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Clinical Significance of Trochlear Calcifications in the Orbit

K. Buch, RN. Nadgir, A.D. Tannenbaum, A. Ozonoff, A. Fujita, and O. Sakai

ABSTRACT

BACKGROUND AND PURPOSE: Trochlear calcification is frequently seen on CT scans that include the orbits, but prior studies linking this
finding to diabetes mellitus were based on selected populations by using relatively thick sections. We assessed the relationship between
trochlear calcification and diabetes mellitus and other chronic medical conditions in an unrestricted population by using thin-section CT.

MATERIALS AND METHODS: Noncontrast head CT studies performed consecutively on 1000 patients between January and February 2011
were retrospectively reviewed for the presence of trochlear calcifications. Axial 1.25-mm-thick images acquired by 64-detector row CT
were reviewed. Medical records were reviewed for chronic medical conditions, including diabetes mellitus, chronic kidney disease,
alcoholism, autoimmune conditions, endocrine disorders, serum calcium and alkaline phosphatase levels, and HIV status. Motion-limited
studies and patients with limited clinical data were excluded. Statistical analyses were performed by using the Fisher exact test.

RESULTS: Thirty-two patients were excluded from analysis. Of the remaining 968 patients, 128 had trochlear calcification (13%). No
significant association was observed between diabetes mellitus and trochlear calcifications in patients of any age (P = .40). There was no
significant correlation between trochlear calcifications and chronic kidney disease, alcoholism, endocrine disorders, or HIV infection.
Statistically significant associations among trochlear calcification, autoimmune conditions, and elevated alkaline phosphatase levels were
observed (P < .0001 and P < .0001, respectively).

CONCLUSIONS: On the basis of a large unrestricted population with thin-section CT imaging of the orbit, no significant association was
observed between trochlear calcifications and diabetes mellitus. A statistically significant association was observed between trochlear

calcification and autoimmune disease and elevated alkaline phosphatase levels.

ABBREVIATIONS: ALP = alkaline phosphatase; CKD = chronic kidney disease; DM = diabetes mellitus; SLE = systemic lupus erythematosus

he trochlea is a cartilaginous structure within the supero-

medial orbit that permits unimpeded movement of the su-
perior oblique tendon and sheath. Incidental calcification of
the trochlea is frequently seen on routine CT scans through the
orbit."® A prior study based on review of dedicated orbital CT
imaging linked the presence of trochlear calcification with di-
abetes mellitus (DM), particularly in patients younger than 40
years of age.' In daily practice, however, review of medical
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records in patients with trochlear calcification incidentally
seen on CT usually failed to reveal evidence of glucose intoler-
ance. While Ko and Kim? did not identify a similar association
in a small review of orbital CT examinations, they observed an
increased prevalence of trochlear calcifications in male pa-
tients. Cartilaginous and soft-tissue calcifications in other an-
atomic regions have been described in multiple prior studies in
patients with autoimmune disorders and chronic renal insuf-
ficiency and among patients with dysregulations in calcium-
phosphatase homeostasis.”

The purpose of this study was to examine the prevalence
and demographics of trochlear calcification in a large unre-
stricted patient population by using thin-section CT images
and to evaluate its clinical associations, if any. Specifically, we
looked for a correlation between the presence of trochlear cal-
cifications and common chronic medical conditions such as
DM, chronic kidney disease (CKD), alcoholism, autoimmune

conditions, endocrine disorders, and HIV infection.
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FIG1. Trochlear calcification. Axial CT images in soft-tissue (A) and bone (B) windows, and coronal CT image in a soft-tissue window (C
the level of the trochlea demonstrate bilateral trochlear calcifications in a 45-year-old man who underwent CT after a motor vehlcle collision
and loss of consciousness.

MATERIALS AND METHODS

Following institutional review board approval, 1000 consecutive

patients who underwent a noncontrast head CT at our tertiary
health care center between January 2011 and February 2011 were
reviewed for the presence of trochlear calcifications, regardless of
the clinical indication prompting the CT examination. Reasons
for the CT scans were very broad, with the most common clinical
indications related to trauma, headache, and altered mental status.

Noncontrast head CT scans were axially acquired on 64-detec-
tor row CT scanners (LightSpeed VCT; GE Healthcare, Milwau-
kee, Wisconsin), and 5- and 1.25-mm-thick images were recon-
structed per our institutional clinical protocol. The trochlea was
included in all studies. The presence of trochlear calcifications was
independently verified by 2 readers on the 1.25-mm axial images,
and any discrepancies were resolved by consensus. Note was also
made as to whether calcifications were unilateral or bilateral.

