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Scaphoid fractures were first described in 1905 by Destot
following the discovery of radiography.1 These fractures
became notorious for their troublesome healing. In 1939,
Cravener tried to clarify factors contributing to the establish-
ment of scaphoid nonunion.2 He encouraged classifying

scaphoid fractures taking age and location into account. “In
discussing carpal scaphoid fractures, wemust first arrive on a
common ground. Is the fracture through the tuberosity, the
waist, or the body? If it is through the tuberosity we can
practically neglect it, for it will heal. If it is through the body it
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Abstract Background In the lack of consensus, surgeon-based preference determines how
acute scaphoid fractures are classified. There is a great variety of classification systems
with considerable controversies.
Purposes The purpose of this study was to provide an overview of the different
classification systems, clarifying their subgroups and analyzing their popularity by
comparing citation indexes. The intention was to improve data comparison between
studies using heterogeneous fracture descriptions.
Methods We performed a systematic review of the literature based on a search of
medical literature from 1950 to 2015, and a manual search using the reference lists in
relevant book chapters. Only original descriptions of classifications of acute scaphoid
fractures in adults were included. Popularity was based on citation index as reported in
the databases of Web of Science (WoS) and Google Scholar. Articles that were cited<10
times in WoS were excluded.
Results Our literature search resulted in 308 potentially eligible descriptive reports of
which 12 reports met the inclusion criteria. We distinguished 13 different (sub)
classification systems based on (1) fracture location, (2) fracture plane orientation,
and (3) fracture stability/displacement. Based on citations numbers, the Herbert
classification was most popular, followed by the Russe and Mayo classifications. All
classification systems were based on plain radiography.
Conclusions Most classification systems were based on fracture location, displace-
ment, or stability. Based on the controversy and limited reliability of current classifica-
tion systems, suggested research areas for an updated classification include three-
dimensional fracture pattern etiology and fracture fragment mobility assessed by
dynamic imaging.
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will not easily.” More than seven decades later, it seems that
we still have not arrived on a commonground considering the
numerous different scaphoid fracture classification systems
available in the literature, each trying to improve prognosis
and treatment selection. In the lack of consensus, surgeon-
based preference determines how a fracture pattern is classi-
fied. Popular classification systems include the Herbert,3

Mayo,4 and Russe5 classifications, but there are many more
and they present considerable controversies.

Scaphoid fractures should be characterized in a reliable
and reproducible way that facilitates comparisons among
different groups or among similar groups treated differently.6

The use of different classification systems, however, affects
comparing outcomes of treatment methods among different
clinical trials. An overview of the various classification sys-
tems and their subgroups can improve data comparison
between studies.

The purpose of this study was to review different concepts
and classifications of acute scaphoid fractures and their
popularity by comparing citation indexes. As incidence rates
of different fracture types may vary in the literature, our
second purpose was to study incidence rates based on the
original reports.

Materials and Methods

We conducted a two-step systematic search of medical
literature from 1950 to 2015: an online search for original
(digital or paper) articles and a manual search for original
(digital or paper) articles using reference lists in relevant book
chapters. The online systematic review and data extraction
were performed by two independent reviewers (P. W. L. B.
and T. D.). Disagreements were resolved by means of discus-
sion,with arbitration of a third experienced reviewer (G. A. B.)
when differences of opinion remained.

Eligibility Criteria Systematic Review
Inclusion criteria for the selection of manuscripts were: (1)
original description of a novel classification of the acute
scaphoid fracture in an adult population (18 years and older);
(2) availability of a (translated) full-text copy of a manuscript
online or paper version. We included all types of articles,
including clinical, biomechanical, cadaveric, and imaging
studies. Exclusion criteria were: (1) (original) description of
an already existing classification of acute scaphoid fractures;
(2) (original) description of wrist pathologies other than
acute scaphoid fractures; (3) languages other than English,
French, or German.

Literature Search and Study Selection
The search for articles was performed inMedline (PubMed) in
September 2014, and an updated search in October 2015. The
search strategy was developed with our academic medical
librarian. We used Medical Subject Headings (MeSH)
(¼ scaphoid bone) and MeSH Subheadings (¼ classification),
using free search terms in title and abstract with truncation
(¼scaphoid fracture�; scaphoid bone fracture�; scaphoid) and
using free search terms in all fields with truncation (¼ class�).

This resulted in the following search in Medline: (“Scaphoid
Bone”[Mesh] OR scaphoid fracture�[tiab] OR scaphoid bone
fracture�[tiab] OR scaphoid[tiab]) AND (“classification” [Sub-
heading] OR class�). We retrieved all titles and abstracts and
assessed them for eligibility. If the eligibility criteria were
met, full manuscripts were obtained and reviewed. We
performed the online search from oldest to most recent
article, to identify classifications that were already described.

