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Introduction
Avascular necrosis of the capitate (capitate-AVN) is 
rare. The true incidence of capitate-AVN is unknown 
but supposedly far lower than that of Kienböck’s or 
Preiser’s diseases. Jönsson (1942) first reported  
capitate-AVN. Since then several case reports have 
been published with a wide range of clinical charac-
teristics and aetiologies. Different treatment options 
have been reported. We present six cases treated at 
our centre and a review of the literature.

Methods
Patients
Between 1992 and 2012 we treated six patients with 
capitate-AVN. The diagnosis of capitate-AVN was 
made on a combination of patient history, clinical 
examination and imaging, particularly the appear-
ance of the capitate on computed tomography (CT) 
scans and magnetic resonance imaging (MRI) scans 
(Figure 1 and 2). Radiological appearance showing 
capitate involvement was classified according to 
Milliez et al. (1991). Type 1 comprised AVN of the 
proximal pole, subcategorized in: (a) a dome shaped 
central lesion; (b) the total head and neck; and (c) the 

radioproximal portion. Type 2 comprised AVN of the 
distal body, while Type 3 affected the whole capitate.

The indications for surgery were the presence of 
non-manageable wrist pain and the suspicion of  
capitate-AVN. In all of our cases, capitate or carpal 
collapse was already present at the time of diagno-
sis. Histological biopsies were taken during surgery. 
The methods of surgical treatment for each patient 
were detailed in Table 1; four had a scaphocapitolu-
nate arthrodesis and two had a four corner arthrode-
sis. All patients had autologeous bone grafting.

We reviewed their outcome through assessment 
by the first author. The objective assessments were: 
change of profession due to wrist impairment, range 
of motion (ROM) measured with a goniometer, grip 
strength measured with a Jamar dynamometer and 
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evaluation of radiographs on fusion and degenerative 
disease. The subjective assessments were a visual 
analogue scale (VAS) for pain and satisfaction, will-
ingness to have the same procedure done again, 
Quick-disability of arm, shoulder and hand question-
naire (Quick-DASH) and the Mayo Wrist Score.

Literature review
For the literature review a PubMed search was per-
formed on: necrosis AND capitate and Jönsson dis-
ease. AVN after capitate fracture and cases of 
naviculocapitate or Fenton syndrome were excluded. 
Relevant articles in English, French or German were 
retrieved. In addition, reference lists of retrieved arti-
cles were controlled for missing cases and relevant 
articles were retrieved. A Google search was also 
performed.

The study was approved by the hospital research 
ethics committee.

Results
Patients
Clinical data of our series are summarized in Table 
1. Average age on presentation was 33 years (SD 8, 
range 21–49). Complaints were present for a mean 
of 2 years (range 0–6). All patients had dorsal wrist 
pain mainly after use or on loading. All reported a 
limited ROM. The flexion–extension arc was 85° (SD 
30, range 47–120). The radio–ulnar deviation arc 
was 33° (SD 8, range 25–45). Grip strength was 55% 
(SD 14, range 39–80) compared with the unaffected 
hand. The Quick-DASH score was 56 (SD 17, range 
30–78).

At the final follow-up, at a mean of 9 years (range 
1–20), all but one patient reported sustained reduc-
tion in pain. The VAS of pain was 3 (SD 2, range 0–6). 
There was good satisfaction reflected in the VAS of 

Figure 2. Pre-operative T1 weighed coronal MRI slice of 
the left wrist of Case 6 in Table 1 at time of diagnosis. The 
whole of the capitate has a low intensity signal. This can be 
suggestive for capitate-AVN Milliez Type 3.

Table 1. Summary of data on own case series of patients treated for avascular necrosis of the capitate.

