
BRIEF REPORT

Archaeological and Anthropological Sciences          (2025) 17:219 
https://doi.org/10.1007/s12520-025-02346-9

Introduction

Diffuse Idiopathic Skeletal Hyperostosis (DISH) is a sys-
temic noninflammatory ailment. It has been referred to 
under different names such as Forestier-Rotes-Querol by 
Resnick et al. (1975, 1978). However, what seems certain 
is that DISH is closely related to sex and aging (Mata et 
al. 1995) and certain medical conditions, including gout, 
and metabolic disorders like type 2 diabetes (Navarro and 
Buckberry 2022; Denko and Malemud 2006; Kiss et al. 
2002) as well as contact with environmental factors like 
retinol and fluoride in humans (Forestier and Rotès-Querol 
1950; Julkunen et al. 1971; Cassim et al. 1990; Hannallah 
et al. 2007; Navarro and Buckberry 2022). The prevalence 
of this disease among different populations/ethnic groups 
shows that genetic factors play a role in the etiology of this 
disease (Julkunen et al. 1981; Kim et al. 2004; Kiss et al. 
2002a; Vaishya et al. 2017). The occurrence of DISH in the 
Eastern Mediterranean and Middle Eastern areas is uncom-
mon, as indicated by the limited statistical data available. 
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Abstract
DISH is a systemic noninflammatory condition with unknown causes, closely linked to factors such as sex, age, environ-
mental influences, genetic predisposition, and changes in medication. In addition, certain medical conditions, including 
gout, metabolic disorders like type 2 diabetes as well as particular populations have significant effects on the frequency 
of this disease. The individual examined here was unearthed from Liyarsangbon cemetery in Amlash city, situated in the 
Guilan, Iran. The individual is estimated to be around 35 to 40 years old. In total, the remains of 48 adults and one child 
were uncovered, with only one specimen showing evidence of the condition known as DISH. On the basis of preliminary 
typology of the artifacts discovered and grave types, the site was dated to the Parthian (247 BCE–224 CE) and in few 
cases to the Sassanid period (224–651 CE). Based on the paleopathological analysis of the sample under investigation, 
indications of pathological changes in the spine, ribs, sternum, and sacroiliac region were detected. While various potential 
differential diagnoses like spondyloarthropathies, Paget’s disease, metabolic diseases, and POEMS syndrome could apply 
to the individual, through the utilization of advanced radiological imaging technique and the established criteria related to 
the aforementioned conditions, the ultimate diagnosis was determined to be either DISH or eDISH.
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A prevalence of 10% was observed among the elderly in 
Omani recent population (Sirasanagandla et al. 2018).

According to the paleopathological studies of ancient 
remains, it appears that this disease is not a recent disor-
der. Signs of DISH have even been observed in dinosaurs 
(Rothschild 1987). It has also been reported as early as 
the Middle Paleolithic on one of the Neandertal skeletons 
discovered at Shanidar Cave in Iraq (Shanidar 1)(Crubézy 
and Trinkaus 1992). The Neandertal skeleton, Kiik Koba 1 
(Crimea), might also have been affected by DISH (Trinkaus 
et al. 2008).

Additionally, DISH has been documented in various 
archaeological populations across the globe and throughout 
different time periods, including in contemporary popula-
tions (Waldron 1985; Mays 1991, 2016; Rogers and Waldron 
2001; Müldner and Richards 2007; Patrick 2014; Verlaan et 
al. 2007; Paja 2010; Arriaza et al. 1993; Hukuda et al. 2000; 
Oxenham et al. 2006; Mosothwane and Steyn 2009; Kim 
et al. 2012; Smith et al. 2013; Saleem and Hawass 2014). 
Limited information is available regarding prehistoric Near 
Eastern post-Paleolithic data, specifically pertaining to the 
excavation report of three identified individuals. These indi-
viduals include an adult male from Mallaha and two adult 
males from Hayonim cave in Israel, all belonging to the 
Natufian (13000 − 9500 BC, calibrated) population (Boc-
quentin 2003). According to the published manuscript, only 
one study has been carried out in the Middle East region 
over the past thirty years (Bloom 1984). The present manu-
script aims to achieve an accurate diagnosis regarding the 
individual under study by utilizing non-invasive and non-
destructive methods. This endeavor seeks to demonstrate 
whether the application of interdisciplinary approaches can 
help overcome existing obstacles in the analysis of ancient 
sources.

Materials and methods

A total of 49 human skeletons, including 48 adults and 
one child, were discovered from a funerary area situated 
in Liyarsangbon Amlash, Guilan, Iran as a result of two 
seasons of excavation during the years 2015 and 2016. 
The skeletal remains were gathered and conveyed to the 
biological anthropology facility situated at the Research 
Institute of Guilan Studies (RIGS), University of Guilan, 
Rasht, Guilan, Iran. Upon conducting initial studies, it was 
discovered that some of the exposed bones exhibited signs 
of infectious and chronic diseases (Eghdami et al. 2023). 
One of the most interesting examples that caught the atten-
tion of relevant researchers was the remains of an individual 
with the changes in the spine. The sex and age, both metric 
and nonmetric traits, of this individual were determined by 

standardized criteria established by Rudolf Martin (Mar-
tin 1928) and other researchers (Buikstra 1994; Brothwell 
1963; Martin and Saller 1957; Meindl et al. 1985; Walker 
2008; Stewart 1979). Among the individuals discovered, 
there were 18 men and 23 females ranging in age from 25 to 
over 55 years. The age and sex of 8 individuals could not be 
determined due to environmental degradation.

The use of basic and more advanced imaging techniques 
for investigating of the pathogenesis and differentiation of 
DISH from other diseases with similar imaging proper-
ties and lesions was argued (Mader et al. 2017). To iden-
tify the lesions of DISH in the subject of this study, two 
specified criteria were employed: those outlined by Resn-
ick and Niwayama in 1976 and by Julkunen et al. in 1975. 
Non-instrumental observation can lead to higher rates of 
misdiagnosis in differential diagnoses. Therefore, the use 
of common methods and multidisciplinary tools in medi-
cal sciences can greatly improve the ability to accurately 
diagnose ancient diseases. Hence, the individual under 
study underwent radiological assessment, a typical diagnos-
tic approach for DISH (Scholz et al. 2019). The diagnosis 
of DISH is established by analyzing chest and spine radio-
graphs, along with CT scans, to detect underlying factors 
contributing to bone disorders like hyperostosis, joint anky-
losis, or pseudoarthrosis (Scholz et al. 2019). The skeletal 
samples were subsequently transported to Golsar Hospital 
in Rasht, Guilan, for CT scanning to uncover any concealed 
factors. The imaging procedure was carried out utilizing 
a Philips Brilliance 16 Slice CT scanner, third generation, 
ultra-high resolution (up to 24 Lp/cm spatial resolution); 
flexible slice acquisition modes including 16 × 0.75  mm 
and 16 × 1.5 mm and sub-second 360o rotation time. Sub-
sequently, the acquired images underwent enhancement 
using Maximum Intensity Projection (MIP) to enhance clar-
ity and precision for improved diagnostic capabilities. Fur-
thermore, to facilitate further analysis, the enhanced images 
were reconstructed in three dimensions (3D) using Valum 
Rendering (VR) software. To prevent errors in interpreta-
tion due to overlapping lesions, the refined images were 
meticulously examined and analyzed with colleagues uti-
lizing with picture archiving and communication system 
(PACS) Infinitt radiology PACS version 7.0 software. This 
comprehensive approach ensured a thorough evaluation of 
the images and facilitated accurate diagnosis and treatment 
planning for patients with DISH disease.

