle drill hole of the sig-
moid notch and out the radius. The sutures are tagged
with a hemostat.

The procedure is repeated with a second set of
meniscus repair needles. The first arm of the needle
is passed through the articular disk and through the

FIGURE 7.5. Arthroscopic view of the tip of a long meniscal repair
needle inserted through a cannula in the 6-U portal as it is about
to be inserted through the radial articulate disk.
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FIGURE 7.6. Arthroscopic view of the 2-0 braided suture being
pulled through the articular disk to reattach it to the sigmoid notch.

central drill hole. The last arm of the meniscus repair
needle is passed through the articular disk into the
dorsalmost drill hole in the sigmoid notch (Figure 7.7).
Following placement of the sutures, a small skin in-
cision is made over the radius. Dissection is carried
down to identify the suture. The suture is then tied
down directly on bone. It is important to visualize that
the knot is tied directly down to the bone so that no
soft tissue is impaled in the repair, such as the ten-
dons of the extensor carpi ulnaris longus or, particu-
larly, the dorsal sensory branch of the radial nerve.
Previous attempts have been made to tie the sutures
over a 3.5 mm screw by the lead author. However, this
screw frequently caused a painful bursa over the ex-
tensor carpi radialis brevis tendon, and this technique
is no longer utilized. The distal radioulnar joint may
then be pinned in neutral position with a 0.062
Kirschner wire, depending on the surgeon’s preference.

Trumble et al described a similar technique.* In
his technique, the arthroscope is again placed in the
3-4 portal and meniscus repair sutures (2-0 Maxon,
Davis & Geck, Manati, PA) are placed into the 6-U
cannula and into the radial edge of the TFCC tear un-
der arthroscopic guidance. The needles are then driven
across the radius using a power wire driver, aiming to
exit between the first and second dorsal compartments
of the radial aspect of the wrist. He notes that care
must be taken to avoid coiling of the double-arm su-
tures, which is accomplished when drilling the first
needle by loosely holding the suture, and allowing the
second needle to rotate. The first suture is brought out
through the skin, and a second suture is placed. To
avoid coiling as the second needle is passed, Trumble
advised placing the wire driver with the suture folded
next to the needle and placing a curved retractor
around the loop of the suture between the tip of the
wire driver and the patient. As the wire advances, the
suture coils around the needle until it reaches the
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length of the needle, when the driver wire is reversed.
The coiling and uncoiling of the sutures continue un-
til the needle exits the skin along the radial side of
the wrist. Trumble recommends two sets of repair su-
tures be placed to secure the triangular fibrocartilage
complex to the radius. In a modification of Trumble’s
technique, long Keith needles may be placed through
the 6-U portal into the articular disk and advanced
with a power driver across the radius. Once the needle
exits the skin on the radial side of the wrist, a non-
absorbable suture may be placed through the eye of
the Keith needle and the needle then pulled through
the articular disk and out the radius. In this technique,
the coiling and uncoiling of the suture is minimized.

Plancher describes his surgical technique for ar-
throscopic repair of radial-sided tears of the triangular
fibrocartilage complex.!2 In his technique, he utilizes
a small-joint arthroscopic guide inserted with a point
through the 4-5 portal. A guidewire is then brought in
from radial to ulnar through the articular disk. This
guidewire is then used to pass a 2-0 PDS suture
through the radius. A Mulberry knot is then tied in
the PDS suture to stabilize the articular disk.

Similarly, Jantea has developed a specialized jig for
radial-sided TFC repair.”10 With this specialized jig,
the meniscus repair needle is brought in through the
6-U portal and out the distal radius. This jig helps to
identify the location of the needle as it exits the ra-
dial side of the wrist.

New arthroscopic techniques to simplify the repair
of radial- and ulnar-sided tears of the triangular fibro-
cartilage complex are currently being developed. One
such technique currently being developed by Geissler
utilizes technology similar to the DePuy Mitek
RAPIDLOC™ (Norwood, MA), a hybrid suture device
for meniscus repair of the knee. In this technique, the
arthroscope is placed in the 3-4 portal and two drill
holes are made in the sigmoid notch with a Kirschner

FIGURE 7.7. Arthroscopic view of the braided permanent suture
securing the radial articular disk tear back to the sigmoid notch of
the radius.
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wire again inserted into the 6-U portal. A very small
incision is then made over the radial side of the wrist,
where the Kirschner wire has exited. Dissection is car-
ried bluntly down to the bone where the Kirschner
wire is seen exiting. An inserting device is then placed
through the drill hole of the radius and out the sig-
moid notch of the radius (Figure 7.8). A grasper is in-
serted through the 6-R portal to invert the edge of the
articular disk. The inserter needle is then passed
through the articular disk under direct observation
with the arthroscope in the 3-4 portal (Figure 7.9). The
absorbable PLA backstop is then deployed through the
inserter needle across the radial-sided tear of the ar-
ticular disk. The PLA TopHat is then slid down, with
a pretied slipknot, the attached 2/0 ETHIBOND®
(ETHICON, Inc., Somerville, NJ) securing the TopHat
against the bone of the distal radius. This greatly sim-
plifies the radial-sided repair of the articular disk. One
or two devices are placed utilizing this technique. This
new technique appears quite promising, particularly
for its simplicity; however, continued clinical evalu-
ation will need to be performed to evaluate its effec-
tiveness. Ulnar repairs may also be performed with ap-
propriate modifications to the technique and inserter.

RESULTS

Open and arthroscopic repair of radial-sided tears of
the triangular fibrocartilage complex have been re-
ported with acceptable results in the literature.
Cooney et al reported on the results of open radial-
sided triangular fibrocartilage repairs in 23 patients.®
Eleven patients had concomitant shortening of the
ulna. In their series, 18 patients had good or excellent
results, 4 had fair results, and 1 patient had a poor re-

FIGURE 7.8. View of a new TFCC repair device (DePuy Mitek,
Norwood, MA) to fix both radial and ulnar-sided peripheral tears of
the articular disk. The needle perforates the articulate disk and the
backstop is inserted through the disk. The TopHat is then slid down
with a pre-tied slip knot to secure the tear against the radius (ra-
dial TFCC tear) or the tendon sheath of the extensor carpi ulnaris
(ulnar TFCC tear).
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FIGURE 7.9. Arthroscopic view of the needle passed through the
radius and articular disk before the backstop is inserted through the
radial TFCC tear.

sult. Of the patients with an unsatisfactory result, 2
had experienced reinjury and 1 had experienced post-
operative pain syndrome. As noted earlier, 5 patients
in the study underwent MRI imaging after more than
2. years post repair. MRI documented healing in 4 of
the 5 patients. The authors concluded that repair of
radial-sided tears of the triangular fibrocartilage com-
plex is warranted, given the important biomechanical
function to the wrist.

Sagerman and Short reported their results of ar-
throscopic repair of peripheral radial-sided tears of the
TFCC in 12 patients.” They reported good or excel-
lent results in 8 of 12 patients. Five patients under-
went postoperative arthrogram evaluation. There was
no leak found in 3 of 5 patients who underwent a post-
operative arthrogram evaluation. Trumble reported on
13 patients with isolated Palmer Type 1D triangular
fibrocartilage complex tears with an average follow-
up of 34 months.* In his study, patients regained 87 %
of their total range of motion and 89% of their
strength, compared with the contralateral wrist. This
compares favorably with reports of ulnar-sided TFCC
repairs. The authors also addressed the fate of radial-
sided repairs in 10 of the 13 patients. The triangular
fibrocartilage complex was found to be intact in 4 of
5 patients who underwent postoperative arthrograms,
in 3 of 3 patients who underwent postoperative MRI
imaging studies, and in both of 2 patients who were
followed up by arthroscopy.

Traumatic radial-sided tears of the triangular fi-
brocartilage complex are much less common than cen-
tral perforations or ulnar-sided tears. However, radial-
sided tears of the TFCC are an important potential
cause of ulnar-sided wrist pain, particularly when in-
volvement of the volar and/or dorsal radioulnar liga-
ments leads to potential chronic pain and instability
of the distal radioulnar joint.
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CONCLUSION

Wrist arthroscopy is a sensitive modality to evaluate
for tears of the triangular fibrocartilage complex. It al-
lows precise identification of the tear pattern as well
as the severity of the tear. Wrist arthroscopy allows
evaluation of the integrity of the articular disk through
palpation with a probe and documents when the tear
extends to involve radioulnar ligaments. When a
radial-sided tear of the articular disk includes the volar
and/or dorsal radioulnar ligaments, arthroscopic repair
of the TFCC should be considered. Although anatomic
studies have shown decreased vascularity on the ra-
dial side of the triangular fibrocartilage complex, sev-
eral studies have shown successful repair of the artic-
ular disk, both clinically and by objective imaging
with arthrograms and MRIL

Arthroscopic repair of radial-sided tears of the
TFCC is safe and effective. Several surgical techniques
have been described in the literature. Arthroscopic
techniques have less morbidity and potentially accel-
erated rehabilitation for patients compared to open re-
pair. New techniques continue to be developed to fur-
ther simplify the procedure.
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Management of Type C
TFCC Tears

Matthew M. Tomaino

hen a patient presents with ulnar-sided wrist
s ; s ; pain, the history and physical exam may
prompt conservative treatment initially, un-
less symptoms are chronic. Because the diagnostic ac-
curacy of wrist arthroscopy exceeds that of either MR
imaging or triple-phase arthrography,!> many clini-
cians may justifiably recommend arthroscopy when a
triangular fibrocartilage complex (TFCC) or inter-
carpal ligament tear is suspected, avoiding these stud-
ies completely. Indeed, wrist arthroscopy allows not
only diagnosis but also minimally invasive treatment
of internal derangement of the wrist.

Whether a TFCC tear is repaired or debrided, and
whether concomitant ulnar shortening needs to be
performed depends upon its location and blood sup-
ply, its chronicity, the ulnar variance, and the arthro-
scopic skills of the surgeon. This chapter will address
these issues as they pertain to the diagnosis and man-
agement of Palmer Type C TFCC tears.? Palmer’s clas-
sification of TFCC lesions divides tears into traumatic
(Type I) and degenerative (Type II) tears, and each type
is further subdivided based on the details of the ana-
tomic lesion (Figure 8.1).

PREOPERATIVE PLANNING

Diagnosis

Traumatic and degenerative TFCC tears may be in-
distinguishable in terms of the symptoms they elicit.
Both result in ulnar wrist pain, particularly with ac-
tivities that load the wrist during pronation and
supination. The pain may also be accompanied by a
sensation of catching or snapping in the wrist. It would
seem, therefore, that Palmer’s classification highlights
differences in the etiologies of these two types of tears,
rather than differences in symptoms. Indeed, Type I
lesions are more apt to follow a fall on an outstretched
hand, or an abrupt load to the pronated and/or ulnarly
deviated wrist. By contrast, the history for Type II le-
sions may be more insidious and chronic, without any
history of a traumatic precipitant.

Physical examination is the most valuable method
of evaluating a suspected TFCC tear. When a com-
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plaint of ulnar wrist pain exists, other causes should
first be excluded, such as extensor carpi ulnaris
tenosynovitis or subluxation, isolated lunotriquetral
ligament strain or disruption, pisotriquetral arthritis,
and ulnar styloid—carpal impaction. Exclusion of these
potential diagnoses is relatively easy by means of a
careful exam and the selective injection of lidocaine
when necessary. The two most valuable and sensitive
tests include Nakamura’s ulnocarpal stress test* and
Berger’s fovea test. Nakamura’s test is performed by
passively pronating and supinating the wrist while it
is axially loaded and ulnarly deviated. While it may
not differentiate between a traumatic, degenerative
TFCC tear, or an LT tear, this test is sufficiently sen-
sitive to warrant further evaluation by arthroscopy if
crepitus is palpated. The fovea test is performed by
palpating the volar aspect of the TFCC between the
flexor carpi ulnaris (FCU) tendon volarly, and the ul-
nar styloid process dorsally. The presence of tender-
ness suggests a lesion of the ulnocarpal ligaments.®

Radiographic assessment includes the use of neu-
tral rotation® and pronated grip radiographs.”® These
will allow assessment of both static and dynamic ul-
nar variance. If physical examination suggests a TFCC
lesion, MR imaging is not required preoperatively,
since wrist arthroscopy is more sensitive and allows
concomitant treatment as well. But, if one is con-
cerned that the potential lesion is degenerative—con-
sistent with ulnar impaction syndrome (a Type II
tear)J—an MRI may be helpful in showing marrow
edema in the ulnar corner of the lunate.” In cases where
a TFCC perforation is not present but exam and MR
imaging suggest ulnar impaction (Type II A and B le-
sions), an ulnar recession procedure may be indicated
nevertheless.!%-14 The availability and scope of MR im-
aging, when further preoperative workup is felt to be
necessary, has significantly decreased the indications
for either bone scintigraphy or wrist arthrography.

Biomechanical Considerations

Both traumatic and degenerative TFCC lesions de-
velop because of similar biomechanical alterations. In-
deed, an increase in ulnar variance results in an in-
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FIGURE 8.1. Tllustration of a Type IC and IIC TFCC lesion. A. A Type IC lesion involves the volar ulnocarpal ligaments (ulnolunate
and/or ulnotriquetral), which extend from the carpus to the volar rim (volar radioulnar ligament) of the articular disk of the TFCC. B. A
Type IIC lesion involves a perforation of the articular disk of the TFCC with chondromalacia of the ulnar head or lunate.

crease in load transfer across the ulnocarpal joint.1®
Whether as a result of a fall or the impact, over time,
of the combination of forearm pronation and forceful
grip, the TFCC either acutely tears or gradually at-
tenuates and perforates because of its role in load
transfer. And even though Type II tears occur most
commonly in ulnar-positive wrists, %11 “dynamic” in-
creases in variance which accompany forceful grip”.812
explain why ulnar impaction syndrome may also de-
velop in wrists with neutral and negative ulnar vari-
ance,'31% and why pain relief following debridement
alone for Type I tears is not always satisfactory.16-1°

Incomplete pain relief has been reported following
TFECC debridement alone in as many as 25% of wrists,
regardless of whether the tear is posttraumatic or de-
generative, but only recently have the potential im-
plications of positive ulnar variance been consid-
ered.816-19 In 1996, Minami et al. were the first to
report that positive ulnar variance was associated with
poor outcome following TFCC debridement alone.!'®
They measured ulnar variance with the forearm in
pronation to mimic the dynamic increases in ulnar
variance that might accompany functional activity.
Their suggestion that persistent pain was related to
positive ulnar variance was consistent with two other
reports that showed the efficacy of combining ulnar
shortening with TFCC repair to improve pain re-
lief.2021 Similarly, Hulsizer et al. reported that ulnar
shortening provided successful treatment of persistent
ulnar wrist pain following TFCC debridement,?> and
most recently, Minimi and Kato reported successful
treatment of TFCC tears associated with positive ul-
nar variance using ulnar shortening osteotomy alone.?3

TFCC debridement alone may not provide com-
plete pain relief in wrists with positive ulnar variance,
regardless of whether the etiology is “traumatic” or
“degenerative.”242> Tomaino and Weiser prospec-
tively evaluated the feasibility and efficacy of com-

bining arthroscopic TFCC debridement with an ar-
throscopic “wafer procedure” as treatment for wrists
in which both TFCC disruption and positive ulnar
variance coexisted.2® Seven Type I and 5 Type II tears
were treated, and all patients reported satisfactory res-
olution of preoperative pain.

Therefore, whether the a TFCC lesion is classified
as Type I or Type II may have more to do with etiol-
ogy than with management. The management of Type
C lesions will be discussed in the following section.

SURGICAL MANAGEMENT

A standard arthroscopic setup is used, and 10 to 12
pounds of traction are administered via index and long
finger traps. A 2.7 mm arthroscope is used. Initially
the 3-4 and 6-R portals are made, and occasionally a
4-5 portal is added. An 18-gauge needle attached to
plastic IV tubing is placed in the radial styloid-
scaphoid joint for outflow. Debridement is typically
performed using a combination of a motorized shaver
and the Mini-VAPR device (Mitek, Westwood, MA).
A 2 mm burr is used to perform a wafer resection of
the ulnar head when indicated.

Type IC Lesions

It is unusual to see a frank avulsion of the ulnocarpal
ligaments from the carpus. Rather, partial fraying is
identified—often at the junction with the volar rim of
the articular disk (Figure 8.2). Thus, debridement is
performed to remove any unstable ligamentous flaps
both to prevent impingement, a mechanical source of
pain, and to remove a potential source of pain-
mediating cytokines.

Although simple debridement is likely to be ef-
fective, particularly since the mechanical integrity of
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FIGURE 8.2. Type IC TFCC lesion. A. Type IC tear (ulnocarpal
ligament fraying) is identified by the black arrow. B. The flap has
been debrided.

the TFCC and its role in stabilizing the distal ulna is
not typically compromised, repair of Type IC tears has
also been described.?” The authors emphasize the im-
portance of identifying and protecting the ulnar nerve.
It is worth noting that fraying of the ulnocarpal liga-
ments may reflect a chronic LT ligament disruption.?8
Zachee et al. found 10 Type IC tears in their series of
40 wrist arthroscopies, and complete LT disruption
was confirmed on midcarpal arthroscopy in 9. They
rightly acknowledge that the ulnocarpal ligaments are
placed under tension following LT rupture and theo-
rize that this portion of the TFCC may serve as a sec-
ondary restraint after LT injury. Indeed, the LT liga-
ment should be assessed during the routine wrist
arthroscopic exam when any lesion of the TFCC is
suspected.
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Type IC lesions should be differentiated from the
far less common triquetral impingement ligament
tear (TILT) described by Watson.2?? Though ulnar
wrist pain is present, the primary finding is localized
tenderness over the triquetrum. This lesion results
from a wrist hyperflexion injury and causes a cuff of
tissue to be displaced from the ulnar sling mecha-
nism, which is the entire cuff of ligamentous colla-
gen ulnar to the radius including the extensor reti-
naculum, dorsal extrinsic carpal ligaments, dorsal
radioulnar ligaments, ECU sheath, volar extrinsic
carpal ligaments, ulnolunate and ulnotriquetral liga-
ments, and triangular fibrocartilage. Chronic im-
pingement on the triquetrum causes hyperemia, loss
of articular cartilage, and softening of the bone. Sur-
gical treatment consists of simply excising the im-
pinging fibrous cuff.

Type IIC Lesions

Minami has emphasized that debridement of degen-
erative Type IIC tears alone may not provide satisfac-
tory pain relief—presumably because of ulnar im-
paction. If either static or dynamic variance is positive,
and a central perforation of the TFCC is identified,
treatment should include either an ulnar shortening
osteotomy,'%11 an open wafer procedure,'#393! or my
current preference, a combined arthroscopic TFCC de-
bridement and wafer procedure.2¢

I always excise enough of the articular disk to fa-
cilitate exposure but never violate the volar or dor-
sal radioulnar ligaments or the TFCC insertion at
the base of the styloid (Figure 8.3). The Mini-VAPR
device (Mitek, Westwood, MA) facilitates debride-
ment, and cartilage of the ulnar head and subchon-
dral bone are removed with a 2 mm bur. Knowing
ahead of time that the diameter of the bur is 2 mm,
I recess the radial portion of the ulnar head first to
approximately the width of the bur beneath the top
of the sigmoid notch. The bur is then moved more
ulnarly toward the base of the styloid. Most of the
resection can be performed with the scope in the 3-
4 portal and the bur in the 6-R. With the hand main-
tained within the traction apparatus, passive fore-
arm pronation provides exposure of that portion of
the ulnar head that is most prominent during prona-
tion. Completion of the wafer resection usually re-
quires visualization through the 6-R portal to ensure
that the ulnar recession is 2 mm beneath the carti-
lage of the lunate fossa with the wrist in neutral
rotation all the way from dorsal to volar. Visualiza-
tion through the 3-4 portal ensures adequate resec-
tion ulnarly to the base of the styloid. T use the tip
of an arthroscopic probe, which measures 2 mm, to
assess the extent of resection. Neither intraopera-
tive X-ray nor fluoroscopy is used during the surgi-
cal procedure. Postoperatively, X-rays often seem to
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exaggerate the magnitude of the recession as com-
pared to the intraoperative assessment (Figure 8.3).

CONCLUSION

Though the Palmer classification of TFCC tears has
added tremendous value in terms of grouping lesions
into traumatic and degenerative categories, it is im-
portant to remember that it is more useful in terms
of differentiating etiology than in designating distinct
treatment recommendations. Both Type I and Type II
tears may reflect the biomechanical effects of in-
creased ulnar variance, and both, in that light, may re-
quire more than simple debridement. Careful exami-
nation and the use of preoperative MR imaging and
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FIGURE 8.3. Type IIC TFCC
lesion. A. Black arrow shows
perforation of the articular disk.
Above the needle, lunate chondro-
malacia is visible. B. TFCC articu-
lar disk has been debrided to ex-
pose the ulnar head. C. Recession
of the ulnar head has been per-
formed with the assistance of
manual pronation and supination,
using the end of the probe as a
depth gauge relative to the level of
the lunate fossa. D. Preoperative
pronated grip X-ray. E. Postopera-
tive pronated grip X-ray. The post-
operative grip X-ray may exagger-
ate the magnitude of recession as
compared to the intraoperative
exam.

fastidious diagnostic use of the arthroscope may re-
veal whether an element of ulnar impaction exists
and, for that matter, whether other pathology, such as
an LT tear, needs to be addressed.

For the most part, however, Type IC tears can be
treated effectively with debridement alone and Type
IIC tears by debridement and an arthroscopic wafer
procedure.
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Debridement of Central
TFCC Tears

Gary R. Kuzma and David S. Ruch

the wrist joint are capable of significant free-

dom of movement and act as a universal joint.
The forearm architecture and distal radial ulnar joint
(DRU]J) allow rotation through 180 degrees of prona-
tion and supination to further enhance the arm’s abil-
ity to position the hand in a vast array of functional
positions. The triangular fibrocartilage complex (TFCC)
extends the articular surface of the concave distal ra-
dius over the convex head of the distal ulna. The mo-
tion of each component of this multifaceted joint is
extremely complex. Movements involve rotation,
translation with shifting axis of movement, and
changing points of load transmission. Further, because
no muscle is attached to the carpal bones, they are
loaded by the geometry of the distal radius and ulna.
Stability is provided instead by the intrinsic and ex-
trinsic ligaments, and motion is generated by the
carpal bones being pushed or pulled into position.
Wrist arthroscopy has made a significant contribution
to the diagnosis and treatment of injury to the wrist.
With minimal incision and no disruption to the ma-
jor ligaments of the wrist, the arthroscope provides an
unparalleled view of the interior of the wrist joint. In-
jury of the TFCC can affect the function of both ra-
diocarpal and distal radial ulnar joints. Arthroscopy is
especially useful in both the diagnosis and treatment
of injury to the TFCC.

T he radiocarpal and midcarpal components of

ANATOMY

The TFCC is a multifunctional structure comprised
of ligamentous and cartilaginous components. Cover-
ing the head of the ulna, the complex is attached to
the ulnar distal radius at the sigmoid notch and to the
fovea of the distal ulna, just radial to the ulnar styloid
process. As described by Gan and Richards, the com-
ponents of the TFCC include the triangular fibrocar-
tilage or articular disk, the meniscus homologue, the
dorsal and palmar radial ulnar ligaments, and the ex-
tensor carpi ulnaris sheath.!

The dorsal and palmar radial ulnar ligaments are
composed of both a superficial and deep component.

The deep portion of the dorsal and palmar component
(subcuratum) inserts into the fovea of the ulna. The
superficial portion surrounds the articular disk and
unites at the periphery of the ulna. Between the united
superficial ligaments and the joint capsule lies the
meniscus homologue. The prestyloid recess may be a
narrow slit, wide open, or not present at all and should
not be confused with an injury to the TFCC. The ul-
nolunate ligament emerges from the palmar radial ul-
nar ligament, while the ulnotriquetral ligament in-
serts on the base of the ulnar styloid.® The vascular
supply to the TFCC is fed by the dorsal and palmar
branches of the anterior interosseous artery, the dor-
sal and palmar radiocarpal branches of the ulnar ar-
tery, and the interosseous branches from the foveal at-
tachment of the TFCC at the ulnar head.*® Vessels
penetrate the periphery into approximately 15% to
20% of the dorsal and palmar radial ulnar ligaments
of the articular disk. The central 80% to 85% of the
articular disk is avascular and thus incapable of heal-
ing. The radial attachment of the articular disk con-
tributes no blood supply®>? (Figure 9.1)

The histology of the TFCC contributes to the un-
derstanding of the function of various components.
The radial attachment of the TFCC projects from the
hyaline cartilage of the distal radius and is reinforced
by thick collagen bundle within the fibrocartilage of
the articular disk for approximately 1 to 2 mm.*° The
disk proper is composed of collagen fibers and fibro-
cartilage.'91! Arranged in an oblique pattern, collagen
fibers coalesce into interwoven waves suited for both
compressive and tension stresses.>*° Peripherally,
these fibers band together to become the dorsal and
palmar radial ulnar ligaments. The articular disk is
comprised of chondrocytes in a collagen matrix, while
the proximal portion is more fibrous. Loose connec-
tive tissue fills the disk between these two layers. The
TFCC forms a hammock, which cradles the ulnar car-
pus, extending the distal radius articular surface over
the dome of the ulnar head. The TFCC provides sup-
port for the carpus, a smooth gliding surface, a cush-
ion and stability to the DRUJ.>10-12 The thickness of
the TFCC is inversely proportional to the length of
the ulna compared to the radius.!® Injury of the tri-
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FIGURE 9.1. Vascularity of the TFCC. Ink studies indicate that the

articular disk is relatively devoid of blood supply, while the pe-
riphery is well perfused. (Courtesy of Michael Bednar, MD).

angular fibrocartilage complex has been felt to be a
cause of pain on the ulnar side of the wrist. The TFCC
is innervated by branches of the posterior interosseous,
ulnar, and dorsal sensory branch of the ulnar nerve.!4
In general, nerves follow blood vessels, and this princi-
ple of anatomy proves to be true with respect to the in-
nervation of the TFCC. The paths of the nerves closely
follow and parallel the vascular patterns described by
Bednar, Chidgey, and Mikic.*7# The peripheral mar-
gins are well innervated, while the central and radial
aspects of the TFCC are not innervated.!*

BIOMECHANICS

There is no dispute that the dorsal and palmar coa-
lescences are the primary stabilizers of the TFCC that
provide stability to the DRU]J. The central two-thirds
of the TFCC contributes little towards DRU]J stabil-
ity and can be removed without adverse effects on
wrist function.!>-17 However, many researchers dis-
agree about which ligament stabilizes the DRUJ in
pronation and supination. Several authors feel that
during pronation the DRUJ is stabilized by the palmar
component of the radial ulnar ligament in association
with the dorsal rim of the sigmoid notch of the radius.
These authors likewise feel that in supination it is the
dorsal radial ulnar ligaments and palmar rim of the
sigmoid notch of the distal radius that afford stabil-
ity!® (Figure 9.2). Conversely, others feel that the dor-
sal radial ulnar ligament is taut in pronation, and the
palmar radial ulnar ligament is taut in supination.!®
Nakamura and Nagle found that the proximal portion
of the dorsal and palmar condensations could be cat-
egorized into three types: fan shaped, V shaped, and
funnel shaped, and represents the true radial ulnar lig-
aments. Nakamura also found that the dorsal portion
was under tension from supination to pronation, while
the palmar portion lengthened when the wrist moved
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from pronation to supination. The fovea of the ulna
is the axis of rotation of the wrist, while the liga-
ment—either dorsal or palmar—attached nearest to
the center of the fovea showed isometric lengthening.
The change in length was greatest in those fibers at-
tached at a distance from the fovea.!1,20

The DRUJ is not a tight congruous joint. The ra-
dius of curvature of the ulnar head and sigmoid notch
of the distal radius are significantly different (10 mm
versus 15 mm, respectively) resulting in both rotation
and sliding.2 Moreover, the joint is stabilized not only
by the dorsal and palmar radial ulnar ligaments of the
TFCC and the bony architecture of the sigmoid notch,
but also by the extensor carpi ulnaris and its sub-
sheath, the interosseous membrane, pronator quadra-
tus, and forearm muscles that cause the rotation of
axis of the DRU]J.22122 The TFCC dorsal and palmar
ligaments, however, are the primary stabilizers of the
DRUJ except in full pronation or supination.!'!2324

Forced transmission of compressive loads across the
wrist is determined by ulnar variance. Normally 82%
of the compressed load is borne by the radius, and 18%
is transmitted to the ulnar carpal articulation when
there is neutral variance. When the ulna is 2.5 mm
longer than the distal radius, the ulnocarpal load in-
creases to 42%. If the ulna is 2.5 mm shorter than the
radius, the load on the ulna decreases to 4.3%. Trans-
mission of this load is obviously through the triangular
fibrocartilage complex.!32> Ulnar variance is not static
and changes with both grip and forearm rotation.%26
The ulna becomes functionally long in full pronation.

EVALUATION

History and physical examination should precede a
routine and orderly investigation of the wrist. Range
of motion, strength, and localization of pain should be

FIGURE 9.2. Gross anatomy of the DRUJ illustrating the thick con-
fluence of fibers of the dorsal and palmar DRUJ ligaments.
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examined. There are no pathognomic signs for injury
of the TFCC. Instability of the DRUJ may be a subtle
difference, when compared to the opposite wrist.
North attempted to correlate the clinical examination
to arthroscopic findings and found no association with
ligament tear, chondromalacia, synovitis with mech-
anism of injury, duration of symptoms, click, or ac-
tivity pain.2’

The benefits and disadvantages of the vast array of
available imaging studies have been weighed by many
researchers. Imaging studies should include routine
views of the wrist and standardized views to visual-
ize the distal radial ulnar joint for ulnar variance.282°
Arthrography of the wrist with triple injection and dig-
ital subtraction, once the mainstay for the diagnosis
of TFCC injury, is of questionable use.3%-3° Bone scans
are of little use in diagnosing TFCC tears.3¢ CT scans
are useful for the diagnosis of DRUJ instability when
comparing both sides in pronation, neutral rotation,
and supination and may be enhanced by the addition
of stress views.37:38 Magnetic resonance imaging (MRI)
provides accurate correlation to the TFCC abnormal-
ity.!832 Gadolinium arthrography, in addition to MRI
scans, has been added to enhance sensitivity, but must
be clinically correlated in light of normal degenera-
tion and TFCC tears occurring as part of the natural
aging process.%40-42

Arthroscopic inspection of the radiocarpal joint is
far superior to any imaging technique for the diagno-
sis of TFCC injuries.!®3 In addition, therapeutic mo-
dalities can be instituted. Unfortunately, arthroscopic
inspection of the DRUJ is technically difficult and has
not enjoyed the same degree of acceptance as ar-
throscopy of the radiocarpal and midcarpal joints.*4-4¢

CLASSIFICATION

Tears of the TFCC have been classified by Palmer into
two general types: Type I, traumatic and Type II, degen-
erative. Traumatic tears are then subclassified depend-
ing on their location in the substance of the TFCC.#748
There are four types of traumatic tears of the TFCC.
Type 1A is a transverse tear 2 mm from the radial at-
tachment of the TFCC that occurs at the termination
of the collagen fibers of the TFCC. These are the fibers
emanating from the sigmoid notch of the distal ulnar
radius and proceeding into the triangular fibrocartilage
radial side. This tear is in the articular disk’s avascu-
lar portion. Type 1A tears can be debrided without al-
tering the function of the TFCC if the dorsal and pal-
mar condensations are not violated!'® (Figure 9.3).
Type 1B tears occur at the dorsal or peripheral mar-
gin attachment of the TFCC of the capsule or fovea
of the ulna. These tears are in the vascular area of the
triangular fibrocartilage and have the capacity to heal.
They may require debridement of the synovial tissue
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FIGURE 9.3. Traumatic central tear of the TFCC. Note the “loose”
central fragment that acts effectively as a loose body.

that frequently heals and obscures the real TFCC tear.
These tears should be repaired and not debrided. Type
1B tears have the potential for destabilizing the distal
radial ulnar joint. Tears from the bone should be re-
paired back to the bone.*’

Tears along the volar margin of the TFCC may in-
clude the attachment or involve the ulnotriquetral
and/or ulnar lunate ligaments and can be repaired or,
if partial, can be debrided. These are classified as type
1C tears.>0-52

The TFCC may be pulled off from its origin on the
distal radius. These tears also have the capacity to
destabilize the DRUJ if they include the dorsal and/or
palmar radial ulnar ligaments. The type 1D tears can
be debrided and/or repaired if they do not include the
ligament.23,53-57

If the dorsal or palmar ligament is detached from
the distal radius, formal repair should be undertaken
to stabilize the distal radial ulnar joint.>8

Type II tears are degenerative in nature due to an
ulnar-positive relationship to the radius. Degeneration
begins on the proximal surface of the TFCC without
perforation. With continued wear, chondromalacia of
the ulnar head and the ulnar side of the lunate occurs.
Type 2C injuries are evidenced by an ovoid perforation
of the triangular fibrocartilage central disk with char-
acteristic smooth margins. Type 2D injury includes the
prior stages plus degeneration and tear of the lunotri-
quetral interosseous ligament. Continuation of the in-
jury results in ulnocarpal arthritis with the addition of
a defect occurring in the proximal ulnar aspect of the
lunate, and is classified as a type 2E tear.*748

TREATMENT

Arthroscopic Assessment

The technique of wrist arthroscopy is subject to some
variability due to personal preferences. However, in
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general the patient is placed in the supine position
with the arm abducted at the shoulder and with the
surgeon and assistant sitting. The arm is supported on
an arm board, and traction is applied by a simple trac-
tion apparatus or traction tower with the elbow flexed.
A tourniquet may or may not be utilized.

Anatomical landmarks are defined prior to dis-
tending the joint. Portals are defined by the extensor
tendon compartments and Lister’s tubercle. Either
tendon and bony landmarks are outlined, or portals
are marked. The joint is inflated with a 22-gauge
needle, introduced in the 3-4 portal. Flexing and ex-
tending the thumb assures the extensor pollicis longus
(EPL) is not violated. The joint is distended with 10
cc of saline. An incision is made through the skin only
with a #15 blade scalpel. The portal is deepened with
a hemostat down to the capsule. The joint is gently
entered with a blunt trocar and arthroscope sheath par-
allel to the articular surface, remembering that the ra-
dius has a 12-degree palmar tilt.

The arthroscope is introduced, and the joint un-
dergoes an orderly inspection from radial to ulnar side.
The articular surfaces and the extrinsic and intrinsic
ligaments are evaluated. The outflow needle or cath-
eter is introduced through the 6-U portal to obtain
flow after introducing the scope, if visualization is
poor. The 4-5 or 6-R portals are opened in a similar
fashion to the 3-4 portal after localization with a 22-
gauge needle. This is done while visualizing the dor-
sal ulnar capsule. The needle is used to assure that the
portal position allows for adequate access to all posi-
tions of the joint with larger instruments.

To assess the integrity of the TFCC, a probe is in-
troduced through the ulnar portal so that it can be
probed and palpated. The trampoline effect is noted.>®
Significant synovitis is noted. If pressurized inflow is
utilized, decreasing the pressure will allow the TFCC
to assume a more normal position. To assess the in-
tegrity of the deep fibers, a Hook test may be per-
formed. This is accomplished by inserting the probe
under the peripheral rim of the TFCC and elevating
the disk. If the deep fibers are intact, then only the
peripheral rim is torn. In this case, repair of the TFCC
to the subsheath is sufficient. If the entire TFCC is
avulsed off the ulna, the entire disk needs to be reat-
tached to the ulna. Subtle tears usually require inser-
tion of the probe and elevation of the disk. Pronation
and supination of the forearm allow visualization of
the entire TFCC. The scope may need to be placed in
the ulnar portal for visualization of the ulnar radius,
TFCC, ulnar intercarpal, and ulnocarpal ligaments.
This entire procedure is done with the wrist distracted
with 10 pounds of traction.

Debridement

For debridement of the TFCC, midcarpal portals are
not utilized. Debridement is performed with a suction
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punch, shaver, grafting forceps, scalpel, banana blade
hook knife, radiofrequency probe, or laser. Selection
is determined by the preference and training of the
surgeon?? (Figure 9.4A-E). A 377200# ophthalmic
beaver blade has been useful for precise resections.
The central portion of a type 1A or type 1D tear is
amenable to debridement as treatment. The margin of
the TFCC is smoothed and beveled following the cen-
tral disk resection. With the scope in the 3-4 portal,
the radial side of the TFCC articular disk may be re-
sected using the ulnar-side portal. A banana blade is
very useful in outlining and excising the torn fibers of
the articular disk. They are then removed with a
grasper. Next, the scope is placed in the ulnar-side por-
tal, and the cutting instrument is inserted through the
3-4, and the ulnar side of the tear is resected. It is es-
sential to the success of the procedure not to extend
the resection into the peripheral margin of the TFCC
and instead to resect only the articular disk (the cen-
tral portion of the TFCC). Attention should then be
directed at the lunotriquetral joint to assess for asso-
ciated lunotriquetral ligament disruption, and to as-
sess the quality of the articular cartilage of the lunate.
If articular changes are noted, then debridement of
loose flaps of articular cartilage or lunotriquetral lig-
aments should be considered as well.

Attritional tears of the TFCC are a consequence of
the normal aging process. Mikic found an increasing
incidence of degenerative tearing of the TFCC with
progressing age. There were no tears in patients under
the age of 20 years. Between 20 and 30 years of age,
7.6%; by 50 years of age, 18.1%; and over the age of
60 years, 53.1% of patients studied incurred tears of
the TFCC. Veigas, on the other hand, found no patient
under 45 years of age, and 27.5% of patients over 60
years old suffered degenerative tears of the TFCC.*!

There has been controversy regarding the effect of
partial excision of the TFCC.!659-61 While the me-
chanical stability of the DRUJ is provided primarily
by the distal radial ulnar joint ligaments, there is con-
cern that excision of the articular disk may result in
instability. The effect of partial excision of the TFCC
has been investigated in cadaver models. Palmer et al
documented that resection of less than two-thirds of
the horizontal portion of the articular disk caused no
significant alteration to axial load transmission.!®
Similarly, Adams found no instability resulted from a
partial central disk resection when compared to an in-
tact specimen.'®> Consequently, partial resection of
less than two-thirds of the horizontal portion of the
TFCC can be performed without biomechanical al-
teration of the important functions of the TFCC.

RESULTS

Results of open debridement of the TFCC have met
with limited success. There are few reports of open
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excision of the TFCC, with the Darrach procedure be-
ing the treatment usually instituted for problems with
the distal radial ulnar joint prior to the advent of wrist
arthroscopy. Mennon et al reported their results in 16
patients who underwent partial excision of the TFCC.
Sixty-nine percent had relief of symptoms, and the re-
maining 5% required Darrach procedures to relieve
symptoms. They noted that all patients over 40 years
of age did poorly. Failures were due to the presence of
arthritic changes of the radiocarpal or distal radial ul-
nar joint. No mention was made of the type of TFCC
tear found. All asymptomatic patients in follow up
maintained stability of the distal radial ulnar joint
without loss of motion or strength.!”

FIGURE 9.4. A. Demonstrates the use of a beaver blade to resect
the torn margins of the TFCC radially and ulnarly. Suture
forceps may then be placed (B) radially and (C) ulnarly to remove
loose fragments of the disk. D. Appearance following resection of
unstable margins. E. Inspection must be turned to the LT interval
to identify potential interosseous ligament trauma.

Arthroscopic debridement of traumatic type 1A
tears of the TFCC is now preferable to open debride-
ment. These tears have no capacity to heal, due to the
lack of blood supply. Removal of the central two-
thirds portion with removal of any pads or flaps and
with smoothing of the debrided margins will not
destabilize the distal radial ulnar joint if 2 mm of rim
is left intact.!>6263 There is no alteration in the bio-
mechanics; therefore, immediate rehabilitation can be
instituted.!®.6* There is actually no repair to heal, and
postoperative immobilization is not necessary.

Earlier reports of “ectomy” by Roth and Osterman
confirm the feasibility of arthroscopic debridement of
the central portion of the TFCC as a standard arthro-
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scopic procedure.*392 Thirty-four percent of Oster-
man’s patients demonstrated a type 1A TFCC lesion,
and 88% of 52 patients reported good or excellent re-
sults following arthroscopic treatment. Several reports
subsequently confirm the advantage of arthroscopic
debridement of the TFCC.50,:62,65-72

Type 1D (radial) tears may also be amenable to sim-
ple debridement if the dorsal and palmar distal radial
ulnar joint ligaments are intact.! If the dorsal and pal-
mar condensation is involved, instability is present,
and either arthroscopic or open repair should be per-
formed 56-58,73-75

Wrist arthroscopy is not immune to potential com-
plications.”®”7 The general complications are well
known and described elsewhere in this book. De-
bridement of the TFCC is relatively free from com-
plications specific to the procedure. However, care
must be taken to avoid injury to the articular surface
of the ulna or damage to the dorsal and palmar liga-
mentous condensations. Preoperatively, stability of
the DRUJ must be present, the joint must be
nonarthritic, and ulnar-positive variation must be ad-
dressed, or failure of simple debridement will result.”87°
In the event that pain relief does not result from de-
bridement, several investigations have reported favor-
able results with ulnar-shortening osteotomy.”*-82

Our experience in over 778 wrist arthroscopies has
paralleled the described experience of others for both
1A and 1D non-destabilizing tears. While a prospec-
tive series has not been performed, we have found no
difference in results for patients with 1D tears either
debrided or repaired using arthroscopic techniques.
Type 1A tears debrided in the horizontal portion to
maintain the distal radial ulnar joint ligaments have
resulted in an 85% good or excellent outcome in our
series. In conclusion, debridement of the TFCC tear
in a stable wrist results in a high degree of satisfac-
tion. Failures of the procedure are generally secondary
to persistent occult instability of either the DRUJ or
the lunotriquetral ligament.
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Arthroscopic Management of
Ulnar Impaction Syndrome

Gregory J. Hanker

uring the last 20 years, the orthopaedic com-
Dmunity has become much more aware of

ulnar-sided wrist problems in general, and ul-
nar impaction syndrome in particular.! Ulnar im-
paction syndrome (UIS) is a degenerative condition in-
volving the ulnar column of the wrist joint. The
chronic impaction or abutment of the dome of the ul-
nar head against the triangular fibrocartilage complex
(TECC) and the ulnar portion of the carpus results in
an increased load across the ulnocarpal articulation
and the subsequent progressive degeneration of the tis-
sues with the development of ulnar-sided wrist pain.

PATHOPHYSIOLOGY

The increased load-bearing across the ulnar side of the
wrist, associated with the repetitive impaction of the
dome of the ulna into the TFCC and ulnar carpus, has
been shown to cause progressive tissue degeneration.?
In most instances, the excessive ulnar column load is
associated with a static increase in ulnar variance
(UV). Positive UV can be congenital or acquired. Most
acquired varieties are the result of wrist trauma. Ex-
cessive ulnar load can also occur in a dynamic fash-
ion as a direct result of forearm pronation, ulnar de-
viation, and power grip, which lead to a relative
increase in UV.3-® Over time, chronic ulnar load-
bearing from a static positive UV, or from a dynamic
increase in ulnocarpal load, will produce tissue de-
generation with wear and tear of the TFCC; chondro-
malacia of the lunate, triquetrum, and ulnar head;
tearing of the lunotriquetral ligament (LTL); carpal in-
stability; and joint arthrosis.®

CLASSIFICATION

This sequence of tissue degeneration has been de-
scribed by Palmer in his classification scheme of
TFCC abnormalities.” Palmer’s class II degenerative
lesions follow a progressive pattern of destructive tis-
sue injury due to the ulnar abutment. In stage IIA,

there is wearing of the TFCC, and in stage IIB there
is associated lunate or ulnar dome chondromalacia. In
stage IIC there is a central tear of the TFCC. Tearing
of the LTL and the TFCC, with ulnar-sided chondro-
malacia, categorizes stage IID. Finally, in stage IIE
there is associated ulnocarpal arthritis. Occasionally,
the stages will overlap. As we will see, the classifica-
tion of TFCC degeneration aids us in choosing appro-
priate treatment for UIS.8-10

CLINICAL EVALUATION

Patients with UIS typically present with ulnar-sided
wrist pain, aggravated by activities that require force-
ful or repetitive gripping. Physical examination reveals
pain with palpation over the ulnar carpus, TFCC, and
lunotriquetral joint (LT]) regions. Wrist motion is some-
what stiff and painful. Grip strength is diminished.!! In
my practice, UIS is one of the most overlooked work-
related musculoskeletal disorders in patients whose ca-
reers involve repetitive hand manipulative tasks, such
as packers, pickers, sorters, and so on.

Plain radiographs typically show a neutral or pos-
itive ulnar variance on the posteroanterior view. The
dome of the ulnar head impinges upon the lunate, cre-
ating a cysticlike degeneration in the inferoulnar as-
pect of the lunate and sometimes on the inferoradial
aspect of the triquetrum; and subchondral sclerosis of
the ulnar head.!? Infrequently, arthrosis about the ul-
nar aspect of the carpus or LTJ diastasis is present.
Magnetic resonance imaging (MRI) is the most help-
ful diagnostic tool because it is able to detect subtle
degenerative changes in the lunate early on, even be-
fore plain films reveal any abnormality.!3 In addition,
MRI provides information on the extent of TFCC de-
generation, integrity of the LTL and LTJ alignment,
distal radioulnar joint (DRU]J) alignment, and ulnar-
sided carpal arthrosis (Figure 10.1). MRI can also aid
the treating physician to more accurately stage the ex-
tent of Palmer class II degeneration.

Diagnostic wrist arthroscopy is the most accurate
tool for evaluation of UIS. Direct visualization of the
ulnar aspect of the carpus enables the arthroscopist to
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FIGURE 10.1. A. Plain X-ray of a 56-year old female patient with
chronic ulnar-sided wrist pain attributable to work-related activi-
ties as a carrot sorter. B. MRI of the same patient. Note the signal
abnormality in the inferoulnar aspect of the lunate.

fully classify the extent of the tissue degeneration (Fig-
ure 10.2).%/10,14-18

TREATMENT

Initial management of UIS is conservative, with a rec-
ommendation for activity modification, antiinflam-

GREGORY ]J.

HANKER

matory medications, wrist splinting, cold application,
and occupational therapy. Some patients respond to a
cortisone injection administered about the ulnar aspect
of the joint. Patients with neutral or negative ulnar vari-
ance and no significant ulnar-sided wrist pathology
have the best chance to respond to this conservative
care plan. Patients with positive ulnar variance and ad-
vanced TFCC degeneration—Palmer class IIC, TID,
IIE—and those who cannot modify their work or avo-
cational activities will often require surgery.l:%16

The goal of surgical treatment for UIS is to unload
the ulnar column of the wrist, i.e., the ulnocarpal ar-
ticulation. Even small changes in the relative length
of the ulna will lead to a marked decrease in axial load
transmission through the TFCC.!® Traditionally, this
was accomplished with an ulnar shortening osteot-
omy and subsequently with an excision of the ulnar
dome (open wafer procedure). With advances in wrist
arthroscopy, it is now possible to shorten the ulna via
an arthroscopic wafer procedure and debride the de-
generative TFCC, chondromalacia, ligament tearing,
capsular scar, and synovitis.

HISTORICAL PERSPECTIVE

In 1941, Milch treated malunited Colles’ fractures by
performing a cuff resection of the ulna, removing a
segment of the ulnar shaft, and providing fixation with
wire loops.20 In 1985, Darrow et al. reported their re-
sults of distal ulna recession for a variety of DRUJ dis-
orders. Darrow modified Milch’s procedure by using a
dynamic compression plate. By shortening the long
ulna approximately 4 mm, they obtained very good re-
sults.?! In 1990, Boulas and Milek reported good suc-
cess with open ulnar osteotomy, shortening, and plate
fixation for treatment of arthrographically proven
TFCC tears.?? In 1991 and 1993, Chun and Palmer
used an oblique ulnar shortening osteotomy to treat
patients with UIS, reporting overall very good re-
sults.23 A variety of osteotomy techniques evolved in
an attempt to facilitate the osteotomy procedure, im-
prove healing time of the osteotomy, and lessen the
need for later plate removal.2426 Recently, Constan-
tine et al. have shown that either head or shaft short-
ening to treat UIS produces equivalent results.2’

Feldon et al devised an open surgical technique in
which a 2 to 4 mm segment of the distal ulna was re-
moved as a “wafer.” In 1987 and 1992, Feldon et al.
reported their results of the open wafer procedure.?8
Similar good results with this technique were reported
by Bilos and Cumberland in 1991.2° These studies
clearly showed that open excision of a 2 to 4 mm wafer
of the dome of the ulnar head could decompress the
load across the ulnocarpal articulation and lead to
good results in the treatment of UIS.
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FIGURE 10.2. A. Arthroscopic appearance of a Palmer IIC lesion revealing chondromalacia of the lunate. B. Debrided degenerative TFCC
tear with ulnar-sided chondromalacia. C. Extensive fraying and partial substance tearing of the LTL is characteristic of a Palmer IID injury.
D. LTL tear with LTJ instability, and osteoarthritis of the triquetrum and lunate is typical of end-stage UIS seen in Palmer IIE lesions.

IMPORTANCE OF
WRIST ARTHROSCOPY

Wrist arthroscopy is a minimally invasive procedure
with low morbidity, high patient acceptance, and
rapid recovery.30 During the late 1980s and continu-
ing into the 1990s, the technique of wrist arthroscopy
greatly advanced. Operative wrist arthroscopy became
the treatment of choice for most ulnar-sided wrist
pathology, especially injuries of the TFCC, as classi-
fied by Palmer.31-34 Credibility for the technique of
arthroscopic debridement of acute traumatic and
chronic degenerative TFCC tears arose from a biome-
chanical study done by Palmer et al. in 1988.3> They
showed that removal of the central avascular portion
of the TFCC, leaving intact the peripheral rim, did not
significantly alter load-bearing or stabilization of the
DRUTJ or the ulnar column of the wrist. Numerous
clinical reports followed, recommending the tech-
nique of operative wrist arthroscopy to debride TFCC
lesions. However, in 1995, Chidgey reported poor re-
sults with TFCC debridement in patients with posi-

tive ulnar variance when compared with favorable re-
sults in cases of neutral or negative ulnar variance.3¢
In 1996, Minami et al. reported that arthroscopic de-
bridement alone in patients with positive ulnar vari-
ance or degenerative lesions did not do well; but if an
ulnar shortening osteotomy was included with a
TFCC excision, the results were satisfactory.3! Sev-
eral other investigators, such as Hulsizer et al.3” and
Westkaemper et al.!® indicated that positive ulnar
variance or TFCC degeneration because of UIS played
a key role in the poor results obtained from arthro-
scopic debridement alone.

Arthroscopy can also be employed to debride the
ulnar dome, thus decompressing the ulnar aspect of
the carpus. In 1990, the arthroscopic wafer procedure
was used by Osterman in his debridement of TFCC
tears.3® Wnorowski et al. used a cadaver model to dem-
onstrate that the arthroscopic wafer procedure signif-
icantly decreased ulnar load.3” In 1992, Buterbaugh de-
scribed the arthroscopic wafer technique for treatment
of UIS.*? Palmer then went on to report favorable re-
sults in his clinical study performed on patients with
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stage IIC pathology.#! Several other reports have re-
cently been presented indicating the effectiveness of
an arthroscopic wafer procedure in select groups of pa-
tients with UIS.42-47

ARTHROSCOPIC WAFER PROCEDURE

The fundamental principles of setting up a large op-
erating room, employing a well-trained surgical team,
and having proper surgical instrumentation and ar-
throscopic equipment readily available are all neces-
sary to carry out a successful procedure. Regional anes-
thesia is most often used. A preoperative antibiotic is
administered. The wrist is examined under anesthe-
sia to assess for carpal or DRUJ instability, limitation
of motion, and crepitus or clunking. A tourniquet is
placed on the upper arm, but it is used only if needed
to control intra-articular bleeding that hampers ar-
throscopic visualization of the joint. The hand is
placed in standard finger traps—usually the index,
middle, and ring fingers—and then suspended verti-
cally via attachment to a standard shoulder boom af-
fixed to the opposite side of the operating table with
5 to 10 pounds of traction weight.