In addition to online databases, 12 international compre-
hensive medical books7–18 regarding the hand, wrist, or
scaphoid were available in our academic medical library
and included book chapters concerning acute scaphoid frac-
tures. One author (P.W. L. B) performed amanual search using
these book chapters to find additional references. References
were further screened in Medline using the same inclusion
and exclusion criteria.

Quality Assessment
There are many different clinical, biomechanical, or radiolog-
ical systems to describe and classify the different acute
scaphoid fractures, each with its own characteristics and
limitations. To our knowledge, no guidelines have yet been
developed to assess the quality of these articles classifying
acute scaphoid fractures. Therefore, we did not make a
distinction between study design or image modalities used.

Citation Numbers
Classification systems were considered clinically relevant
onlywhen applicable to clinical practice.We used a threshold
of>10 times cited in the database ofWeb of Science (WoS) for
further inclusion in our systematic review. We used Google
Scholar as an additional database to record the number
of citations as second measure for popularity of the
classifications.

Results

The online search resulted in 308 potentially eligible articles.
Eight met our inclusion criteria. Our manual search resulted
in four additional relevant articles (►Fig. 1). We pooled two
articles describing the original Herbert classification3 and a
modified Herbert classification.19 In contrast, Bohler et al20

and Cooney et al4 each discussed two different classification
systems. In total, 13 different classification systems were
divided based on (1) fracture location, (2) fracture plane
orientation, and (3) fracture stability/displacement.

Classifications based on fracture location (►Table 1): Boh-
ler et al20 described 873 conservatively treated fractures
between 1925 and 1952. Tuberosity fractures showed 100%
healing rate; all other fractures showed 97% rate. Proximal
fractures were immobilized for 10 to 12 weeks, and middle
and distal fractures for 6 to 8 weeks. Cooney et al4 (Mayo)
(►Fig. 2) and Schernberg et al21 (►Fig. 3) also distinguished
fractures by fracture location. Prosser et al22 classified solely
distal fractures (►Fig. 4). Osteoarthritis might develop in the
scaphotrapezial trapezoidal joint due to malunion after com-
pression fractures (type II). The AO foundation introduced a
general fracture classification system.23 To standardize
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research and communication among surgeons, the Orthopae-
dic Trauma Association (OTA) adopted this latter system,
resulting in the AO/OTA system (►Fig. 5).6

Classifications based on fracture plane orientation
(►Table 2): Bohler et al20 also distinguished fractures based
on fracture planes, resembling Pauwels classification24 of
femoral neck fractures. Horizontal oblique fractures might
show compressive forces across the fracture site resulting in
good tendency to heal. Transverse fractures might have both
compressive and shear forces resulting in an average tenden-
cy to heal. Vertical oblique fractures were considered to be
caused by shearing forces, making it unstablewith higher risk
of nonunion. Russe5 described a similar system (►Fig. 6),
which received more attention, probably due to his interna-
tional publications and presentations. Compson25 distin-
guished 80 fractures based on dorsal alignment of fracture
planes. He reconstructed the fracture outline on transparent
solid three-dimensional scaphoid models by looking at mul-
tiple standard radiological views. He distinguished transverse
fractures through the “surgical waist,” oblique fractures
through the dorsal sulcus, and proximal pole fractures.

Classifications based on displacement and/or instability
(►Table 3): McLaughlin and Parkes26 classified fractures by
their stability ranging from incomplete fractures with intact
shell of cartilage and bone to undisplaced/stable fractures and
displaced/unstable fractures. Cooney et al4 (Mayo) also clas-

sified fractures by their stability (►Table 4). Based on bio-
mechanical experiments, Weber27 described nondisplaced
fractures without disruption of ligamentous attachments,
angulated fractures with dorsal intercarpal ligamentous dis-
ruption due to increasing injury forces, and displaced frac-
tures with complete disruption of ligamentous attachments.
Angulation may decrease the amount of surface contact, thus
increasing risk of nonunion. Herbert and Fisher3 proposed a
classification with the intention to identify fractures most
applicable for screw fixation, due to instability (►Fig. 7). All
complete bicortical fractures (except for tubercle fractures)
were considered unstable. According to Garcia-Elias and
Lluch,28 proximal scaphoid fractures are stablewhen running
proximal to the scaphoid-lunate ligaments which form the
important linkage between the lunate and the distal scaph-
oid, but are unstable when running distal to them.

