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Background: Enthesopathy may lead to calcification of the 
stylohyoid ligament and can cause elongation of the styloid 
process (SP).
Objectives: To evaluate whether SP elongation is associated with 
two common enthesitis-related diseases: ankylosing spondylitis 
(AS) and diffuse idiopathic skeletal hyperostosis (DISH). 
Methods: Cervical spine computed tomography (CT) exami- 
nations of patients with DISH (n=64, Resnick criteria), AS 
(n=24, New York criteria) and controls (no radiological signs of 
DISH or AS, n=54) were retrospectively evaluated. The length of 
right and left SP was measured independently by two readers 
on coronal and sagittal curved reformats. The average right 
and left styloid length and average length per person were 
compared among the groups.
Results: Demographic characteristics were similar between 
the DISH and control groups (average age 68.2 ± 15.7, 69.2 
± 12.7 years, male:female ratio 48:16 and 35:19, respectively, 
P > 0.05), whereas age was significantly lower (average age: 
53 ± 15 years, P < 0.0001) in the AS group, which was also 
composed mainly of men. The AS and DISH groups had 
significantly longer SP compared to controls (AS 37.9 ± 9.6 
mm, DISH 34.4 ± 9 mm, control 30.3 ± 10.1 mm, P < 0.05). 
There was no correlation between age and SP length. Inter-
reader reliability of SP measurements was excellent in all 
groups (ICC = 0.998, P < 0.0001). 
Conclusions: SP elongation is associated with both AS and 
DISH substantiating the enthesopathy-related pathophysiology 
of this finding. 
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ABSTRACT:

KEY WORDS:

T he styloid process (SP), bilateral, long, and thin osseous 
extension of the temporal bone, is connected to the hyoid 

bone by the stylohyoid ligament [1,2]. Ossification or calcifi-
cation of the stylohyoid ligament can cause elongation of the 
SP [3,4], which may cause a rare condition of craniofacial and 
cervical pain, termed Eagle syndrome [5]. The average length of 
the SP in an adult is 20 to 30 mm, and it is considered elongated 
when it exceeds 40 mm in length [6,7].

The pathogenesis of SP elongation is unclear but a potential 
explanation may be repetitive micro-trauma causing enthesop-
athy and ossification of the stylohyoid ligament at its insertion 
on the SP [8].

Enthesitis, defined as inflammation at the attachment site of 
a tendon or a ligament to bone, is a key feature of the spondylo-
arthropathies [9,10] of which ankylosing spondylitis (AS) is the 
prototype. AS typically targets the axial skeleton and sacroiliac 
joints but may also involve entheseal sites, peripheral joints, 
skin, eyes, and bowel [11]. In accordance with the hypothesis of 
an underlying enthesopathy contributing to SP elongation, the 
SP of AS patients was shown to be longer than those of controls 
when measured on lateral cervical radiogrpahs [8]. 

Diffuse idiopathic skeletal hyperostosis (DISH) is an additional 
disease, which is characterized by robust ossification and calci-
fication of the peripheral entheses [12,13]. The hallmark of the 
disease is right-sided anterolateral ossification, bridging at least 
four contiguous vertebrae of the thoracic spine14] ]. It has been 
postulated, but not verified, that DISH may be associated with SP 
elongation and Eagle syndrome, in a way similar to AS [15,16]. 

The objective of the current study was to evaluate whether 
SP elongation, postulated to occur as the result of enthesopathy, 
is associated with AS and DISH, and whether SP elongation 
may aid in differentiating between these two entities

PATIENTS AND METHODS
Institutional review board approval for the review of clini-
cal files and cervical spine computed tomography (CT) 

This work was presented at a radiology–rheumatology meeting focusing on 
the contribution of imaging to the understanding of the pathogenesis and 
treatment decisions in musculoskeletal rheumatic diseases that took place 
in December 2016 at the Sheba Medical Center, Tel Hashomer, Israel
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examinations of AS, DISH, and control patients was obtained. 
Informed consent was waived due to the retrospective nature 
of the study. 

PATIENTS 

Archived records of 300 subjects with a radiologic diagnosis of 
DISH (Resnick criteria [14]) and 120 patients with AS (New 
York criteria [17]) were retrieved. The institution’s picture 
archiving and communication system (PACS) was cross-
matched for the subjects who had had a cervical CT examina-
tion. Subjects with DISH or AS who had undergone a cervical 
CT composed the study group.

Subjects who had undergone a CT examination of the entire 
spine in which no evidence of DISH or AS, as per radiologic 
criteria, was present, composed the control group. Explicitly, 
subjects with three or more flowing osteophytes who had syn-
desmophytes, and/or sacroiliac joint changes compatible with 
either DISH or AS were excluded from the control group. 

CT examinations of the cervical spine of subjects with DISH 
(n=64; 48 males, 16 females, mean age 68.7 ± 15 years), AS 
(n=24; 22 males, 2 females, mean age 53 ± 15 years) and con-
trols (n=54; 35 males, 19 females, mean age 69.2 ± 13 years) 
were retrospectively evaluated. 

