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Abstract: Scaphoid nonunions pose a formidable challenge to sur-
geons because of the multiple factors that may contribute to their
causation. The etiology of the nonunion may be because of anatomic
variations, fracture configuration, vascular problems, underlying meta-
bolic problems, or the inadequacy of initial treatment. Percutaneous
management of scaphoid nonunions offers the advantage of inducing
minimal trauma to the soft tissues while adequately stabilizing the frac-
ture site to induce union in a high percentage of cases. These minimally
invasive techniques of fixation can also be combined with arthroscopy
and some of the new biologic bone grafting techniques. The indica-
tions, advantages, and techniques of the dorsal and volar percutaneous
approaches are described in this paper.
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Scaphoid fractures are inherently prone to problems with heal-
ing, including nonunion and avascular necrosis. The unique

anatomy of the scaphoid, including a tenuous blood supply, the
cartilage covering most of the surface and being surrounded by
joint fluid, creates a less ideal environment for fracture healing.
Scaphoid fractures are often very unstable because of its unique
position as a tie-rod connecting the proximal and distal carpal
rows. Aligning and maintaining reduction without stripping ex-
cessive soft tissues pose a challenge in acute fracture manage-
ment. Management of established scaphoid nonunions requires
careful analysis and preoperative planning that takes into con-
sideration the cause of nonunion, chronicity, alignment, and
vascularity. The goals of the management include providing
rigid immobilization and deformity correction while maintain-
ing adequate perfusion. Some of the modern techniques in
minimally invasive surgery may be used to achieve these goals
of scaphoid nonunion healing.1

HISTORICAL PERSPECTIVE
Closed management is becoming less appealing in the

management of scaphoid fractures because of the required
prolonged immobilization and reported failure rates of up to
50% in displaced fractures.2 Casting alone does not eliminate
micromotion at the fracture site and does not improve the bio-
logical environment. Open reduction and internal fixation with
or without bone grafting has been the standard of care for
displaced acute fractures for some time. The advent of percu-
taneous techniques for acute fractures has met with considerable
success.3

Open treatment and bone grafting for nonunions has an
established track record.4 The advantage of these techniques is
that they allow direct visualization of the fracture fragments for
freshening, reduction, and correction of associated deformities.

These techniques, however, sometimes result in unnecessary
stripping and can devitalize the fracture site leading to more
problems. The application of minimally invasive procedures for
scaphoid nonunions attempts to combine appropriate reduction
and rigid fixation with minimal disruption of the soft tissues.
This paper will describe the indications and techniques for the
repair of scaphoid nonunions through percutaneous methods.

INDICATIONS
It is important to understand that minimally invasive tech-

niques are not applicable to all types of scaphoid nonunions.
Chronic nonunions with established structural deformities re-
quire more complicated procedures that usually involve an open
approach and structural grafting. In addition, if the proximal
pole is devascularized, a vascularized graft from the distal radius
may be indicated.

Slade and Dodds5 proposed a classification for scaphoid
nonunion based on the width of devitalized scaphoid zone and
on the associated characteristics that complicate the healing
potential (Table 1). These factors include avascular necrosis
(AVN) and ligamentous incompetence. This classification is a
useful guide in determining the applicability of minimally in-
vasive procedures for scaphoid nonunions. Other factors that
need to be considered are chronicity, sclerosis, cystic changes,
fragment alignment, and fracture level.

Essentially, minimally invasive surgery is indicated in early
scaphoid nonunions without substantial cystic bone resorp-
tion, without appreciable collapse of the scaphoid architecture
(grades 1Y4), and without complete AVN of the proximal pole
(Fig. 1). These fractures usually have a cartilaginous shell intact
externally and have a normal scapholunate angle without a
humpback deformity. This can often be determined by routine
x-rays, including posteroanterior (PA), lateral, and scaphoid
views of the affected and contralateral wrists. If doubt still exists,
then a computed tomographic scan in the plane of the scaphoid6

or arthroscopy can be used to confirm a precollapse status.

TECHNIQUES
There are several techniques described in treating scaphoid

nonunion in approach and method of fixation, but they all follow
the same surgical principles. Scaphoid nonunion grades 1 to 4,
usually can be managed with standard cannulated drilling over
the guidewire followed by mild compression and rigid fixation.
In grade 5, bone grafting is often indicated to fill the gap after
debridement of a large devitalized zone. Grade 6 nonunions
require an open approach with structural or vascularized grafts.

