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Acute scaphoid fractures: guidelines for diagnosis

and treatment
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B |n cases of suspected scaphoid fracture where the initial
radiographs are negative, a supplementary MRI, or alter-
natively CT, should be carried out within three to five days.

B Fracture classification, assessment of dislocation as well
as evaluation of fracture healing is best done on CT with
reconstructions in the coronal and sagittal planes, follow-
ing the longitudinal axis of the scaphoid.

B After adequate conservative management, union is
achieved at six weeks for approximately 90% of non-
displaced or minimally displaced (< 0.5 mm) scaphoid
waist fractures.

B Scaphoid waist fractures with moderate displacement
(0.5-1.5 mm) can be treated conservatively, but require
prolonged cast immobilization for approximately eight to
ten weeks.

B [nternal fixation is recommended for all scaphoid waist
fractures with dislocation > 1.5 mm.

B Distal scaphoid fractures can be treated conservatively.
The majority heal uneventfully after four to six weeks of
immobilization, depending on fracture type.

In general, proximal scaphoid fractures should be treated
with internal fixation.
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Introduction

Post-traumatic radial-sided wrist pain is common and
can represent a fracture, wrist sprain, ligament disrup-
tion or a combination of injuries. Previous studies have
shown that a scaphoid fracture is the most common frac-
ture among patients with post-traumatic radial-sided
wrist pain.’2 Scaphoid fractures are notorious for being
difficult to diagnose as well as to achieve fracture union.

The serious consequences of non-union, such as pro-
gressive degenerative changes and carpal collapse, the
so-called SNAC (scaphoid non-union advanced collapse)
wrist have for patients, typically young and active, resul-
ted in a restrictive treatment regime with immobilization
from eight to 12 weeks.? However, in the case of the non-
displaced scaphoid waist fracture, which is the most
common among scaphoid fractures, it has been sug-
gested that union can occur after just four to six weeks of
immobilization.4-¢

It is well known that scaphoid fractures can be difficult
to diagnose on initial radiographs. In cases of suspected
scaphoid fracture where the initial radiographs are nega-
tive, magnetic resonance imaging (MRI) is recommended
for diagnostics, while computed tomography (CT) has
proven more reliable and accurate in the assessment of
scaphoid fracture characteristics and union.”-°

The aim of this review is to present an algorithm for
diagnosis and treatment of acute scaphoid fractures.

Anatomy

The scaphoid forms an important mechanical linkage
between the proximal and distal carpal rows. Approxi-
mately 80% of the surface of the scaphoid is covered with
cartilage to articulate proximally with the distal radius,
ulnarly with the lunate and capitate, and distally with the
trapezoid and trapezium bone.™®

Blood vessels that originate from the dorsal carpal
branch of the radial artery enter the scaphoid through a
capsular insertion on the dorsal ridge. They account for
70-80% of the scaphoid’s inter-osseous blood supply and
represent the only vascular supply to the proximal pole. It
has been suggested, but not confirmed, that the proximal
pole receives additional blood supply through the radi-
oscapholunate (Testut) ligament. On the palmar side, ves-
sels from the superficial palmar branch of the radial artery
enter at the palmar lateral aspect of the scaphoid tubercle.
This accounts for 20-30% of the scaphoids inter-osseous
blood supply, but solely in the distal pole area.
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Epidemiology

The scaphoid is the most commonly fractured carpal bone.
It accounts for 60% of carpal fractures, 11% of hand frac-
tures, and 2% of all fractures. Estimated annual incidence
of scaphoid fractures is somewhere between 29 and 43
fractures per 100,000 persons.’ 213 Most commonly, it
occurs in young males from 15 to 25 years of age. The typi-
cal patient describes radial-sided wrist pain after a sports-
related trauma involving a fall onto an outstretched hand,
causing some extent of wrist hyperextension.