To determine the soil matrix’s acidity, samples were ini-
tially collected from various areas of the excavated site of 
Liyarsangbon and examined on-site. Sodium bicarbonate 
and acetic acid were employed for this purpose. Addition-
ally, in the laboratory, a Milwaukee Mi 151-m with ± 0.01 
pH accuracy was utilized for further analysis (Table 1). This 
experiment enabled the observation of how environmental 
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factors, such as soil type, can impact the degree of destruc-
tive effects on bones.

Archaeological site

The archaeological site of Liyarsangbon is located in 
Amlash city, Guilan province (UTM 36ᵒ 55ʹ 50.85ʺ N, 50ᵒ 
02ʹ 09.86ʺ E). The expansive ancient complex, spanning 
around 27 hectares at altitudes of 1311 to 1751  m above 
sea level, is divided into two main sections: a cemetery on 
the eastern slope (sloping approximately 14 degrees from 
east to west) and the remains of stone-built structures in the 
middle slope of Mount Ahīn bar-Talleh, indicating past resi-
dential activity in the Liyarsangbon region. The surface is 
covered with rubble stone deposits. Surrounding the com-
plex are Shirchak summer village with nomadic residents 
about 2 km northwest, Siyahkouh village with permanent 
residents 1 km northeast, and Shieh village 1.8 km south at a 
lower altitude. The buildings construction of the mentioned 
villages is generally based on domestic materials, with more 
stone, wood and thatches. By conducting an initial typologi-
cal examination of artifacts and burial practices (Fig. 1), the 
archaeological site has been identified as originating from 
the Parthian period (247 BCE–224 CE) and at times from 
the Sassanid era (224–651 CE) (Eghdami et al. 2023; 2025). 
The discovered individuals had been buried in various ways. 
Apart from one jar burial, which belonged to a child, adults 
were interred in two distinct types of graves: crypt graves 
and pit graves. Almost all of the graves contained objects 
crafted by humans placed alongside the bodies (Fig.  1). 
Analysis of the soil samples collected from different strata - 
from the surface to the location of the skeleton - reveals pH 
values that vary between 7.70 and 8.67, with an average pH 
of 8.23, suggesting a soil composition that is moderately to 
strongly alkaline in nature (Table 1) which itself is a reason 
to protect the bones.

Results

The individual under study is reported to be a male between 
35 and 40 years old (Eghdami 2025). Studies have shown, 
extensive hyperostosis is observed at the sites where ten-
dons attach to various points on the bones. In addition to the 
fusion observed in vertebrae C6 to C8, all thoracic vertebrae 
(T1 to T12) and lumbar vertebrae (L1 to L5) are affected by 

Table 1  Showing all the individual information obtained from the excavated skeleton
Individual Information, Trench No. 9501 Cave No. 95501
Date of Excavation: Summer, 2015 Site Director: V. Jahani

Sex Age Soil pH Burial Type Burial Direction Grave Type Buried Goods
Male ~ 35–40 µ 8.46 Flexed Northeast to Southwest crypt Bowl, Jar, Bayo-

net, Knife, Scis-
sors, unknown 
metal and 
bronze object, 
an iron sword

Fig. 1  Showing a flexed burial type accompanied by various grave 
goods, including a A: bowl, B: jar, C: bayonet, D: knife, E: unidenti-
fied metal and bronze objects, and an F: iron sword. This individual 
burial was uncovered in trench 9501 within crypt grave 95,501. Draw-
ing by Reza Shiargar
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Overall, the bones do not show any evidence of osteopo-
rosis, and there is also no evidence of premortem destruc-
tion and no evidence of destruction was observed in the 
cartilage surface of the joint in general.

Radiologic/CT scan finding of the visible lesions

Ankylosis/near fusion associated with bridging ossifica-
tion in the anterior, posterior, and bilateral vertebral bodies 
leading in neuroforaminal narrowing and degenerative joint 
disease (DJD) in end-plates and subchondral sclerosis and 
irregularity and marginal osteophytes in C6 to C8 levels, as 
well as DJD in the right uncovertebral joint/near ankylosis 
in T1-T2 level is observed (Fig.  2. A1, A3, A5, A4, A6). 
Marginal osteophytes and schmorl’s nodes (Schmorl 1927) 
in thoracic and lumbar vertebral bodies can be seen in Fig. 3 
(A2 & A5).

Joint space narrowing, the presence of bridging osteo-
phytes, and partial fusion observed in the anterosuperior 
portion of the right sacroiliac joint, along with hyperostosis 
and ossifications at the posterior tendinous attachment site 
of the ilium (predominantly on the right side), are indicative 
of enthesopathy (Fig. 4: B1, B2).

Cartilage ossification at the attachment site of the right 
first rib to the sternal manubrium resulting in ankylosis is 
observed (Fig.  5: E1 & E2). In addition, Hyperostosis is 
observed at the lateral supracondylar region of both humeri, 
specifically at the site where the common extensor tendon 
attaches to the bone, as evident in both 2D and 3D imaging 
(Fig. 5: C1 & C2). Furthermore, hyperostosis and ossifica-
tion in the superior part of the fibular notch of the right tibia 
at the interosseous ligament attachment site (R/O enthesop-
athy) is also seen (Fig. 5: D1 & D2).

hyperostosis. During the examination of the analyzed stock, 
unusual findings such as ossification and calcification were 
identified. These included the presence of syndesmophytes 
and atypical calcification within the paravertebral ligaments 
(Fig. 2).