Volar Approach
Under general or regional anesthesia, the patient is po-

sitioned supine with wrist in extension supported by a small
towel roll over a radiolucent hand table. The placement of the
guidewire is verified with a mini fluoroscopy machine. The entry
is usually on the distal volar-radial aspect of the scaphoid near
the scaphotrapezial (ST) joint. To aid in guidewire placement, it
is helpful to draw the bony structures with a skin marker and take
note of the level of the ST joint and the radial aspect of the
scaphoid (Fig. 2). Alternatively, the entry can be found at the

TECHNIQUE
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intersection of 2 lines drawn in line with the Kirschner (K)
wires placed outside the skin. These lines are parallel to the
long axis of the scaphoid on the PA and lateral fluoroscopic
views. The wire usually must start through the volar, proximal
corner of the trapezium, thus allowing access to the center of the
distal scaphoid pole. The subsequent drilling should, therefore,
remove this edge of the trapezium, and screw placement
traverses the defect to be countersunk in the scaphoid.
Alternatively, this part of the trapezium can be removed with
a rongeur but this would require a larger incision. Another
alternative is to avoid the trapezium by using a more radial
starting point.

The placement of the wire (and subsequently, the screw)
is the most critical part of the procedure and should be in the
center of the proximal pole of the scaphoid in all radiographic
views. The guidewire must be within the scaphoid body in all
views, with enough clearance on each side for screw placement
(Figs. 3A, B). The 45-degree pronated (oblique) view is helpful
to assess the proximal pole wire placement, because wire pene-
tration through the proximal scaphoid articular surface can be
missed on standard PA and lateral views (Fig. 4). An ulnar
deviation PA x-ray (scaphoid view) will elongate the scaphoid
and give the surgeon an excellent image for the assessment of
guidewire placement.

Once the wire is in place and its position confirmed fluo-
roscopically, consideration should be given to placing a second
derotational wire, which can be helpful in more unstable frac-
tures. We have found that this second wire is usually not needed.
After acceptable guidewire position is confirmed, a longitudinal
incision (approximately 5 mm, just large enough for the depth

FIGURE 1. Posteroanterior ulnar deviation view of scaphoid
nonunion. There is a mild cystic change without collapse of overall
scaphoid alignment.

FIGURE 2. The outlines of the trapezium and scaphoid are
drawn on the volar wrist. The guidewire is placed starting at the
trapezial edge and advanced in a proximal ulnar and dorsal
direction.

TABLE 1. Treatment Classification System for Scaphoid Nonunions

Grade Category Characteristics of Scaphoid Nonunions

1 Delayed presentation Scaphoid fractures with delayed presentation (4Y8 wk).
2 Fibrous nonunion Intact cartilaginous envelope, minimal fracture line at nonunion interface, and no cyst or sclerosis.
3 Minimal sclerosis Bone resorption at nonunion interface G1 mm with minimal sclerosis.
4 Cyst formation and sclerosis Bone resorption at nonunion interface G5 mm, cyst formation, and maintained scaphoid alignment.
5 Cyst formation and sclerosis Bone resorption at nonunion interface 95 mm and G10 mm, cyst formation, and maintained

scaphoid alignment.
6 Pseudoarthrosis Separate bone fracture fragments with profound bone resorption at nonunion interface. Gross

fragment motion and deformity is often present.

Subtypes Category Associated Characteristics

a Proximal pole nonunion The proximal pole has a tenuous blood supply and a mechanical disadvantage that places it at
greater risk of delayed or failed union.

b AVN Scaphoid nonunion with AVN confirmed by magnetic resonance imaging or intraoperative lack of
punctate bleeding. The fracture must heal and revitalize.

c Ligamentous injury Injury suggested by static and dynamic imaging of the carpal bones or arthroscopic
direct observation.

d Deformity Scaphoid deformity must be corrected. This requires a bicortical structural bone graft and
rigid fixation.

Source: Slade and Dodds.5
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gauge and screw) is centered on the wire. Access to the scaphoid
and trapezium is done with blunt dissection. Screw length is
determined by using the supplied depth gauge or by an ad-
ditional wire of identical length to calculate the length of the
wire buried in the bone. It should be verified radiographically
that the depth gauge or wire is on the distal scaphoid edge and
not on the trapezium to ensure accurate screw length. A drill bit
larger than that of the screw can be used for removal of the
trapezial edge.

