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Abstract
Objective

Carpal fusion is not an uncommon finding in archaeological bones. The majority of cases are due to inflammatory or 
infectious diseases and those are usually associated with other major alterations in the skeleton.

Methods
Two distinct individual cases, both adult females recovered from the Necropolis of Sharuna in the Middle Egypt from 
the Ptolemaic Period (IV to I BC) are presented in this study.Specimen 4323/1 shows a fusion of the scaphoid, lunate 

and triquetral bones in the right wrist. Specimen 4323/2 is a very rare fusion of a dysplastic lunate bone with the radius 
in the left wrist. In the proximal end of that left wrist, two possible remains of the flattened scaphoid and triquetral bones 

are also present.

Results
A differential diagnosis of both abnormalities as well as broad research into similar paleopathological cases were 

carried out: the most probable diagnosis for the specimen 4323/1 is an uncommon carpal coalition of three bones from 
the same row; the diagnosis of the specimen 4323/2 is more dubious with both rheumatoid arthritis and septic arthritis 

being strong candidates.

Conclusion
In archaeological remains, carpal fusion should be thoroughly studied in order to ensure an accurate differential 

diagnosis.
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Introduction
Fusions of the carpal bones usually 
have an infectious aetiology such as tu-
berculosis (TBC) or inflammatory con-
ditions like rheumatoid arthritis (RA). 
A fusion that is present from birth is de-
nominated a carpal coalition (CC).
In ancient times, infections (mainly 
TBC), inflammatory diseases and frac-
ture sequelae may have led to an ac-
quired fusion of the wrist bones. Cases 
of CC were uncommon.
Those secondary to systemic diseases 
such as RA and other seronegative ar-
thropathies or TBC are often accom-
panied by skeletal disorders in other 
areas of the skeleton, while the isolated 
involvement of the wrist is rare. In this 
type of fusion, not only may the bones of 
the two carpal rows be affected but the 
metacarpals as well as the distal radius 
and ulna are involved from time to time.

Material
Here, two cases of a complex fusion of 
carpal bones in individuals (4323/1 and 
4323/2) taken from the archaeological 
activities of the 7th joint campaign of 
the Museu Egipci of Barcelona (Spain) 
and the Eberhart-Karls University of 
Tübingen (Germany) are presented. 
They originate from the necropolis of 
the Kom el-Ahmar/Sharuna from Mid-
dle Egypt, dated by means of stratigra-
phy and grave goods from the Ptolemaic 
Period (IV-I BC). Unfortunately, in situ 
field radiology could not be performed 
during the excavation. Both individuals 
were found at the bottom of a 4 metre 
deep shaft (KAS.2012 / UE.4323) with 
another 5 specimens (total 7), three of 
which were subadults and children. As 
there was no strict anatomical connec-
tion, it was difficult to reconstruct the 
individuals in their entirety. Although 
the state of preservation of the bones 
was acceptable, the more distal parts 
of the hands and feet were not found or 
were the worst preserved. Thus, it was 
very hard ascribing them to any indi-
vidual in particular. However, the con-
clusion was that both individuals were 
adult females after the in situ recon-
struction of all the skeletons. This was 
determined after analysing the skeletal 
remains and applying pelvic as well as 
cranial sex determination criteria.

Part description 4323/1 
(Figures 1 and 2)
This is an adult female whose age is es-
timated at between 35–45 years of age 
in which there is a right carpal anatomi-
cal specimen composed of the fused 
scaphoid, the lunate and triquetral. A 
dorsal prominence was present on the 
triquetral that was directed towards the 
radius, leading us to consider it a calci-
fication of the extrinsic dorsal radiotri-
quetral ligament. Macroscopic observa-
tion of the piece shows that the anterior 
horn of the lunate is almost at the height 
of the distal pole of the scaphoid and of 
the carpal facet of the triquetral.