The radiocarpal joint (RCJ) is infused with sterile
saline. A 3-4 dorsoradial portal is established, and the
arthroscopic sheath (rotatable cannula and conical tip
obturator) is introduced atraumatically into the joint.
Inflow is established through this cannula. A fluid man-
agement system, such as the Dyonics InteliJet Fluid
Management System (Smith & Nephew Inc, Andover,
MA), is very helpful to control a smooth flow of fluid,
especially when powered, suction surgical instrumen-
tation is used during the procedure. The Dyonics 2.7
mm X 30-degree video arthroscope is seated into the
cannula, and a systematic examination of the RCJ is
begun. The arthroscopic examination is facilitated by
obtaining through-and-through flow of the irrigation
fluid. To do this, insert a 19-gauge needle into the vicin-
ity of the 6-R or dorsoulnar portal, or proceed to estab-
lish the portal directly. The diagnostic arthroscopy is
further facilitated by placing a 2.9 mm full-radius shaver
(Dyonics disposable blade, Smith & Nephew, Inc, An-
dover, MA) into a second cannula positioned in the 6-
R dorsoulnar portal. More often than not, you will en-
counter a significant amount of degenerated capsular
tissue and posterior capsular scar that blocks arthro-
scopic view of the ulnar aspect of the carpus. The shaver
can be used to tediously debride this tissue and any in-
flamed synovium. Having done this capsular debride-
ment, it is now possible to pass the arthroscope ulnarly
and to fully view the dorsal lunate and the TFCC.

Next, switch the arthroscope to the 6-R dorsoul-
nar portal to complete the examination of the ulnar
portion of the RCJ. If excessive scarified and degener-
ated capsular tissue is still present in the dorsoulnar

GREGORY J. HANKER

wrist region, it may not be possible to view arthro-
scopically the LTL and LT]J, the inferior pole of the
triquetrum, and the ulnarmost aspect of the lunate. If
necessary, switch the scope back to the 3-4 portal, and
redebride through the 6-R portal.

It is imperative that the full extent of the ulnar as-
pect of the RCJ be seen, or a proper classification of
TFCC degeneration cannot be done. Furthermore, ar-
throscopic management of the TFCC injury or UIS
will be hampered by inadequate access. Use of a probe
is encouraged to feel out lesions such as sloughing of
the lunate cartilage, tearing of the TFCC, and tearing
of the LTL with either static or dynamic LTJ insta-
bility. If the extent of the LTJ instability cannot be
fully discovered by viewing in the 6-R portal, estab-
lish a 6-U portal. The 6-U portal affords a unique van-
tage of the entire ulnar region, especially the LTJ and
the dome of the distal ulna. In most instances, mid-
carpal arthroscopy is also performed to assess for in-
jury in the midcarpal region of the wrist. Subtle carpal
instabilities, especially of the LTJ, can be better ap-
preciated. Rarely is a DRUJ portal necessary for treat-
ment of TFCC degeneration or UIS.

The arthroscopic wafer procedure can be success-
fully undertaken only through a central disruption of
the TECC. Access to the dome of the distal ulna is
only possible through a central tear of the TFCC. Ab-
sent such a tear, the arthroscopic wafer procedure is
not indicated, and one of the other open procedures
should be chosen instead.

To facilitate the arthroscopic wafer procedure, I in-
troduce a third cannula through the 6-U portal. The 6-
U portal becomes the workhorse for the entire proce-
dure. The arthroscopic wafer procedure is begun by
first debriding the entire central portion of the torn and
degenerated TFCC, leaving behind a stout peripheral
rim of tissue. In this way, the central opening through
the TFCC provides a pathway to access the dome of
the distal ulna, and the volar and dorsal radioulnar lig-
aments are preserved. The 2.9 mm full-radius shaver
is utilized for this debridement. This same shaver is
then introduced through the central defect of the
TFCC, and excision of the radial one-half to two-thirds
of the degenerated ulnar dome is begun (Figure 10.3).
The shaver is swept dorsal to volar, removing a 2 to 3
mm depth of distal ulna. To ensure that the wafer ex-
cision is kept uniformly smooth, the forearm must be
rotated into pronation and then supination. The depth
of the debridement can be judged by comparing the di-
ameter of the shaver, (i.e., approximately 3 mm) to the
defect created in the ulna (Figure 10.4). Rarely is it nec-
essary to remove more than 4 mm of the ulnar dome.

The radialmost aspect of the ulnar dome is diffi-
cult to excise, as it lies directly adjacent to the sig-
moid notch. To facilitate excision of this portion of
the distal ulna, a small 0.25” osteotome or a Freer in-
strument can be inserted through the 6-U portal and
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C
FIGURE 10.3. A. Operating room setup for the arthroscopic wafer
procedure. Shaver is in the 6-U portal. B. The degenerated TFCC
tear is debrided, revealing the protruding dome of the ulnar head.

C. Resection of the ulnar head is begun through the central open-
ing of the TFCC.

FIGURE 10.4. A. The dome of the distal ulna is systematically ex-
cised, represented by darkened area. B. Transverse schematic view
depicting the position of distal ulna resection (darkened area).

used to pry off the radial rim of tissue. In this way, a
smooth declining osteotomy is made through the ul-
nar dome, decompressing the ulnocarpal articulation
(Figure 10.5). To ensure that a satisfactory wafer ex-
cision has been accomplished, view the osteotomy site
completely with the wrist rotated into full supination
to pronation. Then use the small portable fluoroscope
to view the DRUJ and ulnar column of the wrist (Fig-
ure 10.6). A negative ulnar variance of 1 to 3 mm
should be observed, and the declivity of the wafer os-
teotomy should be smooth (Figure 10.7).

Note that viewing of the arthroscopic wafer pro-
cedure is done with the scope in the 3-4 portal. Also,
view through the 4-5 or 6-R portals to get another
perspective on the extent of the ulnar dome exci-
sion. Debriding with the shaver in the 4-5 or 6-R
portal may help in excising the ulnar aspect of the
distal ulnar head. Some authors have even recom-
mended carrying out the wafer procedure through a
DRUJ portal.?

I prefer to use the 2.9 mm full-radius shaver for
the entire bony excision of the distal ulna. In
younger patients with larger and harder bones, the
Dyonics 3.5 mm Incisor or Razorcut full-radius
shaver is more aggressive and will speed up the pro-
cedure. As an alternative, the Dyonics 2.9 mm
Abrader or Barrel Abrader bur can be used. An elec-
trosurgery probe (2.3 mm VAPR [short]; Mitek,
Westwood, MA) can also accomplish the job with an
effective excision of both the degenerated TFCC and
the ulnar dome.



FIGURE 10.5. A. A Freer dissecting instrument is used to excise
the difficult-to-reach distal ulnar rim adjacent to the sigmoid notch.
B. The excision is completed by removing a depth of cartilage and
bone about equal to the width of the shaver.

INDICATIONS FOR AN
ARTHROSCOPIC WAFER PROCEDURE

The main indication for an arthroscopic wafer proce-
dure is to treat chronic cases of UIS with a Palmer IIC
lesion, a positive ulnar variance of 2 to 4 mm, and no
arthroscopic evidence of LT] instability. In those few
instances where LT] instability is detected as part of
the arthroscopic wrist examination, these lesions are
then upgraded to either a Palmer IID or IIE classifica-
tion. It is then recommended to do a formal ulnar
shortening osteotomy, since this partially stabilizes
the ulnar aspect of the wrist joint through increased
tension in the ulnocarpal ligament complex.*® It may
also be necessary to formally treat the LT instability.
Surgical options include reconstruction, arthrodesis,
and ulnocarpal plication.*?.50

The arthroscopic wafer procedure is also the oper-
ation of first choice in Palmer IID lesions associated
with UIS, as long as the injury to the LTL does not
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FIGURE 10.6. During the wafer excision, intraoperative portable
fluoroscopic imaging confirms the amount of distal ulna resection.

result in LTJ instability. This determination is best
made at the time of wrist arthroscopy.®! For a partial
LTL injury, the arthroscopic procedure can be used to
debride the frayed portion of the ligament. This de-
bridement is best accomplished by placing the shaver
or suction punch in the 6-U portal and the scope in
the 4-5 or 6-R portal.

In those patients with symptomatic UIS, but a neu-
tral or negative ulnar variance, it is possible to pro-
ceed with a TFCC debridement of the central two-
thirds of the degenerated disk. However, if there is any
arthroscopic evidence of ulnar dome, lunate, or tri-
quetral chondromalacia, it is recommended to include
the arthroscopic wafer excision.

FIGURE 10.7. Final X-ray of patient in Figure 10.1. Approximately
4 to 5 mm of the ulnar dome has been removed, adequately de-
compressing the ulnocarpal impaction.
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The arthroscopic wafer procedure is not appro-
priate for Palmer class ITA or IIB lesions associated
with UIS because the TFCC typically remains in-
tact, blocking arthroscopic access to the dome of the
distal ulna. In these two instances, either an open
wafer (Feldon) procedure for shortening less than 4
mm of distal ulna, or an open shortening ulnar os-
teotomy are better choices. In my experience, the
Palmer IIE lesion is frequently discovered at the time
of wrist arthroscopy. Often, the lunate chondroma-
lacia, and sometimes the triquetral chondromalacia,
is of a type 4 cartilage injury, i.e., full-substance loss
of cartilage consistent with arthrosis. When arthritis
has developed, even in the presence of a class IIA,
IIB, or IIC lesion associated with UIS, it is best to
proceed to an ulnar shortening osteotomy and de-
bride the cartilage injury or perform a chondroplasty
(Figure 10.8).

FIGURE 10.8. A. Complete loss of cartilage from the inferior as-
pect of the lunate, typical of a Palmer IIE lesion. B. Chondroplasty
of the lunate arthritic lesion leaves behind a smooth rim of carti-
lage and encourages fibrocartilage growth.
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The arthroscopic wafer procedure offers several dis-
tinct advantages over an open wafer procedure (Feldon
procedure) or an open ulnar osteotomy in the treat-
ment of UIS. The arthroscopic operation avoids open
surgery and either a long, unsightly forearm scar or an
ulnar-sided wrist scar, and possible surgical alterations
of the DRU]J anatomy. It avoids the risk of ulnar
nonunion, the pain associated with postoperative fore-
arm tendinitis, subsequent surgery for plate removal,
risk of pathologic fracture, and prolonged postopera-
tive immobilization to effect ulnar osteotomy union.

REHABILITATION

All patients are sent to occupational therapy (OT) pre-
operatively so they can be instructed in digital flexi-
bility exercises and extremity elevation techniques.
Doing this before surgery enables the patient to more
fully comprehend their preoperative education. At sur-
gery, an axillary block is administered for anesthesia.
This type of regional block allows the patient an ad-
ditional 12 to 18 hours of pain relief. In most cases, a
“pain pump” is used to provide an additional 24 to 48
hours of relief. At the termination of the arthroscopic
wafer procedure, the arm is immobilized in a modi-
fied long-arm, sugar-tongs splint. This blocks forearm
rotation, which is usually quite painful.

One week later, the surgical dressings are removed,
a supportive wrist splint is used, and a formal OT pro-
gram is initiated, concentrating on active and passive
wrist range of motion exercises, edema control, and
scar modification. Approximately 3 weeks postopera-
tively, gentle resistance exercises are added. Most pa-
tients take approximately 3 months after surgery to
return to their normal activities. Many patients will
have mild to slight residual pain with activities, due
to the chondromalacia or degenerative joint disease as-
sociated with UIS.

CONCLUSION

Arthroscopic wafer resection of the distal ulna has
several distinct advantages that make it the surgical
procedure of choice for the treatment of UIS with
symptomatic Palmer IIC and select IID tears. Con-
traindications to the use of the arthroscopic wafer pro-
cedure include: LT] instability typical of a Palmer ITE
degenerative pattern, DRU]J instability or arthrosis,
and excision of the ulnar dome in excess of 4 mm.
Recent clinical reviews of the arthroscopic wafer
procedure indicate very good results; minimal com-
plications when compared to open surgical proce-
dures; minimal need for subsequent repeat surgery,
such as plate removal, following osteotomy; and the
ability to thoroughly evaluate the wrist joint for any
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associated intra-articular injuries. There is greater pa-
tient acceptance of the arthroscopic procedure over
competing open surgical procedures. The rehabilita-
tion following arthroscopy is relatively quick and bet-
ter tolerated by patients.
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Kinematics and Pathophysiology
of Carpal Instability

Alan E. Freeland and William B. Geissler

and functional analysis. A precise understand-

ing of normal and pathophysiologic wrist
kinematics remains a challenge. Although much is
known, more has yet to be discovered. Arthroscopy
has been, and will continue to be, instrumental in un-
locking the secrets of carpal pathophysiology by iden-
tifying the scope and extent of wrist ligament injuries,
especially those of the scapholunate and lunotrique-
tral ligaments.

Although the wrist is commonly thought to move
in the flexion-extension and radioulnar planes, it is
actually a universal joint that is capable of multidi-
rectional motion. While full motion may allow peak
performance, most important daily functions are per-
formed in the midrange.!"3 Reciprocal synchroniza-
tion occurs between wrist and digital function. Grip
strength increases with wrist extension until it max-
imizes at 37 degrees.* Finger extension strength in-
creases with progressive wrist flexion.®

The wrist is comprised of 8 carpal bones, 7 of which
act synchronously and synergistically to allow normal
wrist motion.® The pisiform articulates with the pal-
mar surface of the triquetrum but acts primarily as a
fulcrum to enhance flexor carpi ulnarus strength and
power, rather than to influence wrist kinematics or
stability. The carpal bones are guided and constrained
by a complex system of intrinsic and extrinsic liga-
ments. A total of 24 muscles cross or insert on the
carpal bones.

T he wrist is the subject of continuing anatomic

HISTORICAL PERSPECTIVE

Early investigations applied planar concepts that cor-
related carpal structure and function. Johnston re-
ported in 1907 that carpal motion was always initi-
ated at the midcarpal joint and occurred largely
between two immobile carpal rows.” In 1943, Guil-
ford et al described the scaphoid as a rod linking the
carpal rows.® In 1972, Linscheid et al. refined the
“link” concept of carpal motion to propose the “slider
crank” analogy, in which the scaphoid acts as a mo-
bile bridge between the two carpal rows, much as the
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slider crank controls motion between a piston and a
drive shaft (Figure 11.1).7 In 1977, Sarrafian et al. noted
that radiocarpal motion comprised 40% and midcarpal
motion 60% of maximum wrist flexion, while motion
was 66.5% radiocarpal and 33.5% midcarpal during
maximum extension. These researchers theorized that
the scaphoid functioned with the proximal row dur-
ing flexion and with the distal row during extension.!?

Although Wright reported in 1935 that the center
of rotation (COR) of the wrist joint resided in the head
of the capitate during wrist flexion and shifted to the
intercarpal joint during extension, most investigators
long believed that the COR was confined solely within
the head of the capitate.!!-18 However, Patterson et al.
determined in 1998, through an instantaneous screw
axis (ISA) calculated for the third metacarpal with re-
spect to the radius, that normal carpal kinematics does
not have an ISA fixed in or limited to the capitate dur-
ing flexion and extension of the wrist.!?

In 1921, Navarro conceptualized a columnar wrist
model to better explain the sophisticated and multi-
dimensional movements of the wrist.20 His theory
held that 3 interdependent columns correlated carpal
anatomy with function. The lateral column (scaphoid,
trapezium, and trapezoid) supported the thumb and
transferred load between the two carpal rows. The cen-
tral column (lunate, capitate, and hamate) flexed and
extended the wrist. Rotation was controlled by the
medial column (triquetrum and pisiform). In 1978,
Taleisnik modified the column theory to exclude the
pisiform, recognizing that it played no integral role in
intercarpal motion. He also determined that the nor-
mal distal carpal row has very little intercarpal mo-
tion and acts as a unit. He therefore included the tra-
pezium and trapezoid as part of the central column
(Figure 11.2).21

Meanwhile, Weber took a slightly different view
of the columnar theory. He divided the carpus into
two columns: the load-bearing radial column, com-
posed of the lunate, capitate, scaphoid, and trapezoid;
and the ulnar control column, consisting of the tri-
quetrum and hamate. He viewed the helicoid tri-
quetrohamate joint as the key to wrist position dur-
ing load changes.??
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Lichtman et al. formulated the next step toward
a better understanding of 3-dimensional wrist mo-
tion with their “oval-ring” theory (Figure 11.3).23
This theory conceives the wrist as four interde-
pendent segments: the distal carpal row, scaphoid,
lunate, and triquetrum. Ligamentous links connect
each segment to its two adjacent elements. Conti-

FIGURE 11.2. Taleisnik’s columnar concept.

73

FIGURE 11.1. The “slider crank” concept of
wrist flexion and extension. (Reprinted from:
Linscheid RL, Dobyns JH, Beabout JW, Bryan RS:
Traumatic instability of the wrist. ] Bone Joint
Surg. © 1972;54A: p. 1631 by permission of the
Journal of Bone and Joint Surgery.)

nuity of the ligaments assures synchronous syner-
gistic wrist motion. Disruption of any link(s) results
in dysfunction. Craigen and Stanley pointed out that
certain elements of both the column and the oval-
ring theories, although sometimes contradictory, are
useful in our understanding of the multidimension-
ality of wrist motion.2*

Radial ‘

Link

FIGURE 11.3. Lichtman’s oval ring. (Redrawn from: Lichtman DM,
Schneider R, Swafford AR, Mack GR. Ulnar midcarpal instability:
Clinical and laboratory analysis. | Hand Surg 1981;6: p. 522.)
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The proximal carpal row has no tendinous attach-
ments, except for that of the flexor carpi ulnaris on
the pisiform, and is intercalated between the radius
and ulna proximally and the distal carpal row.® Wrist
motion begins in the distal carpal row.25-27 At about
the midpoint of wrist motion, the proximal carpal row
accommodates the remaining extremes of motion, in-
tegrating ulnar deviation with flexion, and radial de-
viation with extension.28-32 Similarly, the proximal
carpal row incorporates extension and supination into
radial deviation, and flexion and pronation into ulnar
deviation of the wrist.

The lunate is an intercalated segment within the
proximal row.® Lunate flexion and extension occur
with the wrist during normal motion. The lunate
flexes during radial deviation and extends during ul-
nar deviation. Within the proximal row, it is normally
balanced between the scaphoid, which independently
tends to flex, and the triquetrum, which intrinsically
tends to extend. Although the normal proximal row
moves synchronously in all directions, flexibility in-
creases from the triquetrum across the lunate and to
the scaphoid, and from dorsal to palmar at the scapho-
lunate joint.10,33-36

The axial and tangential methods are equally ac-
curate in assessing carpal angles (Figure 11.4).37 The
scapholunate angle on lateral X-ray views increases
from an average of 35 degrees in full wrist extension
to 76 degrees in full flexion. With the wrist in a neu-
tral position, the scaphoid is flexed at about 47 de-
grees. The scaphoid rotates slightly, pronating during
flexion and supinating during extension, while pivot-
ing over the radioscaphocapitate ligament at its waist.

(3 TANGENTIAL

FIGURE 11.4. Axial (above) and tangential (below) methods of mea-
suring carpal angles. C = capitate, S = scaphoid, L = lunate, R = ra-
dius. (Reprinted with permission from, Garcia-Elias M, An KN,
Amadio PC, et al.: Reliability of carpal angle determinations. ] Hand
Surg 14A: Fig. 1, p 1018.)
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The distal palmar pole of the scaphoid has relatively
more motion than has the proximal dorsal pole, mov-
ing somewhat as a rotating triplanar pendulum. The
dorsal scapholunate interosseous ligament is stouter
and functions somewhat as a fulcrum for its more elas-
tic and mobile palmar counterpart.3®8 Mechanical dif-
ferences in function and elasticity between these two
components of the scapholunate ligament are re-
flected by histological and biochemical disparities in
their collagen composition.3?

There is no dorsal radioscaphoid ligament. Such a
ligament would require an elastic coefficient three
times its resting length. This prerequisite exceeds the
inherent physical capacity of ligaments. The dorsal ra-
diocarpal (DRC) and dorsal intercarpal (DIC) ligaments
form a V configuration on the dorsum of the wrist with
its apex on the ulnar side. The dorsal V ligament (DVL)
substitutes for some of the function that a ra-
dioscaphoid ligament might provide during normal
carpal kinematics by maintaining an indirect stabi-
lizing effect on the scaphoid throughout the range of
wrist motion.*%4! The transverse carpal ligament also
lends some stability to the carpus.*?

The triquetrum is the fulcrum for wrist rotation
and motion in the radioulnar plane. The helicoid tri-
quetrohamate joint is instrumental in accommodat-
ing this movement.2223 Although the palmar compo-
nent of the lunotriquetral ligament is stronger, it is
less flexible than its dorsal element.3°

PATHOPHYSIOLOGY

Intrinsic Intercarpal Injuries

There are separate midcarpal joint ligamentous con-
nections between the distal carpal row as a unit and
the scaphoid and triquetrum in the proximal carpal row.
The scaphoid and the triquetrum have anatomically in-
dependent and functionally interdependent ligamen-
tous links to the lunate within the proximal carpal row.
Any individual or combined ligament attenuation, par-
tial tear, or complete tear that interrupts the carpal ring
causes a loss of carpal alignment.2? The proximal row
assumes its lowest energy state position of collapse or
instability. There are commensurate disturbances of
wrist motion and joint loads.® The proximal pole of the
scaphoid subluxes dorsoradially in the scaphoid fossa
of the distal radius in proportion to the amount of
scapholunate ligament diastasis.*®> Conversely, the
lunotriquetral unit subluxes palmarly and ulnarly.

Classification of Carpal Instabilities

Although there is probably no single uncontested
comprehensive or perfect classification for carpal in-
stabilities, several parameters allow some measure of
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quantification that is useful for analysis, comparison,
communication, and management of these injuries.**
These parameters include chronicity, constancy, eti-
ology, location, direction, and pattern.

CHRONICITY

The classification by chronicity relates to the time in-
terval between injury and diagnosis. This categoriza-
tion is based on the capacity for carpal reduction and
especially upon the intrinsic capability for ligament
healing after treatment. Acute carpal instabilities are
those diagnosed within one week of injury. These in-
stabilities are reducible and have the highest potential
for ligament healing. Subacute tears are those diag-
nosed between 1 and 6 weeks after injury. Although
they are reducible, the capacity for primary ligament
healing is diminished. Injuries seen after longer than 6
weeks are considered chronic, have little capacity for
ligament healing, and may occasionally be irreducible.

CONSTANCY

Carpal instability and symptoms may be apparent im-
mediately in some cases; in others, they may take an
initially indeterminate amount of time to appear. Lig-
aments that tear beyond the center of rotation of the
two bones that they connect often have carpal malalign-
ment that may be seen on standard wrist X-rays with
the wrist at rest. This type of carpal collapse is termed
static carpal instability.*® This category may be further
divided into reducible and irreducible injuries.
Patients with lesser ligament injuries often have
normal standard X-rays, yet carpal malalignment and
symptoms occur during motion and loading. This type
of carpal collapse is termed dynamic carpal instability.
The diagnosis of dynamic instability may require stress
X-rays, such as an anteroposterior (AP) X-ray with dig-
ital traction; a 6-view AP (radial deviation, neutral, and
ulnar deviation) and lateral (extension, neutral, and flex-
ion) X-ray with a tightly gripped fist; cineradiography;
or arthroscopic evaluation. Small ligament tears may
propagate over a period of time, and carpal collapse and
correlative symptoms may advance accordingly.*>—47

ETIiOLOGY

Trauma and synovitis are the principal causes of carpal
ligament disruption. The former is more common.
The healing capacity of traumatic ligament injuries is
limited and unreliable, owing to a meager blood sup-
ply and technical difficulties in achieving successful
repair by suturing. Synovitis erodes ligaments and ren-
ders them irreparable.

LocATION

Location refers to the specific ligament or ligaments
injured. Diagnosis and treatment of these injuries will
be addressed in Chapter 12.
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DIRECTION

The doubly intercalated lunate is a prime radiographic
marker for both normal and pathophysiologic carpal
kinematics.® The normal lunate is colinear with the
capitate, as viewed on a lateral X-ray. Scapholunate,
palmar radiocarpal, dorsal midcarpal ligament tears,
or combinations of these injuries cause the lunate to
dorsiflex and sublux under the head of the capitate.
These injuries are termed dorsal intercalary segment
instability (DISI) patterns.® Lunotriquetral, dorsal ra-
diolunate, palmar scaphotrapezial, and palmar hama-
tolunate ligament tears or combinations of these in-
juries cause the lunate to volarflex and sublux over
the head of the capitate. These injuries are termed
volar intercalary segment instability (VISI) patterns.

PATTERN

Four intrinsic carpal instability patterns are recog-
nized. When the ligaments restraining the scaphoid
and triquetrum to the lunate are intact, the proximal
row of carpals flexes and extends as a unit. Scapholu-
nate or lunotriquetral ligament injuries cause disrup-
tion and reciprocally opposite rotation of the scaphoid
and the triquetrum within the proximal carpal row.
These injuries are therefore defined as carpal instabil-
ity dissociative (CID).%® Displaced transtriquetral, and
especially transscaphoid fractures may result in simi-
lar problems. When a fracture occurs proximal to the
waist of the scaphoid, it is predisposed to displacement,
owing to the opposing forces on the proximal and dis-
tal fragments.*® Ligament injuries between the radius
and/or ulna and the proximal carpal row (the radio-
carpal and/or ulnocarpal joints) or between the proxi-
mal and distal carpal rows (the midcarpal joint) are la-
beled carpal instability nondissociative (CIND).%?
Carpal instability adaptive (CIA) refers to carpal
malalignment from a skeletal injury adjacent to, but
not directly involving, the carpal bones and their con-
necting ligaments. Extra-articular distal radial frac-
tures or malunions with loss of dorsal inclination
and dorsal carpometacarpal dislocations may cause
CIA.#50 If carpal instability adaptive is corrected with
reduction of the causative skeletal deformity, the
carpal bones usually realign in a normal or nearly nor-
mal posture. Coexisting CID and CIND are classified
as carpal instability combined (or complex) (CIC).
Axial carpal instability (ACI) refers to splits be-
tween metacarpal bases and bones in both carpal
rows.’1®2 Axial wrist dislocations are not purely in-
trinsic carpal injuries, but may be further complicated
by a variety of intrinsic carpal disturbances. Although
isolated scaphoid dislocations are rare, they do occur.

MECHANISM AND PROGRESSION OF INJURY

Progressive perilunate instability (PPI) may result
from sequential ligamentous injuries due to wrist ex-
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tension, ulnar deviation, and supination during a fall
on or injury to the outstretched hand (FOOSH).>3-55
These forces may also disrupt the wrist ligaments
when they occur during other wrist injuries, especially
intra-articular distal radial fractures.>®>’ Injuries to
the scapholunate and lunotriquetral ligaments are
classified as lesser arc injuries. Transscaphoid, tran-
scapitate, and transtriquetral fractures are considered
greater arc lesions (Figure 11.5). Combinations of wrist
fractures and ligament injuries may occur. Concurrent
transscaphoid fracture and scapholunate ligament
(SLL) tear have been reported.>8-¢0 Fractures in these
instances are more easily treated and heal more reli-
ably than ligament injuries.

Ligament injury is one of degree and may be di-
vided into attenuation injuries in which the elastic co-
efficient of the ligament is exceeded, partial tears, and
complete tears.>”:01.62 Bone avulsion may occur in con-
cert with complete ligament tears and sometimes
helps to identify these injuries. Ligament lesions with
a reparable avulsion fragment may have a better
chance of healing than those confined within the sub-
stance of the ligament.

Progressive Perilunate Injury

Mayfield et al. have reported four progressive stages
of perilunate injury (Figure 11.6).53-°> The scapholu-
nate ligament tear initiates distally in the volar ex-
trinsic ligaments, progresses proximally, then attenu-
ates the scapholunate ligament, later tearing it from
volar to dorsal, and finally tears the dorsal radiolunate
ligament.

Stage I injury is confined to attenuation or partial
tear of the palmar radioscaphocapitate and scapholu-
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FIGURE 11.5. The lesser and greater carpal arcs. (Redrawn from:
Blazar PE, Lawton JN. Diagnosis of carpal ligament injuries. In:
Trumble TE (ed.): Carpal Fracture-Dislocations. Rosewood, IL:
American Academy of Orthopaedic Surgery, 2002; p. 21.)
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FIGURE 11.6. Mayfield’s stages of progressive perilunate disloca-
tion. (Reprinted with permission from: Mayfield JK, Johnson RP,
Kilcoyne RK: Carpal dislocations: pathomechanics and progressive
perilunate instability. ] Hand Surg 1980;5A: p. 239.)

nate interosseous ligaments (Figure 11.6). The lesion
starts distally and progresses proximally. This is a pro-
gressive scapholunate ligament disruption that may be
further subdivided into three groups by combined ra-
diocarpal and midcarpal diagnostic arthroscopy evalu-
ation.®” Progressive correlative scaphoid flexion, lunate
(and triquetral) extension, and scapholunate gap widen-
ing may be seen on standard X-rays as the tear extends
through the arthroscopic stages of classification.

The normal relationship of the scaphoid, lunate,
and their related ligaments is illustrated in Figure 11.7.
The normal scapholunate ligament has an inverted V
appearance with the apex of the V distally, as visual-
ized from the radiocarpal (3-4) arthroscopic portal.
From the radial midcarpal portal, the normal scapho-
lunate joint is congruently aligned and immobile (Fig-
ure 11.8). The scaphoid is flexed approximately 47 de-
grees relative to the lunate in the lateral X-ray view.
The scapholunate joint space is congruent and does
not exceed 2 mm on the AP X-ray.

Arthroscopic Grade I lesions are predynamic and
have a tear of the volar extrinsic ligaments that may
extend proximally to, but not beyond, the axis of ro-
tation between the scaphoid and lunate (Figure 11.9).
The interligamentous sulcus may be involved. The
scapholunate ligament may be attenuated but is not
torn. This attenuation is visualized from the radio-
carpal (3-4) portal. From the radial midcarpal portal,
the normal scapholunate joint remains congruently
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FIGURE 11.7. Normal scapholunate alignment. S = scaphoid, SLL =
scapholunate ligament, L = lunate, RSCL = radioscaphocapitate lig-
ament, P = interligamentous sulcus leading to the space of Portier,
LRLL = long radiolunate ligament, RSLL = radioscapholunate liga-
ment, SRLL = short radiolunate ligament.

aligned and immobile. No abnormality is seen on plain
X-rays (Figure 11.10).

Grade II injuries continue proximally past the
axis of rotation between the scaphoid and lunate and
may involve the palmar portion of the scapholunate

A
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ligament. They attenuate the midsubstance of the
scapholunate ligament and cause dynamic instabil-
ity (Figure 11.11). The scapholunate ligament may be
partially torn at its volar corner, not extending past
its midportion as seen from the radiocarpal (3-4) por-
tal. From the radial midcarpal portal, scapholunate
incongruity may be apparent, but a standard probe
may not be introduced between the two bones (Fig-
ure 11.12). Slight multiplanar instability may be
demonstrated by stressing either bone with the probe
or by ballottement of the scaphoid tubercle. Usu-
ally, there is no discernible abnormality on standard
X-rays.

In arthroscopic Grade III lesions, the tear extends
through the substance of the scapholunate ligament,
while the dorsal scapholunate component remains in-
tact (Figure 11.13). The tear may be seen from both
the 3-4 radiocarpal and the midcarpal portals, and a
probe (but not the 2.7 mm arthroscope) may be intro-
duced between the scaphoid and the lunate (Figure
11.14). Multiplanar instability is present and is easily
demonstrated with the probe or by digital compres-
sion of the scaphoid tubercle. The dorsal portion of
the scapholunate ligament remains intact. There is
mild static instability. Slight scapholunate diastasis

FIGURE 11.8. Normal scapholunate alignment. A. Normal AP X-ray (arrow points to the scapholunate joint). B. Normal lateral X-ray
and scapholunate angle. C. Radiocarpal (3-4 portal) arthroscopic image demonstrating a normal SLL and RSLL. D. Midcarpal arthroscopic

view with normal scapholunate alignment.
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FIGURE 11.9. Grade I scapholunate ligament tear.

(3 to 4 mm) is seen on AP X-ray, and slight scaphoid
flexion and lunate extension are seen on lateral X-ray.

In Stage II injury, there is dislocation of the capi-
tolunate joint through the interligamentous sulcus
into the space of Portier, indicating a complete
scapholunate interosseous ligament tear (Figure
11.6). This correlates with an arthroscopic Grade IV

FIGURE 11.10. Grade I scapholunate ligament tear. A. Normal AP X-ray (arrow points to the scapholunate joint). B. Normal lateral
X-ray and scapholunate angle. C. Radiocarpal (3-4 portal) arthroscopic image demonstrating attenuation of the SLL and RSLL. D. Mid-
carpal arthroscopic view with opening of the volar portion of the scapholunate interval.
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lesion (Figure 11.15). In arthroscopic Grade IV, the
dorsal scapholunate ligament is also torn. The 2.7-
mm arthroscope may be passed into the interval be-
tween the scaphoid and the lunate. Geissler termed
this the “drive-through sign.” The head of the capi-
tate may be visualized from the 3-4 radiocarpal por-
tal (Figure 11.16). Multiplanar instability between
the scaphoid and lunate within the midcarpal por-
tal is readily apparent or easily demonstrated with
stress testing. The scaphoid is foreshortened and the
carpus collapses, creating a SLAC wrist. On AP X-
ray, there is a wide scapholunate gap (4 to 5 mm or
more), and the scaphoid tubercle appears circular cre-
ating a signet ring sign. On the lateral view, the
scaphoid is vertical, or nearly so, and the lunate is
extended.

In Stage III, there is separation between the lunate
and the triquetrum, indicating at least attenuation or
partial tear of the lunotriquetral ligament (Figure 11.6).
The dorsal wrist ligaments remain intact. In type IIIA,
the head of the capitate remains contained, albeit some-
times dorsally subluxed, in the lunate concavity so as
to create a DISI deformity. In type IIIB, the capitate is
dorsally dislocated on top of the lunate (perilunate dis-
location), indicating a complete tear of the lunotrique-
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FIGURE 11.11. Grade II scapholunate ligament tear.

tral ligament. When both the scapholunate and lunotri-
quetral ligaments are torn, the lunate may appear neu-
tral or be flexed or extended on lateral imaging, but the
scaphoid will usually be abnormally flexed.

In Stage IV injury, the dorsal radiocarpal ligament is
torn, producing a wide lunotriquetral gap (Figure 11.6).
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Palmar rotatory dislocation of the lunate occurs
through the space of Poirier (between the radioscapho-
capitate and long radiolunate ligaments) and volar to
the carpus.

Progressive Lunotriquetral Dissociation

Lunotriquetral dissociation has been less extensively
studied and understood than its dissociative counter-
part at the scapholunate joint. Because the triquetro-
hamate joint has a reciprocal relationship with the
scaphotrapeziotrapezoid joint, it is currently believed
that isolated injury to the lunotriquetral joint results
from an injury that is the reverse of that described at
the scapholunate joint. Lunotriquetral dissociation
has been postulated to result from a fall or a force on
the hypothenar eminence of the outstretched hand po-
sitioned in radial deviation with carpal pronation. The
palmar aspect of the lunotriquetral ligament is
stronger than its dorsal counterpart, while the mid-
substance is of comparable strength to the midsub-
stance of the scapholunate ligament.%3%4 Isolated tears
are believed to progress through a spectrum of sever-

FIGURE 11.12. Grade II scapholunate ligament tear. A. Slight di-
astasis of the scapholunate joint on AP X-ray (arrow points to the
scapholunate joint). B. Slight flexion of the scaphoid and increase
of the scapholunate angle on lateral X-ray. C. Radiocarpal (3-4 por-

tal) arthroscopic image demonstrating attenuation of the
SLL. D. Midcarpal arthroscopic view with a uniform
opening (1.0 to 1.5 mm) of the scapholunate interval.
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FIGURE 11.13. Grade III scapholunate ligament tear.

ity similar to that of the scapholunate ligament but
occurring in a dorsal to palmar direction (Figure
11.17).3065 The triquetrum extends in proportion to
the injury!® severity and becomes increasingly unsta-
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FIGURE 11.15. Stage IT (Grade IV) scapholunate ligament tear.

ble. The lunotriquetral angle increases from a normal
value of 14 degrees as lunotriquetral dissociation pro-
gresses (Figure 11.18).%¢ Sectioning of the lunotrique-
tral ligament alone does not produce a VISI defor-

FIGURE 11.14. Grade III scapholunate ligament tear. A. Four-
millimeter diastasis of the scapholunate joint on AP X-ray (ar-
row points to the scapholunate joint). B. Moderate flexion of the
scaphoid and increase of the scapholunate angle to 70° on lateral
X-ray. There is slight extension of the lunate in relation to the
head of the capitate, a sign of early DISI pattern. C. Radiocarpal

(3-4 portal) arthroscopic image demonstrating a complete tear of
the volar portion and midsubstance of the SLL. The dorsal
scaphohlunate segment remains intact. D. Midcarpal arthro-
scopic view demonstrating increased widening and instability of
the scapholunate joint sufficient to allow the introduction of a
metallic probe.
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FIGURE 11.16. Stage II (Grade IV) scapholunate ligament tear.
A. Six-millimeter diastasis of the scapholunate joint on AP X-ray
(arrow points to the scapholunate joint). B. Severe flexion of the
scaphoid and increase of the scapholunate angle to 90 degrees on
lateral X-ray. The lunate is extended and subluxed in relation to
the head of the capitate, a sign of an established DISI pattern. C. Ra-

mity.%” Loss of integrity of the dorsal radio triquetral
and dorsal scaphotriquetral ligaments further accen-
tuates lunotriquetral instability. The scapholunate
complex rotates into volar flexion and subluxes dor-
sally and radially in the scaphoid fossa of the distal
radius. A VISI deformity then occurs, and the capitate
tends to sublux palmarly.30 The triquetrum supinates
away from the lunate as lunotriquetral ligament in-
tegrity is lost.

Carpal Instability Nondissociative
(Midcarpal Instability)

In nondissociative carpal instability (CIND), there is
no dissociation of bones in the same row. Rather, there
is dissociation between the carpal rows leading to dys-
function at both the radiocarpal and midcarpal joints
(Figures 11.19 and 11.20). Midcarpal deformity is usu-
ally the more prevalent of the two.

Ulnar midcarpal instability is caused by injury to
the triquetral-hamate-capitate ligaments.23 A VISI de-
formity may occur. During ulnar deviation, the tri-
quetrohamate joint undergoes an exaggerated shift or

diocarpal (3-4 portal) arthroscopic image demonstrating a complete
tear of the entire SLL. The head of the capitate can be visualized in
the widened interval between the scaphoid and the lunate. D. A
midcarpal arthroscopic view demonstrating severe widening and in-
stability of the scapholunate joint sufficient to allow the introduc-
tion of the arthroscope.

subluxation from palmar flexion to dorsiflexion that
may be accompanied by a click or snap.

Radial midcarpal instability results from injury to
the scaphoid-capitate-trapezoid-trapezium ligament
complex.®8-70 A VISI pattern may result. Adaptive ex-
trinsic midcarpal VISI deformity has been reported.>0

The head of the capitate progressively subluxes
dorsally on the lunate, especially during ulnar devia-
tion in radiocapitate ligament injuries, creating a DISI
deformity. This has been termed capitolunate insta-
bility pattern (CLIP).”%.72 Adaptive DISI CIND occurs
with progressive loss of lateral inclination of the ra-
dius in distal radius fractures and malunions. In one
study, all malunions of the distal radius with 30 de-
grees or more loss of lateral inclination had this type
of collapse pattern.*’

Other Intercarpal Disruptions

AXIAL DISLOCATIONS OF THE CARPUS

A longitudinal split of the carpus and metacarpal bases
characterizes axial dislocations of the carpus (Figure
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FIGURE 11.17. The direction, pattern, and stages of progressive
lunotriquetral tear leading to perilunate involvement. A Stage I in-
jury has disruption of the ulnolunate and ulnotriquetrial (ulnar
leash) ligament complex. The lunotriquetral ligament is involved
in a Stage II injury. In Stage III, the lesion progresses through the
midcarpal joint and the scapholunate ligament is disrupted.
(Reprinted with permission from: Shin AY, Murray PM. Biome-
chanical studies of wrist ligament injuries. In: Trumble TE (ed.):
Carpal Fracture-Dislocations. Rosewood, IL: American Academy of
Orthopaedic Surgery, 2002; p. 14.)

11.21). Both the proximal (carpal) and distal (meta-
carpal) transverse arches are disrupted. There are three
types of axial wrist dislocations: radial, ulnar, and
combined radioulnar.>>2 In radial and ulnar disloca-
tions, the carpus splits into two columns. In radial ax-
ial dislocations, the ulnar column maintains a normal

FIGURE 11.18. Normal lunotriquetral angle A. and the loss of this
relationship with lunotrigetrial tear B. (Reprinted with permission
from Reagan DS, Linscheid RL, Dobyns JH. Lunotriquetral sprains.
J Hand Surg 1984; 9A: p. 506.)
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CIND '

ViISi
FIGURE 11.19. A VISI pattern of deformity occurs with CIND ow-
ing to attenuation or tear of the dorsal radiocarpal or volar mid-
carpal ligaments or of both. (Reprinted from: Amadio PC. Carpal
kinematics and instability: A clinical and anatomic primer. Clin
Anat 1991; 4: p. 7 by permission of Wiley-Liss, Inc., a subsidiary of
John Wiley & Sons, Inc.)

and stable relationship with the distal radius and ulna,
whereas the radial column displaces proximally and
radially and may pronate. In ulnar axial dislocations,
the radial column maintains a normal and stable re-
lationship with the distal radius and ulna, whereas the
ulnar column separates proximally and ulnarly and
may supinate. In combined radioulnar axial disloca-
tion, there are three columns. The central column,
consisting of the lunate, capitate, and third metacarpal,
maintains its normal relationship with the distal ra-
dius and ulna, while the radial and ulnar columns dis-
place as detailed above. Axial dislocations may occur
in combination with carpal ligament injuries and ad-
ditional intercarpal deformities.

TRANSLATION INSTABILITY OF THE CARPUS

Siegal et al. demonstrated the importance of the in-
tegrity of the radioscaphocapitate and the radiolunate
ligaments in preventing ulnar radiocarpal transloca-
tion.”® There are two configurations of this lesion.”47>
Type I involves ulnar translocation of the proximal
carpal row as a unit owing to radioscaphocapitate and

CIND l

Dist

FIGURE 11.20. A DISI pattern of deformity occurs with CIND ow-
ing to attenuation or tear of the palmar radiocarpal or dorsal mid-
carpal ligaments or of both. (Reprinted from Amadio PC. Carpal
kinematics and instability: a clinical and anatomic primer. Clin
Anat 1991; 4: p. 6, by permission of Wiley-Liss, Inc., a subsidiary
of John Wiley & Sons, Inc.)
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Peri-trapezoid
A Peri-trapezium

Peri-trapezium

Peri-hamate Peri-hamate

Peri-pisiform

Trans-hamate
Peri-pisiform

radiolunate ligament injuries. Type II has an addi-
tional dissociative lesion of the scapholunate liga-
ment. In Type II injuries, the radioscaphocapitate lig-
ament may remain intact. Tear or avulsion of the
ulnocarpal ligaments and attenuation or tear of the
short radiolunate ligament form the basis for radial ra-
diocarpal translation.”® This constellation of injuries
may present dynamic or static patterns and may be
accompanied by dorsal or volar subluxation or dislo-
cation. Static radiocarpal shifts of this nature may be
identified on AP X-rays using standardized measure-
ments of carpal position in relation to the longitudi-
nal axis of the radius.6%77

Individual Carpal Dislocations

Although isolated carpal bone dislocations are rare,
they may occur. Volar dislocation of the scaphoid is
the most common. The scapholunate ligament is torn,
followed by dislocation of the proximal pole of the
scaphoid. Hyperpronation forces acting upon an ex-
tended and ulnarly deviated wrist, a direct dorsal to
volar impact over the scaphoid with the distal radius
stabilized, and occurrence during an effort to reduce a
perilunate dislocation have each been reported. This
is a type I or simple scaphoid dislocation.”8-80 Type II

Trans-triquetrum

Trans-trapezium

FIGURE 11.21. Some of the more common patterns
of (A) axial-radial dislocation and (B) axial-ulnar
dislocation patterns. (Reprinted with permission
from: Garcia-Elias M, Dobyns JH, Cooney WP III,
Linscheid RL: Traumatic axial dislocation of the
carpus. | Hand Surg 1989; 14A: p. 449.)

or complex scaphoid dislocation is accompanied by
axial disruption of the capitohamate joint. The
lunotriquetral and scaphotrapeziotrapezoid joints are
preserved in both types. CID often occurs. Lunate dis-
locations are the final stage (Stage IV) of progressive
perilunate dislocation.
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Management of
Scapholunate Instability

William B. Geissler

rthroscopy has revolutionized the practice of

orthopaedics by providing the technical capa-

bility to examine and treat intra-articular
abnormalities directly with minimal morbidity. The
development of wrist arthroscopy was a natural evolu-
tionary progression from the successful application of
arthroscopy to other joints. The wrist joint continues
to challenge clinicians with an array of potential diag-
noses and treatments. Wrist arthroscopy allows direct
visualization of the cartilage surfaces, synovial tissue,
and particularly the interosseous ligaments under
bright light and magnification. This has proven to be a
useful adjunct in the management of acute and chronic
tears of the scapholunate interosseous ligament.

Though most acute sprains of the wrist with nor-
mal radiographic findings resolve after temporary im-
mobilization, the method of choice to evaluate the
patient who does not improve is controversial. Tri-
compartment wrist arthrography has historically been
the gold standard for the detection of an interosseous
ligament injury.! How mechanically significant it is
when dye leaks through a perforation in the membra-
nous portion of the interosseous ligament is at issue.
However, the capability of wrist arthroscopy to detect
and simultaneously treat injuries of the wrist is a ma-
jor advance. A partial tear of the scapholunate inter-
osseous ligament is difficult to detect with imaging
studies, but is readily identifiable arthroscopically.
The indications for wrist arthroscopy continue to

expand from Whipple’s original description as new
techniques and instrumentation develop.? Further ad-
vance in instrumentation, such as electrothermal
shrinkage, will continue to play a role in the man-
agement of partial chronic tears of the scapholunate
interosseous ligament.

SCAPHOLUNATE DISASSOCIATION

The scapholunate ligament complex involves both in-
trinsic and extrinsic ligamentous components.? The
intrinsic portion of the scapholunate interosseous lig-
ament includes the palmar, midsubstance, and dorsal
portions. The dorsal portion appears to be the primary
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biomechanical functioning portion to the interosseous
ligament. It is composed of stout transverse fibers to
resist rotation. The volar portion of the interosseous
ligament is comprised of longer oblique fibers that al-
low for sagittal rotation. The central fibromembra-
nous portion of the ligament is frequently perforated,
particularly in older individuals. Dye from a wrist
arthrogram may leak through this perforation, indi-
cating a tear of the ligament, although the thicker
volar and dorsal portion of the ligament is still intact
and provides stability.*#> Thus, a positive arthrogram
can cloud the clinical picture. The extrinsic compo-
nents include the volar radioscaphocapitate, long ra-
diolunate, and short radiolunate ligaments. The ex-
tent of injury required to disrupt the normal kinetics
of the scapholunate interval is not well understood.

Similar to other ligamentous injuries in the body,
the interosseous ligament seems to stretch and then
eventually tear. The scapholunate ligament may
double in length prior to failure. Mayfield has shown
the percent elongation to failure to be up to 225 per-
cent.® A spectrum of injury is seen to the interos-
seous ligament itself. An isolated injury to the
scapholunate interosseous ligament itself may not
yield scapholunate disassociation and widening on
plain radiographs. However, a combined injury to
both the intrinsic and extrinsic ligaments will cause
scapholunate diastasis.” Radiographic abnormalities
may not be seen initially until gradual attenuation
of the extrinsic ligaments occurs. This may result
in delayed detection of scapholunate instability as
seen on plain radiographs.

History and Physical Examination

A history of a sudden dorsiflexion injury to the wrist
should raise concern of injury to the scapholunate
ligamentous complex. Wrist extension and carpal
supination are the primary mechanisms of injury to
the scapholunate interosseous ligament. Physical ex-
amination reveals localized swelling and tenderness
directly over the dorsum of the scapholunate interval.
The principal provocative maneuver to assess scaph-
olunate instability is the scaphoid shift test. This test
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evaluates motion of the scaphoid during radial devia-
tion and wrist flexion while pressure is applied to the
tubercle of the scaphoid in a volar to dorsal direction.
Partial tears to the scapholunate interosseous liga-
ment may produce pain directly over the dorsum of
the scapholunate interval with no palpable click. Pain
over the scaphoid tubercle as it is palpated is not clin-
ically significant. A complete tear of the scapholunate
interosseous ligament results in subluxation of the
proximal pole of the scaphoid over the dorsal lip of
the distal radius; a palpable shift or click is felt. Both
the injured and noninjured wrist should be assessed
with the scaphoid shift test to evaluate for inherent
laxity, particularly in very ligamentously lax individ-
uals. The radiocarpal joint may be injected with local
anesthetic to evaluate for potential shift if pain pro-
hibits the examination.

Radiographs are essential at the initial evaluation
to assess the scapholunate articulation. Standard ra-
diographic views include the posteroanterior view in
ulnar deviation; an oblique, true lateral; and a
clenched-fist views. In the PA view, three smooth ra-
diographic arcs may be drawn to define normal carpal
relationships. A step-off in the continuity of any of
these arcs indicates an intracarpal instability at the
site where the arc is broken. Any overlap between the
carpal bones or any joint width exceeding 4 mm
strongly suggests a carpal ligamentous injury.

The scapholunate angle is defined by a line tan-
gent to the two proximal and distal convexities of the
palmar aspect of the scaphoid. The angle formed by
this line and a line through the central axis of the lu-
nate determines the lunate angle. Normal values range
between 30 and 60 degrees, with an average of 47 de-
grees. Angles greater than 80 degrees should be con-
sidered a definite indication of scapholunate instabil-
ity. A so-called Terry-Thomas sign is considered
positive when the space between the scaphoid and lu-
nate appears abnormally wide as compared to the op-
posite wrist. The scapholunate interval should be
measured in the middle of the flat medial facet of the
scaphoid. Any asymmetric scapholunate gap greater
than 5 mm is said to be diagnostic of a scapholunate
dissociation. The scaphoid ring sign occurs when the
scaphoid has collapsed into flexion and has a fore-
shortened appearance. The ring sign is present in all
cases when the scaphoid is abnormally and palmar
flexed, regardless of the etiology. Therefore, the pres-
ence of a scaphoid ring sign does not necessarily in-
dicate instability of the scapholunate interval.

On the lateral radiograph, a normal, wide, C-shaped
line can be drawn that unites the palmar margin of
the scaphoid and radius. When the scaphoid is abnor-
mally flexed, as in a scaphoid dissociation, the palmar
outline of the scaphoid intersects the volar margin of
the radius and forms an acute angle described as the
V-sign.
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The management of scapholunate instability is
straightforward when, on plain radiographs, signs of
scapholunate instability are present in an acute injury.
The management of a patient who is clinically sus-
pected of having a scapholunate interosseous ligament
injury, yet whose plain radiographs are normal, is con-
troversial. Patients who are clinically suspected of
having a scapholunate interosseous ligament injury,
but whose radiographs are normal, are immobilized;
repeat evaluations are performed at 1 and 3 weeks. An-
cillary studies with more radiographs may be consid-
ered if the patient continues to be symptomatic by 6
weeks. Ancillary images may include arthrography
and magnetic resonance imaging.® While MR imaging
is surpassing arthrography as the imaging study of
choice, satisfactory evaluation requires a sufficiently
strong magnet and an experienced radiologist. Several
authors have recommended proceeding with direct ar-
throscopic evaluation rather than further radiographic
viewing, due to the sensitivity of the arthroscope to
view and to diagnose the severity of injury to the
scapholunate interosseous ligament.”

The key to arthroscopic treatment of carpal insta-
bility is recognition of what is normal and what is
pathological anatomy. Both the radiocarpal and mid-
carpal spaces must be evaluated arthroscopically when
carpal instability is suspected. Wrist arthroscopy is
usually not considered complete if the midcarpal
space has not been evaluated, particularly with a sus-
pected diagnosis of carpal instability.

The scapholunate interosseous ligament is best vi-
sualized with the arthroscope in the 3-4 portal. It
should have a concave appearance as viewed from the
radiocarpal space (Figure 12.1). In the midcarpal space,
the scapholunate interval should be tight and con-
gruent without any step-off (Figure 12.2). This is in
contrast to the lunotriquetral interval, in which a

FIGURE 12.1. Arthroscopic view of the normal concave appearance
of the scapholunate interosseous ligament as seen from the 3-4 por-
tal in the radiocarpal space.
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FIGURE 12.2. Arthroscopic view of the normal tight, congruent
scapholunate interval as seen from the radial midcarpal portal.