Skeleton description of the lesions visible with the 
naked eye

An ambiguous intravital round hole with smooth margin 
has been identified on the left parietal side of the skull. The 
outer surface dimensions measure 5.7 × 5.7 mm, while the 
inner surface dimensions are 1.7 × 4.7  mm. There are no 
signs of vascular involvement observed on the outer sur-
face (Fig.  2: A & Al). An average pH of µ 8.46 suggests 
a reduced likelihood of environmental degradation in this 
context. Complete ossification of the thyroid cartilage is 
also observed (Fig.  2: L). Complete bridging, ossification 
in the lower cervical spine right between C6 to C8 verte-
brae body was noticed (Fig.  2: B – B2). Costal cartilage 
of the right first rib is completely ossified and fused to the 
sternal manubrium (Fig. 2: C). Bilateral hyperostosis can be 
seen in the supracondylar line of the humerus (Fig. 2: D). 
Severe syndesmophytes, paravertebral anterior and lateral 
ligament calcification appeared throughout the spine with-
out any skip lesion and caused increased kyphosis in the 
thoracic vertebrae and lordosis in the cervical vertebrae C6 
to C8 (Fig. 2: E). Throughout the spinal disc, space is well 
preserved and the posterior portion of the vertebral bodies is 
less involved and no evidence of gross pre-mortem destruc-
tive in the vertebral bodies is observed (Fig. 2: E). Appear-
ance of candle flowing wax calcification is seen in all of the 
thoracic (T1 to 12) and lumbar (L1 to L5) vertebrae (Fig. 2: 
F). Bony attachments of the sacroiliac joint with bilateral 
hyperostosis in the tendinous attachment sites of iliac and 
bridging osteophytes in the right sacroiliac joint, caused the 
appearance of ankylosis (Fig. 2: G). In addition, Hyperosto-
sis is identified as irregular bony outgrowths in areas such 
as the posterior iliac spine (Fig. 2: G1), the superior pubic 
margin (Fig. 2: G2), and the ischial tuberosity (Fig. 2: G3). 
Bilateral hyperostosis is seen in intertrochanteric line and 
lateral medial the edge of the linea aspera of femur (Fig. 2: 
H & H). Prominent tibial tuberosity (right side) is also evi-
denced (Fig. 2: J). Further, an unusually large coarse osteo-
phyte is seen at the proximal end of the fibular notch of the 
right tibia (Fig. 2: J1). Sign of severe hyperostosis on the 
patella anterior surface (left side) can be perceived (Fig. 2: 
M). The appearance of overly prominent and coarse bone 
protrusions, along with noticeable visibility of the calcaneal 
tuberosity on both sides (Fig. 2: N), are among the distinct 
lesion symptoms that can be observed with the naked eye.

Fig. 2  The excavated skeleton shows lesions on the affected bones, 
which are marked in red on the accompanying graphic. Missing bones 
are represented in gray, providing a clear visual distinction. A & Al: 
an ambiguous intravital round hole of the skull; L: complete ossifica-
tion of the thyroid cartilage; B – B2: ossification in the lower cervi-
cal spine C6 to C8 vertebrae; C: ossification of the right first rib to 
the sternal manubrium; D: Bilateral hyperostosis of the humerus; E: 
Severe syndesmophytes caused increased kyphosis in the thoracic ver-
tebrae and well preserved throughout the spinal disc; F: appearance of 
candle flowing wax calcification; G: ankylosis from sacroiliac joint 
bony attachments and bilateral tendinous hyperostosis; G1: irregular 
outgrowths on the iliac spine; G2: the superior pubic margin; G3: the 
ischial tuberosity; H & H1: bilateral hyperostosis in intertrochanteric 
line and lateral medial the edge of the linea aspera; J: prominent tibial 
tuberosity; J1: unusually large coarse osteophyte of the right tibia; M: 
sign of severe hyperostosis of the patella anterior surface; N: Promi-
nent bone protrusions and visible calcaneal tuberosity. Images and 
drawing by Mohammad Reza Eghdami
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implicated. The DISH condition is characterized by the 
development of a flowing wax candle shape at the anterior 
aspect of the vertebrae, as described by Jacques Forestier 
and Rotès-Querol in 1950. A recent case study reported on a 
60-year-old diabetic man from Rasht, Iran, who experienced 
chronic neck pain, restricted cervical mobility, and lower 
limb paresthesia. Imaging findings showed DISH alongside 
ossification of the anterior and posterior longitudinal liga-
ments, as well as the Ligamentum Flavum. This condition 
caused cervical stenosis at C1-C2, C2-C3, and C6-C7 lev-
els, along with thoracic canal stenosis at T1-T2 and T2-T3. 
Additional findings included ligament calcification, osteo-
phyte formation, and compressive effects on the spinal cord 
and nerves, resulting in symptoms affecting the right arm. A 
pelvic radiograph further confirmed the presence of DISH 
(Alijani et al. 2018). Another study involving a 72-year-old 
patient in Iran diagnosed with Diffuse Idiopathic Skeletal 
Hyperostosis (DISH) revealed that the posterior longitu-
dinal ligament remained unaffected. However, significant 
ossification was detected in the anterior longitudinal liga-
ment between the C2 and C4 levels, which led to esophageal 
compression (Davoodi et al. 2023). As it is represented in 
Fig.  2 (F), this characteristic is similar to the observation 
made in the vertebral regions of the studied sample in this 
research. In the research carried out by Holton and col-
leagues (2011), it was noted that DISH disease results in the 
formation of extraspinal entheseal ossification. Strikingly, 
the individual being studied also displayed a similar extra-
spinal entheseal ossification (Fig. 2).

The calcification of ligament insertion sites may result in 
pseudo-fusion within the sacroiliac joint, particularly involv-
ing the sacroiliac ligaments. This occurrence is detectable 
using various imaging modalities (Kiss et al. 2002b). The 
sacroiliac joint of the sample under investigation exhibited 
an exact comparable event (Fig. 2. G & Fig. 3. B1-2).

Scholars utilize a principle or criteria to evaluate or deter-
mine a specific issue. Various researchers have presented 
different criteria in relation to the diagnosis of DISH dis-
ease. The prevailing criteria set by Resnick and Niwayama 
describe DISH by various features know as, continuous 
ossification of the anterior longitudinal ligament, involv-
ing at least four adjacent vertebrae in the thoracic region; 
maintenance of vertebral disc space as a result of the ossi-
fication process and absence of inflammation affecting the 
apophyseal and sacroiliac joint (Resnick and Niwayama 
1976). Another criterion has been described by(Julkunen et 
al. 1975). According to their criterion, bridging ossification 
occurs between two adjacent thoracic vertebrae.

Furthermore, a separate study conducted by Schmidt et 
al. (2002), revealed that the fusion of vertebrae occurs with 
fewer affected in number when compared to the criteria out-
lined by Resnick and Niwayama (1976). According to them, 

Discussions

After conducting initial inquiries and thorough examina-
tions, it seemed probable that the hyperostosis condition in 
the individual could be linked to the existence of several 
comparable diseases, such as DISH, spondyloarthropathies 
like Ankylosing Spondylitis (AS), and possibly psoriatic 
arthritis (PsA) and Reiter’s Syndrome (ReS). Furthermore, 
other potential causes were also taken into account, includ-
ing Paget’s disease, metabolic disorders like gout, primary 
and secondary hyperparathyroidism, and POEMS (Polyneu-
ropathy, Organomegaly, Endocrinopathy, Monoclonal Pro-
tein, Skin changes) syndrome. Table 2 outlines the various 
similarities and differences among the diseases mentioned 
above.