Part description 4323/2 
(Figures 3 and 4)
This is an adult female whose age range 
is from 25–35 years old. Apart from a 
post-mortem loss of the radial styloid 
bone, a complex bone fusion that sup-
ports a link between the articular distal 
radial surface and the incomplete lu-
nate can be seen in the left wrist. It is 
possible that the fusion with the radius 
came about through the volar radiolu-
nar ligament. Moreover, an abnormal 
morphology of the lunate with a distal 
ovoid form, not presenting the usual 
crescent shape, can be observed. In the 
distal area of the lunate, flattened lateral 
bone masses are evident,   which might 
correspond to the articulation with its 
scaphoid and triquetral, or parts of these 
bones. The aforementioned conditions 
a middle carpal joint with a concave 
morphology that is different from the 
usual convex facet articulation between 
the first and second rows of the carpus. 
It might be seen as a possible radiolunar 
fusion with some rudimentary fusion of 
the scaphoid and triquetral along with a 
type of biomechanical alteration in the 
joint between the first and the second 
row of carpus.

Results and discussion
Although the two carpals show bone fu-
sions, their different morphologies lead 
one to think that they arise from two 
different etiologies. For the differential 
diagnosis, the fact that none of the 4 
adult individuals showed other abnor-
malities that would justify more com-
plex syndromes was relied upon.
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In the case of part 4223/1, it is thought 
to be a complex CC. The first mention 
of carpal coalition was made by Sandi-
fort (1) in 1779. Corson (2) described 
the second one 129 years later. The first 
large series studied was done by Min-
naar (3) in 1952. It included 12 cases 
and resulted in the publication of the 
first classification based upon lunate-
triquetral coalitions, the most common 
fusion. A carpal coalition is due, ac-
cording to O’Rahilly (4), to a failure in 
the formation of the anlage that causes 
a persistent continuity of cartilage with 
subsequent condrification and poste-

rior ossification (5). This phase arises 
during the fourth to eighth week of 
gestation (6, 7). It draws attention to 
the consideration that, as above men-
tioned, the term fusion is a misnomer 
as the basis is a lack of separation or a 
segmentation error (8, 9).
CC incidence varies by geographic re-
gion. In Caucasians, it ranges from 0.1 
to 0.5% (10, 11). It may reach up to 9% 
in some areas of West Africa (8, 10-
12). The prevalence is 2:1 in terms of 
gender (female/ male) (13-15).
Some authors have argued for the theory 
of evolution from ape to man to explain 

some CC based upon the fusion of the 
scaphoids and centrals in different spe-
cies of African apes (16). These fusions 
enhance the stability for the pinch-grip 
and knuckle-walking. This theory has 
been challenged by others (17). Other 
scholars believe that two small ossi-
cles are of interest in determining the 
origin of CC. They are the os centrale 
and the os triangulare, which disappear 
before birth. They are remains from the 
embryonic stage, from phylogenetic re-
gressions as occurs in the foot (18).
CC is hereditary and transmitted as a 
Mandelian non-sex dominant factor 
(19). Amongst the genetic factors relat-
ed to CC fusion, there are mutations in 
noggin (protein secreted by NOG gene 
[20] an antagonist member of the trans-
forming growth factor-beta family that 
plays a significative role in joint mor-
phogenesis) (21). These noggin associ-
ated changes make up a new genetic di-
agnosis: NOG-related-symphalangism 
spectrum disorders (NOG-SSD) (22), 
which include carpal fusion among 
other types of bone fusions.
Systemic carpal fusions due to system-
ic syndromes usually involve adjacent 
rows in front of the congenital ones 
in which only the bones belonging to 
the same row are fused. Nevertheless, 
isolated descriptions of CC involv-
ing two rows describes either those of 
two bones like the scaphoid-trapezium 
(23), pisiform-hamate (24) or bifocals 
like the capitate-hamate plus the lunate-
triquetral (25) and an almost pan carpal 
coalition (a scaphoid-trapezium-trape-
zoid-capitate coalition) (26) and a total 
except the pisiform (27). More dubious 
could be the cases of a pan-carpal plus 
four metacarpal blocks as a CC (28).
The most frequent CC are: lunate-
triquetral 0.1–0.5% in whites, to 6.9–
9.5% in West Africans (29, 30); capi-
tate-hamate, 0.25%–0.29% in whites; 
0.4–0.8% in West Africans; capitate-
trapezoid 0.1%. Much more unusual are 
those fusions that involve a complete 
row (31). The majority of the cases 
present a bilateral affectation. The right 
side turns out to be the most frequently 
affected in those cases with a unilateral 
affectation (3, 30, 32). 
On the basis of the lunate-triquetral 
coalition, Minaar (3) describes four 

Fig. 1. Individual 4323/1. Dorsal view of the right carpal coalition. In this block the scaphoid (1), the 
lunate (2) and the triquetral (3) are involved. There is a prominence above the triquetral that could be 
a calcification of the radiotriquetral ligament (4).