Discussion

In the past few decades, much endeavor has been made to
identify the acute scaphoid fracture patterns that are prone to
nonunion for purposes of surgical decision making. Based on
our search, over a dozen classification systems have been
proposed in the literature and were mainly based on fracture
location or displacement. Considering the number of cita-
tions, the Herbert classification was most popular, followed
by the Russe and Mayo classification. Based on original
reports describing fracture location,4,20,21 waist fractures
occur most often with percentages ranging from 66 to 82%.
Considering fracture plane orientation,5,20,25 transverse frac-
tures have the highest incidence ranging from 36 to 60%,
followed by horizontal oblique fractures ranging from 30 to
47%. Considering fracture stability,4,27 most fractures are
described as stable (53 and 71%).

Based on two recent systematic reviews,29,30 several ran-
domized controlled trials can be identified comparing surgi-
cal with conservative treatment for acute scaphoid fractures
using various radiographic classification systems, including
those described by Herbert,31–34 the AO/OTA,35 and Russe.34

Inclusion criteria ranged from waist fractures only31–33,36 to
distal, waist and proximal fractures,34,35,37 or from only
nondisplaced31,32,36 to minimally, moderately, and severely
displaced fractures.33,34,37 Some trials32,34,35,37 excluded tu-
berosity and unicortical fractures. One trial35 included verti-
cal and comminuted fractures. In most trials, the exact
borders of the waist area and level of displacement/step-off
were not defined. In particular, it is often unclear when
displacement is considered to be minimal.

Based on interobserver studies, agreement regarding the
radiographical assessment of fracture displacement varies
between fair,38 moderate,39 and good.40 Displacement close
to 1 mm can be easily misclassified as nondisplacement.41

Encouraging results have shown that training can improve
interobserver reliability and diagnostic performance for frac-
ture displacement.42 In another interobserver study,39 agree-
ment between observers was only fair regarding the
radiographical classification of scaphoid fractures according
to Compson, Herbert, and Russe. Observers had difficulty

Fig. 1 Study flow diagram of the systematic review. †Included eight
references3,4,20–22,25–27; �included four references.5,6,19,28
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with each classification system and neither did significantly
better than the other. None of the systems could predict
fracture union. In general, fracture lines as observed on
radiographs are difficult to relate to the three-dimensional
complex anatomy25 and sometimes difficult to detect due to

superimposition over neighboring carpal bones.43 Recently,
Luria et al44 used three-dimensional imaging techniques to
analyze fracture plane orientation relative to the scaphoid
central axis in 124 acute scaphoid fractures. They concluded
all fractures were horizontal oblique, and not transverse,
unlike previous radiographic observational studies have
reported.

It seems that the variation of used radiographic classifica-
tion systems and their limited reliability confound efforts to
compare outcomes of treatment methods among different
clinical studies, limiting the level of evidence.45

When distinguishing fractures, the clinical relevance must
be clear in relation to either treatment options, or prognosis,
or risk of complications.6 At the waist of the scaphoid,
displaced fractures are considered unstable, which is the
most important factor associated with nonunion, for which
open reduction and internal fixation is generally advised.46,47

However, when displacement is not clearly visible on radio-
graphs, as in most patients, potentially unstable scaphoid
fractures are difficult to identify. Some surgeons consider all
fractures unstable, irrespective of displacement, when the

Table 1 Classification of acute scaphoid fractures based on fracture location

Author Year No. of citation
(World of Science;
Google Scholar)

Total cases Type Rate (%)

Bohler et ala 1954 38; 67 873 (1) Tuberosity 16

(2)-a Proximal third 10

(2)-b Border, middle/proximal third 7

(2)-c Middle third 55

(2)-d Middle third: wedge chipped out 4

(2)-e Distal third 9

Cooney et al
(Mayo)

1980 110;330 45 1 Tuberosity "
2 Distal articular surface 16

3 Distal one-third ↓

4 Waist, middle one-third 67

5 Proximal pole 18

Schernbergb 1984 16;37 325 I Proximal pole 4

II, III, IV Waist 82

V Distal Pole 8

VI- a,b,c Distal tubercle 6

Prosser 1988 13;29 37 I Tuberosity 54

II (A,B,C) Distal intra-articular 41,0,5

III Osteochondral fracture 0

AO/OTA 2007 N/Ac x 72-A1 Proximal pole, noncomminuted x

72-A2 Waist, noncomminuted x

72-A3 Distal pole, noncomminuted x

72-B2 Waist, comminuted x

aGerman article.
bFrench article.
cNot applicable, since the article comprised fracture classification systems of the entire musculoskeletal system.