1-mm step-off occasionally is seen, which is consid-
ered normal and slight motion is seen between the lu-
nate and triquetrum. When it tears, the interosseous
ligament hangs down and blocks visualization with
the arthroscope in the radiocarpal space. The normal
concave appearance between the carpal bones be-
comes convex. However, the degree of rotation of the
carpal bones and any abnormal motion are best ap-
preciated from the unobstructed view available in the
midcarpal space. A limited type of intraoperative
arthrogram (poor man’s arthrogram) may be performed
for the evaluation of carpal instability. After the ra-
diocarpal space has been examined, the inflow can-
nula, which is usually the 6-U portal, is left in the ra-
diocarpal space. A needle is then placed in either the
radioulnar or midcarpal portals. A tear of the interos-
seous ligament is strongly suspected if a free flow of
irrigation fluid is seen through the needle flowing from

FIGURE 12.3. Arthroscopic view of a Grade I interosseous ligament
injury to the scapholunate interosseous ligament as seen from the
3-4 portal in the radiocarpal space. Note that the normal concave
appearance at the scapholunate interval has now become convex.

the radiocarpal space. An alternative technique is to
inject the midcarpal space with air, leaving the arthro-
scope in the radiocarpal space. If air bubbles are ob-
served between the involved carpal bones, a ligamen-
tous injury is suspected.

A spectrum of injury to either the scapholunate or
lunotriquetral interosseous ligament is possible. The
interosseous ligament appears to attenuate and then
tear from volar to dorsal. Geissler devised an arthro-
scopic classification of carpal instability and suggested
management of acute lesions to the interosseous lig-
ament (Table I).10 In Grade I injuries, there is loss of
the normal concave appearance of the scaphoid and
lunate as the interosseous ligament bulges with the
convex appearance (Figure 12.3). Evaluation of the

TABLE 12.1. Geissler Arthroscopic Classification of Carpal Instability.

Grade Description

Management

I Attenuation/hemorrhage of interosseous ligament as seen

Immobilization

from the radiocarpal joint. No incongruency of carpal

alignment in the mid carpal space.

I

I

v

Attenuation/hemorrhage of interosseous ligament as seen
from the radiocarpal joint. Incongruency/step-off as seen
from mid carpal space. A slight gap (less than width of a
probe) between carpals may be present.

Incongruency/step-off of carpal alignment is seen in both
the radiocarpal and mid carpal space. The probe may be
passed through gap between carpals.

Incongruency/step-off of carpal alignment is seen in both
the radiocarpal and mid carpal space. Gross instability with

manipulation is noted. A 2.7 mm arthroscope may be passed

through the gap between carpals.

Arthroscopic reduction
and pinning

Arthroscopic/open
reduction and pinning

Open reduction and
repair
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scapholunate interval from the midcarpal space shows
the scapholunate interval still to be tight and congru-
ent. These mild Grade I injuries usually resolve with
simple immobilization.

In Grade II injuries, the interosseous ligament
bulges similarly to Grade I injuries as seen from the
radiocarpal space. In the midcarpal space, the scapho-
lunate interval is no longer congruent. The scaphoid
palmar flexes, and its dorsal lip is rotated distal to the
lunate (Figure 12.4). This can be better appreciated
with the arthroscope placed in the ulnar midcarpal
portal looking across the wrist to assess the amount
of flexion to the scaphoid.

In Grade III injuries, the interosseous ligament
starts to separate, and a gap is seen between the
scaphoid and lunate from both the radiocarpal and
midcarpal space. A 1-mm probe may be passed
through the gap and twisted between the scaphoid and
lunate from both the radiocarpal and midcarpal spaces
(Figure 12.5). Sometimes the gap between the scaphoid
and lunate is not visible until the probe is used to push
the scaphoid away from the lunate. A portion of the
dorsal scapholunate interosseous ligament is still at-
tached.

In Grade IV injuries, the interosseous ligament is
completely torn, and a 2.7-mm arthroscope may be
passed freely from the midcarpal space to the radio-
carpal space between the scaphoid and lunate (the
drive-through sign, Figure 12.6). This corresponds to
the widened scapholunate gap seen on plain radio-
graphs with a complete scapholunate dissociation.

When surgical intervention is recommended for
scapholunate instability, the wrist is evaluated for a
scaphoid shift after satisfactory anesthesia has been
obtained. Following this, the wrist is suspended at ap-
proximately 10 pounds of traction in a traction tower.
It is important to pad the arm and forearm so that the

L | d

FIGURE 12.4. Arthroscopic view of a Type II scapholunate inter-
osseous ligament injury as seen from the radial midcarpal space.
The dorsal lip of the scaphoid is no longer congruent with the lu-
nate as it is palmar flexed. (S = scaphoid, L = lunate).
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FIGURE 12.5. Arthrosopic view of a Type IIl scapholunate inter-
osseous ligament tear as seen from the radial midcarpal space. Note
the gap between the scaphoid and the lunate. (S = scaphoid, L = lu-
nate).

skin does not touch the metal of the traction tower.
This is particularly important when a traction tower
has been utilized repeatedly throughout the day and
can retain a significant amount of heat. Inflow is pro-
vided through the 6-U portal, and the arthroscope with
a blunt trocar is introduced through the 3-4 portal.
The 3-4 portal is the most ideal viewing portal for vi-
sualization of the scapholunate interosseous ligament.
A working 4-5 or 6-R portal is then made. The wrist
is then systematically evaluated from radial to ulnar.
The scapholunate interval is probed. The degree of in-
jury may not be fully appreciated until the tear is pal-
pated with a probe (Figure 12.7). Torn fibers of the
scapholunate interosseous ligament, if present, are
then debrided with the arthroscope in the 6-R portal,
and a shaver inserted into the 3-4 portal. A probe is
inserted into the scapholunate interval to note par-
ticularly any gap between the scaphoid and lunate.
Following arthroscopic debridement of a torn scaphol-

FIGURE 12.6. Arthrosopic view of a Type IV scapholunate liga-
ment-interosseous ligament tear. The scaphoid and lunate are com-
pletely separated, and the arthroscope may pass freely between the
radiocarpal and midcarpal spaces. The capitate is seen between the
scapholunate interval. (S = scaphoid, L = lunate, C = capitate).
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FIGURE 12.7. Arthroscopic view of a Type II scapholunate inter-
osseous ligament tear as seen from the 3-4 portal in the radiocarpal
space. A probe is used to palpate the interosseous ligament, and the
separation, which was not initially noted, is identified.

unate interosseous ligament from the radiocarpal
space, the midcarpal space is then evaluated. The
arthroscope is initially placed in the radial midcarpal
space. Close attention is paid to any rotational dis-
placement of the scaphoid with the dorsal lip being
rotated distal to that of the lunate. This may be best
visualized with the arthroscope placed in the ulnar
midcarpal portal. Also, any gap where the probe or
arthroscope itself can be passed between the carpals
is identified.

Patients with a Grade IT or Grade III lesion are most
ideally suited for arthroscopic assisted reduction and
pinning. The arthroscope is placed in the 3-4 portal af-
ter the midcarpal space has been evaluated in patients
who have a Grade II or III scapholunate interosseous
ligament injury. A 0.045 Kirschner wire is inserted
through a soft tissue protector or through a 14-gauge
needle placed dorsally in the anatomic snuff box to
the scaphoid. It is important to use some type of soft
tissue protector in order to avoid injury to the sensory
branches of the radial nerve. A small incision is made,
and blunt dissection is continued down with a he-
mostat; a soft tissue protector may be placed directly
on the scaphoid. The Kirschner wire can then be seen
as it enters into the scaphoid with the surgeon look-
ing down the radial gutter with the arthroscope.

In an easier alternative technique, the wrist is
taken out of traction and, under fluoroscopic control,
the surgeon can begin the Kirschner wire in the
scaphoid, aiming towards the lunate. The surgeon can
use the previously made portals as landmarks to guide
the angulation of the Kirschner wire. The previously
made 3-4 and 4-5 portals mark the proximal extent of
the scaphoid. The radial midcarpal and ulnar mid-
carpal portals mark the distal location of the lunate.
The surgeon can then aim the Kirschner wire toward
the square formed by these four portals, as they mark
the location of the lunate. Fluoroscopy then confirms
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the ideal placement of the wire into the scaphoid so
that it will engage the lunate when advanced. The
arthroscope is then placed in the ulnar midcarpal por-
tal after the Kirschner wire is confirmed to be in the
scaphoid. Placing the arthroscope in the ulnar mid-
carpal portal allows the surgeon to look across the
wrist to better judge the rotation of the scaphoid in
relation to the lunate. Additionally, a probe may be
inserted through the radial midcarpal space to control
the palmar flexion of the scaphoid. The wrist may be
extended and ulnarly deviated to help further reduce
the palmar flexion of the scaphoid. Occasionally,
Kirschner wire joysticks are inserted into the dorsum
of the scaphoid and lunate to control rotation of the
scapholunate interval. This is particularly useful in
Grade III injuries where a gap exists between the
scaphoid and lunate. The surgeon then advances the
Kirschner wire across the scapholunate interval, aim-
ing for the lunate after the interval has been anatom-
ically reduced as viewed from the midcarpal space. Fat
droplets are often seen exiting between the scaphoid
and lunate in the midcarpal space as the Kirschner
wire is driven across the two carpal bones (Figure 12.8).
After the first wire is arthroscopically placed control-
ling the reduction, two or three additional Kirschner
wires are normally placed under fluoroscopic control.
All wires are placed between the scapholunate inter-
val, and no wires are placed from the scaphoid into
the capitate to violate the pristine articular cartilage
of that interval (Figure 12.9).

The wires are left protruding from the skin. The
wrist is immobilized in a below-elbow cast, and the
pin tracks are evaluated every 2 weeks. The Kirschner
wires are then removed in the office at 8 weeks, and
the wrist is immobilized for an additional 4 weeks in
a removable elbow splint. Physical therapy with range
of motion exercises for the fingers is initiated imme-
diately. Range of motion and grip strength of the wrist
are initiated at 3 months.

FIGURE 12.8. Fat droplets are seen from the radial midcarpal space
as a Kirschner wire is driven across the scapholunate interval.
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FIGURE 12.9. Anteroposterior radiograph following arthroscopic
pinning of the scapholunate interval.

Patients with acute Grade IV injuries to the
scapholunate interosseous ligament are best reduced
and stabilized through a small dorsal incision to ob-
tain primary repair of the dorsal portion of the scapho-
lunate interosseous ligament. Prior to arthrotomy, the
wrist is evaluated arthroscopically for any additional
injuries, including potential cartilaginous loose bod-
ies, triangular fibrocartilage complex tears, and possi-
ble injury to the lunotriquetral interosseous ligament.

Whipple reviewed the results of arthroscopic man-
agement of scapholunate instability, utilizing the pre-
viously described techniques in patients who were fol-
lowed for a duration of 1 to 3 years.!! In his series,
patients were classified into two distinct groups of 40
patients each, according to the duration of symptoms
and the radiographic scapholunate gap. Thirty-three
patients (83%) who had a history of instability for 3
months or less and had less than 3 mm side-to-side
difference in the scapholunate gap had maintenance
of the reduction and symptomatic relief. Only 21 pa-
tients (53 %) had symptomatic relief following arthro-
scopic reduction and pinning when they had symp-
toms for greater than 3 months and had more than a
3 mm side-to-side scapholunate gap. Patients with less
than 3 months’ symptom duration and 3 mm side-to-
side scapholunate gap were followed for 2 to 7 years.
Whipple found that 85% continued to maintain their
stability and comfort in his series. This report em-
phasized the need for early diagnosis and intervention
prior to the onset of fixed carpal alignment and di-
minished capacity for ligamentous healing.

Management of Chronic Tears

Chronic tears of the scapholunate interosseous liga-
ment lose their intrinsic ability to heal, as shown by
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the work of Whipple. The management of chronic
tears of the scapholunate interosseous ligament is con-
troversial and depends on the severity of the tear. Pos-
sible treatment options include simple arthroscopic
debridement, ligamentous reconstruction, proximal
row carpectomy, intercarpal fusion, or, potentially,
wrist fusion as a salvage procedure when secondary
degenerative changes are present.

The arthroscopic technique for debridement of par-
tial chronic tears of the scapholunate interosseous lig-
ament is relatively straightforward.!?> The interosse-
ous ligament tear is assessed from both the radiocarpal
and midcarpal spaces. Grade I chronic injuries may or
may not be symptomatic. Arthroscopic debridement
would be indicated primarily for chronic Grade II or
Grade III injuries to the scapholunate interosseous lig-
ament. The arthroscope is placed in the 4-5 portal af-
ter the degree of tearing to the scapholunate interos-
seous ligament has been assessed. A shaver is brought
into the 3-4 portal to debride the torn fibers of the
scapholunate interosseous ligament (Figure 12.10).
The goal of management is to debride the unstable tis-
sue flaps back to stable tissue, similar to debridement
of a tear to the articular disk of the triangular fibro-
cartilage complex. Partial access to the volar and dor-
sal portions of the interosseous ligament is possible
with the shaver in the 3-4 portal, but the primary ac-
cess is the membranous portion to the interosseous
ligament.

Weiss examined the role of arthroscopic debride-
ment for the management of partial and complete
tears to the interosseous ligaments of the wrist.!3 At
an average of 27 months following the procedure, 19
of 29 patients who had a complete tear of the scaph-
olunate interosseous ligament, and 31 of 36 patients
who had a partial tear had complete resolution or de-
crease in wrist symptoms following arthroscopic de-

FIGURE 12.10. Arthroscopic debridement of a partial tear of the
scapholunate interosseous ligament as seen from the 6-R portal in
the radiocarpal space. The shaver is inserted through the 3-4 portal.
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bridement. In his series, Weiss also evaluated the re-
sults of arthroscopic debridement of the lunotrique-
tral interosseous ligament. Twenty-six of 33 patients
who had a complete tear of the lunotriquetral inter-
osseous ligament and all 43 patients who had a par-
tial tear had complete resolution or decrease in symp-
toms, at an average of 27 months following the
procedure. Patients tolerated debridement of the
lunotriquetral interosseous ligament better than de-
bridement of the scapholunate interosseous ligament,
due to the lower stress placed on the ulnar side of the
wrist. Arthroscopic debridement of complete tears of
the scapholunate interosseous ligament had a lower
success rate, and other surgical options may need to
be considered.

Electrothermal shrinkage may play a role in the
management of chronic partial tears of the scapholu-
nate interosseous ligament injuries in the future. Elec-
trothermal shrinkage of tissue has been shown in stud-
ies to be beneficial in other joints of the body,
particularly the shoulder. However, it is important to
note that the use of electrothermal shrinkage is con-
troversial, and studies have a short follow-up. Elec-
trothermal shrinkage is based on the theory that heat-
ing the collagen matrix results in shrinkage of the
collagen as the structure denatures. Fibroblasts then
grow into the shrunken collagen tissue. Several ques-
tions still remain unanswered, such as: what is the
stability of this disorganized collagen matrix, will the
results hold up over time, and will the shrunken tis-
sue act similarly to a normal ligament. The technique
is relatively straightforward. The wrist is again ini-
tially evaluated from both the carpal and midcarpal
spaces, and the grade of injury to the scapholunate in-
terosseous ligament is identified. This technique
would be indicated for a chronic partial tear of the
scapholunate interosseous ligament. A monopolar or
bipolar thermal probe is used. The electrothermal
probe is placed in the 3-4 portal, with the arthroscope
in the 4-5 or 6-R portal. Following mechanical de-
bridement of the interosseous ligament tear, an elec-
trothermal probe is used to shrink the remaining por-
tion of the interosseous ligament (Figure 12.11).
Transverse passes appear to be more effective than lon-
gitudinal passes in contracting the interosseous liga-
ment. This involves primarily the membranous por-
tion, as the probe is extended to make contact with
the volar capsule and the dorsal portion of the inter-
osseous ligament. The thermal probe is then contin-
ued along the dorsal capsule to shrink this structure
as well.

It is important that the probe is continuously mov-
ing so as not to concentrate all the heat in one par-
ticular spot. The entire dorsal capsule should not be
painted with the probe, but rather strips of contrac-
ture should be made, leaving normal capsule between
the areas that make contact with the probe. This
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FIGURE 12.11. Arthroscopic shrinkage of a partial tear to the
scapholunate interosseous ligament with an electrothermal probe
as seen from the 6-R portal in the radiocarpal space. The probe is
inserted through the 3-4 portal.

leaves the normal capsule to help vascularize the con-
tracted areas. It is extremely important to increase the
flow of the irrigation fluid when using an elec-
trothermal probe. Inflow is provided through a sepa-
rate portal, and outflow is maintained through the
arthroscope. The purpose of increasing the flow is to
help disseminate the heat from the probe. The tem-
perature of the irrigation fluid as it leaves the wrist
should be monitored. The wattage of the probe may
be turned down, and the temperature of the monopo-
lar probe should not exceed 68 degrees centigrade. It
is important to remember that the volume of the ir-
rigation fluid in the wrist is quite small, and that the
fluid may rapidly heat up. The tissue of the interos-
seous ligament contracts, but this contraction is not
as apparent compared to the glenohumeral capsule.

The arthroscope is then placed back into the radial
midcarpal space to evaluate the stability of the sca-
pholunate interval following shrinkage. Generally,
less motion is observed in the scaphoid interval fol-
lowing electrothermal shrinkage.

Postoperative management of electrothermal
shrinkage for chronic partial tears of the scapholunate
interosseous ligament is controversial. There are lim-
ited protocols available. Some authors believe immo-
bilization alone is sufficient; others believe in tempo-
rary Kirschner wire stabilization while the collagen
shrinkage matures. Patients are typically immobilized
for approximately 6 to 8 weeks following electrother-
mal shrinkage. Range of motion and grip strengthen-
ing are initiated, similar to the protocol for pinning of
acute tears of the scapholunate interosseous ligament
at 3 months.

Geissler reviewed the results in 19 patients with
isolated chronic interosseous ligament tears to the
wrist.!* A chronic injury was defined as symptoms
present greater than 6 months in this study. The fol-
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low-up averaged 8 months (range: 6 to 22 months).
Grade 1II tears of the scapholunate interosseous lig-
ament did significantly better when compared to
Grade III tears. Of the 6 patients with Grade II tears,
there were 4 excellent and 2 good results. In the 4
patients who had a Grade III tear, there was one ex-
cellent, one good, one fair, and one poor result. It
was noted that this was a preliminary study and that
the numbers were small and follow-up was quite
short. Further study was recommended.

Wrist arthroscopy plays a limited salvage role in
patients with complete chronic tears of the scapho-
lunate interosseous ligament. Wrist arthroscopy can
be used to evaluate the degree and extent of articu-
lar cartilage degeneration in patients with a scapho-
lunate advanced collapsed wrist.!> The status of the
articular cartilage as determined arthroscopically
helps to determine whether a reconstructive proce-
dure, such as ligament reconstruction or capsulode-
sis versus a salvage procedure (e.g., a 4-corner fusion
or proximal row carpectomy), is indicated. Arthro-
scopic evaluation of the status of the articular carti-
lage of the head of the capitate is extremely useful
in determining the indications for 4-corner fusion
versus proximal row carpectomy. In selecting indi-
viduals with early slack wrist who desire only min-
imal arthroscopic intervention, debridement and ra-
dial styloidectomy may be an option. This is further
described in Chapter 17.

Wrist arthroscopy continues to grow in popular-
ity as a valuable adjunct to the management of wrist
disorders. It allows for the evaluation of intracarpal
structures in bright light and magnified conditions
with minimal morbidity as compared with an arthro-
tomy. It is extremely sensitive for detecting the spec-
trum of injury that occurs to the scapholunate inter-
osseous ligament as it stretches and eventually tears.
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Improved techniques will continue to emerge as more
surgeons are instructed in the use of wrist arthros-
copy and better instrumentation is developed.
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Management of
Lunotriquetral Instability
Michael J. Moskal and Felix H. Savoie III

pain can be complex. Wrist arthroscopy is an

excellent method to characterize and treat in-
juries after clinical examination and/or radiographic
studies. Arthroscopic evaluation is particularly valu-
able to examine the anatomy and pathoanatomy of
ulnar-sided wrist disorders.! Early and accurate diag-
nosis followed by treatment can significantly improve
patient outcome. Wrist arthroscopy facilitates clear
characterization of an injury, revealing the quality of
the articular surfaces and any associated synovitis, and
is the basis for treatment.

Ulnar-sided wrist injuries can result from repeti-
tive trauma or a single traumatic event, such as a
twisting injury or a fall on an outstretched hand with
a pronated forearm in which a dorsally-directed force
causes the wrist to be extended and radially deviated.?
Intercarpal pronation causes a disruption of the ulnar
ligaments by tearing the lunotriquetral interosseous
ligament with associated injury to the disk-triquetral
and disk-lunate ligaments that leads to greater lunotri-
quetral instability. It is important to recognize that
instability can arise from intrinsic as well as extrin-
sic ligamentous injury.3> Failure to recognize and
treat all the components of a destabilizing injury will
lead to a compromised treatment result.

The diagnosis and treatment of ulnar-sided wrist
pain and instability can be complex; however, a care-
ful history and physical exam, augmented by ancillary
studies when needed, can often elucidate the problem.
Physical examination, radiographs, as well as MRI or
arthrography, often do not reveal the full extent of an
injury. Arthroscopy is an integral part of the injury
evaluation and treatment. Arthroscopic evaluation al-
lows precise assessment of the pathoanatomy of an in-
jury and, therefore, specific treatment schemata based
upon surgical findings.

For lunotriquetral interosseous ligament tears as-
sociated with ulnar-sided wrist pain, pain from a me-
chanical etiology may be due to impingement of flap-
type ligament or fibrocartilage tears and/or dynamic
or static joint incongruity of the LT or distal radioul-
nar joints (DRU]J). The following clinical scenarios are
appropriate for arthroscopic treatment.

T he diagnosis and treatment of ulnar-sided wrist
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1. Isolated ligament tears
2. Ligament tears associated with:
Triangular fibrocartilage complex (TFCC)
disorders
Peripheral traumatic tears
Degenerative radial or central tears
3. Tears associated with ulnar abutment syndrome

PHYSICAL EXAMINATION

An exam focused toward ulnar-sided pathology is de-
tailed here in brief. The wrist should be routinely in-
spected and palpated to include the dorsal and volar
TFCC. The extensor carpi ulnaris (ECU) is the main
anatomic landmark to guide palpation. Just dorsora-
dial and volar-ulnar to the ECU is the area of capsu-
lar attachment of the peripheral TFCC; both areas
should be routinely palpated. Additionally, one should
palpate the dorsal lunotriquetral joint, extensor carpi
ulnaris, extensor digiti quinti, and flexor carpi ulnaris
in various positions of forearm rotation.

To further elucidate the nature of a patient’s
ulnar-sided wrist complaints, the following provoca-
tive maneuvers can be performed: lunotriquetral bal-
lottement (compressing the triquetrum against the lu-
nate), shuck test as described by Reagan,® shear test
as described by Kleinman,”® and distal radioulnar
translation (to infer stability).%/10

Ulnar deviation should be performed with the wrist
in the flexed, extended, and neutral positions. Flexing
and extending an ulnar deviated wrist may produce pain
associated with crepitus and can be a useful indicator
of associated ulnar pathology with LT tears. Finally,
pain and/or weakness with resistance to wrist flexion
with the forearm in supination increases the suspicion
for symptomatic LT tears but also for TFCC tears.

The radiographic evaluation of a painful wrist
should include at least a zero-rotation posteroante-
rior'12 and a true lateral of the wrist views. Particu-
lar attention should be focused toward ulnar vari-
ance,!314 lunotriquetral interval and the integrity of
the subchondral joint surfaces, and greater and lesser
arc continuity;!'® radiolunate and scapholunate angles
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should be recorded. When the physical examination
findings are equivocal, an arthrogram or MRI can be
obtained.

ULNAR LIGAMENTOUS ANATOMY

Our approach to LT injuries had evolved from the an-
atomical concepts of the ulnar ligaments in relation-
ship to the lunotriquetral joint and the TFCC. The
lunotriquetral interosseous ligament (LT) is thicker
both volarly and dorsally!® with a membranous cen-
tral portion. Normal lunotriquetral kinematics is im-
parted from the integrity of the LT interosseous,!”
ulnolunate (UL), ulnotriquetral (UT),>® dorsal ra-
diotriquetral (RT), and scaphotriquetral (ST) liga-
ments.17-1° Severe instability (VISI) requires damage
to both the dorsal RT and ST ligaments.!”-1° The
TFCC is the primary stabilizer of the distal radioul-
nar joint via the dorsal and volar radioulnar liga-
ments;?%2! it helps to stabilize the ulnar carpus and
transmits axial forces to the ulna.??23 The TFCC orig-
inates from the ulnar aspect of the lunate fossa of the
radius and inserts on the base of the ulnar styloid and
distally on the lunate, triquetrum, hamate, and fifth
metacarpal base. The integrity of the triangular fibro-
cartilage, volar radiocarpal, as well as dorsal radio-
carpal ligaments is visible at arthroscopy. TFCC com-
promise is often a part of more extensive ulnar-sided
injuries.2* The volar and dorsal aspects of the lunotri-
quetral ligament merge with the ulnocarpal extrinsic
ligaments volarly, and the dorsal radiolunotriquetral
ligament dorsally anchors the triquetrum.?®

The ulnocarpal volar ligaments are composed of
the ulnolunate (UL), also known as the disk-lunate;
the ulnotriquetral (UT), also known as the disk-
triquetral ligaments; and the ulnocapitate. The ulnol-
unate (UL) and ulnotriquetral (UT) ligaments originate
on the volar triangular fibrocartilage complex (TFCC)
and insert on the volar lunate and volar triquetrum,
respectively, as well as the LT ligament.26-28 Just pal-
mar lies the ulnocapitate ligament, providing a direct
attachment from the ulna to the palmar ulnar liga-
mentous complex.

The arthroscopic approach to symptomatic LT in-
stability is based upon the contributing factors of the
ulnar carpal ligaments to lunotriquetral joint stabil-
ity. Suture plication of the ulnar ligaments shortens
the disk-carpal ligaments and augments the palmar
capsular tissue as part of the arthroscopic reduction
and internal fixation.

Ligament plication has been implemented to man-
age capitolunate instability.2? The central portion of
the volar radiocapitate ligament is tethered to the ra-
diotriquetral ligament by a volar approach. UT-UL lig-
ament plication, developed by one of us (FHS), mim-
ics this technique. UT-UL ligament plication has been
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used in treating injuries that did not severely destabi-
lize the LT joint and produce a VISI deformity that
would require functional compromise of the dorsal ex-
trinsic ligaments (dorsal radiotriquetral and scaphotri-
quetral). Arthroscopic volar ulnar ligament plication
reduces surgical trauma and allows concurrent as-
sessment of its effect while viewing through the ra-
diocarpal and midcarpal joints.

SURGICAL TECHNIQUE

The following is a general approach to arthroscopic
stabilization of ulnar-sided instability. It can be used
in conjunction with associated pathology, such as ul-
nar abutment syndrome and TFCC tears when asso-
ciated with a lunotriquetral interosseous ligament
(LTIOL) tear. The 3-4, 6-R, volar 6-U, and the radial
and ulnar midcarpal portals are used during arthro-
scopic capsulodesis and arthroscopic reduction and in-
ternal fixation.

An arthroscopic video system should be positioned
to allow a clear view of the monitor by the surgeon
and assistant. After the limb is exsanguinated, a trac-
tion tower is used and 8 to 10 pounds of traction are
applied through finger traps with the arm strapped to
the hand table. A complete diagnostic radiocarpal and
midcarpal diagnostic arthroscopy is performed, typi-
cally utilizing the 3-4 and 6-R radiocarpal portals and
the radial and ulnar midcarpal portals. Diagnostic ra-
diocarpal arthroscopy should include visualization
from the 6-R portal to ensure complete visualization
of the LTIOL from dorsal to palmar (Figure 13.1). The
LTIOL should be debrided as necessary. In some cases,
the addition of a 4-5 portal as either the working or
viewing portal can be helpful.

Midcarpal assessment begins with the arthroscope
inserted into the radial midcarpal portal and the ulnar

FIGURE 13.1. A lunotriquetral ligament tear as seen from the 6-R
portal.
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midcarpal portal used as the working portal. The
lunotriquetral joint is assessed for congruency and lax-
ity of the triquetrum.

Congruency

1. The lunate and triquetrum should be colinear. If the
view of the lunotriquetral joint from the midcarpal
radial portal is blocked by a separate lunate facet,3°
place the arthroscope in the midcarpal ulnar portal
to gain visualization. Under these conditions, the
radial articular edge of the triquetrum should be
aligned with the ulnarmost articular edge of the ha-
mate facet of the lunate (Figure 13.2A,B).

2. Although congruent, the LT joint may be unsta-
ble due to excessive laxity. FIGURE 13.3. As seen from the radial midcarpal portal, the dorsal

portion of the triquetrum is rotated distally with respect to the dor-
sal portion of the lunate.

Laxity

1. Assuming it is normal, the scapholunate joint can
be used as a reference. Laxity should be assessed 2. Upon midcarpal arthroscopic assessment of an
both upon triquetral rotation and separation from unstable LT joint, the dorsal portion of the tri-
the lunate. quetrum is often rotated so that its articular sur-
face is distal to the lunate (Figure 13.3). The tri-
quetrum can be translated to a reduced state in
which the articular surfaces of the triquetrum and
lunate are colinear.

3. An unstable LT joint may have colinear articular
surfaces; however, the triquetrum can be ulnarly
translated so as to “gap open” the LT joint. The
normal SL joint can be used as a reference.

The final midcarpal assessment of the LT joint is
the dorsal capsular structures. The dorsal radiocarpal
and dorsal intercarpal ligaments attach to the lunate
and triquetrum in part. In certain cases, avulsions of
the dorsal capsuloligamentous structures have been
observed (Figure 13.4).

FIGURE 13.2. A. An incongruent LT joint as seen from the ulnar
midcarpal portal. The probe has been inserted from the radial mid- - -

carpal portal. The triquetrum is to the right, and the lunate is to ~ FIGURE 13.4. Viewing from the radial midcarpal portal, the dorsal
the left. B. The same case: The triquetrum has been reduced and  capsuloligamentous structures have been avulsed from their bony
stabilized with K-wires and now is congruent with the lunate (left).  attachment.
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FIGURE 13.5. The spinal needle has entered the radiocarpal joint
at the level of the ulnar carpal ligaments. Some fraying of the disk-
carpal ligaments is seen that is associated with LT ligament injury.

After the confirmation of LT instability, the
arthroscope is placed in the 3-4 portal during disk-
lunate to ulnocapitate to disk-triquetral ligament
plication. The volar 6-U (V6-U) is established. The
V6-U portal is similar to the normal 6-U portal; how-
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ever, it is placed just dorsal to the disk-carpal liga-
ments (Figure 13.5). Care is taken to avoid injury to
the dorsal sensory branches of the ulnar nerve during
placement.

The interval between the disk-lunate and disk-
triquetral ligament identifies the lunotriquetral joint
and interosseous ligament. The ligaments are gently
debrided. Through the V6-U portal, an 18-gauge spi-
nal needle is passed just volar to the disk-triquetral,
ulnocapitate, and disk-lunate entering the radio-
carpal joint at the radial edge of the UL ligament just
distal to the articular surface of the radius (Figure
13.5). A #2-0 PDS suture is placed through the needle
into the joint. The suture is retrieved either sequen-
tially through the 6-R and through the V6-U or di-
rectly through the V6-U using a wire loop suture
retriever and then tagged as the first plicating su-
ture (Figure 13.6A-C). Similarly, a second plicating
suture is placed approximately 5 mm distal to the
first so that the suture loops are parallel to the lu-
nate and triquetrum; this is tagged as the second pli-
cating suture (Figure 13.7A-C). Tension on the first
stitch often facilitates a second needle passage
through the ulnolunate and ulnotriquetral ligaments.

FIGURE 13.6. A. The spinal needle has traversed from ulnar to ra-
dial just palmar to the ulnar carpal ligaments. The tip of the needle
has reentered the radiocarpal joint radial to the disk-carpal ligament.
In the photo, the lunate is above, and the ulnar border of the distal
radius (lunate fossa) is seen obliquely at the level of the spinal needle.
B. A 2-0 PDS suture has been passed through the spinal needle and
retrieved out the V6-U portal. The disk-carpal ligaments are visual-
ized with the lunate above. C. The suture passage is diagrammati-
cally represented. The disk-triquetral ligament is to the right. The first
2-0 PDS plication suture is passed from ulnar to radial with a spinal
needle through the volar 6-U portal. The disk-triquetral, ulnocapitate
and disk-lunate ligaments are incorporated in the suture. (C, from
Christine M. Kleinert Institute for Hand and Microsurgery, Inc.,
Louisville, Kentucky, with permission.)
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FIGURE 13.7. A. The disk-triquetral ligament is to the left. The
first plicating suture is seen below and to the right (ulnar) exiting
ulnarly through the V6-U portal. The spinal needle is seen distal
(above), as it is ready to be passed for the second plicating suture.
B. The second 2-0 PDS plication suture. Tension on the first su-
ture facilitates placement of the second suture, which is placed ap-
proximately 5 mm distal to the first suture. C. The plication su-
tures are represented diagrammatically. (C, from the Christine M.
Kleinert Institute for Hand and Microsurgery, Inc., Louisville, Ken-
tucky, with permission.)
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Adequacy of the plication (tension of the stitch) and
its effect on LT interval stability should be assessed
after each suture passage.

Finally, through the V6-U portal, a spinal needle
is passed through the volar aspect of the capsule at
the prestyloid recess and then through the peripheral
rim of the TFCC. The wire retriever is introduced
through the ulnar capsule, and the suture is brought
out the V6-U portal to tighten the ulnar capsule (Fig-
ure 13.8A,B). The three sets of sutures are tied at the
termination of the procedure after the lunotriquetral
joint has been congruently reduced and stabilized
with K-wires.

Viewing through the midcarpal radial portal, a
midcarpal ulnar (MCU) working portal is created. A
spinal needle can be placed from ulnar to radial across
the distal aspect of the LT joint as a guide for percu-

FIGURE 13.8. A. The ulnar capsular tension suture is in place. The
suture is passed through the ulnar capsule and through the palmar
aspect of the peripheral edge of the TFCC. B. Line drawing of the
two plication sutures and the prestyloid and TFCC sutures. (B, from
Christine M. Kleinert Institute for Hand and Microsurgery, Inc.,
Louisville, Kentucky, with permission.)
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taneous pin placement into the triquetrum. The tri-
quetrum is reduced congruent to the lunate articular
cartilage with traction on the plication sutures and
firm pressure on the triquetrum.

The initial K-wire should be inserted 2 to 3 mm
proximal to the spinal needle. Two 0.045 smooth K-
wires are placed percutaneously through the lunotri-
quetral joint (Figure 13.9). The first pin is advanced
across the lunotriquetral interval from ulnar to radial
under fluoroscopic guidance, and the second pin is
placed using the first pin as a guide to placement. Af-
ter satisfactory reduction of the lunotriquetral joint,
traction is released, the forearm is held in neutral ro-
tation, and the plication stitches are tied at the 6-U
portal with the knots placed below the skin (Figure
13.10). The peripheral ulnar capsular stitch is re-
trieved. The K-wires are either cut subcutaneously or
bent outside the skin.

LT tears can be seen in combination with TFCC
pathology, such as traumatic peripheral tears, in de-
generative tears seen in isolation, or as part of ulnar
abutment syndrome. In degenerative TFCC tears, the
central avascular portion is debrided to a stable rim
prior to plication. In traumatic tears, the suture place-
ment through the ulnar capsule and peripheral mar-
gin can be extended dorsally after the initial plication
sutures are placed.

FIGURE 13.9. Pin placement. The viewing portal is in the mid-
carpal space during arthroscopic reduction and pinning of the lu-
natotriquetral joint. A needle has been placed into the midcarpal
space to act as a guide to K-wire placement. Two to three K-wires
are placed.
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Patients with lunotriquetral tears often have posi-
tive ulnar variance.®3132 In an extension of the initial
treatment group, patients with ulnar abutment syn-
drome with associated lunate chondromalacia, central
TFCC perforation, and LT tears have been treated by
LT plication stabilization in conjunction with an ar-
throscopic wafer procedure.

POSTOPERATIVE CARE

Initially, after surgery the patient is placed in a long-
arm splint with the elbow flexed at 90 degrees, the
forearm in neutral rotation, and the wrist in neutral
flexion and extension. At approximately 1 week after
surgery, a Muenster cast is applied, with the forearm
and wrist in neutral rotation and flexion, respectively.
At approximately 6 weeks after surgery, the K-wires
are removed. A removable Muenster cast is used for
an additional 2 weeks to allow daily gentle flexion,
extension, pronation, and supination within a painless
arc of motion. Eight weeks after surgery, strengthen-
ing exercises are instituted, and work hardening can
begin slowly over 8 to 24 weeks postoperatively.

RESULTS

In a case series, we looked at a group of 21 patients, in-
cluding 7 who were treated as Workman’s Compensa-
tion claimants and 4 who were competitive athletes
who sustained their injuries during sport. All patients
complained of ulnar-sided wrist pain, which was in-
variably increased by use of the wrist. The mean time
between the onset of symptoms and treatment was 2.5
years (range, 1 week to 5.5 years). Seventeen patients
recalled a specific injury (hyperextension 12, twisting
2, unknown 3), and 4 noted a gradual onset of symp-
toms. Three patients had additional significant injuries
to the affected extremity: elbow dislocation, humeral
shaft fracture, and anterior shoulder dislocation.

The patients were uniformly tender over the luno-
triquetral joint. Provocative tests for lunotriquetral in-
stability were specifically positive in 9 and for TFCC
were positive in 6. Crepitus was produced with prono-
supination or ulnar deviation in 10 patients. A VISI
instability pattern was not present. The average ingo
Mayo wrist score was 50, and increased to an outgo
score of 88 at a mean of 3.1 years after surgery with
19 out of 21 patients having excellent and good results
and 2 with fair results. The average postoperative
scores for the 9 Workman’s Compensation claimants
or litigants were slightly lower than for the overall
group. Three patients had complications that included
prolonged tenderness along the extensor carpi ulnaris,
and one patient had persistent neuritis of the dorsal
branches of the ulnar nerve.
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FIGURE 13.10. A. The sutures and K-wires are in place. Traction is taken off the wrist, and the forearm is maintained in neutral rota-
tion. B. Retractors can be used to retract soft tissue and protect the ulnar nerve sensory branches. C. A knot passer can be used to pass
sequential half hitches. D. The sutures are seen entering the radiocarpal joint. The knot is seen adjacent to the disk-triquetral ligament.

CONCLUSION

Symptomatic lunotriquetral interosseous ligament
tears have been managed by simple arthroscopic de-
bridement, ligamentous repair, and intercarpal
arthrodesis. Ligamentous repair or grafting requires an
extensile approach, and lunotriquetral joint fusion
limits flexion and extension and radioulnar deviation
by 14% and 25%, respectively.3® Arthroscopic ulno-

carpal ligament plication, in addition to LT joint re-
duction and stabilization, is designed to augment the
volar aspect of the LT joint. LT ligament tears are of-
ten associated with other pathology, notably ulnar-
carpal ligament tears and disruption of the distal ra-
dioulnar joint.3* Furthermore, suture plication of the
ulno-carpal ligaments shortens their length to act as
a checkrein to excessive lunotriquetral motion per-
haps similar to ulnar shortening procedures. Presty-
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loid recess tightening increases tension in the ulnar
DRUJ capsule.

In the presented approach for lunotriquetral insta-

bility, postoperative improvement in comfort and
function is common. Arthroscopy aided in treatment
by comprehensive evaluation of the injured structures
and, in many cases, treated multiple concurrent in-
juries. Arthroscopic stabilization of the lunotriquetral
joint is useful for treatment while minimizing motion
losses after surgery and surgical exposure.
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Management of
Distal Radial Fractures

Tommy Lindau

e still have difficulty in predicting the out-
s ; s ; come of distal radial fractures 200 years af-
ter Colles’ historic description, despite sev-
eral radiographic classifications of the fracture.!
However, one factor that is known to lead to worse
outcomes is intra-articular incongruity of more than
1 mm, which is associated with the development of
secondary osteoarthrosis.2®> Consequently, anatom-
ical congruency should be restored. Closed reduction
solely with fluoroscopic visualization appears inade-
quate to reestablish the articular congruency.®’” There-
fore, open reduction through a limited arthrotomy was
previously the method of choice, but it was difficult
to completely visualize the biconcave articular sur-
face. Consequently, wrist arthroscopy has become an
important adjunct in the reduction of these frac-
tures.®~1> The arthroscopic approach has the benefit
of giving an illuminated, magnified view of the frac-
ture system, without the surgical morbidity caused by
soft-tissue dissection. Furthermore, we can at the
same time detect, and possibly treat, osteochondral
loose bodies and associated ligament injuries.16-18

INDICATIONS AND
CONTRAINDICATIONS

The main indication for an arthroscopy-assisted man-
agement of a distal radial fracture is an intra-articular
step-off more than 1 mm after attempted closed re-
duction (Figure 14.1). Signs of complicating associated
injuries, e.g. widening of intercarpal joint spaces, a bro-
ken carpal arch (the so called Gilula line)'?20 as well
as widening or subluxation of the distal radioulnar
(DRU) joint are other indications for arthroscopy.

Open fractures, soft-tissue injuries, incipient carpal
tunnel syndrome or compartment syndrome are con-
traindications for arthroscopy.

SETUP AND PATIENT PREPARATION

The arthroscopy mobile cart (with TV monitor, video
camera, video recorder, and light source) is positioned
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at the foot end of the patient (Figure 14.2A). The flu-
oroscopy unit or the C-arm radiography is placed on
the same side as the hand table.

Axillary block or general anesthesia is recom-
mended for arthroscopy, which preferably is done 2 to
5 days after the trauma. The hand is normally in an
upright position, either with an overhead traction
boom, as for shoulder arthroscopy, or with a traction
tower. The shoulder is in 60 to 90 degrees of abduc-
tion and with the elbow flexed to 90 degrees. After
exsanguination of the arm, the finger traps are placed
on the index and long fingers with a traction of ap-
proximately 4 to 5 kg. This traction often facilitates
the reduction of the extraarticular fracture compo-
nent. An elastic dressing is wrapped around the fore-
arm to minimize the risk of extravasation into mus-
cle compartments.

SURGICAL TECHNIQUE

Swelling distorts the normal landmarks for the por-
tals. The 3-4 portal can be approximated by combin-
ing a line along the radial side of the long finger to-
gether with palpable bony landmarks, such as the tip
of the radial styloid and the distal, dorsal rim of the
radius and the ulnar head. A needle is introduced at
the 3-4 portal, and some of the hemarthrosis is aspi-
rated to confirm proper position after which 5 to 10
mL of saline solution is injected into the joint. The
trocar is introduced, and a small joint arthroscope is
connected. The procedure starts with an extensive
lavage through an outflow portal in the 6-U portal.
Blood clots and debris can be removed with a motor-
ized, small joint shaver through the 4-5 or 6-R work-
ing portals. Continuous irrigation with saline solution
by gravity flow from an elevated bag is used. With this
method the intra-articular pressure is kept as low as
possible in order to minimize the risk of extravasation
of fluid, thus decreasing the risk for postoperative
carpal tunnel syndrome and compartment syndrome.
After the view has been cleared, the examination
starts by evaluating associated injuries to cartilage and
ligaments.
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FIGURE 14.1. A 28-year-old male fell from a ladder and sustained
a dislocated intra-articular distal radial fracture (A, lateral view, (B).
PA-view). After reduction, there still was a 2-mm incongruency of
a die-punch fragment, mainly seen centrally on the lateral view (C,
lateral view, (D). PA view). Arthroscopy-assisted reduction was

Modified Horizontal Wrist Arthroscopy

The standard upright position often leaves a problem
after the joint surface is secured. Many fractures have
comminution of the metaphysis and need additional
treatment (e.g. volar or dorsal buttress plates, external
fixator, or bone grafting) as a cancellous support to
the cortical treatment. Therefore, I prefer to do the
arthroscopy with a modified horizontal technique
(Figure 14.2).2!

The traction is applied on the index and long fin-
gers with the traction force horizontally over a han-
dle on a regular hand table (Figure 14.2B). The wrist
is elevated slightly over the hand table and blocked
with bars, which hold the forearm in pronation (Fig-
ure 14.2C). Arthroscopy with the horizontal technique
is sometimes more technically demanding, but is oth-
erwise done as described in the previous and follow-
ing text (Figure 14.2), with realignment of the joint,
as well as assessment and treatment of associated in-
juries. Hereafter, the horizontal position allows me to

G H

done, as well as percutaneous pinning of a grade 3 scapholunate (SL)
ligament injury (E, lateral view, (F). PA view). At the one-year
follow-up there was no sign of persistent incongruency, secondary
osteoarthrosis, or scapholunate dissociation (G, lateral view, (H). PA
view).

continue with any additional technique that is neces-
sary, without changing the traction or position of
the wrist. This secures the reduction of the extra-
articular component and facilitates further procedures
of the fracture or associated injuries.

ARTHROSCOPY-ASSISTED REDUCTION

General Principles

Most displaced fragments have to be mobilized before
they can be repositioned, even if some fragments may
be reduced by longitudinal traction alone. This is done
either with a probe within the joint (Figure 14.3A) or
with an elevator through a 1 to 2 cm separate skin in-
cision over the fracture. K-wires are then placed cen-
trally in each fragment. Depressed fragments are ele-
vated with the combined manipulation with the
probe, elevator, and by a “joy-stick” maneuver of the
K-wire. Under arthroscopic control, the fracture frag-
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FIGURE 14.2. Modified horizontal arthroscopy technique facili- handle on a normal hand table. C. The forearm is blocked in prona-
tates complete management of distal radial fractures. A. The op- tion with parallel bars. D. Arthroscopy with the modified hori-
erating room when horizontal arthroscopy is done, with the mobile  zontal technique is done with standard instruments.

cart at the foot end of the patient. B. Horizontal traction over a

A E B
FIGURE 14.3. Depressed fragments are elevated arthroscopically.  is used from the fracture outside the joint. B. Arthroscopic confir-
A. This arthroscopic view of the lunate facet shows a depressed mation of proper congruency after the elevation and fixation of the
“die-punch” fragment (the dorsum of the wrist to the left). The frag-  depressed fragment.
ment is mobilized with a probe within the joint, while an elevator
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ments are sequentially reduced. I prefer to start with
realignment of the ulnar border of the radius, thereby
securing the bony congruency of the DRU joint (Fig-
ure 14.4A). The next step is to add further fragments
to the “ulnar platform” by driving the K-wires from
larger to smaller fragments (Figure 14.4B). Afterwards,
the realignment of the joint surface is determined
arthroscopically (Figure 14.3B), with fluoroscopic con-
firmation that the pins are in proper position with ap-
propriate length. I prefer to leave the pins outside the
skin, as this minimizes the risk of injuries to tendons
and the superficial branch of the radial nerve. Finally,
the extraarticular fracture component, the cancellous
defect, and associated injuries have to be evaluated
and additional procedures have to be considered.

Specific Fracture Types
RADIAL STYLOID FRACTURE (CHAUFFEUR’S FRACTURE)

This fracture often has a rotation of the displaced frag-
ment, which often is underestimated (Figure 14.5).
Arthroscopically this is seen with “inverted” incon-
gruencies dorsally and volarly (Figure 14.5A). The frag-
ment is best reduced with the wrist in supination.
With a K-wire on the tip of the styloid, dorsally in the
snuff box, the fragment is reduced, and the wire is
driven into the radius. Hereafter, a second K-wire or
a cannulated screw is needed for rotational stability
(Figure 14.5C).

LUNATE “DIE PUNCH” FRAGMENT

If the fragment is not impacted it is often reduced by
traction and some palmar flexion. The reduction can
be kept in place with one or two transverse subchon-
dral K-wires placed so as not to penetrate the DRU joint.

If the fragment is impacted, it is disimpacted and
mobilized either with a probe within the joint or with
an elevator through a 1 to 2 cm separate skin incision
over the fracture (Figure 14.3A). When the joint sur-
face is congruent, as determined with arthroscopy
(Figure 14.3B), two transverse subchondral K-wires can
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secure the position (Figure 14.1). In this situation, ad-
ditional treatment of the metaphyseal void, by means
of bone graft or bone substitution, is needed.

PARTIAL PALMAR FRAGMENTS

As a general guideline, these fragments cannot be re-
duced by traction due to the strong palmar radiocarpal
ligaments, where traction only increases the incon-
gruency. Consequently, they need an open reduction
and osteosynthesis with a buttress plate. However, in
some cases the fragments might be reduced by loos-
ening the traction and flexing the radiocarpal joint pal-
marly. In such cases they can be pinned from the dor-
sal aspect of the distal radius or from the palmar aspect
through a limited palmar approach.!322

ADDITIONAL FRACTURE TREATMENT

Cortical Fracture Treatment
DORSAL DISLOCATION

External fixation should be considered in extra-
articular, comminuted fractures in order to retain the
fracture. In my experience, the fixator is best applied
after the intra-articular incongruency has been re-
duced arthroscopically. Otherwise, the longitudinal
bar prevents the possibility of maneuvering the frag-
ments with the “joy-stick” wires. The external fixa-
tor is placed while the wrist is still under traction in
order to retain the best reduction possible, while keep-
ing the tensile forces under control by the spring scale.
Another alternative would be to do an open reduction
of the extraarticular component and do the osteosyn-
thesis with, for example, mini-plates and screws.

PALMAR DISLOCATION

In these cases I prefer to start with evaluation of any
intra-articular incongruency and assess associated in-
juries. The modified horizontal technique is especially
useful, since the traction is kept after the arthroscopy.

FIGURE 14.4. Realigning the incongruency from the ulnar
side. A. I prefer to start the reconstruction of the
incongruent joint surface with the ulnar border of the
radius (fragment 1 to 2). This creates bony congruency for
both the DRU joint and the radiocarpal joints, thereby
minimizing the risk for instability as well as post-
traumatic secondary OA. The next step is to realign the
other fragments (3) to the ulnar platform. B. The intra-
articular fragments are pinned after the reduction.
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FIGURE 14.5. Radial styloid fractures often have rotational incon-
gruency. A, B. Radiographic picture of a radial styloid fracture in a
nonosteoporotic patient. C. This arthroscopic view shows the fre-
quent finding of rotational incongruency in radial styloid fractures,
which is revealed with the “inverted” joint incongruencies palmarly

By rotating the forearm into supination, it is possible
to continue with the standard palmar buttress plating
technique without losing the reduction of the fracture.

Cancellous Fracture Treatment

The forces that dislocate and shatter the radius often
leave a cancellous defect in the metaphyseal bone
when the reduction is completed. The defect can be
filled with bone graft or bone substitute by making a
small incision between the third and fourth or fourth
and fifth compartments, depending on the position of
the defect.

Ulnar Styloid Fractures

No studies show any benefits with repair of ulnar sty-
loid fractures. The fracture is associated with TECC

TOMMY LINDAU

and dorsally (palmar aspect in the bottom with the radial styloid to
the right). D, E. Radiographic view after realignment of the rota-
tional incongruency and securing the fracture with one cannulated
screw and one pin.

tears'®-18 but not with late clinical instability of the
DRU joint,?324 at least not in nonosteoporotic pa-
tients. However, if a subluxation or even a dislocation
is present, I suggest that an arthroscopic evaluation be
performed and a combined repair of both the TFCC
tear and the styloid fracture, preferably with a tension
band wiring technique, be considered.