Case Age, 
gender 

Side 
 

Dominant 
side

Aetiology Complaints 
 

Pre-op 
Quick-
DASH

Milliez 
 

Treatment FU 
 

Quick-
DASH 

MWS 
 

 (years) (L/R) (years) (0–100) type (1–3) (years) (0–100) (0–100)

1 30 M R Y Gout 0.2 — 1 SLC arthrodesis 20.3 0 70
2 21 M R Y Trauma 0.7 — 1B 4C arthrodesis 13.7 18 60
3 31 M R Y Trauma 6 57 1A SLC arthrodesis 9.5 23 55
4 30 F L N Idiopathic 2 59 1B SLC arthrodesis 5.7 7 60
5 37 F R Y Corticosteroids 

and chemotherapy
2 30 1B SLC arthrodesis 5 0 70

6 48 F L N Idiopathic 0.5 78 3 4C arthrodesis 1 25 60

M: male; F: female; R: right; L: left; Y: yes; N: no; Quick-DASH: Quick disability of arm shoulder and hand questionnaire (0 best score, 100 
worst score); FU: follow up; MWS: Mayo wrist score (0 worst score, 100 best score); SLC: scaphocapitolunate; 4C: four corner. 

Figure 1. Reconstructed coronal CT slice of the left wrist 
of Case 4 in Table 1 at time of diagnosis. The capitate head 
is fragmented and has areas of densification. This can be 
suggestive for capitate-AVN Milliez Type 1B.
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satisfaction of 8 (SD 2, range 5–10). The ROM was 
reduced due to carpal fusion. The flexion–extension 
arc was 81° (SD 15, range 65–113) and the radio-
ulnar deviation arc was 44° (SD 5, range 35–52). Grip 
strength did not improve, remaining only 55% of the 
unaffected hand (SD 13, range 41–71). The Quick-
DASH scores decreased to 18 (range 0–25). The Mayo 
wrist score was satisfactory in all but one case, which 
scored poorly (mean 63, SD 6, range 55–70). The lat-
ter was the only patient who would not have the same 
procedure done again and had had to change profes-
sion due to persistent pain in the hamatotriquetral 
joint (Figure 3). In two other cases, some pain 
remained at an area of non-union (Figure 4). In the 
three other cases, the intended arthrodesis fused 
and pain was absent at all times.

Literature review
A total of 39 articles reporting 42 other cases of cap-
itate-AVN were identified in the literature. Relevant 
data from the manuscripts were retrieved. Three 
Japanese articles were not retrieved, but were previ-
ously discussed by Milliez et al. (1991) and these data 
were used (Matsuba et al., 1968; Ogawa et al., 1978; 
Ohtsuji et al., 1977; Milliez et al., 1991). Follow-up 
time on the cases is limited.

Including our own cases, 48 cases have been 
described thus far. A complete dataset on all reported 
cases can be found online (Appendix 1).

Trauma was believed to be the cause in 13 cases. 
In nine cases, repeated micro traumata seemed 
causative. The use of corticosteroids thrice, gout 
once and Gaucher’s disease once, were also reported 
(De Smet et al., 1993; Kato et al., 1991; Toker and 

Ozer, 2010; Wounlund and Lohmann, 1989). In 21 of 
48 cases the cause remained unknown.

A total of 21 men and 26 women were affected. 
Trauma was equally distributed (seven versus six). 
Men more often had repetitive micro traumata (eight 
versus one). Women were more often idiopathic (16 
versus five). Average age at diagnosis was 27 years 
(range 5–58). Ten cases were under the age of 20, the 
youngest 5 years (Humphrey et al., 2006). The right 
(25 versus 15) and dominant (18 versus eight) hand 
were more affected. There was one bilateral occur-
rence (Bolton-Maggs et al., 1984).

Nearly all reported cases had dorsal wrist pain, 
during loading or after use, and limited ROM. There 
was a delay between onset of complaints and diagno-
sis, averaging 1.7 years (range 0.1–14). This was due 
to unfamiliarity with capitate-AVN, as well as subtle 
appearance on imaging. Frequently capitate-AVN was 
missed on initial radiographs. Radiographic signs 
were sclerosis, increased radiological density, cyst 
formation and capitate and carpal collapse. CT and 
MRI scans provided more detail (Haygood et al., 1989). 
Technetium-99M-MDP bone scintigraphy (bone scan) 
can reveal focal accumulation (Mansberg et al., 2000).

In two cases there was no mention of treatment. 
Work modifications were prescribed in one case 
without mention of results (Ye et al., 2009). 

Figure 3. Anteroposterior (AP) radiograph of the right wrist 
in Case 3 in Table 1 on 10-year follow-up. He was treated 
with scaphocapitolunate arthrodesis. There was remaining 
pain due to pain in a degenerative hamatotriquetral joint.