Fig. 2 Cooney (Mayo) divided scaphoid fractures into fractures of the
distal tubercle (1), distal intra-articular surface (2), distal third (3),
waist (4), and proximal pole (5). Fracture location influenced both
tendency and time frame for healing. (Reprinted, with permission
covered by STM guidelines, from Cooney et al.13)
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fracture line is readily identified on radiographs48 or show
bicortical involvement,49 and suggest operative treatment.
First, this may lead to overtreatment as the incidence of
unstable fractures being classified as nondisplaced as well

as their relative risk of nonunion is currently unknown.
Second, in a previous study50 using arthroscopy as reference
standard for instability and displacement, only 7 of 22
radiographically nondisplaced (bicortical) fractures were
unstable.

We believe that after confirming a scaphoid fracture,
management could be further improved if we find a more
reliable way to identify substantial interfragmentary motion
when displacement is ruled out. Imaging modalities with the
wrist in motion using fluoroscopy or dynamic three-dimen-
sional CT may be useful to find predictors for interfragmen-
tary motion (i.e., true instability) in relation to surgical or
arthroscopic findings and clinical outcome. To date, one
possible predictor of acute fracture instability might be the
location relative to the dorsal apex as shown in nonunions.51

However, this factor was not predictive for instability in one
previous study52 of acute fractures using arthroscopy as a
reference standard. Fracture comminution was the only
significant predictor for instability. Considering the fact
that the majority of nondisplaced fractures are treated con-
servatively, predicting instability might improve identifica-
tion of the small subset of scaphoid fractures unlikely to heal
in a cast.

Fig. 4 Prosser divided distal fractures into avulsion fractures of the
tuberosity (I), intra-articular compression fractures of the scaphotra-
pezial trapezoidal joint including involvement of the radial half (IIA),
ulnar half (IIB), or a combination (IIC), and osteochondral fractures at
the capitate border (III). All distal fractures were treated by plaster
cast. (Reprinted, with permission from Sage publisher, from Prosser
et al.22)

Fig. 5 In the AO/OTA classification, scaphoid fractures (registered
with number 72) were separated into noncomminuted (A) and com-
minuted (B; more than three fragments) fractures while taking
fracture location into account. (Reprinted , with permission covered by
STM guidelines, from Marsh et al.6)

Fig. 3 Schernberg distinguished six fracture types (I–VI) ranging from
the proximal pole to the distal tubercle using the lateral tuberosity and
the radial and medial articular surfaces as references. Distal tubercle
fractures were further divided into small (a), intermediate (b), or large
(c) fragments, and were considered likely to heal successfully, contrary
to proximal fractures. (Reprinted, with permission of authors, from
Schernberg et al.21)
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Table 3 Classification of acute scaphoid fractures based on displacement/instability

Author Year No. of citation
(World of Science;
Google Scholar)

Total cases Type Rate (%)

McLaughlin and Parkes 1969 37; 70 – A Incomplete –

B Undisplaced and stable –

C Displaced and unstable –

Cooney et al
(Mayo)

1980 110; 330 45 1 Nondisplaced/stable 71

2 Displaced/unstable 29

Weber 1980 35; 127 36 1 Nondisplaced 53

2 Angulated 17

3 Displaced 30

Herbert/Modified Herbert 1984/1996 331; 739
139; 268

200/431 A1 Stable, tubercle –

A2 Stable, incomplete waist –

B1 Unstable, distal oblique 19a

B2 Unstable, complete waist 60a

B3 Unstable, proximal pole 21a

B4 Unstable fracture dislocation –

B5 Unstable, comminutedb –

Garcia-Elias and Lluch 2001 27; 53 – 1 Stable, proximal to SL-ligament –

2 Unstable, distal to SL-ligament –

aBased on 82 B1, B2, and B3 fractures reported in the article of 1996.
bOmitted in the modified Herbert classification.

Table 2 Classification of acute scaphoid fractures based on fracture plane orientation

Author Year No. of citation
(World of Science;
Google Scholar)

Total cases Type Rate (%)

Bohler et ala 1954 38; 67 734 HO Horizontal oblique 47

T Transverse 50

VO Vertical oblique 3

Russe 1960 277; 501 220 HO Horizontal oblique 35

T Transverse 60

VO Vertical oblique 5

Compson 1998 41; 69 80 1 Transverse waist (surgical waist) 30

2 Oblique waist (dorsal sulcus) 36

3 Proximal pole 34

aGerman article.

Fig. 6 Russe separated fractures based on fracture plane orientation into transverse (T), horizontal oblique (HO), and vertical oblique (VO)
fractures. Vertical oblique fractures were most troublesome with healing, requiring longer immobilization time (10–12 weeks). (Reprinted, with
permission from Elizabeth Roselius, from Taleisnik.15)
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