The electronic medical records were subsequently reviewed in
all patients, and clinical parameters, including age, sex, presence
or absence of DM, HIV infection, renal disease, alcoholism, auto-
immune disorders, other endocrine disorders, and markers for
abnormal calcium-phosphatase homeostasis by using serum
markers including alkaline phosphatase (ALP) and serum cal-
cium levels, were recorded. Electronic medical records were re-
viewed for at least 1 year before the date of the CT scan for the
patients included in this study.

CKD was determined on the basis of review of patient medical
records documenting a diagnosis of CKD or by using the National
Kidney Foundation’s clinical practice guidelines for a diagnosis of
CKD.'° These parameters included abnormal serum creatinine or
glomerular filtration rate levels for a period of >3 contiguous
months. Patients presenting with acute renal failure were not in-
cluded in this analysis. A diagnosis of alcoholism was determined
by a review of the electronic medical records documenting a his-
tory of alcohol abuse. Determination of HIV status was made
through review of electronic medical records, including serology
data in addition to the primary care physician’s notes recording a
diagnosis of HIV infection. Autoimmune diseases were recorded
on the basis of a review of the electronic medical records docu-
menting a diagnosis of a rheumatologic condition in addition to
serologic testing data. Endocrine disorders were also determined
by a review of the electronic medical records containing a diagno-
sis of endocrine abnormality and laboratory data examining met-
abolic markers such as thyroid function tests and calcium and
prolactin levels.
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Severely motion-limited studies, follow-up examinations if
performed in the same period, and patients with insufficient clin-
ical data were excluded. The prevalence of comorbidities was
compared across groups by using the Fisher exact test, and logistic
regression models were used to control for age and sex.

RESULTS

A total of 968 patients who underwent technically adequate head
CT imaging with corresponding medical records available were
included. Eleven patient head CT scans were excluded on the basis
of poor image quality due to motion artifacts, and 21 patients
were excluded for insufficient electronic medical records. This
study population consisted of 456 males and 512 females, ranging
in age from 1 month to 100 years (mean age, 53 years). Trochlear
calcifications were observed in 128 patients (Fig 1) and were bi-
lateral in 56 patients and unilateral in 72 patients.

Prevalence

The prevalence of trochlear calcifications was 13.2% (128/968).
The Table displays the prevalence of trochlear calcifications strat-
ified by patient age. There was no association between trochlear
calcifications and increasing patient age. Patients 11-20 years of
age had the highest prevalence of trochlear calcifications (23.1%),
followed by patients 31-40 years of age (20.2%). The youngest
patient with trochlear calcifications was 15 years of age. There
were 6 patients younger than 15 years of age, none of whom had
trochlear calcifications. Trochlear calcifications were slightly
more prevalent in male patients, occurring in 75 of the 128 pa-
tients with trochlear calcification (58.6%) compared with 53 fe-
male patients (41.4%). There was no statistically significant corre-
lation between trochlear calcification and sex, however (P = .06).

Diabetes Mellitus

The prevalence of DM in this study population was 24.1% (234/
968). Two hundred twenty-one of 234 patients (94.4%) had type
2 diabetes, compared with 14 patients (5.6%) with a diagnosis of
type 1 DM. Of 128 patients with trochlear calcifications, 26 had a
diagnosis of DM, of whom 23 had the diagnosis of DM type 2 and
3 had the diagnosis of DM type 1. Of the 840 patients without
trochlear calcifications, 209 patients had a diagnosis of diabetes.
After controlling for age and sex, there was no statistically signif-
icant association between DM and trochlear calcification (P =
.27, OR = 0.76). Patient age of 54 years and older, but not patient
sex, was strongly associated with the prevalence of DM.



Prevalence of patients with trochlear calcifications stratified by patient age

each type of autoimmune condition in

Total No. Patients with Trochlear Prevalence of Trochlear this category, however, determination of

Patient Age (yr) of Patients Calcifications Calcifications (95% Cl) significant associations with trochlear

0-10 23 0 0.0% (- -) calcifications could not be reliably

11-20 26 6 231% (9.8-44.1) assessed.

21-30 109 17 15.6% (9.6-24.1)

3140 104 21 20.2% (13.2-29.4) )

41-50 168 24 14.3% (95_207) Serum Calcium and ALP Levels

51-60 206 25 12.1% (8.2-17.6) Elevated ALP levels were observed in

61-70 128 15 11.7% (6.9-18.9) 21.5% of patients (209/968). Of the 209

71-80 n4 9 7.8% (3.9-14.9) patients with elevated ALP levels, 42 had

81530 65 J 13.8% (6.9-25.2) trochlear calcification. There was a

Older than 91 24 2 8.3% (1.5-28.5) .. .