Fractures in the waist area account for two-thirds of all
scaphoid fractures, of which the majority (60-85%) are
non-displaced. Fractures in the distal third of the scaphoid
represent 25% of scaphoid fractures, while 5-10% occur
in the proximal third.™

Classification

Fracture classification adds important information for
treatment and expected outcome. Available classification
systems today are all based on radiographs. The most fre-
quently used classification system is Herbert’s classifica-
tion which is based on expected fracture instability.’>16 All
bi-cortical fractures, except for fractures of the tubercle,
are considered unstable and candidates for internal fixa-
tion. We find that such an approach may lead to consider-
able overtreatment. Russe classified scaphoid fractures
based on fracture plane orientation into transverse, hori-
zontal oblique and vertical oblique fractures.’” Vertical
oblique fractures, which account for < 5% of scaphoid
fractures, are highly unstable, which is why internal fixa-
tion is generally recommended. The Mayo classification
that we use at our institution is essentially based on frac-
ture location, and provides an appendix on factors attrib-
utable to instability.'® It provides a straight morphologic
description that we find practical for clinical use. For com-
parison, the Mayo classification has a somewhat higher
inter-observer reliability than the Herbert and Russe sys-
tems.’® Even though proximal pole fractures are incorpo-
rated within the Herbert and Mayo classification they lack
a common definition. A more proximal fracture site has a
higher probability of non-union, which is why it has been
suggested to define proximal fractures as those within the
proximal fifth of the scaphoid.?%2" Prosser developed a
separate classification system for distal scaphoid fractures
which has recently been modified by Clementson et al.2223

Diagnosis
Clinical investigation

A thorough clinical investigation always includes a com-
parison with the opposite uninjured hand. The three most

commonly used clinical tests for evaluation of patients
with suspected scaphoid fracture include: anatomical
snuff box tenderness, scaphoid tubercle tenderness, and
pain on axial compression of the thumb.?# Sensitivity for
the three individual tests has been reported to be 100%,
with specificity increasing to 74% if all tests combined are
positive. Of the clinical tests, pain on axial compression of
the thumb has been demonstrated to have the weakest
diagnostic performance.2? In concordance, itis our clinical
experience that this test cannot stand alone as a predictor
of scaphoid fracture (Fig.1).

Radiological investigation

Conventional radiography, including dorsopalmar and
lateral imaging of the wrist are obtained in neutral posi-
tion. Optimal visualization of the scaphoid on the dorso-
palmar projection is achieved with closed fist and ulnar
deviation. The purpose of this so-called Stecher’s view is
to extend and thereby project the scaphoid in its entire
length.2¢ A non-displaced or minimally displaced scaph-
oid fracture will only be detected if the X-ray beam is
pointed parallel to the fracture line, which is why three
to four special projections at difference angles of the
scaphoid are recommended. However, the sensitivity of
radiography to detect a scaphoid fracture is no higher
than 70%.27

Traditionally, in cases of suspected scaphoid fracture
where the initial radiographs are negative, patients had
their wrist immobilized in a cast or splint for two weeks
which was followed by repeated clinical and radiological
examination. Consequently, this approach may lead to
considerable overtreatment as in the end only 4-20% of
cases are diagnosed with a fracture.’> As an alternative,
several recent studies recommend MRI early on in cases of
suspected scaphoid fracture, (Fig.1).2° With a sensitivity
of 99-100%, it is cost effective to assure immediate diag-
nosis and adequate treatment.?® In addition, MRI can pro-
vide information on other fractures or ligament injuries in
the affected wrist. Nonetheless, it is important to be aware
that the difficulty of distinguishing a fracture from a bone
bruise creates a potential risk for false-positive MRI scans.?®
If MRI is not available, CT with a sensitivity of 93—-95% is a
reliable alternative.? Latent class analysis, used in the
absence of a reference standard, has estimated sensitivity
for follow-up radiographs to be 91%.3° However, the reli-
ability of six-week follow-up radiographs for diagnosis of
scaphoid fractures has been questioned due to a low
inter-observer agreement.’'

When a diagnosis is established, reliable fracture classifi-
cation is mandatory to support the surgeon in deciding
on treatment as well as to estimate prognosis. Radio-
graphs have been demonstrated to be less reliable to des-
cribe fracture morphology and to evaluate displacement.
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Scaphoid fractures — diagnostic algorithm

Patients with posttraumatic radial-sided wrist pain

1. Anatomical snuff box tenderness
2. Scaphoid tubercle tenderness
3. Pain on axial compression of the thumb

Strong possibility of a scaphoid fracture exists when signs 1 or 2, -or any
combination of signs 1,2 and 3 are positive.