Tapping is done if needed and is based on screw type, bone
quality, and presence of sclerosis. The newer screws available
today are self-tapping and self-drilling. Oftentimes, just the ini-
tial cortex encountered needs to be drilled for a few millimeters
before screw placement. The screw is placed over the wire and
inserted with gentle turns by hand to the appropriate level and
thus stabilizes the fracture nonunion (Fig. 5). When using a
conical screw system, care must be taken not to overdrill the
channel in length or to insert the screw too far because this
may cause loosening or fracture of the scaphoid proximal pole.
All of these procedures are done under fluoroscopic guidance
to ensure maintenance of reduction. The scaphoid should not be
overcompressed because this may induce collapse at the cystic

central area. Proper screw length is critical, because screw pene-
tration in the radiocarpal or ST joints can be disastrous. In
our hands, the most accurate method to determine appropriate
screw length is to place the proximal tip of the wire at the
scaphoid cortical edge and subtract 4 to 5 mm from this reading.
The ideal screw provides appropriate compression and is coun-
tersunk at least 2 mm on either end of the scaphoid. Final screw
placement is verified with imaging to ensure that it is coun-
tersunk and within the confines of the scaphoid bone. The
wound is irrigated and closed with nylon sutures. Scaphoid
healing usually occurs in 6 to 8 weeks (Figs. 6A, B).

Dorsal Technique With Arthroscopy
Under general or regional anesthesia, the patient is posi-

tioned supine with an arm extended on a hand table. A mini
fluoroscopy unit is positioned on the table with the wrist per-
pendicular to the imaging beam and supported by a small towel
roll under the ulna wrist border. The central axis of a scaphoid is
the greatest distance between 2 points in a scaphoid. This is the
best position for rigid screw fixation of a scaphoid fracture. The
central axis is imaged by flexion and pronating of the wrist,
aligning the proximal and distal poles of the scaphoid to form a

FIGURE 3. A, Final guidewire placement in the anteroposterior view. The wire starts at the distal radial edge of the scaphoid and is
centered on the proximal pole. B, The lateral fluoroscopic view demonstrates the proper starting point of the guidewire. The edge
of the trapezium is traversed to allow access to the center of the distal scaphoid pole.

FIGURE 4. Fluoroscopic 45-degree pronated view of the scaphoid
nonunion with a second derotation wire inserted. This view
demonstrates that the guidewire is outside the proximal pole of
the scaphoid.

FIGURE 5. Cannulated screw being placed through the volar
wound.
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cylinder and is viewed as the Bring sign.[ Two K wires may be
used as an external targeting guide to aid with guidewire
placements. The first wire is driven dorsal to volar in the PA
plane of the distal scaphoid while ulnar deviating the wrist to
extend the scaphoid. A second wire is placed in the midlateral
aspect of the distal pole of the scaphoid from straight radial to
ulnar. These wires cross at the distal scaphoid central axis and
form a crosshair target for guidewire placement.

Under fluoroscopy, the guidewire is inserted percutane-
ously into the dorsal proximal scaphoid pole and driven volarly
toward the thumb base (Fig. 7). As the wire is advanced, imaging
is used to check the wire position in the PA and lateral planes.
The guidewire is then driven along the central axis of the
scaphoid from dorsal to volar until the distal end is in the volar-
radial base of the thumb. The K wire often travels through
the trapezium, because the distal scaphoid is covered by the
trapezium. The position of trapezium explains why it may be
difficult to place the guidewire volarly along the central scaphoid
axis at the scaphoid trapezium joint, because the wire cannot be
positioned on the distal scaphoid at the correct starting point.
Once the wire has been passed, its position in the scaphoid
and the fracture reduction are then evaluated in the PA, oblique,
and lateral views. Alternatively, a standard C-arm may be used
for imaging. The standard C-arm is positioned under a radio-

lucent hand table. In this scenario, the wrist is fully pronated
and flexed over a roll at the flexion crease.

Once the guidewire has been passed down the central axis
of the scaphoid, it is withdrawn volarly from the thumb base
until the trailing end of the 0.045-in double-cut K wire is at
proximal scaphoid pole clearing the radiocarpal joint. The wrist
can now be safely extended to a neutral position without bend-
ing the guidewire. The wrist is carefully imaged to check the
alignment of the scaphoid fracture and the position of the
central axis guidewire. If the fracture is determined not to be
aligned, two 0.062-in K wires are percutaneously placed dor-
sally into the proximal and distal scaphoid fracture fragments.
The central axis guidewire is withdrawn volarly until past the
fracture. The joysticks are used to correctly align the scaphoid
fracture fragments. Once correctly aligned, the volar guidewire
is driven dorsally across the fracture site to capture and hold
the reduction. It is common to require 2 centrally placed wires to
maintain the scaphoid correction because of significant bending
forces.

After acceptable fracture reduction is accomplished, ar-
throscopic examination is performed. Longitudinal traction is
applied through the 4 fingers for safe entry of the small-joint
arthroscope and instruments. The midcarpal and radiocarpal
portals are located using a mini fluoroscopy unit placed per-
pendicular to the wrist. Nineteen-gauge needles are used to mark

FIGURE 6. Anteroposterior (A) and lateral views (B) demonstrating the final placement of the screw. Both proximal and distal
aspects of the screw are countersunk well within the bone.