Using the data derived from the images in the literature, 
the differential diagnosis of Disch disease can be compared 
and analyzed alongside other potential differential diagno-
ses. As outlined and numbered in Table 3, certain symptoms 
can help distinguish DISH disease from other differential 
diagnoses. These symptoms are listed alongside Roman 
numerals next to the relevant indicators in the table. I: 
Most commonly involves this part rather than other area. 
II: ReA tend to affect the joint in lower extremities mor than 
upper. III: PsA tend to affect the joint in upper limb more 
than lower. IV: Common sits of spinal brucellosis are in the 
lower thoracic and lumbar vertebrae. V: Common sits of 
spinal TB in the adults are in the lower thoracic and upper 
lumbar vertebrae. VI: more common of other SpAs.

Diffuse idiopathic skeletal hyperostosis (DISH)

As it is shown in Table 3, DISH emerges as the most con-
spicuous diagnosis for the case under examination. DISH 
disease is primarily characterized by the development of 
new bone in the anterolateral longitudinal ligaments of the 
thoracic spine, with this being the most prominent feature 
of the condition. Yet, the lumbar and cervical vertebrae fre-
quently experience the effects of the process (Forestier and 
Lagier 1971). The study revealed that not only the most sig-
nificant level of participation was observed in the cervical 
vertebrae, but signs of engagement in the lumbar and tho-
racic vertebrae were also noted in the examined case.

Usually, the posterior longitudinal ligament is not 
involved. In this case, apart from C6 to C8, the rest of the 
posterior longitudinal ligament in the spinal area is not 

Fig. 3  Radiological findings (CT scan & X-ray) are used to obtain a 
precise diagnosis of the pathological changes both in 2 and 3 dimen-
sional views. The yellow arrows show the relevant part of the bone 
in the vertebrae. A1: fusion in C6 to C8 levels; A2: schmorl’s nodes; 
A3: 3D model of fusion in C6 to C8 levels; A4: 3D model of mar-
ginal osteophytes; A5: marginal osteophytes. Imaging by Maryam 
Bozorgnia
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Fig. 4  B1: partial fusion in the right sacroiliac joint; B2: bridging osteophytes. The yellow arrows show the relevant parts in the right sacroiliac 
joint. Imaging by Maryam Bozorgnia
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DISH disease, such as age (over 50 years) and sex (male), 
indicating a greater probability (Van der Merwe, Maat, & 
Watt, 2012) when compared to other potential diagnoses 
listed in Tables 1 and 3.

The etiology of DISH can be related to obesity and con-
sequently type 2 diabetes (Inamasu et al. 2006; Hajkova 
et al. 1965; Julkunen et al. 1966). Therefore, a study was 
carried out on the signs of diabetes in the recovered indi-
vidual. After evaluating the integrity of the skeletal system, 
there was no evidence of limb amputation due to diabetes. 
Instead, the individual displayed satisfactory bone density, 
suggesting the lack of substantial issues related to malnu-
trition and decreased bone density linked to advanced dia-
betes. As a result, the present sample does not correspond 
with the identification of severe type 2 diabetes, although 
the chance of mild type 2 diabetes and initial phases of the 
condition cannot be entirely dismissed.

Conclusion

The pattern of lesions, sex (male), and age over 40 years 
indicates a diagnosis of DISH disease as more likely com-
pared to other differential diagnoses. The analysis of the 
sample highlights multiple defining features consistent with 

there is a possibility of reducing the number of fused verte-
brae at the early stage of DISH disease, which they refer to 
as “eDISH”.

Upon examination of the CT scan images, it was observed 
that the intervertebral space within the fused area, identified 
by the ossification of the longitudinal ligaments, remains 
unaltered. Moreover, analysis of the apophyseal and sac-
roiliac joints using diagnostic imaging did not show any 
indications of involvement (Fig. 4. B1). This specification 
is consistent with most of the characteristics mentioned in 
Resnick and Niwayama (1976) and Julkunen et al. (1975) 
criteria. However, the number of three fused vertebrae in 
the present research is different from the criteria of Resnick 
and Niwayama (1976) and corresponds to the count criteria 
provided by Julkunen et al. (1975). Alternatively, in cases 
where diagnosis is required according to the criteria estab-
lished by Resnick and Niwayama (1976), individuals with 
less than four fused vertebrae may be classified as being in 
the initial phase of DISH disease (eDISH).The sole differ-
ence observed between the results of the examined case and 
the set standards, relates to the specific site of fusion. Here, 
fusion is observed in the three cervical vertebrae, while the 
established criteria mainly focus on fusion in the thoracic 
vertebrae (Fig. 3. A7). The demographic and biological fea-
tures of the individual in the present study are in line with 

Fig. 5  E1: VR and E2: MIP and cartilage ossification of the first right 
rib to the sternal manubrium; C1 & 2: 2D and 3D images of hyperos-
tosis at lateral supracondylar of the both sides of humerus at the site 

where the common extensor tendon attaches to the bone.; D1 & 2: the 
interosseous ligament attachment site ossification in the anterolateral 
tibia; Imaging by Maryam Bozorgnia
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Diffuse Idiopathic Skeletal Hyperostosis (DISH). These 
include the characteristic candle wax-like appearance of 
ossification along the spine, calcification of the paraverte-
bral ligaments, exaggerated thoracic kyphosis, absence of 
vertebral skip lesions, and hyperostosis at tendon attach-
ment sites, particularly in the ilium. Further observations 
identify diffuse bilateral extraspinal hyperostosis and sternal 
ankylosis caused by ossification of cartilage extending from 
the right first rib to the sternal manubrium. Although hyper-
ostosis involving the anterolateral longitudinal ligaments 
of the cervical, rather than thoracic, vertebrae is noted, this 
does not exclude a likely diagnosis of DISH.

Radiographic and clinical findings strongly support 
a diagnosis of diffuse idiopathic skeletal hyperostosis 
(DISH). Key indicators include flowing spinal osteophytes, 
extraspinal entheseal ossifications, pseudo-fusion in the sac-
roiliac joint, and the absence of inflammatory or infectious 
involvement that typically seen in other conditions such as 
ankylosing spondylitis or tuberculosis. The preservation of 
intervertebral spaces and ossifications in non-axial regions 
further reinforce DISH as the most plausible explanation. 
The evidence suggests the patient may be in early-phase 
DISH (eDISH) characterized by progressive vertebral 
fusion.