‘ Radiographs of the wrist and special projections of the scaphoid ‘

‘ Normal radiographs ‘ ‘ Fracture detected on radiographs ‘

‘ Dorsal wrist cast ‘ ‘ Short arm cast ‘

‘ MRI within 3 to 5 days ‘ ‘ Consider CT investigation ‘

Fig. 1 Scaphoid fractures: diagnostic algorithm.

However, CT with the possibility of coronal and sagittal
plane reconstructions in the longitudinal axis of the scaph-
oid provides more detailed fracture characteristics and
allows quantitative measurement of fracture gap, transla-
tion (step-off), and angulation given by the intra-scaphoid
angle.832

At our institution, if a scaphoid fracture is presented as
a hair-thin line on some radiographs but not necessarily
all, or diagnosed by MRI only, we do not proceed with CT.
However, if the fracture is clearly visible on the radio-
graphs and displacement or instability is suspected, we
recommend supplementary CT (Fig.1).

Itis agreed that fracture displacement and/or instability
is correlated with prolonged time to union and increased
risk of non-union.33 Generally, signs of instability include:
fracture displacement > 1 mm, DISI (dorsal inter-calated
segment instability) scaphoid-lunate angle > 60 degrees,
lateral intra-scaphoid angle > 35 degrees, fracture com-
minution and a scaphoid fracture as part of a perilunate
injury.'®34 At our institution fracture displacement is cat-
egorized as: non or minimally displaced (< 0.5 mm), mod-
erately displaced (0.5—1.5 mm) or severely displaced (=
1.5 mm).>632

A strong correlation has been demonstrated between
scaphoid fracture comminution in the form of a radial-
sided cortico or cortico-spongeous fragment and arthro-
scopically verified fracture instability.3> However, while
fracture displacement in the majority of cases indicates
instability, instability may also be found in non-displaced
fractures. Also, arthroscopically verified scaphoid-lunate
(SL) ligament rupture may co-exist with a non-displaced
scaphoid fracture in up to 25% of cases.3¢
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Radiation load after CT

A concern in CT investigations is the radiation load. Even
so, the wrist does not contain radiation-sensitive red bone
marrow. Additionally, a CT scan performed with the wrist
above the head (superman position), keeps the radiation
load to approximately 0.02 mSv, which is equivalent to
seven days of background radiation. In comparison, CT of
the shoulder exposes the patient to a radiation load of
2.0 mSv.?7

Treatment
Before MRI

For patients with suspected scaphoid fracture where the
initial radiographs are negative, major fracture displace-
ment or instability is not expected. Consequently, we
trust that immobilization in a dorsal wrist cast is sufficient
until supplementary MRI has been carried out.

Negative MRI

In cases of post-traumatic radial-sided wrist pain and neg-
ative MRI, patients do not benefit from cast immobiliza-
tion and can be mobilized early on.3® However, in such
cases it is important to not overlook other wrist pathology
such as intrinsic ligament injuries. Typically, radiologic
signs of SL ligament rupture such as SL gap or DISI con-
figuration may not appear until months after trauma.
Even though contrast enhanced, high-field MRI may
improve diagnostic sensitivity to detect intrinsic ligament
injuries, arthroscopy is still considered the reference stand-
ard.?940 A repeat clinical examination is advocated if
symptoms have not diminished three to four weeks post
trauma. If an SL ligament rupture is suspected, then sur-
gery is recommended within six weeks post trauma.*’

Scaphoid waist fractures

After adequate cast treatment, union is achieved at six
weeks for approximately 90% of non or minimally dis-
placed (< 0.5 mm) scaphoid waist fractures.> Neverthe-
less, itis important to be aware that fracture comminution
represented by a separate cortical or cortico-spongeous
fragment on the radial side of the scaphoid, even in other-
wise non-displaced fractures is associated with instability
and prolonged time to union (Fig.2).53542

In vivo studies have demonstrated that control of wrist
extension and ulnar deviation is essential to stabilize the
fracture site, while immobilization of forearm rotation or
thumb metacarpophalangeal motion has limited impact
on fracture stability.#*> These findings have been sup-
ported in clinical studies demonstrating that the rate of
fracture union is identical in cases with or without immo-
bilization of the thumb.#4 At our institution, we recom-
mend conservative treatment with a standard short arm
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Scaphoid waist fractures