FIGURE 7. The guidewire is being driven along the central axis
of the scaphoid from dorsal to volar. The 2 additional
perpendicular wires are placed for distal targeting.

FIGURE 8. A hand reamer is used to penetrate the wrist capsule
and proximal pole of the scaphoid.
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the portal sites. An angled, small-joint arthroscope is placed in
the radiocarpal and midcarpal joints. It is used to inspect the
nonunion site for peripheral fibrocartilaginous tissue and to
ensure the absence of carpal joint arthritis. The alignment of
the articular surface of the scaphoid is also confirmed, and the
joint is inspected for associated soft tissue or bony injuries.
Capsular adhesions and arthrofibrosis, which are common in
long-standing nonunion, must be treated before nonunion repair.
Untreated wrist stiffness can lead to increased bending forces
at the repair site. This can be done using percutaneous and
arthroscopic methods.

After arthroscopy, the wrist is taken out of traction. The
length of the scaphoid is determined by adjustment of the
guidewire so that the leading edge is at the distal scaphoid pole.
A second identical wire is placed parallel to the first wire so that
the tip touches the cortex of the proximal pole. The difference
between these 2 wires proximally is the scaphoid length. A
screw 4 mm shorter than the scaphoid length is usually ad-
visable to provide a 2-mm clearance proximally and distally. The
central guidewire is adjusted so that the wire is exposed dorsally
and volarly. A small incision is made next to the dorsal wire, and
a small curved hemostat is used to clear the soft tissues away
from the guidewire. The wire is also inspected to ensure that no
extensor tendons have been impaled. If so, the wire is simply
withdrawn volarly until the tendon is free and again passed
dorsally. With the wrist flexed, a hand reamer is used to penetrate
the wrist capsule and proximal pole of the scaphoid (Fig. 8).
Using imaging, the scaphoid is hand-drilled past the nonunion
site to establish a fresh blood supply from the distal scaphoid.

If desired, the reamer is removed, and a 1.9-mm angled
scope can be placed into the proximal scaphoid pole confirmed
with imaging. The proximal pole fragment can be assessed for
viability by direct visualization of the amount and location of
the active bone bleeding (after tourniquet release). Debridement
of nonviable bone is performed by placing a small neurosurgical
curette through the base of the proximal scaphoid drill site and
is guided by the fluoroscopic imaging to the nonunion site.
After freshening the scaphoid nonunion site, the scaphoid is

prepared for screw application. Overreaming reduces fracture
compression and increases the risk of motion at the nonunion
site, so it is important not to ream up to the opposite cortex.
The properly sized screw is inserted in the same direction with a
2-mm clearance from the distal cortex. Final screw placement
is confirmed with fluoroscopy to ensure accuracy in position
and depth.

SUPPLEMENTARY TECHNIQUES

Reduction Maneuvers
If preoperative computed tomography, magnetic resonance

imaging scans, arthroscopy, or intraoperative imaging detect
fragment malalignment, percutaneous reduction can be accom-
plished in some nonunions without major disruption to the soft
tissues. If the fragments are mobile, temporarily placed K wires
can be used as joysticks for reduction of the displaced frac-
tures (Fig. 9).5 The ability of the fragments to be manipulated
percutaneously is unpredictable and needs to be done intrao-
peratively. With more rigid fibrous nonunions or partially healed
fractures, a small curved hemostat can be introduced percuta-
neously under fluoroscopic control into the nonunion site, and
an osteoclasis can be performed (Fig. 10).

Bone Grafting
The need for bone grafting is dependent on the bony

changes and fragment alignment of the nonunion. In select
cases (grades 1Y3 and some grade 4), rigid fixation alone will be
adequate, particularly those with fibrous unions or those with
minimal cystic changes. Ideal management for large nonunion
sites with deformity includes open de bridement of necrotic site
and bone grafting to fill the gap. Although some authors have
presented deformity correction procedures using minimally in-
vasive techniques through a small supplementary incision,7 the
least invasive technique would involve direct application of the
graft without violating the external cortex and cartilage shell.
Cancellous graft may be harvested from the distal radius through
a small separate incision using a cannulated trephine, which
results in a nicely formed cylindrical bone. This graft, or alter-
natively demineralized bone matrix allograft, can be inserted
into the nonunion site through the cannula and the proximal
fragment drill hole (Figs. 11A, B).