RESULTS OF ARTHROSCOPY-ASSISTED
REDUCTION

As of today, there has been only one randomized
study, which compared 34 arthroscopically treated
fractures with 48 openly treated.?? The arthroscopi-
cally treated group had better outcome, better reduc-
tion, better grip strength, and better range of motion
than the openly treated group.?? The authors con-
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cluded that the improved results might result from
less soft-tissue scarring, due to less trauma from the
arthroscopy-assisted surgery itself as compared with
straight dorsal incisions in the openly treated group.
Their results support the findings of others, where
arthroscopy-assisted reduction has been found to re-
align preoperative incongruity with good accuracy and
give an excellent or good outcome in about 90% of
the patients.®11:13.15 Furthermore, with the improved
reduction to less than 1 mm intra-articular step-off,
we decrease the risk of secondary osteoarthrosis.?~*2>

INJURIES ASSOCIATED WITH
DISTAL RADIAL FRACTURES

The distal radial fracture in nonosteoporotic patients
is most often an intra-articular fracture caused by a
severe, high-energy trauma.262” In contrast, the ma-
jority of elderly, osteoporotic women have extra-
articular fractures,®® which most often are sustained
by falls on level ground.?8-32 Distal radial fractures
caused by high-energy wrist trauma have been shown
to be very complex injuries with a wide variety of as-
sociated tears of the triangular fibrocartilage complex
(TFCC) and intercarpal ligaments.!®-18 Most authors
have found the TFCC to be the most frequently in-
jured structure, with tears in 49% to 78%.1%-18 How-
ever, Mehta et al.!3 found scapholunate (SL) ligament
tears to be as frequent as 85%, which is far more than
the 32% to 54% SL tears found by others.'%!7 The lat-
ter found lunotriquetral (LT) ligament tears to be pres-
ent in only 15% to 16%.'%17 Furthermore, subchon-
dral hematomas and other chondral lesions have been
found in one-third of nonosteoporotic patients with
distal radial fractures.'®

A

FIGURE 14.6. Subchondral hematoma may cause osteoarthrosis.
A. A radiocarpal arthroscopic view of a subchondral hematoma
(without a macroscopic cartilage destruction) in the scaphoid facet of
the radius in a right wrist (dorsal aspect to the right). The scaphoid
is seen above, the radial styloid area at the far end and the slightly
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Chondral Lesions

Acute chondral lesions vary from subchondral hema-
tomas (Figure 14.6A), with or without cracks in the car-
tilage, to avulsed cartilage flakes (Figure 14.7A), and
complete avulsions of the cartilage (Figure 14.6B). They
have been found in 19% to 33% of dislocated fractures
in nonosteoporotic patients.'31¢ This is important, as
subchondral hematoma leads to early onset of mild, ra-
diographic osteoarthrosis (OA).33 There is no treatment
available today for these lesions, but they might ex-
plain the development of OA in extra-articular frac-
tures that have been documented in the literature.?
Most important, together with the associated ligament
injuries, they reflect the complexity of distal radial frac-
tures, especially in the nonosteoporotic population.2°

Triangular Fibrocartilage Complex
(TFCC) Injuries

The TFCC is a very complex structure supporting the
DRU joint and the ulnocarpal joint. I suggest that we
describe tears in this area as central perforation tears,
tears of the ulnoradial ligament, or tears of the ulno-
carpal ligament. This would facilitate the functional
understanding of the different tears, namely as repre-
senting possibly destabilizing tears of the DRU joint
or not.2°

CENTRAL PERFORATION TEARS

These tears are located parallel to the sigmoid notch
of the radius with a 2 mm rim of membranous sub-
stance left between the sigmoid notch and the perfo-
ration (Figure 14.8). Central perforation tears are sta-
ble and can be debrided with a suction punch. Care
should be taken not to be too aggressive, thus jeop-

diagonal palmar radiocarpal ligaments at the palmar end of the joint
surface. B. This arthroscopic view shows a complete avulsion of the
cartilage from the scaphoid. The remaining cartilage is seen to the

right.
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B C
FIGURE 14.7. Tears of the ulnoradial ligament cause clinical in-
stability of the DRU joint. A. An arthroscopic view of a dorsal
ulnar avulsion tear of the ulnoradial ligament (the transverse, pe-
ripheral part of the TFCC; dorsum of the right wrist to the right).
The lunate is above with a chondral flake hanging down. The dor-
soulnar peripheral tear creates a rough longitudinal line from the
lunate facet of the radius below going all the way towards the ul-
nar styloid, which is not visible arthroscopically. The synovium
is imbedded in a hematoma to the right with a cloud of blood
over the central disk. B. A schematic drawing shows the posi-

ardizing the stability by debriding the important pal-
mar and dorsal ulnoradial ligaments. The edges are
then smoothed with a motorized shaver.

TEARS OF THE ULNORADIAL LIGAMENT

These can be either avulsion tears from the insertion
of the dorsal and palmar edge of the sigmoid notch of
the radius or ulnar avulsion tears (Figure 14.7). They
can sometimes be hidden behind a capsular blood clot
(Figure 14.7). The area should be debrided with the
shaver to be able to fully examine the ulnoradial lig-
ament. These tears are associated with late clinical in-
stability of the DRU joint*? and worse outcome.2324
Consequently, they should be repaired.
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tion of the arthroscope when examining the dorsoulnar aspect of
the radiocarpal joint. The sagittal line A1-A2 and transverse line
B1-B2 indicate the cross-sections in C. C. These drawings sug-
gest a pathoanatomical continuation of the arthroscopically dem-
onstrated peripheral avulsion tear. The sagittal (left) section has
the dorsum to the right, the triquetrum above, and the ulnar head
below the dorsally avulsed ligament. The transverse (right) sec-
tion shows how the peripheral tear penetrates deep into the lig-
ament and probably injures the ligament’s insertion in the fovea
of the ulnar head.

Radial avulsion tears are often caused by dorsoul-
nar fracture fragments, but may be true avulsions from
the insertion site of the ulnoradial ligament. Frag-
ments should be anatomically restored in order to se-
cure bony congruity of the sigmoid notch and fixate
the ligament insertion. A true avulsion at the inser-
tion probably has to be reinserted, either with drill
holes through the radius3#3> or with a suture anchor.

An ulnar avulsion tear is either repaired with 2 or
3 2-0 absorbable (PDS) sutures through the dorsoulnar
capsule and extensor carpi ulnaris (ECU) tendon
sheath3°-3 or through drill holes of the distal ulna.
The repair is protected from supination and pronation
for 4 weeks, followed by 2 to 4 weeks in a short-arm
cast or VersaWrist splint as suggested by Corso et al.*?



CHAPTER 14: MANAGEMENT OF DISTAL RADIAL FRACTURES

FIGURE 14.8. Central perforations in the articular disk are stable.
Radiocarpal arthroscopy here shows a stable central perforation tear
in the central articular disk of the TFCC (dorsum of the wrist to
the right). The lunate facet of the radius is in the foreground with
the probe (1-mm thick) lifting the torn ligament about 2 mm from
its insertion in the sigmoid notch of the radius.

TEARS OF THE ULNOCARPAL LIGAMENT

These are rare.'® Treatment by a palmar open rein-
sertion technique may be considered.

DEGENERATIVE TEARS

Degenerative tears with different degrees of centrally
rounded holes and secondary cartilage afflictions on
the ulnar head and the lunate may be found together
with the fracture. Sometimes there may be acute tears
superimposed on the degenerative tears.!® The degen-
erative changes are probably best left alone, as they
most often have been asymptomatic prior to the frac-
ture. However, an acute component may need treat-
ment as recommended above.

Intercarpal Ligaments

Under arthroscopic vision, the different structures
are thoroughly examined with a probe, and stress
tests are done to fully define the ligament tears and
the degree of mobility. Registration is done follow-
ing a standardized protocol. The ligament injuries
are classified as partial or complete tears of the ra-
diocarpal joint (Figure 14.9A). The SL ligament is
examined in its dorsal, membranous, and palmar
portions. In the midcarpal joint, the joint space is
examined regarding diastasis and step-off, by means
of a probe with a known thickness (e.g., 1 mm) and
tip length (e.g., 2 mm) as a reference (Figure 14.9B).
The widening and the step-off reflect the degree of
mobility, which is not necessarily a pathological
laxity, in the afflicted intercarpal joint. Thus, a
grading of the intercarpal ligament mobility can be
made (Table 14.1).16
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B
FIGURE 14.9. Scapholunate ligament tears may develop radiographic
dissociation. A. Arthroscopic radiocarpal view of a complete scapho-
lunate tear showing the ligament avulsed from the proximal scaphoid
pole (the dorsum of the wrist is above). A fresh hematoma is seen be-
low, and the probe is lifting the avulsed ligament over the lunate.
B. The degree of mobility between the scaphoid and lunate can be
evaluated with midcarpal arthroscopy. The mobility correlates to the
severity of the ligament tear in the radiocarpal joint. Measurements
of step-off and diastasis made with a 1 mm probe having a tip length
of 2 mm (dorsum of the wrist is above), permit grading of the inter-
carpal ligament injury (Table 14.1).

SL LIGAMENT TEARS

SL ligament injury grade 1-2 (Table 14.1) seems to be
a stable injury without the development of radio-
graphic SL dissociation.3® These tears are probably
best treated with just the immobilization needed by

TABLE 14.1. Classification System for Interosseous SL and
LT Ligament Injuries and Mobility of the Joints.1¢

Midcarpal
arthroscopy
Radiocarpal arthroscopy Diastasis Step-off
Grade Ligament appearance (mm) (mm)
1 Hematoma 0 0
2 As above and/or partial tear 0-1 <2
3 Partial or complete tear 12 <2
4 Complete tear > 9, > 9

Source: Reprinted from Lindau, Arner, and Hagberg!®, with permission.
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the fracture. Debridement in the membranous portion
may be necessary in some cases.*! Currently, we do
not have any data that support the proposed treatment
to pin these moderate (grade 2) tears, as suggested by
Geissler.10

SL ligament injury grade 3 (Table 14.1) may be par-
tially unstable, leading to radiographic SL dissociation
already after 1 year.33 I recommend reduction of the
diastasis and step-off seen in the midcarpal joint
and percutaneous pinning of the SL and SC joints
(Figure 14.1).

SL ligament injury grade 4 (Table 14.1) seems to
be unstable especially if the scaphoid is flexed.334!
Multiple percutaneous pins*? or, preferably, an open
repair is indicated, securing both the insertion of the
intercarpal ligament and the dorsal capsule with the
extrinsic ligament.1041

LT LiGAMENT TEARS

LT ligament injury grade 1-3 (Table 14.1; Figure 14.10)
seems to be a stable injury, but may need debridement.

FIGURE 14.10. LT ligament tears develop radiographic dissociation
less often. A. Radiocarpal arthroscopy reveals an avulsion of the
LT ligament from the lunate. The rough undersurface is shown un-
der the avulsed ligament. B. Midcarpal arthroscopy permits as-
sessment of the diastasis and step-off between the lunate and the
triquetrum, hereby grading the tear (the dorsum of the wrist is up).

TOMMY LINDAU

LT ligament injury grade 4 (Table 14.1) is an un-
stable injury, especially if the lunate is flexed.*! An
open dorsal capsulodesis with suture anchors com-
bined with pinning of the LT joint should be consid-
ered.1041

Results of Treatment of Injuries Associated
with Distal Radial Fractures

We have found SL mobility grade 3 in 14% and LT
mobility grade 3 in 6%.1¢ No case of grade 4 mobil-
ity was found. Preliminary data show that SL mobil-
ity grade 3-4 has an increased risk of developing ra-
diographic SL dissociation already after 1 year.33
However, there are no clinical results available re-
garding treatment of intercarpal ligament injuries as-
sociated with distal radial fractures. Hence, the rec-
ommendations given are based upon what is currently
known about these conditions. Keep in mind, though,
that there are still no randomized studies that support
surgical treatment regarding these associated injuries,
and that surgery itself adds trauma and possible mor-
bidity. Further randomized studies are needed before
advocating treatment algorithms for these injuries.
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Fixation of Acute and Selected
Nonunion Scaphoid Fractures
Joseph F. Slade III, Greg A. Merrell, and William B. Geissler

echniques in fracture treatment are evolving
I toward the use of indirect reduction and per-
cutaneous fixation. Several studies have con-
firmed that scaphoid fractures can also be treated with
percutaneous fixation, achieving high rates of union
and promising functional outcomes.! Scaphoid frac-
tures frequently have associated ligamentous injuries
that can lead to long-term pain and dysfunction if un-
diagnosed or untreated. Arthroscopy provides a pow-
erful tool to diagnose and treat these associated in-
juries. Additionally, it can assist in determining the
adequacy of fracture reduction. Lastly, arthroscopy is
useful in grading scaphoid fractures and nonunions.
This chapter describes our technique treatment of
scaphoid fracture and its associated injuries.

INDICATIONS

The indications for arthroscopically assisted repair of
scaphoid fractures and nonunions are similar to the in-
dications for open repair, as long as treatment goals can
be accomplished. Small joint arthroscopy is used in tan-
dem with mini-fluoroscopic imaging to evaluate and
treat scaphoid fractures, ligament injuries, and fracture
nonunions. These tools allow for traditionally open
techniques to be adapted to minimally invasive proce-
dures, sparing uninjured soft tissue such as stabilizing
ligaments (i.e., scapholunate ligament) and the tenuous
blood supply necessary for carpal and ligament healing
(Figure 15.1A). Indications for treatment of scaphoid in-
juries have evolved since the successful adaptation of
these minimally invasive procedures. These techniques
have permitted effective treatment of scaphoid frac-
tures and selected nonunions with a high union rate
and minimal complications.!® The indication for
arthroscopically assisted treatment of scaphoid injuries
can be divided into absolute and relative indications
and contraindications (Table 15.1).

CLASSIFICATION AND
PREOPERATIVE EVALUATION

The goal of a classification system is to permit accu-
rate communication of an injury and evaluation of
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treatment methods. To this end there exist a variety
of scaphoid fracture classifications, which do provide
a reasonable description of the injury but have been
less valuable as tools for evaluation of the efficacy of
treatment. Fractures have been classified by anatomic
location or direction of the fracture plane.* However,
the most widely used classification is the Herbert clas-
sification, which attempts to classify fractures ac-
cording to their stability.>¢ This classification also
attempts to classify scaphoid nonunions, but is not
detailed enough to be a valuable tool in evaluating
treatment results. The causes of treatment failure
are multifactorial; among these are included the
scaphoid’s tenuous blood supply and fracture stabil-
ity.” Unfortunately, standard radiographs are poor
tools for effectively evaluating bone stability, dis-
placement, viability, and healing potential.® Previous
classification systems relied on standard radiographs
and did not take into account the arsenal of diagnos-
tic modalities presently available, including comput-
erized tomography (CT); magnetic resonance imaging
(MRI); and dynamic imaging with mini-fluoroscopy,
arthroscopy, and bone biopsy to direct treatment.
Proximal scaphoid fractures are at risk for avascular
necrosis. Fracture location can suggest bone viability,
but MRI and bone biopsy will provide more accurate
assessment. Oblique fractures of the scaphoid have
been reported to be unstable, and it is difficult to pro-
vide rigid fixation. Correct knowledge of the fracture
plane can be important, but standard radiographs are
limited. Computerized tomography of the scaphoid
fracture will provide better information on fracture
plane and displacement.

Utilizing the above tools, fractures are graded
using location and a modification of the Herbert
scaphoid fracture classification system.>® Ligament
injuries are graded using the Geissler classification
system.” Slade and Geissler developed a classification
scheme for management of scaphoid nonunions in
Table 15.2. Failed scaphoid healing is defined as failed
union by 3 months. Using CT, the gold standard for
determining scaphoid union, some authors have de-
termined average scaphoid healing to occur between
3 and 4 months.® If union has not occurred by this
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TABLE 15.1. Indications for Treatment.

Absolute indications

Displaced scaphoid fractures
Fractures of the proximal pole
Fractures with delayed presentation
Scaphoid fractures with fibrous unions without displacement
Nondisplaced scaphoid nonunions with minimal sclerosis
Combined injuries including scaphoid fractures

Distal radius

Other carpal bones (i.e., capitate fracture)

Ligament injuries (i.e., transscaphoid dorsal perilunate

dislocation)
Polytrauma

Relative indications

Stable scaphoid fractures
Patients desiring early return to work or avocation

Contraindications

Scaphoid nonunions with severe cystic sclerotic changes and
deformity

Pseudoarthrosis

Avascular necrosis

Nondisplaced pediatric injuries (distal pole)

FIGURE 15.1. A. Arthroscope able
to be passed through a scaph-
olunate tear. B. Evidence of bone
bleeding from a proximal pole.

time with conservative treatment, then surgical repair
is recommended. If signs of failed union present ear-
lier, intervention is warranted.

Scaphoid fractures presenting after one month for
treatment have a poorer outcome with immobiliza-
tion alone than those presenting earlier and should be
treated with rigid fixation alone (Grade I).1°

Fibrous unions appear solidly healed, but insuffi-
cient remodeling has occurred to resist the stresses of
bending and torque (Grade II). Barton explored these
fibrous unions, found solid union between the frac-
ture fragments, and determined that healing had oc-
curred. On follow-up, only half proceeded to union.!!
Shah, encountering a similar group of fibrous unions,
stabilized them with a compression screw without a
bone graft. These all went on to heal.!? Fibrous
scaphoid unions require only rigid fixation to prevent
micromotion and to permit bone healing.

Correctly aligned scaphoid nonunions with mini-
mal fracture sclerosis suggest micromotion and early
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TABLE 15.2. Treatment Classification System for Scaphoid
Nonunion.

I Scaphoid fractures with delayed presentation for
treatment: 4 weeks-12 weeks

I Fibrous union: minimal fracture line at nonunion
interface, no cyst or sclerosis

111 Minimal sclerosis: bone resorption at nonunion
interface less than lmm

v Cystic formation and sclerosis: bone resorption at

nonunion interface greater than 1 mm but less than
5 mm, cyst, no deformity of lateral radiographs

v Deformity and/or pseudoarthrosis: bone resorption at
nonunion interface greater than 5 mm, cyst, fragment
motion, deformity on lateral radiographs

VI Wrist arthrosis: scaphoid nonunion with radiocarpal
and/or midcarpal arthrosis

Special circumstances

PP Proximal pole nonunion. The proximal pole of the scaphoid
has a tenuous blood supply and a mechanical disadvantage,
which places it at greater risk of delayed or failed union. Be-
cause of these difficulties, this injury requires aggressive treat-
ment to ensure successful healing.

AVN Scaphoid nonunion with necrosis is suggested by MRI
demonstrating a decrease or absence of vascularity of one or
both poles. Bone biopsy can confirm necrosis. Intraoperative in-
spection of the scaphoid for punctate bleeding is considered
defintive.

LI Ligament injury is suggested by static and dynamic imaging
of the carpal bones. Arthroscopy is the most sensitive tool for
detecting carpal ligament injury.

resorption at the fracture site (Grade III). Small sec-
tions of bone may undergo reabsorption, making the
fracture gap larger and reducing the overall strain. With
gaps less than 1 mm in a stable fracture, healing can
proceed across the gap. These nonunions require rigid
fixation to achieve union. Wozasek and Ledoux sepa-
rately reported on nonunions without necrosis or
severe sclerosis that healed with rigid fixation with-
out open bone grafting.!314 Cosio reported stabiliz-
ing nonunions with multiple Kirschner wires and
achieved solid union in 80% of patients without open
repair and bone graft.!> A CT scan should confirm that
the nonunion front represents only a minimal sclerotic
line (less than 1 mm) and is in correct alignment.
Scaphoid nonunions with cystic changes at the
fracture represent extensive resorption and nonviable
tissue at the fracture site (Grade IV). These nonunions
present with sclerotic zones between 1 and 5 mm. Fix-
ation alone of these nonunions offers little success for
healing. The large zones of devitalized tissue and the
extent of fracture gap are too great a challenge for the
local Haversion osteoclast-osteoblast repair system.
Minimally, these nonunions require debridement,
bone grafting, and rigid fixation. MR imaging should
be considered if bone viability of these fracture frag-
ments is of question. CT is required to define the ex-
tent of local destruction and confirm correct structural
alignment. Both curettage and bone grafting can be ac-
complished through an arthroscopic portal.
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Scaphoid nonunions with pseudoarthrosis and/or
deformity require extensive debridement and struc-
tural bone grafting for mechanical support (Grade V).
These nonunions have extensive bone resorption at
the nonunion interface, which is usually greater than
5 mm with large cysts. A flexion deformity is seen on
lateral radiographs. These nonunions will require cor-
rection of the deformity, interposition of a cortical-
cancellous bone graft, and rigid fixation. Arthroscopy
will provide valuable information of early signs of
arthrosis.

Scaphoid nonunion with wrist arthrosis is a result
of dysfunctional carpal motion (Grade VI). Early de-
generative changes to the carpus permit the repair of
the scaphoid nonunion and treatment of the local
arthritis (i.e., radial styloidectomy). Extensive degen-
erative arthrosis with carpal collapse advances the
treatment from fracture repair to wrist salvage proce-
dures, depending on the extent of the arthritis.

Difficult Circumstances

The following circumstances increase the difficulty in
achieving successful bone union. These include com-
promised vascularity and fracture instability due to
ligament injuries or inadequate fixation of certain frac-
tures and nonunions.

Proximal pole fractures are the most challenging
of all scaphoid injuries, and treatment becomes greatly
complicated when treatment results in nonunion.
First, the blood supply becomes increasingly compro-
mised the closer the fracture is to the proximal pole.
Second, the smaller the fracture fragment the greater
the bending forces from the distal scaphoid, which act
at the fracture site to produce displacement. Proximal
pole fractures should be aggressively fixed to avoid the
difficulties of nonunion. Once the native bone of the
proximal pole becomes replaced with osteopenic bone
or reparative tissue, the challenge to achieve solid
union greatly increases.

The presence of avascular necrosis of the scaphoid
has been associated with a significant decrease in
union rate.”!2 Fracture necrosis can be difficult to de-
fine, but the gold standard remains the MRI.1¢ Green
evaluated avascular necrosis by direct, open inspec-
tion of the nonunion site for punctate bleeding at the
time of surgery.!” Slade has adapted this exam arthro-
scopically, limiting unnecessary vascular disruption.
The proximal pole of the scaphoid is first reamed. The
arthroscope is inserted into the base of the scaphoid
in the previously drilled bone tract. The tourniquet is
deflated, and the cancellous bone is inspected for
punctate bleeding (Figure 15.1B). The presence or
absence of bleeding bone is recorded, as is the time
required for appearance.'® Revascularization will of-
ten proceed with acute fractures if they are rigidly
fixed. Nonunions with a large zone of devitalized
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bone are best treated with a vascular bone bridge. Vas-
cularized bone grafts have increased the union rate
and decreased the union time.!” The introduction of
a freshly harvested vascularized pedicle graft serves
two purposes. First, the distance required for revas-
cularization is greatly reduced, and second, the stiff-
ness of this new bone as a cortical cancellous graft
with the appropriate fixation may provide the stable
mechanical construct required for bone healing and
revascularization to proceed. This will salvage the
wrist from arthrosis, but the trade-off will be limited
wrist function.

Ligament injuries associated with scaphoid frac-
tures and nonunion must be identified. Biomechani-
cal studies suggest that torn ligaments result in carpal
instability. Cooney reported that scaphoid union was
much reduced in the presence of a collapsed scaphoid
nonunion with dorsal carpal instability. He docu-
mented a 35% failure rate following bone grafting
for unstable or displaced scaphoid nonunions.20:2!
Both injuries require evaluation and treatment. Ar-
throscopic examination of scaphoid fractures and
nonunions aids us in staging for defining, identifying,
and treating ligament injuries. During arthroscopy,
carpal ligament injuries are graded using the Geissler
grading system.” This system standardizes arthro-
scopic observation of injuries of the intracarpal liga-
ments. With a grade I lesion, attenuation of an inter-
osseous ligament is seen with the arthroscope placed
in the radiocarpal portal. There is no incongruency be-
tween the carpal bones with the arthroscope in the
midcarpal portal. With a grade II lesion, there is at-
tenuation of the interosseous ligament at the radio-
carpal space and an incongruency between the carpal
bones when viewed from the midcarpal portal. In grade
IIT lesions, a separation between the carpal bones is
evident from both the radiocarpal and the midcarpal
portals. A small joint probe can be passed between the
carpal bones, but a 2.7-mm arthroscope cannot be
passed. With a grade IV lesion, gapping is sufficient to
permit a 2.7-mm arthroscope to be passed between the
carpal bones. The arthroscopic findings of increasing
carpal gapping correlate with carpal separation as mea-
sured on the posteroanterior radiograph. Grade 1II le-
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sions, which are partial tears, have a measured gap-
ping between 2 and 3 mm. Grade III lesions, complete
tears, measure between 3 and 4 mm, and Grade IV le-
sions are between 5 and 6 mm. Grade IV lesions also
demonstrate lateral scapholunate angle greater than
75 degrees. Injuries graded II and III are debrided, re-
duced and pinned, and loose ligaments are treated with
capsular shrinkage. Grade IV injuries are treated sim-
ilarly, except a small dorsal incision is made and a re-
pair with bone anchors of the dorsal scapholunate in-
terrosseus ligament is performed. The decision to add
a dorsal capsulardesis is determined by the degree of
instability at the time of repair.

SURGICAL TECHNIQUE

This technique involves the placement of a 0.045-inch
guidewire from dorsal to volar along the central axis
of a reduced scaphoid fracture or nonunion. The place-
ment of this guidewire and fracture reduction are both
fluoroscopically and arthroscopically confirmed. A
headless, cannulated compression screw provides rigid
fixation and is introduced into the dorsal wrist
through a percutaneous incision (Figure 15.2).

Imaging

The injured wrist is imaged with a mini-fluoroscope
to identify fracture displacement and ligament injury.
At the completion of this survey, the central scaphoid
axis is identified. The central axis of the scaphoid is
visualized using fluoroscopic imaging. Obtain a pos-
teroanterior view of the wrist. Next, pronate the wrist
until the scaphoid becomes a cylinder. This position
aligns the proximal and distal poles of the scaphoid.
Now flex the wrist 45 degrees, and the scaphoid will
be flexed 90 degrees and parallel to the imaging beam.
The scaphoid should appear as a circle, and the cen-
ter of the circle is the central axis of the scaphoid and
the exact position for placement of the guidewire. If
the scaphoid axis is difficult to image, the central axis
can be marked using a Kirschner wire. Using a pos-
teroanterior view of the wrist, locate the distal

FIGURE 15.2. A, B. The key to
the technique is the percutaneous
placement of a guidewire along
the central axis of a scaphoid. C.
Scaphoid fracture is repaired via a
dorsal percutaneous technique
using a standard Acutrak screw.
The fixation device is a headless
cannulated compression screw
implanted through the proximal
pole.
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scaphoid pole. Place a Kirschner wire into the distal
scaphoid pole to the point of central axis. Pronating
and flexing the wrist will place the tip of the wire in
the center of the circle (Figure 15.3A—C). This will di-
rect the placement of the central axis guidewire. If a

mini-fluoroscope is not available, the same image can
be obtained using a standard fluoroscope. In this case,
the patient should be positioned in the supine posi-
tion with the arm and elbow extended. The standard
fluoroscopy unit is oriented vertically, with the re-

FIGURE 15.3. The elbow is flexed, and the imaging
beam is perpendicular to the wrist. A. A
posteroanterior view of the wrist radiograph and
picture is demonstrated. B. Using fluoroscopy, pronate
the wrist until the scaphoid poles are aligned and the
scaphoid is viewed as a cylinder. C. Now, flex the
wrist until the scaphoid cylinder appears as a circle.
The central axis of the scaphoid is now in the
imaging beam and is the center of the scaphoid circle.
D. In an alternative technique, a pin is placed in the
center of the distal pole of the scaphoid under fluoro-
scopic control. E. The guide pin for the cannulated
screw is then placed in the proximal pole of the
scaphoid and is aimed toward the distal pin. F. The
guide pin may be placed in the horizontal position
only if a large fluoroscopic unit is available. To obtain
the cylinder, the wrist is flexed 45 degrees on a bump
and pronated.
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ceiving plate horizontal to the floor. A roll is placed
under the wrist, flexing the wrist 45 degrees effectively
flexes the scaphoid 90 degrees. Simply pronating the
flexed wrist in the imaging beam will align the
scaphoid pole and reveal the scaphoid central axis
(Figure 15.3D-F).

Dorsal Wire Placement

The working distance between a mini-fluoroscopy
unit’s emission and receiving heads is approximately
14 inches. This limited distance can restrict the tar-
geting of the scaphoid. A double-cut 0.045-inch guide-
wire is introduced percutaneously at the base of the
proximal scaphoid pole using the drill guide impro-
vised from a 14-gauge needle. With the central axis of
the scaphoid imaged, the 14-gauge needle is inserted
onto the scaphoid proximal pole (Figure 15.4A). The
wrist can then be removed from the imaging field and
the guidewire introduced through the needle and
driven in approximately 1 cm. The position and di-
rection of the wire can be checked and adjusted as
needed. If multiple incorrect passes are made, estab-
lishing the correct path can be difficult using a 0.045
wire. A stouter 0.062 wire, with its increased stiffness,
can be used to establish the correct track. Once the
correct path is established, the 0.062 wire can be ex-
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changed for the 0.045 guidewire. With the wrist flexed,
the wire is driven in a dorsal to volar direction. The
wire passes through the trapezium and exits the wrist
from the radial thumb border. The central axis of the
scaphoid passes through the trapezium. The radial
thumb border is a safe zone devoid of neurovascular
structures. The wire is then withdrawn until the wrist
can be extended without bending the wire (Figure
15.4B). Once the wrist is fully extended, both the po-
sition of the wire and the alignment of the scaphoid
can be carefully inspected with imaging. Unstable
fractures and nonunions require a second parallel wire.
Unstable fractures require the stiffness of the addi-
tional wire to prevent bending and rotational defor-
mity during reaming and screw placement. Scaphoid
nonunions require stabilization so the central axis can
be reamed without loss of alignment.

Small Joint Arthroscopy

After positioning the guidewire and confirming frac-
ture alignment by fluoroscopy, an arthroscopic survey
is performed. The goal of arthroscopy here is to iden-
tify and treat ligament injuries, reduce and stabilize
articular joint incongruities, and directly inspect the
quality of the reduction in acute fractures. As in acute
injuries, arthroscopy is used to identify and treat lig-

FIGURE 15.4. A. 12- or 14-gauge needle can be used as an impro-
vised drill guide for the 0.045-inch guidewire. After imaging identi-
fies the central axis, the needle is inserted in the scaphoid proximal
pole. The wrist can then be removed from the imaging field and the
guidewire introduced through the needle and driven approximately
1 cm. Using fluoroscopy, the position and direction of the wire can
be checked and adjusted as it is driven in a dorsal to volar direction.

It is critical that the wrist be maintained in a flexed position until
the distal end of the wire clears the radiocarpal joint to avoid bend-
ing the guidewire. B. The wire is withdrawn from the thumb base
until the wrist can be extended and mini-fluoroscopy can be used
to confirm the guidewire position along the central axis of scaphoid
and fracture reduction.
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ament and articular injury in scaphoid nonunions. In
addition, the fracture site is inspected arthroscopically
for evidence of healing, and the articular surface for
evidence of degenerative changes.

With the patient in the supine position, the arm is
exsanguinated, the elbow is flexed, and the wrist is po-
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sitioned upright in a spring-scale-driven traction tower.
Twelve pounds of traction is distributed via four finger
traps to reduce the possibility of a traction injury. A
fluoroscopy unit is placed horizontal to the floor and
perpendicular to the wrist as the radiocarpal and mid-
carpal joint are identified with imaging (Figure 15.5A,B).

G

FIGURE 15.5. The goal of arthroscopy is to identify and treat liga-
ment injuries, reduce and stabilize articular joint incongruities, and
in acute fractures, to inspect the quality of the reduction directly.
A. The arthroscope is placed in the radial midcarpal row. While large
fracture displacements can be detected with fluoroscopy, smaller
malalignments could easily be missed. B. An arthroscopic radial mid-
carpal view, from left to right: displaced scaphoid fracture, minimal
displacement of scaphoid, and reduced proximal pole fracture with
avulsion of the dorsal lunate. Ligament tears with carpal fractures
are not uncommon. C. Another radial midcarpal view shows two
tears of scapholunate interosseous ligament. On the left is a grade
IV tear that will permit passage of a small-joint arthroscope. On the

right is a grade III tear that permits the passage of a 2-mm probe.
Small tears and flaps with stable joints are debrided back to a sta-
ble rim (I, I). D. Partial tears with instability are reduced and pinned
(I, II). Complete unstable tears (IV) are open-repaired. E. Arthro-
scopy is used to confirm complete seating of headless screw. F. Small-
joint arthroscopy permits the determination of the viability of the
proximal scaphoid pole without risking further vascular injury from
an open exploration. A small-joint angled arthroscope can be intro-
duced into the reaming portal. Using fluoroscopy, its position is
guided to the scaphoid base. G. With the arthroscope seated in the
scaphoid proximal pole and the tourniquet deflated; punctate bleed-
ing will soon appear if the bone is viable.
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19-gauge needles are introduced into the wrist joint
to identify the radiocarpal and midcarpal portals. This
maneuver limits iatrogenic injury to the joint, which
can result from multiple attempts to introduce a
blunt trocar blindly. Once the portals have been suc-
cessfully located and marked, the imaging unit is re-
moved and the skin alone incised. A small, curved
blunt hemostat is used to separate the soft tissue and
enter the wrist joint. A blunt trocar is placed at the
radial midcarpal portal, and a small-joint angled
arthroscope is introduced. Additional 19-gauge nee-
dles are inserted to establish outflow. A probe is in-
troduced at the ulnar midcarpal portal, and the com-
petency of the carpal ligaments is evaluated by
directly stressing their attachments to detect partial
and complete tears. The probe is also placed in the 3-
4 portal, immediately proximal to the radial mid-
carpal portal. With fluoroscopy, the sulcus, which de-
fines the scapholunate ligament, can be identified and
probed. With partial tears, the probe will be visual-
ized by the arthroscope in the midcarpal portal as it
passes from the radiocarpal joint into the midcarpal
joint through a tear in the SLIO (scapholunate inter-
osseous) ligament. Any carpal ligament injuries de-
tected are graded using the Geissler grading system
(Figure 15.5C). Grade I and II ligament injuries are
treated with debridement and shrinkage alone. Grade
III injuries are treated with debridement, and after
fracture repair, carpal pinning for 6 weeks (Figure
15.5D,E). Grade IV ligament injuries require open re-
pair of the dorsal SLIO ligament with bone anchors
and carpal pinning. The need for the addition of a dor-
sal capsulardesis tether is determined by the quality
of the acute repair after scaphoid fixation. Tears of

FIGURE 15.6. The central axis wire is withdrawn volarly across
the fracture site. A. Stout joy sticks, constructed from 0.062
guidewires, are placed percutaneously, dorsally, and perpendicularly
into the fracture fragments. B. Reduction is achieved using the joy
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the triangular fibrocartilage complex are classified us-
ing the Palmer classification, and treated.??

Green felt that scaphoid bone viability was best de-
termined at surgery. The scaphoid was directly in-
spected for punctate bleeding from the proximal
scaphoid pole. Avascular necrosis was suspected with
the absence of punctate bleeding from the proximal
pole.!” Green’s scaphoid bone viability test can be per-
formed arthroscopically, limiting unnecessary vascu-
lar and soft tissue injury. Using the central axis
guidewire only, the proximal pole of the scaphoid is
reamed. The wire is withdrawn to the fracture site,
and the small-joint arthroscope is inserted into the
base of the scaphoid in the previously reamed bone
tract. The tourniquet is deflated, and the cancellous
bone is inspected for punctate bleeding (Figure
15.5F,G). Inflow irrigation is momentarily stopped,
while the time of the first appearance of bone bleed-
ing is recorded.

Correction of Scaphoid Malalignment

Fractures with displacement are reduced with joy
sticks fashioned from percutaneously inserted 0.062-
inch Kirschner wires placed dorsally in both fracture
fragments. Prior to reduction, the previously placed
central axis guidewire is withdrawn volarly across the
fracture site, and traction is removed. Often the ma-
jor deformity observed is a flexion deformity of the
fracture fragments. When the dorsal joy sticks are
brought together, the flexion deformity of the
scaphoid is corrected (Figure 15.6A). These maneuvers
can be monitored using either lateral fluoroscopy
and/or arthroscopy. With acute injury, it is enough to

sticks, and fracture alignment is maintained while the volar
guidewire is driven from the distal pole into the proximal scaphoid
pole, capturing and securing reduction. A difficult fracture can be
reduced with a small curved hemostat introduced percutaneously.
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reduce the fracture to reestablish normal scaphoid
length. This is because there is no loss of volar bone
cortex because the volar scaphoid fails in tension with
hyperextension injuries. Impacted or severely dis-
placed fractures require the percutaneous insertion of
a small, curved hemostat into the fracture site to guide
fracture relocation (Figure 15.6B). The hemostat can
be introduced through a midcarpal or accessory por-
tal. While the joy sticks maintain reduction, the volar
guidewire is driven back proximally and dorsally into
the proximal pole to capture the reduction. These frac-
tures are often very unstable and require the place-
ment of a second parallel wire to resist the bending
forces and maintain alignment during reaming and
screw implantation. Fractures of the scaphoid waist
are most likely to result in a humpback deformity
from displacement due to forward flexion. Fractures
of the proximal pole are more inclined to displace in
a translational plane. These fractures are more in-
clined to displace with disruption of the radioscapho-
capitate ligament that crosses and supports the
scaphoid waist when uninjured. With fracture reduc-
tion secure, the central axis guidewire is adjusted to
ensure it is still positioned along the central axis.

Scaphoid Length and Screw Size

At the completion of arthroscopy, with fracture re-
duction and guidewire position confirmed, the screw
size must now be selected. To accomplish this, the
scaphoid length must be determined. The wrist is
flexed, and the guidewire at the base of the thumb is
driven dorsally. The wire is adjusted until the trailing
end is in the subchondral bone of the distal scaphoid
pole. A second wire of equal length is placed percuta-
neously at the proximal scaphoid pole and parallel to
the guidewire. The difference in length between the
trailing end of each wire is the scaphoid length. The
screw length selected should be 4 mm less than the
scaphoid length. This permits 2 mm of clearance of
the screw at each end of the scaphoid, thus ensuring
complete implantation without screw exposure (Fig-
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FIGURE 15.7. The wrist is flexed, and the guidewire is advanced
dorsally until the trailing end of the volar wire is level with the dis-
tal scaphoid cortex. Scaphoid length is determined by placing a sec-
ond guidewire at the base of the proximal scaphoid, next to the ex-
posed dorsal guidewire. The difference between these wires is the
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ure 15.7). The most common complication of percu-
taneous screw implantation is implantation of a screw
that is too long. This complication can be avoided by
selecting a screw length that provides for 2 mm of
clearance between the screw’s end and the proximal
and distal scaphoid cortex. The screw length selected
is 4 mm shorter than the scaphoid length. This per-
mits the complete implantation of a headless com-
pression screw in bone without exposure.

Now that the length of the screw has been deter-
mined, the width must be selected. The forces acting
on a scaphoid waist fracture are bending forces. If un-
treated, this results in a flexed and foreshortened
scaphoid. The scaphoid waist fracture can be imaged
as two cylinder blocks for the purpose of biomechan-
ical testing. To resist forward bending of these cylin-
ders, the widest possible rod is needed at the fracture
site. In selecting a screw type for scaphoid fracture fix-
ation, the most important feature will be the width of
the screw at the fracture site. A small increase in the
radius leads to a significant increase in strength. In
vitro cadaveric biomechanical studies have confirmed
that the widest screws provide the strongest fixation.
One concern about larger screws introduced dorsally
is the consequences of the resulting cartilage defect,
but these defects have been shown to heal over with
cartilage in time, without degenerative changes.

Percutaneous Bone Grafting

If a scaphoid fracture or nonunion requires bone graft-
ing, introduce a guidewire percutaneously into the
scaphoid’s proximal pole and drive the wire along the
central axis of correctly aligned scaphoid using fluo-
roscopy. As described earlier, determine the scaphoid’s
length. Next, introduce a second wire parallel to the
central axis wire to prevent scaphoid motion or trans-
lation at the fracture site. After introduction of this
second wire, maintain the wrist in a flexed position
and adjust the central axis wire so that its ends are
equally exposed between the dorsal wrist and radial
volar thumb. Incise the skin, and introduce the can-

screw 4 mm shorter than the scaphoid length. This will permit 2
mm of clearance of the screw at each end of the scaphoid and com-
plete implantation without screw exposure to cartilage.
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nulated driver percutaneously into the proximal
scaphoid along its central axis, using fluoroscopy to
monitor the level of reaming. Next, remove the reamer
and withdraw the central wire to the level of the frac-
ture site, and curette the nonunion site by introduc-
ing the curette via the dorsal drill hole into the
nonunion site. Using an 8-gauge bone biopsy needle,
harvest bone as cores from either the iliac crest or the
distal radius. Next, introduce the 8-gauge bone biopsy
cannula over the central axis guidewire into the
scaphoid proximal pole and again with the wire to the
fracture site. Through this cannula, introduce previ-
ously harvested cancellous bone plug until the bone
cavity on the radiolucent image has been replaced by
a radiopaque image of similar texture to that of the
surrounding bone (Figure 15.8).

Alternatively, Geissler devised a cannulated putty
pusher system (Acumed, Hillsboro, OR) for injection
of demineralized bone matrix or cancellous bone chips
for scaphoid nonunions (Figure 15.9). In this system,
a guidewire is placed down the center of the axis of
the scaphoid, and the bone is drilled. The cannulated
trocar is slid over the guidewire into the scaphoid
nonunion. The guidewire is removed, the demineral-
ized bone putty (Gens-Sci, Irving, CA) is injected into
the cannula, and the trocar pushes the putty into the
nonunion site. The guidewire is reinserted as the can-
nula is removed. The headless cannulated screw is
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then placed over the guidewire. This system may be
used for percutaneous injuries of demineralized bone
matrix in other fracture nonunions throughout the
body.

After the introduction of bone graft into the
scaphoid, advance the central axis guidewire and per-
form a second drilling prior to screw implantation. In-
serting the screw and advancing it into an unprepared
graft will force the graft toward the scaphoid cortex
and risk exploding out the outer scaphoid cortex. This
is avoided by reaming with a sharp drill prior to screw
implantation. Implant the headless cannulated screw
along the central scaphoid axis. If rigid fixation has
not been achieved with screw fixation alone, addi-
tional fixation is required. This can be achieved with
a 0.062-inch guidewire placed from the scaphoid into
the capitate. This will be used to temporarily block
midcarpal motion and reduce forces acting on the
scaphoid fracture site.

Rigid Fixation with Headless
Cannulated Screw

Once the scaphoid is correctly aligned and its length
has been determined, the guidewire is adjusted so that
its ends are equally exposed between the dorsal wrist
and volar radial thumb. This prevents the wire from
becoming dislodged during bone reaming and screw

FIGURE 15.8. A. Using a bone
biopsy needle, cancellous bone is
harvested from the iliac crest or
the distal radius. Using fluoro-
scopy, the nonunion site can be
debrided while maintaining the
fibrous envelope around the
scaphoid nonunion site.

B. Percutaneously introduce a
guidewire along the scaphoid
central axis. Hand drill the
scaphoid using a cannulated reamer
along the scaphoid central axis.
Withdraw the reamer and
introduce the curette into the
scaphoid to the level of the
nonunion site. C. Introduce an
8-gauge bone biopsy cannula over
the central axis guidewire into the
scaphoid proximal pole. Through
this cannula, introduce a
previously harvested cancellous
bone plug until the bone cavity
has been completely filled.
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FIGURE 15.9. A. The scaphoid is prepared with a hand reamer. B.
Fluoroscopy is used to check the position and depth of the drill. It
is critical not to ream beyond 2 mm of the opposite cortex. C. Flu-
oroscopy is used to confirm the correct position of the fixation de-
vice. If rigid fixation has not been achieved with screw fixation alone,
additional fixation is required. D. This can be achieved with a 0.062-

implantation. It is critical that the wrist maintains a
flexed position to prevent the wire from bending. Oth-
erwise, drilling and screw placement will be difficult.

Dorsal implantation of a headless compression
screw is recommended for scaphoid fractures of the
proximal pole and volar implantation for distal pole
fractures, as this permits maximum fracture com-
pression. Fractures of the waist may be fixed from a
dorsal or volar approach, as long as the screw is im-
planted along the central scaphoid axis. Blunt dissec-
tion along the guidewire exposes a tract to the dorsal
wrist capsule and scaphoid base. The scaphoid is pre-
pared by drilling a path 2 mm short of the opposite

inch guidewire placed from the scaphoid into the capitate. This will
be used to temporaily block midcarpal motion and reduce forces act-
ing on the scaphoid fracture site. In this panel the left picture is an
intraoperative photo, the middle photo shows partial healing at one
month, and at 2 months future healing has occurred and the mid-
carpal locking wire is removed to permit wrist rehabilitation.

scaphoid cortex with a cannulated hand drill. This
will permit the implantation of a headless compres-
sion screw completely within the scaphoid. It is crit-
ical to use fluoroscopy to check the position and
depth of the drill. Overdrilling the scaphoid reduces
fracture compression and increases the risk of motion
at the fracture site. A standard Acutrak screw is ad-
vanced under fluoroscopic guidance along the central
axis with the fracture surfaces firmly opposed to
within 1 to 2 mm of the opposite cortex. This pro-
vides excellent compression. If the screw is advanced
to the distal cortex, attempts to advance the screw
further will force the fracture fragments to gap and



CHAPTER 15: FIXATION OF ACUTE AND SELECTED NONUNION SCAPHOID FRACTURES

FIGURE 15.10. Cannulated putty pusher system designed by
Geissler to inject demineralized bone matrix percutaneously.

separate. With unstable fractures, a joy stick is left in
the distal scaphoid fragment for both reaming and
screw implantation. As the screw is implanted, a
counterforce is exerted through the joy stick, com-
pressing both fracture fragments and ensuring rigid
fixation (Figure 15.10).

With small proximal pole fractures or avulsions,
there is increasing difficulty in obtaining rigid fixation
with headless screw fixation. Having fewer than four
screw threads crossing the fracture site leads to a rapid
drop-off in pull-out strength.2* There is also a possi-
ble risk of fragmentation with standard screw im-
plantation; under these circumstances a smaller screw
should be considered, and the wrist protected. With
avulsion injuries, consideration should be given to fix-
ation by temporarily sandwiching the avulsed fracture
fragment between the distal scaphoid and lunate with
a headless compression screw. This screw will be re-
moved when CT scan confirms healing.

Unstable fractures may not achieve rigid fixation
with screw implantation alone, and other temporary
constructs may be required. Flexion forces act on the
distal scaphoid and extension forces act on the proxi-
mal scaphoid through the proximal carpal row.?°
These forces can be balanced by the placement of a
0.062-inch wire from the scaphoid into the capitate.
This temporarily blocks midcarpal motion and re-
duces forces acting on the scaphoid fracture site (Fig-
ure 15.9C,D).

Distal scaphoid fractures require the volar im-
plantation of the screw for maximum compression.
Guidewire placement and length determination are
accomplished in a manner identical to the dorsal
technique, except that the central axis carries the
guidewire through the trapezium. To prepare the
scaphoid for screw placement, both the trapezium and
scaphoid are reamed with the cannulated hand drill;
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this ensures that the screw is implanted along the
central scaphoid axis. This violation of the scapho-
trapezial joint is minimal. The remainder of the tech-
nique is identical to the dorsal procedure, including
screw selection, drilling, and implantation. This volar
technique differs from other volar techniques that ad-
vocate eccentric screw placement. After screw place-
ment, the guidewire is removed, and wrist fluoroscopy
confirms screw position, fracture reduction, and rigid
fixation. Arthroscopy at this time can also confirm re-
duction and complete seating of the screw.

Key Points on Arthroscopic Scaphoid Fixation
via a Dorsal Percutaneous Approach

1. Scaphoid fractures and nonunions can be evalu-
ated and graded using imaging (e.g., radiographs,
CT, MRI), arthroscopy, and bone biopsy.

2. The central axis of the scaphoid is the key posi-
tion for the placement of a guidewire in a reduced
scaphoid.

3. To identify the central scaphoid axis, the wrist is
pronated and flexed until the scaphoid is seen as
a circle. The center of the circle is the target point
for insertion of the guidewire into the proximal
pole of the scaphoid.

4. The guidewire is driven in a dorsal to volar di-
rection, so that the wire exits at the radial base of
the thumb.

5. The reduction of the fracture and positioning of
the guidewire in the scaphoid are accomplished
using mini-fluoroscopy and arthroscopy.

6. Arthroscopy permits the detection, grading, and
treatment of carpal bone and ligament injuries.
7.Screw length is determined using two identical
parallel wires. The difference in length between
these wires is the length of the scaphoid. The
screw length is 4 mm shorter than this calculated

scaphoid length.

8. Stop reaming 2 mm from the distal cortex of the
scaphoid.

9.Implant the screw in the scaphoid at the level to
which the scaphoid has been drilled.

10. Rigid fixation may require additional implants.

POSTOPERATIVE CARE

Immediate postoperative care includes a bulky com-
pressive hand dressing and splint. Pain control is man-
aged with narcotics, nonsteroidal antiinflammatory
medications, and elevation. The use of thermal cooler
pads appears to reduce the need for pain medications.
Early finger exercises are encouraged to reduce swelling.
The therapist fashions a removable volar splint that
holds the wrist and hand in a functional position at
the first postoperative visit. All patients are started on
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a strengthening program. Axially loading the fracture
site now secured with an intramedullary screw stim-
ulates healing. Postoperative radiographs are obtained
at the first postoperative visit and at 6-week intervals.
When fracture healing is suspected, usually at 4 to 6
weeks postoperatively, a CT scan of the scaphoid with
1-mm cuts (PA and lateral) is obtained to evaluate frac-
ture healing. This is repeated every 6 weeks until fi-
nal union is established. Bridging bone at the fracture
site on CT or standard radiographs signifies fracture
healing. It is important to understand that patients are
often pain free prior to CT evidence of healing. Con-
tact sports and heavy labor are restricted until frac-
ture healing is confirmed by CT. Fractures of the wrist
without complete ligament injuries are started on an
immediate range of motion protocol, while proximal
pole fractures are protected for one month prior to
initiation of therapy. We do not routinely cast our
scaphoid fractures postoperatively, but candidates for
additional protection are evaluated on a case-by-case
basis. The postoperative care of scaphoid nonunions
is sometimes different from that of acute fractures.
For nonunions of the scaphoid wrist, rigid fixation can
often be achieved using a stout intramedullary device
without additional immobilization. Proximal pole
nonunions or wrist nonunions in osteoporetic bone
are at a mechanical disadvantage, and rigid fixation
can be difficult to achieve. These injuries are protected
with a splint or short-arm cast for 4 to 6 weeks until
bone union has been established. Only Grade III liga-
ment injuries were protected for 6 weeks. An early
strengthening program is also encouraged for early re-
covery of hand function.

CONCLUSION

At first, percutaneous techniques of scaphoid fracture
reduction and fixation may appear daunting. However,
with experience, they offer a powerful and versatile
capability that is demonstrating promising results in
the treatment of notoriously difficult fractures and
nonunions. Development of small-joint arthroscopic
skill is one of the essential steps in mastering this
method of scaphoid fracture treatment.
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Management ot Articular
Cartilage Detects
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the source of wrist pain. These defects can in-

crease in size and thickness with wrist move-
ment and function. These lesions are often the result
of trauma, but they may occur as part of a degenera-
tive process. We will not discuss the lesions associ-
ated with rheumatoid arthritis, as these involve not
only cartilage but bone and tendon as well. They are
often the result of dislocation or intra-articular syn-
ovitis. Wrist arthroscopy allows the diagnosis of these
cartilaginous lesions before they may be visible by
standard radiographic techniques such as plain radio-
graphs, arthrography, CT scan, or MRI.!

It is often difficult to predict the treatment of these
articular lesions. Wrist arthroscopy allows the re-
moval of cartilaginous fragments or loose bony parti-
cles that may be the source of pain. It also allows de-
bridement of the lesions if they are small. In addition,
it allows the localization and the determination of the
size of the lesion. This is invaluable when planning
treatment.

C artilaginous defects of the carpus are frequently

REMOVAL OF FOREIGN BODIES

Foreign bodies are often the result of cartilaginous or
bony lesions. These lesions are usually secondary to
repetitive trauma, intra-articular fractures, or meta-
bolic disturbance. Foreign bodies move within the
wrist joint. They can cause abnormal contact between
the carpal bones and occasionally between the carpal
bones and the radius. Finally, their presence may lead
to abnormal contact and induce the formation of fur-
ther cartilaginous lesions. The removal of these for-
eign bodies is therefore therapeutic, frequently sim-
ple, and benefits the patient. The preoperative workup
may include plain radiographs, CT scan, and MRI. Of-
ten the foreign body is not recognized until the ar-
throscopy; it is then that removal is possible. Extrac-
tion of the body is often made difficult by its size. It
is frequently necessary to break the body into pieces
using a forceps or bur. In order to accomplish this, it
is sometimes helpful to fix the fragment temporarily
by placing a needle transcutaneously. Foreign bodies

in the radiocarpal joint are often secondary to frac-
tures, pseudoarthrosis, necrosis of the proximal pole
of the scaphoid, or necrosis of the lunate as seen in
Kienbock’s disease. Foreign bodies can also be seen af-
ter a scapholunate or lunotriquetral dissociation (Fig-
ure 16.1). Finally, ulnar abutment resulting from a dis-
tal radius fracture with subsequent shortening may
also lead to cartilaginous debris, especially on the dor-
somedial surface of the lunate.