Fig. 2. Individual 4323/1. Ventral view of the carpal coalition with the scaphoid (1), the lunate (2), the 
triquetral (3) and the probable calcification of the radiotriquetral ligament (4).
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types depending on the degree of fusion 
(Type I: proximal pseudoarthrosis, Type 
II: osseous bridge with notch, Type III: 
complete fusion and Type IV: fusion 
with other carpal anomalies). New clas-
sifications were made by Singh et al. 
in 2003 (29) and the last by Burnett in 
2011 (33).
From a paleopathological point of view, 
it is worth noting that the most ancient 
case of CC in a Neanderthal individual 

was described in 1989 (34). It is La Fer-
raissie II from the Middle Paleolithic 
site in Dordogne, France. It has been 
dated at 74.000 to 68.000 years BP, 
which shows a lunate-triquetral synos-
tosis in the left hand and is now stored 
in the Musée de l’Homme de Paris 
(France).

In the case of part 4223/2
The complex fusion and the morpho-

logical alteration that individual 2 pre-
sents might lead one to think that this 
is a destructive carpal aetiology caused 
by infection or, more probably, a rheu-
matic disease. In some archaeological 
cases, attribution to one aetiology or 
another is very difficult because the 
morphology is altered (Fig. 5).
The infectious diseases that most of-
ten cause ankylosis associated with 
partial destruction of the carpal bones 
are mainly granulomatous arthritis. In 
Paleopathology, there are some cases 
of carpal fusion in tuberculosis (35), 
being less frequent in the case of lep-
rosy and anecdotal in other granuloma-
tous infections such as brucellosis (36). 
In the location where the fused carpus 
under study was found, there were no 
vertebrae that might suggest the pres-
ence of Pott’s disease in the spine. 
The remains of the phalanges studied 
showed no signs of alteration due to 
TBC or leprosy in his hands. On the 
other hand, fusions are usually total 
and include both the carpal bones like 
the radio/ulna and metacarpals in the 
case of TBC although we cannot rule 
out bacterial or fungal mono-arthritis. 
However, the most common cause of 
carpal bone fusion is currently rheuma-
toid arthritis (RA). This inflammatory 
disease causes the destruction and fu-
sion of the carpal and tarsus bones with 
a predominance in females (3:1). It is 
generally symmetrical and, apparently, 
this destructive process might be an op-
tion to explain the fusion of this piece. 
The problem faced is that even today 
there is no consensus relative to the an-
tiquity of RA. When you go back in the 
history of disease in order to determine 
its age, we are able to find historical and 
archaeological cases.
The Roman author Scribonius Largus, 
in the I-II century AD, wrote about a 
certain type of polyarthritis (37). Eight 
hundred years later, the Byzantine Em-
peror Constantine IX (AD 980–1055) 
was possibly the first ruler that suffered 
from something similar to RA. The de-
scription is owed to Michael Psellius 
(Chronographia) (38). Otherwise, evi-
dence of RA could be seen in European 
paintings from the 14th to 16th centuries. 
It is mainly due to the work of Flem-
ish masters like Jan Gossaert or Peter 

Fig. 3. Individual 4323/2. Ventral view of the left carpus that involves an ovoid-shape lunate (1) with 
the distal articular surface of the radius (2). Two flattened lateral bone masses might correspond to the 
scaphoid (3) and triquetral (4). The damage to the styloid radius is post-mortem (5).

Fig. 4. Individual 4323/2. Dorsal view of the left radius (1) and carpus with the lunate ( 2), scaphoid 
(3) and triquetral (4).
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Paul Rubens and the Italian Sandro 
Botticelli. In this context, attention is 
drawn to the case of two works, both 
entitled Portrait of Siebrandus Sixtius 
II (1538–1631), in which metacarpo-
phalangeal and proximal interfalangeal 
joint swelling associated with ulnar de-
viation with flexion of the fingers (39) 
are clearly shown.
In 1676, Tomas Syndenham was the 
first to explain the differences between 
RA and gout (Observationes Medicae). 
In 1800, Augustine-Jacob Landrè-
Beauvais went deep into the differential 
diagnosis after presenting his doctoral 
thesis. It might be the oldest unmistak-
able description in Europe. Finally, Sir 
Alfred Baring Garrod introduced the 
term rheumatoid arthritis (RA) to sub-
stitute rheumatic gout in 1859 (40). 
According to Garrod, “a new disease 
is not always one that has never been 
seen before. As a rule, a previously but 
unrecognised condition is the key”. A 
short time later, his son gave an opinion 
that began the debate about how old RA 
was; “the disease was not one of recent 
origin, and, of some epidemiologic im-
portance, it did not arise because of any 

