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ABSTRACT

Introduction: Preoperative parathyroid imaging is inevitable part of focused parathyroid surgery. The aim of our study was assessment

of parathyroid scintigraphy diagnostic accuracy regarding to size and metabolic parameters of hyperfunctioning parathyroid tissue.
Material and methods: Parathyroid scintigraphy for suspected primary hyperparathyroidism was performed in 95 patients during years 2015
and 2016. Of them, 75 patients with known clinical outcome (40 underwent surgery, 35 had documented laboratory follow-up) were further
retrospectively evaluated. The performance of dual tracer *™Tc-pertechnetate and **™Tc-MIBI subtraction and dual-time-point *"Tc-MIBI
imaging with SPECT/CT was analysed. Serum parathyroid hormone (PTH), calcaemia, ionized calcaemia and phosphataemia and ultrasound
detected adenoma volume and largest diameter in false negative and true positive findings were compared using Mann-Whitney test.
Results: Sensitivity and specificity of parathyroid scintigraphy was 74.5% and 95.8%, respectively. NPV was 63.8% and PPV 97.4%.
Hyperfunctioning parathyroid tissue detectability was almost significantly associated with hypophosphataemia and PTH levels.
Conclusion: Parathyroid scintigraphy provides high sensitivity and superior specificity in parathyroid adenoma location, nevertheless

the diagnostic accuracy tends to decline in smaller adenomas and in less metabolically active parathyroid tissue causing only subtle
biochemical changes. ¥F-Fluorocholine PET/CT or 3D SPECT/CT subtraction should be a reasonable option for those cases.
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INTRODUCTION

Primary hyperparathyroidism (pHPT) is a common en-
docrine disorder, nowadays most frequently disclosed in
asymptomatic patients during their routine laboratory
check-ups including calcaemia measurements (1, 2). Con-
sequently, the patients are referred to parathyroidectomy
during the early disease stage. This trend leads to a shift
in surgical approach from bilateral neck exploration to
mini-invasive surgery. However, this less invasive ap-
proach is suitable only for patients with successfully lo-
calized solitary adenoma (3).

Parathyroid scintigraphy plays an essential role in
selecting patients for appropriate surgical treatment, al-
lowing precise solitary adenomas location as well as dis-
closure of supernumerary or ectopic parathyroid glands.

*mTc labelled lipophilic cation methoxyisobutilisoni-
trile (*»Tc-MIBI) is used for parathyroid scintigraphy. The
tracer is accumulated in tissues with intensive oxidative
metabolism (due to its high mitochondrial affinity) includ-
ing thyroid and parathyroid glands (4). Dual-time-point
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Fig. 1(a) Early planar scan acquired 10 minutes after ®"Tc-MIBI
administration. Arrow shows suspected parathyroid adenoma.

(b) Delayed scan obtained 2 hours after "Tc-MIBIl administration.
Arrow shows the same suspected adenoma with markedly delayed
radiotracer wash-out.
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*mTc-MIBI imaging is based on markedly delayed
#*mTc-MIBI wash-out from hyperfunctioning parathyroid
tissue (5) (Fig. 1a, b). Scintigraphy spatial resolution is en-
hanced by single photon emission tomography combined
with CT (SPECT/CT) (Fig. 2) and accuracy is improved em-
ploying *"Tc-pertechnetate subtraction (6) (Fig. 3a, b, c).
*mTc-pertechnetate uptake, limited to the thyroid gland,
enables us to distinguish “hot” or “cold” nodules which
may interfere with **"Tc MIBI scan (6).

However, the recent trend to operate patients during
the early disease course could potentially lead to decreased
sensitivity of preoperative localization procedures, due
to lower preoperative serum ionised calcium levels and
smaller adenoma size (7).

Thus the aim of our study was to evaluate sensitivi-
ty, specificity, positive predictive value (PPV), negative
predictive value (NPV) and diagnostic accuracy of our
parathyroid imaging protocol. Our secondary aim was to
compare serum calcaemia (both total and ionized), phos-
phataemia, serum parathyroid hormone (PTH) levels and
sonographically (US) assessed volume and the longest di-
ameter between true positive and false negative findings.

MATERIALS AND METHODS

We retrospectively reviewed 96 patients with suspected
pHPT who underwent parathyroid imaging at the Nuclear
Medicine Department of the University Hospital in Hra-
dec Kralové from January 2015 till December 2016. Only
patients with known clinical outcome (total 75; 40 of them
operated and 35 managed conservatively) were further
evaluated. In the operated patients, the diagnosis of pHPT
was derived from histopathology. In the conservatively
managed patients, the diagnosis was assessed from clin-
ical and laboratory follow-up data: ongoing hypercalcae-
mia and hyperparathyroidism were considered strongly
suggestive of pHPT.

Fig. 2 Neck *™Tc-MIBI SPECT/
CT. Parathyroid adenoma is
clearly visible behind the left
clavicle.
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Tab. 1 Patients baseline characteristics.

Patients baseline characteristics

Number of patients, n 75

Female 66 (88%)
Gender, n (%)

Male 9 (12%)
Metabolic and ultrasound parameters n
Calcemia (mmol/l) 71
Serum ionized calcium (mmol/l) 53
Phosphatemia (mmol/l) 42
PTH levels (pmol/l) 69
US lesion largest diameter (mm) 45
US lesion volume (ml) 30

Patient characteristics are shown in Table 1. Baseline
laboratory parameters and US assessment of suspiciously
enlarged parathyroid gland were provided by the referring
endocrinologists. 1-84 PTH analyses were performed us-
ing chemiluminescence imunoanalysis (system DiaSorin,
Stillwater, USA), chemiluminescent microparticle immu-
noassay (system Architect iSystem, Abbot, Wiesbaden,
Germany) and electrochemiluminescence analysis (sys-
tem Cobas 6000, e601 module Roche diagnostics, Mann-
heim, DE).

Imaging was performed using a SPECT/CT scanner Infinia
Hawkeye 4 (GE Healthcare, Haifa, Israel). Thyroid gland scans
(matrix 128 x 128,500 000 counts) were obtained 20 minutes
after 70 MBq **"Tc-pertechnetate intravenous administration.
Subsequently, 700MBq of *"Tc-MIBI was injected and early
planar scan (from upper pole of parotid glands to diaphragm,
matrix 128 x 128, 500 000 counts) was acquired 10 minutes
thereafter.

Both planar scans were subtracted. This was followed by
SPECT/CT acquisition (128 x 128 matrix, 120 projections, 15
seconds per view; low dose CT parameters: 120 kV, 2.5 mAs).
Delayed scan (for wash-out assessment) was obtained 2
hours after the early *™Tc-MIBI scan. The images were evalu-
ated using dedicated software for hybrid imaging (Volumetrix,
GE Healthcare). For statistical analysis, SigmaStat software
package (Jandel Corporation, San Rafael, CA, USA), version
3.1, was used. As data were mostly non-normally distributed
their summary values were expressed as medians (25th-75th
percentiles) and comparisons between true positive and
false negative findings were performed using non-parametric
Mann-Whitney test.

Fig. 3 (a) Planar scan after ®"Tc-
pertechnetate administration
in another patient. Only thyroid
gland is visible. (b) Early planar
scan acquired 10 minutes after
9mTe-MIBI administration,
suspected adenoma under the
left lobe is faintly visible (arrow).
(c) Suspected parathyroid
adenoma is clearly depicted
using *"Tc-pertechnetate and

| 9"Tc-MIBI subtraction (arrow).

mean median range
2.73 2.75 2.63-2.86
141 142 1.29-1.52
0.84 0.86 0.67-0.97
14.69 11.23 8.4-15.7
13.45 12.00 9-15
0.91 0.32 0.21-0.65
RESULTS

We assessed 75 patients (65 women, 10 men; median age
65 years; range 55-72 years) with suspected pHPT who
underwent parathyroid scintigraphy and had reliably
documented clinical outcome. Parathyroid scan was true
positive in 38 patients, false negative in 13 patients, true
negative in 23 patients and false positive in 1 patient as
shown in Table 2. The sensitivity of our scintigraphic pro-
tocol reached 74.5%, specificity 95.8%, positive predictive
value 97.4% but negative predictive value was only 63.8%,
as summarized in Table 3.

Tab. 2 Pivot table evaluating parathyroid scintigraphy detection
efficiency regarding to clinical outcome (histopatological, imaging
or laboratory proof of hyperfunctioning parathyroid tissue).

Clinical outcome + | Clinical outcome -

Scintigraphy + 38 1
Scintigraphy - 13 23

Tab. 3 Patient-based sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and accuracy based
on true-positive, true-negative, false-positive and false-negative
parathyriod scintigraphy results.

No. of - .

e Sensitivity | Specificity PPV | NPV | Accuracy
(n) (%) (%) (%) (%) (%)

75 74.5 95.8 97.4 63.8 813



Eva Kréalova et al. Acta Medica (Hradec Kralové)

Tab. 4 Comparison of laboratory parameters and ultrasound findings in parathyroid scan true positive and false negative patients.
The p value was calculated using Mann-Whitney test, significance level <0.05.

Serum PTH p Calcaemia Ic:\rl::i(rjnia
(pmol/l) (mmol/1) (mmol/1)
True 14.05 2.8 1.45
ositives (10.83;23.47) (2.69;2.93) (1.36;1.60)
P n=34 n=34 n=25
0.088 0.454
False 10.20 2.78 1.32
negtives (8.75;13.10) (2.65;2.89) (1.17;1.57)
g n=11 n=13 n=11

All but one true positive patients underwent neck US
and enlarged parathyroid glands were detectable in 26 of
37 of them. Neck US was performed in 12 of 13 false nega-
tive patients, and revealed enlarged parathyroid tissue in 9
patients. Baseline neck US performed in 69 of all identified
patients (n = 75) reached overall sensitivity 71.4%, speci-
ficity only 50.0%, PPV 77.0%, NPV only 41.7% and accuracy
65.0%. Because US is highly operator dependent and neck
US examinations were performed by referring endocrinol-
ogists, the data inevitably vary in quality.

Although the largest diameter was lower in false nega-
tive patients than in true positive ones, the difference did
not reach statistical significance. The same was true for
parathyroid tissue volume and calcaemia (both total and
ionized). The differences in PTH levels and phosphatae-
mia between true positive patients and false negative ones
were even more obvious but still slightly above statistical
significance level (Table 4).

DISCUSSION

We achieved superior specificity and very high PPV using
our dual tracer dual-time-point imaging protocol with
SPECT/CT in comparison with the recent study by Raruen-
rom et al. that report sensitivity 80%, specificity 75%, PPV
88.9%, NPV 60% and accuracy 78.6% using the same com-
prehensive imaging (8). Neumann et al. who performed
125]-Nal/**™Tc-MIBI subtraction and SPECT/CT achieved
higher patient-based 88% sensitivity and the same 96%
specificity (9). Nevertheless our NPV and sensitivity were
lower than expected.

Despite the similarity of mean longest diameters of our
true positive and false negative findings with data pub-
lished by Behesti et al. (15.5 + 7.9 mm in our true positives
versus 12.2 + 4.6 mm in false negatives compared to their
17.6 + 74 mm and 13.3 + 6.7 mm, respectively) and the clear-
ly visible trend of missing smaller adenomas, we (unlike
them) failed to prove statistical significance of size differ-
ences between true positive and false negative findings
(10). This is probably caused by our smaller cohort. This
may also apply to parathyroid adenoma volume.

Although small size of parathyroid adenomas (below
the gamma camera spatial resolution) is limiting for im-
aging, accurate location of even subcentimetre parathy-
roid adenomas is required in the minimal invasive surgery
era. On the other hand, high tracer uptake in parathyroid
adenomas with intensive metabolism enables detection

Phospha- Longest Parathyroid
p taemia p diameter | p gland P
(mmol/L) (mm) volume (ml)
14.0 0.47
?(5666_ 078) (11.0;16.0) (0.30;0.73)
R n=16 n=14
0.287 0.078 110 0.233 0.23 0.156
0.845 ) .
(0.680.92) (10;14) (0.19;0.44)
R n=9 n=7

of such lesions (11). In our analysis, successfully detected
parathyroid adenomas volume ranged from 0.3 to 0.7 mil-
lilitres and metabolic changes (particularly PTH levels and
phosphataemia) were more pronounced in those patients.
However, the metabolic changes did not reach statistical
significance in our study.

In fact, association between metabolic markers and
parathyroid scintigraphy positivity differs from study to
study. Formerly published data provided evidence that
PTH is significantly higher in parathyroid scan true posi-
tive patients (12). Also recent study by Hoang et al. found
an association between positive **"Tc-MIBI scan and high-
er serum ionised calcium, increased intact PTH levels and
lower phosphataemia (13). However, an association be-
tween PTH and parathyroid scan positivity was not con-
firmed by Dy et al. (14). In addition, Behesti et al. recently
did not prove statistically significant difference in calcae-
mia and PTH levels regarding to parathyroid adenomas
detectability using ®*Tc-MIBI SPECT/CT (10).

Here, it is necessary to address the issue of normocal-
caemic hyperparathyroidism and hypercalcaemia with in-
appropriately high-normal PTH (normohormonal pHPT).
Diagnosis of normocalcaemic hyperparathyroidism can
only be established if vitamin D deficiency, chronic kid-
ney disease, malabsorption, idiopathic hypercalciuria and
PTH increase due to medication are excluded (1). Normo-
hormonal pHPT is defined as hypercalcaemia without
suppressed PTH levels, presuming that other causes of
hypercalcaemia like malignancy, granulomatous diseas-
es, vitamin D intoxication, renal disease or thiazides or
lithium intake have been ruled out (15). The increasing
number of recognized normocalcemic pHPT may explain
contradictory data regarding to metabolic differences in
true positive and false negative findings in recent stud-
ies (16). Because parathyroid surgery is required in all
asymptomatic patients younger than 50 years as well as
in those with proven subclinical bone or renal impair-
ment (17), localization of such lesions is a big challenge
for preoperative parathyroid imaging procedures. A very
promising scintigraphic method is 3D subtraction of
»mTc-pertechnetate and *"Tc-MIBI SPECT data (18). Nu-
clear medicine option with superior spatial resolution and
sensitivity is *F-Fluorocholine PET/CT. *¥F-Fluorocholine
(FCH) is marker of cell membrane turnover (19). Sensi-
tivity of 94%, specificity 96%, PPV 90.2%, NPV 97.4% and
diagnostic accuracy 95.3% were achieved using this tracer,
making it the most promising tracer with high diagnostic
performance (10, 20). At present, PET/CT centres in the
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Czech Republic depend on FCH supplies from abroad. This
dramatically decreases tracer availability due to its short
physical half-life (109 minutes). Marketing authorisation
of FCH produced in the Czech Republic for parathyroid
imaging is an inevitable step forward to precise preopera-
tive localization of even early and asymptomatic forms of
primary hyperparathyroidism.