Figure 4. AP radiograph of the right wrist in Case 2 in 
Table 1 on 14-year follow-up. He was treated with four cor-
ner fusion with Kirschner wire fixation. Wires have been 
removed at 3 months. There was fusion between capitate, 
lunate and triquetrum, but the hamate did not fuse, either 
with the lunate or triquetrum. There was residual pain on 
loading in the hamate region.
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Immobilization gave improvement in four cases 
(Humphrey et al., 2006; Kato et al., 1991; Mansberg 
et al., 2000; Rahme, 1983). In three cases it did not 
improve results (Newman and Watt, 1980; Niesten 
and Verhaar, 2002; Wounlund and Lohmann, 1989). 
Most cases of capitate-AVN were treated surgically. 
Treatment of a slightly collapsed proximal pole of the 
capitate, with a vascularized bone graft from the dis-
tal radius based on the fourth extensor compartment 
artery with retrograde supply through the fifth exten-
sor compartment artery, gave good results at 1 year 
follow-up in one patient; in a similar case the results 
were not mentioned (Bekele et al., 2011; Hattori 
et al., 2009). Vascularized bone grafting of the distal 
radius based on the 2,3 intercompartmental suprare-
tinicular artery in an intact non-collapsed capitate 
had good result at 2 year follow-up in one case (Imai 
et al., 2012). Several authors have debrided or excised 
part of the capitate. In five cases, autologous bone 
grafting was impacted in the capitate. Three had fair 
to good results (Murakami and Nakajima, 1984; 
Rodholm and Phemister, 1948), but two had poor 
results (James and Burke, 1984; Ogawa et al., 1978). 
Two cases were treated with excision of the capitate’s 
proximal pole and interposition of a fourth toe exten-
sor tendon or the palmaris longus tendon (Kimmel 
and O’Brien, 1982; Lapinsky and Mack, 1992). 
Prosthesis or spacer placement has also been per-
formed (Bolton-Maggs et al., 1984; Gadzaly, 1983). A 
case treated with silicone trapezium prosthesis 
showed wear at 11 year follow-up without complaints 
(Milliez et al., 1991). Capitate arthroplasty and capi-
tate pyrocarbon resurfacing have also been reported 
(Dereudre et al., 2010; DeSantis, 2004). The mainstay 
of treatment for capitate-AVN is carpal arthrodesis, 
applied in 22 of 48 cases. Usually cancellous or corti-
cocancellous iliac bone was grafted. A total of 17 
cases received scaphocapitolunate arthrodesis or 
more elaborate midcarpal arthrodesis. Almost all 
had good results (Arcalis Arce et al., 1996; Ichchou 
et al., 2008; James and Burke, 1984; Kutty and Curtin, 
1995; Lowry and Cord, 1981; Milliez et al., 1991; 
Ogawa et al., 1978; Ohtsuji et al., 1977; Thompson 
et al., 1998; Vander Grend et al., 1984; Whiting and 
Rotman, 2002). Capitolunate arthrodesis was docu-
mented twice with good results (Prommersberger 
et al., 2000; Toker and Ozer, 2010). Capitohamate 
arthrodesis in one case had good ROM but residual 
pain (Murakami et al., 2002). Four corner arthrodesis 
was performed in two cases in our own series for 
carpal collapse, with fair results. Total wrist arthro-
desis was performed once (Lapinsky and Mack, 
1992). Wrist denervation was performed twice with 
good results at follow-up (Leonard and Mullett, 2012; 
Walker, 1993).

Discussion
Patients
Our case series appears to be the largest series with 
the longest follow-up. In our series, results were 
good to excellent in three, fair in two and poor in one. 
The Mayo wrist score was satisfactory in all cases but 
one. The outcome of the Mayo wrist score is largely 
based on ROM and grip strength (Cooney et al., 1987) 
and therefore its use seemed limited when evaluat-
ing carpal arthrodesis. Pain in our series appeared to 
result from degenerative joint disease or incomplete 
fusion. The absence of pain is the most important 
factor for satisfaction.