Ta
bl

e 
2 

Ill
us

tra
te

s a
 c

om
pa

ris
on

 o
f t

he
 d

iff
er

en
tia

l d
ia

gn
os

is 
of

 sy
m

pt
om

s i
n 

re
la

te
d 

di
se

as
es

 w
ith

 D
IS

H
. T

he
 d

ia
gn

os
is 

m
os

t p
ro

ba
bl

e 
is 

D
IS

H
 d

ise
as

e 
in

 c
om

pa
ris

on
 to

 o
th

er
 c

on
di

tio
ns

D
ise

as
e

Si
gn

s
Su

b-
G

ro
up

s
Co

ar
se

 S
yn

de
sm

op
hy

te
s

Se
x

A
ge

Fu
sio

n 
in

 
th

e 
Sa

cr
um

Fu
sio

n 
in

 
th

e 
Lu

m
ba

r 
ve

rte
br

ae

Fu
sio

n 
in

 th
e

Th
or

ac
ic

 
Ve

rte
br

ae

Fu
sio

n 
in

 th
e 

Ce
rv

ic
al

 
Ve

rte
br

ae

Pr
es

er
-

ve
nc

e 
of

 D
isc

 
Sp

ac
e

D
es

tru
ct

io
n 

in
 V

er
te

br
al

 
Bo

di
es

In
cr

ea
se

d 
Ve

rte
br

al
 

K
yp

ho
sis

 a
nd

 
Lo

rd
os

is

Sk
ip

 
Le

sio
n 

in
 

Sp
in

e

Sa
cr

oi
lia

c 
Jo

in
t

Fu
sio

n

Ex
tra

 S
pi

na
l 

H
yp

er
os

to
sis

U
nu

su
al

 
Ca

rti
la

ge
 

O
ss

ifi
ca

tio
n

Ba
m

bo
 

Sp
in

e
Ex

tra
xi

al
 

A
rth

ro
pa

th
y

Sy
m

-
m

et
ric

al
 

Co
nfl

ic
t

Sp
on

dy
lo

ar
-

th
ro

pa
th

ie
s

(A
S)

Ye
s

M
 >

 F
15

-3
5Y

Ye
s

Ye
sI

Ye
s

Ye
s

Ye
s

N
o

Ye
s

N
o

Ye
s

U
nu

su
al

N
o

Ye
s

N
o

Ye
s

Re
S

Ye
s

M
 =

 F
18

- 4
0Y

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

N
o

m
ay

be
Ye

s
Ye

s
Ra

re
V

I
N

o
N

o
Ye

sII
N

o
(P

sA
)

Ye
s

M
 =

 F
Yo

un
g 

ad
ul

ts
Ye

s
Ye

s
Ye

s
Ye

sI
Ye

s
N

o
m

ay
be

Ye
s

Ye
s

Ra
re

N
o

Ra
re

Ye
sIII

N
o

M
et

ab
ol

ic
 

D
ise

as
e

G
au

ty
 A

rth
rit

is
N

o
M

 >
 F

A
du

lt-
s

N
o

N
o

N
o

N
o

Ye
s

N
o

N
o

N
O

-
Ra

re
M

ay
be

N
o

Ye
s

N
o

Pr
im

ar
y 

&
 

Se
co

nd
ar

y 
H

yp
er

pa
ra

th
y-

ro
id

ism

N
o

Va
ria

bl
e

Va
ria

bl
e

N
o

N
o

N
o

N
o

Ye
s

M
ay

be
M

ay
be

N
o

N
o

N
o

Ye
s

N
o

N
o

Ye
s

PO
EM

S 
Sy

nd
ro

m
e

-
N

o
M

 >
 F

30
-8

0Y
N

o
N

o
N

o
N

o
Ye

s
M

ay
be

M
ay

be
N

o
N

o
N

o
Ye

s
N

o
N

o
N

o

Pa
ge

t’s
 

D
ise

as
e

-
N

o
M

 >
 F

50
-6

0Y
N

o
N

o
N

o
N

o
Ye

s
Ye

s
Ye

s
N

o
m

ay
be

Ye
s

N
o

N
o

Ye
s

N
o

In
fe

ct
io

us
 

D
ise

as
e

Br
uc

el
lo

sis
N

o
M

 =
 F

A
ny

 a
ge

Ra
re

Ye
s

Ye
sIV

Ye
s

Ye
s

N
o

Ra
re

Ye
s

Ye
s

N
o

N
o

N
o

Ra
re

N
o

Tu
be

rc
ul

os
is

N
o

M
 =

 F
A

ny
 a

ge
Ra

re
Ye

s
Ye

sV
Ye

s
N

o
Ye

s
Ye

s
Ye

s
Ye

s
N

o
N

o
N

o
Ra

re
N

o
D

IS
H

-
Ye

s
M

 >
 F

> 
45

 Y
N

o
Ye

s
Ye

s
Ye

s
Ye

s
N

o
Ye

s
m

ay
be

N
o

Ye
s

Ye
s

Ye
s

N
o

N
o

I: 
M

os
t c

om
m

on
ly

 in
vo

lv
es

 th
is

 p
ar

t r
at

he
r t

ha
n 

ot
he

r a
re

a.
 II

: R
eA

 te
nd

 to
 a

ffe
ct

 th
e 

jo
in

t i
n 

lo
w

er
 e

xt
re

m
iti

es
 m

or
 th

an
 u

pp
er

. I
II:

 P
sA

 te
nd

 to
 a

ffe
ct

 th
e 

jo
in

t i
n 

up
pe

r l
im

b 
m

or
e 

th
an

 lo
w

er
. I

V:
 C

om
m

on
 si

ts
 o

f s
pi

na
l b

ru
ce

llo
si

s a
re

 in
 th

e 
lo

w
er

 th
or

ac
ic

 a
nd

 
lu

m
ba

r v
er

te
br

ae
. V

: C
om

m
on

 si
ts

 o
f s

pi
na

l T
B 

in
 th

e 
ad

ul
ts

 a
re

 in
 th

e 
lo

w
er

 th
or

ac
ic

 a
nd

 u
pp

er
 lu

m
ba

r v
er

te
br

ae
. V

I: 
m

or
e 

co
m

m
on

 o
f o

th
er

 S
pA

s

1 3

  219   Page 10 of 13



Archaeological and Anthropological Sciences          (2025) 17:219 

Acknowledgements  We express our appreciation to Dr. Vali Jahani, 
the director of the Liyarsangbon site, for authorizing the analysis 
of the bone samples at the University of Guilan. Furthermore, our 
gratitude extends to Sara Mohammadi Mollahsaraei, Sahrah Sokouti, 
and Elmira Malek for their indispensable aid in osteological affairs. 
Finally, I gratefully acknowledge the valuable feedback provided by 
the anonymous reviewers, which significantly enhanced the quality of 
this article.

Author contributions  “I have nothing to declare”.

Funding  The project lacked any financial administrative support, and 
it was entirely funded out of personal resources.

Data availability  No datasets were generated or analysed during the 
current study.