Classification and treatment are based on CT in
cases with fracture displacement or comminution

’ NON-DISPLACED FRACTURE ‘

DISPLACED FRACTURE ‘

’ <0.5 mm ‘ ’ 0.5-<1.5mm ‘

21.5 mm ‘

1. Comminuted fracture

2. DIsI alignment

3. Intra-scaphoid angle >35°
4. Part of a perilunate injury

1. Comminuted fracture
2. Reduced compliance
3. Smoking

Short arm cast
for 10 weeks

Short arm cast
for 10 weeks

Short arm cast
for 6 weeks

Operative
treatment

Fig. 2 Scaphoid waist fractures: treatment algorithm.

Note. DISI, dorsal inter-calated segment instability.

cast without thumb immobilization which, besides com-
fort, improves patients’ hand function as it allows thumb
opposition and thereby enhances pinch grip.4®

With development of minimally invasive, percutaneous
techniques there has been a trend towards operative man-
agement of non or minimally displaced waist fractures.
The short-term advantage of operative treatment is return
to work or sports a few weeks earlier.#6 However, internal
fixation is associated with a higher complication rate (up
to 30%) in terms of protruding hardware, infection, and
scar-related problems.#7=49 Furthermore, it may be fol-
lowed by an increased (10%) long-term risk for develop-
ment of scaphotrapezial (ST) joint osteoarthritis.*6

Usually, a scaphoid waist fracture with a displacement
>1 mm has been considered unstable and thereby a can-
didate for internal fixation.’® We have previously demon-
strated that fractures with a displacement < 1.5 mm united
uneventfully in a thumb spica cast.> Correspondingly,
other authors have demonstrated that scaphoid fractures,
even with dorsal or volar gapping of < 2 mm, united after
conservative treatment.# We advocate internal fixation for
all cases with > 1.5 mm fracture displacement (Fig.2).>¢

Scaphoid fractures with moderate displacement (0.5—
1.5 mm) require prolonged cast immobilization for eight
to 10 weeks.> However, surgical management should be
considered if fracture instability (e.g. fracture comminu-
tion, DISI configuration, lateral intra-scaphoid angle
> 35 degrees or a scaphoid fracture as part of a perilu-
nate injury) is suspected (Fig.2).

In general, a volar approach is recommended for all
scaphoid fractures in the waist and distal area.*® In accord-
ance, when operative treatment is indicated for moderately

displaced waist fractures, we advocate retrograde percuta-
neous internal fixation. A short incision over the distal,
radial aspect of the scaphoid allows dissection down to the
scaphoid-trapezium joint. A small periosteal elevator can
help lever the scaphoid in a volar, radial direction, in order
to get the guidewire entrance point in a more central axis
than otherwise possible, or perpendicular to the fracture
plane for horizontal oblique fractures. A trans-trapezial
approach can sometimes be necessary to obtain sufficient
central screw placement.>! For the rare vertical oblique
fracture, we prefer screw positioning along the central axis,
from the volar approach instead of screw placement per-
pendicular to the fracture plane, as it has limited biome-
chanical advantage and would only be possible using a
dorsal approach.>2 Minor fracture displacement can often
be corrected with longitudinal traction and ulnar deviation
of the carpus. Correct screw length is always 4-5 mm
shorter than measured to avoid protrusion of the screw.
Before closure, confirm alignment and screw position by
fluoroscopy at multiple angles and make sure that passive
motion of the wrist can be achieved without hindrance.