CONCLUSION

We achieved good sensitivity, superior specificity and PPV
using our one day dual tracer dual-time-point imaging
protocol with SPECT/CT. Our data suggest that the low-
er NPV probably results from missing smaller adenomas
and hyperfunctioning parathyroid tissue in patients in
the early stage of disease. In view of recently published
data, ¥F-FCH PET/CT or 3D SPECT/CT subtraction may be
reasonable options for patients with asymptomatic, nor-
mohormonal and normocalcemic pHPT.
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ABSTRACT

This article is the second part of an evaluation of musculoskeletal disorders (MSDs) prevalence among dental students. As the majority

of complaints are in the back region, there is an endeavor to analyze objectively the disorders in this region. One of the non-invasive and
non-radiation methods is the spinal curve mapping using the Spinal Mouse® device (Idiag AG, Fehraltorf, Switzerland). The aim of this study
was to determine a correlation between subjectively described complaints and the results of an objective examination of the spine using
the Spinal Mouse® device. Information about the participants is given in the first part of the article. All the participants were examined with
the Spinal Mouse® device in several body positions. Further, the Matthiass test was performed to evaluate neuromuscular stabilization of
the axial skeleton in static conditions. Musculoskeletal pain occurred more often in students who had a higher range of motion (ROM) and
had worse static stabilization of spine. Other assessed factors or measured parameters did not have any influence on musculoskeletal pain.
Some of the parameters measured with the Spinal Mouse® device showed a correlation with the prevalence of musculoskeletal pain.
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MSDs among Czech Dental Students: Objective Part

INTRODUCTION

This article is the second part of an evaluation of mus-
culoskeletal disorders (MSDs) prevalence among dental
students.

MSDs occur frequently among dentists (1-6) and they
often start already during dentistry studies (7-11). The
most frequent areas of pain are neck, lower back and
shoulders. As the majority of complaints are in the back
region, there is an endeavor to analyze objectively the dis-
orders in this region. If X-ray methods were to be used,
they would present a radiation dose for the examined per-
sons and for this reason they are not suitable for screening
of asymptomatic individuals (12-14). One of the non-in-
vasive and non-radiation methods available is the spinal
curve mapping using the Spinal Mouse® device (Idiag AG,
Fehraltorf, Switzerland).

The device is provided with a measuring head with
two wheels that automatically adjust themselves to the
contour of the spine. During the measuring, the examiner
stands behind the examined person and fluently guides
the wheels in contact with the skin along the spine over
the spinous processes from C7 processus spinosus to the
beginning of the gluteal groove, where is the presumed
position of S3 (Fig. 1). The turning of the wheels and the
changes of inclination of the device towards the vertical
line are simultaneously recorded during the examination.
This data is wirelessly transferred to the computer, where

Fig. 1 The Spinal Mouse”® device.
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Fig. 2 Example of results of examination. The reconstructed spinal
curves in standing upright position, maximal flexion and maximal
extension along with the data chart with intervertebral and
segmental angles in different body positions.

the spinal curve is reconstructed. The device can be used
for spinal curve mapping and for an evaluation of the
range of motion (ROM) in sagittal and frontal planes (14).
The acquired information includes the shape of the spine,
the length of measured segments, intersegmental angles,
the angles of thoracic kyphosis and lumbar lordosis, the
range of motion of the whole spine and in individual seg-
ments (Th1/2-L5/S1) and the inclination of the sacrum
(12-14). The results are presented in pictures and tables,
an example is shown in Figure 2.

The relationship between the spinal curve and the de-
velopment of MSD is not clear. The most common spinal
disorders are co-morbid with general health conditions,
but there is alack of clarity in the literature differentiating
which conditions are merely co-morbid versus ones that
are risk factors (15). It seems that postural defects in the
sagittal plane may predict the prevalence of pain with a
higher prevalence of pain in people with a higher angle
of lumbar lordosis (16). In terms of scoliosis, most find-
ings argue against a major etiological role of the idiopathic
scoliotic deformity of adolescents on back pain. However,
the impact of pain in adults’ scoliosis may be entirely dif-
ferent (17).

Another possible use of this device is an examination
of muscular stabilization of the spine, provided by the
standardized Matthiass test. This test is one of the meth-
ods for objectification of the neuromuscular stabilization
of the axial skeleton in static conditions. Impaired neu-
romuscular stabilization is considered to be an important
factor in the development of MSDs. Functioning interplay
between the diaphragm, pelvic floor, abdominal muscles
and paravertebral muscles is crucial for the spinal stabi-
lization (18). Less activation of the transversus abdominis
and multifidus muscle in subjects with low back pain may
contribute to decrease the lumbar stabilization especially
during stoop lift (19). Matthias test was proposed as a di-
agnostic tool for posture faults measurement. The typical
indicator of a weak posture during this test is a forward
hip movement accompanied with lumbar extension (20).
Such adjustment of static stance means a failure of a dy-
namic neuromuscular trunk stabilization principle when
the diaphragm should hold the position just above the pel-
vic floor with an appropriate activation together with ab-
dominal muscles (18).

Spinal mouse was proven to be a suitable tool for re-
search and patient follow-up in the clinical setting as a
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Fig. 3 An examination with the Spinal Mouse® device in standing upright position (a), in maximal flexion (b) and in maximal extension (c).

safe, reliable, quick, and easy to use method with no side
effects (21). The reliability was shown to be strong (12).
“Armvorhaltetest” according to Matthiass, i.e. so called
Matthiass test measures the spinal alignment deviation
during upper arms static loading in 90° shoulder flexion
(20). This function is included as a standard part of Spinal
Mouse® software provided by the manufacturer.

The aim of this study was to gather and analyze infor-
mation about the prevalence of symptoms of MSDs and
the role of potential risk factors among dental students;
this is described in the first part of this article. The second
aim was to determine a correlation between subjectively
described complaints and the results of an objective ex-
amination of the spine using the Spinal Mouse® device.
The results could contribute to understand the early de-
velopment of MSDs among dental students and to find
out possible risk factors detectable during the objective
examination.

MATERIAL AND METHODS

Information about the participants was acquired using a
questionnaire and is given in the first part of this article.

All the participants signed an informed consent. This
study was approved by the Ethics committee of Universi-
ty Hospital Hradec Kralové (Ref. no. 201410 S04P) and by
the dean of the Charles University, Faculty of Medicine in
Hradec Kralové.

All the participants were examined with the Spinal
Mouse® device in the sagittal plane. During the examination
the participants were measured in three basic positions:
standing upright position, maximal flexion and maximal
extension; all the positions without knee flexion (Fig. 3a-c).
Further, the Matthiass test was performed. During this

test the participants held the weight of 1.5 kg in each hand
with arms stretched forward. The spinal curve measure-
ment was done in this position at the beginning and was
repeated after 30 seconds of staying in this position. The
change of the whole spinal inclination (inclination of the

Fig. 4 Matthiass test.
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line connecting Thl and S1 from the vertical line) between
the measurements was evaluated (Fig. 4).

The parameters chosen for the statistical analysis of the
relationship between the subjectively declared musculo-
skeletal pain and the results of an objective examination
with the Spinal Mouse® device were as follow: thoracic ky-
phosis angle, lumbar lordosis angle, inclination of the sa-
crum, the total range of motion, the ratio between the an-
gles of the thoracic kyphosis and the lumbar lordosis (Th/L
ratio), and the change of the spine inclination during the
Matthiass test.

The collected data were statistically analyzed in the
NCSS 10 Statistical Software (2015; NCSS, LLC. Kaysville,
Utah, USA, ncss.com/software/ncss) using methods of
descriptive statistics, two-sample t-test, nonparametric
Mann-Whitney test, Kolmogorov-Smirnov test and non-
parametric Kruskal-Wallis analysis of variance with post
hoc Dunn’s test with Bonferroni modification. The level of
statistical significance was set to a = 0.05.

RESULTS

A total of 182 students participated in this study; there
was a response rate of 94.8%. Their characteristics and an-
swers to the questionnaire are presented in the first part
of this article.

The results of the followed parameters measured with
the Spinal Mouse® device in total and a comparison be-
tween men and women and between the groups of stu-
dents are summarized in Table 1. As the data were not dis-
tributed normally, the median values along with the first
and the third quartiles are presented. ROM was statisti-
cally significantly higher in the fifth year students than in
both the first and the third year students (p < 0.001). The
difference between the first and the third year students
was not statistically significant. There was no statistically
significant difference between the years in all other mea-
sured parameters.

Tab. 1 The results of the Spinal Mouse® examination.

Musculoskeletal pain was more frequent in students
with bigger ROM (p < 0.05) and with worse static stabili-
zation of spine evaluated by the Matthiass test (p < 0.05).
Students with worse static spinal stabilization declared
pain in the neck region more often (p < 0.05). Other pa-
rameters measured with the Spinal Mouse® device didn’t
have any influence on the prevalence of musculoskeletal
pain.

DISCUSSION

The authors endeavored to extend the information from
the questionnaires by the data acquired from the objective
examination of the participants. The examination with
the Spinal Mouse” device is simple, fast and non-invasive
and doesn’t present any radiation dose for the examined
person (13, 14, 22). The measurement is sufficiently valid
and reliable in evaluation of longer segments of the spine
(12-14, 22-25). During the examination with the Spinal
Mouse® device the author encountered several issues. The
measurement was difficult in certain participants, mainly
women, where there was a sharp angle in the lumbar area
during their maximal extension. This was problematic to
record because of the size of the device and/or slipping
of the wheels (8, 14). The measuring was also difficult in
obese individuals for a thicker layer of soft tissues cover-
ing the spine (22). An evaluation of individual interver-
tebral angles may not be valid (26), because the device
doesn’t measure the angles between the vertebral bodies,
but between the spinous processes. Thus, the result may be
distorted by the variable angle of spinous processes in in-
dividual vertebrae (12). Therefore, the above listed param-
eters were selected from the Spinal Mouse® measurement
results for the statistical analysis. The authors presumed,
that a pathology found in the selected parameters may cor-
relate with pain in corresponding regions.

Although the Matthiass test was designed for young-
sters between 6 and 16 years, the authors believe that it is

Gender Year
Total
Male Female First Third Fifth
Median (Q1; Q3) | Median (Q1; Q3) | Median (Q1; Q3) | Median (Q1; Q3) | Median (Q1;Q3) | Median (Q1; Q3)
Thoracic kyphosis [°] | 35.5 (30; 41) 38 (34; 44)* 34 (30; 39)* 35 (31; 40) 36 (27.5; 41.5) 35.5(30.25; 42)
Lumbar lordosis [°] | -31(-37; -24) | -25(-30; -21)** | -35(-39; -28)** | -33(-38; -25) | -32(-37.5; -24.5) | -30(-37; -23)
Angulation 19 (14; 24) 14 (10; 17)** 22 (17; 26)** 19 (14; 25) 20 (14; 24) 18.5 (13; 23)

of the sacrum [°]

151.5 (138.25;

ROM [°] 139 (124;157) | 138(127;154) | 140 (124;160) | 133(117.5;145) | 137(121.5;151) 163

Th/L ratio 1.15(0.9; 1.5) 15(1.3;1.8)** |1(0.8;1.2)** 1.1(0.9; 1.5) 1.2 (0.8; 1.55) 1.2 (0.9; 1.475)
Deviation of Th/L ) . % . *x . . .

ratio from the value 1 | 03 (0.1,0.525) |0.5(0.3;0.8) 0.2(0.1;0.3) 0.2(0.1;0.55) | 0.3(0.2;0.55) 0.3(0.125; 0.575)
Matthiass test [°] -2(-3;0) -2(-4;0) -2(-3;0) -2(-3.5; -1) -2(-4;1) -1(-3;0)

*p<0.01;**p<0.001
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applicable also in the young adults and was useful for the
purpose of this study, because in contrast with a plain static
measurement of the spinal curve shape, it brings the pos-
sibility of objectification of neuromuscular stabilization,
i.e. an evaluation of the key function of the spine muscula-
ture related to the development of the vertebrogenic algic
syndrome.

Tsuonda et al. (27) found an influence of lumbar lordo-
sis angle on the cervical spine pain and shoulder painina
group of 329 volunteers with an average age of 65.5 years.
The authors of this study showed in their previous study
among dental practitioners with an average age of 38.9
years an influence on the prevalence of musculoskeletal
pain by the lumbar lordosis angle, angulation of the sa-
crum and Th/L ratio (8). On the contrary, the only param-
eters measured with the Spinal Mouse® with influence on
musculoskeletal pain prevalence in this study were ROM
and the Matthiass test. An interesting finding was that the
worse results in the Matthiass test correlated with high-
er prevalence of pain in the cervical spine. This shows a
close correlation between the neuromuscular stabilization
of the thoracic and lumbar spine and the function of the
cervical spine. None of the statically measured parameters
of the spinal curve shape showed an influence on muscu-
loskeletal pain. The reason may be the relatively low age
of the students, where the MSDs are rather of a functional
nature and it is not possible to reveal them with statically
performed imaging methods. It is also necessary to men-
tion the fact, that the subjectively declared pain is not di-
rectly dependent on the structural findings, even in case of
advanced imaging methods, such as MRI (28). This can be
explained especially by the factor of dynamic neuromus-
cular stabilization, which is not directly reflected in plain
static examination (18). However, the authors assume that
the level of neuromuscular trunk stabilization was evalu-
ated by the Matthiass test to a great extent. After several
years of dental practice and with an absence of preven-
tion or treatment it can be supposed that MSDs progress
more often to structural findings detectable by the Spinal
Mouse® device.

A limitation of this study was that different students
were involved in different years. For more precise evalu-
ation of the development of the relationship between the
musculoskeletal pain and the objective findings it would
be useful to evaluate the same students gradually in the
first, third and fifth year, followed by an evaluation of
the same participants after a few years of dental practice.
Also, some other device or method might be used to the
objective examination of the locomotive apparatus.

CONCLUSIONS

The correlation of the spinal curve shape in different body
positions measured statically in the sagittal plane with the
prevalence of musculoskeletal pain was not proved in this
study.

The worse neuromuscular stabilization of the spine
evaluated by the Matthiass test and the higher ROM of
the spine showed a relation with the prevalence of mus-
culoskeletal pain. This indicates that poor neuromuscular

Martin Kapitan et al. Acta Medica (Hradec Krélové)

spine stability is a risk factor for the development of mus-
culoskeletal pain.

There was a bigger ROM among the fifth year students.
No other measured parameter differed between the stu-
dents in different years.
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Alteration of Thiol-Disulfide Homeostasis
in Fibromyalgia Syndrome
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ABSTRACT

Background: Fibromyalgia syndrome (FMS) is an extra-articular rheumatological disease, characterized by widespread pain and somatic
symptoms. The etiology has not yet been clarified. Oxidative stress may play an important role in FMS etiology. Thiol group is a very strong
antioxidant. We aimed to investigate whether thiol/disulfide homeostasis in FMS is altered or not.

Material and methods: A total of 80 female FMS patients and 64 healthy female control individuals were included in this study. Thiol and
disulfide values were measured by Erel’s novel methods.

Results: Native thiol (330.6 + 46.1vs. 356.8 + 55.5 umol/L, p = 0.005) and native thiol/total thiol (89.4 + 3.2 vs. 93.3 + 4.0, p < 0.001) levels
of FMS patients were significantly lower when compared to the values of control group. However, disulfide (19.4 + 6.3 vs. 12.2 + 6.3 umol/L,
p < 0.001) levels of FMS patients were significantly higher than healthy individuals. A negative correlation was found between the native
thiol/total thiol and fibromyalgia impact questionnaire (FIQ) score among the FMS patients. A positive correlation was found between
disulfide values and FIQ score among the patients.