Declarations

Competing interests  The authors declare no competing interests.

References

Alijani B, Yousefzadeh-Chabok S, Ramzannejad A, Behzadnia H, 
Emamhadi M (2018) Simultaneous diffuse idiopathic Hyperos-
tosis, ossification of the posterior longitudinal ligament and liga-
mentum flavum [Case report]. Iran J Neurosurg 4(1):51–55. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​2​5​9​​8​/​i​​r​j​n​s​.​4​.​1​.​5​1

Arriaza BT, Merbs CF, Rothschild BM (1993) Diffuse idiopathic skel-
etal hyperostosis in Meroitic Nubians from Semna South, Sudan. 
Am J Phys Anthropol 92(3):243–248

Bloom RA (1984) The prevalence of ankylosing hyperostosis in a 
Jerusalem population—with description of a method of grading 
the extent of the disease. Scand J Rheumatol 13:181–189

Bocquentin, F. (2003). Pratiques funéraires, paramètres biologiques 
et identités culturelles au Natoufien : une analyse archéo-anthro-
pologique [Doctoral dissertation, Université Bordeaux 1]. Uni-
versité Bordeaux 1. [Unpublished] 

Brothwell DR (1963) Digging up Bones, the excavation. Treatment 
and Study of Human Skeletal Remains

Buikstra JE (1994) Standards for data collection from human skeletal 
remains, Arkansas archaeological survey research series 44, 18

Cassim B, Mody G, Rubin D (1990) The prevalence of diffuse idoio-
pathic skeletal hyperostosis in African Blacks. Rheumatology 
29:131–132

Crubézy E, Trinkaus E (1992) Shanidar 1: A case of hyperostotic 
disease (DISH) in the middle paleolithic. Am J Phys Anthropol 
89:411–420

Davoodi F, Bazgir N, Naseri R (2023) Diffuse Idiopathic Skeletal 
Hyperostosis Causing Progressive Dysphagia: A Case Report and 
Review. Case Reports in Radiology, 2023(1), 8853575. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​1​5​5​​/​2​0​​2​3​/​8​8​5​3​5​7​5

Denko, C. W., & Malemud, C. J. (2006). Body mass index and blood 
glucose: Correlations with serum insulin, growth hormone, and 
insulin-like growth factor-1 levels in patients with diffuse idio-
pathic skeletal hyperostosis (DISH). Rheumatology International, 
26(4), 292–297. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​9​6​-​0​0​5​-​0​5​8​8​-​8

Schmidt MH, Quinones-Hinojosa A, Rosenberg WS (2002) Cervical 
myelopathy associated with degenerative spine disease and ossifi-
cation of the posterior longitudinal ligament, Seminars in neurol-
ogy, Copyright© 2002 by Thieme Medical Publishers, Inc., 333 
Seventh Avenue, New … pp. 143–148

Ta
bl

e 
3 

Ill
us

tra
tio

n 
of

 a
 c

om
pa

ris
on

 o
f t

he
 d

iff
er

en
tia

l d
ia

gn
os

is 
of

 le
sio

ns
 in

 d
ise

as
es

 re
la

te
d 

to
 D

IS
H

. T
he

 d
ia

gn
os

is 
is 

m
os

t p
ro

ba
bl

y 
D

IS
H

 d
ise

as
e 

in
 c

om
pa

ris
on

 to
 o

th
er

 c
on

di
tio

ns
D

ise
as

e
Si

gn
s

Su
b-

G
ro

up
s

Co
ar

se
 S

yn
de

sm
op

hy
te

s
Se

x
A

ge
Fu

sio
n 

in
 

th
e 

Sa
cr

um
Fu

sio
n 

in
 

th
e 

Lu
m

ba
r 

ve
rte

br
ae

Fu
sio

n 
in

 th
e

Th
or

ac
ic

 
Ve

rte
br

ae

Fu
sio

n 
in

 th
e 

Ce
rv

ic
al

 
Ve

rte
br

ae

Pr
es

er
-

ve
nc

e 
of

 D
isc

 
Sp

ac
e

D
es

tru
ct

io
n 

in
 V

er
te

br
al

 
Bo

di
es

In
cr

ea
se

d 
Ve

rte
br

al
 

K
yp

ho
sis

 a
nd

 
Lo

rd
os

is

Sk
ip

 
Le

sio
n 

in
 

Sp
in

e

Sa
cr

oi
lia

c 
Jo

in
t

Fu
sio

n

Ex
tra

 S
pi

na
l 

H
yp

er
os

to
sis

U
nu

su
al

 
Ca

rti
la

ge
 

O
ss

ifi
ca

tio
n

Ba
m

bo
 

Sp
in

e
Ex

tra
xi

al
 

A
rth

ro
pa

th
y

Sy
m

-
m

et
ric

al
 

Co
nfl

ic
t

Sp
on

dy
lo

ar
-

th
ro

pa
th

ie
s

A
nk

yl
os

an
s 

Sp
on

dy
lit

is 
(A

S)

Ye
s

M
 >

 F
15

-3
5Y

Ye
s

Ye
sI

Ye
s

Ye
s

Ye
s

N
o

Ye
s

N
o

Ye
s

U
nu

su
al

N
o

Ye
s

N
o

Ye
s

Re
S

Ye
s

M
 =

 F
18

- 4
0Y

Ye
s

Ye
s

Ye
s

Ye
s

Ye
s

N
o

m
ay

be
Ye

s
Ye

s
Ra

re
V

I
N

o
N

o
Ye

sII
N

o
(P

sA
)