Total 968 18 13.2% (11.2-15.6) strong statistically significant correla-
tion between trochlear calcification and
elevated ALP levels (P < .0001, OR =

Alcoholism 1.87). Of the 128 patients with trochlear calcifications, none had

The prevalence of documented alcoholism in this study popula-
tion was 14.5% (140/968). Of 128 patients with trochlear calcifi-
cations, 21 had a diagnosis of alcoholism. After controlling for age
and sex, there was no statistically significant correlation between
trochlear calcifications and a diagnosis of alcoholism (P = .50,
OR = 1.19). Male sex, but not age, was strongly associated with
alcoholism.

HIV Infection

The prevalence of HIV infection in this study population was
3.6% (35/968). Of the 128 patients with trochlear calcifications, 4
had a diagnosis of HIV infection. After controlling for age and sex,
there was no significant association between patients with troch-
lear calcifications and a diagnosis of HIV infection (P = 1.00,
OR = 0.76). Male sex, but not age, was strongly associated with a
diagnosis of HIV infection (P = .002).

Chronic Kidney Disease

The most common etiologies of CKD in this study population
were hypertensive nephropathy and diabetic nephropathy. The
prevalence of CKD in this study population was 8.4% (81/968). Of
128 patients with trochlear calcifications, 9 had a diagnosis of
CKD. After controlling for age and sex, there was no significant
association between CKD and the presence of trochlear calcifica-
tion (P = .73, OR = 0.81). Increasing age, but not sex, was
strongly associated with CKD (P = .0001).

Autoimmune Diseases

Autoimmune diseases in this patient population included rheu-
matoid arthritis, systemic lupus erythematosus (SLE), Crohn dis-
ease, Sjogren syndrome, and scleroderma. Forty-eight of 968 pa-
tients (5.0%) included in this investigation had a history of an
autoimmune disease. The most common autoimmune disease
identified in this population was rheumatoid arthritis, observed
in 22 of 48 patients. Ten patients had SLE, 6 had Crohn disease, 5
had Sjogren syndrome, and 5 had scleroderma. Of the 128 pa-
tients with trochlear calcification, 17 had a diagnosis of an auto-
immune disease, including 6 with a history of rheumatoid arthri-
tis, 5 with SLE, 3 with Crohn disease, 1 with Sjogren syndrome,
and 2 with scleroderma. After we controlled for age and sex, there
was a statistically significant association between trochlear calci-
fications and a history of autoimmune disease (P < .0001, OR =
3.73). Given the relatively small number of patients included for

elevated serum calcium levels.

Endocrine Disease
The most common endocrine disorders included in this study
(excluding DM, which was analyzed separately) were hyperthy-
roidism, hypothyroidism, hyperparathyroidism, syndrome of
inappropriate antidiuretic hormone, diabetes insipidus, and
hyperprolactinemia.

Endocrinopathy other than diabetes was observed in 97 of 968
patients included in this investigation. Of these 97, thirty-eight
patients had hypothyroidism, 14 had hyperthyroidism, 3 had ac-
romegaly, 13 had hyperparathyroidism, 16 had hyperprolactine-
mia, 7 had syndrome of inappropriate antidiuretic hormone, and
6 had diabetes insipidus. Of the 128 patients with trochlear calci-
fication, 10 had a diagnosis of endocrine disease, including 7 pa-
tients with hypothyroidism, 2 patients with hyperthyroidism, and
1 patient with acromegaly. No patient with hyperparathyroidism,
hyperprolactinemia, syndrome of inappropriate antidiuretic hor-
mone, or diabetes insipidus had trochlear calcifications. After we
controlled for age and sex, there was no statistically significant
correlation between trochlear calcifications and endocrine dis-
eases (P = .75, OR = 1.44).

DISCUSSION

Trochlear calcifications have been reported in studies with con-
flicting data regarding the etiology and clinical association of
these calcifications with common medical conditions."* Prior
studies postulated that calcification of the trochlea may be sec-
ondary to degenerative, inflammatory, metabolic, or posttrau-
matic etiologies.”

Hart et al' described a correlation between trochlear calcifica-
tions in patients younger than 40 years of age and DM." Ko and
Kim? subsequently found no correlation between trochlear calci-
fications and DM; however, they noted an increased prevalence of
trochlear calcifications in male patients. These studies were per-
formed by using thicker section CT images (3 mm in the study
performed by Hart et al and 2 mm reported by Ko and Kim) and
were performed in small, preselected populations of 159 and 216
patients, respectively, by using dedicated orbital CT studies in
patients with orbital symptoms and pathology."* Given that or-
bital symptoms and visual disturbances are common among pa-
tients with diabetes, these patient populations may be biased, with

AINR Am J Neuroradiol 35:573-77 Mar 2014 www.ajnr.org 575



a higher prevalence of patients with diabetes among the patient
population compared with the general population.'"'?