Conclusions: In FMS patients, there was a significant correlation between the decrease in the thiol levels and an increase in the disulfide
levels with the FIQ scores. We determined that thiol-disulfide rate was deteriorated in FMS patients and it increases in favor of disulfide
amounts.
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fibromyalgia; thiol; disulfide; thiol/disulfide homeostasis; oxidative stress
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INTRODUCTION

Fibromyalgia syndrome (FMS) is an extra-articular rheu-
matological disease characterized by widespread pain
and somatic symptoms. The etiology has not yet been
clarified. It is manifested with fatigue, sleep disorders,
migraine, depression, irritable bowel disease, panic dis-
order and decreased pain threshold (1). FMS is generally
seen in the middle-aged female populations (2). Although
the patients frequently experience musculoskeletal pain,
the laboratory findings and the radiological examinations
are normal (3). There are various studies reporting the role
of genetic and biochemical markers and antibodies in the
FMS pathogenesis. Polymorphisms of 5-hydroxytryptamine
receptor 2A (5-HT2A), catechol-O-methyl transferase (COMT)
gene, serotonin transporter (SERT) gene, substance P gene,
and cytokines genes (Interleukin [IL]-1and IL-4) are defined
in FMS. All these gene polymorphisms detected in FMS are
associated with monoamine metabolism and transporta-
tion. Thus, the products of these genes are severely affect-
ed by stress (4-6).

FMS has recently been associated with the deteriora-
tion of the oxidative stress and the antioxidant balance.
According to the studies, it has been observed that total
antioxidant capacity and compounds of the antioxidant
defense system are lower in FMS patients when compared
to healthy individuals (7). It has also been reported that li-
pid peroxidation and the oxidative stress increase in FMS.
Reactive oxygen specimens (ROS) production is consid-
erably higher in FMS patients as a result of the oxidative
stress compared to controls. Increased ROS and decreased
coenzyme Q10 levels in FMS are the indicators of mito-
chondrial dysfunction (8, 9).

Thiols may react with free radicals in order to preserve
the organism against tissue and cell injury which can occur
due to ROS. Thiols are the compounds that contain sulfhy-
dryl (SH) groups (10). The highest thiol amount in blood
plasma exists in albumin and others proteins (11). Thiol
groups form disulfide bonds as a result of being reduced
by oxidant molecules (12). These structures can turn into
thiols again. When the thiol and thiol/disulfide balance is
deteriorated, ROS deteriorate the protein structures and
cause cellular and tissue damage (13). Erel et al. developed
an automated method which can separately measure thiol/
disulfide group and the evaluated thiol/disulfide rates sig-
nificantly change in various diseases (10-14).

In this study, the relationship between the thiol/di-
sulfide balance and the FMS was examined. Furthermore,
we also controlled whether or not the thiol/disulfide bal-
ance is deteriorated in FMS patients when compared to
healthy controls.

METHODS

This cross-sectional study was conducted in our Rheuma-
tology, Physical Medicine and Rehabilitation clinics be-
tween January 2016 and April 2016. Eighty female patients
who had complaints at least for the last three months and
64 healthy female controls were included in the study.
The control group was selected among the voluntary
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individuals. Patient and control groups were compatible
interns of age and body mass index (BMI). Patients were
selected according to the ACR 2010 diagnosis criteria (15).
Disease activities of FMS patients were evaluated by us-
ing Fibromyalgia Impact Questionnaire (FIQ) scores and
the sleep quality of patients was assessed by using the
Pittsburg sleep quality scale (PSQS). Patients and con-
trols with concomitant systemic situations and additional
properties such as vegetarian or vegan, smoking, alcohol
use, pregnancy, and breastfeeding were excluded from
the study. Furthermore, patients with comorbidities such
as hypertension, cardiovascular disease, acute or chronic
kidney disease, infections, chronic obstructive pulmonary
disease, and malignancies were not included in the study.
In addition, individuals who were on any type of medica-
tion (including contraceptives) or antioxidants were not
included in the control group. Patients who were on drugs
other than the ones used for the FMS treatment were not
included in the patient group. All of the individuals were
informed about the study and their written consents were
obtained. The local ethics committee approval was ob-
tained for the study.

FIBROMYALGIA IMPACT QUESTIONNAIRE

FIQ was developed by Burckhard et al. in order to evaluate
the functional status of the FMS. The Turkish reliability
and validity study of the scale was conducted by Sarmer
et al. The physical sufficiency was evaluated via the sur-
vey which was composed of 11 items related to the daily
activities (16, 17). The questions were aiming to highlight
well-being and the loss of daily work, difficulty in work-
ing, pain, fatigue, and well-being in the morning after
waking up, stiffness, anxiety, and depression. High scores
presented functional limitations.

PITTSBURGH SLEEPING QUALITY SCALE

Buysse et al. developed the PSQS. The PSQS scale mainly
evaluates the sleep quality, the amount of sleep, and sleep
disturbances (18). The Turkish validity and reliability
study of this study was conducted by Agargun et al. (19).
The scale is composed of 19 questions and it is scored be-
tween O and 3. PSQS is composed of seven sub-dimensions
such as subjective sleep quality, sleep latency, sleep dura-
tion, sleep adequacy, sleep disturbances, the use of sleep-
ing pills, and days of dysfunction. High scores reflect the
low sleep quality (18).

BIOCHEMICAL ANALYSIS

Venous blood samples of all individuals were collected into
a dry tube after 10-12 hours of fasting and after 30 min-
utes of rest. All the blood samples were collected between
8 am and 9 am under the same conditions. Blood samples
were centrifuged at 1000 g for 15 minutes right after they
were taken. Serum samples were separated into different
tubes and they were stored at -80 °C for the analyses. Com-
plete blood count examined via flow cytometry technique
(Mindray BC-6800 Auto Hematology Analyzer, Shenzhen,
China); C-reactive protein (CRP), ALT and creatinine tests
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were performed by spectrophotometric method (Ab-
bot-Architect 8000, Japan); and erythrocyte sedimen-
tation rate (ESR) was measured by Westergren method
(Berkhum SDM-100, Turkey). Analyses were performed in
the biochemistry laboratory of the Malatya State Hospital.

THIOL/DISULFIDE MEASUREMENT

Serum native thiol (NT), total thiol (TT) and disulfide lev-
els (umol/L) were measured by the method which was de-
veloped by Erel et al. (14) Disulfide/native thiol (DNT), di-
sulfide/total thiol (DTT) and native thiol/total thiol (NTT)
rates were calculated (%). In the presence of the sodium
borohydride, disulfide bonds were reduced to functional
thiol groups particularly. Then, the sodium borohydride
was removed with the help of formaldehyde. Reduced and
NT groups were measured after the 5,5-dithiobis- (2-ni-
trobenzoic) acid (DTNB) reaction. (Disulfide amount was
calculated by dividing the difference between TT and NT
by two.

STATISTICAL ANALYSIS

The results were given as mean + SD and median (range).
SPSS program (version 18, IBM, Chicago, IL, USA) was used
for the statistical analysis. The homogeneity of the distri-
bution of the groups was evaluated by Kolmogorov Smirn-
ov test. Student’s t-test was used for the data with normal
distribution, the non-homogenous data such as ESR, CRP
and pain duration were analyzed with Mann Whitney-U
test. Categorical data were evaluated by chi-square test.
Pearson correlation test was used for correlation analysis.
A p value of < 0.05 was considered significant.

Tab. 1 Demographic and clinic features of patients and control group.

Fibromyalgia (n = 80) (mean : SD)

Age (years) 41.4+76
BMI (kg/m?) 26.7+3.7
Occupation (housewife/working) (n) 46/34
Pain duration (years) (median [range]) 3.0 (0.5-20.0)
FIQ score 68.6 +11.1
Number of sensitive points (n) 13.7+2.8
PSQS 75+3.7
SSRI (n) 33

MAOIs (n) 5
Pregabalin (n) 24
Gabapentin (n) 5
NSAIDs without other drugs (n) 13

NSAIDs with other drugs (n) 37

Opioids (n) 0
Cannabinoids (n) 0
Contraceptives (n) 0

Ayca Tuzcu et al.  Acta Medica (Hradec Kralové)

RESULTS

FIQ scores, number of sensitive points, and duration of
pain were higher in FMS patients when compared to the
controls (p < 0.001). In Table 1, sociodemographic charac-
teristics, working status, medications, and clinical find-
ings are given.

NT (p = 0.005) and NTT (p < 0.001) values of FMS pa-
tients were higher when compared to healthy controls.
Similarly, disulfide (p < 0.001), DNT (p < 0.001) and DTT
(p < 0.001) values were also higher in FMS patients com-
pared to the controls. CRP and ESR values of FMS patients
were found similar to the control group values. Thiol, di-
sulfide and other biochemical findings of FMS patients are

500.04
p=0.005
450.0- T
S 4000 T
€
=
S 350.0
E
2
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Fibromyalgia syndrome Control
Fig. 1 Native thiol in Fibromyalgia syndrome.
Control (n = 64) (mean * SD) Pvalue
399 +10.9 0.341
26.5+5.6 0.811
36/28 0.234
0.4 (0-9.0) 0.001
36.2+23.7 0.001
10+14 0.001
3.8+3.2 0.001
0 0.001
0 0.001
0 0.001
0 0.001
0 0.001
0 0.001
0 1.000
0 1.000
0 1.000

Abbreviations: BMI - body mass index; FIQ - Fibromyalgia Impact Questionnaire; PSQS - Pittsburgh Sleeping Quality Scale; SSRI - selective serotonin
reuptake inhibitor; MAOIs - monoamine oxidase inhibitors; NSAIDs - non-steroidal anti-inflammatory drugs.
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Tab. 2 Results of thiol, disulfide and biochemical parameters in fibromyalgia and control groups.

Fibromyalgia (n =8 0) (mean * SD)

Native Thiol (umol/L) 330.6 + 46.1
Total Thiol (umol/L) 369.5 + 49.0
Native thiol/total thiol x100 89.4 £3.2
Disulfide (umol/L) 19.4 + 6.3
Disulfide/native thiol x100 592x2.0
Disulfide/total thiol x100 52+16
BUN (mg/dl) 129£1.2
Creatinine (mg/dl) 07+0.4
AST (1U/1) 179+ 6.4
ALT (1U/1) 17.4 +10.5
HB (g/dl) 129+1.2
CRP (mg/dl) (median [range]) 0.3(0-14.0)
ESR (mm/h) 151+83

Control (n = 64) (mean * SD) P value
356.8 £+ 55.5 0.005
381.3+51.3 0.183
93.3+4.0 0.001
122+6.3 0.001
3625 0.001
3320 0.001
133+11 0.062
0.7+0.1 0.454
195+ 8.0 0.201
194 +9.7 0.237
13.3+11 0.062
0.3(0-4.3) 0.480
155+9.3 0.817

Abbreviations: BUN - blood urea nitrogen; AST - aspartate aminotransferase; ALT - alanine aminotransferase; CRP - C-reactive protein; ESR - erythrocyte

sedimentation rate.

given in Table 2. The NT levels are shown in Figure 1 and
disulfide levels are shown in Figure 2.

There was a positive correlation between FIQ and BMI
(r =0.227, p = 0.006) and age (r = 0.240, p = 0.004). In our
study, there was not any correlation between CRP, ESR
and FIQ, number of sensitive points, and duration of pain,
thiol, and disulfide levels. There was a negative correlation
between FIQ scores and NTT levels. We found a positive
relationship between FIQ scores and disulfide, DNT and
DTT values. There was a negative correlation between the
number of sensitive points and NT and NTT levels while a
positive correlation between D, DNT, and DTT was found.
There was a positive relationship between the pain dura-
tion and disulfide values. FIQ scores, number of sensitive
points and pain duration and thiol and disulfide levels
had positive correlations. Results are given in Table 3.
Correlation between disulfide and FIQ score is shown in
Figure 3. Additionally, there was a negative correlation

40.0

p<0.001

30.0

20.0 A

Difulfide (umol/L)

10.0 A

0.0 1 i

T T
Fibromyalgia syndrome Control

Fig. 2 Disulfide levels in Fibromyalgia syndrome.

between PSQS and NT (r = -0.211, p = 0.012), TT (r = -0.170,
p = 0.043) and NTT (r = -0.190, p = 0.023). However, we
found a positive correlation between PSQS scores and di-
sulfide (r = 0.166, p = 0.048), DNT (r = 0.172, p = 0.040) and
DTT (r = 0.193, p = 0.021).

DISCUSSION

The thiol levels of FMS patients were lower and the disul-
fide levels of patients were higher compared to control
individuals. There was a significant relationship between
thiol levels and FIQ scores, the number of sensitive points,
and PSQS scores. FMS is commonly observed in women
and it is characterized by a widespread pain. However, the
etiology of FMS has not yet been clarified. FMS is asso-
ciated with increased oxidative stress, widespread pain,
fatigue and depression (20, 21). Chronic inflammation and
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Fig. 3 Correlation between disulfide and FIQ score.



16

Ayca Tuzcu et al.  Acta Medica (Hradec Kralové)

Tab. 3 Results of thiol, disulfide and other parameters for correlation analysis in fibromyalgia.

FIQ score

rvalue p value
Native Thiol -0.142 0.091
Total Thiol -0.068 0.421
Native Thiol/Total Thiol -0.240 0.004
Disulfide 0.272 0.001
Disulfide/Native Thiol 0.220 0.008
Disulfide/Total Thiol 0.240 0.004
Number of sensitive points 0.684 0.001
Pain Duration 0.396 0.001

Abbreviations: FIQ, Fibromyalgia Impact Questionnaire.

oxidative stress can cause deterioration in the hypotha-
lamic-pituitary-adrenal axis and thus FMS can occur (22).
Oxidative stress can lead to mitochondrial damage and the
deterioration of the energy balance and antioxidant de-
fense system by affecting the protein kinases. Mitochon-
drial damage also takes place in FMS etiopathogenesis (23,
24). In the study of Neval et al., it was shown that total
oxidant status and oxidative stress status were higher and
total antioxidant status was lower in FMS patients when
compared to the controls (25). The study by Fatima et al.
showed that lipid peroxidation levels of FMS patients were
higher and levels of antioxidant defense system enzymes
such as glutathione peroxidase (GPx) and glutathione re-
ductase in FMS patients were lower than the controls (21).
However, there are studies stating that oxidant and anti-
oxidant capacity of FMS patients were similar with the
control group. Akbas et al. showed that GPx enzyme levels
were similar in both FMS patients and healthy individu-
als (26, 27). Similarly, Toker et al. indicated that the isch-
emia-modified albumin levels were also similar in FMS
patients and controls (26). Bozkurt et al. found that the
oxidant status and oxidative stress index values of FMS
patients were higher than controls but total antioxidant
status and paraoxonase-1 levels were similar in patients
and controls (28). Regarding these results, there are con-
tradictory findings in the literature.