Ye
s

M
 =

 F
Yo

un
g 

ad
ul

ts
Ye

s
Ye

s
Ye

s
Ye

sI
Ye

s
N

o
m

ay
be

Ye
s

Ye
s

Ra
re

N
o

Ra
re

Ye
sIII

N
o

M
et

ab
ol

ic
 

D
ise

as
e

G
au

ty
 A

rth
rit

is
N

o
M

 >
 F

A
du

lt-
s

N
o

N
o

N
o

N
o

Ye
s

N
o

N
o

N
O

-
Ra

re
M

ay
be

N
o

Ye
s

N
o

Pr
im

ar
y 

&
 

Se
co

nd
ar

y 
H

yp
er

pa
ra

th
y-

ro
id

ism

N
o

Va
ria

bl
e

Va
ria

bl
e

N
o

N
o

N
o

N
o

Ye
s

M
ay

be
M

ay
be

N
o

N
o

N
o

Ye
s

N
o

N
o

Ye
s

PO
EM

S 
Sy

nd
ro

m
e

-
N

o
M

 >
 F

30
-8

0Y
N

o
N

o
N

o
N

o
Ye

s
M

ay
be

M
ay

be
N

o
N

o
N

o
Ye

s
N

o
N

o
N

o

Pa
ge

t’s
 

D
ise

as
e

-
N

o
M

 >
 F

50
-6

0Y
N

o
N

o
N

o
N

o
Ye

s
Ye

s
Ye

s
N

o
m

ay
be

Ye
s

N
o

N
o

Ye
s

N
o

In
fe

ct
io

us
 

D
ise

as
e

Br
uc

el
lo

sis
N

o
M

 =
 F

A
ny

 a
ge

Ra
re

Ye
s

Ye
sIV

Ye
s

Ye
s

N
o

Ra
re

Ye
s

Ye
s

N
o

N
o

N
o

Ra
re

N
o

Tu
be

rc
ul

os
is

N
o

M
 =

 F
A

ny
 a

ge
Ra

re
Ye

s
Ye

sV
Ye

s
N

o
Ye

s
Ye

s
Ye

s
Ye

s
N

o
N

o
N

o
Ra

re
N

o
D

IS
H

-
Ye

s
M

 >
 F

> 
45

 Y
N

o
Ye

s
Ye

s
Ye

s
Ye

s
N

o
Ye

s
m

ay
be

N
o

Ye
s

Ye
s

Ye
s

N
o

N
o

1 3

Page 11 of 13    219 

https://doi.org/10.32598/irjns.4.1.51
https://doi.org/10.32598/irjns.4.1.51
https://doi.org/10.1155/2023/8853575
https://doi.org/10.1155/2023/8853575
https://doi.org/10.1007/s00296-005-0588-8


Archaeological and Anthropological Sciences          (2025) 17:219 

Vlam, K., & Baraliakos, X. (2022). Diffuse idiopathic skeletal 
hyperostosis (DISH): where we are now and where to go next. 
RMD Open, 3(1), rmdopen-2017-000472. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​3​
6​​/​r​m​​d​o​p​e​n​-​2​0​1​7​-​0​0​0​4​7​2 

Martin R, Saller K (1957) Lehrbuch der Anthropologie, in system-
atischer Darstellung, 3. vollig umgearb. und erweiterte Aufl ed., 
Fischer Stuttgart, Stuttgart

Mata S, Wolfe F, Joseph L, Esdaile J (1995) Absence of an association 
of rheumatoid arthritis and diffuse idiopathic skeletal hyperosto-
sis: a case-control study. J Rhuematol 22:2062–2064

Mays S (2016) Bone-formers and bone‐losers in an archaeological 
population. Am J Phys Anthropol 159:577–584

Mays S (1991) The medieval burials from the Blackfriars Friary, 
School Street, Ipswich, Suffolk (excavated 1983-85), English 
Heritage, Centre for Archaeology

Meindl RS, Lovejoy CO, Mensforth RP, Carlos LD (1985) Accuracy 
and direction of error in the sexing of the skeleton: implications 
for paleodemography. Am J Phys Anthropol 68:79–85

Van der Merwe, A., Maat, G.J.R., & Watt, I. (2012). “Diffuse idio-
pathic skeletal hyperostosis: diagnosis in a palaeopathological 
context.” HOMO – Journal of Comparative Human Biology, 
63(3), 202-215.

Mosothwane M, Steyn M (2009) In sickness or in health? Assessment 
of early Iron Age human skeletons from Toutswe sites, East cen-
tral Botswana. Int J Osteoarchaeol 19:66–77

Müldner G, Richards MP (2007) Diet and diversity at later medi-
eval fishergate: the isotopic evidence. Am J Phys Anthropol 
134:162–174

Navarro LC, Buckberry J (2022) The prevalence of diffuse idiopathic 
skeletal hyperostosis in England and Catalonia from the Roman 
to the post-medieval periods. Int J Paleopathol 37:9–22

Oxenham MF, Matsumura H, Nishimoto T (2006) Diffuse idiopathic 
skeletal hyperostosis in late Jomon Hokkaido, Japan. Int J Osteo-
archaeol 16:34–46

Paja L (2010) Diffuse idiopathic skeletal hyperostosis-appearance and 
diagnostics in Hungarian osteoarcheological materials. Acta Bio-
logica Szeged 54:75–81

Patrick P (2014) The’Obese Medieval Monk’: A multidisciplinary 
study of a stereotype. BAR Publishing

Resnick D, Niwayama G (1976) Radiographic and pathologic features 
of spinal involvement in diffuse idiopathic skeletal hyperostosis 
(DISH). Radiology 119:559–568

Resnick D, Shaul SR, Robins JM (1975) Diffuse idiopathic skeletal 
hyperostosis (DISH): forestier’s disease with extraspinal mani-
festations. Radiology 115:513–524

Rogers J, Waldron T (2001) Dish and the monastic way of life. Int J 
Osteoarchaeol 11:357–365

Rothschild, B. M. (1987). Diffuse idiopathic skeletal hyperostosis as 
reflected in the paleontologic record: Dinosaurs and early mam-
mals. Seminars in Arthritis and Rheumatism, 17(2), 119-125. 
doi:10.1016/0049-0172(87)90034-5.

Saleem SN, Hawass Z (2014) Brief report: ankylosing spondylitis or 
diffuse idiopathic skeletal hyperostosis in Royal Egyptian mum-
mies of the 18th–20th dynasties? Computed tomography and 
archaeology studies. Arthritis Rheumatol. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​
2​​/​a​r​​t​.​3​8​8​6​4

Schmorl G (1927) Uber die an Den Wirbelbandscheiben vorkommen-
den ausdehnungs–und Zerreisungsvorgange und die Dadurch an 
Ihnen und der wirbelspongiosa Hervorgerufenen veranderungen. 
Verh Dtsch Path Ges 22:250–262

Scholz C, Naseri Y, Hohenhaus M, Hubbe U, Klingler JH (2019) 
Long-term results after surgical treatment of diffuse idiopathic 
skeletal hyperostosis (DISH) causing dysphagia. J Clin Neurosci 
67:151–155

Sirasanagandla SR, Al Dhuhli H, Al Abri A, Salmi A, Jayapal 
SK, Sara C, Jaju S (2018) Prevalence of diffuse idiopathic 

Eghdami, Mohammad R., Roudbordeh, Majid G., & Navaeiyan, M. 
(2025). Weaponry and a Healed Wound From the Parthian Era 
(247 bce to 224 ce): Insights From the Liyarsangbon Cemetery, 
Guilan, Iran. International Journal of Osteoarchaeology, 35(5), 
453-461. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​o​a​​.​7​0​0​3​8

Eghdami MR (2025) The influence of population variability on pelvic 
sexual dimorphism: A case study from the Parthian cemetery (247 
BCE to 224 AD), Liyarsangbon in Guilan, Iran. Iran J Archaeol 
Stud 15(1):55–68. ​h​t​t​p​​s​:​/​​/​i​j​a​​s​.​​u​s​b​​.​a​c​.​​i​r​/​​a​r​t​​i​c​l​e​_​9​3​0​3​.​h​t​m​l