At the level of the midcarpal joint, cartilaginous
fragments are often seen secondary to scaphotrapezo-
trapezoid arthritis (Figure 16.2). In addition, the se-
quellae of scaphoid pseudoarthrosis or scapholunate
dissociation leading to the classic scaphoid nonunion
advanced collapse (SNAC) or scapholunate advanced
collapse (SLAC) wrist will often lead to cartilaginous
fragments within the joint.

Rarely, there may be cartilaginous fragments in the
distal radioulnar joint. This may occur if there has
been a dislocation of the distal radioulnar joint with
bone or cartilage fragments that detach and become
lodged between the radius and the ulnar head.

Removal of the foreign bodies is only one of the
therapeutic solutions possible using wrist arthro-
scopy.! If there is an associated mechanical synovitis,
a synovectomy should be undertaken as well as an ar-
throscopic washout. The treatment of the associated
cartilaginous lesions is the final touch during the ar-
throscopy. The intra-articular washout often helps to
diminish the pain, particularly when the lesion is
small and posttraumatic. It is also more effective if
the lesion is recent.

DIAGNOSIS AND TREATMENT OF
INTRA-ARTICULAR LESIONS

Preoperative Planning for Conventional
Open Surgery

It is not unusual to have normal plain radiographs and
yet to find a cartilaginous lesion in a contact zone be-
tween two bones that is responsible for the pain. It is
not uncommon that the surgical plan needs intraop-
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FIGURE 16.1. Removal of foreign body in radiocarpal joint after
scapholunate dissociation with small fragment of dorsal lunate.

erative modification because of a cartilaginous lesion
that was not noticed preoperatively on plain radio-
graphs. This may change a simple curative surgery
into a palliative effort. Wrist arthroscopy, simple to
perform and with few postoperative complications,
allows one to avoid this situation. It is very useful in
treating certain disease processes. For example, the
evolution of arthritis in the classic SNAC or SLAC
wrist is always the same (Figure 16.3). The first le-
sions are seen on the radial styloid and the lateral
surface of the scaphoid. The next step involves the
head of the capitate along with the deep surface of
the scaphoid proximal pole and the space between the
scaphoid and the lunate. In the end, the entire
scaphoid fossa of the radius becomes involved in the
arthritic process, along with the lateral surface of the
scaphoid. At a later stage, one that is rarely attained,
the whole radiocarpal joint may be involved.

FIGURE 16.2. Removal of small piece of bone in scaphotrapezio-
trapezoid joint secondary to STT arthritis.
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FIGURE 16.3. The three stages of evolution of arthritis in SNAC
or SLAC wrist.

KIENBOCK’S DISEASE

Kienbock’s disease of the lunate often necessitates a
complex surgical approach aimed at reducing pain and
revascularizing the lunate. A CT scan or MRI is often
needed. Nevertheless, these may be alarming and may
convince the surgeon to proceed with a palliative pro-
cedure when it is possible to attempt a bony recon-
struction. Wrist arthroscopy allows one to evaluate
the cartilage of the carpal bones, including the proxi-
mal row, especially the lunate. We use the 3-4 portal
to place the arthroscope and the 4-5 portal to place the
instruments. By flexing and extending the wrist, one
can study the proximal row as well as the scapholu-
nate and lunotriquetral ligaments. It is often useful to
switch the positions of the arthroscope and the probe.
Sometimes the classic tests suggest that there is no
bony support, yet during arthroscopy one can see
that the cartilage of the lunate is healthy (Figure
16.4A-C). The act of placing the wrist in traction in
order to perform the arthroscopy may diminish the
load on the lunate and allow it to assume a more nor-
mal shape. This will give the proximal row a normal
configuration. With the help of a probe, one can feel
that there is no bony support for the lunate cartilage.
By using the radial midcarpal portal, one can examine
the cartilage of the midcarpal joint, especially that of
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FIGURE 16.4. A. Tomodensitometry showing complete bony de-
struction of lunate in Kienbock’s disease. B. Arthroscopic view
showing the normal aspect of cartilage in radiocarpal joint, with a
normal scapholunate joint. C. Arthroscopic view showing a de-
pression in lunate cartilage because there is no bony support.

the lunate. In cases where the cartilage is normal be-
tween the scaphoid and the lunate, and between the
scaphoid and the triquetrum, a bony reconstruction
with revascularization can be considered.
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PSEUDARTHROSIS OF THE SCAPHOID

The treatment of pseudoarthrosis of the scaphoid is
difficult and controversial. The treatment options are
varied and range from simple screw fixation to re-
construction with a vascularized bone graft. Never-
theless, before undertaking the task of reconstruction,
one must ensure that the articular surfaces are intact.
Placing the arthroscope in the 3-4 portal will allow
the exploration of the articular surface of the radial
styloid and the dorsolateral surface of the scaphoid.
By using the radial midcarpal portal, the arthroscope
allows the examination of the distal cartilage of the
scaphoid, as well as the cartilage of the capitate and
the lunate. If there is isolated involvement of the ra-
dial styloid, a styloidectomy may be performed dur-
ing the same operative sitting. It is also possible to
discover a capitate devoid of cartilage with mirror le-
sions on the lunate. This type of lesion is a con-
traindication to reconstruction of the scaphoid.

DISSOCIATION OF THE SCAPHOLUNATE OR
LUNOTRIQUETRAL LIGAMENTS

Rupture of the scapholunate or lunotriquetral liga-
ments leads to an alteration of the biomechanics of the
wrist with changes in the zones of contact. This often
leads to arthritis. Reconstructive options are difficult
and controversial. Before considering the reconstructive
options, one must evaluate the state of the cartilage of
the carpal bones and the radius. With the help of the
classic 3-4 and 4-5 radiocarpal portals, or the 6-R ra-
diocarpal and the radial midcarpal portals, one can ex-
plore without difficulty the entire cartilaginous surface
of the carpus. One can search for lesions of the radial
styloid, as well as lesions between the scaphoid and the
lunate and between the lunate and triquetrum (Figure
16.5). If there is a significant disruption of the scapho-
lunate ligament, one is able to “drive through” the

FIGURE 16.5. Arthoscopic view showing the chondral change of
the scapholunate in the midcarpal joint. In this beginning stage,
there are only fringes without cartilaginous defect.
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scapholunate interval from the radiocarpal to the mid-
carpal joint. The presence of arthritis is a contraindi-
cation to ligament reconstruction.

THE SPECIAL CASE OF DISTAL RADIOULNAR
JOINT INVOLVEMENT

After a fracture of the distal radius, the radius may
shorten, and this can lead to an abutment between the
ulnar head and the lunate. Depending upon the degree
of abutment and the amount of radial shortening, an
ulnar shortening osteotomy may be indicated. It is im-
portant to ensure that the cartilage between the dis-
tal radius and the ulnar head is intact before reposi-
tioning the ulna. In order to do this, one may perform
a classic arthroscopy of the radiocarpal joint, as well
as of the distal radioulnar joint. To accomplish ar-
throscopy of the distal radioulnar joint, one must use
a portal that enters the distal radioulnar joint directly.
This portal is 1.5 cm proximal with respect to the
4-5 portal.

PrROXIMAL ROow CARPECTOMY

It is possible to consider performing a proximal row
carpectomy (PRC) using an arthroscope, even if this
is a long and difficult procedure. Prior to proceeding
with a PRC, regardless of the method, it is important
to examine the cartilage of the head of the capitate. It
is impossible to consider a PRC if the distal row shows
articular involvement. Arthroscopy of the radiocarpal
joint allows inspection of the lunate fossa in order to
ensure that the cartilage is intact. Resection of the in-
volved arthritic bones can be accomplished through
the arthroscope, with the understanding that this is
only a temporary solution. A bur is used to resect the
bone until the subchondral bone is reached. One
morcelizes the bone in order to resect it completely
without damaging the surrounding cartilage. The ad-
vantage of this technique is that it prevents damage
to the extrinsic ligaments and allows early mobiliza-
tion. These indications are rare.

Shaving of Cartilaginous Lesions

Direct visualization permitted by arthroscopy has led
to classification of cartilaginous lesions (Table 16.1).
This differs from the classic radiographic classifica-
tion,2 which is based on lesions visible on plain ra-

TABLE 16.1. Classification of Cartilaginous Lesions.

Grade Description

I Localized cartilage softening

I Fibrillated articular surfaces

I Thicker flap of cartilage

v Full-thickness defect of cartilage
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diographs. This implies complete loss of cartilage and
focuses on subchondral lesions and associated bony
changes. Arthroscopy allows the diagnosis of chon-
dropathy long before these bony changes occur. The
treatment options are therefore different, and this clas-
sification allows for the prevention of progression of
these lesions. This classification, modified from Out-
erbridge’s classification, takes into consideration car-
tilaginous lesions that are evaluated by direct vision,
often before they can be detected radiographically (Fig-
ure 16.6).34

GRADE 1

This is composed of simple depression of the cartilage
often with continuity of the surface. The probe dem-
onstrates that the cartilage is soft; at this stage, there
is no specific treatment for the chondropathy (Figure
16.7). In some cases, if there is a zone of increased
stress, a preventive procedure may be performed. For
example, a radial styloidectomy may be indicated if
there is grade 1 chondropathy involving the proximal
lateral cartilage of the scaphoid.

GRADE 2

This is the stage where the cartilage develops fringes.
The cartilage begins to break down due to friction.
These fringes float inside the joint (Figure 16.8). This
is the stage where shaving may be helpful. The goal
of shaving is to reduce the friction during movement
between two irregular cartilaginous surfaces. By
smoothing the cartilaginous surfaces, one also has the
chance to diminish the normal inflammatory response
that follows cartilage breakdown. As with grade 1
chondropathy, it is important to eliminate the cause
of the chondropathy whenever possible.

GRADE 3

In this stage the cartilage detaches in a flap that can
contain some subchondral bone (Figure 16.9). The car-
tilaginous flap is often posttraumatic. Treatment of
this flap depends on the underlying bone and the re-
maining cartilage. If removal is attempted, it should
be done with a suction punch or fine scissors (Figure
16.10). The fragment is then removed like a foreign
body. A shaver is used only to smooth the cartilage
depression.

GRADE 4

This consists of a cartilaginous defect with exposed
underlying subchondral bone (Figure 16.11). At this
stage, a shaver is useless. Certain authors suggest
drilling the subchondral bone in order to promote
bleeding. The goal is to have the clot transform to a
patch of fibrocartilage. We reserve this technique for
lesions less than or equal to 5 mm. With the help of
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a shaver and a curette, the edges of the defect are de-
brided. A small bur is used to produce bleeding in the
subchondral bone. The wrist is completely immobi-
lized for one week and is then placed in a splint for 3
weeks in order to limit movements that put pressure
on the treated area.

Shaving is not a treatment by itself. It allows the
debridement of fringes or flaps of cartilage (grade 2 or
3) (Figure 16.12A,B). If the cause of the lesion was a

FIGURE 16.7. Arthroscopic view showing the grade 1 chondral
change of the scaphoid in the radiocarpal joint. In this stage, there
is a simple depression with continuity of cartilage.
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FIGURE 16.6. Diagram showing the four grades
of arthroscopic classification of cartilaginous
lesions.

direct blow, then the improvement after shaving is de-
finitive. If, however, the cause has abnormal pressure
between two bony surfaces, then shaving is only tem-
porarily effective.>~ In this case, shaving is not a cure.
Shaving should be combined with another classic
treatment such as stabilization of the bony pieces or
another secondary palliative procedure. A denervation
associated with a lavage-shaving can be an elegant so-
lution for certain cases of advanced chondropathy. Oc-

FIGURE 16.8. Arthroscopic view showing the grade 2 chondral
change of the scaphoid in the radiocarpal joint. In this stage, fringes
of cartilage float into the joint.
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FIGURE 16.9. Arthroscopic view showing the grade 3 chondral
change of the distal scaphoid in the midcarpal joint with a flap of
cartilage.

casionally, arthroscopy permits the treatment of the
cause of the chondropathy. In such cases, arthroscopy
is the only intervention.

Specific Cases
RADIAL STYLOIDECTOMY

Cartilaginous lesions may involve the radial styloid
and the adjacent scaphoid. These lesions can appear
following a direct blow or a fracture of the scaphoid.
The most frequent cause, however, is a dissociation
of the scapholunate ligament (disruption or disten-
sion). The scaphoid, therefore, regularly abuts the ra-
dial styloid. This leads to changes in the cartilage and
subsequent pain. Weight-lifting frequently leads to
this type of injury. At the end of a throwing arc, the
arm is under tension, with the wrist in radial devia-
tion supporting a significant weight, often greater than
100 kg. This position leads to multiple repetitive mi-

FIGURE 16.10. Arthroscopic view showing the removal of carti-
laginous flap with a shaver.

FIGURE 16.11. Arthroscopic view showing the grade 4 chondral
change of proximal trapezium in scapotrapeziotrapezoid joint.
There is a cartilaginous defect, and the subchondral bone is exposed.

crotraumas to the radial styloid. Arthroscopy allows
for the diagnosis of these lesions. The arthroscope is
placed in the 3-4 radiocarpal portal. One can find a
grade 2 lesion of the radial styloid and grade 1 of the

FIGURE 16.12. A. Arthroscopic view showing the grade 2 chondral
change of the distal scaphoid in the STT joint. B. Arthroscopic view
showing the distal scaphoid cartilage after debridement by shaving.
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scaphoid. Using a 1-2 radiocarpal portal, a bur is placed
to perform the styloidectomy under direct vision. The
arthroscopic approach allows for immediate mobi-
lization and relief of pain.

RESECTION OF THE DISTAL ULNA

Shortening of the radius often follows a fracture of the
distal radius, which can lead to abnormal contact be-
tween the distal ulna and the lunate. This abutment
is worsened with radial deviation and leads to deteri-
oration of the cartilage, with subsequent pain. The
arthroscope is placed in the 3-4 portal to make the ini-
tial evaluation. It is not rare to see grade 4 changes on
the lunate. If the wrist is ulnar positive by less than 5
mm, then one can propose a distal ulnar resection us-
ing the arthroscope. A bur is placed in the 6-R radio-
carpal portal. This allows the resection to take place
under direct vision (Figure 16.13A,B). It is frequently
necessary to switch the positions of the arthroscope
and the bur during the procedure. There are two im-
portant rules during this procedure. First, in order to
achieve a complete resection, pronation and supina-
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FIGURE 16.13. A. Diagram showing the distal ulnar resection with
a bur under arthroscopic control. B. Arthroscopic view showing dis-
tal ulnar resection with a bur.
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FIGURE 16.14. Arthroscopic view showing the resection of scapho-
trapezoidal exostoses with a small chisel.

tion of the wrist are mandatory. By pronating and
supinating, one avoids leaving irregular bony promi-
nences. Second, the distal radioulnar joint must be pre-
served. Placing the arthroscope in the 6-R position al-
lows evaluation of the adequacy of ulnar resection by
comparing it to the height of the distal radius.

RESECTION OF EXOSTOSES OF THE STT JOINT

Arthritis involving the scaphotrapeziotrapezoid joint
is often very painful. The usual treatment is an
arthrodesis of the STT joint. This modifies the carpal
dynamics and may lead to the appearance of arthritic
changes proximally. Another treatment consists of re-
section of the trapezium. Wrist arthroscopy can per-
mit the debridement of this joint; in particular, it al-
lows for the resection of painful exostoses that often
bridge the scaphotrapezial and the scaphotrapezoidal
joints. The arthroscope is placed in the radial mid-
carpal portal. Using a needle, the STT joint is local-
ized. Instruments are then placed in the STT portal
(1-2 midcarpal portal) created at the site of the needle.
This is situated ulnar to the extensor pollicis longus
(EPL), along the axis of the radial border of the index
metacarpal. With the help of a bur or small chisel, the
exostosis is resected (Figure 16.14). It is often located
at the dorsal aspect of the STT joint. The resection of
the exostosis does not cure the arthritis, but it may
lead to significant improvement in the pain. In addi-
tion, no postoperative immobilization is necessary.

ARTHROSCOPIC ARTHROPLASTY
FOR PROXIMAL POLE NONUNION

Pseudoarthrosis and necrosis of the proximal part of
the scaphoid lead to radioscaphoid arthritis, which
progressively spreads to the whole wrist and causes
carpal collapse: scaphoid nonunion advanced collapse
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(SNAC) wrist. A novel implant that adapts to the kine-
matics of the carpus has recently been proposed.® In
view of the quality of the reported results, we decided
to try placing the implant by arthroscopy.’

Adaptative Proximal Scaphoid Implant

This implant (pyrolitic carbon) is distinctive in that its
ovoid shape allows it “adaptive” mobility when the first
row of carpal bones move.” 19 Frontally, the small ra-
dius corresponds to the scaphoid area of the radius, and
from the side view the large radius forms an ovoid, of
which the large curve is anteroposterior, and the small
curve is frontal. By rotating on these two axes during
frontal deviation and flexion-extension movements, the
APSI copies the movements of the proximal scaphoid
exactly and becomes integrated in a corroborating and
synchronous way with the kinematics of the carpal
bones (Figure 16.15). Because of this 3-dimensional re-
orientation during the movements of the wrist, the im-
plant remains stable in the physiological amplitudes
and does not require any form of fixation to the distal
scaphoid or periprosthetic encapsulation.

Surgical Technique

All patients in our series were operated on as outpa-
tients under local regional anesthesia using a pneu-
matic tourniquet.

The arm is laid flat on an arm table, and axial trac-
tion is applied to the forearm and wrist using a wrist
tower. The strength of the traction is usually 7 kgf.
After drawing the different bone parts on the carpus,
the wrist is filled with about 10 cc of saline solution.
At first, the arthroscopic guide and the arthroscope are
positioned in the radiocarpal joint using the 6-R ra-
diocarpal portal. Exploration of the joint is performed,
locating any possible associated lesions. After locat-
ing the proximal pole, a 3-4 radiocarpal portal is per-
formed. This surgical approach is slightly larger than
usual, about 1.5 cm, so that the proximal pole can be
withdrawn and the implant put in place. The maxi-
mum width of the implant is 1 cm. The arthroscope
can easily be positioned in this surgical approach, al-
lowing direct access to the area of nonunion. A radial
midcarpal surgical approach is used to analyze carti-

FIGURE 16.15. Diagram showing the adaptative mobility of the
proximal pole implant according to the wrist motion.
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FIGURE 16.16. The size is chosen on the operating table by posi-
tioning the test implant next to the resected proximal pole. It is in-
teresting to check the similar shape of resected proximal pole, the
large test implant, and the definitive prosthesis.

lage and to monitor the positioning of the implant.
After examining the proximal pole, the remaining car-
tilage is analyzed. First, the luno radial area is ana-
lyzed in order to check that the cartilage between the
lunate and the radius is sound. Then the quality of the
cartilage between the distal scaphoid and the capitate
is evaluated. It is always surprising to see good artic-
ular cartilage at this interval. When considering the
age of the lesion, one would expect to see much more
extensive cartilage degeneration. Finally, the state of
the cartilage between the head of the capitate and the
distal face of the lunate is analyzed.

RESECTION OF THE PROXIMAL PART OF THE SCAPHOID

Proximal pole resection is a relatively easy procedure,
depending on how old the lesion is. Sometimes we are
faced with a small, necrosed proximal pole, weakly at-
tached to the lunate by a few ligament fibers. The at-
tachments are divided under arthroscopic control us-
ing instruments such as a surgical blade and small
scissors. The detached proximal pole is easily with-
drawn with forceps. In certain cases, it is necessary to
use a bur to resect the proximal pole. A radial styloid
osteotomy is recommended to remove a painful con-
tact between the styloid and the remaining distal part
of the scaphoid.

PLACING THE IMPLANT

First, the test implant is tried. There are three sizes:

e Small: length 16 mm, width 8 mm
e Medium: length 17 mm, width 9.1 mm
e Large: length 18 mm, width 10 mm

The size is chosen on the operating table by posi-
tioning the test implants next to the resected proxi-
mal pole (Figure 16.16). The test implant is then put
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FIGURE 16.17. A. Clinical case: Adult 42 years old with proximal
pole necrosis, without wrist arthritis. The pain was permanent, dis-
abling, and the range of motion decreased (30 degrees of extension,
15 degrees of flexion). B. Clinical case: At one year after arthro-

into the radiocarpal joint in place of the proximal pole,
and it is very satisfying to see how well this implant
puts itself into the correct position. After checking the
correct congruence of the test implant by arthroscopy,
it must be taken out. It is replaced very easily by the
definitive prosthesis, still under arthroscopic control.
After removing the arthroscope, forced wrist move-
ments are carried out to confirm that there is no dis-
location.

Postoperative Care

Only the 3-4 radiocarpal portal is closed. A protective
dressing is put in place for 8 days. Mobility is started
immediately, letting the patient choose the move-
ments he or she wishes to make depending on post-
operative pain. If necessary, rehabilitation can start af-
ter the third week.

Results

Our series is short. We have operated on only nine pa-
tients. All were operated on as outpatients under local
regional anesthesia using a pneumatic tourniquet. The
average age was 49 (range 40 to 81 years old). None of
our three elderly patients had postoperative immobi-
lization. In younger people, we needed to place a volar
splint in half of the cases. We had one case of palmar
implant dislocation in the youngest patient 6 days
postsurgery. After intra-articular replacement and cast
immobilization for 6 weeks, the patient finally had a
very good result. Our average follow-up was 17 months
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scopy, pain had completely disappeared. The APSI was stable. The
carpal height seemed better, and the range of motion increased to
60 degrees in flexion-extension.

(range 6 to 32 months). The range of motion improved
in all cases (Figure 16.17). Pain disappeared completely
after 3 months. We haven’t collected follow-up data
long enough yet to check these encouraging results.
Arthroscopic arthroplasty for proximal pole scaphoid
nonunion is a safe and reliable procedure.
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Radial Styloidectomy

David M. Kalainov, Mark S. Cohen, and Stephanie Sweet

in 1948 when Barnard and Stubbins! reported on
ten scaphoid fracture nonunions treated with
bone grafting and radial styloidectomy. The procedure
has since been advocated to address radioscaphoid
arthritis developing from a variety of injuries, includ-
ing previous fractures of the radial styloid and scaphoid,
and arthritis related to posttraumatic scapholunate
instability.2-8
Resection of the radial styloid has also been a use-
ful adjunct to other procedures where there is poten-
tial for impingement between the styloid process and
distal scaphoid or trapezium.’15> Authors have in-
cluded discussion of successful radial styloidectomy
in descriptions of proximal row carpectomy, mid-
carpal arthrodesis, and triscaphe fusion procedures.
On occasion, an individual may be too physically un-
fit or unwilling to undergo an extensive operation to
address a symptomatic scaphoid nonunion or scapho-
lunate dissociation. A limited radial styloidectomy
may be a reasonable alternative in these cases.

Excision of the radial styloid gained recognition

ANATOMY

The radial styloid is positioned slightly volar to the
midcoronal plane of the radius. The bony excrescence
is the origin for the palmar extrinsic ligaments inte-
gral to carpal stability.16-18 The radioscaphocapitate
ligament averages 7 mm in width and originates only
4 mm from the tip of the styloid process. The long ra-
diolunate ligament is approximately 10 mm wide and
starts 10 mm proximal to the tip of the styloid (Fig-
ure 17.1).

Three basic types of styloid osteotomies have been
described: short oblique, vertical oblique, and trans-
verse (Figure 17.2). The potential for symptomatic
carpal instability has been associated with the size and
shape of the excised bone fragment. Siegel and Gel-
berman!® performed a cadaveric study to assess the ef-
fect of these three styloidectomy configurations on ex-
trinsic carpal ligament integrity. The short oblique
osteotomy was the least damaging, with removal of
only 9% of the radioscaphocapitate origin; this sty-
loidectomy was found to leave the long radiolunate
ligament attachment site intact. The vertical oblique
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osteotomy removed 92% of the radioscaphocapitate
and 21 % of the long radiolunate ligament origins. The
transverse osteotomy was the most invasive, detach-
ing 95% of the radioscaphocapitate and 46% of the
long radiolunate ligament origins.

In another cadaveric model, Nakamura et al!? ex-
amined the effects of increasingly larger oblique sty-
loidectomies on carpal stability. They concluded that
the procedure should be limited to a 3- to 4-mm bony
resection. With axial loading, significantly increased
radial, ulnar, and palmar displacements of the carpus
were detected after removing 6-mm and 10-mm sty-
loid segments. The 6-mm cut violated the radio-
scaphocapitate ligament origin, whereas the 10-mm
cut removed the radioscaphocapitate and a portion of
the long radiolunate ligament origins. Only an in-
significant change in carpal translation was detected
after a 3-mm osteotomy.

Other ligament attachments to the radial styloid
include the radial collateral ligament, the dorsal ra-
diocarpal ligament, and the radioscapholunate liga-
ment.'¢ The radial collateral ligament originates radi-
ally from to the tip of the styloid process and inserts
into the waist and distal pole of the scaphoid. This
structure represents the lateralmost margin of the ra-
dioscaphocapitate ligament and is removed in all sty-
loidectomy procedures. No adverse effects have been
reported in the literature. The dorsal radiocarpal liga-
ment has a broad origin from the distal radius, begin-
ning radial to the level of Lister’s tubercle and cours-
ing distally to its insertion into the triquetrum.
Violation of a portion of the dorsal radiocarpal liga-
ment following styloidectomy may potentially affect
carpal stability, but this has not been described. The
radioscapholunate ligament is a vascular structure
with limited mechanical function. The ligament orig-
inates from the palmar aspect of the distal radius, in
between the long and short radiolunate ligaments, and
merges with the scapholunate interosseous ligament
distally.

OPEN TECHNIQUE

The radial styloid may be excised as an adjunct to an-
other carpal procedure; the styloid is approached



CHAPTER

FIGURE 17.1. The radioscaphocapitate and long radiolunate liga-
ment origins.

through the same incision or a separate incision in
these cases. With an isolated styloidectomy, a straight
incision is made between the first and second exten-
sor tendon compartments (Figure 17.3). The incision
is centered over the tip of the styloid process, with
care taken to protect the dorsal branch of the radial
artery and small branches of the radial sensory and
lateral antebrachial cutaneous nerves.!3

The extensor retinaculum and periosteum are in-
cised longitudinally over the palpable styloid. The tip
is exposed by subperiosteal dissection, preserving the
palmar attachments of the radioscaphocapitate and
long radiolunate ligaments. A small, straight os-

FIGURE 17.2. Three radial styloidectomy configurations: short FIGURE 17.4. Excision of 3-mm bone fragment from the tip of the

oblique, vertical oblique, and transverse.
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FIGURE 17.3. Exposure for an open radial styloidectomy.

teotome is used to remove 3 mm to 4 mm of the tip
at an oblique angle (Figure 17.4). The cut should be
parallel to the projected course of the radioscapho-
capitate ligament and perpendicular to the distal ra-
dius articular surface (Figure 17.5).

Periosteum is reapproximated over the debrided
styloid using absorbable sutures. The skin edges are
repaired with subcuticular sutures in an effort to min-
imize scar formation. A bulky gauze dressing is ap-
plied, and the wrist is supported in neutral alignment
with a volar plaster splint.

ARTHROSCOPIC TECHNIQUE

Finger traps are placed over the index and long find-
ers, and the hand is suspended in an overhead traction

radial styloid.
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FIGURE 17.5. Fluoroscopic image of the wrist following an oblique
radial styloidectomy.

device. The arm is secured to the extremity table with
a well-padded strap for countertraction. The major ex-
ternal landmarks and the positions of the portals that
may be used in examining the wrist and performing
the styloidectomy are shown in Figure 17.6.141°

Eight to 10 pounds of traction are applied to the
fingers to distract the wrist joint. The 3-4 portal is es-
tablished to accommodate the arthroscopic camera.
Outflow is achieved by placing an 18-gauge needle or
small plastic cannula through the 6-U portal. A com-
plete examination of the wrist is performed.

The 1-2 portal is then established for access to the
radial styloid (Figure 17.7). A limited resection of 3
mm to 4 mm of the styloid tip is performed using a
covered bur (2.9 mm to 3.5 mm) and/or full-radius
shaver (2 mm to 2.9 mm). A small osteotome or
pituitary rongeur may be helpful in removing hard

FIGURE 17.6. Anatomic landmarks and portal sites for an arthro-
scopic wrist examination and radial styloidectomy.
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FIGURE 17.7. Resection tool in the 1-2 portal and arthroscopic
camera in the 3-4 portal.

subchondral bone. Use of a laser device may also be
considered.2? The radioscaphocapitate and long ra-
diolunate ligaments are visualized directly with the
camera and adequate bone resection is confirmed with
a mini-fluoroscopy unit (Figure 17.8). The procedure
may be converted to an open technique if visualiza-
tion is compromised.

The portal sites are either left open or closed with
sutures. A bulky gauze dressing and volar plaster
splint are applied with the wrist in neutral alignment.

REHABILITATION

Following an isolated radial styloidectomy, the dress-
ing, splint, and sutures are removed after 1 week. A

FIGURE 17.8. Fluoroscopic image of the wrist during an arthro-
scopic radial styloidectomy.
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gradual return to work and sport activities is permit-
ted. Assistance from a hand therapist may be helpful
for instruction on wrist motion and grip strengthen-
ing exercises. The period of wrist immobilization will
be necessarily extended if a concurrent procedure pre-
cludes early joint motion.

COMPLICATIONS

Complications inherent to any orthopedic procedure
apply to both open and arthroscopic radial styloidec-
tomies (e.g., infection, joint stiffness, keloid forma-
tion). Specific problems that may result from a radial
styloidectomy include injury to the dorsal branch of
the radial artery and neuropraxia or neurotmesis of lo-
cal sensory nerves (i.e., dorsal branches of the radial
sensory and lateral antebrachial cutaneous nerves). A
complex regional pain syndrome may develop follow-
ing any nerve injury, necessitating intensive therapy
and pain management intervention. An incomplete ra-
dial styloidectomy may also be problematic, with per-
sistent complaints of radial-sided wrist pain. Exces-
sive bony resection is potentially disastrous, resulting
in ulnar translation of the carpus and symptoms of
wrist joint instability.

A radial styloidectomy is contraindicated when
there is preexisting ulnar translation of the carpus or
incompetence of the radioscaphocapitate and long ra-
diolunate ligaments. This procedure alone will not ad-
equately address arthritic changes that extend beyond
the distal radioscaphoid articulation (i.e., degenerative
arthritis involving the lunatocapitate joint secondary
to chronic scapholunate instability or an untreated
scaphoid nonunion). A concurrent operation to ad-
dress the midcarpal arthritic changes should be con-
sidered in these cases.

RESULTS

We reviewed 7 patients who underwent an arthroscopic
or arthroscopically assisted radial styloidectomy be-
tween 1992 and 1997. Three patients had scaphoid
nonunions with posttraumatic arthritis involving the
radioscaphoid articulation, 2 patients had radioscaphoid
arthritis developing after a healed scaphoid fracture, one
patient had arthritic changes involving the ra-
dioscaphoid articulation secondary to a scapholunate
ligament injury, and one patient had isolated arthritis
of the radioscaphoid joint of unknown cause. All these
patients elected surgery after failing to experience pain
relief with conservative treatment measures.

In addition to a radial styloidectomy, one individ-
ual underwent arthroscopic removal of nearly the en-
tire scaphoid bone, and another individual underwent
arthroscopic excision of the scaphoid proximal pole;
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both patients presented with scaphoid nonunions.
Temporary wrist immobilization was implemented
postoperatively in all cases.

The mean follow-up period for these 7 patients was
29 months (range 3 to 57 months). The Mayo modi-
fied wrist scores?! increased from an average of 62
points preoperatively to 75 points postoperatively.
Two patients reported no residual pain, and 5 patients
described only mild, occasional pain. Six patients re-
turned to regular employment activities, whereas one
patient was able to work but was unemployed. None
of the patients described difficulty performing activi-
ties of daily living.

CONCLUSION

Arthroscopic radial styloidectomy is a useful treatment
for symptomatic arthritis localized to the distal ra-
dioscaphoid articulation, either as an isolated technique
or as an adjunct to another carpal procedure. The pro-
cedure is minimally invasive with the potential for tem-
porary pain relief and improved hand function. The de-
tails of the technique are important to review in order
to avoid injury to cutaneous nerves, the dorsal branch
of the radial artery, and the palmar radiocarpal liga-
ments. The bony resection should be limited to 3 mm
to 4 mm, preserving the origins of the radioscaphocap-
itate and long radiolunate ligaments.
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Excision of Dorsal Wrist Ganglia
William B. Geissler

anglia are the most common tumors of the

hand, representing approximately 50% to 70%

of all soft tissue hand tumors.2 The dorsal
wrist ganglion is by far the most common cyst, ac-
counting for 60% to 70% of all hand and wrist gan-
glia.2 Ganglia are more common in females.? They
usually appear between the second and fifth decades
of life, but also have been reported in children. A spe-
cific traumatic event is described in 10% to 50% of
cases, and repetitive microtrauma also appears to be
an etiologic factor.?

The origin of dorsal ganglia is usually over the dor-
sum of the scapholunate interosseous ligament. The
dorsal ganglion usually appears as a cystic mass, dis-
tal and ulnar to the extensor pollicis longus tendon,
between the third and fourth dorsal compartments.
However, the cyst may present anywhere along the
dorsum of the wrist, connected by a long pedicle. It
can even track radially and present on the volar as-
pect of the wrist, although its source is the dorsum of
the scapholunate interosseous ligament. Careful pal-
pation of the cyst is important to show the extent of
the cyst and the direction and origin of the pedicle.

Occult dorsal ganglia can be palpated only with the
wrist in volar flexion.* Comparison with the opposite
wrist is often necessary. An occult dorsal ganglion
may be the cause of dorsal wrist pain with normal ra-
diographs. Its proximity to the posterior interosseous
nerve explains the exquisite tenderness that may be
present with occult ganglia. The differential diagnosis
may include extensor tendon tenosynovitis, Kien-
bock’s disease, and scapholunate interosseous liga-
ment injury.

The etiology and pathogenesis of ganglia continue
to be controversial. Mucoid degenerative changes in
collagen tissue were initially proposed by Letterhaus
in 1893 and popularized by Carp and Stout in 1938.2
Collections of mucin secondary to collagen break-
down product collect and expand into the soft tissues.
Fibrous tissue around the mucin becomes compacted,
forming a pseudocapsule. Electromicroscopic studies
have shown that the wall is made of compressed col-
lagen fibers, without evidence of a true epithelial or
synovial lining.> Angelides and Wallace believe that
microtrauma or rotation becomes a stimulating factor
for production of hyuronic acid.® This process is ini-

tiated at the synovial capsule interface. Mucin collects
and dissects throughout the attached joint capsule to
collate and form the subcutaneous cyst itself.

Angelides and Wallace defined the origin of the
dorsal ganglia to be at the dorsum of the scapholunate
interosseous ligament.® This area of transition be-
tween the dorsal capsule and the interosseous liga-
ment may serve as a tortuous duct that acts as a one-
way valvelike mechanism. McEvedy injected ganglia
with contrast dye and found no communication with
the joint itself.> Andren and Eiken injected the wrist
joint in their series of ganglia and found a significant
percentage of ganglia filled with dye from the joint,
which would suggest a one-way valvelike effect from
the wrist.” Watson et al reported on 17 patients who
developed rotary subluxation of the scaphoid follow-
ing scaphoid excision.® They concluded that dorsal
ganglia are a secondary manifestation of scapholunate
instability.

Patients with dorsal ganglia usually present with
a mass on the back of the hand and complain of a con-
stant, dull ache that may be due to the location of the
ganglion and its proximity to the posterior interosse-
ous nerve.” Patients complain of increased pain with
wrist extension, particularly in large ganglia. Some pa-
tients also complain of weakness of grip. The mass
may have appeared suddenly or gradually and may
change size with time.

The natural history with spontaneous resolution
of ganglia has been reported to be between 28% and
58%.210 The success of nonoperative management of
dorsal ganglia is approximately 50%.°!112 Previous
treatment recommendations included rupturing the
cyst with a Bible, a ganglion mallet, or with the physi-
cian’s thumb.? Aspiration, with or without the use
of cortisone, has reported a success rate of 35% to
509, .11-13

Surgical excision of the cyst with its ganglion stalk
and surrounding capsule has reduced the recurrence
rate to approximately 15% or lower.!* A vertical or
transverse incision may be made directly over the gan-
glion, although most surgeons recommend a trans-
verse incision. The dorsal sensory branches of the ra-
dial nerve are identified and protected. The extensor
pollicis longus and extensor carpi radialis brevis ten-
dons are retracted radially, and the extensor commu-
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nis tendons are retracted ulnarly, exposing the dorsal
ganglion. Draining the ganglion, particularly if it is
quite large, makes dissection around the ganglion eas-
ier. The ganglion and its stalk with capsular attach-
ments are then sharply excised. It is very important
to visualize the scapholunate interosseous ligament
and excise the mucin-filled duct in the superficial por-
tion of the ligament without cutting the ligament and
causing scapholunate instability. If the origin of the
duct is not excised, a high recurrence rate can be ex-
pected. The joint capsule is not closed, and early range
of motion is encouraged. The key to open excision is
identification of the stalk and its excision at the base
of the scapholunate interosseous ligament.

Open excision of dorsal ganglia is not a benign pro-
cedure, although it has lowered the recurrence rate.
There can be significant surgical morbidity from what
the patient may perceive as a relatively benign sur-
gery. Patients are trading a bump for a scar. They may
experience numbness distally and around the incision
due to involvement with the dorsal sensory branches.
Particularly, patients may complain of wrist stiffness,
usually with wrist flexion. This may be due to pro-
longed immobilization, or closure of the capsular de-
fect rather than the dorsal capsule remaining open.
Osterman and Raphael initially reported on arthro-
scopic excision of a dorsal ganglion.!® The initial study
was based on the clinical experience of a 36-year-old
patient with a combined 1 ¢cm, asymptomatic dorsal
ganglion and a symptomatic tear of the triangular fi-
brocartilage complex (TFCC). The patient asked if the
dorsal ganglion could be excised at the same time as
the arthroscopic management of the TFCC tear. It was
found that the ganglion ruptured when the 3-4 portal
was established. Follow-up of the patient showed the
ganglion had not returned after 2 years.

Arthroscopic excision of dorsal ganglia does have
several advantages. Most important, it allows for a
more rapid return of range of motion. This can be a
significant advantage to the mother of young children,
who requires both hands as soon as possible to care
for her children. Similarly, the self-employed profes-
sional or manual laborer who cannot afford any down
time may frequently inquire about arthroscopic exci-
sion and early range of motion. Other patients fre-
quently would prefer to trade a portal for the bump,
rather than a surgical scar. Theoretically, the patient
may be less likely to experience numbness around a
portal as compared to around a scar.

INDICATIONS

Surgical indications for a symptomatic dorsal ganglion
include at least one failed attempt at aspiration. The
key surgical indication is that the ganglion is symp-
tomatic. Ganglia that are asymptomatic are followed
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nonoperatively. The ideal ganglion for arthroscopic
surgery is a single-lobe ganglion located between the
third and fourth dorsal compartments. This is the
most typical location for a dorsal ganglion and pre-
sents the lowest risk of injury to the extensor tendons
during arthroscopic excision of the dorsal capsule and
stalk.

Occult dorsal ganglia are particularly amenable to
arthroscopic excision. Open excision of occult dorsal
ganglia frequently requires a significant amount of
blunt dissection to localize and identify the ganglion.
This blunt dissection may lead to increased scarring
and decreased range of motion, particularly in flexion.
Arthroscopic excision and excising the ganglion from
inside out eliminates this considerable amount of dis-
section and potential scarring. It also allows for iden-
tification and management of any additional intra-
articular pathology of the wrist.

Patients whose ganglia appear in atypical locations
are more controversial. Ganglia with long stalks that
appear between the dorsal extensor tendons may still
be arthroscopically excised, but close attention to pro-
tection of the tendons is essential. A typical ganglion
that presents between the first and second dorsal com-
partments is usually excised to prevent injury to the
radial artery and the dorsal sensory branch of the ra-
dial nerve. If the tendon is multilobulated, open exci-
sion is preferred. Arthroscopic excision of volar gan-
glia is further described in Chapter 6.

SURGICAL TECHNIQUE

Small-joint arthroscopy instrumentation is used. The
wrist is suspended to place 10 pounds of traction in a
traction tower. A traction tower is useful because it
both provides traction and helps stabilize the wrist.
The bony and soft tissue landmarks are identified and
marked after the wrist is suspended. It is important to
note the location of the extensor carpi radialis brevis,
extensor pollicis longus, and extensor digitorum com-
munis tendons. It is important to mark the location
of these tendons prior to injecting inflow into the
wrist, because the tendons are less palpable as the
wrist swells during the procedure.

An inflow cannula is introduced through the 6-U
portal. It is important that the skin only is excised by
pulling the skin against the tip of a number 11 scalpel
blade to limit potential injury to the dorsal sensory
branch of the ulnar nerve. This nerve is at risk for lac-
eration and neuroma formation with introduction of
the 6-U portal. Blunt dissection is continued down
with a small hemostat, and an inflow cannula is in-
troduced through the 6-U portal into the prestyloid re-
cess. A tourniquet is rarely required when separate in-
flow is provided through the 6-U portal. Alternatively,
inflow may be provided through the arthroscopic can-
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nula at the surgeon’s preference. A 2.7-mm arthro-
scope is initially placed in the 6-R portal, not the stan-
dard 3-4 viewing portal. The 6-R portal lies just
radial to the extensor carpi ulnaris tendon. This pro-
vides excellent visualization of the dorsal distal por-
tion of the scapholunate interosseous ligament and
capsule (Figure 18.1). Usually, a small amount of dor-
sal synovitis obscures adequate visualization of the
dorsal capsule as it intersects the dorsal portion of
the scapholunate interosseous ligament. An 18-gauge
needle is then introduced through the ganglion into
the radiocarpal joint. The ganglion itself is usually lo-
cated distal to the traditional location of the 3-4 por-
tal. The needle, therefore, is introduced at a much
more oblique angle than is usual for a 3-4 portal (Fig-
ure 18.2). The needle should be seen at the junction
of the dorsal capsule at the level of the scapholunate
interosseous ligament.

A pearl-like ganglion stalk may be arthroscopically
identified at the very distal aspect of the scapholunate
interosseous ligament, as can be seen from the radio-
carpal space (Figure 18.3). Osterman and Raphael re-
ported that the stalk of the ganglion was identified
arthroscopically in their series 61 % of the time.!'®> Oth-
ers have described the identification of the stalk with
far less frequency.® It is not vital to identify the stalk
of the ganglion. The key is to place the portal through
the ganglion itself and enter at the junction of the dor-
sal aspect of the capsule with the scapholunate inter-
osseous ligament. Once an ideal location has been
identified with a needle, a portal is made, again by in-
cising the skin with the tip of a number 11 blade and
bluntly dissecting with a hemostat. A 2.9-mm, full-
radius or end-cutting resector is then placed through
this working portal, through the ganglion, and into the
radiocarpal space (Figure 18.4). Just as in open exci-
sion, the goal of arthroscopic excision is to excise the
base of the stalk from its origin at the scapholunate

FIGURE 18.1. Arthroscopic view of the junction of the dorsal cap-
sule and the scapholunate interosseous ligament, where a dorsal gan-
glion usually arises, as seen with the arthroscope in the 6-R portal.
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FIGURE 18.2. Arthroscopic view of an 18-gauge needle being
passed through a ganglion cyst into the radiocarpal space, as seen
from the 6-R portal. Note the oblique angle of the needle as the
ganglion arises distal to the normal location of the 3-4 portal.

interosseous ligament. Approximately a 1 X 1 cm sec-
tion of dorsal capsule and its attachment to the in-
terosseous ligament is resected. Care must be taken
not to injure the overlying extensor tendons. However,
small-joint shavers are not very aggressive compared
with their larger counterparts, and it is fairly difficult
to excise through an extensor tendon with a small-
joint shaver or joint punch. Once a shaver is intro-
duced, the dorsal capsule at its insertion to the
scapholunate interosseous ligament is excised, leav-
ing an approximately 1 X 1 cm defect (Figure 18.5). A
small-joint punch is particularly useful to excise the
dorsal capsule; it saves time once the capsular defect
has been created by the shaver (Figure 18.6).

The tendon of the extensor carpi radialis brevis
should be identified to ensure that full-thickness de-
bridement of the dorsal capsule has been achieved (Fig-
ure 18.7). It is easily recognizable by its longitudinally

FIGURE 18.3. Arthroscopic view of the “pearl” at the ganglion
stalk, as seen in a left wrist from the 6-R portal.
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FIGURE 18.4. A shaver is introduced through the modified 3-4 por-
tal through the ganglion cyst to enter the joint at the junction of
the scapholunate interosseous ligament and the dorsal capsule, as
seen from the 6-R portal.

running fibers and slightly different color as compared
to the dorsal capsule. It is very important to recognize
this structure to ensure that full-thickness debride-
ment of the dorsal capsule has been achieved. The ge-
latinous fluid of the ganglion may occasionally be seen
intra-articularly as the cyst is decompressed.
Following resection of the dorsal capsule, the gan-
glion should be palpated and felt to be decompressed.
A key to improved visualization of the dorsal capsule
at its junction with the scapholunate interosseous lig-
ament is to place the wrist in extension in the trac-
tion tower. For the majority of time during a wrist ar-
throscopy, the wrist is in slight flexion to help gain
access to the wrist for introduction of the instrumen-
tation. However, to improve visualization at the junc-
tion of the dorsal capsule with the scapholunate in-
terosseous ligament, the wrist is placed in slight
extension. This will significantly improve visualiza-
tion in this area, particularly after debridement of any
synovitis in this area. Following resection of the dor-

FIGURE 18.5. Arthroscopic view of a full-thickness capsular defect
after shaving at the origin of the dorsal ganglion stalk, as seen from
the 6-R portal.
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FIGURE 18.6. A small arthroscopic wrist punch is useful to en-
large the capsular defect.

sal capsule, it is important to palpate the ganglion to
ensure that the ganglion itself has ruptured. This is
particularly useful in a multilobular ganglion. If the
ganglion is still palpable, further resection may be re-
quired, or the ganglion may be aspirated.

Following arthroscopic excision of the dorsal gan-
glion, the remaining structures of the wrist should be
evaluated, particularly the scapholunate and lunotri-
quetral interosseous ligaments. The 3-4 portal is usu-
ally closed with a Steri-Strip, and the other portals are
left open. The wrist is placed in a volar splint, which is
then removed at the next clinic visit. Rarely is physical
therapy required. The patient is encouraged in a range
of motion program after the first week, and strength-
ening exercises are initiated 4 weeks postoperatively.

RESULTS

Arthroscopic ganglion excision allows simultaneous
evaluation of the wrist for other intra-articular ab-

- ’ ¢ o

FIGURE 18.7. The extensor carpi radialis brevis tendon should be
visualized through the capsular defect to ensure a full-thickness de-
bridement of the capsule has been performed.
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normalities. Osterman and Raphael reported that 50%
of their initial 18 patients had other intra-articular ab-
normalities.!> These included 2 patients with perfo-
rations of the scapholunate interosseous ligament and
3 patients with laxity of the scapholunate interosseous
ligament. Two patients had tears of the triangular fi-
brocartilage complex, one had radial chondromalacia,
and one patient had triquetral hamate chondromala-
cia. In their series, which averaged a 16-month follow-
up, no patients had any recurrence, and the average
return to work was 3.5 weeks.

We have reviewed our results in arthroscopic ex-
cision of dorsal ganglia in 25 patients with more than
a 1l-year follow-up (range: 12 to 26 months).!® There
were 19 female and five male patients. There was one
recurrence in this group. This recurrence occurred
early in our study and was felt to be secondary to in-
adequate identification of the stalk of the ganglion.
The ganglion itself needs to be palpated after excision
of the stalk to make sure that the sac has fully rup-
tured. Subjectively, the patient required minimal pain
medication and started early range of motion 1 week
following excision.

COMPLICATIONS

The primary complication to arthroscopic gangliec-
tomy is potential recurrence. This would be second-
ary to inadequate resection of the origin of the stalk
and capsule, which may occur early in the surgeon’s
learning curve. Resection of this key structure is vi-
tal, just as it is in open excision. It is important to
shave any synovitis away from the dorsal capsule to
help with visualization of the potential stalk in the
intersection of the dorsal capsule of the scapholunate
ligament. Again, extension of the wrist, when the
wrist is in the traction tower, particularly improves
visualization at this key area. Although visualization
of the stalk is not necessary and will not be possible
every time, this does make excision easier. Visualiza-
tion of the extensor carpi radialis brevis tendon is an
excellent landmark to ensure that a full-thickness de-
bridement of the dorsal capsule has been achieved to
lower the risk of recurrence. The rate of recurrence in
the preliminary studies of excision of dorsal ganglia is
extremely low compared with open excision and may
prove a substantial benefit of undertaking this proce-
dure arthroscopically.

It is vital to palpate the extraarticular sac to make
sure it is ruptured. This is particularly true when the
sac is multilobulated. Following excision, it is helpful
to take the wrist out of traction and to palmar flex the
wrist to ensure that the sac cannot be palpated and
has ruptured.

The dorsal extensor tendons are at risk during ar-
throscopic excision of the dorsal ganglion. However,
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this risk is quite minimal with close attention to de-
tail. The standard small-joint arthroscopy punches are
not wide enough to capture the entire extensor ten-
don in one cut. It would take multiple passes to
achieve a full-thickness cut to the extensor tendon.
Also, the consistency of the extensor tendon is much
firmer than the dorsal capsule, and it should have a
different feel if the tendon is about to be cut with a
shaver or punch.

One disadvantage of arthroscopic excision of dor-
sal ganglia is the required operating room time. The
actual surgical time in our institution has been simi-
lar to that of open excision. However, the additional
time needed to set up the arthroscopic traction equip-
ment is longer compared to open excision. If only an
occasional wrist arthroscopic procedure is performed,
the operating room personnel may not be as familiar
with the equipment, and this can prolong operating
room time to set up for the case. Open excision of dor-
sal ganglia is traditionally performed under intrave-
nous regional anesthesia, whereas arthroscopic exci-
sion may need to be performed under axillary or
general anesthesia until the operating room personnel
are proficient in setting up the equipment.

CONCLUSION

Arthroscopic excision of dorsal ganglia is a reasonable
alternative to open excision, with decreased postop-
erative morbidity. Arthroscopic excision has been
shown to equal, if not lower the risk of recurrence, as
compared with open excision. This lower risk of re-
currence in preliminary studies, combined with more
rapid improvement in postoperative range of motion
is a significant advantage over open excision. Arthro-
scopic excision allows precise identification and
excision of the stalk of the ganglion from the scapho-
lunate interosseous ligament under magnified condi-
tions. It allows protection of the scapholunate inter-
osseous ligament as it is directly visualized under
bright light and in well-magnified conditions. This
may potentially lower the risk of injury to the inter-
osseous ligament as compared to open excision.!” Si-
multaneous arthroscopic evaluation of the radiocarpal
and midcarpal spaces allows detection and manage-
ment of any additional intra-articular pathology that
may be extant. This also allows the patient to trade a
bump for a portal rather than a scar, which is pleas-
ing to those patients who feel cosmesis is important.
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Wrist Arthrolysis

Riccardo Luchetti, Andrea Atzei, and Tracy Fairplay

rist stiffness is a complication either from
s ; s ; trauma (with or without extra- and/or intra-
articular fractures) or surgery.! Rehabilita-
tion of the wrist is the treatment of choice when a pa-
tient presents with wrist stiffness of over 3 to 6
months’ duration. Wrist manipulation under anesthe-
sia may be used in cases in which a rehabilitation
regime has failed to produce increased wrist range of
motion. However, this procedure can also be danger-
ous, provoking further damage such as ligament or
bone lesions (ulnar head fracture). Surgical arthrolysis
is an alternative option that can be performed via open
surgery or arthroscopy. Surgical arthrolysis is rarely
performed in cases of flexion-extension rigidity, but it
is frequently used for distal radioulnar joint (DRUJ)
wrist rigidity in which pronosupination range of mo-
tion (ROM) is affected.? This joint is easier to reach
than the radiocarpal joint, and rehabilitation is initi-
ated immediately after surgery.