For severely displaced or angulated waist fractures,
we recommend an open volar approach. With a dorsal
approach, the important blood supply which enters at the
dorsal ridge is at danger. Furthermore, the wrist hyperflex-
ion, necessary with the dorsal approach, increases fracture
angulation and hampers reduction of any humpback
deformity. The open volar approach provides an excellent
exposure of the volar surface of the scaphoid. Beware of
not stripping the blood supply entering at the radial side
of the tubercle. During closure it is essential to suture the
volar radio-carpal ligaments as they are important con-
straints against ulnar translocation of the carpus as well as
stabilizing the distal pole of the scaphoid.>3

Arthroscopic assisted surgery has the advantage of pro-
viding direct fracture visualization, to ensure more accu-
rate fracture reduction, to permit direct assessment for
screw protrusion, and to allow detection of associated
intrinsic and extrinsic ligament injuries.?¢ We recommend
retrograde screw fixation with visualization of fracture
reduction through the mid-carpal portals. Particularly, in
cases with severe fracture dislocation/angulation, arthros-
copy becomes technically demanding and requires long-
term consistent experience with wrist arthroscopy. A
thorough understanding of anatomy, portals and equip-
ment is essential. Complications include iatrogenic carti-
lage injury, tendon and nerve injury, as well as equipment-
related burns.>

Scaphoid proximal pole fractures

Proximal pole fractures have an inherent instability due to
the small size of the fragment and an unbalanced linkage
with the SL ligament on its dorsoulnar side only. Even so,
there may be no ligament attachment at all depending on
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Scaphoid proximal pole fractures

Fracture classification and treatment are based on CT evaluation

NON-DISPLACED FRACTURE DISPLACED FRACTURE

20.5 mm

<0.5 mm

Operative
treatment

Consider short
arm cast for
10 weeks

Operative
treatment

Fig. 3 Scaphoid proximal pole fractures: treatment algorithm.

the orientation of the fracture line.>> The scaphoid follow-
ing kinematics of both the proximal and distal carpal row
leads to a large lever-arm stress affecting the proximal
scaphoid especially during extension.>¢ Together with a
tenuous blood supply, it predisposes proximal pole frac-
tures to prolonged time to union and increased risk of
non-union. Conservative treatment has been reported to
result in a non-union rate of 10-14% for non-displaced
fractures and as high as 50% for displaced fractures.>” A
distinction between non-displaced and displaced frac-
tures is crucial, which is why we recommend CT investiga-
tion for all proximal fractures and internal fixation if
displacement is found (Fig.3). However, based on CT, a
truly non-displaced fractures without signs of instability
and not part of a high-energy trauma, can be considered
for conservative treatment but with prolonged immobili-
zation for 8 to 10 weeks (Fig.3).58

A volar surgical approach with the wrist in extension
has an increased risk for displacement of a proximal pole
fragment. Furthermore, it is difficult to securely engage
the proximal fragment with the leading threads of the
compression screw when inserted in the distal-to-proxi-
mal direction. Therefore, a dorsal approach is generally
recommended.” At our institution, we prefer a mini-open
technique to visualize the fracture line as it allows a more
precise screw placement as perpendicular to the fracture
plane as possible. Also, it reduces the risk of extensor ten-
don damage. Small screw diameters such as 1.7 mm or
1.9 mm should be used to reduce the risk of splitting the
fracture fragment. However, for the smallest fracture frag-
ments of the proximal sixths of the scaphoid 0.8 mm or
0.9 mm K-wires may be the only possibility. There is no
consensus regarding addition of bone grafting for internal
fixation of acute proximal pole fractures.383°

Distal scaphoid fractures

The distal third of the scaphoid is well vascularized, and
fractures in this part of the scaphoid are often non or
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Distal Scaphoid fractures

Consider CT when severe intra-articular
fracture displacement is suspected

EXTRA-ARTICULAR
AVULSION FRACTURE
from the tubercle.

INTRA-ARTICULAR FRACTURE

Displacement Displacement
<1.5 mm >1.5 mm
Dorsal wrist cast or Short arm thumb Consider
orthosis for 4 weeks spica cast for 4 operative
to 6 weeks treatment

Fig. 4 Distal scaphoid fractures: treatment algorithm.

minimally displaced which has led to the current experi-
ence that these fractures heal uneventfully after conserv-
ative management.” An avulsion of the radio-volar tip of
the tuberosity with non or minimal articular involve-
ment is the most common among this fracture type and
accounts for more than 50% of all distal fractures.?2.60
These fractures are sufficiently treated with four weeks of
immobilization in a short arm cast or orthosis (Fig.4). The
second most common fracture type of the distal scaph-
oid is an intra-articular fracture in the radial half of the
joint surface caused by compression or shearing forces
through the trapezium. A prolonged immobilization for
four to six weeks is recommended (Fig.4). In rare cases, a
comminute fracture pattern which involves the entire
articular surface of the distal scaphoid is found. In such
cases, we recommend a short arm cast with immobiliza-
tion of the thumb for four to six weeks (Fig.4).