Glutathione is a tripeptide containing thiol and it pro-
tects the organism from the oxidative stress by activity of
the enzyme GPx (29). In many studies, instead of study-
ing the direct thiol group, glutathione and GPx levels were
studied. Many drugs have a positive or negative effect on
thiol levels (30). Our patients used selective serotonin
reuptake inhibitors (SSRIs), monoamine oxidase inhib-
itors (MAOIs), non-steroidal anti-inflammatory drugs
(NSAIDs), pregabalin and gabapentin. SSRIs are found to
increase GPx, glutathione and thiol levels in the brain tis-
sue while they cause a severe decrease in GPx, glutathione
and thiol levels in the liver tissue (31). It has been report-
ed that pregabalin, gabapentin, and NSAIDs decrease GPx
levels (30-33). The low level of GPx and glutathione indi-
rectly indicates the low thiol levels. In this study, low thiol
levels in FMS patients may be due to the use of these drugs.

It was shown by Sarifakioglu et al. that there was
a strong relationship between the oxidative stress

Number of sensitive points | Pain duration

rvalue p value rvalue p value
-0.267 0.001 -0.080 0.341
-0.133 0.113 -0.024 0.778
-0.476 0.001 -0.164 0.051
0.492 0.001 0.204 0.015
0.451 0.001 0.149 0.075
0.475 0.001 0.164 0.050
0.417 0.001
0.417 0.001

parameters and FIQ, Beck depression inventory and visual
analog scale scores (34). In our study, there was a strong
positive relationship between thiol levels of FMS patients
and their FIQ scores, number of sensitive points and the
PSQS. On the other hand, we found a negative correlation
between disulfide levels and FIQ scores, sensitive points,
and the PSQS. Thiols have roles in the maintenance of the
oxidative balance and they are molecules that contain
sulfhydryl groups (10). Thiols create disulfide bonds in
the presence of oxygen via oxidation (12). Thiols are main-
ly present in albumin and other protein derives such as
cysteine, methionine, and reduced glutathione (35). Thiols
have important roles in the clearance of hypochlorous acid
from the body (36). It shows that oxidative stress increases
due to the low thiol levels and high disulfide levels. The
plasma thiol measurement was previously performed by
using old manual methods (37). However, Erel et al. have
recently found a cheap, easy, reliable, and fully automated
method and the thiol/disulfide balance can be measured
by using this technique (14). Using this method revealed
that the balance of thiol/disulfide was deteriorated in fa-
vor of the disulfide in diseases such as Familial Mediter-
ranean fever, cardiac disease and diabetes mellitus which
are characterized with an enhanced oxidative stress (13,
38, 39). In our study, we showed that FMS patients have
lower thiol levels and higher disulfide levels compared to
controls. In FMS patients, there was a strong relationship
between the number of sensitive points and the thiol/di-
sulfide levels. Furthermore, the sleeping status and the
thiol levels of the patients had a relationship. Our findings
lead us to think that thiol/disulfide balance is deteriorated
in FMS and oxidative stress has a role in the etiology of
this disease.

In our study, CRP levels of our patients were not
high and there was no correlation between the CRP lev-
els and thiol levels of patients. CRP is a good indicator of
inflammation. However, fibromyalgia is not an inflam-
mation-related disease and CRP increase is not expect-
ed in the course (3). Xiao et al. showed that high sensi-
tive (hs)-CRP levels were higher in FMS patients when
compared to controls (40). However, patient and control
groups were not matched regarding BMI-matched; FMS
patients and controls had prominent weight difference.
The group found that hs-CRP increased even though the
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inflammation status was low. Rus et al. showed that both
normal and the over-weighted FMS patients had higher
CRP levels compared to the controls. However, a relation-
ship was present between CRP levels and disease activity
of the over-weighted FMS patients (41). Rus et al. had a
smaller sample size and it is possible that the results might
be affected due to the sample size. Xiao et al. and Rus et al.
reported high CRP levels in obese FMS patients. It is well
known that obesity causes inflammation. Therefore, stud-
ies of Xiao et al. and Rus et al. may found high CRP levels in
FMS patients due to the obesity status of individuals rath-
er than the disease. CRP is mostly secreted from the liver
and CRP release is mainly induced by interleukin-6 (IL)-6.
If the IL-6 release is low or if there is a lack of response
against IL-6, CRP levels may not increase (42). It is known
that IL-6 levels are not increased in FMS and both patients
and the controls have similar levels of IL-6 cytokine (43,
44).In our study, we found similar levels of CRP in both the
patient group and the control group most probably due to
the lack of increase in IL-6 levels. Furthermore, increased
cytokine level increases the oxidative stress but cytokine
release is not required for the formation of the oxidative
stress (45). This can be the reason why we could not reveal
any relationship between CRP levels and thiol groups.

As a result, this study concluded that thiol levels were
lower and disulfide levels were higher in FMS patients
when compared to the controls. The change in the thiol/
disulfide balance in favor of disulfide amounts reflects the
oxidative stress. Increased oxidative stress can have a role
in the deterioration of the thiol balance in FMS patients.
It is possible to examine whether or not drugs with thiol
groups have positive effects on FMS patients.
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Nightstick Fractures, Outcomes
of Operative and Non-Operative Treatment

Mohammed Ali*, D. I. Clark, Amole Tambe

ABSTRACT

Introduction: A nightstick fracture is an isolated fracture of the ulnar shaft. Although operative and non-operative treatments have been
commonly decided by the degree of displacement of the fracture, still there is a controversy specially in those moderately displaced. Herein
we report our experience with nightstick fractures.

Objective: To evaluate operative and non-operative treatment of nightstick fracture.

Materials and methods: We retrospectively reviewed the clinical notes, physiotherapy letters and radiographs of 52 patients with isolated
ulnar shaft fractures. Outcome Measurements included radiographic healing, post-operative range of motion and complications.

Results: The study included 13 females and 39 males, with a mean age of 26 years [range, 18-93 years]. The mean Follow-up period was
32 months ranged from 12 to 54 months. Ten patients were treated non-operatively; forty-two patients had open reduction and internal
fixation including six open fractures. The average wait for surgery was 2.5 days. Mobilisation was commenced immediately after the
surgeries non-load bearing. 40 patients had no complications post-operatively with good outcome and average of four visits follow-up. In
the non-operative group, five out ten failed and had a mean follow-up of nine visits.

Conclusion: Satisfactory outcome is to be expected with open reduction and internal fixation. Fractures with less than 50% displacement
should be treated on individual bases, considering; age, pre-morbid functional status, co-morbidities, compliance and associated injuries.
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nightstick fracture; ulnar shaft fracture; non-operative management; non-union
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INTRODUCTION

A nightstick fracture is an isolated fracture of the ulnar
shaft (IUSF) associated with a direct blow usually as a re-
sult of the forearm being held in protection across the face
(1). It can also occur with excessive supination or prona-
tion. In these fractures, the integrity of the periosteum
and the interosseous membrane determines the stability
of the fracture and this is normally indicated by the initial
displacement. Although typically closed fractures, they
have a higher rate of delayed union or non-union. The aim
of management is to prevent the complications of mal-
union and non-union and restore the best possible func-
tion of the limb. Majority of nightstick fractures used to
be treated non-operatively (1) and numerous methods of
immobilisation have been adopted by surgeons. However,
the treatment of isolated ulnar fractures remains contro-
versial, with different authors advocating both surgical
and non- surgical management. Herein we report our ex-
perience with nightstick fractures.

METHODS

Retrospectively, we reviewed 96 consecutive patients
with ulnar shaft fractures admitted to our hospital from
September 2010 to December 2015. The study comprised
review of patients’ clinical notes and radiographs. Ulnar
shaft fractures with ipsilateral radial, humeral, or wrist
fractures were excluded. Add to that, Monteggia fractures
were excluded, as were fractures of the olecranon or cor-
onoid or styloid processes. These fractures resulted from
assaults with a stick like weapon, road accidents or falls.
52 patients met the inclusion criteria. The method of treat-
ment was decided by the treating surgeon. Part of these
fractures was treated with open reduction and internal
fixation using plates and the other part were treated closed
with an above elbow arm cast.

We also reviewed the site of these fractures (proximal,
middle, or distal shaft) and the degree of displacement.

Surgeries were performed either under general anaes-
thesia with local anaesthetic infiltration or regional block.
Patients were placed in a supine position with the arm
placed on an upholstered arm-board. Pneumatic tourni-
quet was used in all cases. An ulnar approach to the ulnar
shaft was performed in all operative cases.

For antimicrobial prophylaxis, Cefuroxime was used
intravenously, with 1.5 g injected intra-operatively and
0.75 g injected after 8 and 16 hours. The operated arm of all
patients had a wool and crepe dressing and put in a broad
arm sling post-operatively.

Patients started gentle wrist and shoulder movement
non-load bearing immediately after surgery. Patients then
seen after two weeks in outpatient clinics, where they had
a wound check and started gentle elbow exercise includ-
ing active pronation/ supination movement. All patients
had post-operative physiotherapy referral initiated at two
weeks as per our hospital protocol. Reduction and fixation
were checked with plane radiographs at two weeks, six
and 12 weeks post-operatively. Based on the progress with
the physiotherapy and the bony union on the radiographs
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they either discharged with an open appointment or given
further follow-up appointment.

In the non-operative group; immobilisation was ob-
tained through an above elbow back-slab in a mid-prone
position with the elbow in 90 degrees flexion and the wrist
in aneutral position. After one week, patients had a repeat
radiograph to check the position of the fracture. The back-
slab was then either completed or converted to a full cast at
one week if the fracture position still acceptable. Patients
had x-rays at two and four weeks in view of late slipping.
Patients also had x-rays at 8 weeks and when there was
good evidence of healing, cast was removed they were re-
ferred to physiotherapy. At 12 weeks, they will be reviewed
again with plain radiographs to assess the healing of the
fracture specially if patients are symptomatic.

Upon review, fracture union was considered when
there is a bridging callus with no tenderness or movement
at the fracture site. Non-union was declared when there
was evidence of hypertrophic callus without bridging and
persistent pain at the fracture site.

RESULTS

52 cases were found to be isolated ulnar shaft fractures.
This included 13 females and 39 males, with a mean age of
26 years [range, 18-93 years]. The mean Follow-up period
was 32 months ranged from 12 months to 54 months. One
patient had proximal third shaft fracture, 12 patients had
distal shaft fractures and 39 patients demonstrated mid
shaft fractures. 16 fractures were comminuted, 22 oblique
displaced fractures, 13 transverse displaced fractures, one
un-displaced transverse fracture. 6 patients had Open
fractures.

THE OPERATIVE GROUP

42 patients had open reduction and internal fixation using
plate and screw fixation, this group included six open frac-
tures. 38 fractures were fixed using a dynamic compres-
sion plate (DCP) and four with a limited contact dynamic
compression plate (LC-DCP) (Figure 1). The mean waiting
time for surgery was 2.5 days, ranging from 1 to 7 days.

None developed wound infection or wound breakdown
post-operatively. There were no recorded instances of
nerve damage.

Adequate union was achieved in 40 (95%) cases. Two
patients (5%) after DCP fixation, developed non-union
during the follow-up (20 and 24 weeks) period and re-
quired a revision surgery (Figure 2). Fixation in both cas-
es was done after anatomical reduction. Both patients had
uneventful early post-operative course however one pa-
tient was reported to be a smoker and the other patient
we could not find any mechanical or biological reason for
the non-union.

In the 42 surgical cases; Anatomical reduction from
time of surgery was maintained in all patients during
follow-up. All patients were reported to have full supina-
tion, pronation and mean flexion arc of 10 to 130 degrees
(+/-10) at 12 Week. Good callus formation was noted in
40 patients at 12 weeks. No reported cases of mal-union or
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Fig. 1x-rays show anatomical reduction of the fracture and fixation
using plate and screws.

metal work failure. Only one patient was reported to de-
velop metal work irritation from a DCP plate and required
a metal work removal after 6 months. The average number
of hospital visits was 4 (ranged from 4 to 6 visits).

THE NON-OPERATIVE GROUP

Ten patients were treated non-operatively (Table 1). Five
patients were declared to fail non-operative treatment.
One patient developed a mal-union however; he was hap-
py with the function and did not want to go down the

Fig. 2 X-rays show revision of a non-united fracture.

surgical route. At two weeks, four patients had further
displacement beyond the acceptable limits. Three of them
had a surgical fixation after two weeks and one patient was
deemed not to be fit for surgery and went into non-union.
The average number of hospital visits was 9 (ranged from
7 to 10 visits).

The other five patients had above elbow plaster cast in
a mid-prone position. Cast was reduced to below elbow at
4 weeks and removed at eight weeks. Patients were then
referred to physiotherapy. At 12 weeks, they were reviewed
again with plain radiographs and fractures deemed to be

Tab. 1 Patients who received non-operative treatment.

Age/sex ASA PMH Smoking | Fracture Treatment Complications
73/M 4 IHD, OP No Mid-shaft disp-oblique Above elbow casting Non-union
49/M 1 None No Mid-shaft comminuted Above elbow casting None
89/M 4 OP, IHD, CKD | No Mid-shaft comminuted Above elbow casting None
35/F 1 None No Distal third disp-oblique | Above elbow casting None

. S . Above elbow casting Further displacement
21/M 1 None Yes Distal third disp-oblique / ORIF beyond acceptable limit
73/M 2 PVD, OP No Mid-shaft disp-trans Above elbow casting None
59/F 3 CKD, OP No Mid-shaft disp-trans Above elbow casting None

) o Above elbow casting Further displacement
51/F 1 None No Distal third disp-trans / ORIF beyond acceptable limit
32/M 1 None No Mid-shaft disp-trans MUA/Above elbow Mal-union

casting

. . Above elbow casting Further displacement

18/M 1 None No Mid-shaft undisp-trans / ORIF beyond acceptable limit
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united based on radiographs and clinical examination. Pa-
tients were reported to have (-5 degrees) from full supina-
tion and pronation and mean flexion arc of 10 to 120 de-
grees (+/- 10). At 12 weeks, all were discharged to the care
of the physiotherapy and left with an open appointment
should they have any problems in the future.

DISCUSSION

Non-operative treatment has been embraced by many
authors and traditionally, benign neglect or non-oper-
ative management was reported to give satisfactory re-
sults with a prompt return to function and good healing
rates. Traditionally, non-operative treatment was mainly
recommended for non-displaced fractures or fractures
with less than 50% displacement (2-4). The 1984 paper by
Dymond et al. (5) which was authored based on a cadav-
eric study, concluded that more than 50% displacement
involves considerable disruption of the periosteum and
of the interosseous membrane. These displaced fractures
were deemed to be unstable and necessitate above-elbow
immobilisation for stability. In a minimally displaced ul-
nar shaft fracture, these structures, together with the in-
tact radius, provide a strong stabilizing effect, which may
explain why some authors (6, 7) were able to achieve sat-
isfactory outcomes by treating low-energy ulnar fractures
with minimum immobilization (8, 9). Furthermore, two
studies have concluded that minimally displaced [USFs
in the middle and distal third of the ulna are stable and
can be mobilised at earlier stages (10, 11). On the other
hand, some authors suggested that proximal IUSF are best
treated by ORIF, believing that the soft-tissue forces tend
to destabilize fractures in this region. Also, it is possible
that some of these are occult Monteggia fractures that
have spontaneously reduced (9, 10). Hopper and Sarmien-
to although they advised non-operative treatment for di-
aphysial fractures in the distal two thirds, they excluded
those in which the bone ends are displaced by 5 mm or
more and advised to be treated with open reduction and
internal fixation, particularly if the mechanism of inju-
ry was high energy (2, 11). Riska and Nottage, shared the
same views however, they excluded patients with head in-
jury, spinal cord injury, or poly-trauma patient in whom
internal fixation of distal two-thirds ulnar fractures may
facilitate acute care or rehabilitation (12, 13). Szabo et al.
(14) retrospectively reviewed the treatment and outcome
of 46 isolated fractures of the ulnar shaft. 18 fractures had
internal fixation and 28 were treated closed. One open
fracture became infected following fixation and failed to
unite. Seven failed the non-operative treatment and end-
ed up with non-union. They suggested prognostic factors
for non-union in non-operatively treated fractures which
inclde; proximal third fractures and those with displace-
ment 5 mm or more.