Arthroscopic arthrolysis is a new procedure that
allows the surgeon to treat all the wrist joints with-
out running the risk of causing secondary damage to
the articulations involved and, at the same time, per-
mitting immediate postoperative mobilization.3-8 The
use of this technique to treat posttraumatic wrist stiff-
ness began in the early 1990s.%10 An improvement of
wrist ROM was seen after arthrography. This stimu-
lated enthusiasm among surgical specialists to further
research its surgical efficiency,!? which they hypoth-
esized was due to the effect of the fluid that was in-
jected into the joint, and thus causing joint distension.
In addition, other authors!!-14 had already demon-
strated that knee, elbow, and shoulder rigidity due to
adhesive capsulitis or arthrofibrosis could be success-
fully treated by arthroscopic arthrolysis.

INDICATIONS

Improvement of arthroscopic instruments, technique,
and knowledge of arthroscopic wrist anatomy have led
to the application of this technique in a much wider
range of wrist pathologies. Indications for arthroscopic
wrist arthrolysis include all cases in which rigidity has
occurred following prolonged immobilization after
trauma (fractures or dislocations) or surgery. Pain is

almost always present with articular rigidity. The
causes of the rigidity could be intra- and/or extra-
articular (Table 19.1). Localization of joint stiffness
depends on the damaged site. Radiocarpal (RC), mid-
carpal (MC), and DRUJ rigidity can be present indi-
vidually or in association with each other.

The most frequent clinical pathological conditions
are adhesive capsulitis and arthrofibrosis of the wrist.
Capsulitis is due to ligament and/or capsule contrac-
tures, and wrist arthrofibrosis is usually due to osseous
band fibrosis of the radius and/or first row carpal
bone(s) from a radius articular fracture. These two con-
ditions can be associated in the same case. Wrist rigid-
ity can also be a consequence of injury to the wrist
bones and/or ligaments, for example, a 4-corner in-
tercarpal arthrodesis, a proximal row carpectomy, or
reconstruction of the scapholunate interosseus liga-
ment. Wrist rigidity can also be associated with other
pathologies of the wrist, such as median nerve com-
pression, stenosing tenovaginitis of the flexor tendons,
or even an injury to the dorsal terminal root of the
posterior interosseous nerve.

We must not forget that all hand articulations are
susceptible to articular rigidity, as we frequently see
in the first carpometacarpal (CMC) joint; even in this
case, arthroscopic arthrolysis is a possible treatment
of choice.

SURGICAL TECHNIQUE

RC, MC, and DRU]J portals are the arthroscopic sur-
gical approaches of choice. Most recently two volar
RC portals (radial and ulnar) have also been added.!®
Wrist arthrolysis must be performed by using both tra-
ditional and more elaborate instruments (Table 19.2).

Although arthroscopy starts at the level of the RC
joint, the MC joint should always be thoroughly eval-
uated. When there is a loss of pronosupination artic-
ular range of motion, arthrolysis of the distal radioul-
nar joint must also be performed.

In the most difficult cases, it is impossible to rec-
ognize the normal arthroscopic anatomy of the wrist
(Figures 19.1 and 19.2). Difficulties could be encoun-
tered in performing triangulation with the instru-
ments. Synovitis, fibrosis, and adhesions can obstruct
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TABLE 19.1. Possible Causes of Secondary Wrist Rigidity (extra- and/or intra-articular).

Post-trauma Post-surgery After immobilization

Fracture Dorsal wrist ganglia recurrences Prolonged immobilization
Fracture-dislocation Treatment of scaphoid fracture or nonunion Incorrect wrist immobilization
Dislocation Intercarpal arthrodesis (4 bones fusion, etc)

Ligament lesions
Proximal row carpectomy

Ligament reconstruction (SL ligament, etc)

the visual field; therefore, they must be removed with
caution, ensuring that no damage occurs to the sur-
rounding structures. Obviously, the surgeon’s ability
is of utmost importance.

Radiocarpal Joint

All the portals (1-2, 3-4, 4-5, 6-R, and 6-U) are used,
including the volar, when needed. Fibrotic adhesions
are initially removed with the appropriate instru-
ments: motor engine, laser, and radiofrequency in-
struments. This procedure is frequently sufficient to
improve wrist ROM. When needed, the volar and/or
dorsal radiocarpal ligaments must be resected from the
border of the radius to improve wrist ROM (Figure
19.3). Miniblade, laser, or radiofrequency instruments
are used to resect the ligament. Dorsal capsulotomy
sometimes may require a volar approach. It is very im-
portant to remember that the volar and dorsal ulnar
ligaments must not be resected. Ulnar translation of
the carpal bones has not been demonstrated after re-
section of the radial ligaments.*

Limited articular steps of the radius (less than 1
mm) must be leveled, when possible (Figure 19.4). Tri-
angular fibrocartilage complex (TFCC) central tears
are also treated: the flap is removed and the borders
are cleaned. When the patient presents with an ulnar
plus wrist, it must be treated with wafer arthroscopic
resection. The loose bodies must be removed if they
are found inside the articulation. At the end of the
surgery, wrist manipulation is performed to evaluate
its range of motion and to determine if there has been
an improvement in articular excursion.

Midcarpal Joint

The approach for this articulation is via the four por-
tals (RMC, UMC, STT, and TH), thus making it pos-
sible to verify if there is involvement of the MC joint
that could be contributing to wrist stiffness. Arthro-

TABLE 19.2. Instruments for Arthroscopic Arthrolysis.

Suction punch
Mini-scalpel (banana blade)
Laser

Radiofrequency

Dissector and scalpel

Motor powered
Full radius blade
Cutter blade
Razor cut blade
Barrel abrader

scopy of this joint is much easier to perform, and syn-
ovitis is the most frequently found pathology in this
zone. It is usually localized to the level of the STT
and TH joints. Commonly, one sees an associated cap-
itate and hamate chondritis. This also can cause the
patient to have wrist pain. Debridement of the MC
joint is performed in order to improve painless joint
movement. MC joint arthroscopy does not require
that ligament resection be performed.

Distal Radioulnar Joint

It is very unusual to have good visibility of this joint
even in normal conditions. Stiffness of this joint is due
to synovitis and fibrosis, which in turn increase the
difficulty of performing the arthroscopy. In cases when
this particular joint arthroscopy begins to take a pro-
longed amount of time and becomes quite tedious, it
is convenient to introduce a dissector into the proxi-
mal portal and to detach the adhesions between the
ulnar head and the sigmoid fossa, or resect the volar
capsule from the bone. The dissector can also be in-
troduced through the distal portal; then one should
perform resection of the adhesions between the ulnar
head and the ulnar surface of the TFCC. These ma-
neuvers usually result in a good pronosupination wrist
ROM improvement.

FIGURE 19.1. Arthroscopic normal appearance of volar ligaments
(RSC and LRL ligaments). (Reprinted from Atlas Hand Clinics,
6(2):371-387, R. Luchetti, A. Atzei, and B. Mustapha, Arthroscopic
wrist arthrolysis, pp. 371-387, © 2001 with permission from Else-
vier Science.)
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FIGURE 19.2. Common arthroscopic view of a wrist affected by post-
traumatic stiffness (fibrotic bands between the radius and the carpal
bones). (Reprinted from Atlas Hand Clinics, 6(2):371-387, R.
Luchetti, A. Atzei, and B. Mustapha, Arthroscopic wrist arthrolysis,
pp. 371-387, © 2001 with permission from Elsevier Science.)

Technical Notes

Portals for introducing inflow and/or outflow, instru-
ments, and the arthroscope must frequently be shifted.
It is advisable to set the water inflow pressure at 35/45
mmHg or more. Outflow is not necessary for all the
joints.

Pre-, intra-, and postoperative fluoroscopic evalua-
tion must be performed to verify the position and the
anatomy of the wrist. Pre- and immediate postopera-
tive wrist motion must be evaluated to determine if
there has been an improvement.

POSTOPERATIVE REHABILITATION

Rehabilitation is started immediately after surgery.
Sometimes pain control may require an analgesic. The

FIGURE 19.3. Drawings showing the extent of the capsular and lig-
ament release of the wrist. RSC (radioscaphocapitate), LRL (long ra-
diolunate), SRL (short radiolunate), DRC (dorsal radiocarpal). The ul-
nar ligaments, UL (ulnar lunate) and UT (ulnar triquetral) must not
be sectioned. (Reprinted from Atlas Hand Clinics, 6(2):371-387, R.
Luchetti, A. Atzei, and B. Mustapha, Arthroscopic wrist arthrolysis,
pp. 371-387, © 2001 with permission from Elsevier Science.)
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FIGURE 19.4. Evidence of an articular postfracture step-off after
the joint debridment. (Reprinted from Atlas Hand Clinics,
6(2):371-387, R. Luchetti, A. Atzei, and B. Mustapha, Arthroscopic
wrist arthrolysis, pp. 371-387, © 2001 with permission from Else-
vier Science.)

physical therapist plays a vital role in evaluating the
patient’s capacity to perform all the wrist range of mo-
tion exercises and in instructing the patient in
antiedema techniques that should be followed dili-
gently at home for the first 7 days after surgery. In
cases of severe edema, the therapist should begin a
tenacious antiedema program consisting of the use of
contrast baths to aid in stimulating the vasodilatation-
vasoconstriction mechanism of the patient’s hand and
forearm. The temperatures of the baths are 35 to 38
degrees C and 10 to 15 degrees C. The patient sub-
merges the hand and forearm initially in the cool bath
for 1 minute and then in the warm bath for 5 min-
utes. This exercise is repeated continuously for 30
minutes. The patient should begin and end by sub-
merging the hand in the cool bath. Once the contrast
bath technique has finished, the therapist should im-
mediately apply distal-proximal functional compres-
sive bandaging to each finger, hand, wrist, and mid-
forearm (Figure 19.5), to aid in lymph drainage and
venous return. Lymph drainage massage should be
done, following the bandaging, to the entire upper ex-
tremity with the patient in a supine posture.

If the patient shows very limited wrist range of mo-
tion and the initial onset of edema, it is appropriate
to begin a home range of motion program using a con-
tinual passive movement device (CPM) to help in
maintaining the wrist ROM that was obtained during
surgery and to increase blood circulation to the area,
thus decreasing edema and the eventual onset of wrist
stiffness (Figure 19.6). Pronation-supination and flex-
ion-extension exercises are performed for almost 3
months, gradually increasing the number of repeti-
tions and amount of resistance applied. Aquatic
rehabilitation is the initial treatment of choice. The
patient is instructed to perform nonresisted hand-
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FIGURE 19.5. Functional compressive bandaging preventing the
onset of stagnant distal edema of the hand.

grasping activities in tepid water, such as squeezing a
sponge for 10 minutes four times a day. It is also im-
portant that the hand and forearm are not submerged
for a long period of time in water that is either too hot
or too cold, since excessive vasodilation or constric-
tion is counterproductive during the healing process.
The patient eventually progresses to performing all
wrist exercises in all planes of motion, in the water,
with associated hand exercises in which the fingers
are in both the closed-fist or open-palm positions. The
patient can gradually progress to exercising in anti-
gravity postures out of water. The patient is instructed
on how to perform passive, active, and active assisted
exercises. It is advisable to begin the patient with no

FIGURE 19.6. The use of a continuous passive mobilizer helps to
maintain the wrist range of motion that has been obtained during
arthroscopic surgery.
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more than half a kilo of resistance and slowly increase
this resistance and the number of repetitions being
performed, always respecting the pain threshold and
avoiding the onset of excessive muscular fatigue.

Return to work is limited up until 3 months or in
relationship to the job requirements. A palmar wrist
splint is used to protect the articulation when the
subject must perform heavy labor activities. Work-
hardening and endurance-strengthening exercises us-
ing isokinetic and isotonic rehabilitation equipment
can be initiated 1 month after surgery under the strict
supervision of a physical therapist (Figure 19.7A,B).
Patient protocols are individualized depending on the
strength requirements they need to obtain in order to
perform their jobs. It is advisable that the physical
therapist do an on-site ergonomic evaluation of the
patient being rehabilitated, and quantify the forces re-
quired of the patient’s entire upper extremity in order
to perform work duties.!®

FIGURE 19.7. A, B. Isokinetic rehabilitation can be started 1
month after surgery. A. Isokinetic exercise for improving both
strength and endurance of wrist flexors and extensors. B. Isoki-
netic work simulation is done to re-integrate the entire upper ex-
tremity to assume the correct kinematic postures during specific
work postures.
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TABLE 19.3. Preoperative and Postoperative Evaluation
Parameters.

Mayo Wrist Score (Preop)
Pain (VAS)
Wrist ROM (degrees)
Grip strength (Kg or %)
Work status

DASH questionnaire (Postop)

PERSONAL CLINICAL EXPERIENCE

The authors’ clinical experience was initiated in 1988,
and up until now we have operated on 43 cases. The
first case operated on was to reduce first CMC joint
rigidity due to prolonged immobilization after con-
servative treatment of a Bennett fracture. Arthro-
scopic arthrolysis of the patient’s first CMC joint al-
lowed recovery of complete wrist range of motion
without pain. All the other cases involved wrist rigid-
ity secondary to immobilization after wrist fracture or
surgery.

In our control series study, 18 patients (13 males
and 5 females, with a mean age of 38 years) were in-
cluded: one of our cases was operated on bilaterally
and successively required an additional right wrist ar-
throscopic arthrolysis in order to reach the same level
of improvement as that of the contralateral side. Sev-
enteen cases followed wrist fractures, and one fol-
lowed open surgery for triangular fibrocartilage com-
plex (TFCC) tear (type 1B).

Criteria for Inclusion
Criteria for inclusion in this study were:

o Wrist stiffness with or without pain.

e Decreased grip strength.

e Unsuccessful results from rehabilitation after 3 to
6 months.

Method of Evaluation and Results

Preoperative and postoperative evaluation of all the
patients were done using the Mayo Wrist Score crite-
ria.17.18 The DASH questionnaire was included in the
postoperative checkup (Table 19.3). All the cases were
clinically reevaluated at a mean follow-up of 32

TABLE 19.4. Results of Arthroscopic Wrist Arthrolysis for
18 Patients/19 Cases.

Preop Postop

(mean) (mean)
Pain (VAS) 7 1
Flexion/extension (degrees) 84 107
Rad/ulnar deviation (degrees) 48 49
Prono/supination (degrees) 132 156
Grip strength (Kgs) 27 36
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FIGURE 19.8. A-D. Distal radius fracture treated with reduction
and cast immobilization. Left wrist remained stiff in flexion and in
semipronated position after 4 months of rehabilitation.
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months (range from 2 to 140 months). No complica-
tions were documented. One case failed because the
surgical indications were not correctly evaluated, and
one patient was deceased.

In all cases, pain was significantly diminished or
completely absent, and wrist ROM and grip strength
were improved (Table 19.4). The average modified
Mayo Clinic Wrist Score improved from 39 (preoper-
ative) to 87 (postop), and the DASH questionnaire ob-
tained an average of 21 points.

Clinical Cases
Cask 19.1

A 26-year-old man with a distal radius fracture of the
left wrist was treated with reduction and prolonged
plaster cast immobilization in a Cotton-Loder posi-
tion for 40 days. After 4 months of rehabilitation, the
wrist remained completely stiff in flexion and in a
semipronated position (Figure 19.8). X-rays taken af-
ter 3 months showed osteoporosis and articular wrist
space reduction (Figure 19.9). Arthroscopic wrist
arthrolysis was performed after 4 months of rehabili-
tation, obtaining improvement of flexion-extension
and pronosupination wrist ROM (Figure 19.10).

CASE 19.2

A 29-year-old woman had limitation in right wrist
pronation ROM after a surgical repair of TFCC tear
(Figure 19.11). Wrist ROM before surgery was O de-
grees pronation (Figure 19.12). Flexion-extension and
supination were normal. Arthroscopic arthrolysis al-
lowed her to recover complete pronation of the wrist
(Figure 19.13).
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DISCUSSION

Verhellen and Bain® demonstrated that arthroscopic
arthrolysis cannot harm the median nerve and the ra-
dial artery because these important anatomical struc-
tures are at a safe distance from the site of ligament
resection (from 5 to 6 mm).

Comparison between previous experiences regard-
ing the improvement of wrist ROM after arthroscopic
wrist arthrolysis is reported in Table 19.5.

In respect to Verhellen and Bain® and Osterman and
Culp® our cases had a greater preoperative wrist ROM,
but the final results of wrist motion were almost the
same. Our indication for selecting surgical candidates
is based on the subject’s level of wrist rigidity that is
associated with pain. Wrist rigidity alone is not con-
sidered to be important enough to require arthroscopic
arthrolysis, but when rigidity is associated with pain,
this surgical technique is strongly indicated.

An additional arthroscopic arthrolysis of the same
wrist can also be performed again, if required (one case
of this nature occurred in our study), based on the clin-
ical results and degree of range of motion improve-
ment. Reoperation is well accepted by patients since
the surgery does not take a long time and it is not
painful, but most of all because the patient is able to
see immediate improvements in wrist motion.

Arthroscopy can reveal associated soft tissue tears
that are considered to be the cause of the wrist pain.
In our cases, we frequently found loose bodies,
arthrofibrosis, chondritis and osteochondritis, partial
tears of the intercarpal ligaments (SL, LT, and TFCC)
and/or a minimal articular step, which were not evi-
dent in the X-ray and/or MRI (Figure 19.4). This con-

FIGURE 19.9. A, B. X-rays taken after 3 months
of rehabilitation; osteoporosis and articular wrist
space reduction are visible.
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FIGURE 19.10. Both (A, B) flexion-extension and (C, D) pronation-
supination are improved after arthroscopic arthrolysis.

firms the validity of arthroscopy in comparison to
other methods.!®20 Moreover, during the operation, it
is possible to treat all these conditions, thus improv-
ing both wrist pain and rigidity at the same time.
Conversion to open surgery is suggested only when
it is necessary to surgically treat the DRU]J, when dif-
ficulty is encountered during the arthroscopy. Other
surgical approaches are adopted to treat associated soft
tissue tears or pathologies, such as carpal tunnel syn-
drome (CTS) and partial or total wrist denervation.

151

Arthroscopic arthrolysis of other joints, such as
the first CMC joint, can also be contemporaneously
performed.

Based on our experience, we suggest that ulnar avul-
sion of the TFCC (type 1B) or a complete lesion of the
SL ligament must not be treated simultaneously to this
technique since they require prolonged immobilization
that is contrary to the immediate rehabilitation that is
initiated after arthroscopic arthrolysis. Therefore, it is
important to discuss with the patient the surgical pro-
cedure indicated. It is mandatory that the wrist be mo-
bilized and that the patient initiate rehabilitation im-
mediately after an arthroscopic arthrolysis procedure.

One must remember that if there is an underlying
SL ligament tear in addition to the wrist rigidity, the
surgeon will not be able to obtain good results from
performing an arthroscopic arthrolysis. The injury to
this ligament is predominantly hidden by wrist rigid-
ity; only after the wrist has undergone an arthrolysis
can the clinical manifestations of wrist instability due
to ligament tear become apparent. The improvement

)
J
§

FIGURE 19.11. A, B. TFCC tear of right wrist was surgically re-
paired.
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FIGURE 19.12. A, B. Wrist range of motion was 0 degrees pronation
before arthroscopy; flexion-extension and supination were normal.

of wrist range of motion that is obtained during wrist
arthrolysis can be inconsistent.

In a previous study (Figure 19.14), we found that
intraoperative increase of wrist flexion-extension
ROM was followed by a temporary decrease soon af-
ter surgery but was restored by the final follow-up
reevaluation.® On the other hand, pronation-supina-
tion improvement that has been obtained during sur-
gery is almost always maintained postoperatively.

Rigidity of the wrist does not always involve the
radiocarpal joint (flexion-extension) by itself. DRU]J
(pronosupination) rigidity is more frequently encoun-
tered, and it can be isolated (Case 19.2) or associated
with the radiocarpal joint (Case 19.1). When the rigid-
ity of the DRUJ is isolated, ROM recovery after sur-
gery is easier to obtain than flexion-extension ROM,
and this improvement has been maintained.

COMPLICATIONS

Unfortunately, it can happen that the surgeon is un-
able to perform a wrist arthroscopic arthrolysis due to
the presence of an osteofibrotic band that is too thick
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and dense and obstructs the field of view. This is ex-
actly what occurred in one of our cases that succes-
sively ended in a radiocarpal ankylosis. These are the
types of cases that should not be treated arthroscopi-
cally since they easily end up with residual wrist rigid-
ity. In addition, a radiologic wrist exam, 3 to 6 months
from the time of fracture, does not always demonstrate
all the various underlying problems; when surgeons
see a preserved articular space, they tend to be eager
to perform a surgical arthroscopic arthrolysis. Unfor-
tunately, the underlying difficulties become quite ev-
ident during the surgery, and if one is able to perform
the wrist arthrolysis, the tenaciously adherent bands
and the osteofibrotic bridges must be detached in or-
der to improve visual field and, ultimately, articular
range of motion. At the same time that this technique
is being performed, it becomes quite evident that the
radial surface is no longer completely covered by car-
tilage and there is the presence of osteochondral le-
sions of various severity.

Even if a proper physical therapy program is fol-
lowed, it is quite common for fibrotic bridges to re-
form in a few months and provoke partial or complete
radiocarpal ankylosis. It is also possible to find extra-
articular wrist rigidity that has been caused by reflex
sympathetic dystrophy. In these cases, wrist arthrol-
ysis must be associated with the release of extra-

FIGURE 19.13. A, B. Arthroscopic arthrolysis restored complete
pronation of the wrist.
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TABLE 19.5. Comparison of Previous Studies in Literature.

Preop Postop
Follow-up Flex/Ext Flex/Ext
Publications No. cases months (mean degrees) (mean degrees)
Pederzini et al., 1991 5] 10 44/40 54/60
Verhellen and Bain, 2000 5 6 17/10 47/50
Osterman and Culp, 2000 20 32 9/15 42/58
Luchetti, Atzei, Mustapha, 2001 19 39/ 46/38 54/53

articular soft tissue adhesions. Surgery in these cases
must be approached with extreme caution since the
root of the wrist rigidity is much more complex than
just a localized articular dysfunction.

The surgeon can also run into unpleasant techni-
cal situations during surgery such as the breakdown
of instruments, including tweezers, scissors, mini-
scalpel or motorized instruments.?!

When the patient reports that wrist pain has reap-
peared or has never completely disappeared after sur-
gery, the surgeon should take note that there can still
be an underlying articular pathology that has not been
uncovered. Often, the pain can be due to intrinsic lig-
ament tears (SL or LT) that had not been taken into
consideration preoperatively. The use of articular in-
struments and motorized instruments can cause un-
wanted osteoarticular lesions (chondral scuffing, liga-
ment injuries etc.) that can manifest themselves
postoperatively in the form of pain or wrist instability.

CONCLUSION

Arthroscopic arthrolysis is a promising surgical option
for the treatment of wrist rigidity after trauma or sur-
gery. Reasons for performing arthroscopic wrist
arthrolysis include the following:

e It is safe and requires a minimal amount of inva-
sive surgery.
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FIGURE 19.14. Wrist range of motion in flexion, extension, prona-
tion, and supination measured preoperatively, intraoperatively, and
postoperatively. Data from Pederzini et al.3
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o It allows the surgeon to precisely identify the real
causes of intra-articular rigidity and pain.

e It does not preclude the possibility of performing
another surgical procedure in the future that re-
quires prolonged immobilization.

o It does not preclude the possibility of converting
an arthroscopic arthrolysis into an open surgery.

It must be remembered that arthroscopic arthroly-
sis is a difficult procedure to perform and must be done
by a skilled and well-trained arthroscopic surgeon.
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Small-Joint Arthroscopy
in the Hand and Wrist

Richard A. Berger

en years ago, small-joint arthroscopy in the
I hand and wrist was tantamount to a technique
searching for a purpose. Today, small-joint ar-
throscopy has found its way into virtually every
arthroscopist’s armamentarium. Reductions in the di-
mensions of arthroscopic equipment and improve-
ments in our understanding of the internal anatomy
of small joints have made it possible to arthroscopi-
cally evaluate and treat a number of conditions in-
volving the carpometacarpal (CMC) and metacar-
pophalangeal joints of the hand.1=® Recently, it has
even been proposed that arthroscopy of the proximal
interphalangeal joint may have indications. This chap-
ter provides an overview of relevant joint anatomy,
portal placement, arthroscopic techniques, and indi-
cations for those techniques.

FIRST CMC JOINT

Arthroscopy of the first carpometacarpal joint was de-
veloped and described nearly 7 years ago.!? The first
carpometacarpal joint was a natural starting point for
small-joint arthroscopy due to its relative depth,
highly curved articular surfaces, and the nearly cir-
cumferential nature of the stabilizing ligaments. Each
of these factors makes complete viewing of the joint
difficult with arthrotomy, unless capsulotomies are
carried out through these vital ligaments. Found to be
useful for diagnosis, arthroscopy of the first CMC joint
was soon applied to help visualize the adequacy of re-
duction of fractures involving the articular surfaces of
the trapezium or first metacarpal, such as a Bennett'’s
fracture, as well as to treat established arthritis. With
miniaturization of thermocouple probes, arthroscopy
can now guide shrinkage of the joint capsule in con-
ditions of joint capsule laxity as well as arthroplasty
for the treatment of end-stage arthrosis.

Indications

The principal indications for arthroscopy of the first
carpometacarpal joint are, in general, the same as for
other joints. Included in this list are staging evalua-

tion of arthrosis, identification of a ligament injury,
treatment of two-part fractures of the base of the first
metacarpal, retrieval of floating loose bodies or foreign
objects, and the irrigation of a septic joint.

Contraindications

The contraindications for arthroscopy of the first car-
pometacarpal joint are the same as for other joints, in-
cluding poor soft tissue coverage, active cellulitis, and
joint injury that is obviously beyond the capability of
the arthroscope to address (Rolando fracture).

Regional Anatomy

The skin overlying the first CMC joint is glabrous only
on the palmar surface. Immediately deep to the skin
and superficial to the deep fascia are numerous
veins, including the principal tributaries forming the
cephalic vein system. Within the periadventitial tis-
sue of these tributaries are the S1 and S2 divisions of
the superficial radial nerve, found just deep to the
veins (Figure 20.1).

Several muscles and tendons cross the joint, be-
ginning anteriorly with the abductor pollicis brevis,
which originates from the anterior surface of the tra-
pezium (Figure 20.1). Just lateral to this is the tendon
of the abductor pollicis longus, which inserts into the
posterior base of the first metacarpal. The tendon of
the extensor pollicis brevis passes distally just poste-
rior to the abductor pollicis longus. Just superficial to
the posterior joint capsule of the first CMC joint is
the deep division of the radial artery, crossing the first
CMC joint deep to the extensor pollicis longus ten-
don before coursing anteriorly between the proximal
metaphyses of the first and second metacarpals. Be-
tween the proximal epiphyses of the first and second
metacarpals is the intermetacarpal ligament, which is
entirely extracapsular.

Joint Anatomy

The first CMC joint is a double saddle joint formed
by the distal articular surface of the trapezium and the
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mcl

FIGURE 20.1. Drawing of the regional anatomy of the first car-
pometacarpal joint. mcl = first metacarpal, tm = trapezium, ra =
radial artery, epl = tendon of extensor pollicis longus, apl/epb =
tendons of abductor pollicis longus and extensor pollicis brevis, R
and U =radial and wulnar arthroscopic portals, respectively.
(Reprinted with permission, Atlas of the Hand Clinics, Sept 2001,
Berger RA: Arthroscopy of the Small Joints of the Hand.)

base of the first metacarpal. The articular surface along
the major axis of the trapezium is concave in the
medial-lateral direction, and the articular surface
along the minor axis is concave in the anteroposterior
direction. The converse relationship is found with the
base of the first metacarpal, where the articular sur-
face is concave in the anteroposterior direction and
convex in the medial-lateral direction. Although a
joint capsule surrounds the entire joint, only three-
fourths is reinforced by capsular ligaments.*°

The anterior edge of the first CMC joint is rein-
forced by the anterior oblique ligament complex
(AOL), which is composed of superficial and deep di-
visions (Figures 20.2, 20.3, and 20.4). The superficial
division (AOLs) spans nearly the entire anterior edge
of the joint and attaches to the anterior surface of the
trapezium just proximal to the articular surface and
just distal to the articular surface of the base of the
first metacarpal. The deep division (AOLd) is a well-
demarcated thickening of the superficial band found
just medial to the midline of the superficial division.
Often, there is a distant medial edge separating the
AOLd from the AOLs (Figures 20.3 and 20.4). The deep
division of the AOL is often referred to as the beak
ligament. The orientation of the fibers of the AOLs is
slightly oblique, passing proximal to distal from lat-
eral to medial. The fiber orientation of the AOLs is
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FIGURE 20.2. Drawing of the anterior surface of the first car-
pometacarpal joint capsule. I = first metacarpal, II = second
metacarpal, Tm = trapezium, S = scaphoid, APL = tendon of ab-
ductor pollicis longus, FCR = tendon of flexor carpi radialis, FR =
flexor retinaculum, AOL = anterior oblique ligament, UCL = ulnar
collateral ligament, IML = intermetacarpal ligament. (Reprinted
with permission, Atlas of the Hand Clinics, Sept 2001, Berger RA:
Arthroscopy of the Small Joints of the Hand.)

essentially proximal to distal. The extreme lateral (ul-
nar) surface of the joint is reinforced by the ulnar col-
lateral ligament (UCL), which has fibers oriented in a
proximal to distal direction (Figures 20.2 and 20.5).
The lateral 30% of the posterior surface of the joint
capsule is reinforced by the posterior oblique ligament
(POL) (Figures 20.5, 20.6, and 20.7). The fiber orienta-
tion of the POL is slightly oblique, passing from prox-
imal and medial to distal and lateral. The remaining
posterior joint capsule is reinforced by the dorsoradial
ligament (DRL) (Figures 20.5, 20.6, and 20.7). The fiber
orientation of the DRL is generally proximal to distal.
The joint capsule immediately deep to the tendon of
the abductor pollicis longus is not reinforced by a lig-
ament. Although there is a distinct border between

FIGURE 20.3. Drawing of the posterior surface of the first car-
pometacarpal joint capsule. I = first metacarpal, II = second
metacarpal, III = third metacarpal, Tm = trapezium, Td = trape-
zoid, C = capitate, ECRL = tendon of extensor carpi radialis longus,
APL = tendon of abductor pollicis longus, IML = intermetacarpal
ligament, POL = posterior oblique ligament, DRL = dorsoradial lig-
ament. (Reprinted with permission, Atlas of the Hand Clinics, Sept
2001, Berger RA: Arthroscopy of the Small Joints of the Hand.)
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FIGURE 20.4. Arthroscopic photograph (A) and corresponding
drawing (B) of the posterior joint capsule viewed from the 1-R por-
tal. MI = first metacarpal, Tm = trapezium, DRL = dorsoradial lig-
ament, POL = posterior oblique ligament. (Reprinted with permis-
sion, Atlas of the Hand Clinics, Sept 2001, Berger RA: Arthroscopy
of the Small Joints of the Hand.)

the AOLs and AOLd, there are no reliable demarca-
tions between the remaining ligaments.

Portals

The two recognized portals for arthroscopy of the first
carpometacarpal joint are named according to their re-
lationship with the extensor pollicis brevis and ab-
ductor pollicis longus tendons (Figure 20.8). The I-R
portal is established at the joint line just radial to the
abductor pollicis longus tendon (Figures 20.1 and 20.8).
The 1-U portal is established at the joint line just ul-
nar to the extensor pollicis brevis tendon (Figures 20.1
and 20.8).

157
Surgical Technique

The patient is positioned supine on the operating table
with either regional or general anesthesia. Parenteral
antibiotics may be administered, and a pneumatic
tourniquet is typically applied to their arm. A single
finger trap is secured to the thumb, and 5 to 8 pounds
of longitudinal traction is applied (Figure 20.9). Using
a 22-gauge hypodermic needle, the location of either
the 1-R or 1-U portal is scouted by advancing the needle
directly ulnarly. The needle should be angled approx-
imately 20 to 30 degrees distally due to the curved na-
ture of the joint surface. If there is any difficulty in

FIGURE 20.5. Arthroscopic photograph (A) and corresponding
drawing (B) of the ulnar joint capsule viewed from the 1-R portal.
MI = first metacarpal, Tm = trapezium, POL = posterior oblique
ligament, UCL = ulnar collateral ligament, AOLd = deep portion
of the anterior oblique ligament. (Reprinted with permission, Atlas
of the Hand Clinics, Sept 2001, Berger RA: Arthroscopy of the Small
Joints of the Hand.)
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FIGURE 20.6. Arthroscopic photograph (A) and corresponding
drawing (B) of the anterior joint capsule viewed from the 1-U por-
tal. MI = first metacarpal, Tm = trapezium, AOLd = deep portion
of the anterior oblique ligament, AOLs = superficial portion of the
anterior oblique ligament. (Reprinted with permission, Atlas of the
Hand Clinics, Sept 2001, Berger RA: Arthroscopy of the Small Joints
of the Hand.)

passing the needle into the joint or if there is any con-
cern about the proper identification of the joint, intra-
operative radiographs or fluoroscopy may be used to
verify the level of the needle prior to proceeding.
Once the proper level of the joint portals has been
identified, small stab wounds are created with a
scalpel, either transversely or longitudinally. I would
advocate making the incisions for both portals at the
beginning of the procedure. This facilitates switching
portals during the operation without disturbing the ca-
dence of the procedure. Subcutaneous tissues are dis-
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sected bluntly to the joint capsule level to be certain
that underlying neurovascular tissues are displaced
from harm’s way. Depending upon the surgeon’s pref-
erence, a 1.5 to 2.4 mm diameter arthroscope may be
utilized (Figure 20.10). The arthroscope sheath is then
introduced with a tapered trocar in one portal, and a
small probe is introduced in the other portal. It is rare
that an outflow device is needed, particularly with ju-
dicious control of inflow fluid volume and rate. If an
outflow tract is necessary, however, a large-bore hy-
podermic needle may be introduced, or a shaver may
be used to evacuate excess or cloudy fluid. It may also

FIGURE 20.7. Arthroscopic photograph (A) and corresponding
drawing (B) of the anterior joint capsule viewed from the 1-U por-
tal. MI = first metacarpal, Tm = trapezium, AOLd = deep portion
of the anterior oblique ligament, AOLs = superficial portion of the
anterior oblique ligament. (Reprinted with permission, Atlas of the
Hand Clinics, Sept 2001, Berger RA: Arthroscopy of the Small Joints
of the Hand.)
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FIGURE 20.8. Landmarks used to establish the portals for the first
carpometacarpal joint arthroscopy. IMC = first metacarpal, MII =
second metacarpal, MIII = third metacarpal, Tm = trapezium,
APL = tendon of abductor pollicis longus, EPB = tendon of exten-
sor pollicis brevis, 1-R = radial CMC portal.

be necessary to debride excess synovial tissue in or-
der to visualize the joint surfaces and the ligaments.
This may be accomplished with either a small shaver
or a suction punch.

I typically orient the camera and orient the lens of
the arthroscope in a manner that places the image of
the base of the first metacarpal at the top and the tra-
pezium at the bottom. A comprehensive inspection of
the articular surfaces is carried out. Next, an inspec-
tion of the intra-articular appearance of the capsular
ligaments may be completed. It is best to use the probe
to validate the integrity of these structures, rather
than simply relying on their visual appearance.

The dorsoradial ligament, posterior oblique liga-
ment, ulnar collateral ligament, and deep portion of
the anterior oblique ligament can typically be visual-
ized from the 1-R portal (Figures 20.3, 20.4, 20.5, and
20.7). The superficial and deep portions of the ante-
rior oblique ligament, ulnar collateral ligament, and
posterior oblique ligament can be visualized through
the 1-U portal (Figures 20.3, 20.4, 20.5, and 20.7).

Procedures

The following procedures have been proposed, al-
though this list is largely based upon personal com-
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munications and anecdotal experiences and is by no
means meant to be all-inclusive.

SYNOVECTOMY

A partial or radical synovectomy can be carried out
arthroscopically using a shaver less than 3 mm in di-
ameter and a thermocouple probe system or a small
suction punch device. Care should be exercised when
using the shaver or a punch to avoid iatrogenic com-
promise of the capsular ligaments themselves. Be-
cause of the small diameter of the shaver, the suction
sheath frequently becomes clogged with debrided tis-
sue. This requires frequent cleaning, which may frus-
trate some surgeons.

CAPSULAR SHRINKAGE

It may be advantageous in some circumstances to be
able to shrink, hence stiffen, the joint capsule, such
as in a substantially lax individual with early arthro-
sis of the first CMC joint. Commercially available
thermocouple probe systems, in a diameter suitable
for this joint, are available, but little experience has
been gained in this specific joint at this time.

FIGURE 20.9. Standard operating room setup for first CMC joint
arthroscopy. The thumb is suspended with 5 to 8 Ibs. of traction.
(Reprinted with permission, Atlas of the Hand Clinics, Sept 2001,
Berger RA: Arthroscopy of the Small Joints of the Hand.)
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FIGURE 20.10. Arthroscopy of the first CMC joint. The arthro-
scope is in the 1-U portal and a shaver is in the 1-R portal. Provi-
sional K-wires have been placed for fixation of a Bennett fracture
reduced arthroscopically. (Reprinted with permission, Atlas of the
Hand Clinics, Sept 2001, Berger RA: Arthroscopy of the Small Joints
of the Hand.)

STAGING ARTHRITIS

The precise staging of arthritic involvement of the ar-
ticular surfaces of the first CMC joint is easily ac-
complished with the arthroscope.® This is important
in those patients with painful instability of the first
CMC joint on whom one is considering performing an
extra-articular ligament reconstruction.’ If substantial
arthrosis is present, but not radiographically evident
yet, a ligament reconstruction would be considered
contraindicated. The most common locations for ini-
tial involvement of articular cartilage destruction in
degenerative arthritis are the central aspect of the
trapezial surface and the ulnar third of the metacarpal
surface.

RESECTION/INTERPOSITION ARTHROPLASTY

There may some indication for partially resecting
wither the base of the first metacarpal or the dis-
tal surface of the trapezium, although one would
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think that this would need to be accompanied by
another procedure to either stabilize the joint or in-
terpose some material, such as a section of tendon
or fascia.®® This was advocated by Menon, where a
strip of flexor carpi radialis was interposed arthro-
scopically after arthroscopic resection of the arthritic
joint surfaces.?

SEPTIC ARTHRITIS

Although rarely encountered, the irrigation and de-
bridement of a septic first CMC joint is easily ac-
complished with the arthroscope and a shaver. A large
volume of normal saline can be passed through the
joint by simply running the shaver in the middle of
the joint space while connecting the inflow to a wide-
open source of fluid. Cultures can be obtained by sam-
pling the initial aspirate.

REDUCTION OF INTRA-ARTICULAR FRACTURE

The arthroscope may be a valuable adjunct to the
treatment of simple intra-articular fractures involving
the base of the first metacarpal. Bennett’s fractures in-
volve an intra-articular fracture through the ulnar
condyle of the base of the first metacarpal. They may
produce problems due to intra-articular stepoff or in-
stability. The instability is generated by the uncom-
promised pull of the abductor pollicis longus on the
large fragment with loss of contact with the ulnar col-
lateral ligament. Since the first CMC joint is nearly
circumferentially covered with stabilizing ligaments,
any attempt to visualize the fracture line in a Ben-
nett’s fracture will necessarily compromise these lig-
aments. Accurate visualization of the adequacy of re-
duction by closed means using radiographic imaging
is difficult due to the highly curved nature of the ar-
ticular surfaces of the joint.

When contemplating an arthroscopically assisted
fixation of a Bennett’s fracture, it must first be de-
termined that the fracture is mobile. It is important
to remember that the arthroscope is not a reduction
device per se. It is merely a means of visualizing the
reduction carried out by other means. Regional or
general anesthesia is required, and the patient should
be prepared for the possibility that the procedure
may be converted to an open reduction or aborted al-
together if the arthroscopic procedure is not possi-
ble. The easiest way to assess whether the fracture
is mobile, and potentially amenable to closed reduc-
tion under arthroscopic assessment, is to distract the
thumb on the operating table. Under fluoroscopy,
the distal fragment is manipulated while observing
the fracture. Typical manipulation maneuvers in-
clude axial rotation, with the goal of reducing the
large fragment (in the surgeon’s grasp) to the small
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fragment (the ulnar condyle of the first metacarpal
base). If the fracture moves close to what is consid-
ered an adequate reduction, one may proceed with
arthroscopy.

Next, a 0.045 K-wire is advanced into the base of
the first metacarpal under fluoroscopic guidance in a
line that will either skewer the small fragment upon
reduction or will penetrate an adjacent bone to stabi-
lize the reduction (Figure 20.10). The arthroscope is
introduced in the standard fashion, as is a small
shaver. The shaver is used to evacuate the intra-
articular hematoma universally present. A careful as-
sessment of the articular surfaces and the capsular lig-
aments is made. Once clear visualization is possible,
the fracture is manipulated into an acceptable reduc-
tion under arthroscopic guidance. Once an acceptable
reduction is achieved, the assistant advances the pre-
viously placed K-wire for secure fixation of the frac-
ture. Final radiographs are obtained, and external
dressings with reinforcement are applied, just as in an
open reduction procedure.

Because of the severe comminution and soft tis-
sue disruption in a Rolando fracture, this fracture pat-
tern should be viewed as a relative contraindication
for arthroscopic reduction. Logically, there is no ad-
vantage to using an arthroscope for an extraarticular
fracture pattern. It should be possible to use the
arthroscope for intra-articular fractures of the trape-
zium, but the author has had no experience with this
approach.

METACARPOPHALANGEAL JOINTS

Arthroscopy of the metacarpophalangeal (MCP) joints
of the hand is rarely performed, but may have limited
applications.>® One must remember the advantages
versus limitations of open versus arthroscopic proce-
dures before deciding which technique to use. The ad-
vantage of open procedures is typically in the access
to regions for procedural tasks, while the disadvan-
tages are surgical scars, potential soft tissue destabi-
lization, and limitation of visualization in deep re-
cesses. Arthroscopy offers the advantages of superior
visualization of most regions of a joint otherwise dif-
ficult to access in an open procedure through very
small incisions with minimal impact on the status of
contiguous tissues. The major disadvantages of ar-
throscopic procedures lie in the limits of procedural
maneuvers allowed through the very small incisions.
This dilemma is most evident in the MCP joint. Al-
though a lengthy skin incision may be needed for an
open exposure of the MCP joint, leaving largely a cos-
metic effect, the disturbance of the soft tissues (ex-
tensor mechanism and joint capsule) probably has a
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minimal effect, especially with the proper postopera-
tive rehabilitation protocol. However, there may be an
occasion when arthroscopy of the MCP joint may be
an attractive option.

Indications

Indications for arthroscopy of the MCP joints are
poorly worked out at this time, but may include as-
sessment of arthritis,!%11 synovectomy,!%12:13 irriga-
tion of a septic joint, retrieval of foreign bodies, and
the identification and possible reapproximation of col-
lateral ligaments avulsed from either the proximal
phalanx or the metacarpal.?

Contraindications

The contraindications for arthroscopy of the MCP
joints are the same as for other joints, including
poor soft tissue coverage, active cellulitis, and joint
injury that is obviously beyond the capability of
the arthroscope to address. To date, the techniques
of arthroscopic reduction and fixation of intra-
articular fractures of the metacarpal head or proxi-
mal phalanx base have not been determined for gen-
eral application.

Regional Anatomy

The skin over the dorsal surfaces of the MCP joints
is typically held loosely to subcutaneous incisions, so
care must be exercised when marking palpated land-
marks so that stretching the skin prior to commit-
ting to an incision location does not displace the
marks. Immediately deep to the skin are cutaneous
sensory nerves (superficial radial and lateral ante-
brachial cutaneous nerves for the thumb, index and
long fingers, and the dorsal sensory branches of the
ulnar nerve for the ring and small fingers). The ma-
jor veins draining the fingers are typically found in
the intermetacarpal valleys, well away from most ar-
throscopic approaches.

The tendons on the dorsal surfaces of the MCP
joints share a common feature: the extensor hood
(Figure 20.11). At the level of the joint, the exten-
sor hood is composed of the extrinsic extensor ten-
don(s) and the sagittal fibers passing toward the volar
plate. The extensor tendons for the thumb include
the extensor pollicis brevis (radially) and longus (ul-
narly). For the index through small fingers, the
extensor digitorum communis tendon passes across
the MCP joint as the radial-most tendon. Each fin-
ger also has an independent proprius tendon, al-
though the extensor indicis proprius and extensor
digiti minimi (quinti) tendons are the most widely
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FIGURE 20.11. Drawings of the relevant anatomy for metacar-
pophalangeal (MP) joint arthroscopy. A. Thumb MP joint showing
the extensor hood formed in part by the adductor aponeurosis (aa)
and the extrinsic extensor tendons (epb = extensor pollicis brevis).
B. Thumb MP anatomy after removal of the extensor hood, reveal-
ing the tendon of extensor pollicis longus (epl). C. Lateral view of
the MP joint demonstrating the relationships between the
metacarpal (MC), proximal phalanx (PP), tendon of extensor polli-
cis brevis (epb), and the collateral ligament system (cl). The black
dots represent the location of recommended arthroscopic portals.
(Reprinted with permission, Atlas of the Hand Clinics, Sept 2001,
Berger RA: Arthroscopy of the Small Joints of the Hand.)

recognized. These tendons do not insert directly into
the proximal phalanx, but are connected to the dor-
sal joint capsule and, hence, indirectly insert into the
phalanx.

Intra-Articular Anatomy

The intra-articular anatomy of the first through fifth
MCEP joints is similar. The joint is described as a
shallow glenoid-type joint. The articular surface of
the second through fifth metacarpal heads is largely
spherical, but widens palmarly in the transverse
plane. The first metacarpal has little medial-lateral
variance. The bases of the proximal phalanges have
a shallow glenoid shape for articulation with the
metacarpal head.

The lateral joint capsule is reinforced by the col-
lateral ligament system. The true collateral ligaments
span the distance from a depression on the lateral and
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medial surfaces of the head of the metacarpal to the
palmar half of the proximal rim of the proximal pha-
lanx. The accessory collateral ligaments are fan-
shaped extensions of the true collateral ligaments that
attach to the lateral edges of the volar plate.

The volar plate forms the palmar surface of the
MCP joint capsule. It has a poorly defined proximal
attachment to the metacarpal, but has a definite at-
tachment along the palmar rim of the base of the prox-
imal phalanx. Often, there is a meniscal rim of the
volar plate protruding into the joint space, biased to-
ward the distal end of the volar plate.

The dorsal joint capsule is thick and redundant,
extending proximally to a line that is proximal to
the level of collateral ligament attachment to the
metacarpal head.

Portals

The two recognized portals for arthroscopy of the
metacarpophalangeal joints (Figure 20.11) are named
according to their relationships with the extensor ten-
dons. The radial portal is established at the joint line
just radial to the extrinsic extensor tendons. The ul-
nar portal is established at the joint line just ulnar to
the extrinsic extensor tendons.

Surgical Technique

The patient is positioned supine on the operating
table; either regional or general anesthesia is admin-
istered. Parenteral antibiotics may be administered,
and a pneumatic tourniquet is typically applied to
the arm. A single finger trap is secured to the thumb
or finger to be evaluated, and 5 to 8 pounds of lon-
gitudinal traction is applied (Figure 20.12). Using a
22-gauge hypodermic needle, the location of either
the I-R or I-U portal is scouted by advancing the
needle directly palmarly. If there is any difficulty
in passing the needle into the joint or if there is
any concern about the proper identification of the
joint, intraoperative radiographs or fluoroscopy may
be used to verify the level of the needle prior to
proceeding.

Once the proper level of the joint portals has been
identified, small stab wounds are created with a
scalpel, either transversely or longitudinally. T would
advocate making the incisions for both portals at the
beginning of the procedure. This facilitates switching
portals during the operation without disturbing the ca-
dence of the procedure. Subcutaneous tissues are dis-
sected bluntly to the joint capsule level to be certain
that underlying neurovascular tissues are displaced
from harm’s way. The arthroscope sheath is then in-
troduced with a tapered trocar in one portal; a small
probe is introduced in the other portal. It is rare that
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FIGURE 20.12. Standard operating room setup for thumb MCP
joint arthroscopy. Longitudinal traction of 5 lbs. is applied through
a finger trap. The arthroscope is in the radial portal. Note the def-
inition of the extensor tendons defining the landmarks used to es-
tablish the portals. Arthroscopy of the first CMC joint. The arthro-
scope is in the 1-U portal and a shaver is in the 1-R portal.
Provisional K-wires have been placed for fixation of a Bennett frac-
ture reduced arthroscopically. (Reprinted with permission, Atlas of
the Hand Clinics, Sept 2001, Berger RA: Arthroscopy of the Small
Joints of the Hand.)

an outflow device is needed, particularly with judi-
cious control of inflow fluid volume and rate. If an
outflow tract is necessary, however, a large-bore hy-
podermic needle may be introduced, or a shaver may
be used to evacuate excess or cloudy fluid. It may also
be necessary to debride excess synovial tissue in or-
der to visualize the joint surfaces and the ligaments.
This may be accomplished with either a small shaver
or a suction punch.

A comprehensive inspection of the articular sur-
faces is carried out. Next, an inspection of the intra-
articular appearance of the collateral ligaments and
volar plate may be completed. It is best to use the
probe to validate the integrity of these structures,
rather than simply relying on their visual appearance.

Procedures

The following procedures have been proposed, al-
though largely based upon personal communications
and anecdotal experiences. This is by no means meant
to be an all-inclusive list.

SYNOVITIS

Synovial biopsy is easily performed through standard
portals with a 2-mm shaver or arthroscopic grabber.
Similarly, a radical synovectomy can be carried out
with a shaver in all joint regions.

SMALL-JOINT ARTHROSCOPY IN THE HAND AND WRIST
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SEPTIC ARTHRITIS

Irrigation and debridement of a septic MCP joint are
easily accomplished with the arthroscope and a
shaver. This may be considered particularly useful in
so-called “fight bites” in which an open intrusion of
the joint has occurred during an altercation where
contact with an opponent’s teeth creates a septic haz-
ard for the joint. A large volume of normal saline can
be passed through the joint simply by running the
shaver in the middle of the joint space while con-
necting the inflow to a wide-open source of fluid.
Cultures can be obtained by sampling the initial
aspirate.

Di1AGNOSIS OF COLLATERAL LIGAMENT INJURY

Most ligament injuries about the MCP joints are
treated well with closed means. However, the Stener-
type lesion creates a situation that is less likely to re-
sult in successful closed management. In the Stener
lesion, the distally avulsed collateral ligament is
displaced and trapped under the free proximal edge
of the extensor hood.!* Although injury to the ulnar
collateral ligament of the thumb is the most com-
mon avulsion injury associated with a Stener lesion,
it is possible in the fingers.>%14 This is particularly
so with the ulnar collateral ligament of the index
finger MCP joint and the radial collateral ligament
of the small finger MCP joint. The arthroscope pro-
vides a minimally invasive means of readily identi-
fying the presence of a Stener-type lesion in any of
the digits.

Additionally, in a subacute setting of instability
following injury, it may prove to be a difficult task to
know if the injury has occurred from the proximal or
distal attachment of a finger MCP collateral ligament.
Because scar tissue has likely developed, the surgeon
will have a difficult time knowing where the injury
occurred, leading to potential complications of ele-
vating the wrong end of the ligament during open re-
pair. Again, the arthroscope offers a ready means of
identifying the level of the injury prior to converting
to an open procedure.

REAPPROXIMATION OF COLLATERAL LIGAMENT
AVULSION INJURY

Ryu has advocated the use of the arthroscope as
the definitive treatment for thumb Stener lesion in-
juries of the ulnar collateral ligament.3 After verify-
ing the presence of the Stener lesion, the ligament
is “hooked” by the probe and drawn back deep to
the adductor aponeurosis, where it comes to rest ad-
jacent to the normal attachment point on the ulnar
rim of the base of the proximal phalanx. From here,
it is treated as a nondisplaced collateral ligament

injury.



164

FOREIGN BODY RETRIEVAL

Depending upon its size, type, and location, it may be
possible to retrieve a foreign body in the PIP joint
arthroscopically through standard portals using an ar-
throscopic grabber.

PROXIMAL INTERPHALANGEAL JOINT

Arthroscopy of the proximal interphalangeal (PIP)
joint has not been widely accepted as a useful tech-
nique at this time. This is no doubt due in large part
to the relatively restricted number of indications due
to the technical limitations.

