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ABSTRACT
Background. Systemic sclerosis (SSc) is a rare chronic disease, with unknown aetiology and complex pathogenesis. The 
hand is often implied in the main clinical findings, being affected primarily by the vascular component (Raynaud phe-
nomenon, digital ulcers). One of the possible complications of the hand vasculopathy is osteonecrosis (ON) of the carpal 
bones. In these cases, the lunate is the most frequently affected, followed by the scaphoid. In the ON process, not only 
the vascular supply is important, but the nearby mechanical factors and anatomic variants of the wrist. Our objective was 
to reveal the most important aspects regarding the ON of the carpal bones in patients with SSc.
Methods. A systematic literature review was performed through July 31, 2021 on Pubmed and Cochrane databases. 
The eligible articles were read in full text and were included in this paper, in the absence of exclusion criteria and after 
consensus between two reviewers.
Results. Ten articles met the inclusion criteria, their main results being described in this review. In all studies, ON of the 
lunate and the scaphoid is associated with advanced SSc and severe Raynaud phenomenon. 
Conclusions. In conclusion, carpal ON is a rare complication of SSc, especially of the diffuse type. There is limited data on 
this condition, its prevalence being difficult to estimate due to the lack of symptoms. 
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INTRODUCTION

Classified as an orphan disease, systemic sclero-
sis (SSc) is a rare chronic autoimmune condition, 
with a still unknown aetiology and a complex patho-
genesis (1,2). Three main pathobiological pathways 
are essential for the disease including autoimmune 
vascular damage, skin and internal organs fibrosis 
and specific immune abnormalities, resulting in a 
wide spectrum of clinical manifestations ranging 
from peripheral digital vasculopathy expressed as 
Raynaud phenomenon and digital ulcers, to multi-
ple-organ involvement (lung, renal, cardiac, gastro-
intestinal) (3). 

Osteonecrosis (ON), avascular or aseptic bone 
ne crosis, remains a common complication and a 
major cause of disability among rheumatic condi-
tions, process in which there is a decreased blood 
supply to the bone, resulting in the necrosis of the 
bony tissue. ON generally involves the weight bear-

ing joints, particularly the femoral head, in young, 
physically active men (4), but there are cases in 
which the non-weight bearing joins are affected, 
most commonly the carpal bones (5). Usually, ON is 
localized on a single anatomical site, but less fre-
quent, multifocal ON is described, most of the cases 
being related to glucocorticoids therapy and/or au-
toimmune diseases (6). The underlying mechanisms 
are complex and well-studied especially in systemic 
lupus erythematosus (SLE) and antiphospholipid 
syndrome (APS) (7), comprising (i) a direct injury of 
the bone vessels as described in fracture and trau-
ma; (ii) fatty transformation of the bone marrow, 
classically shown in glucocorticoid-treated patients 
and alcohol abuse; (iii) vascular endothelial-cell in-
jury as reported in rheumatic autoimmune condi-
tions such as lupus, scleroderma and vasculitis; and 
(iv) occlusion of the vessels typically found in hy-
percoagulable states associated with neoplasia and 
sickle cell disease (8).
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Although different authors have reported oste-
onecrosis in patients diagnosed with systemic scle-
rosis, there is limited data on this topic as its preva-
lence is difficult to estimate due to the lack of 
symptoms (8). The aim of this paper is to reveal the 
most important aspects regarding the ON of the car-
pal bones in SSc.

METHODS

We performed a comprehensive search in Pu-
bMed and Cochrane Library databases through July 
31th, 2021. The keywords used were “osteonecro-
sis”, “systemic sclerosis” and “carpal bones”. We ap-
plied no restriction for language, year or type of 
publication. 

Duplicate studies were excluded and the remain-
ing articles were independently reviewed by two 
reviewers, as follows: first, titles and abstracts were 
analysed according to the inclusion criteria; all the 
scientific papers containing data on the association 
between SSc and ON of the carpal bones or the 
pathophysiology of ON in SSc patients were read in 
full text and selected to be included in this review. 
Study selection was guided by the aspects regarding 
the frequency and pathophysiology of the carpal 
ON in SSc, therefore all articles assessing these 
items were eligible for inclusion. Articles discussing 
the relationship between SSc and ON in other ana-
tomical sites were excluded, as well as those in the 
preprint form. Studies included in this review were 
case-reports systematic reviews and one retrospec-
tive study, all of them referring to the lunate or 
scaphoid ON. No study on ON of the other carpal 
bones was found.  