Carpal arthrodesis would not have been our first 
choice in treatment of capitate-AVN. In an unfrag-
mented capitate we would have opted for vascular-
ized bone grafting. However, as capitate or carpal 
collapse was already present at the time of diagnosis 
in all of our cases, we opted for carpal arthrodesis.

Our series shows that scaphocapitolunate and 
four corner arthrodesis are good treatment options 
for capitate-AVN in the presence of capitate and car-
pal collapse. The results seem to persist over time up 
to a decade. As pain can remain present at sites of 
incomplete fusion, we advise meticulous preparation 
of the arthrodesis sites and the impaction of cancel-
lous bone from the iliac crest to optimize bone heal-
ing potential. As with other partial carpal arthrodesis, 
we advise restoration of carpal height and position 
before fixation to minimize risk of adjoining degen-
erative disease.

Literature review
Little is known on the aetiology of capitate-AVN. 
Gelberman and Gross (1986) studied wrist vascularity 
and divided the carpal bones in three groups. Group 
one bones, including the capitate, had either vessels 
entering one surface or had large areas of bone, 
dependent on a single vessel. This group is poten-
tially prone to vascular compromise. The vessels 
supplying the capitate enter distally and supply the 
capitate retrograde. There are no significant anasto-
moses in the capitate (Vander Grend et al., 1984). 
Despite such risks, capitate-AVN is rare.

In 46% of cases of capitate-AVN, a trauma or 
repeated micro-trauma was believed to be causative. 
In 44% the cause remained unknown. Recently, the 
previously unpublished images of Preiser’s original 
article on idiopathic AVN of the scaphoid were re-
evaluated (Kallen and Strackee, 2013; Preiser, 1910). 
All five cases presented by Preiser showed a fracture 
in the scaphoid. Perhaps some of the presented idi-
opathic cases of capitate-AVN are in fact secondary 
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AVN after (undocumented) fractures of the capitate, 
especially the cases documented without additional 
imaging through CT, MRI or bonescan.

Of all cases, 29 were Milliez Type 1, seven Type 2 
and 12 Type 3. This distribution correlated well with 
the areas at risk for vascular compromise (Gelberman 
and Gross, 1986; Vander Grend et al., 1984). 
Unfortunately, the Milliez classification is descriptive 
and does not give guidance for clinical decision- 
making, nor prediction on outcome. A stage-based 
classification for capitate-AVN is not available, as it is 
for lunates in Kienböck’s disease (Lichtman et al., 
1982). It is possible that the capitate follows a similar 
disease progression. The presumed mechanism of 
collapse in capitate-AVN has been described (Milliez 
et al., 1991). As the disease progresses, the capitate 
eventually fragments and collapses, losing carpal 
height. The capitate-hamate mass tilts radially due to 
loss of support from the capitate’s proximal pole. 
This may increase pressure on the scaphoid forcing it 
to flex and deviate radially. If the scapholunate liga-
ment attenuates, dorsal intercalated segment insta-
bility develops.

There is no consensus on treatment for capitate-
AVN. Surgical treatment consisted of vascularized 
bone grafting, curettage and bone grafting, interposi-
tion plasty or prosthesis or spacer placement, carpal 
and wrist arthrodesis and denervation. Results of 
operative treatment varied widely. In general, the 
results were fair to good. Poor results frequently 
received additional procedures leading to better 
results.

Based on the review of past reports on capitate-
AVN and results of our own series, we recommend 
the following: there might be a place for conservative 
treatment in early-stage capitate-AVN in young 
patients; vascularized bone graft is an established 
treatment but should be performed before capitate 
collapse occurs; excision of part of the capitate com-
bined with bone grafting or spacing with tendon or 
prosthesis has a variable outcome; it is unclear if 
there is an indication for prosthesis placement in 
capitate-AVN, if performed it should be reserved for 
AVN of the proximal pole; carpal arthrodesis gives 
good pain relief but also loss of motion and grip 
strength, but these appear well tolerated; finally total 
wrist arthrodesis, total wrist prosthesis and denerva-
tion should be considered salvage procedures. We 
further acknowledge that the above suggestions are 
based on past reports, these suggestions are our 
opinion, rather than the treatment well-supported by 
evidence.
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