Immobilisation positions have been discussed as hav-
ing a great role in maintaining fracture reduction and
the eventual acceptable alignment of the healed fracture.
Traditionally, recommendations for immobilizing the
forearm in neutral, supination, or pronation positions
have been based on theory, anecdotal experience, and
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tradition (15-18). A few clinical studies have shown suc-
cess with the forearm immobilized in either pronation or
supination (16, 18). Altner et al. (19) in their series, they
immobilised patients in a mid-prone position and report-
ed good results. Add to that Boyer et al. (20) evaluated the
effect of forearm position on the healing outcomes follow-
ing non-surgical treatment using above elbow cast. They
concluded that residual fracture angulation at the time of
union was not significantly affected by forearm position.

A review by Mackay (21) et al. in 2000, included 33 se-
ries involving 1876 patients. The outcomes of the non-sur-
gical treatment of minimally displaced ulnar fractures
with a stable configuration were consistently satisfactory.
Below elbow plaster cast, functional brace and early mobi-
lisation all achieved similar results. Above elbow cast was
deemed to be unnecessarily restrictive. Mackay also con-
cluded that open reduction and internal fixation is better
used in widely displaced or unstable fractures to preserve
the forearm rotation.

Moed et al. (22) Reported the outcomes of immediate
internal plate fixation of an open diaphyseal fracture of
the forearm in fifty patients. Although they had two cas-
es of deep infection and non-union in six, the functional
results were excellent or good in 85 per cent of the series.
They related these results to the severity of the initial
soft-tissue injury and the surgical technique and recom-
mended autogenous cancellous bone-grafting in com-
minuted fractures. On the other hand, Wright et al. (23)
studied 198 forearm fractures to determine the union rate
where acute bone grafting was recommended but not per-
formed. The overall union rate in comminuted, non-graft-
ed forearm fractures (open and closed) was 98%. Another
study by Wei et al. (24) concluded that acute bone grafting
of diaphyseal forearm fractures did not affect the union
rate or the time to union.

Recently, Cai and his fellow researchers (1) reviewed all
published randomised controlled trials and observational
studies that have assessed the outcome of these fractures
following above- or below-elbow immobilisation, bracing
and early mobilisation. They included 27 studies compris-
ing 1629 fractures. They found that early mobilisation
produced the shortest radiological union time and the
lowest mean rate of non-union. They advised early mobi-
lisation, with a removable forearm support for the treat-
ment of nondisplaced or partially displaced nightstick
fractures.

Coulibaly et al. in 2015 conducted a retrospective
case-control analysis on patients diagnosed with IUSF to
compare surgical and nonsurgical outcomes (25). They
measured complications and functional ability. They found
that nonsurgical treatment of IUSF is prone to complica-
tions and is associated with mal-union and non-union
while Surgical treatment with rigid plate fixation and
early range of motion resulted in a shorter period of cast
immobilization and an earlier return to weight bearing,
and led to reduced patient morbidity.

In our study, although the numbers are not compa-
rable, complication rates in the non-operatively treated
group were significantly higher than those reported in
the operated group. In our study five fractures, Failed the
non-operative treatment. Another notable correlate in
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our series was location in the middle third of the shaft,
an experience not shared in previous papers. Also, pa-
tients who developed these complications either were
very young and might not be very compliant or elderly
with multiple co-morbidities and this was also noted by
Coulibaly.

The limitations of our study include its retrospective
nature, the small number of patients and the relatively
short duration of follow-up. There are other elements that
we did not measure and that could have contributed to our
conclusion.

CONCLUSION

Based on our study and the published literature we believe
that IUSFs with more than 5 mm displacement should be
treated operatively. Satisfactory outcome is to be expected
with open reduction and internal fixation with rigid plate
as it allows early mobilisation and enables earlier return to
function with very low risk of wound problems. Although
our study did not reveal good results with non-operative
treatment, we believe those with less than 5 mm displace-
ment should be treated on individual bases, considering;
age, pre-morbid functional status, co-morbidities, compli-
ance and associated injuries.
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Thoracic Radiography Characteristics

of Drug Sensitive Tuberculosis and Multi Drug
Resistant Tuberculosis: a Study of Indonesian
National Tuberculosis Prevalence Survey
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ABSTRACT

Background: Tuberculosis (TB) remains a burden globally, including Indonesia. The primary objective of this study is to reveal the chest
radiography characteristic of drug-sensitive TB (DS-TB) and multi-drug resistant TB (MDR-TB) in the Indonesian national tuberculosis
prevalence survey 2013-2014. The secondary objective is to explore the correlation and incidence rate of chest radiography lesion

of DS-TB and MDR-TB cases.

Methods: This is a cross-sectional retrospective analytical studies with national and regional coverage. Samples were selected by stratified
multi-stage clustering sampling technique in a population aged 215 years old. The diagnosis of TB was based on culture and GeneXpert
tests.

Results: There were 147 DS-TB and 11 MDR-TB patients that were analyzed in this study. The nodule is the only type of lesions that
distinguish MDR-TB and DS-TB. In multivariate analysis of DS-TB, there were 3 significant chest radiography lesions, i.e infiltrate, cavity
and consolidation with odd-ratio (OR) of 14, 13, and 3, respectively. In MDR-TB, the only significant lesion is a nodule, with OR of 19.
Conclusion: Nodule is the only type of lesions that distinguish MDR-TB and DS-TB. Infiltrate, cavity and consolidation were the types

of chest radiography lesions on DS-TB, meanwhile, a nodule was the only significant lesion for MDR-TB.
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List of abbreviations: AFB, acid-fast bacilli; CI, confi-
dence interval; DS-TB, drug-sensitive tuberculosis; GGO,
ground glass opacity; HIV, human immunodeficiency vi-
rus; MDR-TB, multidrug resistant tuberculosis; MTB, My-
cobacterium tuberculosis; NTM, Non-Tuberculous Myco-
bacterium; OR, odds ratio; TB, tuberculosis; WHO, World
Health Organization; XDR-TB, extremely drug resistant
tuberculosis.

INTRODUCTION

World Health Organization (WHO) predicted an increas-
ing multi-drug resistant tuberculosis (MDR-TB) morbidity
and mortality (1, 2, 3). Diagnosis of TB by using sputum
culture with MDR-TB susceptibility test takes a long time,
therefore WHO developed the GeneXpert method which
only takes 2 to 4 hours to diagnose MDR-TB (4). The sen-
sitivity and specificity of GeneXpert and acid-fast bacilli
(AFB) were 95.3% vs 60.5% and 86.4% vs 98.5%, respective-
ly (5).

In addition, chest radiography is the only simple,
cost-effective, selected, safe, and important imaging mo-
dality to detect lesions morphology in the lung especially
in pre-clinical stages. In observing TB treatment improve-
ment, a chest x-ray is usually performed at 2 months and 6
months after starting therapy. In TB with the negativity of
AFB smear or sputum culture, diagnosis and observation
of treatment improvement are based on clinical symptoms
and chest radiography findings (6).

There has been no study or data described the compar-
ison of characteristic of drug-sensitive TB (DS-TB) and
MDR-TB lesions on chest radiograph in the out-hospital
setting. Based on these facts, the problems of this study
can be formulated, whether there is a different character-
istic of DS-TB lesions of chest radiography compared with
AFB smear or sputum culture and GeneXpert-based MDR-
TB on the patients of 15 years old or more in order to early
detection efforts.

MATERIALS AND METHODS

This is a cross-sectional retrospective study with nation-
al and regional coverage. This study was conducted at the
National Institute of Health Research and Development,
Indonesian Ministry of Health, Jakarta. Data were col-
lected for 3 consecutive days on 16-18 December 2016.
Database of national TB prevalence survey 2013-2014 was
used. Stratified multi-stage sampling technique was used
to populations of 15 years old and above.

Subjects of the study were collected from the second-
ary data at the Ministry of Health., the Republic of Indo-
nesia. The sample of this study were patients of 15 years
old or over with a complaint of coughing of more than 14
days or coughing up blood, who performed chest radio-
graph study, sputum AFB smear and continued with cul-
ture for Mycobacterium tuberculosis (MTB) and GeneXpert
test, lived in special cluster area at least for one month,
excluding individuals living in military barracks, diplo-
matic mission homes, hospitals, hotels, dormitories, and
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temporary shelters. The subjects should fulfil the inclusion
criteria of patients with MTB chest radiograph, with a fi-
nal diagnosis of MDR-TB and with the final barcode diag-
nosis DS-TB.

The exclusion criteria are patients with incomplete
medical record data, with chest radiograph indicating
other abnormalities of parenchyma, with massive pleural
effusion and pneumothorax causing the lung parenchyma
could not be assessed. Direct Digital Radiography DICOM
(Agva Healthcare, South Carolina, US) was used to per-
form chest X-ray and the results were read by 3 thoracic
radiologists.

The independent variables studied were locations of
thelesion on the chest radiograph, whether on the right or
left lung. The upper field is an area restricted to lung apex,
2nd anterior costae, and midline projected from procesus
spinosus. The medium field is an area restricted from the
2nd to 4th costae and midline projected from processus
spinosus. The lower field in an area restricted from the 4th
to 6th costae and midline projected from processus spino-
sus. The type of lesions studied as independent variables
were infiltrate, cavity, nodule, mass, consolidation, pleural
effusion, pleural thickening (thickening of the pleura), fi-
brosis and calcification. The dependent variables studied
were MDR-TB and DS-TB. MDR-TB is defined as sputum
AFB (+/-), culture (+) and GeneXpert (+), meanwhile DS-
TBis defined as sputum AFB (+/-), culture (+) and GeneX-
pert (-). Data collection is done by reviewing the medical
record of each patient. The data were analyzed using the
Statistical Package for Social Science (SPSS) software pro-
gram version 21 (IBM Corp, Armonk, NY, USA). Chi-square
(x?) data processing was used for bivariate analysis and
logistic regression for multivariate analysis. P < 0.05 was
considered to be statistically significant.

RESULTS
Participants who met inclusion and exclusion criteria

were 147 DS-TB and 11 MDR-TB patients (Tabel 1). Non-Tu-
berculous Mycobacterium (NTM) patients were included

Tab. 1 Distribution of participant according to characteristics.

Characteristic DS-TB MDR-TB
Age group

15-34 47

35-54 58 4
>55 42

Sex

Man 107 9
Woman 40 2
History of tuberculosis treatment

No 112 3
Yes 35 8

Abbreviations: DS-TB, drug sensitive tuberculosis; MDR-TB, multidrug
resistant tuberculosis.
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Tab. 2 Association of lesion on chest radiograph and DS-TB.

DS-TB
Variables Yes No
F % F

Present 96 67.6 46
Infiltrate

No 51 13.2 335

Present 41 73.2 15
Cavity

No 106 225 366

Present 28 60.9 18
Nodule < 3 cm

No 119 247 363

Present 1 111 8
Mass

No 146 28.1 373

Present 55 72.4 21
Consolidation

No 92 20.4 360

Present 17 68.0 8
Pleural effusion

No 130 25.8 373

Present 13 59.1 9
Pleural thickening

No 134 26.5 372

Present 45 50.0 45
Fibrosis

No 102 23.3 336

Present 14 41.2 20
Calcification

No 133 26.9 361

Abbreviations: DS-TB, drug-sensitive tuberculosis; OR, odd-ratio.

in statistical data calculation, aiming to avoid any bias in
the description of lesions characteristic. First, we deter-
mined the association of lesion on chest radiograph and
DS-TB incidence. As seen in Table 2, infiltrate, cavity,
nodule, consolidation, pleural effusion, pleural thicken-
ing, and fibrosis were significantly associated with DS-TB
incidence.

We then clarified what lesion is predominantly found
in DS-TB by performing multivariate analysis (logistic

Tab. 3 Result of Multivariate analysis of lesions on Chest
radiography DS-TB.

95.0% Cl for EXP(B)

Variables Sig. OR

Lower Upper
Infiltrate 0.000 | 13.706 7.833 23.982
Cavity 0.006 2.949 1.367 6.364
Nodul 0.375 0.629 0.226 1.751
Mass 0.839 0.788 0.079 7.844
Consolidation 0.000 | 12.767 5.661 28.796
Pleural effusion 0.150 2.157 0.757 6.143
Pleural thickening | 0.717 0.814 0.267 2.478
Fibrosis 0.975 0.989 0.510 1.919
Calcification 0.563 1.359 0.480 3.852

Abbreviations: DS-TB, drug-sensitive tuberculosis; Cl, confidence interval;
OR, odd-ratio.
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P OR
% Lower Upper
324

0.000 13.708 8.666 21.685
86.8
26.8

0.000 9.438 5.028 17.715
775
39.1

0.000 4.745 2.534 8.885
75.3
88.9

0.249 0.319 0.040 2.576
719
27.6

0.000 10.248 5.898 17.807
79.6
32.0

0.000 6.097 2,571 14.462
74.2
40.9

0.001 4.010 1.676 9.596
735
50.0

0.000 3.294 2.061 5.265
76.7
58.8

0.073 1.900 0.933 3.870
73.1

regression). Based on findings in Table 3, there were three
types of lesions (infiltrate, cavity, and consolidation) hav-
ing a P value of <0.05. Thus it is concluded that infiltrate,
cavities and consolidations features can be used to predict
the presence of DS-TB.

Next, we analyze the association of lesion on chest ra-
diograph and MDR-TB incidence. Based on the findings
in Table 4, infiltrate, cavity, nodule, and fibrosis were
significantly associated with MDR-TB incidence. We also
performed multivariate analysis of lesions on chest ra-
diograph in MDR-TB. We found that nodule has P value of
<0.05, which mean that nodule can be used to predict the
presence of MDR-TB (Table 5).

Finally, we compared the chest radiography character-
istics of DS-TB and MDR-TB. A different test is done by chi
squre (x?) test. Based on the analysis in Table 6, nodular
lesions have P value of <0.05, which suggest that nodule
is the only type of lesion that can distinguish MDR-TB and
DS-TB.

DISCUSSION

MDR-TB is highly prevalent and studies to reveal the role
of radiology imaging in the identification of patients who
are suspected to have MDR-TB are under intensive inves-
tigation. The diagnosis of TB is established on the basis
of clinical history, physical examination, radiology, and
bacteriological study. GeneXpert test was used for rapid
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Tab. 4 Association of lesions on chest radiograph and MDR-TB.