FIGURE 10. A small curved hemostat is introduced
percutaneously into the nonunion site for osteoclasis.

FIGURE 9. Under fluoroscopy, temporarily placed K wires are
used as joysticks for reduction of the displaced fractures. The
central axis wire has been withdrawn into the distal fragment.
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Additional Fixation
By understanding the forces that displace the scaphoid, it

is known that proximal pole fractures tend to shift the fulcrum
proximally, produce a longer lever arm, and increase bending
forces on the nonunion site. If instability is noted on fluoro-
scopic stress views, additional forms of fixation need to be con-
sidered. This can be accomplished by pinning or applying a mini
screw from the distal scaphoid to the capitate. This mechanism
locks the midcarpal but not the radiocarpal joint. A stout K wire
inserted between the second or third webspace into the capitate
and lunate also blocks the midcarpal motion and enhances
stability of healing site. Another technique includes stabilization
of small proximal pole fragments with an additional headless
screw between the distal scaphoid and the lunate or a long screw
traversing the fracture and into the lunate (Figs. 12A, B). These
additional implants are removed once radiographic healing is
observed.5

Aftercare/Healing
A splint is placed with a bulky dressing for comfort and

active finger range of motion (ROM) is allowed immediately. If
the fracture was rigidly fixed, gentle wrist ROM can be started
once the wound is stable. In-between ROM exercises, patients
wear a removable thumb-spica splint until radiographic healing
is demonstrated. Patients can return to sedentary work when
they feel comfortable and when ROM is approximately 75% as
compared with the contralateral side. Manual or athletic work

can be resumed at the time of bony union. Computed tomo-
graphic scans in the plane of the scaphoid are obtained if union
cannot be determined by x-ray alone. If bridging bone is not
detected by 12 to 16 weeks, one may consider reYbone grafting
the nonunion site and reexamination of scaphoid fixation for
possible augmentation.

RESULTS
Recent studies reporting on minimally invasive manage-

ment of scaphoid nonunions have reported excellent results.8

Slade et al9 reported union in 15 of 15 patients with grades 2
to 3 nonunions using a dorsal approach with arthroscopy and
without bone grafting. In another study, Geissler10 achieved
union in 14 of 15 cystic nonunions (grade 4) using the dorsal
technique with arthroscopy combined with screw fixation and
incorporating demineralized bone matrix. Our own preliminary
series contains 7 patients with scaphoid nonunions treated with
the volar technique. All patients had volar percutaneous screw
placements without supplementary bone graft or arthroscopy.
All of the nonunions healed and there were no complications,
and none of the screws had to be removed.

COMPLICATIONS
The most common complications associated with these

procedures are persistent nonunion, AVN, hardware prob-
lems, and superficial infections. Without directly visualizing
the dissection to the scaphoid, there are risks to the surrounding

FIGURE 12. Preoperative anteroposterior radiograph of a scaphoid nonunion (A) and postoperative radiograph showing fixation with
a headless screw traversing the fracture into the lunate and an additional screw stabilizing the scaphoid to the capitate (B).

FIGURE 11. Cancellous graft is harvested from the distal radius through a small separate incision using a cannulated trephine (A) and
inserted into the nonunion site through the cannula and the proximal fragment drill hole (B).
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soft tissues with a completely percutaneous dorsal approach. A
recent cadaveric study described the risks of the percutaneous
dorsal approach to the scaphoid because of the proximity of
the extensor tendons and the terminal branch of the posterior
interosseous nerve.11 This can be prevented by performing ade-
quate dissection through the small dorsal incision to clear the
soft tissues before entering the bone. If there is any tendon
violation, the guidewire can be easily withdrawn partially, the
tendon freed, and the wire reinserted.

Another limitation of not seeing the scaphoid directly is
the danger of leaving a prominent screw.3,11,12 A long screw
can be problematic either proximally or distally. Radioscaphoid
or ST arthrosis can occur if the screw head is not completely
buried within the scaphoid. Bond et al12 cited this as the only
complication of percutaneous fixation of acute fractures when
they had to remove the screw 7 months after surgery in one of
their patients complaining of pain. This complication can be
avoided by selecting a shorter screw (4Y5 mm) than actually
measured.

CONCLUSIONS
Different techniques of percutaneous management of

scaphoid fractures have shown high healing and low compli-
cation rates. The success of percutaneous fixation of acute
fractures can be extended to the care of scaphoid nonunions.
As the refinement of the technology of implants, arthroscopic
equipment, and bone graft substitutes improves, the effective
treatment of these difficult carpal problems will improve. These
techniques, however, do not completely replace the role of open
correction of long-standing nonunions, especially those requir-
ing deformity correction.
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