From radiographs it can be difficult to assess displace-
ment and congruency of the distal articular surface; CT is
therefore of value if fracture displacement is suspected. If
severe displacement is found, operative treatment may be
considered.

Assessment of fracture union

Bone union should always be assessed by combining clini-
cal investigation of the wrist with radiological findings.
Persistent pain over the fracture site may indicate incom-
plete or delayed union, but may also relate to an associ-
ated injury. Still, long-term anatomical snuff box soreness
is not uncommon even years after a united scaphoid
fracture.?3,61

Scaphoid fractures unite by primary bone healing; with
direct remodelling of lamellar bone, the Haversian canals
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and blood vessels, and without external callous forma-
tion.6263 This is similar to other intra-capsular fractures.
However, primary bone healing is difficult to visualize and
evaluate on radiographs and limited by poor inter-observer
agreement.%* CT with its higher spatial resolution and pos-
sibilities to reconstruct images in the longitudinal axis of
the scaphoid, has been demonstrated as a more reliable
method to assess bone union.5> At our institution, using
1 mm or 2 mm thick reconstructions in the coronal and sag-
ittal planes along the longitudinal axis of the scaphoid, we
define bone union as continuous trabecular bridging over
more than 50% of the cross-section of the fracture site.>6:65

With CT to evaluate bone union, 90% of all non or min-
imally displaced scaphoid waist fractures can be mobi-
lized at six weeks.>¢ However, if bone union is < 50%, but
no adverse features such as increased fracture displace-
ment, fracture line sclerosis or cystic changes are identi-
fied, then cast immobilization should be prolonged
repeatedly in four week periods until union is achieved.”
The vast majority of fractures unite within 10 to 12 weeks
of continuous cast treatment, which must be weighed
against the risk of surgical complications if early surgical
intervention is considered.®¢ However, with doubtful or
delayed union at 12 to 14 weeks a change in treatment
strategy towards internal fixation is recommended.>:67

We believe, that if the patient is more or less pain free
and CT demonstrates substantial bone union, no further
radiological examination is needed. However, in those
cases where pain in the scaphoid area has not evidently
diminished, and CT despite bone contact leaves an uncer-
tainty about trabecular bridging the fracture site, a repeat
CT after three to six months should be considered.

Return to work

A short arm cast without thumb immobilization will
allow many patients with non or minimally physical
work demands to resume their job early on. For manual
workers with a repetitive or heavy upper extremity
workload, a return to work requires that the scaphoid
fracture is united as judged by CT (> 50% trabeculae
bridging across the fracture site) and clinical examina-
tion.®® Furthermore, it is our experience that wrist range
of motion and grip strength should be within 20-40%
of the contralateral side.%®

Conclusion

Scaphoid fractures are notorious for being difficult to
diagnose as well as to obtain fracture union. In this report,
we present our algorithms for diagnosis and treatment of
acute scaphoid fractures. In the early phase post trauma,
MRI is considered the reference standard for diagnosis of

scaphoid fractures, while CT has an advantage in evalua-
tion of fracture displacement and instability. At follow-up,
CT investigation is the most reliable method to determine
fracture union. After adequate conservative management,
successful fracture union is achieved for approximately
90% of non or minimally displaced scaphoid waist frac-
tures, at six weeks. With conservative treatment, a below-
elbow cast leaving the thumb free is recommended.
Severely displaced and unstable fractures should always
be treated operatively. The choice of conservative or oper-
ative treatment of moderately displaced fractures may be
based on the surgeon’s or patient’s preferences.

In recent years, MRI and CT have improved the diag-
nostics and classification of scaphoid fractures. For the
future, a better understanding of, and ability to detect,
true fracture instability is essential to help pinpoint cases
with risk for prolonged healing or non-union.

The diagnostic and treatment algorithms are repro-
duced from Lakartidningen, Diagnostik och behandling
av akuta skafoideumfrakturer, 18 June 2019, 18;116. pii:
FLOM [Swedish], with permission.
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