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History

Wrist osteoarthritis is a common condition that can lead to
substantial functional impairment [9, 19]. One of the most
common causes of wrist osteoarthritis involves the radio-
scaphoid and capitolunate joints in what is known as the
scapholunate advanced collapse (SLAC) wrist [17, 18].
Watson and Ballet first coined the term SLACwrist in their
seminal paper in 1984 [17]. After reviewing 4000 films,
among which there were 210 patients with wrist osteoar-
thritis, the authors noted the SLACwrist pattern progressed
in a consistent and repetitive way. SLAC wrist osteoar-
thritis progresses from the articulation between the distal
scaphoid and the radial styloid (SLAC Stage 1), to the
entire radioscaphoid joint (SLAC Stage 2), to then involve
the capitolunate joint (SLAC Stage 3). The radiolunate
joint was originally described as always remaining pre-
served from osteoarthritis.

Since Watson and Ballet’s original description mod-
ifications have been proposed by several authors for SLAC
wrists to include pancarpal arthritis (SLAC Stage 4), they

propose the radiolunate joint may become involved in
advanced disease [13, 19].

TheWatson and Ballet classification system remains the
only commonly used classification system for the SLAC
wrist of which we are aware.

Purpose

The purpose of a good classification system is to aid
communication between professionals and researchers, aid
in prognosis, and guide treatment. Watson and Ballet
sought to first identify and label specific patterns of wrist
arthritis and then to define the progression of the SLAC
wrist in detail and, second, to propose a treatment based on
their classification for patients with a SLAC wrist.

Watson and Ballet described three distinct stages of
SLAC wrist arthritis, which was intended to outline a
common, predictable pattern of wrist arthritis [17, 18].
Subsequently the Watson and Ballet classification of
SLAC wrist has become the gold standard for communi-
cation between professionals and researchers.

Watson and Ballet proposed a single operative treat-
ment for management of the SLAC wrist in their original
paper. Watson and Ballet proposed fusion of the capitate,
lunate, hamate, and triquetrum and replacement of the
scaphoid with a silastic implant [17]. Since then, various
authors, including Watson, have proposed treatment
strategies according to SLAC stage [7, 8, 14, 15, 18, 20].
When nonoperative treatment does not alleviate symp-
toms, radial styloidectomy is usually proposed in SLAC
Stage 1 disease [12], proximal row carpectomy (PRC) or
midcarpal arthrodesis in SLAC Stage 2, midcarpal ar-
throdesis in SLAC Stage 3, and total arthrodesis or total
wrist arthroplasty in SLAC Stage 4. Partial or complete
neurectomy of the wrist is a treatment option at all stages
of the disease [5].
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Prognosis of a SLAC wrist was not reported in Watson
and Ballet’s seminal paper. Although there is a predictable
progression from radiologically isolated radioscaphoid
arthritis to pancarpal arthritis [17, 18], radiologic changes
of SLAC wrist osteoarthritis do not correlate closely with
patients’ symptoms. Fassler and colleagues [4] reported
that up to two-thirds of patients with a SLAC wrist remain
asymptomatic for up to 2 years from diagnosis and that
none required surgical intervention.

Description

Watson and Ballet classified the SLAC wrist into three
stages (Table 1). In SLAC Stage 1, degenerative changes
are limited to the articulation between the tip of the radial
styloid and the distal pole of the scaphoid (Fig. 1A). In
SLAC Stage 2, degeneration progresses to include the

whole radioscaphoid articulation (Fig. 1B). In SLAC Stage
3, degeneration progresses to include the capitolunate joint
(Fig. 1C). Watson and Ballet noted that the radiolunate
joint was almost never involved. Peterson and Szabo [13]
and Weiss and Rodner [19] added a fourth stage to include
pancarpal arthritis, because they believed the radiolunate
joint became involved in advanced disease.