RESULTS

Overall, 97 publications were read: 89 in Pu-
bMed and 8 in Cochrane Library. Of these, 63 were 

97 publications

29 publications

10 publications

5 publications

•	Excluded:
•	63 abstract analysis
•	3 duplicate studies
•	2 not available online

•	Excluded:
•	24 not meeting the eligible criteria

•	Included:
•	5 after reference review

FIGURE 1. 	Flowchart	with	article	selection

excluded after abstract analysis, 3 were duplicate 
studies and 2 were not available online. From the 
remaining, 24 articles were excluded after full text 
review for not meeting the inclusion criteria and 
another 5 additional papers were included after re-
viewing the references. At the end of the review 
process, 10 articles were included in this scientific 
paper (Figure 1). 

Characteristics of the selected publications and 
the main results are listed in Table 1. All articles re-
vealed a strong relationship between advanced SSc, 
with severe vascular manifestations (Raynaud phe-
nomenon, digital ulcers) and lunate or scaphoid ON.

DISCUSSION

Carpal bone osteonecrosis and particularly lu-
nate involvement remains a potential complication 
of systemic sclerosis emphasized by different pa-
pers (9). Although several mechanisms have been 
proposed, it seems that vascular damage and subse-
quent endothelial injury is the essential pathobio-
logical pathway involved in ON secondary to SSc. 
Furthermore, a strong association between the se-
verity of Raynaud phenomenon, presence of active 
digital ulcers and the lunate involvement is typical-
ly described, particularly in advanced SSc (10,11). 

We will further focus on osteonecrosis and its 
main subtypes in patients with SSc, after a brief re-
member of the carpal bone anatomy.

Anatomy of the carpal bones
The skeleton of the wrist is designed as two rows 

of small bones, each one consisting of four; from the 
radial to the ulnar side, the proximal row includes 
the scaphoid, the lunate, the triquetrum and the pi-
siform bone, while the distal row comprises the tra-
pezium, the trapezoid, the capitate and the hamate 
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TABLE 1. Characteristics and results of the selected articles
Author Year Type of article Main conclusion

Jeong et al. (5) 2018 Retrospective 
study

There are cases of SSc in which the non-weight bearing joins are affected, most 
commonly the carpal bones.

Basyal et al. (6) 2021 Case-report
In SSc, as well as other autoimmune diseases, the endothelial injury is one of 
the main underlying mechanisms of ON.

Rennie el al. (11) 1999 Case-report
Advanced SSc, with severe Raynaud phenomenon and, in some cases, negative 
ulnar variant is associated with bilateral ON, diagnosed late in the evolution of 
the disease.

Bergman et al. (13) 2021
Systematic 

review
The lunate is the most frequently involved carpal bone in the ON process in SSc 
patients.

Sandler et al. (14) 2020 Case-report
Although the hand is often affected by SSc, lunate ON is an underappreciated 
vascular complication, because of the lack of symptoms or the nonspecific wrist 
pain.

Frerix et al. (10) 2016 Case-report
The involvement of the ulnar artery in the pathogenic process of avascular 
necrosis revealed a strong relationship between the severity of the Raynaud 
phenomenon, presence of digital ulcers and the lunate involvement.

Hughes et al. (16) 2020
Systematic 

review
There is a strong relationship between the vascular phenomenon in SSc and 
lunate ON.

Zegarra-Mondragón 
et al. (18)

2019 Case-report
Despite treatment with low doses of corticosteroids, SSc patients do not 
develop ON in common locations like the knee or the hip, carpal bones being 
the only site affected.

Kim et al. (20) 2020 Case-report

A rare complication of the lunate ON in SSc patients is extensor tendons 
rupture the pathogenic mechanism being represented by abnormal alinement 
of the carpal bones (in case of collapse), fragmentation of the lunate, associa-
ted amyloidosis and tendon fibrosis.