MDR-TB
Variables Yes No
F % F

Yes 7 5.0 133
Infiltrate

No 4 1.0 384

Yes 4 7.1 52
Cavity

No 7 1.5 465

Yes 5 11.1 40
Nodule < 3 cm

No 6 1.2 477

Yes 0 0.0 9
Mass

No 11 2.1 508

Yes 4 5.3 71
Consolidation

No 7 15 446

Yes 1 4.0 24
Pleural effusion

No 10 2.0 493

Yes 2 9.5 19
Pleural thickening

No 9 1.8 498

Yes 5 5.7 83
Fibrosis

No 6 14 434

Yes 1 31 31
Calsification

No 10 2.0 486
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C.195%

P OR
% Lower Upper
95.0

0.010 5.053 1.456 17.533
99.0
92.9

0.021 5.110 1.447 18.041
98.5
88.9

0.001 9.938 2.905 33.995
98.8
100.0

1.000 - - -
97.9
94.7

0.057 3.590 1.025 12.576
98.5
96.0

0.417 2.054 0.253 16.709
98.0
90.5

0.067 5.825 1.177 28.826
98.2
94.3

0.010 4.357 1.300 14.610
98.6
96.9

0.501 1.568 0.194 12.643
98.0

Abbreviations: F, frequency; MDR-TB, multidrug resistant tuberculosis; Cl, confidence interval; OR, odd-ratio.

diagnosis of MDR-TB and it is mandatory to perform the
drug susceptibility testing of isoniazid and rifampicin.
Chest radiography is a simple, cost-effective, selective,
safe and important imaging modality in detecting mor-
phology of lung lesions, especially in pre-clinical stage. In
addition, the extent of lesions, activity of lesions, pleural
involvement and complications such as fungal infection
and bronchiectasis can be assessed by using chest radio-

graphy.

Tab. 5 Multivariate analysis of lesions on chest radiograph
in MDR-TB.

95.0% Cl for EXP(B)

Variables Sig. OR
Lower Upper

Infiltrate 0.281 2.147 0.536 8.606
Cavity 0.232 2428 | 0.566 10.410
Nodule 0.003 18.812 2.627 134.692
Mass 0.999 0.000 | 0.000
Consolidation 0.194 0.255 | 0.032 2.006
Pleural effusion 0.866 1.234 | 0.107 14.282
Pleural thickening | 0.435 2224 | 0.299 16.547
Fibrosis 0.149 2.871 0.686 12.016
Calsification 0.589 0.524 | 0.050 5.483

Abbreviations: MDR-TB, multidrug resistant tuberculosis; Cl, confidence
interval; OR, odd-ratio.

This study determined the association of lesions with
the incidence of DS-TB and MDR-TB. Infiltrates, cavities,
nodules, consolidation, pleural effusion, pleural thicken-
ing, fibrosis, and calcification are significantly associated
with the incidence of DS-TB. Furthermore, the multivari-
ate analysis revealed three lesions (infiltrates, cavities and
consolidations) that can be used to predict the presence
of DS-TB. In the MDR-TB, the infiltrates, cavities, nod-
ules, and fibrosis, were associated with the incidence of
MDR-TB.

According to a study conducted by Zahirifard et al.,
MDR-TB has more destructive lung features when com-
pared with people with DS-TB (7). The study found that the
presence of multiple cavities, nodular lesions, infiltrates
and pleural effusions is a major sign of MDR-TB when
compared to DS-TB.

Based on the study conducted by Yeom et al., in 2009 in
South Korea on radiological features of patients with DS-
TB and MDR-TB, it was found that lobular consolidation
was more common in patients with DS-TB (8). In addition,
the cavity also has a fairly significant prediction value. In
general, multiple cavity formations are more common in
MDR-TB patients. In addition to the above characteristics,
the regression analysis in this study concluded that uni-
lateral parenchymal lesions are more common in people
with DS-TB. Yeom et al., also suggested that the level of
endemicity of a country and population setting can pro-
vide different radiological characteristics so that thorough
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Tab. 6 Comparison of characteristic of lesion on chest radiograph in DS-TB with MDR-TB.

Result
Variables MDR-TB DS-TB
F % F

Yes 7 6.8 96
Infiltrate

No 4 7.3 51

Yes 4 8.9 41
Cavity

No 7 6.2 106

Yes 5 15.2 28
Nodule < 3 cm

No 6 4.8 119

Yes 0 0.0 1
Mass

No 11 7.0 146

Yes 4 6.8 55
Consolidation

No 7 7.1 92

Yes 1 5.6 17
Pleural effusion

No 10 7.1 130

Yes 2 13.3 13
Pleural thickening

No 9 6.3 134

Yes 5 10.0 45
Fibrosis

No 6 5.6 102
Calsification Yes 1 6.7 14

No 10 7.0 133

C.195%
Pvalue OR
% Lower Upper

93.2

1.000 0.930 0.260 3.326
92.7
911

0.510 1.477 0.411 5.315
93.8
84.8

0.038 3.542 1.008 12.438
95.2

100.0

1.000
93.0
93.2

1.000 0.956 0.268 3.414
929
94.4

1.000 0.765 0.092 6.351
929
86.7

0.280 2.291 0.447 11.744
93.7
90.0

0.307 1.889 0.548 6.511
94.4
933

1.000 0.950 0.113 7.979
93.0

Abbreviations: F, frequency; DS-TB, drug sensitive tuberculosis; MDR-TB, multidrug resistant tuberculosis; Cl, confidence interval; OR, odd-ratio.

study and analysis of all TB endemic countries is needed to
obtain more accurate results.

In 2011, Kim et al., conducted a study to compare CT
Scan features in MDR-TB and DS-TB among human immu-
nodeficiency virus (HIV) negative patients (9). In that uni-
variate analysis, it found that bronchiektasis, pulmonary
destruction, granuloma calcification, and cavity formation
are often found in patients with MDR-TB. The result of the
multivariate analysis showed that cavity formation was
the only characteristic that differentiated MDR-TB and
DS-TB.

We have previously described that there was no sig-
nificant difference in morphology and lesion location on
the chest radiograph of both pulmonary tuberculosis with
negative AFB smear and positive culture and negative AFB
smear and negative culture (10). Pulmonary TB with nega-
tive AFB smear and positive culture lung tend to have more
extent lesions. Chest radiograph of 67 pulmonary TB pa-
tients with negative AFB smear and positive culture and
89 pulmonary TB patients with negative AFB smear and
negative culture patients mostly showed infiltrate (41.0%
vs 32.0%) followed by cavities (14.2% vs 12.2 %), consolida-
tion (12.4% vs 14.2%) and pleural effusion (0.33% vs 0.35%).

In this study, a different test was performed by Chi-
square (x?) test on the comparison of DS-TB and MDR-TB
characteristics. Based on the analysis, nodules is the only
the type of lesion that was significantly typical for DS-TB
with an OR value of 3.5 compared to MDR-TB. This finding
is consistent with our previous study and the study by Cha

etal., who examined the radiographic features of patients
with MDR-TB, XDR TB and compared it with DS-TB (11, 12).
They found that the features of nodules and ground glass
opacity (GGO) were more prevalent in TB patients who
were still sensitive to anti TB drugs (DS-TB). While the ra-
diological features in patients with MDR-TB and XDR TB
are multiple cavities, nodules, and bronchial dilatation.
Radiologic features of patients with MDR-TB and XDR TB
were not significantly different. The study also discovered
that patients with MDR-TB and XDR TB were younger than
the DS-TB patients. Further study was necessary to see if
there were multiple nodules and cavities and bronchial
dilatation in young TB patients.

The study is limited with the fact that the MDR-TB cas-
es were only consist of eleven cases. This may implicate
in the limited conclusion to a broader population. Other
limitation is that several subjects with non-tuberculosis
mycobacterium (NTM) were included in the analysis to-
gether with TB patients.

CONCLUSION

Asa conclusion, nodules are the only characteristic lesions
in chest radiographs that distinguish between MDR-TB
and DS-TB. The lesions that are significantly associated
with the DS-TB were infiltrates, cavities, nodules, con-
solidations, pleural effusions, pleural thickening, fibrosis
and calcification, and the OR of infiltrates, consolidation,
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and cavity were 14, 13 and 3, respectively. The lesions that
are significantly associated with MDR-TB were infiltrates,
cavities, nodules and fibrosis, and the OR of the nodule
was 19 in MDR-TB.
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ABSTRACT

Plants with anticancer properties are considered as cancer preventive and treatment sources, due to their some biological effects.
Apoptosis induction and anti-proliferative effects of Baneh extract on various cancer cell lines have been reported. Hence, this study
was designed to evaluate the cytotoxic effects of this fruit on KB and human gingival fibroblast cell lines (HGF). KB and HGF cells were
treated with various concentrations of ethanolic Baneh extract and cisplatin as positive control. Cytotoxic activity and apoptosis induction
were investigated using WST-1and Annexin V assays. Data were analyzed using ANOVA and student’s t-tests. IC,  after 24 and 48 hours
treatment were respectively 2.6 and 1 mg/mL for KB cell line, and 1.5 and 1.6 mg/mL for HGF cell. During 48 hours Baneh extract induced
apoptosis without significant necrosis, in a time- and dose-dependent manner. The induction of apoptosis in KB cells was significantly
higher than HGF. It seems that ethanolic extract of Baneh contains compounds that can suppress KB cell growth through the induction
of apoptosis. Within 48 hours, less cytotoxic effects were observed on normal fibroblast cells; therefore, it might be a potential
anticancer agent.
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Cytotoxic effects of Baneh on KB cells

INTRODUCTION

Squamous cell carcinoma (SCC) is the most common head
and neck cancer. Despite advances in the medical research
and therapies, 5-years survival rate is not favorable, yet.
Surgery is the first therapeutic management and many pa-
tients require adjuvant radio-and chemotherapy (1). These
anticancer approaches induce many non-specific involun-
tary cellular effects, cell death, tissue toxicity and several
complications in patients (2). Today, there is an ever grow-
ing interest toward herbal medicine to treat cancer, due
to low tissue toxicity and specific toxic effects on cancer
cells (3). Herbs can act as alternative and complementary
medicine. Natural compounds can reduce inflammation
and counteract chemotherapy resistant (4).

Pistacia atlantica (P. atlantica) is a member of Anac-
ardiaceae family, which grows from the Mediterranean
basin to central Asia. P. atlantica subsp. krudica, known as
Baneh is distributed in west mountainous region of Iran.
The unripe fruits and the seeds of the plant are widely used
as edible fruit, as nuts or in foods. The oleo-gum resin of
the plant as well as its fruits and seeds are used in Persian
Traditional Medicine (PTM) for treating digestive, hepat-
ic, skin and kidney diseases (5, 6). Recently, different parts
of the plant has exhibited some biological effects, such as
anti-arteriosclerosis, , anti-inflammatory, antifungal and
antimicrobial effects as well as cytotoxic properties in var-
ious human cancer cell lines (7). The main goal of antican-
cer agents is to induce tumoral cell death and control cell
cycle (8). Previous studies on the cytotoxic effects of P. at-
lantica have shown the induction of apoptosis in prostate,
colon, lung and breast cancer cell lines (9-11). These effects
mostly are contributed to neutralizing free radicals, metal
chelating and regulating of enzymatic activity due to pres-
ence of some component, such as flavonoids and polyphe-
nols in this plant (12).

Polyphenolic components of the plant could also reg-
ulate the cell cycle progression through regulating genes
that are related to cell proliferation and apoptosis (13).
P. atlantica extract down-regulated cyclin A protein and
S-phase of cell cycle in human colon carcinoma cell line
(10). Also, it has induced GO/G1 arrest and has decreased
the expression of cyclin D1 and cyclin dependent kinase 4
(CDK4) in breast cancer cell line (11).

Due to the potential cytotoxic effects of Baneh extract
on several human cancer cell lines, this study aimed to
evaluate its cytotoxic effect on KB (subline of HeLa cells
with oral cancer properties) and normal human fibroblast
cell line of the oral cavity. KB cells initially isolated from
an oral SCC, however, they have been reported to be con-
taminated with HeLa cells and are considered as a subline
of the these cells (14).

METHODS AND MATERIAL

PLANT MATERIALS

Fresh fruit of Baneh (P. atlantica subsp. krudica) was col-
lected in Fars province (April, 2016) and was authenticat-
ed by a pharmcognosist at Shiraz University of Medical
Sciences. The fruits were grinded and then macerated in
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70% ethanol in a dark and closed glass container (3 x 48
hours). The collected hydroalcoholic extract was concen-
trated by a rotary evaporator at 40 °C and stored at -20 °C.

CELL LINE AND CULTURE

KB cells and human gingival fibroblast cell line (HGF) were
purchased from the Pasture Institute cell bank in Tehran,
Iran. The cells were cultured in RPMI-1640 and DMEM
(Biosera-UK) medium supplemented with 10% fetal calf
serum, 1% penicillin and 1% streptomycin (Biosera-UK),
respectively. The cell cultures were grown in a 5% CO, in-
cubator at 37 °C.

CYTOTOXICITY ASSAY
Cell viability of both cell lines was assessed by WST-1 test.
The cells were cultured in 96 well, flat-bottoms microplates
with a final volume of 200 pL/well. Total of 10,000 cell/
well were incubated in 5% CO, at 37 °C for 24 hours. Then,
Baneh extract with 0, 0.25, 0.5, 0.75, 1 mg/mL dilutions and
also cisplatin with 0, 20, 40, 80 ug/mL dilutions (as posi-
tive control) were added and incubated at 37 °C, 5% Co,.
After 24 and 48 hours treatment, 10 puL. WST-1 solution was
applied to the wells and incubated for 4 hours, again. Fi-
nally, the wells were shaken for 1 minute and optical den-
sity (OD) was measured by spectrophotometry at 480 nm
using multimode microplate reader. The culture medium
background was subtracted from the results and cytotox-
icity percentage was calculated by the following formula:
(OD of treated cells/OD of control cells) x 100 - 100.
Then, IC,  values - the concentration that inhabits 50%
cell growt - were obtained by curve expert software, ver-
sion 13, in plant extract and control groups. Each experi-
ment was performed triplicate and the results were pre-
sented as mean +SD.

ANNEXIN V/7AAD APOPTOSIS ASSAY
KB and HGF cells were treated with IC, , %2 IC, and 2 x IC, |
concentrations of Baneh extract for 48 hours. The treated
and untreated (control) cells were trypsinized and stained
with Annexin V/7AAD (Ann V/7A) kit (BD, USA) to detect
apoptotic and necrotic cells. The cells were detected by
FACS Calibur flow cytometr (BD Biosciences, USA) and
were analyzed using flow Jo software package. According
to the manufacture’s instruction, data were classified as:
viable cells when the stained cells were: Ann (-), 7A (-),
early apoptosis: Ann (+), 7A (-), Late apoptosis: Ann (+),
7A (+) and necrotic: Ann V (-), 7A (+). Each analysis was
performed 3 times and the means were reported.

Data analyzed by SPSS, version 15 using ANOVA and
Mann-Whitney tests.

RESULTS

CELL VIABILITY ASSAY

Cell viability was assessed by WST-1 at 24-48 hours. IC,
values for KB and HGF cells after treatment with Baneh
extract and cisplatin are shown in Tablel. Baneh extract
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showed growth inhibition in a dose-and time-dependent
manner in KB cells. In HGF cells, the more potent cytotoxic
effect was found in 24 hours; however, after 48 hours IC, |
was slightly elevated. Similar results were found in cells
treated with cisplatin.