Indications

The indications for PIP joint arthroscopy are essen-
tially the same as those for metacarpophalangeal joint
arthroscopy, and would include assessment or staging
of arthritis,!! synovial biopsy,!! irrigation of a septic
joint, and retrieval of foreign bodies.!®

Contraindications

The contraindications for arthroscopy of the PIP joints
are the same as for other joints, including poor soft
tissue coverage, active cellulitis, and joint injury
which is obviously beyond the capability of the arthro-
scope. To this date, the techniques of arthroscopic re-
duction and fixation of intra-articular fractures of the
proximal phalangeal head or middle phalanx base have
not been reported.

Regional Anatomy

The proximal interphalangeal joint is formed by the
articulation of the head of the proximal phalanx
and the base of the middle phalanx. The skin overly-
ing the joint is a distal reflection of the skin over
the main part of the hand, with relatively thin, mo-
bile skin dorsally and thick, glabrous palmar skin.
The palmar skin displays several colinear transverse
creases at the level of the joint, while the dorsal
skin is redundant and displays concentric elliptical
creases. The dorsal skin is separated from the exten-
sor mechanism by a layer of loose aponeurotic tissue.
The extensor mechanism at the level of the PIP joint
undergoes a transition from the discrete intrinsic and
extrinsic systems proximally to the combined exten-
sor mechanism distally. Identifiable elements at this
level include the central slip, radial and ulnar lateral
bands, the transverse retinacular ligament, and, al-
though difficult to define discretely, the proximal
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fibers of the oblique retinacular ligament (Figure
20.13). The radial and ulnar proper neurovascular
bundles are seen coursing distally just anterior to the
midlateral plane of the finger, channeled by Grayson’s
and Cleland’s ligaments. The flexor digitorum super-
ficialis and profundus tendons are encased within the
flexor tendon sheath system. At the level of the PIP
joint, this system is composed of the PIP joint volar
plate, the A3 pulley, and the tenosynovial sheath. The
volar plate stabilizes the PIP joint from excessive hy-
perextension due to stout insertions of the check rein
ligaments into the neck of the proximal phalanx and
distal attachments to the medial and lateral ridges of
the base of the middle phalanx. The volar plate is fur-
ther stabilized through the accessory collateral liga-

FIGURE 20.13. Drawings of the relevant anatomy for proximal in-
terphalangeal (PIP) joint arthroscopy. Left: dorsal view of a finger.
Right: lateral view of a finger. DIP = distal interphalangeal joint,
PIP = proximal interphalangeal joint, Ib = lateral band, cs = central
slip, dl = dorsolateral portal, between a lateral band and the central
slip.
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ments that attach to the lateral recesses of the head
of the proximal phalanx, confluent with the proximal
attachments of the proper collateral ligaments. From
these recesses, the proper collateral ligaments course
distally to attach to the lateral ridges of the base of
the middle phalanx. Finally, the palmar skin is richly
invested with a venous network. The dorsal skin is
innervated by terminal fibers of either the superficial
radial nerve for the radial digits or the dorsal sensory
branch of the ulnar nerve for the ulnar digits. The pal-
mar and lateral skin are innervated by the underly-
ing proper digital nerve.

Intra-Articular Anatomy

The PIP joint is a bicondylar joint. As such, a medial
and lateral condyle form the head of the proximal pha-
lanx, and corresponding medial and lateral fossae form
the base of the middle phalanx. The condyles are sep-
arated by a sagittal groove called the intercondylar
groove, while the fossae on the base of the middle pha-
lanx are separated by a corresponding interfossal ridge.
All of these regions are covered in articular cartilage.
The dorsal aspect of the middle phalanx base forms a
rim where the central slip of the extensor mechanism
inserts. The volar plate often has a mensicuslike,
wedge-shaped prominence intruding into the palmar
aspect of the joint.

Portals

Several portals have been described for arthroscopy of
the PIP joint. On either the radial or ulnar surface of
the digit (or both surfaces), portals have been described
in the intervals between the central slip and the lat-
eral bands,!® or between the lateral bands and the col-
lateral ligaments (Figure 20.13).11.1> Although a dorsal
portal has been described, it has not been recom-
mended for general use because of difficulty in ob-
taining useful imaging and the possibility of damage
to the central slip.!> Similarly, a volar portal has been
described and abandoned, due to the difficulty of tra-
versing the flexor tendons, volar plate, and neurovas-
cular bundles.!®

Surgical Technique

Most authors have advocated using a horizontal po-
sition of the extremity to maximize mobility of the
arthroscope and equipment in multiple planes
about the finger. Regional or general anesthesia has
been reported most often, although there does not
seem to be a strong reason not to do this procedure
with a digital block and finger tourniquet. The
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use of parenteral antibiotics is at the surgeon’s dis-
cretion. The finger is supported in slight flexion
with a towel, and manual distraction is applied if
necessary.

The joint is distended by inserting a 25-gauge
needle into the joint either dorsally or transversely
deep to the extensor mechanism and introducing 2 cc
of normal saline. Small longitudinal incisions are
made in the skin over the designated portal sites, and
subcutaneous tissues are bluntly separated to the level
of the extensor mechanism.

A 1.5-mm arthroscopic needle system is advo-
cated, and 2-mm shavers may be used. A tapered
trocar for the arthroscopic sheath is advanced into
the distended joint through the desired portal inter-
val, and the sheath is then advanced over the trocar.
A probe or shaver may be introduced into the re-
maining portal. Inflow is maintained through an in-
dwelling needle through the dorsal capsule while
an assistant intermittently infuses the joint with nor-
mal saline. It is best to exchange the arthroscope be-
tween portals in order to ensure maximum joint
visualization.

Once the procedure is completed, the skin is
closed with simple sutures, and a soft sterile dress-
ing is applied after removal of the tourniquet and
confirmation of reperfusion has been made. The use
of a splint is at the surgeon’s discretion, dependent
upon what condition is present and what procedure
was performed. Sutures are removed 10 to 14 days
postoperatively.

Procedures

The following procedures may have applications sim-
ilar to the metacarpophalangeal joint. As for the MCP
joint, this is by no means meant to be an all-inclusive
list.

SYNOVITIS

Synovial biopsy is easily performed through standard
portals with a 2-mm shaver or arthroscopic grabber.
Similarly, a radical synovectomy can be carried out
with a shaver in all joint regions except the volar 50%.

SEPTIC ARTHRITIS

Irrigation and debridement of a septic PIP joint are eas-
ily accomplished with the arthroscope and a shaver.
A large volume of normal saline can be passed through
the joint simply by running the shaver in the middle
of the joint space while connecting the inflow to a
wide-open source of fluid. Cultures can be obtained
by sampling the initial aspirate.
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FOREIGN BODY RETRIEVAL

Depending upon the size, type, and location of the for-
eign body in the PIP joint, it may be possible to re-
trieve such a structure arthroscopically through stan-
dard portals using an arthroscopic grabber.

Complications

Few complications should be encountered with care-
ful application of standard arthroscopic principles.
The most serious complications are potential injury
to cutaneous nerves, which can be avoided with care-
ful dissection techniques based upon a sound under-
standing of the underlying anatomy. Iatrogenic injury
to the articular surfaces is easily encountered unless
a very gentle approach to the use of instruments is
maintained. It is important to remember that the
arthroscope typically moves only a few millimeters in
a telescoping fashion to cover the entire joint. Do not
force the arthroscope where it doesn’t want to go. In-
fection remains a risk, regardless of surgical procedure.
Many surgeons prefer to administer a prophylactic
dose of parenteral antibiotics prior to initiating a joint-
related procedure.

CONCLUSION

Arthroscopy of the small joints of the hand has be-
come a reliable clinical tool, although somewhat lim-
ited in diagnostic applications. Therapeutic options
are becoming increasingly available but must be bal-
anced against the efficacy of open procedures. The ar-
throscopy of these joints is safe, but only if the rele-
vant anatomy is thoroughly understood by the
surgeon.
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Proximal Row Carpectomy
Matthew A. Bernstein and Randall W. Culp

HISTORICAL PERSPECTIVE

Proximal row carpectomy is a recognized treatment
option for arthritic disease of the proximal carpal row.
Since its original description in 1944, proximal row
carpectomy has been a controversial surgical alterna-
tive and has had an intermittently questionable repu-
tation in the literature.! The complex link joint bio-
mechanics of the wrist are converted to a sloppy
ball-and-socket joint by removal of the proximal carpal
row.! Criticism has included: loss of motion and
strength, progressive radiocapitate arthritis, and un-
predictability of outcome; however, much of this crit-
icism has been anecdotal.2 Recent investigations have
reported successful results that appear to be similar to
those reported for more complex reconstructions or
other salvage procedures.3-10

Patient satisfaction and pain relief are noted in a
high percentage of patients. Wrist motion has been
shown to be equal to, or slightly less than, that noted
preoperatively. Grip strength has been shown to range
between 64% and 100% of the contralateral normal
wrist.%7/11-15 Normal longitudinal compressive loads
across the radiolunate articulation have been reported
as 40% and those across the radioscaphoid articula-
tion as 60%. Following proximal row carpectomy, the
initial load across the lunate fossa to capitate articu-
lation is 100%, however, as dead space diminishes and
is replaced by scar formation, this new tissue more
evenly distributes the compressive load across a broader
area. The radius of curvature of the capitate is about
two-thirds that of the lunate fossa, motion between the
capitate and the radius is translational, and the onset
and progression of radiocapitate arthrosis have been
demonstrated radiographically by Imbriglia; progres-
sion of arthrosis has not been of clinical consequence,
however.!>

Arthroscopy has developed into an established tool
in orthopaedic surgery. Over the last several years, with
the advent of smaller-diameter arthroscopes and in-
struments, wrist arthroscopy has resulted in significant
improvement in the care and treatment of wrist patho-
logy. In addition to using arthroscopy in diagnosis and
treatment of triangular fibrocartilage complex (TFCC)
tears, radiocarpal fractures, cartilage damage, loose
bodies, and debridement and synovectomies, bony re-

sections—including radial styloidectomy and proxi-
mal row carpectomy—can be performed. The latter
technique involves removal of the scaphoid, lunate,
and triquetrum, thus allowing the capitate to migrate
proximally and articulate with the lunate fossa of the
radius.

Literature pertaining to the results of arthroscopic
proximal row carpectomy is sparse; the majority of the
literature mentions arthroscopy as a technique for
proximal row carpectomy without discussing clinical
results.>16-19

INDICATIONS AND
CONTRAINDICATIONS

The same indications hold for arthroscopic proximal
row carpectomy as for the standard open technique.
Proximal row carpectomy is an option for patients
with symptomatic arthritic disease secondary to a
number of diseases, including scaphoid nonunion,
scapholunate dissociation, and osteonecrosis of the lu-
nate. It has also been described in the treatment of
failed carpal implants, cerebral palsy, spasticity, acute
and chronic fractures and dislocations, and replanta-
tion. We do not currently recommend arthroscopic
proximal row carpectomy in this latter subset of pa-
tients. Relative contraindications to the procedure in-
clude preexisting arthritis of the proposed radiocapi-
tate articulation, multicystic carpal disease, and
preexisting ulnar translocation of the carpus.?? Due to
the overwhelming majority of poor results of open
proximal row carpectomy in their patients with rheu-
matoid arthritis, both Culp et al and Ferlic et al do
not recommend its use in rheumatoid patients.*2!

SURGICAL TECHNIQUE

Arthroscopic proximal row carpectomy can be carried
out under general or regional anesthesia, as bone graft-
ing is not necessary and operative times are generally
under 120 minutes. In the operating room, the video
monitor, light source, power source, and inflow pump
are positioned contralateral to the limb on which sur-
gery is being performed. The patient is positioned
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supine on the operating table with a radiolucent hand
table in place.

After prophylactic antibiotics, routine skin prepa-
ration, and sterile draping around a well-padded arm
tourniquet, the arm is placed into a sterile traction
tower. The forearm is suspended in finger traps and,
via the traction tower, distraction is accomplished by
a strap placed above the elbow, securing the arm to
the tower base. This tower allows the surgeon to “dial
in” the amount of distraction, most commonly 10 to
15 pounds. After distraction is obtained, landmarks
are outlined on the dorsum of the wrist, and the por-
tals are made. The tourniquet is routinely inflated
without additional exsanguination.

Routinely the 3-4 portal is the first viewing portal.
Longitudinal incisions, breaching only the skin, are
used. To avoid tendon and nerve injuries, a hemostat
is used to spread through the subcutaneous tissue
down to and, with the tips of the hemostat closed,
through the capsule. Then, using the blunt trocar, the
arthroscopy cannula is introduced into the joint, di-
rected along the sagittal plane, at an angle of approx-
imately 11 degrees proximal to the perpendicular of
the long axis of the radius. This angle approximates
the normal volar inclination of the distal radius ar-
ticular surface.

After the 2.7-mm arthroscope is placed into the
joint, outflow is established through the 6-R portal,
identified by triangulation and direct visualization
upon entering the joint at the prestyloid recess. A me-
chanical pump is used to maintain a constant intra-
articular pressure and flow rate. First, a routine eval-
uation of the joint is carried out; particular attention
is given to the lunate fossa of the distal radius. The
radial volar extrinsic ligaments, particularly the ra-
dioscaphocapitate ligament, are identified and will be
preserved during the procedure.

The arthroscope is then directed ulnarly, and the
TFCC and extrinsic ulnar ligaments are identified.
Next, the midcarpal joint must be well visualized to
ensure an adequate proximal capitate cartilaginous
surface. If the status of the capitate joint is question-
able, then an alternative procedure is performed: 4-
corner fusion, capitolunate arthrodesis, proximal row
carpectomy with interposition arthroplasty, or wrist
arthrodesis. Assessment of the midcarpal articular sur-
faces is accomplished through the radial midcarpal
portal, which is approximately 1 cm distal to the 3-4
portal. Arthroscopic instruments that will be needed
to perform the proximal row carpectomy include: a
hook probe, a 2.9 shaver or radiofrequency device, a
4.0 bur, small sharp osteotomes, pituitary rongeurs,
and an image intensifier.

The first step in performing the proximal row
carpectomy, after one is satisfied with the cartilage
status of the proximal pole of the capitate and the lu-
nate fossa, is to remove the scapholunate and luna-
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totriquetral ligaments with a shaver or radiofrequency
device. This is performed through the 4-5 and/or 6-R
portals. Next, the core of the lunate is removed with
a bur; care is taken to avoid damaging the lunate fossa
and proximal capitate by leaving an “eggshell” rim of
lunate, which is morcellized with a pituitary rongeur
under direct vision and/or with image intensification.
Next, using the 3-5 or 4-5 portal as a working portal,
the scaphoid and triquetrum are fragmented with an
osteotome and bur under image intensification and re-
moved by piecemeal with a pituitary rongeur. Coring
out and fragmenting the carpal bones allows for easy
removal, as well as protection of the articular carti-
lage. Great care is taken to avoid damaging the artic-
ular cartilage. Great care is taken to avoid damaging
the volar extrinsic ligaments, especially the radio-
scaphocapitate, which will be responsible for main-
taining the stability of the capitate in the lunate fossa.

After the entire proximal row is removed, the wrist
is examined under radiographic image intensification.
Care is taken to ensure that there is no impingement
of the trapezium against the radial styloid. Some au-
thors advocate a modest styloidectomy; while we
rarely perform this procedure, it can be done arthro-
scopically with the aid of image intensification, if
needed.

Posterior interosseous neurectomy may be per-
formed through a separate 1.5-cm longitudinal inci-
sion just ulnar to Lister’s tubercle. The fourth com-
partment is partially opened on the radial side. One
centimeter of the nerve is resected with bipolar elec-
trocautery. The fourth compartment is then repaired
with absorbable suture. All wounds are closed with
4-0 nylon monofilament suture.

Patients are placed in a short-arm plaster splint for
approximately 3.5 to 4 weeks. Sutures from the por-
tals are removed at 10 days. Gentle range of motion
exercises are begun after splint removal at 4 weeks,
and strengthening is begun at approximately 8 weeks
postoperatively.

COMPLICATIONS

There are several potential complications associated
with proximal row carpectomy. When the procedure
is done arthroscopically, the cartilaginous surfaces of
the proximal capitate and lunate fossa must be pro-
tected from instrument damage. Also, care must be
taken not to disrupt the volar extrinsic carpal liga-
ments, as they are later necessary for long-term ra-
diocarpal stability (Figure 21.1). Visualization is often
greater arthroscopically than open; we sometimes
leave behind a shell of cortical bone attached to the
ligaments to avoid ligamentous injury. There is also
the potential complication of irritation of the nerves,
especially the dorsal ulnar sensory branch, and po-
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FIGURE 21.1. Diagram of the important stabilizing volar extrinsic
radiocarpal and ulnocarpal ligaments. (1) Radioscaphocapitate. (2)
Ulnocapitate ligament, important due to its position and contribu-
tion to the ulnar limb of the arcuate ligament and its attachment
to the capitate.

tential for damage to the median and ulnar nerves, es-
pecially the ulnar nerve, while using the osteotomes.
The dorsal capsuloligamentous structures are not sig-
nificantly disrupted when the arthroscopic technique
is utilized. Thus, there is less dorsal scar formation,
and dorsal instability may occur, though we have not
seen this clinically. While we have not had to do this,
should dorsal capsular laxity present as a problem,
concurrent or later electrothermal capsulorrhaphy
may be performed.

ADVANTAGES

As with any arthroscopic procedure, the surgery is less
invasive than an open procedure. Also, there is little
damage to the dorsal ligaments, which are left essen-
tially intact, in contrast to standard open proximal row
carpectomy. Better visualization of the volar extrinsic
ligaments increases the likelihood of preservation. Fi-
nally, there is a more acceptable scar and less stiff-
ness, secondary to minimal capsular dissection.

CONCLUSION

Overall patient satisfaction with this procedure has
been excellent. Immediate postoperative pain seems
to be less than that experienced by those who have
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undergone open proximal row carpectomy. In our ex-
perience, all patients reported satisfactory pain relief,
functional wrist motion, and effective grip strength.
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Trapeziectomy with Thermal
Capsular Modification

Scott G. Edwards and A. Lee Osterman

s recently as 10 years ago, the thumb car-
Apometacarpal (CMC) joint, or basal joint, was

inherently difficult to evaluate intraarticu-
larly. Its curved articular surfaces required an exten-
sive arthrotomy through much of its nearly circum-
ferential stabilizing ligaments. The introduction of a
small arthroscope allowed the thumb CMC articula-
tion to be completely visualized without destabilizing
the joint.!'2 Diagnostic thumb CMC arthroscopy even-
tually led to therapeutic arthroscopy, including the
treatment of basal thumb arthritis, the most common
hand arthrosis. With advancing technology, end-stage
and intermediate-stage arthrosis may now be treated
by arthroscopically-guided arthroplasty of the thumb
basal joint. The development of miniaturized ther-
mocouple probes allowed conditions of joint capsule
laxity to be treated by thermal capsular shrinkage. Al-
though early results are promising and the advantages
over traditional open procedures are obvious, these
techniques are still evolving and the long-term bene-
fits and complications require further study. The pur-
pose of this chapter is to present the current knowl-
edge of arthroscopic treatment for thumb CMC
arthrosis and joint hyperlaxity.

GROSS AND
ARTHROSCOPIC ANATOMY

Several superficial structures cross the thumb CMC
joint, beginning volarly with the abductor pollicis bre-
vis (APB), which originates from the anterior surface
of the trapezium. Lateral to the APB are the tendon of
the abductor pollicis longus (APL) and the tendon of
the extensor pollicis brevis (EPB), which lies posterior
to the APL. The deep division of the radial artery
crosses the posterior capsule of the thumb CMC joint
and travels deep to the extensor pollicis longus (EPL)
tendon before coursing anteriorly between the proxi-
mal metaphyses of the first and second metacarpals.
The extracapsular intermetacarpal ligament resides at
the most posterior and ulnar aspect of the thumb CMC
joint, between the first and second metacarpal bases.
Immediately deep to the skin overlying the joint are
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numerous veins, including the principal tributaries
forming the cephalic venous system. Intermingled
with these veins are the S1 and S2 branches of the su-
perficial radial nerve.3

The basal joint of the thumb consists of four
trapezial articulations: the trapeziometacarpal (TM),
trapeziotrapezoid, scaphotrapezial (ST), and trapezium-
index metacarpal articulations. Of these joints, only
the TM and ST lie along the longitudinal compres-
sion axis of the thumb. The TM articulation may be
thought of as a double saddle joint. The articular sur-
face of the trapezium is concave in the mediolateral
direction and convex in the anteroposterior direction.
The converse relationship is found at the base of the
first metacarpal, where the articular surface is concave
in the anteroposterior direction and convex in the
mediolateral direction. These surfaces form a shallow
double saddle that offers little intrinsic osseous stabil-
ity and must rely on static ligamentous constraints to
restrict translation (Figure 22.1). Since a strong associ-
ation has been observed between excessive basal joint
laxity and premature degenerative changes, careful
consideration must be given to these ligamentous sta-
bilizers when preparing for any surgical intervention.

Although a capsule surrounds the entire thumb
CMC joint, capsular ligaments reinforce only three-
fourths of the circumference. Sixteen ligaments have
been identified about the trapezium,*¢ of which seven
are directly responsible for stabilizing the thumb CMC
joint. These are the superficial anterior oblique liga-
ment (AOLs), deep anterior oblique ligament (AOLd),
dorsoradial ligament (DRL), posterior oblique liga-
ment (POL), ulnar collateral ligament (UCL), inter-
metacarpal ligament, and dorsal intermetacarpal liga-
ment. The remaining eight ligaments stabilizing the
trapezium are the dorsal trapeziotrapezoid ligament,
ventral trapeziotrapezoid ligament, dorsal trapezio-
second metacarpal ligament, volar trapezio-second
metacarpal ligament, trapezio-third metacarpal liga-
ment, volar scaphotrapezial ligament, radioscapho-
trapezial ligament, and the transverse carpal ligament.

The bulk of the ligamentous structures about the
thumb CMC joint cannot be visualized from outside
the joint. In fact, several structures attached to the tra-
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FIGURE 22.1. Arthroscopic view of the trapeziometacarpal joint.
Note the double saddle articulation formed by the metacarpal (MC)
and trapezium (TZ).

pezium may only be appreciated after violating the
more superficial ligaments or tendons. The arthro-
scopic perspective of the CMC stabilizers is substan-
tially less complicated than the same anatomy viewed
externally, because a number of structures can be eas-
ily viewed from within the joint. Our understanding
of the anatomy and biomechanics of the thumb basal
joint has been greatly enhanced through arthroscopic
assistance.

Due to the limitations of safe portal placement, the
arthroscopic view is limited to the anterior, ulnar, and
posterior surfaces of the joint. This does not prove to
be a significant handicap, however, as the volar and
radial portions of the joint capsule lack ligamentous
reinforcements. The capsuloligamentous structures
readily visible with standard arthroscopic portals are
the AOLs, AOLd, DRL, POL, and the UCL (Figure
22.2A B).
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Supetrficial Anterior Oblique Ligament (SAOL)

The AOLs is a capsular ligament that originates from
the volar tubercle of the trapezium 0.5 mm proximal
to the articular surface and inserts broadly across the
volar ulnar tubercle of the first metacarpal 2 mm dis-
tal to the articular margin of the volar styloid process.
This creates a capsular recess between the AOLs and
the first metacarpal that appears lax and redundant.
This may represent normal and appropriate laxity to
allow pronation of the thumb to occur. However, in
extremes of rotation and in extension, the AOLs be-
comes taut.

The AOLs may be viewed through the 1-R, but is
more readily inspected through the 1-U portal. It spans
almost the entire anterior surface of the joint, with
fibers oriented slightly oblique distally and ulnarly.
When viewed from within the joint, the AOLs may
be partially obscured by the deep anterior oblique lig-
ament (AOLd), which lies in the arthroscopic fore-
ground. While the AOLs and AOLd are virtually in-
distinguishable from an external approach, a probe
from within the joint can easily separate the AOLs
and the AOLd (Figure 22.3).

Deep Anterior Oblique Ligament (AOLd)

The AOLd or “beak ligament” is an intra-articular lig-
ament that originates from the volar central apex of
the trapezium at the ulnar edge of the trapezial ridge
and inserts just ulnar to the volar styloid process at
the base of the first metacarpal (beak). The orientation
of its fibers is slightly oblique, and it passes proximal
to distal from lateral to medial. The AOLd is shorter
than the AOLs and consequently becomes taut before
the AOLs in wide palmar and radial abduction and ex-
tension. This allows the AOLd to function as a pivot

FIGURE 22.2. Schematic view of
the ligaments within the
trapeziometacarpal (TM) joint
from two portals (in axial cross-
section). By using both 1-R and
1-U portals, nearly the entire
intra-articular anatomy is
visualized. A. View of the TM
joint from a distal perspective
showing the arthroscope in the
1-R portal. B. View of the TM
joint from a distal perspective
showing the arthroscope in the
1-U portal. (Adapted from PC

Bettinger and RA Berger: Hand
Clinics 17(2) Functional
ligamentous anatomy of the trape-
zium and trapeziometacarpal
joint, pp. 151-168, © 2001, with
permission from Elsevier Science.
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FIGURE 22.3. Arthroscopic view of the deep anterior oblique liga-
ment (foreground) and the superficial anterior oblique ligament (back-
ground). The probe separates the two layers of ligamentous tissue.

point for rotation. By becoming taut with continued
abduction, the AOLd stabilizes the metacarpal on the
trapezium and prevents ulnar subluxation. Because
the other thumb basal joint ligaments are still lax in
wide palmar abduction, there can be further rotation,
especially pronation, about the axis of the AOLd.

The AOLd can be best visualized through the 1-U
portal. The orientation of its fibers runs obliquely from
proximal-radial to distal-ulnar. A free edge on the ra-
dial side of the ligament can be easily probed and sep-
arated from the AOLs, which lies in the arthroscopic
background.

Dorsoradial Ligament (DRL)

The DRL is a wide, capsular, fan-shaped ligament that
originates from the dorsoradial tubercle of the trape-
zium and broadly inserts into the dorsal edge of the
base of the metacarpal. This large, strong ligament is
clearly important to thumb CMC stability, but much
about its biomechanics remains controversial. Its
function may be thought of as a mirror image of the
AOL complex. The DRL becomes taut with a dorsal
or dorsoradial force in all positions except full exten-
sion. In addition, the DRL tightens in supination, re-
gardless of joint position. It also tightens in pronation
when the thumb CMC joint is flexed.

Best viewed through the 1-R portal, the DRL cov-
ers a large percentage of the posterior joint and merges
with the POL at its ulnar margin. While the ligament
may be seen tangentially through the 1-U portal, the
most radial portion of the ligament may not be visi-
ble using either of the standard portals.

Posterior Oblique Ligament (POL)

The POL is a capsular ligament that originates from
the dorsoulnar side of the trapezium immediately ad-
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jacent to the DRL and inserts into the dorsoulnar as-
pect of the metacarpal and the volar-ulnar tubercle.
The POL merges with the intermetacarpal ligament,
which resides outside the capsule and is not readily
visualized arthroscopically. The POL is taut in wide
abduction, opposition, and supination. It also resists
ulnar translation of the metacarpal base during ab-
duction and opposition.

Under arthroscopic observation, the POL fibers are
oriented from proximal-radial to distal-ulnar, and are
continuous with the DRL at its ulnar margin. Al-
though the POL is best visualized through the 1-R por-
tal, it is possible to tangentially examine the entire
breadth of the POL from the 1-U portal.

Ulnar Collateral Ligament (UCL)

The UCL is an extracapsular ligament that originates
from the trapezial ridge ulnar to the origin of the trans-
verse carpal ligament and inserts into the volar-ulnar
tubercle of the metacarpal superficially and ulnarly to
the AOLs. Like the AOLs and AOLd, the UCL is taut
in extension, abduction, and pronation and restricts
volar subluxation of the metacarpal.

Through either the 1-R or 1-U portals, fibers of the
UCL run nearly vertically across the ulnar aspect of
the joint. It typically overlaps the AOLs by 2 to 3 mm,
and in most areas, the fibers of the UCL appear to
merge with those of the AOLs.

CLINICAL PRESENTATION

Although the conditions are most commonly associ-
ated with women in their fifth decade and older, vir-
tually every skeletally mature patient is susceptible
to thumb CMC joint arthrosis and hyperlaxity, re-
gardless of activity level. Patients will present with
severe basal joint pain interfering with pinching and
gripping activities. Recent or remote trauma to the
thumb may or may not be associated. Tenderness and
effusion at the joint may be palpated. Loading and
translating the arthritic basal joint often will elicit
painful crepitus. Hyperlaxity of the thumb CMC joint
is common, and subluxation is often detected by ma-
nipulation, and may be confirmed by dynamic fluo-
roscopy. Symptoms must be differentiated from those
of De Quervain’s stenosing tenosynovitis, carpal tun-
nel syndrome, superficial radial neuropathy, isolated
STT or radioscaphoid arthritis, or scaphoid fracture or
nonunion, which may mimic or accompany thumb
CMC arthritis. Radiographs may demonstrate thumb
CMC joint subluxation, as well as joint space nar-
rowing, sclerotic bone, osteophytes, or cystic forma-
tion at one or more articulations of the trapezium. Be-
cause plain radiographs readily detect only advanced
disease, the absence of radiographic evidence of joint
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degeneration does not preclude the diagnosis of arthri-
tis. Currently, the only method of definitively evalu-
ating the extent of arthritis is direct inspection
through the arthroscope.

DIAGNOSTIC ARTHROSCOPY

Indications

Diagnostic arthroscopy of the thumb CMC joint is
indicated in patients where standard clinical and
radiographic images do not provide sufficient diag-
nostic information. The technique may be helpful in
quantifying and staging the degree of thumb basal joint
arthrosis. In our experience, arthroscopic evaluation
often reveals active synovitis and significant chon-
dromalacia when plain radiographs show no abnor-
malities. Therapeutically, loose body removal, septic
joint irrigation, and synovectomy are easily accom-
plished. Thumb CMC arthroscopy is useful in the
evaluation and reduction of intra-articular fractures,
such as the Bennett or Rolando type, as well as in lig-
amentous injuries. Finally, we have been applying it
to the arthritic basal joint where trapezial resection
and thermal capsular modification provide an alter-
native treatment for thumb CMC arthrosis. Con-
traindications include poor soft tissue coverage or ac-
tive cellulitis over the thumb CMC joint.

Preparation

The patient lies supine on the operating table with the
involved arm at a right angle to the body on a hand
table. General or regional anesthesia is similar to that
for other upper extremity arthroscopic procedures. A
single sterile finger trap on the thumb suspends the
extremity vertically. In order for the axis of the thumb
metacarpal to remain aligned with the axis of the ra-
dius, the wrist must be positioned in neutral and ul-
nar deviation. Once the metacarpal-radius axis is
aligned, 5 to 10 pounds of longitudinal traction is ap-
plied to the thumb (see Figure 22.4). A pneumatic
tourniquet is placed prior to draping; this can be in-
flated to 250 mmHg intraoperatively at the surgeon’s
discretion.

Landmarks and Portals

By following the contour of the metacarpal proxi-
mally, the thumb CMC joint is palpated and the joint
line is marked. The abductor pollicis longus (APL), ex-
tensor pollicis brevis (EPB), and extensor pollicis
longus (EPL) are also identified and marked. At the
level of the thumb basal joint, one cadaveric study
demonstrated that the radial artery lies ulnar to the
EPB at an average distance of 11 mm and a range of 4

o A

FIGURE 22.4. Traction tower arrangement
pometacarpal joint arthroscopy.

to 17 mm. The artery lies within 1 mm of the EPL,
however, in 7 of 11 cadaveric specimens.’

In order to avoid injury to the radial artery but
achieve appropriate triangulation of instrumentation
within the joint, 2 portals are planned and marked ac-
cordingly along the basal joint line: one immediately
radial to the APL (volar), 1-R portal, and the other im-
mediately ulnar to the EPB (dorsal), or 1-U portal (Fig-
ure 22.5). The distance between each portal is ap-
proximately 1 cm. In order to estimate the angle of
entry, a 20-gauge needle is advanced into the joint just
proximal to the line drawn demonstrating the level of
the base of the first metacarpal through the planned
portal site. This confirms the appropriate entry angle
for the arthroscope and allows insufflation of the joint
with 1 to 2 milliliters of normal saline. An incision is
made with a number 11 scalpel over each portal mark,
cutting only the dermis. Subcutaneous tissues are
bluntly dissected using a small hemostat to avoid
branches of the superficial radial nerve and deep and
superficial branches of the radial artery. Steinberg et
al identified 2 branches of the superficial radial nerve,
namely the SR2 and SR3, that surround the arthro-
scopic field.> Gonzalez et al studied the distribution
of the superficial radial nerve in the area of CMC ar-
throscopic portals in cadaveric thumbs.” Of the 11
specimens examined, 7 specimens demonstrated at
least one branch of the superficial radial nerve lying
dorsal to the EPB tendon; 6 specimens demonstrated
at least one branch over the APL tendon; and all 11
specimens demonstrated at least one branch over the
EPL tendon. Careful blunt dissection is imperative to
reduce the risk of injury to these branches.

Once the blunt dissection reaches the thumb CMC
joint capsule, a 1.9-mm tapered trocar and its sheath
are introduced through each portal site, generally with
a slightly distal inclination. The joint capsule imme-
diately deep to the APL and 1-R portal is not rein-
forced by a ligament. Through the 1-U portal, how-
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FIGURE 22.5. Portals and landmarks for thumb carpometacarpal
joint arthroscopy. (Reprinted from RA Berger. A technique for ar-
throscopic evaluation of the first carpometacarpal joint. ] Hand Surg
22:1022-1080, © 1997, with permission of Elsevier Science).

ever, the trocar attempts to pierce between the DRL
(volarly) and the POL (dorsally). It is sometimes help-
ful to sweep the trocar gently in order to find the nat-
ural division between the ligaments and fibers of the
joint capsule, particularly through the 1-U portal. Flu-
oroscopic confirmation of trocar placement within the
thumb CMC joint can be reassuring if the surgeon is
unfamiliar with the technique or initial visualization
of intra-articular landmarks is poor. It is sometimes
easy to inadvertently fall into the STT joint. The 1-U
portal commonly is established first and serves as the
primary viewing portal. Under direct visualization,
the 1-R portal is established and serves as the primary
working portal. Viewing and working portals are fre-
quently interchanged during the procedure to ensure
complete visualization and treatment of the entire
CMC joint.

Surgical Technique

Initially, visualization may be difficult because of the
arthritic changes in the joint. Hypertrophic synovium

SCOTT G. EDWARDS AND A. LEE OSTERMAN

may be removed with mechanical debridement or
thermal ablation. Mechanical debridement is most
often performed using a 2.0-mm shaver or 2.0-mm sy-
novial suction resector. Thermal ablation may be per-
formed using either laser or radiofrequency technol-
ogy. Radiofrequency energy can be either monopolar
(Oratec, Menlo Park, CA) or bipolar (Arthrocare, Sun-
nyvale, CA; Mitek VAPR, Westwood, MA). Each form
of energy has its own advantages and disadvantages,
and the choice is dependent largely on surgeon pref-
erence. Because of the small diameter of shavers nec-
essary to debride the thumb CMC joint, the suction
sheath often becomes obstructed with tissue and re-
quires frequent cleaning. Of the many brands of ther-
mal ablators commercially available, the authors pre-
fer the monopolar variety rather than the bipolar.
While the bipolar ablator is very aggressive and effi-
cient in removing intra-articular soft tissues, the au-
thors have encountered elevated temperatures within
the joint that have led to thermal injury. The monopo-
lar devices seem to control intra-articular tempera-
tures more effectively. Regardless of the type of ther-
mal ablator used, the joint must be continuously
irrigated through the arthroscope using normal saline
and a small joint pump. Continuous irrigation not
only helps to clear debris and enhance visualization,
but also dissipates heat produced within the joint.

The thumb basal joint is systematically inspected.
Moving the thumb identifies the base of the first
metacarpal. Following this, the trapezium is inspected
from the ulnar to the radial side. Chondral defects and
osteophytic formation are noted. The greatest chon-
dral degeneration typically is found on the volar as-
pect of the trapezium. Through the 1-U portal, the
AOLs and AOLd are identified on the volar aspect of
the joint, and their integrity is inspected using a probe.
Moving more ulnarly, the UCL is inspected through
the same portal. Switching the arthroscopic camera to
the 1-R portal, the POL may be inspected radial to the
UCL. Continuing to the dorsoradial aspect of the joint,
the DRL can be visualized using the same portal, and
its inspection completes the thumb CMC ligamentous
examination through the arthroscope (Figure 22.2A,
B). It is important to remember that the arthritic
thumb basal joint is usually tight and may not allow
for easy arthroscopic maneuvering initially. Care must
be taken to preserve the remaining articular cartilage.
Arthroscopic examination of the STT joint through
standard midcarpal portals may provide the surgeon
with more information regarding the entire trapezium
and help to guide therapeutic interventions.

Postoperative Care

Following diagnostic arthroscopy of the thumb CMC
joint, patients are placed in a thumb spica splint for
comfort and instructed to elevate the hand as much
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as possible to decrease swelling and allow for rapid
clearing of irrigation fluid that has extravasated into
the subcutaneous tissues. Immediate motion of the
uninvolved digits is encouraged. Splint and sutures are
removed in 7 to 10 days, and the patient is released
to activities as tolerated.

PARTIAL OR COMPLETE
RESECTION OF THE TRAPEZIUM

Arthroscopic partial or complete trapeziectomy has
several attractive aspects. The technique is less inva-
sive compared to conventional open procedures, it of-
fers an opportunity to detect articular damage long be-
fore radiographic changes become apparent, there is
less chance of injury to the sensory branches of the
radial nerve, and it is easily converted to a standard
reconstruction. Partial trapeziectomy, although effec-
tive in relieving pain in many cases, should be con-
sidered a provisional treatment for patients who are
otherwise not candidates for complete trapeziectomy.
Culp and Rekant® reported 88 % excellent or good out-
comes following arthroscopic partial or complete
trapeziectomy without interposition in 24 thumbs.
Thermal capsular modification was included in all
patients. They noted that subsidence of the first
metacarpal was between 2 and 4 mm, pinch strength
improved 22 %, and patients had no complications. Al-
though they reported short-term follow-up (14 to 48
months) at the time of this publication, no patients
have required revision surgery.

Indications

Surgery is considered when all nonoperative modali-
ties, such as splinting, physiotherapy, and oral and
injectable medications have failed to provide satisfac-
tory relief for thumb CMC arthritis. Partial trapeziec-
tomy is indicated in a young or high-demand older pa-
tient with thumb CMC degeneration, but without
involvement of the STT joint. While infrequently a per-
manent solution, the procedure has the advantage of
preserving the mechanical thumb height and is easily
revised to a more complex reconstruction if needed.
Complete trapeziectomy is mandated if there is de-
generative involvement of the STT joint. Arthroscopic
complete trapeziectomy has emerged as an attractive
option in response to recent reports that trapeziectomy
with ligament reconstruction offers little clinical ad-
vantage over trapeziectomy alone.” !0 Routing of ten-
don graft through the vacant space may be performed
arthroscopically as well, should interposition arthro-
plasty be preferred. Thumb CMC joint laxity may be
addressed with arthroscopic thermal capsular modifi-
cation as an adjuvant to partial or complete trapeziec-
tomy, and is not considered a contraindication.
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Surgical Technique

The patient is prepared and portals are made as de-
scribed previously. Once all hypertrophic synovium
has been removed, a 2.9-mm bur is introduced through
one of the portals, and the articular surface of the tra-
pezium is removed in a systematic fashion from ul-
nar to radial. The resection continues until 3 to 4 mm
of bone are removed. The bur is used as a measure-
ment guide to estimate the amount of bone that has
been resected. Buring must continue until all hard
subchondral bone is removed and only cancellous
bone is visualized (Figure 22.6). Every attempt is made
to maintain smooth and level surfaces and avoid cre-
ating troughs with the bur. All loose fragments are re-
moved by continuous irrigation and suction. Larger
loose bodies may require removal by a 2.0-mm ar-
throscopic grasper. Once 3 to 4 mm of bone have been
removed from the most ulnar to the most radial as-
pect of the trapezium, the bur is switched to the other
portal. This additional perspective ensures that the re-
section is complete and spans all aspects of the tra-
pezium. Once fluoroscopic examination confirms os-
teophyte removal and ample joint space is created,
traction is released from the thumb, and thermal cap-
sular shrinkage is performed. Mild traction is reap-
plied to the thumb metacarpal so that the basal joint
assumes its anatomic position. Under fluoroscopic
guidance, the thumb CMC joint is pinned with a
0.045-inch Kirschner wire from the radial aspect of the
metacarpal into the remainder of the trapezium (Fig-
ure 22.7). Once this is fixed in place, final tensioning
of the joint may be performed by shrinking the sur-
rounding ligaments and capsule.

As mentioned previously, the authors recommend
visualizing the STT joint through standard midcarpal
portals to assess the status of the entire trapezium
more completely. If the degenerative process also in-
volves the STT joint, a complete resection of the tra-
pezium must be performed. Complete trapezial resec-

o ‘i", 4 . f
FIGURE 22.6. Trapezial resection with 2.9 bur. Note the exposure
of cancellous bone during the partial trapeziectomy pictured.
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FIGURE 22.7. Postoperative radiograph following arthroscopic par-
tial trapeziectomy. Note that the thumb column height is main-
tained with a 0.045-inch Kirschner wire.

tion is accomplished primarily through the 1-R and 1-
U portals, but may be assisted using standard mid-
carpal portals. Care must be taken when resecting the
volar aspect of the proximal trapezium, as the FCR
tendon passes through a narrow bony groove. Once
complete trapezium excision is arthroscopically and
fluoroscopically confirmed, thermal capsular shrink-
age with or without joint pinning is performed, ad-
vancing the Kirschner wire into the body of the
scaphoid. Achieving reduction of the joint after com-
plete trapeziectomy, however, may be somewhat more
difficult, and careful fluoroscopic attention may be re-
quired.

Postoperative Care

Following arthroscopic partial or complete trapeziec-
tomy, patients are placed in a thumb spica splint and
instructed to elevate the hand as much as possible to
decrease swelling and allow for rapid clearing of irri-
gation fluid that has extravasated into the subcuta-
neous tissues. Immediate motion of the uninvolved
digits is encouraged. Sutures are removed in 7 to 10
days, and the patient is placed in a thumb spica cast.
After 3 to 4 weeks, the pin is removed, and the cast
is replaced by a removable thumb spica splint to be
worn at all times with the exception of bathing and
hand therapy. At 6 weeks, therapy is advanced to in-
clude strengthening exercises. During the third month
following surgery, patients are weaned from their
splints and resume activities of daily living. After 3
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months, patients return to their previous lifestyles
with minimal restrictions.

THERMAL CAPSULAR MODIFICATION

Since a strong association has been observed between
excessive basal joint laxity and premature degenera-
tive changes,!1/12 the diagnosis and treatment of such
laxity have become more aggressive. Thermal modifi-
cation of capsular and ligamentous tissues has broad-
ened the role of arthroscopy in the thumb CMC joint.
Under thermal modification, capsular shrinkage oc-
curs initially at the time of surgery and, some believe,
continues several months postoperatively as the cap-
sule inevitably thickens.!® Not only does the tech-
nique offer a less invasive alternative to other open
capsular tightening procedures, but thermal modifi-
cation, by nature of the process, disrupts afferent sen-
sory fibers in the capsular tissue, which consequently
decreases pain in the joint.

Much of our understanding of thermal capsular
shrinkage in the thumb CMC joint has been derived
and extrapolated from other larger joints, such as the
shoulder, knee, and wrist, as well as from animal stud-
ies.13-16 Capsular and ligamentous tissues are com-
prised primarily of type I collagen molecules, each
tightly wound to form triple helical peptide chains.
Each collagen molecule is bound to the next by in-
termolecular bonds that are resistant to heat (heat sta-
ble). Intramolecular bonds that are susceptible to sep-
arating under heat (heat labile) connect the tight triple
helical structure of peptides. By applying high tem-
peratures to the collagen, thermal modification dena-
tures the protein, causing the triple helix to unwind;
but tension is maintained and shrinkage occurs by pre-
serving the intermolecular bonds.

Currently, thermal shrinkage may be performed
with either laser or radiofrequency technology.
Laser technology provides an obvious and immedi-
ate discoloration of the modified tissue and conse-
quently allows the surgeon to visually appreciate
the amount and depth of shrinkage more precisely.
Only one laser probe is required for tissue ablation,
coagulation, and shrinkage; it is directed by vary-
ing the distance between the probe and the tissue.
Inconvenient and inefficient probe changing is not
necessary with laser technology. It has been postu-
lated that laser energy enhances healing by stimu-
lating collagen synthesis; however, as of yet, no
study has compared the nonthermal effects of the
various heating modalities. On the other hand, laser
heating causes local dehydration of the tissues due
to evaporation, a problem not encountered with hy-
drothermal heating.

Radiofrequency is a form of electromagnetic en-
ergy. When applied to tissues, a rapidly oscillating
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electromagnetic field causes movement of charged
particles within the tissue, and the resultant mo-
lecular motion generates heat. Radiofrequency is
less expensive than laser, has fewer safety concerns,
and allows the surgeon to manipulate the malleable
probe to reach awkward areas. The energy is avail-
able in two forms: monopolar or bipolar. Monopolar
radiofrequency energy (Oratec, Menlo Park, CA)
heats tissue by ionic agitation current that flows be-
tween a probe tip and a grounding pad placed in a
remote location on the patient’s body. This form of
energy is less effective in ablating floating debris,
unless it is trapped between the probe tip and
healthy tissue, but is quite effective for the purposes
of tissue shrinkage since joint capsules and liga-
ments are usually well grounded in structure and
ionic potential. Since monopolar energy conducts
through tissue to a grounding pad, there has been
some question regarding the depth of thermal mod-
ification. This concern is amplified in the thumb
CMC joint, where nerves and vessels are located
within 1 to 2 mm of the tissues being modified. Bipo-
lar radiofrequency energy (Mitek VAPR, Westwood,
MA,; Arthrocare, Sunnyvale, CA) follows the path of
least resistance through conductive irrigating solu-
tion between the tips of the probe. This method is
aggressive and does not require trapping loose bod-
ies between the probe and healthy tissue. Depth of
heating is not as much of a concern as with monopo-
lar energy; however, bipolar probes have been noted
to reach extremely high intra-articular temperatures
and have caused inadvertent thermal injury to the
joint directly and indirectly by heating the irrigat-
ing fluid. Continuous irrigation of normal saline
through the thumb CMC joint is required for any
thermal shrinkage technique, but is particularly nec-
essary when using bipolar radiofrequency.
Regardless of the source of thermal energy, stud-
ies have shown that histologic, ultrastructural, and
biomaterial alterations induced by laser or radiofre-
quency energy have been similar.!® The amount of
shrinkage depends upon several factors including the
age of the tissue, the degree of tissue temperature
achieved, the duration of heat exposure, and the irri-
gation solution used during the procedure. As tissue
ages, there is an increase in the ratio of intermolecu-
lar bonds (heat stable) to intramolecular bonds (heat
labile). As a result, higher temperatures are required
to cause the same degree of shrinkage in an older in-
dividual as opposed to a younger one. Higher temper-
atures not only may increase the extent of shrinking,
but also increase the stiffness of the tissues and may
make the capsule more vulnerable to mechanical load-
ing. For individuals of all ages, the optimal tempera-
ture that induces the greatest degree of shrinkage
without untoward effects on the tissue appears to be
between 60 and 67.5 degrees C. Heating at higher
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temperatures may result in hyalinization, extensive
thermal damage, and necrosis of the tissue. Newer
models of thermal modifier systems feature sensors
on their probes that monitor and automatically reg-
ulate tissue temperatures to ensure optimal capsu-
lodesis effects. Although these devices are thought to
provide the highest margin of safety and efficiency,
no data have been published to support this claim.
Within the optimal range, however, shrinkage in-
creases with increased exposure until it reaches a
plateau beyond which no additional shrinkage is ob-
served. Clinically, it is futile to pass the thermal probe
over an area repeatedly with the desire to achieve a
greater degree of shrinkage. As the tissue is cooled to
room temperature, some collagen molecules regain
their former triple-helical structure and undergo re-
naturation. This may be accompanied by relaxation
of up to 10% of the total amount of initial shrinkage
achieved.!?

While the collagen is denatured at these tempera-
tures, it is not permanently damaged, because resid-
ual populations of fibroblasts are allowed to migrate
into the affected areas and repair the damaged tissue
with new collagen. The reparative process begins one
week after insult to the tissue and continues for 3
months. Currently, there is no consensus regarding
the time required for thermally modified tissues to re-
gain their normal material and biomechanical proper-
ties. Although hypothesized, the role and extent of fur-
ther capsular contraction during the reparatory phase
has not been established.

Although the effect of heat energy on collagen mol-
ecules has been well documented in the literature, the
actual factors responsible for the reported benefits of
thermal capsular modification are not completely un-
derstood. It is reasonable to assume that some com-
bination of factors contributes to the success of the
technique: the initial connective tissue shrinkage,
which appears to tighten and stabilize the joint; the
fibroplasia, capsular thickening, and secondary cica-
trix formation that occur in response to the traumatic
insult; and the loss of afferent sensory stimulation due
to the destruction of sensory receptors.

As with many new techniques, questions some-
times arise more rapidly than they can be defini-
tively answered. Although numerous in vitro and in
vivo experimental studies have investigated the bi-
ology and biomechanics of thermally modified tis-
sues, there is still no consensus regarding the opti-
mal degree of shrinkage, the most appropriate
postoperative regimen, the ultimate mechanism of
reported clinical improvements, or the long-term
fate of the modified tissues. Regardless of these
unanswered questions, thermal capsular modifica-
tion presents an attractive, minimally invasive op-
tion for patients with pathologies that are difficult
to manage by other means.
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Indications

Excessive capsular laxity has been attributed to sev-
eral thumb basal joint problems. Arthroscopic ther-
mal capsular modification is indicated as a primary
procedure in patients with painful subluxation of the
thumb CMC joint. Combined with joint debridement,
the technique may also address mild degenerative
arthritis (stage I or II, Eaton!” or Burton'8 classifica-
tion). Finally, it may act as an adjuvant treatment to
partial or complete trapeziectomy for severe arthritic
conditions (stage IIT or IV) about the basal joint. Re-
gardless of whether the trapezium is resected, the goal
of thermal capsular modification is the same: to
tighten the capsule and ligaments of the thumb CMC
joint in a minimally invasive manner. Relative con-
traindications to thermal capsular modification in-
clude excessive thumb metacarpophalangeal joint hy-
perextension and connective tissue disorders, such as
Ehlers-Danlos.

Surgical Technique

Patient preparation and portals are achieved as previ-
ously described, and a complete diagnostic arthros-
copy of the thumb CMC is performed. Traction on the
thumb is reduced to relax the joint but still allow ad-
equate visualization. All intracapsular ligamentous
structures are identified and probed to assess their lax-
ity. Careful attention is given to the degree of joint
distraction prior to shrinking.

Using the 1-U portal to visualize the joint, the ther-
mal modification probe is placed through the 1-R por-
tal. The probe is passed over the capsule and ligaments
in a smooth and systematic manner. To move too
quickly over the tissue may not allow the probe to
reach optimal temperature; to move too slowly may
risk thermal injury, particularly if using laser or bipo-
lar energy. Damage to the tendons of the flexor carpi
radialis (FCR) and flexor pollicis longus have been rec-
ognized as complications of this procedure.'” Reduc-
ing the wattage output to the probe may be prudent
around these structures. Progressing systematically al-
lows the tissue to be modified in the most efficient
manner while avoiding needless passes over maximally
affected tissue. The authors prefer to begin at the AOLd
and AOLs, continuing volarly and ulnarly to the UCL
and as much of the POL as can be visualized from the
1-U portal. At this point, the visualizing and working
portals are switched so that the arthroscope is inserted
through the 1-R portal and the probe is in the 1-U por-
tal. With this vantage point, the remainder of the POL,
as well as the DRL may be addressed.