Validation

Despite widespread acceptance of the Watson and Ballet
classification system, only recently have efforts been made
to test its reliability. In 2013, Vishwanathan et al. [16]
assessed the reliability of the Watson and Ballet classifi-
cation system by reviewing radiographs of 41 patients
with a SLAC wrist. They were graded on two separate
occasions by four orthopaedic consultants specializing in
hand and wrist surgery. They reported moderate inter- and
intraobserver agreement (k = 0.65 and 0.59, respectively)
for classification of the SLAC wrist. They also found that
interobserver reliability improved as the SLAC grade in-
creased (k = 0.47, 0.52, and 0.69 for SLAC Stages 1, 2, and
3, respectively). This reflects the fact that subtle signs of
osteoarthritis may mimic normal variation in the lower
grades making interpretation more difficult. They also
found that for all three stages of SLAC wrist, better

Table 1. Watson and Ballet classification of scapholunate
advanced collapse wrist

Stage Joint(s) involved

1 Distal radioscaphoid

2 Entire radioscaphoid

3 Stage 2 and capitolunate

Fig. 1 A-C The Watson and Ballet classification system is shown with (A) SLAC 1: involvement of the distal radioscaphoid joint; (B)
SLAC 2: involvement of the entire radioscaphoid joint; and (C) SLAC 3: entire radioscaphoid and capitolunate joint. Reprinted and
published with permission from Elsevier: Watson HK, Ballet FL. The SLAC wrist: scapholunate advanced collapse pattern of de-
generative arthritis. J Hand Surg Am. 1984;9:358-365.
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interobserver agreement was observed at the second read-
ing (k = 0.7) than at the first (k = 0.49).

In 2016, Belhaouane et al. [1] reviewed the re-
producibility of radiographs and CT arthrography to di-
agnose arthritis in individual carpal joints and to diagnose
and stage modified SLAC, scaphoid nonunion advanced
collapse (SNAC), and scaphoid chondrocalcinosis ad-
vanced collapse (SCAC) classifications. Belhaouane et al.
[1] reported the overall diagnosis based on interpretation of
CT arthrography was often difficult with intraobserver and
interobserver k values of 0.43 to 0.98 and 0.18 to 0.48,
respectively. The comparison between plain radiographs
and CT arthrography revealed poor reproducibility for the
overall diagnosis. No particular stage of disease was as-
sociated with poorer or better reproducibility.

There has been no published research to determine the
reliability of MRI in staging the SLAC wrist according to
the Watson and Ballet classification. However, in 2017, Li
et al. [11] reviewed radiographs and MRI studies of 46
patients with SLAC and SNAC arthritis to determine re-
liability of determining individual carpal joint osteoar-
thritis. The images were reviewed by two hand surgeons
and two radiologists and were graded according to severity
of osteoarthritis at seven carpal joints. For those images
with SLAC arthritis, interobserver and intraobserver
agreements were 0.34 to 0.52 and 0.50 to 0.63, re-
spectively, for radiographs and 0.62 and 0.67, respectively,
for MRI. In patients with a SLAC wrist, MRI was 11.73
times more likely than radiographs to show moderate os-
teoarthritis at the radiolunate joint. The improved ability of
MRI to assess carpal osteoarthritis at isolated joints did not
significantly improve reliability of SLAC stage. MRI im-
proved ability to determine moderate osteoarthritis at iso-
lated joints and has implications for surgical planning and
possibly management of the SLAC wrist.

Limitations

The Watson and Ballet classification system is widely ac-
cepted among hand surgeons and is often used to determine
treatment.

However, despite its common use, numerous studies
have found the classification not to have moderate in-
terobserver reliability [1, 11, 16]. Practically this means that
two individuals looking at the same radiograph are unlikely
to give it the same grade; this severely limits the utility of the
classification as a tool to help clinicians and researchers
communicate. TheWatson and Ballet classification also has
moderate intraobserver reliability. Practically this means
that the same clinician or researcher would not read the same
radiograph the same way twice, suggesting that the Watson
and Ballet classification system is of limited value as a
prognostic tool and should be used cautiously to guide

treatment decisions. Another significant limitation of the
Watson and Ballet classification system is there are no val-
idation studies available in the literature to compare radio-
graphic and surgicalfindings of the SLACwrist. This lack of
validity undermines the use of Watson and Ballet classifi-
cation systems in preoperative treatment planning.