Tab. 1 Cytotoxic effect of Baneh extract and cisplatin after 24 and
48 hours on KB and HGF cells using WST-1 test.

IC,, KB
24h 48h

IC,, HGF

Agent
& 48h

24 h

Baneh extract
(mg/mL)
Cisplatin
(ng/mL)

26+0.04 10+0.02 15+0.05 ) 1.6+0.03

62+21 | 146+18 | 1541+3 | 193+35

APOPTOSIS INDUCTION

Apoptotic and necrotic KB and HGF cells were detected
by Ann V/7A staining assay using flow cytometry after
48 hours. The profile of cell distribution is shown in Fig-
ures 1 and 2. The percentage of viable, apoptotic and ne-
crotic cells are found in Table 2. Flow cytometric analysis
of apoptosis in KB cell line after 48 hours incubation with
different concentration of Baneh extract is illustrated in
Figure 3. According to the results, in KB cells a significant
(>60%) early apoptosis was induced after 48 hours with
1 mg/mL concentration. Also, there was no significant
percentage of necrotic cells after 48 hours of treatment.
HGF cells showed about 10% apoptosis during that time
in IC_, concentration (Figure 4). ANOVA analysis revealed
significant differences between the treated and untreated
KB cells in the percentage of live, apoptotic and necrotic
cells. Post-hoc Dunn analysis showed that the difference
was significant between the percentages of the live and the
early apoptotic populations, as well as between the early
and the late apoptotic populations. Furthermore, ANOVA
and Dunn analysis revealed this pattern to be repeated in
treated and untreated HGF cells; however, there was no
significant difference in the percentages of the late apop-
totic and necrotic cells in this cell line (Table 2).

Tab. 2 The percentage of live, apoptotic and necrotic cells in all
study cell lines.

Concentration KB HGF

IC,, 12.92 + 0.31* 88.73 +1.00*
Live cell

Ctrl (0) 91.45+0.20 | 95.50 +1.22
Early IC,, 74.00 £ 0.10* | 12.44 +1.00*
apoptosis | ctr| 6.13 + 0.05 432031
Late IC,, 1262+ 034* | 111:0.01
apoptpsis Ctrl 2.33+0.18 0.20 +0.03

IC,, 0.49 +0.11 0.18 + 0.05
Necrosis

Ctrl 0.17 £ 0.05 0.05+0.00

* Significant when compare to control (using Dunn post-hoc test).
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Fig. 1 Annexin V/PI apoptotic assay on Baneh extract treated
KB cells after 48 hours.
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Fig. 2 Annexin V/P| apoptotic assay on Baneh extract treated
HGF cells after 48 hours.

DISCUSSION

Insufficient apoptosis is a feature of cancer cells. The reg-
ulation of apoptosis is a promising target for many an-
ti-cancer drugs (8). Recently, many herbal compounds are
recognized with cytotoxic effects on various cancer cells,
which can be used as lead compounds for developing new
anticancer agents. Natural compounds exert chemotoxic
effects via the induction of apoptotic pathways (15). In the
present study, the cytotoxic effects of Baneh hydroalcohol-
ic extract on KB and HGF cells were assessed by evaluating
cell viability and apoptosis rate. The hydroalcoholic ex-
tract is enriched with bioactive polyphenolic compounds
(16).

The results showed that Baneh extract exert cytotoxic
effects on both cell lines, but it was more pronounced in
KB cells after 48 hours. However, this cytotoxic effect was
not very potent, especially on HGF cells. Extract IC, val-
ues demonstrated that the plant could have cytotoxic com-
pounds and these values could be a result of the additive
effect of different compounds in extract. Flow cytometry
assay after 48 hours defined that Baneh extract induced
apoptosis without significant induction of necrosis. Apop-
tosis is a well-controlled cell death mechanism for removal
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Fig. 3 Flow cytometric analysis of apoptosis in KB cell line after 48 hours treatment with different concentration of Baneh extract;
A: untreated cells (control), B: 0.5, C: 1(IC,,), D: 2 mg/mL concentrations.
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Fig. 4 Flow cytometric analysis of apoptosis in HGF cell line after 48 hours treatment with different concentration of Baneh extract;
A: untreated cells (control), B: 0.8, C: 1.6 (IC_,), D: 3.2 mg/mL concentrations.

of damaged cells. There are two apoptotic pathways: ex-
trinsic pathway, which is activated via membrane death
receptors and intrinsic pathway, which is activated by al-
teration in mitochondrial membrane; both pathways re-
sultin activation of caspases. Insufficient apoptosis plays a
crucial role in cancer development (13). Increased apopto-
sisand cell cycle arrest have been observed in some cancer
cell lines in response to various extracts of Baneh. Rezaei
et al. stated that treatment of TD47 cells (human breast
cancer cell line) for 48 hours, entailed cell cycle arrest via
downregulation of cyclin D1 and CDK4. Also, they found
that apoptosis was increased to 30% in treated cells, which
was more powerful than doxorubicin (11, 15).

In another study, they found that pericarp polyphenol-
ic-rich extract of Baneh induced apoptosis and inhibited
cell cycle progression (via delay in S-phase) in human co-
lon carcinoma cells (HT29)(10). Amiri et al. observed ap-
optosis induction in prostate cancer cell line (PC3) after
treatment with ethanolic Baneh skin extract (9).

Some studies reported that plants of Anacardiaceae
family could induce apoptosis via different mechanisms.
The leaves of Lithraea molleoides activated P53-independ-
ent apoptosis in hepatocellular carcinoma cell lines (17).
Also, poly (ADP-ribose) polymerase (PARP) cleavage and
caspase activation were induced by Semecarpus anacardi-
um nut oil in leukemia and breast cancer cell lines (12, 18).

P. lentiscus extract lead to cleavage of procaspase-3 and ac-
tivation of caspase in oral cancer cells (19). Baneh extract
caused a time-dependent activation of caspase 3 and PARP
cleavage in TD47 cells (15).

Polyphenolic compounds including flavonoids and
non-flavonoids were found in all parts of Baneh nut. Many
polyphenols could act as potent anti-cancer agents due
to their antioxidant properties (9, 20). Also, polyphenols
have induced activation of apoptotic transcription factor
and enhanced apoptosis in many cancer cells (12). Flavo-
noids arrested different cell cycle phases and reduced tu-
mor growth in animal models (21).

According to the results of cell viability assay in 24 and
48 hours, Baneh extract induced more powerful cytotox-
ic effects on HGF cells in 24 hours; however, IC,  was in-
creased after 48 hours of treatment. This pattern was also
found in the study of ethanolic extract of Baneh skin on
mouse fibroblast cell line (L929) in comparison with PC3
cells. However, the researchers did not find a significant
difference in cytotoxic effects of Baneh extract on L929
cell line after 48 and 72 hours (9). It seems that normal fi-
broblasts could become resistance to cytotoxic effects of
the plant compounds over time. Furthermore, HGF cells
are mesenchymal cells; hence, it is possible to react with
herbal compounds in a different manner in comparison
with neoplastic epithelial cells.
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There are two cell death mechanisms that can be in-
duced by cytotoxic agents and drugs; apoptosis and necro-
sis. In the present study, Baneh extract increased apopto-
sis without significant necrosis. Necrosis can stimulate
pro-inflammatory response that can lead to infiltration
of immune cells in the tumor site. This process result in
increasing effects of cytotoxic drugs, but also an inflam-
matory response can activate mitogens or cytokines and
promote cell growth, migration and tumor metastasis (22,
23). Many anticancer agents, such as cisplatin, taxol and
5-fluorouracil (5-FU), which are routinely used for head
and neck cancers, act via induction of both mechanisms
(24). Furthermore; a few studies have shown that necro-
sis might be a preferred mechanism for anticancer treat-
ments (25). Due to dual function of anticancer agents it
is necessary to evaluate usefulness as well as side effects
of any potential anticancer agent through in vivo stud-
ies. Further studies are expected to search for the exact
mechanism of tumoral cell death, as well as monitoring
the effect of Baneh extract on non-tumoral host tissues as
well as emphasizing the clinically relevant action of this
compound.

CONCLUSION

The study findings indicated that Baneh extract was able
to induce apoptosis, without significant increase of ne-
crosis in KB cells. During 48 hours, cytotoxic effect was
more pronounced in KB cells rather than HGF. Based on
the results, Baneh extract may contain metabolites, which
could be considered as anticancer agents, however fur-
thers studies are suggested to determine their structures
and the possible mechanisms of action.
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Actinomycotic Endomyometritis
Associated with a Long-Term Use
of Intrauterine Device Lasting for 42 Years
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ABSTRACT

In women, pelvic actinomycosis is closely associated with prolonged use of the intrauterine devices (IUD). A 70-year old female presented
with intermittent blood-stained vaginal discharge. An analysis of her history revealed, she was inserted with an IUD 42 years ago, but

it has remained in situ untill now. Curettage of the uterus was done, but an IUD was firmly attached inside the cavity and there was not
able to remove it. A biopsy material consisted of the large round and oval granules of filamentous and mycelium-like microorganisms.

They showed strong positivity with Periodic acid-Schiff stain and Gémori methenamine silver stain. Histopathology was consisted with
uterine actinomycosis. A total abdominal hysterectomy with bilateral adnexectomy was performed. The uterus contained a retained plastic
IUD. Microscopic investigation revealed a diffuse chronic active endomyometritis with sporadic Actinomycetes colonies. Wearing an IUD
continuously for very long periods of time can lead to actinomycotic infection, which may manifest for many years after its application.
AlLIUD users have to keep in mind regular gynecological check-ups to avoid the complications of a retained and “forgotten” IUD.
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INTRODUCTION

Actinomycosis is a chronic suppurative disease caused
by Actinomyces species. They represent Gram-positive,
anaerobic or microaerophilic bacteria with a tendency
to form branching filaments that fragment into the rods
(1, 2). They are commensals normally encountered in the
oral cavity, gastrointestinal tract, and female genital tract
(1, 2). Under normal circumstances, Actinomycetes are
unable to cross the mucosal barrier and cause disease.
The main predisposing factor for acquiring an infection is
an irritation of the mucosa by trauma or foreign bodies,
chronic inflammatory disease, and immunosuppression
(1, 2). These pathologic conditions allow bacterial entry
into the deep tissue through damaged mucosal barrier (1).
Actinomycosis exhibits certain specific clinicopathologic
characteristics. A densely fibrotic foci spreading in the
connective tissue is one of the features. Advanced lesions
are accompanied by abscesses formation, which may lead
to the development of sinuses and fistulas to adjacent or-
gan structures (1). Histologically, actinomycosis is char-
acterized by the finding of “sulfur granules”, which are
composed of the bacterial elements and tissue debris. In
hematoxylin-eosin staining, “sulfur granules” are identi-
fied as round or oval basophilic masses with a radiating
fringe of club-shaped configurations (Splendore-Hoeppli
phenomenon) (1). The three main clinical forms of acti-
nomycosis include cervicofacial, thoracic, and abdomi-
nopelvic. The last form accounts for approximately 20%
of the cases (1). In women, pelvic actinomycosis is closely
associated with prolonged use of the intrauterine devices
(TUD) (1, 2). Herein, we present a unique case of endome-
trial actinomycosis associated with long-term insertion of
an [UD in elderly woman.

CASE PRESENTATION

A 70-year old female who had been postmenopausal for
18 years, visited the Department of Gynecology (July, 2018)
with intermittent vaginal discharge. It was brawnish in
color and sometimes contained blood. The patient did not
complain of pelvic pain nor had a higher body tempera-
ture. She had three spontaneous deliveries, the last one
being 43 years previously (1975). No spontaneous abor-
tion or medical interruption of pregnancy were recorded.
A retrospective analysis of her history revealed that after
the third birth, she was inserted (1976) with an IUD, that
has remained in the uterus untill now. At present, she has
been treated for diabetes mellitus type 2 with disease-re-
lated complications.

Per speculum and per vaginal examination did not
show any pathologic lesion, that could be a source of dis-
charge. Transvaginal ultrasonography (TVU) revealed a
slightly enlarged uterine cavity filled with mixed, hyper-
echogenic and hypoechogenic masses. An IUD left in situ
was clearly identify. The presumptive clinical diagnosis
was an endometrial hyperplasia. The other findings of
the TVU examination were within normal limits. Under
general anesthesia, a curretage of the uterine cavity was
done and a tissue specimen was sent for histopathology.
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Fig. 1 High-power view of the basophilic masses of Actinomycetes
(hematoxylin & eozin, x40).

Fig. 2 Periodic acid-Schiff (PAS) stain of Actinomyces colonies.
A narow rim of discrete leukocyte cellulisation at the periphery is
visible (x100).

Fig. 3 Gomori methenamine silver stain highlights abundant
mycelia-like structures (x100).



Actinomycosis of the Uterus

However, an IUD was firmly attached inside the uterus and
there was not able to remove it. Microscopically, a biopsy
material consisted of the large (up to 5 mm in diameter)
round and oval granules of basophilic microorganisms
(Fig. 1). At the periphery, they were focally surrounded
by thin layer of acute inflamatory infiltration. Splen-
dore-Hoeppli phenomenon was sometimes seen. A high
magnification revealed, these colonies were composed of
branched filamentous and mycelium-like microorganisms
situated in an amorphic matrix. They showed strong pos-
itivity with Periodic acid-Schiff (PAS) stain (Fig. 2) and
Gomori methenamine silver stain (Fig. 3). The rest of the
biopsy specimen included necrotic inflamatory debris,
fragments of heavily inflamed endometrium and blood
content. Histopathology was consisted with uterine actin-
omycosis associated with prolonged use of IUD.

After receiving a biopsy report, the patient was con-
sulted with the specialists to decide the further steps. Con-
sidering her age and particularly an inability to extract an
1UD from the uterus, a total abdominal hysterectomy with
bilateral adnexectomy was done a few weeks later. Grossly,
the uterus measured 9 x 5 x 3 cm and contained retained
plastic IUD inside the cavity (Fig. 4). An adjacent corpo-
ral endometrium appeared thin and hemorrhagic without
any marked pathologic foci. Microscopic investigation of
the samples revealed a finding of diffuse chronic active en-
domyometritis. Endometrium was atrophic and massive-
ly infiltrated by lymphocytes, plasma cells and leucocytes
(Fig. 5), which affected an adjacent myometrium as well.
In some areas, endometrium was totally replaced by non-
specific inflammatory granulation tissue. Only in a single
excision, the colonies of actinomycotic microorganisms
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Fig. 4 Uterus with adnexa after hysterectomy (post fixation in
formalin). An IUD left in situ is seen inside the cavity.

Fig. 5 Detail on massive inflammation of the atrophic endometrium
and adjacent myometrium (hematoxylin & eozin, x100).

Fig. 6 Chronic active endomyometritis with Actinomyces colonies in
the centre (hematoxylin & eozin, x40).

were seen on the surface of almost entirely lost endo-
metrium (Fig. 6). Both ovaries and fallopian tubes were
normal without any signs of infection. The postoperative
period was uneventful, the patient was administered with
oral antibiotic therapy (Bitamon), and she was discharged
from the hospital four days after surgery.