Garg et al. (26) 2011 Case-report The diagnostic of carpal ON is made almost exclusively by imaging technics.

(in the same order); for the practical purpose, we 
can consider each bone being a cuboid. The palmar 
and dorsal surfaces are non-articular, serving for 
the attachment of the ligaments that hold them to-
gether; also, these surfaces are the place where the 
nutrient foramen is (12). The carpal bones receive 
blood supply by two different patterns: the radial 
artery and the interosseous arteries (for the sca-
phoid, trapezium, lunate and capitate) and branch-
es from the ulnar artery (lunate, triquetrum, ha-
mate) (13).

Osteonecrosis of the lunate 
(Kienböcks’s disease or lunatomalacia)

First mentioned by Peste in 1843 (14), lunate ON 
was fully described in 1910 by the Austrian radiolo-
gist Robert Kienböck who also named the disease 
after him and detailed it as a progressive debilitat-
ing condition, caused by the impaired blood supply 
of the lunate (15). The relationship with the SSc is 
recognized in many scientific papers, the lunate be-
ing the most frequently involved carpal bone in the 
ON process (9). Although the hand is often affected 
by SSc, lunate ON remains an underappreciated 

vascular complication, because of the lack of symp-
toms or the nonspecific wrist pain (16). Data regard-
ing the involvement of the ulnar artery in the path-
ogenic process revealed a strong relationship 
between the severity of the Raynaud phenomenon, 
presence of digital ulcers and the lunate ON (10,17). 
Also, mechanical factors such as the length of the 
ulna, can be of great importance in the vascular 
component of the Kienböck’s disease (KD). Hulten et 
al. described three anatomical variants of the rela-
tive length of radius and ulna (ulnar variances): 
neutral (both the ulnar and the radial joint surfaces 
are at the same level); positive (the ulna is longer 
than the radius and its joint surface projects more 
distally); negative (the ulna is shorter than the radi-
us and its joint surface projects more proximally) 
(11). Usually, lunate ON is unilateral; advanced SSc, 
with severe Raynaud phenomenon and, in some 
cases, negative ulnar variant is associated with bi-
lateral ON, diagnosed late in the evolution of the 
disease (14). An article published in 2019 by Zegar-
ra-Mondragón S et al. showed that the occlusion of 
the ulnar artery is common in patients with SSc, al-
though it can be detected by Doppler ultrasound 
only in 21.5% of the cases. Additionally, the develop-
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ment of KD in these patients is rarely associated 
with standard risk factors for lunate ON (anatomi-
cal variants, genetics, trauma). Moreover, despite 
treatment with low doses of corticosteroids, SSc pa-
tients do not develop ON in common locations such 
as the knee or the hip, carpal bones being the only 
affected anatomical site (18).

FIGURE 2. 	KD	stage	1.	Note	normal	aspect	of	the	lunate	on	plain	X-ray	with	signal	loss	on	MRI	–	adapted	after	(15)

FIGURE 3. 	KD	stage	2.	Note	the	sclerotic	aspect	of	the	
lunate,	with	normal	joint	surfaces	–	adapted	after	(15)

The diagnostic of KD is made by conventional ra-
diography and magnetic resonance imaging (MRI). 
X-rays are used for (i) the evaluation of risk factors 
for ON (ulnar variant, size of the lunate); (ii) bone 
modifications (diffuse sclerosis, the presence of 
cysts, fragmentation, collapse or signs of arthritis); 
and (iii) fractures, without being able to appreciate 
if it is an actual fracture line or the result of lunate 
collapse (15). There are many radiographic classifi-
cations of the KD, but the one who has the most re-
producibility and reliability is the Lichtman classifi-
cation which recognized four stages: stage 1 – nor mal 
X-ray, with signal changes on MRI (Figure 2); stage 2 
– diffuse sclerotic aspect of the lunate on X-ray, with 
or without a fracture line, but with preserved joint 
surface (Figure 3); stage 3 – collapse of the lunate 
joint surface (3A – preserved carpal height; 3B – loss 
of carpal height, collapse of the wrist) (Figure 4,5); 
stage 4 – lunate collapse and arthritis of the radio-
carpal and intercarpal joints (19). 