As the probe comes in contact with the tissue, some
degree of immediate shrinkage occurs, which is ac-
companied by a subtle change of color and texture, or
“caramelization” of the tissue (Figure 22.8). With some
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FIGURE 22.8. Monopolar radiofrequency probe shrinking the an-
terior oblique ligament. Note the “caramelization” and associated
color change of the thermally modified tissue.

regularity, it is preferable to leave a small area of healthy
tissue between areas of modified tissue to allow for fi-
broblasts to repair the adjacent denatured collagen.
Complete caramelization of the capsule is not desir-
able. Despite the satisfaction of witnessing immediate
shrinking of the tissue during the procedure, up to 10%
of the collagen will renature and relax as it cools.!? This
phenomenon should be anticipated and tensioning
should be appropriately adjusted. Furthermore, some
believe that the majority of the tensioning of the col-
lagen occurs several weeks later during the reparative
process, but this is debated in the literature.!3-1°

After partial or complete trapeziectomy is per-
formed, the thumb CMC joint is reduced under ar-
throscopic and fluoroscopic visualization in order to
restore anatomic thumb column height. Under this
distraction, one 0.045-inch Kirschner wire is inserted
through the radial side of the metacarpal and advanced
proximally through the thumb CMC joint and into
the remains of the trapezium in cases of partial re-
section, or into the body of the scaphoid in cases of
complete resection. Although the majority of thermal
capsular modification is performed prior to anatomic
reduction and pinning, final tensioning of the joint
may be performed by shrinking once the pin is in
place. Although the origins of the capsule and intra-
capsular ligaments have been variably elevated or de-
tached from the trapezium, the soft-tissue envelope
remains intact through the periosteal continuum and
contains collagen susceptible to thermal modification.
If tendon interposition is considered, it must follow
thermal modification, as the graft would obstruct any
accessibility to the capsule.

Postoperative Care

Patients undergoing thermal capsular modification,
when performed alone or accompanying minor de-
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bridement or trapeziectomy, are placed in a thumb
spica splint postoperatively and instructed to elevate
the hand as much as possible to decrease swelling
and allow for rapid clearing of irrigation fluid that
has extravasated into the subcutaneous tissues. Im-
mediate motion of the uninvolved digits is encour-
aged. Sutures are removed in 7 to 10 days, and the
patient is placed in a thumb spica cast. After 3 to 4
weeks, the pin is removed, and the cast is replaced
by a removable thumb spica splint to be worn at all
times with the exception of bathing and hand ther-
apy. At 6 weeks, therapy is advanced to include
strengthening exercises. During the third month fol-
lowing surgery, the patients are weaned from the
splint and resume activities of daily living. After 3
months, patients return to their previous lifestyles
with minimal restrictions.

TENDON INTERPOSITION

Following arthroscopic partial trapeziectomy, Menon?°
described a technique that interposes autologous FCR
tendon, fascia lata allograft, or a Gore-Tex cardiovas-
cular patch between the partially resected trapezium
and first metacarpal. Thermal capsular modification
was not performed. With an average follow-up of 37
months, complete pain relief was achieved in 25 of 33
patients. Four patients had persistent pain and required
a second operation. All patients maintained their pre-
operative range of motion, and the average pinch
strength nearly doubled. Although 18 of 19 patients re-
ceiving Gore-Tex interposition had good clinical out-
comes, recent studies have demonstrated that Gore-
Tex can cause particulate disease, and it largely has
been abandoned. Autologous tendon has emerged as
the standard material for interposition.

Menon believed that his technique was con-
traindicated in patients with metacarpal base sublux-
ation greater than one-third the diameter of the
joint surface, metacarpophalangeal hyperextension of
greater than 10 degrees, or fixed metacarpal adduction
contractures.?? In the advent of thermal capsular
shrinkage, significant subluxation of the thumb CMC
joint may no longer be considered an absolute con-
traindication. Although not originally described by
Menon, it would be reasonable to apply the technique
to conditions requiring complete trapeziectomy.

Indications

Arthroscopic tendon interposition is indicated for
patients undergoing concomitant partial or complete
trapeziectomy. Though no data support the clinical
advantages of interposition arthroplasty over tra-
peziectomy alone, many believe the tendon anchor
acts as a collagen scaffolding that supports the first
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metacarpal and facilitates scar formation and result-
ing joint stabilization.

Surgical Technique

Partial or complete arthroscopic trapeziectomy is per-
formed as previously described. Although it was not
originally described by Menon, the authors recom-
mend thermal capsular shrinkage prior to introduc-
tion of the tendon graft. At least 10 cm of palmaris
longus tendon or three-quarters width of the FCR ten-
don is harvested using multiple transverse incisions.
A large curved needle is attached to one end of the
graft by absorbable suture. While the 1-U serves as the
viewing portal with the arthroscope, the 1-R portal is
enlarged to about 1 cm, and the skin edges are re-
tracted using skin hooks. It is helpful to illuminate
the 1-R capsular opening with the arthroscope. The
large curved needle is passed through the opening in
the 1-R portal and is brought through the joint. The
needle exits through the volar capsule and thenar mus-
culature and is pulled out through the skin over the
thenar eminence. By pulling the suture, the end of the
tendon graft is introduced into the joint and can be vi-
sualized through the arthroscope. The end of the ten-
don is advanced until it abuts the volar capsule and is
unable to advance further. The remaining tendon is
packed into the joint using a forceps. The arthroscope
is withdrawn and the joint capsule closed. A 0.045-
inch Kirschner wire is passed through the base of the
first metacarpal into the remaining trapezium in cases
of partial resection, or into the body of the scaphoid
in cases of complete resection.

Postoperative Care

Postoperative care following arthroscopic partial or
complete trapeziectomy with tendon interposition is
identical to that of arthroscopic partial or complete
trapeziectomy alone.

COMPLICATIONS

There are few complications associated with thumb
CMC joint arthroscopy, and they are comparable to
arthroscopy of other joints in regard to infection and
iatrogenic articular damage. Specific to the thumb
CMC joint, the creation of portals may damage one
or more of the many sensory branches of the radial
nerve that typically surround the arthroscopic field.
Injury to these branches, namely the SR2 and SR3, po-
tentially may result in sensory loss or neuroma for-
mation. The radial artery passes within a few mil-
limeters of the EPB at the level of the thumb CMC
joint and may also be injured while creating the por-
tals. Blunt dissection to the joint capsule should help



180

to reduce both of these potential complications. Un-
intentional insertion of the arthroscopic instruments
into the radioscaphoid or scaphotrapezial joints, due
to their close proximity to the thumb CMC joint, may
occur and should be recognized quickly. Careful at-
tention to bony and soft tissue landmarks, and even
fluoroscopy confirmation prior to portal placement,
will help to minimize this risk. The authors recom-
mend using fluoroscopy liberally to confirm the place-
ment of the arthroscope if the surgeon is unfamiliar
with the intra-articular anatomy of the involved carpal
joints.

Complications due to thermal capsular modifica-
tion within the thumb CMC joint relate to the close
proximity of the structures that lie just exterior to the
capsule being heated. Injury to the FCR and FPL ten-
dons has been reported.!” Reduction in wattage out-
put is advised when performing shrinkage around
these structures, particularly when using monopolar
radiofrequency or laser energy. Heat may accumulate
within the joint, causing thermal necrosis to intra-
articular tissues, particularly if using bipolar radio-
frequency. Continuous irrigation of normal saline
through the joint will help to dissipate the heat and
reduce the risk of thermal injury. Currently, known
complications of thermal capsular modification are
short-term complications. Like the long-term benefits
of capsular shrinkage, the long-term complications of
the procedure are speculative at this time and require
further investigation. The extent of relaxation of ther-
mally modified tissue has not been established. In ad-
dition, the disruption of the afferent sensory fibers in
the capsular tissue offers the short-term benefit of pro-
viding anesthesia to the joint, but the long-term ef-
fects are unclear. Some have suggested that the loss
of neurosensory input could cause the joint to become
more susceptible to future injury due to loss of reflex-
protective muscle activity.!3 There are no scientific
data, however, to support this theory.

CONCLUSION

Arthroscopic trapeziectomy and thermal capsular
modification have demonstrated favorable early re-
sults in the treatment of thumb CMC arthritis. The
various indications and options for arthroscopic in-
tervention are summarized in Table 22.1. However,
these are evolving techniques and have yet to with-
stand the test of time and critical review, particularly
in regard to thermal capsular modification. We must
approach these techniques cautiously and conscien-
tiously and recognize that excellent outcomes may be
achieved using traditional open procedures. On the
other hand, arthroscopy offers a minimally invasive
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TABLE 22.1. Indications and Options for Arthroscopic
Treatment of the Arthritic Thumb Carpometacarpal Joint.

Eaton or

Burton stage Options for arthroscopic treatment

I Thermal shrinkage, possible pinning

I Thermal shrinkage, debridement, possible
hemitrapeziectomy, possible pinning

11T Thermal shrinkage, debridement, hemi- or
complete trapeziectomy, pinning

v Thermal shrinkage, complete trapeziectomy,
pinning

alternative to traditional techniques to treat basal
joint arthrosis and hypermobility. As with all excit-
ing new techniques, science and time will eventually
resolve whether arthroscopic treatments of the thumb
CMC joint should be included in the armamentarium
of every hand surgeon.
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Resection of Volar Ganglia
Christophe Mathoulin

orsal wrist ganglia are usually caused by a cap-
Dsular abnormality. More often than not, de-

generative pseudocysts develop within the
dorsal capsule of the wrist and involve the scapholu-
nate ligament. Their arthroscopic resection is well-
documented.!¢ Cysts of the volar face of the wrist ac-
count for 20% of all synovial cysts of the hand. They
usually appear between the flexor carpi radialis ten-
don and the abductor pollicis longus tendon. Their ori-
gin is usually radiocarpal and the cyst may be at some
distance from its origin (Figure 23.1). There are also
volar capsular abnormalities in the region of the
scapholunate interosseus ligament.

Various treatments have been suggested ranging
from complete abstention of therapy to open surgery.
Surgical treatment is the most curative, but it can be
responsible for numerous problems such as an un-
sightly scar, neuromas on the terminal branches of
the radial nerve, or joint stiffness. In addition, the
proximity of the radial nerve and artery make this
surgery riskier. Arthroscopic resection of palmar sy-
novial cysts of the wrist has several advantages. The
postoperative follow-up is very simple, and this tech-
nique avoids the majority of the complications de-
scribed above.

SURGICAL TECHNIQUE

All patients in our series were operated on as outpa-
tients under local regional anesthetic using a pneu-
matic tourniquet. We use a 2.4-mm arthroscope with
a 30-degree visual angle, a shaver, and miniaturized
instruments. The arm is fixed to an arm table and the
elbow flexed to 90 degrees with the wrist in vertical
traction using a “Japanese” hand. First, the position
of the cyst is located and the outline is drawn. The
arthroscope is positioned using the 3-4 radiocarpal
opening. In our experience, most cysts develop inside
the radiocarpal joint.

The first step is to locate the origin of the cyst.
Pressure is applied to the cyst, which enables its ori-
gin to be seen clearly. It is usually situated between
the radioscaphocapitate and the radiolunotriquetral
ligaments (Figure 23.2A,B). It is easy to find the gan-
glion stalk inside the joint.
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A 1-2 radiocarpal surgical approach is performed.
To avoid damaging any vital structures, a transverse 3-
mm incision of the skin is performed in line with the
cutaneous folds. Then, using mosquito forceps, we
enter directly through the capsule, retracting the adja-
cent structures. With the help of a shaver introduced
through this lateral surgical approach, the ganglion
stalk is resected and then the fine anterior capsule be-
tween the two ligaments is resected. (It makes it eas-
ier if you press on, or ask an assistant to press on, the
cyst.) When the cyst wall opens in the joint, the mu-
cus from the cyst clouds the arthroscopic vision. The
shaver vacuums up this mucous liquid. Then, under
arthroscopic control, the joint capsule, the tendon syn-
ovitis, and the ganglion sac are resected using a shaver
(Figure 23.3A,B). The limits of the palmar capsulec-
tomy are difficult to define, but our experience has
shown that when the capsular resection becomes more
difficult the capsule is healthy again. The general rule
is a resection of about 1 cm. The flexor pollicis longus
tendon and flexor carpi radialis tendon can be seen per-
fectly at the end of the operation, and care must be
taken not to damage these tendons with the shaver.

We do not close the incisions, thus allowing evac-
uation of any surplus water inside the joint. The pa-
tient is discharged the same day with the hand and
wrist free. The wrist and hand can be used normally
as soon as the anesthetic has worn off.

RESULTS

We have operated on 12 patients using this technique,
27 women and 5 men. The average age was 46 years
old (18 to 76). The average length of time between the
apparition of the cyst and surgical resection was 13
months (between 3 and 52). Mobility was normal in
all cases. Muscular strength was diminished in all
cases, but only moderately, and was about 75% com-
pared to the opposite side. The wrists were more of-
ten than not painless. The reason for the operation
was usually aesthetic.

Our average follow-up is 26 months (between 12
and 39 months). At the longest follow-up none of the
patients had complained of pain. Mobility was normal
in all cases and strength identical to the opposite side.
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FIGURE 23.1. View of a classic volar ganglion of the wrist, located
in front of radiocarpal joint, lateral to the FCR tendon.

FIGURE 23.2. A. Operating view showing the location of the radio-
carpal palmar ganglion. The ganglion stalk is located between the ra-
dioscaphocapitate ligament and radiolunotriquetral ligament. B. Dia-
gram showing the location of the radiocarpal palmar ganglion between
the radioscaphocapitate ligament and radiolunotriquetral ligament.
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FIGURE 23.3. A. Operating view showing the capsular and cyst re-
section with a shaver placed through a 1-2 radiocarpal lateral ap-
proach. We can see the flexor pollicis longus tendon after cyst re-
section. B. Diagram showing the capsular and cyst resection with
a shaver.

The small 3-mm horizontal incisions, which we per-
formed to position the arthroscope, meant that the
scars became totally invisible.

We had no radial artery lesions. One patient, the
eldest, presented a moderate hematoma, which spon-
taneously resolved in three days. To date there have
been no recurrences.

CONCLUSION

If the excision of the dorsal synovial cyst of the wrist
has become a routine practice, arthroscopic resection
of palmar synovial cysts of the wrist appears to be a
reliable and elegant solution, particularly as standard
surgical resection is not exempt from complications.
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The description of palmar cyst resection technique
was described by Mathoulin in Paris” and Ho in Hong
Kong. In 2003, Ho reported his experience of six pal-
mar ganglions resected using arthroscopy with simple
postoperative follow-up and no recurrences.® It is a
sure and easy technique that allows a satisfactory re-
section of the cyst and the adjoining joint capsule, pro-
vided that the limits of the cyst are located accurately.
The satisfaction level of the patients is very high,
helped by the fact that there are no cutaneous sutures
and no wrist immobilization.
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Clinical Approach
to the Painful Wrist

Andrea Atzei and Riccardo Luchetti

cause of referral to consultation in the office of

many hand and wrist surgeons. In many cases,
patients’ complaints are readily recognized as typical
symptoms and the history pathognomonic of defined
disorders. Accurate physical examination, supple-
mented by standard X-rays, often yields a prompt di-
agnosis during the first patient visit.

However, cases of chronic wrist pain, in which
exact diagnosis is difficult even after several con-
sultations, are not infrequent. This is not surprising
if one considers the anatomic and biomechanical
complexity of the wrist joint. Within that small area,
there is a concentration of intimately related struc-
tures, including more than 20 radiocarpal, inter-
carpal, and carpometacarpal joints, as well as the dis-
tal radioulnar joint (DRU]J), 26 carpal ligaments and
the triangular fibrocartilage complex (TFCC), each
of which can be source of intra-articular pathology.
In addition, the 24 tendons, 2 main vascular trunks,
and 6 nerves crossing the joint are all sources of
extra-articular pathology.

Thorough clinical evaluation of the painful wrist
should include routine steps of taking the patient’s
history and performing a physical examination, fol-
lowed by appropriate imaging studies. During the last
decade, arthroscopy has confirmed its role as a valu-
able tool in helping the clinician in the diagnosis of
wrist disorders.!*

Direct visualization of intra-articular structures al-
lows early diagnosis and treatment of selected cases.
However, limitations of arthroscopy include the fact
that only intra-articular pathology can be assessed, and
not all abnormalities identified by arthroscopy are
necessarily responsible for the patient’s complaints.
Therefore, diagnostic arthroscopy is indicated only fol-
lowing a thorough clinical examination, during which
the anatomic structures responsible for the patient’s
symptoms should be located with the greatest accu-
racy and all extraarticular causes of pain excluded. A
systematic approach is suggested for the diagnosis and
management of the conditions or disorders that cause
wrist pain.

Pain localization of the wrist is the most common

CLINICAL EVALUATION

History

The steps in taking a patient’s history are well-defined
(Table 24.1). The patient’s general history should be
collected first; age and sex are important as they cor-
relate with joint wear.>¢ Special attention should be
paid to occupational and avocational activities in-
volving the wrist, previous injuries or surgery, and
other systemic illnesses and/or rheumatologic dis-
eases. Details of wrist complaints, whether they fol-
low injuries considered trivial and therefore initially
underestimated, or result from slow progression of
nontraumatic conditions, must be obtained by specific
questioning during a thorough clinical history.

The most common causes of acute or chronic wrist
pain’® can be divided into seven main categories
(Table 24.2): traumatic injuries (including acute in-
juries and posttraumatic conditions), degenerative and
inflammatory disorders (local or systemic conditions
and repetitive trauma disorders), infections, tumors,
congenital and developmental disorders, neurological
disorders, and vascular disorders. Categorizing the pa-
tient’s wrist complaints according to these seven gen-
eral causes is an important step to identify a specific
disorder or to formulate a differential diagnosis to
guide physical examination and further investigation.

Physical Examination

Continuous advances in our understanding of wrist
anatomy and kinematics have increased the impor-
tance of physical examination as the basic diagnostic
tool over imaging techniques, whose most valuable
contribution is in differential diagnosis in selected
cases.!0 Examination should be extended to the entire
upper extremity, including the cervical spine and all
other joints or areas of symptomatology.

Evaluation of the painful wrist begins with an ac-
curate inspection for specific areas of swelling or ob-
vious deformities, erythema, warmth, nodules or skin
lesions, and prior surgical scars. Assessment of pas-
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TABLE 24.1. Steps in Taking a Patient History.

Patient’s general history

Wrist complaint history

oo

N U R W~

. Avocational activities
. Previous wrist injuries
. Previous wrist surgery
. Other orthopedic/

rheumatologic disorders

. Other medical/

3.

Age 1. Classification of chief complaint
Handedness 2. Onset, location, and nature of
. Occupation symptoms

Symptom’s relation to specific
activities

. Factors exacerbating or

improving symptoms

. Frequency and duration of

postactivity ache

dismetabolic disorders 6. Subjective loss of wrist motion
7. Abnormal sounds or sensations
with wrist motion
8. Efficacy of prior treatments
9. Current work status
10. Involvement of worker’s
compensation claim

sive and active range of motion of both wrists usually
follows. A loss of motion is consistently associated
with a disorder primarily affecting the wrist joint, ei-
ther posttraumatic or degenerative. Measurement of
grip strength has proved to be a reliable index of wrist

TABLE 24.2. Most Common Causes of Wrist Pain.

impairment,'! especially when the rapid exchange grip
technique is used to detect submaximal effort.!2

Palpation is the next step of physical examination.
Diagnostic ability depends essentially on a thorough
knowledge of both soft tissue and bony topographic
anatomy of the wrist: recognition of underlying soft
tissue and bone structures as sources of pain is a fun-
damental step towards diagnosis, as it allows correla-
tion of clinical complaints with anatomical damage.!3
A systematic approach to correlating the pain symp-
tom to topographic anatomy of the wrist can be
achieved by dividing the dorsal and palmar aspect of
the wrist surface into three areas: radial, central, and
ulnar (Figure 24.1). A total of six areas are defined by
using prominent bony landmarks and easily palpable
tendons as reference points.

Proceeding from radial to ulnar on the dorsal sur-
face of the wrist, the following landmarks are located
(Figure 24.1A): the dorsoradial border of the compart-
ment for the abductor pollicis longus (APL) and the
extensor pollicis brevis (EPB) tendons [i.e., the first ex-
tensor compartment of the wrist, a longitudinal line

Chondritis/Osteochondritis/
Posttraumatic arthritis

Fracture and Malunion Nonunion SNAC

Radius—ulna Scaphoid SLAC

Scaphoid Capitate Piso-triquetral arthrosis

Other carpal bones Hamate Hamate-triquetral arthrosis
Themrmaie Hyperexte’nsion' radioscaphoid impingement
Disorders (Gymnast’s WHSF)

Ulno-carpal impingement

Ligamentous Injuries and Instability

Perilunate (scapholunate, lunotriquetral)

Midcarpal (intrinsic, extrinsic) { Ulnari

Radiocarpal (ventral or dorsal subluxation, ulnar translocation) Extensor C{:rpl U. Banss

Dorsal wrist syndrome Tendon Subluxation

Distal radioulnar joint (luxation, subluxation, TECC injury)

Carpo-metacarpal | (1st CMC; 2nd-3rd CMC, carpal boss; 4th-5th CMC)
Diegenexative Connectivg Tissue; Diseases Metabolic Diseases Tendonitis. ) Cl}ondritis/
Inil " Rheumatoid arthritis Gout/pseudogout Tenosynovitis Primary
nrammatory S i hematous lupus Hyperparathyroidism Repetitive Strain Injur Arthrosis
Disease ystemic erythema p yperp yroid P jury

Chondrocalcinosis

Infective Disorders Common Bacterial/Atypical Agent

Specific Granulomatous Disease

Ganglia Bone Tumors Soft Tissue Tumors Malignant
Neoplastic (extraosseous/ Enchondroma, Pigmented villonodular Tumors
Disorders intraosseous/occult) osteoid osteoma, synovitis,

Tendon Cysts chondromatosis, etc. Giant cell tumor, etc. Metastasis

. Simple Osseous Cyst Madelung’s Muscular Anomalies Carpal Coalition
Congenital and . .
deformity Extensor brevis manus Scapholunate
Developmental :
: Scaphotrapezial
Disorders L i
unotriquetral
Traumatic Compressive
Palmar branch median n. (from section) Carpal tunnel syndrome (CTS)
Neurological Sens. branch radial n. (from injection) Wartemberg’s syndrome
Disorders Dorsal sens. branch ulnar n. (direct contusion) Guyon’s syndrome
Distal post. interosseous n. (recurrent ganglion) T.O.S.
Radicular compression
Vascular Aneurysm/thrombosis of the ulnar artery
Disorders Avascular necrosis of the lunate (Kienboeck’s disease); of the scaphoid (Preiser’s disease);

of the capitate; of the triquetrum
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FIGURE 24.1. Topographic anatomy of the wrist. A. Dorsal surface
of the wrist. Landmarks for reference are the dorso-radial border of
the first extensor compartment, a longitudinal line passing over Lis-
ter’s tubercle, a line continuing proximally from the middle axis of
the ring finger and passing between the fourth and fifth extensor
compartment, and the ulnar border of the sixth extensor compart-
ment. Three areas are defined between these landmarks: radial dor-
sal area corresponding to the “anatomical snuffbox,” central dorsal

passing over Lister’s tubercle, and a line that extends
along the middle axis of the ring finger proximally—
this line usually passes between the fourth and fifth
extensor compartment of the wrist—and the ulnar
border of the flexor carpi ulnaris (FCU) tendon.

Consequently, three dorsal areas are defined as fol-
lows: the radial dorsal area between the dorsoradial bor-
der of the first extensor compartment of the wrist and
the longitudinal line passing over Lister’s tubercle, in-
cluding the area of the “anatomical snuffbox”; the cen-
tral dorsal area between the longitudinal line passing
over Lister’s tubercle and the line continuing the mid-
dle axis of the ring finger; and the ulnar dorsal area be-
tween the line continuing the middle axis of the ring
finger and the ulnar border of the FCU tendon.

On the palmar surface of the wrist, the following
landmarks are located (Figure 24.1B): the dorsoradial
border of the first extensor compartment, the ulnar bor-
der of the flexor carpi radialis (FCR) tendon, a line
continuing proximally along the middle axis of the
ring finger (this line usually passes just radial to
the volar aspect of the DRUJ), and the ulnar border of
the FCU tendon. Consequently, the palmar surface of
the wrist is divided in three areas between these land-
marks: the radial palmar area between the dorsoradial
border of the first extensor compartment and the ul-
nar border of the FCR tendon; the central palmar area
between the ulnar border of the FCR tendon and the
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area, and ulnar dorsal area. B. Palmar surface of the wrist. Land-
marks for reference are the dorsoradial border of the first extensor
compartment, the ulnar border of the FCR, a line continuing prox-
imally from the middle axis of the ring finger and passing just ra-
dial to the volar aspect of the distal radioulnar joint, and the ulnar
border of the sixth extensor compartment. Three areas are defined
between these landmarks: radial palmar area, central palmar area,
and ulnar palmar area.

line continuing proximally along the middle axis of the
ring finger; and the ulnar palmar area between the line
continuing proximally along the middle axis of the ring
finger and the ulnar border of the FCU tendon.

A comprehensive and careful examination of the
diffusely painful wrist will enable the surgeon to elicit
a patient’s symptoms by palpating specific spots. Pal-
pation of an osseous prominence may evoke pain in
the case of fracture or nonunion or avulsion of the lig-
aments inserting on it. A joint rim is usually felt as a
small depression between two bony ends. Gentle pal-
pation may show swelling in the case of synovitis, or
in the presence of small ganglia, direct pressure over
the capsule may exacerbate pain. Firm palpation of the
joint surface may provoke pain in the case of osteo-
chondritis or avascular necrosis.

A series of maneuvers exerting axial load on the
different joints are utilized to elicit pain and/or crepi-
tation in degenerative joint diseases. In these cases,
joint compression or, when possible, palpation of the
degenerated articular surfaces increases pain, while
axial distraction maneuvers usually relieve it. Pain is
also present following those maneuvers that stress the
joint ligaments in an attempt to sublux the joint it-
self, as well as following direct pressure over the torn
ligament. In the presence of complete ligament dis-
ruption, malalignment of the bony ends and widening
of the joint space are common findings.
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Pain, swelling, and tenderness are present along a ten-
don’s course in tenosynovitis. Crepitation and pain are re-
produced by palpation and exacerbated when the patient
is asked to actively pull the tendon against resistance. Pain
is also reproduced by passive tendon stretching.

A complaint of painful paresthesias and/or dyses-
thesias is associated with either a peripheral nerve in-
jury or compression; paresthesia elicited by digital
nerve percussion (Tinel’s sign) is present just at the level
of nerve compression. In the case of mixed nerves, early
signs of muscular dysfunction must be sought.

RICCARDO LUCHETTI

Disorders of the vascular tree, such as arterial
thrombosis or aneurysms, must not be overlooked,
as they may be responsible for a deep, dull wrist ache
radiating to the palm and fingers that is difficult to
diagnose except by a clinical and/or ultrasono-
graphic vascular assessment of the hand. Informa-
tion obtained from the clinical history and from
joint palpation, according to the suggested topo-
graphic approach, allows the clinician to focus on
the most common causes of wrist pain for the symp-
tomatic area (Table 24.3).

TABLE 24.3. Common Causes of Wrist Pain According to Topographic Areas.

Volar areas Dorsal areas
Radial Central Ulnar Radial Central Ulnar
Fractures Fractures Fractures Fractures Fractures
Scaphoid* Pisiform Radial Styloid” Lunate Triquetrum
Radial styloid* Hook of the Scaphoid” Capitate Base 4th-5th
Trapezium hamate Trapezium” Radius (dye MC
Base 1st MC* Trapezoid”® punch)
Trapezoid Arthrosis Base 1st MC~ Nonunion
Post-traumatic Inst./Leg Injury | Ulnar styloid
Nonunion Piso-triquetral* | Inst./Lig. Injury | Scapholunate
Scaphoid 1 CMC Inst.* Post-Tr.
Lig. Injuries 2nd -3rd C-MC | Arthrosis
T Post-trauma Fractures TEFCC injuries Nonunion inst. Trig-hamate*
D Arthrosis Lunate (type 1B and Scaphoid (Carpal-boss) Ulno-carp.
SNAGC;* SLAC* hamate C)* Midcarpal inst. imping.*
DRUJ.Inst.* Post-tr. Athro.
SNAC;" SLAC’ Inst./Lig. Inj.
R-S impinge- TFCC injuries
ment’ (type 1B-D and
2)*
DRUJ. Inst.*
Lunotriq. inst.*
Midcarpal inst.
4th-5th CMC
inst.
’;‘gﬁdonitis %‘gbﬂonitis Tendonitis
Degenerative Tendonitis e e
. . Tendonitis . . . EPL (subluxation)
Inflammatory Prim. Arthrosis | T .oocr fineer Prim. arthrosis | de Quervain
Disorders Basal thumb* &8 8 Piso-triquetral Intersection s. EIP Prim. Arthrosis
Triscaphe* Trig-hamate
gf:::é:ﬁs No specific location
. Cysts Cysts Cysts Cysts
N.eoplastlc Articular;* Articular;* Articular;* Articular;*
Disorders Tendinous Osseous Osseous Osseous
] Skeletal Skeletal Skeletal Skeletal Extensor manus
Congenital and A A A . brevis ,
anomalies anomalies anomalies anomalies Madelung’s
Developmental Scaphotrapezial | Scapholunate Lunotriquetral Scaphotrapezial disease
Disorders s np tosi pez P N u u ¢ qu P tosi pez Madelung’s
ynostosis synostosis synostosis synostosis disease
Traumatic
. . Sens. br. rad. n. .
Neurological JUEUTETE Compressive OB Traumatic WENTHERS
: s Cut. palm. br. P Guyon’s . . Dorsal br.
Disorders Medi CTS fl Compressive Post. inteross. n. 1
edian nerve syndrome Wartemberg’s Ulnar nerve
syndrome
1 Avascular Ulnar artery Kienboeck’s Avascular ne-
g?:(f;ld::s Preiser’s disease | necrosis of the aneurysm- Preiser’s disease | disease crosis
capitate thrombosis of pisiform

“Indicates disorders for which diagnostic or therapeutic arthroscopy is indicated.

SNAC = scaphoid nonunion advanced collapse; SLAC = scapholunate advanced collapse; CMC = carpometacarpal joint; ECV = extensor carpi ulnaris;
CTS = carpal tunnel syndrome.
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Provocative Maneuvers

Differential diagnosis and/or confirmation of the sus-
pected diagnosis is achieved by means of special
provocative maneuvers and diagnostic tests. Not only
ligaments and osteoarticular structures should be
tested, but also the numerous tendons, vessels, and
nerves crossing the wrist. Table 24.4 summarizes the
tests and maneuvers most commonly used in clinical
practice categorized by the six topographic areas in
which the patient’s major complaint is localized.

Taken by itself, information from each of these
tests may not yield an exact diagnosis. To reach a pre-
sumptive diagnosis, results from each test should be
compared with those from other tests, with the pa-
tient’s clinical history, and with the pathomechanics
of known wrist trauma.

Anesthetic Examination

As a part of the clinical evaluation of wrist pain, an
injection of a small amount of local anesthetic (0.5 to
0.8 mL of lidocaine) is essential to determine whether
there is a multiplicity of causes to confirm the clini-
cal diagnosis. In addition, an anesthetic injection may
be of help in demonstrating to the patient the degree
of pain relief that might be obtained with surgery.
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IMAGING INVESTIGATIONS

In those complicated cases in which history and clin-
ical examination are insufficient to formulate an ex-
act diagnosis, the clinician should plan further evalu-
ations. The introduction of many new imaging
modalities has expanded the use of diagnostic imag-
ing to be frequently abused or overused without a clear
understanding of the indications for specific patho-
logic conditions. As a general rule, imaging techniques
should be used to confirm or exclude a clinically pre-
sumptive diagnosis or to improve definition of a treat-
ment plan.

Unless otherwise indicated by clinical findings, the
initial radiographic examination should consist of
three views:!#15 standard posteroanterior (PA), oblique
(PA oblique or AP oblique), and lateral views. The con-
ventional radiographs are examined for bony abnor-
malities (fractures, cortical interruption, degree and
pattern of mineralization) and the width and symme-
try of joint spaces. The ligamentous architecture is as-
sessed by determining whether the three carpal arcs of
the wrist and parallelism of the joints are main-
tained.!* Any arc interruption usually indicates dis-
ruption of joint integrity at that site. The lateral view
is extremely important for evaluation of radioluno-
capitate alignment and assessment of radioscaphoid,

TABLE 24.4. Common Diagnostic Tests and Provocative Maneuvers According to Topographic Areas*.

Area Radial Central Ulnar
LT Shear Test
Derby’s Method for LT
dissociation
Finger Extension Test (FET) Ballottemlent Test
1 CMC Grind Test Seaiinial ol / Triquetral Impingement
phoid shift (Watson’s) .
2-3 CMC Shear Test Maneuver Ligament Tear (TILT) Testv
Palpation of Anatomic SL Shear Test g:lsrtlar Snuff Box Compression
_ snuffbo.x/j}rticular-. . “Catch-up clunk” N Kew Test
2 gonirt}gll( 1;11r\1 ]jl\l}r;ctlon [¢) (Lichtman’s) Test iano Key Tes
caphoi
8 P 4 EPL Test Press Test
Intersection Syndrome EIP Test Ulno-Carpal impaction test
Tinel’s sign over the g ] Ulnar styloid impaction test
sensory branch of Radial Radio-Carpal Subluxation EDM Y P
Nerve (Wartenberg’s Test LEs
Neuralgia) Palpation of Extensor EUC Palpation Test
Digitorum Brevis Manus EUC Subluxation
Provoc Test
Tinel’s sign over the Dorsal
Branch of Ulnar Nerve
1 CMC Grind Test )
Palation of STT ioint Palpation of the Hook of the
) P L ) FDC Palpation Test Hamate
k| iﬁlé(ell)s’tlem .S Tfjlft Phalen’s Test Piso-Triquetral Grind Test
S o a Patlon est Tinel’s sign over the FUC Palpation Test
Tinel's sign over the Median Nerve Tinel’s sign over the Ulnar
Palmar Cutaneous Branch Nerve
of Median Nerve

*See Suggested Readings for literature about various tests.
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scapholunate, and scaphocapitate angles. Additional
views of the wrist should be dictated by the findings
of the clinical examination, such as the carpal tunnel
view to evaluate the bony tubercles of the carpal tun-
nel, “clenched-fist” radiographs for enhancing detec-
tion of scapholunate dissociations, and spot films or
tangential films of the painful region for patients with
pain isolated at one site.

When clinical examination suggests superficial in-
volvement, and extraarticular pathology is suspected,
an ultrasound examination should be the next step.
Musculoskeletal ultrasound is a quick and easy
method of excluding soft tissue abnormalities, partic-
ularly tendon damage, ganglia, and synovial cysts. Al-
though it allows for dynamic studies and bilateral
comparisons with low patient discomfort, the quality
and interpretation of ultrasound findings are operator-
dependent, and therefore its use is limited.

If the history and physical examination (clicking
or snapping) suggest that the patient’s problems arise

FIGURE 24.2. A 30-year-old male with right hand dominance com-
plained of pain in the dorsal-central area of the wrist without
previous trauma. No swelling of the dorsal wrist was evident at
clinical evaluation A. Pain was exacerbated by palpation of the dor-
sal aspect of SL ligament. Positive a FET confirmed pathology of

RICCARDO LUCHETTI

from interosseous ligamentous or TFCC injuries, cin-
eradiography or an arthrogram under fluoroscopic con-
trol may be done. In cineradiography, the wrist is
moved through full range of motion, with specific at-
tempts to re-create stresses and positions known by
the patient in order to reproduce that altered move-
ment between the carpal bones responsible for the
painful click.!®

Subsequent examination is arthrography, which
serves to establish the integrity of the capsular struc-
tures and intrasynovial interosseous ligaments, espe-
cially the scapholunate and lunotriquetral ligaments
and the triangular fibrocartilage.!” It may also show
abnormal infolding of the synovium or the corrugated
appearance consistent with localized synovitis. Arthro-
grams are diagnostic when they show an abnormal
leak of opaque material between the radiocarpal and
midcarpal or distal radioulnar spaces. To confirm the
diagnosis, the flow of dye across these articulations is
viewed directly by fluoroscopy. This finding must be

D

the SL ligament. X-ray films were negative, but MR images (B, C)
showed an occult ganglion at the level of the SL ligament. Ar-
throscopy of the radiocarpal joint allowed visualization of the gan-
glion stalk, arising from the distal part of the dorsal aspect of the
SL ligament D.
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evaluated carefully, however, in relation to the pa-
tient’s age, complaints, and clinical findings. As re-
ported by several authors, communication between
the different compartments of the wrist is not neces-
sarily the result of trauma or disease.!>18

The computed axial tomography (CAT) scan has
been used in the diagnosis of carpal pathology, but its
only advantage is a better definition of the static al-
terations of the relationships between the carpal bones
and the distal extremities of the radius and the ulna.

The MRI has recently been introduced for study-
ing wrist anatomy and various other pathological con-
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ditions, such as avascular necrosis, tumors of the soft
tissues, and carpal tunnel syndrome. Good-quality
MRI can occasionally visualize the ligamentous and
cartilaginous structures of the wrist, particularly the
triangular fibrocartilage complex, and can reveal the
presence or absence of occult ganglia and tendini-
tis.1920 Even though the application possibilities for
studying injuries to the intercarpal ligaments are still
being studied, this exam has shown a fair degree of ac-
curacy in identifying TFCC injuries and intercarpal
ligament disorders when its results are compared to
arthroscopy.21-23

FIGURE 24.3. A 45-year-old female with right hand domi-
nance, involved in repetitive work activity. A. Pain com-
plaint was localized in the dorsal-ulnar area of the wrist. Pal-
pation was suggestive of ulnocarpal impaction. Press test
was positive associated by ulnar snuff box compression test.
B, C. Clenched-fist films showed a dynamic ulnar plus con-
firming the clinical diagnosis. D. Arthroscopy revealed lu-
nate chondromalacia associated to TFCC degenerative tear.
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DIAGNOSTIC ARTHROSCOPY

When pathologies of extraarticular origin can be clin-
ically excluded but physical examination does not
point to a certain diagnosis of the disorder affecting
the intra-articular structures, and even imaging tech-
niques do not shed enough light on the causes of the
patient’s problem, arthroscopy must be performed to
reach a diagnosis. Arthroscopy has increased the sur-
geon’s knowledge about the origin of wrist pain, al-
lowing not only a direct view of the anatomic ele-
ments involved in the pathological process, but also
enabling the surgeon to appreciate the consistency of
intra-articular structures by palpation using a second
instrument (probe). In particular, regarding patholo-
gies of the intra-articular soft tissues, arthroscopic ex-
amination gives precise information about the loca-
tion and dimensions of ligamentous injuries (Figures
24.2 and 24.3), chondral wear (Figure 24.4), and syn-
ovitis. Partial ligamentous injuries, that at present
cannot be shown even with the most sophisticated
imaging equipment (Figure 24.5), are readily identifi-
able by arthroscopy.

RICCARDO LUCHETTI

Arthroscopy of the wrist is one of the more useful
tools available to the physician for assessment and
treatment of the intra-articular disorders of the radio-
carpal, mediocarpal, and distal radioulnar joints. Ar-
throscopy provides an in-depth diagnostic comple-
ment to imaging examination, causes minimal
invasion and allows for quick rehabilitation, usually
with few complications?42> and with the possibility
for immediate treatment.

Arthroscopy plays an important role in the
diagnostic and therapeutic algorithms for the treat-
ment of intra-articular wrist disorders (joint frac-
tures, acute and chronic instability, osteochondro-
sis and intra-articular mobile bodies, and painful
posttraumatic stiffness). Accurate clinical examin-
ation must precede arthroscopic evaluation. Clas-
sification of chronic wrist pain as pain of intra-
articular or extraarticular origin appears to be cru-
cial in determining when arthroscopic evaluation is
indicated.

Development of the topographic approach was
prompted by the need to provide the surgeon with
a guide for identifying the multitude of local and

FIGURE 24.4. A 29-year-old male with
right hand dominance, complained of pain
in the volar radial area of the right wrist
following a hyperextension wrist injury
during a motorbike accident. A. Pain was
localized at the volar lip of the radius and
exacerbated by stressing maneuvers (pos-
teroanterior subluxation and ulnar trans-
lation). PA x-rays showed an ulnar trans-
lation of the carpus (Taleisnik’s type 1) (B)
while lateral film was normal C. D. MR
lateral view imaging demonstrated a le-
sion of the volar radiocarpal ligament (ar-
rows) with subluxation of the carpus. E.
Arthroscopy confirmed the lesion of both
RSC and LRL at their insertion on the
radius.
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general disorders affecting the wrist. Although it
may not be exhaustive or complete, it provides a
correlation between the more common disorders
and the different structures forming the joint that
are possible sources of intra-articular or extra-
articular wrist pain. A topographic method of clas-

FIGURE 24.5. A 35-year-old male fell on his outstretched
right nondominant hand. He complained of wrist discomfort
at the dorsal central area and a painful click during lateral
wrist deviation. Pain was localized at the SL joint; the fin-
ger extension test was positive; a scaphoid shift test and pal-
pation of the ANAJ were negative. A. X-rays were negative
for carpal malalignement, (B) MR images did not detect ab-
normalities. C. An arthrogram showed fluid leak through the
SL ligament from the midcarpal introduction. D. Arthros-
copy of the RC joint revealed partial lesion of the proximal
portion of the SL ligament. E. Examination of the midcarpal
joint demonstrated grade 1 instability of the SL joint.

sification of the more commonly used clinical tests
is also suggested.

Indications for both diagnostic and therapeutic ar-
throscopy for wrist disorders are still expanding. The
asterisks in Table 24.3 mark the current best indica-
tions for arthroscopy.
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contraindications for, 161
indications for, 161

intra-articular anatomy with, 162

portals of, 162
procedures in, 163
regional anatomy with, 161-162
surgical technique in, 162-164
collateral ligament injury in, 163
foreign body retrieval in, 164
septic arthritis in, 163
synovitis in, 163
Midcarpal
anatomy of, 11-12
lasers/RF-assisted arthroscopy for,
29
wrist arthrolysis in, 146
MRI. See Magnetic resonance
imaging (MRI)

N

Nondissociative carpal instability
(CIND), 75, 81

P

Painful wrist, 185-193
clinical evaluation of, 185-189
anesthetic examination in, 188
history about, 185
physical examination in,
185-188
provocative maneuvers in, 188
common causes of, 188
diagnostic arthroscopy of, 192-193
imaging investigations of, 189-191
Painful wrist evaluation
arthrography in, 19-21
bone scan in, 18
CT scanning in, 17-18
fluoroscopy in, 17
MRI in, 18-19, 38, 191, 193
radiograph in, 15-17
carpal tunnel view in, 16
clenched-fist view in, 16
lateral view in, 16
other views in, 16-17
posteroanterior view in, 15-16
scaphoid view in, 16
tomography in, 17-18
Palmar dislocation, 105-106
Palmar fragment, 105
Palmer classification, 24, 31-35, 42,
57, 63
class IA, 31-34
class IB, 31-34
class IC, 31-34
class ID, 34
class IIC, 35

INDEX

class IID, 35
class IIE, 35
Perilunate injury (progressive), 76-79
Peripheral radial tears
anatomy of, 42
classification of, 42-43
diagnosis of, 43-44
history in, 43-44
modalities in, 44
physical examination in, 44
surgical technique for, 44-48
TECC with, 42-49
treatment of, 44
treatment results in, 48-49
PIP joint. See Proximal
interphalangeal (PIP) joint
POL. See Posterior oblique ligament
(POL)
Portal
CMC joint with, 157-159
location of, 1-3, 8
MCP joint with, 162
PIP joint with, 165
trapeziectomy in, 173
Posterior oblique ligament (POL), 172
Proximal interphalangeal (PIP) joint,
arthroscopy for, 164-166
complications for, 166
contraindications for, 164
indications for, 164
intra-articular anatomy of, 165
portals of, 165
regional anatomy of, 164-165
surgical technique for, 165-166
foreign body retrieval in, 166
septic arthritis in, 165
synovitis in, 165
Proximal pole nonunion, arthroscopic
arthroplasty for, 131-133
postoperative care in, 133
results in, 133
scaphoid implant in, 132
surgical technique in, 132-133
Proximal row carpectomy, 128,
167-169
advantages with, 169
complications with, 168-169
conclusion about, 169
historical perspective on, 167
indications/contraindications for,
167
surgical technique for, 167-168
Pseudarthrosis, scaphoid with, 127,

131

R

Radial styloidectomy, 130-131,
134-137

anatomy for, 134

arthroscopic technique for, 135-136
complications in, 137

open technique for, 134-135
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rehabilitation following, 136-137
results in, 137

Radial styloid fracture, 105
Radiocarpal anatomy, 7-11
Radiocarpal joint, wrist arthrolysis

in, 146

Radiofrequency (RF) devices, 23-24

indications for, 25-29
bone resection as, 26
capsular shrinkage as, 26-27
chondromalacia as, 26
interosseous ligament tears as,
25-26
lunotriquetral instability as,
28-29
midcarpal instability as, 29
scapholunate instability as,
27-28
ulnocarpal instability as, 28-29
TFECC debridement with, 24-25
Radiograph
carpal tunnel view in, 16
clenched-fist view in, 16
lateral view in, 16
other views in, 16-17
painful wrist evaluation with,
15-17
posteroanterior view in, 15-16
scaphoid fixation with, 123
scaphoid view in, 16
Radiolunotriquetral (RLT), 9
Radioscaphocapitate (RSC), 9
Radioscapholunate (RSL), 9
Range of motion (ROM), wrist
arthrolysis and, 145, 153
RF devices. See Radiofrequency (RF)
devices
RLT. See Radiolunotriquetral (RLT)
ROM. See Range of motion (ROM)
RSC. See Radioscaphocapitate (RSC)
RSL. See Radioscapholunate (RSL)

S
Scaphoid fractures
classification of, 112-115
difficult circumstances in,
114-115
fixation of, 112-124
indications of, 112
preoperative evaluation of, 112-115
surgical technique for, 115-123
dorsal percutaneous, 123
dorsal wire placement, 117
headless cannulated screw in,
121-123
imaging, 115-117
malalignment correction,
119-120
percutaneous bone grafting,
120-121
rigid fixation, 121-123
scaphoid length in, 120
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Scaphoid fractures (continued)
screw size in, 120
small joint arthroscopy in,
117-119
Scaphoid implant, 132
Scaphoid pseudarthrosis, 127
Scapholunate dissociation, 127-128
Scapholunate instability
chronic tears in, 91-93
history of, 86-87
lasers/RF-assisted arthroscopy for,
27-28
management of, 86-93
physical examination for, 86-87
Scaphotrapeziotrapezoid (STT) joint
anatomy of, 6, 8
exostoses resection of, 131
Setup, 1-6
traction in, 1-2
Short radiolunate (SRL), 9
SL ligament tears, 109-110
Small-joint arthroscopy (hand and
wrist), 155-166
CMC, 155-161
complications for, 161
contraindications for, 155
indications for, 155
joint anatomy of, 155-157
portals of, 157-159
procedures for, 159-161
regional anatomy of, 155
MCP, 161-164
complications for, 164
contraindications for, 161
indications for, 161
intra-articular anatomy of, 162
portals of, 162
procedures for, 163
regional anatomy of, 161-162
surgical technique for, 162-163
PIP, 164-166
complications for, 166
contraindications for, 164
indications for, 164
intra-articular anatomy of, 165
portals of, 165
regional anatomy of, 164-165
surgical technique for, 165-166
SRL. See Short radiolunate (SRL)
STT joint. See
Scaphotrapeziotrapezoid (STT)
joint
Styloidectomy. See Radial
styloidectomy
Surgical technique
anatomy and, 1-6
arthroscopic arthroplasty, 132-133
implant placement in, 132-133
scaphoid resection in, 132
arthroscopic wafer procedure in,
66-69
indications for, 68-69

INDEX

CMC joint arthroscopy in,
159-161
capsular shrinkage in, 159
intra-articular fracture reduction
in, 160-161
resection/interposition
arthroplasty in, 160
septic arthritis in, 160
staging arthritis in, 160
synovectomy in, 159
distal radial fractures in, 102-103
modified horizontal arthroscopy
in, 103
dorsal wrist ganglia excision,
140-142
lunotriquetral instability in, 95-99
congruency in, 96
laxity in, 96-99
MCP joint in, 162-164
collateral ligament injury in, 163
foreign body retrieval in, 164
septic arthritis in, 163
synovitis in, 163
peripheral radial tears with, 44-48
PIP joint in, 165-166
foreign body retrieval in, 166
septic arthritis in, 165
synovitis in, 165
proximal row carpectomy in,
167-168
radial styloidectomy
arthroscopic technique for,
135-136
open technique for, 134-135
scaphoid fractures in, 115-123
dorsal percutaneous approach to,
124
dorsal wire placement in, 117
headless cannulated screw in,
121-123
imaging, 115-117
malalignment correction,
119-120
percutaneous bone grafting,
120-121
rigid fixation, 121-123
scaphoid length in, 120
screw size in, 120
small joint arthroscopy in,
117-119
trapeziectomy in
diagnostic arthroscopy with, 174
tendon interposition in, 179
thermal capsular modification in,
178
trapezium resection in, 175-176
type C tears with, 51-53
volar ganglia resection in, 182
wrist arthrolysis in, 145-147
DRUJ in, 146-147
midcarpal joint in, 146
radiocarpal joint in, 146

Synovectomy
CMC joint, 159
lasers use in, 25

Synovitis
MCP joint, 163
PIP joint, 165

T
Tears. See Central tears; Interosseous
ligament tears; Peripheral
radial tears; Type C tears;
Ulnar tears
TFCC. See Triangular fibrocartilage
complex (TFCC)
Thermal capsular modification,
trapeziectomy with, 170-180
anatomy for, 170-172
clinical presentation of, 172-173
diagnostic arthroscopy for, 173-175
indications for, 178
postoperative care for, 178-179
surgical technique for, 178
Tomography, painful wrist evaluation
with, 17-18
Traction, setup for, 1-2
Trampoline test, ulnar tears in, 39
Trapeziectomy
anatomy for, 170-172
AOLd, 171-172
DRL, 172
POL, 172
UCL, 172
clinical presentation of, 172-173
CMC joint in, 170-171, 173-174
complications in, 179-180
diagnostic arthroscopy for, 173-175
indications in, 173
landmarks in, 173-174
portals in, 173-174
postoperative care in, 174-175
preparation in, 173
surgical technique in, 174
tendon interposition in, 179
indications for, 179
postoperative care for, 179
surgical technique for, 179
thermal capsular modification in,
170-180
indications for, 178
postoperative care for, 178-179
surgical technique for, 178
trapezium resection in, 175-176
indications for, 175
postoperative care for, 176
surgical technique for, 175-176
Triangular fibrocartilage complex
(TFCC)
anatomy of, 1, 4-5, 8, 10-11, 31
central tears in, 55-60
anatomy of, 55-56
biomechanics of, 56
classification of, 57



evaluation of, 56-57
treatment of, 57-58
treatment results of, 58-60
debridement for, 24-25
distal radial fractures with,
107-109
central perforation tears and,
107-108
degenerative tears and, 109
tears of ulnoradial ligament and,
108-109
evaluation of, 19-21, 185
injury biomechanics of, 31-35
class IA, 31-34
class IB, 31-34
class IC, 31-34
class ID, 34
class IIC, 35
class IID, 35
class IIE, 35
peripheral radial tears in, 42-49
anatomy of, 42
classification of, 4243
diagnosis of, 43-44
surgical technique for, 44-48
treatment of, 44
treatment results in, 48-49
treatment for, 31-35
type C tears in, 50-53

INDEX

preoperative planning for, 50-51
surgical management for, 51-53
ulnar styloid fractures and, 106
ulnar tears in, 36-41
classification of, 36
diagnosis of, 36-38
trampoline test for, 39
treatment of, 38—41
Type C tears
preoperative planning for, 50-51
biomechanical considerations for,
50-51
diagnosis in, 50
surgical management for, 51-53
TFCC with, 50-53

U

UCL. See Ulnar collateral ligament
(UCL)

UIS. See Ulnar impaction syndrome
(UIS)

Ulnar collateral ligament (UCL), 172
Ulnar impaction syndrome (UIS)
arthroscopic wafer procedure for,
66-69
indications for, 68-69
clinical evaluation of, 63-64
historical perspective of, 64
management of, 63-70
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pathophysiology of, 63
rehabilitation of, 69
treatment of, 64
wrist arthroscopy importance for,
65-66
Ulnar styloid fractures, 106
Ulnar tears
classification of, 36
diagnosis of, 36-38
modalities of, 38
physical examination as, 37-38
TFCC with, 36-41
trampoline test for, 39
treatment of, 38—41
class 1B in, 39-40
nonoperative intervention in, 38
recession in, 38-39
Ulnocarpal instability, lasers/RF-
assisted arthroscopy for, 28-29

v

Volar ganglia resection, 182-184
results for, 182-183
surgical technique for, 182

W
Wire placement, scaphoid fractures
with, 117
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