Eghdami MR, Jahani V, Gholamzadeh Roudbordeh M, Mousavi SH 
(2023) Excavations of Parthian human bone remains at Liyar-
sangbon Cemetery, Amlash District, Guilan Province, Iran: with 
special reference to sexed patterns of burial and gender discrimi-
nation. Near East Archaeol 86:122–131

Hajkova Z, Streda A, Skrha F (1965) Hyperostotic spondylosis and 
diabetes mellitus. Ann Rheum Dis 24:536

Resnick D, Shapiro RF, Wiesner KB, Niwayama G, Utsinger PD, 
Shaul SR (1978) Diffuse idiopathic skeletal hyperostosis (DISH)
[ankylosing hyperostosis of forestier and Rotes-Querol], semi-
nars in arthritis and rheumatism. Elsevier, pp 153–187

Forestier J, Lagier R (1971) Ankylosing hyperostosis of the spine. Clin 
Orthop Relat Res (1976–2007) 74:65–83

Forestier J, Rotès-Querol J (1950) Senile ankylosing hyperostosis of 
the spine. Ann Rheum Dis 9:321

Hannallah D, White AP, Goldberg G, Albert TJ (2007) Diffuse idio-
pathic skeletal hyperostosis. Oper Tech Orthop 17:174–177

Hukuda S, Inoue K, Ushiyama T, Saruhashi Y, Iwasaki A, Huang 
J, Mayeda A, Nakai M, Xiang Li F, Qing Yang Z (2000) Spi-
nal degenerative lesions and spinal ligamentous ossifications in 
ancient Chinese populations of the Yellow River civilization. Int 
J Osteoarchaeol 10:108–124

Inamasu J, Guiot BH, Sachs DC (2006) Ossification of the posterior 
longitudinal ligament: an update on its biology, epidemiology, 
and natural history. Neurosurgery 58:1027–1039

Julkunen H, Kärävä R, Viljanen V (1966) Hyperostosis der Wirbelsäule 
Bei diabetes mellitus und akromegalie. Diabetologia 2:123–126

Julkunen H, Heinonen OP, Pyörälä K (1971) Hyperostosis of the spine 
in an adult population. Its relation to hyperglycaemia and obesity. 
Ann Rheum Dis 30:605

Julkunen H, Heinonen OP, Knekt P, Maatela J (1975) The epidemiol-
ogy of hyperostosis of the spine together with its symptoms and 
related mortality in a general population. Scand J Rheumatol 
4:23–27

Julkunen H, Knekt P, Aromaa A (1981) Spondylosis deformans and 
diffuse idiopathic skeletal hyperostosis (Dish) in Finland: inci-
dence and pathogenetic factors. Scand J Rheumatol 10:193–203

Kim SK, Choi BR, Kim CG, Chung SH, Choe JY, Joo KB, Bae SC, 
Yoo DH, Jun JB (2004) The prevalence of diffuse idiopathic skel-
etal hyperostosis in Korea. J Rhuematol 31:2032–2035

Kim M, Lee I, Kim YS, Oh C, Park J, Shin M, Shin D (2012) Dif-
fuse idiopathic skeletal hyperostosis cases found in Joseon 
dynasty human sample collection of Korea. Int J Osteoarchaeol 
22:235–244

Kiss C, O’Neill T, Mituszova M, Szilágyi M, Donath J, Poór G (2002a) 
Prevalence of diffuse idiopathic skeletal hyperostosis in Buda-
pest, Hungary. Rheumatology 41:1335–1336

Kiss C, Szilagyi M, Paksy A, Poor G (2002b) Risk factors for diffuse 
idiopathic skeletal hyperostosis: a case–control study. Rheuma-
tology 41:27–30

Martin R (1928) Lehrbuch der anthropologie in systematischer darstel-
lung Mit besonderer berücksichtigung der anthropologischen 
methoden für studierende ärtze und forschungsreisende: bd. Bib-
liographie, literaturverzeichnis, sachregister, autorenregister. G. 
Fischer

Mader, R., Verlaan, J.-J., Eshed, I., Jacome, B.-A., Puttini, P. S., Atzeni, 
F., Buskila, D., Reinshtein, E., Novofastovski, I., Fawaz, A., de 

1 3

  219   Page 12 of 13

https://doi.org/10.1136/rmdopen-2017-000472
https://doi.org/10.1136/rmdopen-2017-000472
https://doi.org/10.1002/art.38864
https://doi.org/10.1002/art.38864
https://doi.org/10.1002/oa.70038
https://ijas.usb.ac.ir/article_9303.html


Archaeological and Anthropological Sciences          (2025) 17:219 

Waldron T (1985) Dish at Merton priory: evidence for a new occupa-
tional disease? BMJ 291:1762

Walker PL (2008) Sexing skulls using discriminant function analysis 
of visually assessed traits. Am J Phys Anthropology: Official Pub-
lication Am Association Phys Anthropologists 136:39–50

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

skeletal hyperostosis among elderly subjects referred for radio-
logical investigation in tertiary hospital at Oman. Anat Cell Biol 
51(3):174–179. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​1​1​5​​/​a​c​​b​.​2​0​1​8​.​5​1​.​3​.​1​7​4

Smith MO, Dorsz JR, Betsinger TK (2013) Diffuse idiopathic skel-
etal hyperostosis (DISH) in pre-Columbian North America: evi-
dence from the Eastern Tennessee River Valley. Int J Paleopathol 
3:11–18

Stewart TD (1979) Essentials of forensic anthropology: especially as 
developed in the United States. Charles C. Thomas, Springfield, 
IL

Trinkaus E, Maley B, Buzhilova AP (2008) Brief communica-
tion: paleopathology of the Kiik-koba 1 neandertal. Am J Phys 
Anthropol 137:106–112

Vaishya, R., Azizi, A. T., Agarwal, A. K., & Vijay, V. (2016). Apoph-
ysitis of the Tibial Tuberosity (Osgood–Schlatter Disease): A 
review. Cureus, 8(9), e780. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​7​7​​​5​9​/​​c​u​r​​e​u​s​.​7​8​0

Verlaan J, Oner F, Maat G (2007) Diffuse idiopathic skeletal hyperos-
tosis in ancient clergymen. Eur Spine J 16:1129–1135

1 3

Page 13 of 13    219 

https://doi.org/10.5115/acb.2018.51.3.174
https://doi.org/10.7759/cureus.780

	﻿The first report of diffuse idiopathic skeletal hyperostosis (DISH) in the Parthian cemetery of Liyarsangbon, Guilan, Iran
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Archaeological site

	﻿Results
	﻿Skeleton description of the lesions visible with the naked eye
	﻿Radiologic/CT scan finding of the visible lesions

	﻿Discussions
	﻿Diffuse idiopathic skeletal hyperostosis (DISH)

	﻿Conclusion
	﻿References