MRI is helpful especially in stage 1, when chang-
es are absent on X-rays. The most specific finding is 
signal loss in the entire area of the lunate and not 
localized on a single part (10). 

A rare complication that can accompany lunate 
ON in SSc patients is extensor tendons rupture, es-
pecially in stage 3B or higher. The pathogenic mech-
anism is represented by abnormal alinement of the 
carpal bones (in case of collapse), fragmentation of 
the lunate, associated amyloidosis and tendon fi-
brosis (20). 

The treatment of KD is exclusively surgical, de-
pending on the disease stage. Thereby, in the first 
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stage, immobilisation is preferred. In stage 2 and 
3A, arthroscopy or radial osteotomy are performed. 
Bone graft is the therapeutical option in stage 3B, 
while in advanced cases radiocarpal arthroplasty is 
preferred (21,22). 

Osteonecrosis of the scaphoid 
(Preiser’s disease)

Idiopathic ON of the scaphoid was also described 
in 1910 by Georg Preiser, as being a rare condition, 
associated with pain, swelling of the snuffbox and 
decreased range of motion in the wrist (23). The 

FIGURE 4.  KD stage 3A. Note the lunate collapse with 
normal	carpal	height	–	adapted	after	(10)

FIGURE 5.  KD stage 3B. Note the collapse of the wrist – 
adapted	after	(15)

supposed underlying pathogenic mechanism is a 
decreased blood supply of the proximal pole of the 
bone, as it is provided by intraosseous vessels, and 
not true branches from the radial artery (24,25). 
The scaphoid is the second most frequently in-
volved carpal bone in ON in SSc patients (9). 

The clinical findings are scarce, represented by 
nonspecific wrist pain, swelling of the wrist or only 
of the snuffbox, paraesthesia (when associated with 
carpal tunnel syndrome) (25), sometimes radial de-
viation of the carp and reduce range of motion, in 
late stages, when collapse occurs (23). These signs 
and symptoms are rarely assigned to ON in SSc pa-
tients; in these cases, other causes should be exclud-
ed, including radio-carpal synovitis and tissue fi-
brosis. 

The diagnostic is almost exclusively made by im-
aging technics (26). Conventional X-rays are used to 
correctly identify the affected part of the bone (usu-
ally the proximal pole, sometimes the whole bone 
and rarely the distal pole) and the severity of ON. 
The latter is staged according to the Herbert-Lanzet-
ta classification: stage 1 – normal aspect; stage 2 – 
increased density of the proximal pole in contrast 
with the generalised osteoporotic aspect; stage 3 – 
loss of the normal shape of the proximal pole, with/
without a fracture; stage 4 – scaphoid/carpal col-
lapse. 

MRI is used especially for the ON of the distal 
pole and shows low signal intensity in both T1 and 
T2-weighted images (27).

There is limited scientific data regarding other 
diagnostic methods besides imaging. Some studies 
recommend the intraoperative biopsy of the 
scaphoid, a difficult and invasive procedure though 
(28).

The treatment is different for the pre-collapse 
faze (stages 2, 3) and the advanced ON (collapse, 
stage 4). In the first case, the therapeutical options 
include immobilization, arthroscopic debridement, 
bone grafting or silicone replacement of the affect-
ed part of the scaphoid. In stage 4, treatment is rep-
resented by bone excision or total wrist fusion (29).

CONCLUSIONS

ON of the carpal bones is a rare complication of 
the SSc, especially of the diffuse type. It is related to 
rapidly progressive forms, with severe Raynaud 
phenomenon and digital ulcers. Usually, the diag-
nostic is late, due to the lack of symptoms or the 
nonspecific pain; on the other hand, when clinical 
signs are present, they are attributed to other mod-
ifications, such as arthritis. The early diagnostic of 
carpal ON is of great importance and can spare the 
patient from disability and invasive surgical treat-
ment. 
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