CT TECHNIQUE AND SP MEASUREMENTS 

All CT studies were performed using the following CT scan-
ners: M×8000 Quad 4-slices, M×8000 IDT 16-slices, Brilliance 
40, 64 and 128 (Philips Medical Systems, Eindhoven, The 
Netherlands) and 64-slice VCT LightSpeed (GE Medical 
Systems, Milwaukee, WI, USA). Slice thickness ranged from 
0.6 to 2.5 mm. A multiplanar curved reformat along the right 
and left styloid process were constructed in the coronal and 
sagittal planes to evaluate its length. 

The entire osseous length of the right and left SP from its 
base in the temporal bone was measured independently by two 
readers, blinded to the patient’s clinical data and group asso-
ciation, in all three groups on the coronal and sagittal curved 
reformats [Figure 1]. The average of the coronal and sagittal 
measurements on either side was considered the actual SP 
length of that side. An average SP length per person (the aver-
age of the calculated SP length of each side) was also calculated. 

An elongated SP was defined as ≥ 40 mm in length [6,7]. 
The percentage of subjects with an elongated SP was compared 
among groups. 

STATISTICAL ANALYSIS

After testing for normal distribution, a Student’s t-test was used 
to compare the average right and left styloid length and average 
length among groups. 

The DISH group was further divided into patients with or 
without cervical involvement, that is, ≥ 3 flowing osteophytes 
in the cervical spine. 

Analysis was also performed in these two DISH subgroups 
as well as the AS and control groups.

Pearson’s correlation was used to calculate correlation 
between SP length and age in each group.

Intraclass correlation coefficients (ICCs) were calculated 
using an analysis of variance (ANOVA) two-way random for 
absolute agreement of measurements between the two readers. 
P-values < 0.05 were considered to be statistically significant. 
ICC values were interpreted as follows: 0–0.2 = poor agree-
ment, 0.3–0.4 = fair agreement, 0.5–0.6 = moderate agreement, 
0.7–0.8 = strong agreement, and > 0.8 = almost perfect agree-
ment. The percentage of both intra-and inter-observer agree-
ment is also reported. 

RESULTS 
Age and gender distribution were similar between the DISH and 
control groups (average age 68.2 ± 15.7 and 69.2 ± 12.7 years, 
male/female ratio 48:16 and 35:19, respectively, P > 0.05) while 
significantly younger (average age 53 ± 15 years, P < 0.0001) 
patients as well as males were the predominate subjects in the 
AS group. 

After checking for normal distribution, one patient in the 
control group, a 73 year old male, had an exceedingly long 
SP bilaterally (right: 72 mm, left: 94 mm). However, even on 
re-evaluation of the patient’s CT examination and clinical file, 
no spinal or extra-spinal characteristics of DISH or AS, and 
no clinical complaints compatible with Eagle’s syndrome were 
found. Since this was the only patient with an SP length longer 
than two standard deviations of the average SP length, this 
patient’s results were excluded from the statistical analysis of 
the control group resulting in a group of 53 subjects. 

SP lengths of the DISH, AS and control groups are presented 
in Table 1.

Although longer, the average AS SP length was not signifi-
cantly different from the DISH average SP length (P = 0.15).

Both the AS and the DISH groups had a significantly lon-
ger average SP length compared to the controls (AS: P = 0.02, 

Figure 1. Coronal [A] and sagittal [B] curved reformates of an elongated styloid process
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Both AS and DISH have known associations with enthesop-
athy, potentially supporting the local irritation-enthesopathy 
hypothesis. 

Enthesopathy in AS patients is of an inflammatory nature 
[21], whereas its pathogenesis in DISH is not completely under-
stood. Mechanical or degenerative causes were classically attrib-
uted to DISH enthesopathy. Recently a potential pathogenetic 
role of subclinical inflammation as well as metabolic syndrome 
were also suggested in DISH [12,22], potentially linking the 
two hypotheses for SP elongation (enthesopathy and metabolic) 
together in the same disease. The difference in lengths of SP 
between AS and DISH, although not statistically significant, 
may be indicative of the different pathogenic processes leading 
to its elongation resulting in a longer calcification/ossification 
segment in the AS group compared to the DISH group. The 
difference in SP length among the three groups (DISH, AS, and 
controls), unfortunately cannot be used to differentiate in them, 
especially due to the relatively wide length range and overlaps 
in the groups; however, when an elongated SP is observed, one 
should look for possible underling enthesopathic disease, such 
as DISH or AS. 

The study’s main limitations include the relatively small 
number of patients as well as the lack of relevant clinical data. 
However, the statistical significance calculated in thus small 
cohort indicates that the difference in SP length between the 
AS, DISH, and the control group is indeed significant. 