These limitations have somewhat been attributed to the
difficulty in interpreting arthritic changes on plain radio-
graphs of the carpus. The original Watson and Ballet
classification system is based on plain radiographs, both
posteroanterior and lateral radiographs as needed. It has
previously been suggested that lateral and semisupinated
views may better identify osteoarthritis of the radio-
scaphoid joint [6]. All the studies reviewed only used
posteroanterior radiographs in their analysis, which may
have limited the viewer’s ability to ascertain if there were
changes in osteoarthritis, particularly of the radioscaphoid
joint, and this adversely affected the outcome. Again, if
plain radiographs are used alone in treatment of the SLAC
wrist, it has been suggested decision-making may differ if
further axial imaging (CT or MRI) was available [1, 11].
Whereas in SLAC Stage 2 wrists, PRC is a viable treatment
option, it is contraindicated in SLAC Stage 3 wrists as a
result of involvement of the capitolunate joint. Previous
studies of PRC compared with partial fusion and sca-
phoidectomy for SLAC Stage 2 have yielded similar
functional outcomes between the two groups [2, 3]. It has
been suggested that this may be the result of incon-
sistencies in the classification of the SLACwrist rather than
similarity of outcome for the treatments [16].

To overcome this, with the advent of axial imaging in
the form of CT and MRI, it has become the recommen-
dation of many authors to include these in the preoperative
workup of the SLAC wrist [1, 11]. Although MRI classi-
fication of the SLAC wrist has substantial interobserver
and intraobserver reliability, which are better than the fair
to moderate reliability of plain radiographs, CT arthrog-
raphy offered no such advantage [1, 11]. Clinicians and
researchers should use caution when ordering additional
axial imaging to better define SLAC stage because it offers,
at best, limited improvement in inter- and interobserver
reliability. If there is any doubt remaining as to SLAC
stage, it has been suggested that wrist arthroscopy may
have a place in selected patients [1]. However, in practice,
as a result of the nature of surgery, which is almost uni-
versally through a dorsal wrist approach, the final decision
as to treatment pathway can be made when the articular
surface is viewed intraoperatively.

Watson and Ballet identified a pattern of progression of
arthritis common to all SLAC wrists in their series. How-
ever, as a result of the large number of articulations in the
wrist, combinations of wrist arthritis are innumerable and
not all SLAC wrists may follow the exact sequence and
make classifying as SLAC Stage 1 to 3 difficult. For
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example, Belhaouane et al. [1] noted concomitant radial
styloscaphoid and lunocapitate lesions without complete
radioscaphoid involvement, which raises a diagnostic
problem between Stage 1 with lunocapitate osteoarthritis
and the Stage 3 SLAC wrist [1]. To overcome this, it has
been proposed that individual joints are documented to aid
communication and treatment planning [10].

The Watson and Ballet classification of SLAC wrist
osteoarthritis was designed to aid communication between
professional and researchers as well as to aid treatment
planning. As a result of to its moderate inter- and in-
terobserver reliability and lack of validity, use of the
Watson and Ballet classification system should be un-
dertaken with these limitations in mind.

Conclusions

Despite its significant limitations, the Watson and Ballet
classification of SLAC wrist osteoarthritis is widely ac-
cepted, simple, and a well-recognized guide to treatment.

The Watson and Ballet classification of SLAC wrist os-
teoarthritis has two major limitations that clinicians and
researchers should be aware of when contemplating its use.
First, no studies have tested the classification system’s val-
idity. Second, onlymoderate reliability at best was seenwith
the use of plain radiographs. Attempts to improve the re-
liability with the use of axial imaging yielded only marginal
improvement in both inter- and intraobserver reliability.
These major limitations restrict the classification’s utility in
treatment planning, communication, and research.

Further research should aim to validate the Watson and
Ballet classification system of SLAC wrist osteoarthritis.
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