In this investigation, the patient population consisted of con-
secutive patients who underwent noncontrast head CT imaging,
thereby removing the possibility of bias among patients present-
ing with specific orbital symptoms. The larger patient population
included in this study provides a broader assessment of trochlear
calcifications compared with previously published reports. Fur-
thermore, the thinner 1.25-mm CT sections allowed greater ac-
curacy of trochlear calcification identification.

The prevalence of trochlear calcifications in our study was
13.2% compared with 12% cited by Hart et al' and 16%, by Ko
and Kim.? No statistically significant correlation was observed
between trochlear calcifications and increasing patient age or sex.
A bimodal peak distribution was observed in patients with troch-
lear calcifications from 11 to 20 years of age and 31-40 years of
age. The youngest patient with trochlear calcifications was 15
years of age. These observations imply that the presence of troch-
lear calcifications is probably not related to a degenerative process
and is unlikely to be a congenital variant.

A statistically significant association was seen between a diag-
nosis of autoimmune disease and trochlear calcifications (P <
.0001). The numbers for each type of autoimmune disease in-
cluded in this study were small so that the evaluation of significant
associations between trochlear calcifications and specific autoim-
mune diseases was limited, so autoimmune diseases were ana-
lyzed collectively. Calcification and systemic deposition of cal-
cium salts have been described in multiple autoimmune diseases,
including scleroderma, dermatomyositis, rheumatoid arthritis,
Sjogren syndrome, and SLE, with a mean age of onset of 33.3
years.'>'* The deposition of calcification can be idiopathic, dys-
trophic, or due to calciphylaxis, and while the pathophysiology is
unclear, it is thought to relate to circulating chronic inflammatory
mediators.'>*’

Case reports describe both focal and extensive systemic depo-
sition of calcification in patients with both rheumatoid arthritis
and SLE, with calciphylaxis described as a rare complication of
both diseases.'®>> SLE can lead to CKD, a well-known complica-
tion®?; however, CKD was not independently associated with
trochlear calcifications. Widespread soft-tissue calcification in
chronic inflammatory autoimmune disorders such as Sjégren
syndrome, SLE, and rheumatoid arthritis has been de-
scribed.???%2>27 Very few case reports describe focal calcifi-
cations within the soft tissues of the head and neck, with the
exception of retropharyngeal calcific tendinitis and calcifica-
tion of the longus colli muscle in a patient with rheumatoid
arthritis.?® On the basis of the results of this investigation, it
appears that in addition to calcification within soft tissues pre-
viously described, trochlear calcifications may also be seen as
an associated finding in patients with autoimmune conditions.

A statistically significant association between the presence of
trochlear calcification and elevated ALP levels (P < .0001) was
observed in this investigation. Alkaline phosphatase levels were
evaluated in this patient population because they are an indirect
marker for bone turnover and metabolism and calcium homeo-
stasis. Increased vascular calcifications have been associated with
elevated ALP levels in patients with disturbances in mineral-bone
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metabolism.**" Aberrations in ALP levels have been seen in pa-
tients with chronic inflammatory and autoimmune diseases.>**°
It is unclear as to whether these aberrations are due to circulating
inflammatory mediators directly related to the underlying disease
process versus abnormal bone-mineral metabolism resulting
from glucocorticoid therapy to treat these disorders.”**?> Most
patients with elevated ALP levels did not have a coexistent auto-
immune disorder or another condition to explain these levels, but
nearly half (46.7%) of patients with an elevated ALP level and an
autoimmune disorder had trochlear calcifications. Despite the
statistically significant relationship between the presence of
trochlear calcifications and elevated ALP levels, the specific reason
for the relationship remains unclear because an isolated elevated
ALP level is quite nonspecific.

There was no evidence that trochlear calcification is associated
with other common medical conditions, including CKD, HIV
infection, endocrine diseases, and history of alcohol abuse.

CONCLUSIONS

Trochlear calcifications are not uncommon, with a prevalence of
13% and no sex predilection; they also appear to be acquired,
though not necessarily secondary to the aging process. On the
basis of review of an unrestricted population undergoing thin-
section CT imaging, we found no statistically significant associa-
tion between the presence of trochlear calcifications and other
common medical conditions, including DM, CKD, HIV infec-
tion, or a history of alcoholism. We did identify strong associa-
tions between the presence of trochlear calcifications and autoim-
mune disease and elevated ALP levels, but the reason for these
associations remains elusive and requires further investigation.

Disclosures: Osamu Sakai—UNRELATED: Royalties: McGraw-Hill Companies.
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