Although the findings of the present study are not robust 
enough to warrant a recommendation of cervical spine CTs 
for patients suspected of having AS or DISH, they nonethe-
less highlight a significant radiological finding that is readily 
apparent on scans performed in these patients, most commonly 
for the evaluation of neck pain, which may facilitate an earlier 
diagnosis of these two, notoriously late-diagnosed entities. The 
importance of securing an early diagnosis for AS in the era of 
biologic therapy is obvious as patients who are diagnosed earlier 
have shown to have better functional outcomes compared to 
historic controls [23], and there is also initial data showing that 
bone formation is attenuated in animal models of disease [24]. 
As for DISH, timely diagnosis may allow for better control of 
the metabolic syndrome from which these patients frequently 
suffer, thus potentially lowering the risk of future stroke and 
coronary events. Moreover, both entities may be complicated by 
osteoporotic spines with a high risk of minor-trauma fractures 
[25], highlighting the need for early diagnosis, prevention and 
intervention. 

CONCLUSIONS

In conclusion, SP elongation is seen more frequently in patients 
with AS and DISH, implying an enthesopathy-related patho-
genesis. The difference in length between DISH and AS subjects 
suggests that enthesitis is driven by different mechanisms in 
each of the diseases. 

DISH: P = 0.01). A significantly higher percentage of patients 
with AS (30%) and DISH (25%) had an elongated SP (≥ 40 mm) 
compared to the control group (9%). 

Within the DISH subgroup, the presence of DISH in the 
cervical spine did not significantly affect the average SP length 
(34.1 mm vs. 34.5 mm in subjects with and without involve-
ment of DISH in the cervical spine. respectively).

There was no correlation (based on Pearson’s) between SP 
length and age in the AS, DISH, or control groups.

Inter-reader reliability of SP measurements was excellent in 
all groups (ICC: coronal = 0.991, P < 0.0001, sagittal = 0.999, 
P < 0.0001). 

DISCUSSION
DISH and AS are both characterized by ossification of liga-
ments and tendons as well as enthesopathy in the axial and 
peripheral skeleton [18].

In the current study, as hypothesized, the length of the SP in 
patients with AS and DISH was significantly longer compared 
to control subjects. 

SP length of AS patients as well as psoriatic arthritis 
patients was previously reported as longer than that of 
healthy controls on lateral cervical spine radiographs [8], cor-
roborating our present findings. However, a previous study 
comparing the SP length on cervical CT scans of DISH vs. 
non-DISH subjects found no statistical difference in the two 
groups [16]. The cause of this apparent discrepancy is in the 
different methods used in the two studies. In the original 
study, performed more than 20 years ago, CT slices were 
thicker than those obtained today (mostly 5 mm) and the SP 
length was indirectly measured by counting the amount of 
consecutive slices in which it appeared. Presently, SP length 
is measured directly on angulated reformates undoubtedly 
resulting in a far more accurate value, which establishes the 
longer SP of DISH subjects. 

There are several hypotheses attempting to explain SP elon-
gation, including response to local chronic irritation, either 
mechanical or inflammatory, leading to enthesopathy at the 
SP–stylohyoid ligament enthesis [8], metabolic or endocrine 
disorders that cause ectopic calcification [19], and anatomic 
variants [20].

Table 1. Average length (mm) of the styloid process (range) in the AS, 
DISH, and control groups

AS
(n=24)

DISH
(n=64)

Control
(n=53)

Right 38.1* (17.6–62.0) 34.1** (11.5–72.9) 30.5 (8.3–50.0)

Left 37.8* (17.3–57.7) 34.7** (22.3–61.8) 30.1 (8.9–52.9)

Average 37.9* 34.4** 30.3
AS = ankylosing spondylitis, DISH = diffuse idiopathic skeletal hyperostosis
*P = 0.02 (between AS and controls), **P = 0.01 (between DISH and controls)
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The heterogeneous course, severity, and treatment responses 
among patients with atopic dermatitis (AD; eczema) highlight 
the complexity of this multi-factorial disease. Earlier studies 
used traditional typing methods on cultivated isolates or 
sequenced a bacterial marker gene to study the skin microbial 
communities of AD patients. Shotgun metagenomic sequence 
analysis provides much greater resolution, elucidating 
multiple levels of microbial community assembly ranging from 
kingdom to species and strain-level diversification. Byrd et 
al. analyzed microbial temporal dynamics from a cohort of 
pediatric AD patients sampled throughout the disease course. 
Species-level investigation of AD flares showed greater 
Staphylococcus aureus predominance in patients with more 
severe disease and Staphylococcus epidermidis predominance 
in patients with less severe disease. At the strain level, 
metagenomic sequencing analyses demonstrated clonal S. 

aureus strains in more severe patients and heterogeneous S. 
epidermidis strain communities in all patients. To investigate 
strain-level biological effects of S. aureus, the authors 
topically colonized mice with human strains isolated from 
AD patients and controls. This cutaneous colonization model 
demonstrated S. aureus strain-specific differences in eliciting 
skin inflammation and immune signatures characteristic of 
AD patients. Specifically, S. aureus isolates from AD patients 
with more severe flares induced epidermal thickening and 
expansion of cutaneous T helper 2 (TH2) and TH17 cells. 
Integrating high-resolution sequencing, culturing, and 
animal models demonstrated how functional differences of 
staphylococcal strains may contribute to the complexity of 
AD disease.
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Staphylococcus aureus and Staphylococcus epidermidis strain diversity underlying pediatric 
atopic dermatitis
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