DISCUSSION

At the present time, actinomycosis of the uterus is an
extremely rare disease. In a recent study, Chiesa-Vottero
(3) has found only seven cases (0.02%) of actinomycotic
endometritis among 28,906 endometrial biopsies. Acti-
nomyecosis of the female genital tract is directly related
to long-term use of the IUDs, especially for more than
5 years (1, 2). Prolonged insertion of an IUD causes mild
inflammatory changes in the endometrium with necro-
sis that creates an anaerobic environment that favors the
growth of the Actinomycetes (2). Although this association
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Tab. 1 Summary of the clinical findings of the patients extracted
from the published case reports.

Ref. Patient age | IUD use | Clinical manifestation
vaginal bleeding, pelvic
[ 76 years 44 years pain, mild febrility
vaginal bleeding
(6] 58 years 33years 9 spotting
acute abdominal pain,
7] 67 years 35 years perforation of the uterus
vaginal bleeding
[8] 55 years 27years | 9 spotting
blood-stained vaginal
[°] >9years 22 years discharge, mild febrility
this case | 70 years 42 years blood-stained vaginal

discharge

is generally well-known, it is not possible to quantify an
actual risk of disease. Approximately 7-13.7% of women
using an IUD may have a finding of Actinomyces-like mi-
croorganisms on a Papanicolaou test (4, 5). However, the
prognostic significance of this finding is minimal because
the vast majority of them will remain without any signs
of disease (4, 5). For example, in the study of Kalaichelvan
etal. (5), 150 out of 152 TUD users (98.7%) with Actinomy-
ces-positive cervical smears were asymptomatic, while
only two (1.3%) developed a pelvic inflammatory disease
at 6 months. Therefore, in the absence of clinical symp-
toms, women with Actinomyces-like organisms on a Papa-
nicolaou test do not need preemptive antibiotic treatment,
even do not require IUD removal (4, 5). However, because
one can not predict which IUD user colonized by Actino-
myces will develop severe pelvic infection, all of them
should have a periodical gynecological follow-up.

In the current paper, we have presented a rare case of
postmenopausal woman with an actinomycotic endomyo-
metritis associated with a long-term use of an IUD lasting
for 42 years. To our knowledge, only a few articles desrib-
ing an endometrial actinomycosis related to such a long
interval of an IUD insertion has been published until now.
We have reviewed five such cases, which are briefly sum-
marized in Table 1 (references 2, 6-9) including our pres-
ent case. All females were postmenopausal with the mean
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age of 63 years. The time of an IUD insertion ranged from
22 to 44 years. The main clinical symptoms were vaginal
discharge and bleeding. A very uncommon case has been
published by Phupong et al. (7), who reported a 67-year-
old woman manifesting with an acute abdominal pain due
to spontaneous perforation of the uterus from actinomy-
cotic infection with Lippes loop IUD.

In conclusion, wearing an IUD continuously for very
long periods of time can lead to actinomycotic infection,
which may manifest for many years after its application.
As this method of contraception is being used much less
frequently than in the past, such cases as we have de-
scribed become a rarity. Anyway, all IUD users have to
keep in mind regular gynecological check-ups to avoid the
complications of a retained and “forgotten” IUD.
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Intradural Extramedullary Epidermoid Cyst
at the Conus Medullaris level with Thoracic
Syringomyelia: a Case Report
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ABSTRACT

Spinal epidermoid cysts are benign tumors. Syringomyelia secondary to intramedullary tumors are frequently observed. However, the
association between syringomyelia and spinal intradural extramedullary epidermoid cyst in the conus medullaris region is extremely rare.
We present the case of a 3-year-old male who was admitted with paraparesis and urinary retention. Magnetic resonance imaging (MRI)

of the spine demonstrated intradural extramedullary lesion, compatible with epidermoid cyst, that at the conus medullaris level and a

large syringomyelia extending from T4 to L1 vertebrae. Total microsurgical excision of the cyst was performed. No additional drainage

was carried out for the syringomyelic cavity. Histopathological examination verified the diagnosis of the epidermoid cyst. Total excision of
the cyst and disappearance of the syringomyelia were observed on MRI at 15 days postoperatively. We have clarified the etiology, clinical,
histopathological and radiological features, differential diagnosis, and treatment modalities of spinal epidermoid cysts. In addition, we have
discussed the possible mechanisms of syringomyelia formation in spinal intradural lesions.
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INTRODUCTION

The term “inclusion cysts” includes dermoid and epider-
moid tumors/cysts. They are derived from cutaneous ecto-
derm (1). Spinal epidermoid cysts are rare and slow-grow-
ing benign lesions. They constitute <1% of all spinal tumors
(2, 3). Most of the spinal epidermoid cysts are located in
the lumbosacral and thoracic regions (4). Conus medullar-
is epidermoid cysts are extremely rare entities.

Syringomyelia is characterized by the presence of cyst-
ic cavities inside the spinal cord. It is a secondary process
with many etiologies. Chiari malformations, neoplasms,
arteriovenous malformations, arachnoiditis, and spinal
dysraphisms are some examples (5). Syringomyelia associ-
ated with intramedullary tumors are frequently observed.
The most common tumors associated with syringomyelia
are astrocytomas and ependymomas. In addition, their
most common locations are the lower cervical and upper
thoracic regions (6, 7). However, extramedullary tumors at
the conus medullaris level associated with syringomyelia
are uncommon coexistences. Here we describe and discuss
the case of a patient with conus medullaris epidermoid
cyst associated with a large thoracic syringomyelia.

CASE REPORT

A 3-year-old male was admitted with increasingly leg we-
akness that had persisted for 2 months. Neurologic exa-
mination revealed that the proximal and distal muscular
forces in his right and left lower extremities were 3/5 and
2/5, respectively. A large syringomyelia, extending from
T4 to L1 vertebrae, was detected on thoracic magnetic
resonance imaging (MRI). In lumbar MRI, T1-weighted
imaging demonstrated isointense expansion at the L1-2
vertebrae level. T2-weighted imaging revealed an intra-
dural extramedullary regular lesion that had hyperin-
tense capsule-like formation with isointense content and
that excessively compressed the conus medullaris. It was
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approximately 15 x 15 mm in size. T1-gadolinium-enhan-
ced imaging showed that dense cystic mass had circumfe-
rential contrast enhancement. Besides, some cauda equina
fibers had contrast enhancement (Figure 1). In addition,
renal ultrasonography was performed before and after
micturition. Significant post-micturition residue was
determined. He underwent surgery. Total microsurgi-
cal excision of the lesion was achieved with the help of
neuromonitoring after L1 and L2 laminotomies. Also, the
integrity of the facet joints was protected. After dural ope-
ning, the lower end of the spinal cord (conus medullaris)
and the beginning of the cauda equina fibers appeared
compressed by an anterior extramedullary lesion. Dense
pearly content and whitish cyst capsule were completely
excised. No additional drainage procedure for the syrin-
gomyelic cavity was considered at this surgical inter-
vention. Besides, CSF leakage was not observed from the
neighbouring syringomyelic cavity after cyst removal. In
the closure, L1 and L2 laminoplasties were performed. In
the early postoperative period, muscular force in his right
and left lower extremities had improved to 4/5 and 3/5,
respectively. Histological examination of the specimens
demonstrated that the cyst walls were lined with strati-
fied squamous epithelium without skin adnexa. Further-
more, desquamation of keratin from the epithelial lining
was detected. This examination revealed epidermoid cyst
(Figure 2). There was no finding of residual tumor on MRI
at 15 days postoperatively. In addition, disappearance of
the syringomyelia was seen. However hyperintensity at
T2 weighted image compatible with myelomalacia, exist-
ed after the cyst resection, was observed (Figure 3A,B,C).
At 20 days postoperatively, renal ultrasonography was
performed before and after micturition, which showed
decreased post-micturition residue. Physical therapy and
rehabilitation were indicated at 1 month postoperatively.
In the second month control his examination revealed no
neurological deficits. Besides, significant decrease of my-
elomalacia was seen at the second month follow-up MRI.
(Figure 3D).

Fig. 1 In the preoperative (A) thoracic MRI, a syringohydromyelia (arrow), extending from T4 to L1 vertebrae, was observed. Lumbar MRI
(B) T1-weighted sagittal image showed hypointense expansion (arrowhead) at the L1-2 vertebrae level. (C) T2-weighted image showed

a lesion that had hyperintense capsular formation with isointense content and that excessively compressed the conus medullaris.

(D) T1-gadolinum-enhanced image demonstrated that dense cystic mass had circumferential contrast enhancement. Besides, some cauda

equina fibers had contrast enhancement.
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Fig. 2 In the histopathological examination, (A) cystic lesion with stratified squamous epithelium (black arrow) (hematoxylin-eosin,
x100). (B) Inflammatory cells (arrowhead), stained by leukocyte common antigen (LCA), around the cystic lesion with stratified squamous
epithelium (white arrow) (LCA, x100). (C) Stratified squamous epithelium stained with pancytokeratin. Desquamation of keratin from the

epithelial lining can be observed (pancytokeratin, x100).

Fig. 3 Postoperative MRIs. Disappearance of the syringohydromyelia was observed. There was no finding of residual tumor. Decompression
of the conus medullaris and cauda equina fibers is shown. (A) T1-weighted, (B) T2-weighted (arrow: hyperintense image thought to

be myelomalacia due to chronic compression, which existed after the cyst resection), and (C) contrasted sagittal section at 15 days
postoperatively. (D) T2-weighted sagittal section also showed significant decrease of myelomalacic aspect at 60 days postoperatively.

DISCUSSION

Spinal epidermoid cysts may be acquired or congenital.
Acquired epidermoid cysts, due to iatrogenic penetration
of skin fragments, have been frequently reported after
lumbar puncture or meningomyelocele repair with years
of latency (1, 8, 9). Congenital spinal epidermoid cyst is
thought to be an inclusion of ectodermal tissues during
closure of the neural tube between the third and fourth
weeks of embryonic development (3). Occult spinal dys-
raphisms, spina bifida aperta, hemivertebra, and dermoid
tracts are often associated with congenital cysts (1, 3, 8).
Our patient had no known history of meningomyelocele
repair such as open wound trauma or lumbar puncture;
therefore, the tumor was thought to be congenital.

Signs and symptoms arising from epidermoid cysts
vary with the extent of involvement and are not different
from other spinal space-occupying lesions. Paraparesis,

sensory loss, urological manifestations, pathologic reflex
appearance, deep tendon reflex changes, and back/ex-
tremity pain are usually found at presentation. The slow
growth of epidermoid cysts often leads to a delay in their
diagnosis (2).

MRI is useful for diagnosis, particularly contrast-en-
hanced studies, which also show the exact location and ex-
tension of the lesion. MRI demonstrates that epidermoid
cyst is hypointense on T1-weighted and hyperintense on
T2-weighted images (8). Peripheral postgadolinium en-
hancement with well-defined limits without perilesional
edema contributes to diagnosis. Some authors emphasize
that peripheral enhancement represents normal periph-
eral surrounding tissue reaction, whereas others consider
it as an outer capsule composed of tumor cells (9). In this
patient, circumferential contrast enhancement was due
to capsular formation. However, contrast enhancement of
the some cauda equina fibers might be reactional. During
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the operation, we observed conspicuous capsular forma-
tion; therefore, we obtained tissue samples as well as the
capsule-like formation and dense content of the cyst for
histopathological examination.

Ependymomas are the most common space-occupy-
ing lesions at the conus medullaris-cauda equina level.
Lymphomas, astrocytomas, gangliogliomas, and gan-
glioneuromas can be considered during differential di-
agnosis (7, 10, 11). They can be frequently identified and
distinguished by MRI studies. Astrocytomas, ganglioglio-
mas, and ganglioneuromas have heterogeneous contrast
patterns. Ependymomas have homogenous contrast en-
hancement, and epidermoid cysts have peripheral con-
trast enhancement (7, 9, 11). Nevertheless, radiological dif-
ferentiation is sometimes difficult for these spinal lesions,
but they can be histopathologically diagnosed.

Histopathological examination is critical for diagnos-
ing of epidermoid cysts. Differentiation between the two
forms of inclusion tumors (dermoid/epidermoid) is based
on the presence of adnexal skin structures, such as seba-
ceous glands, eccrine glands, and hair follicles. They are
present only in dermoid cysts (1, 2). A specific histological
feature of the epidermoid cyst is a lined stratified squa-
mous keratinizing epithelium surrounded by an outer lay-
er of collagenous tissue and/or inflammatory cells without
skin adnexa. Desquamation of keratin from the epithelial
lining generates cholesterol crystals (2, 9).

Total excision including the capsule is the curative
treatment for spinal epidermoid cyst because it is a be-
nign condition. Sometimes, because of its anatomical fea-
tures, intramedullary tumor shows tight adherence to the
arachnoid membrane and spinal cord, thereby causing
some surgical difficulties for safe and complete resection.
Therefore, subtotal resection is also commonly performed
to avoid neurological deficits (1, 2). Local recurrence is re-
ported especially after subtotal excision. Incomplete exci-
sion of basal germinal cells of the tumor is suggested to be
the cause of recurrence (12). Long-term follow-up is nec-
essary for tumor recurrence risk. Surgeons should keep in
mind that cyst content includes fat and cholesterol. These
can cause an inflammatory reaction that leads to aseptic
chemical meningitis (Mollaret’s meningitis) (8). Plugging
of proximal and distal arachnoid spaces and irrigating the
site with normal saline prior to dural closure reduces the
risk of chemical meningitis (9). We performed total exci-
sion in this case. Besides, the patient did not develop any
inflammatory reactions and neurological deterioration
postoperatively.

The exact pathogenesis of syringomyelia accompanied
with spinal cord tumors is unclear. Different theories have
been proposed. Some of them are intramedullary soften-
ing due to an impaired blood circulation, stasis of tissue
fluid resulting from occlusion of the drainage pathways,
effect of edema, and spontaneous autolytic reactions of the
tumor (7, 13). Another suggested mechanism of syrinx for-
mation was obstruction of cerebrospinal fluid (CSF) flow
(13, 10, 14). Given these possible reasons, syringomyelia
associated with intramedullary tumors can be frequent-
ly observed. However, extramedullary tumors associated
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with syringomyelia are very rare. In our case, syringomy-
elia most likely developed secondary to the mass effect of
the epidermoid cyst. It has been postulated that cyst may
cause blockage of CSF flow dynamics. Accordingly, exci-
sion of the cyst can remove the mass effect and regenerate
these CSF flow alterations. Hence, after the total resection
of the cyst, disappearance/reduction of the syrinx cavi-
ty was achieved, in spite of CSF leakage was not observed
from the neighbouring syringomyelic cavity. Besides, no
additional drainage procedure for the syringomyelic cav-
ity was considered.

In conclusion, spinal intradural extramedullary epi-
dermoid cyst at the conus medullaris level associated with
thoracic syringomyelia is a very rare entity. MRI is very
useful for diagnosis, identifying the exact location of the
cyst, and detecting comorbidities. The clinical course is
dependent on the neurological condition of the patient
at presentation and any delay in the diagnosis. Moreover,
appropriate early surgical intervention with total exci-
sion results in good prognosis. Syringomyelia most like-
ly developed secondary to the mass effect of the cyst and
blockage of the CSF flow dynamics. Therefore, excision of
the cyst can ensure the disappearance or reduction of the
syringomyelia.
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