recent change in man’s environment or 
manner of living” (41), contrary to the 
opinion of other scholars (40, 42). We 
must keep in mind that spondylo-ar-
thropathies were not distinguished from 
RA from much later than the beginning 
of the 20th century.
From a paleopathological point of 
view, we have to perfectly differenti-
ate the probable cases compatible with 
RA from the New Continent from those 
that appear in Old World. 
The earliest cases in the New World 
with the possible diagnosis of RA, 
based upon symmetric arthritis in the 
females, were identified in a Late Ar-
chaic Indian group (6500 to 4300 BP) 
in the area of the Green and Tennessee 
rivers. It might have arisen in reaction 
to the action of a new pathogen, pos-
sibly present in that area (43). Also in 
Mesoamerica, 8 cases belonging to the 
Pre-classic period at the site of Tla-
tilco, Mexico (1400–400 BC) are de-
scribed (44).
In studies of human remains from an-
cient Egypt that encompass different 
eras, rheumatic diseases such as gout 
or ankylosing spondylitis have been 

described, but no clear case of RA has 
been diagnosed (45). Nonetheless, the 
first paleopathological description of 
a possible RA is owed to Page May in 
1897 on a Vth dynasty Egyptian mum-
my (46). In this regard, the diagnosis 
made of an individual from Kulubnarti 
in Sudanese Nubia, dated between 8th 
and 15th centuries, may be dubious (47).
In the Old World, there are some ex-
amples which have been diagnosed as 
chronic aseptic polyarthritis. Among 
them, the oldest may be two skeletons 
from the Middle Neolithic Period of 
the Stone Age (2500–1900 BC) at Frid-
torp, South Scandinavia (48).
The oldest cases with a presumed di-
agnosis of RA are found in northern 
Europe, as in the case of individual 
IB NM 12662-3 dating from the Early 
Bronze Age (period II) of Olmosehuse, 
Haraldsted (Denmark), which shows an 
incomplete fusion on the left hand (49). 
At the site of Pounbury (Dorset, Eng-
land), nearly 1500 Roman British indi-
viduals were exhumed and 14 of them 
had cyst-like erosions in the carpus and 
metacarpal heads (50). This site is dated 
at from the 1st to the 5th century AD and 
another similar case diagnosed by x-ray 
study dated to 7th century AD (51). In 
the cemetery of Amiens, France (7th–9th 
century AD), there are another 3 cases 
with the same features as the previous 
ones (52).
One of the most striking theories that 
attempts to explain the rise of RA is 
related to the high levels of hygiene in 
developed countries, in which there is 
an increase of the autoimmune condi-
tions associated with RA as opposed to 
the low prevalence in undeveloped ones 
(53, 54).
Back to specimen 2, this one presents 
associated injuries. There is osteochon-
dritis in the distal ulna, in the radius 
head and in the medial epicondyle of 
the humerus in the right arm. There is 
a grade IV enthesopathy at the attach-
ment of the costo-clavicle ligament on 
both sides which could be seen more 
in the side with a probable RA-like 
disease. No joint lesions appear in in-
dividual 1.
A few words about possible symptoms 
in antiquity. In ancient times, restricted 
mobility of the wrist after joint ankylo-

Fig. 5. Destructive ar-
thritis of the right carpus 
from the 16th century. 
(Courtesy of 
Dr Armando González).
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sis, either congenital or acquired, used 
to mean an overload on other joints of 
the upper extremity and might explain 
the presence, in individual 2, of the as-
sociated lesion in the arm. Anecdotally, 
such a restriction could be read about 
in ancient documents as in the example 
of Cardinal Carlo, son of Ferdinando I 
(1450–1609), 4th Great Duke of Tusca-
ny. He was affected with bilateral wrist 
ankylosis, which he writes of in a letter: 
“Your Highness, please excuse me for 
not being able to sign in my own hand 
as my hand does not function” (55).
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