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An Intraarticular Sacroiliac Steroid Injection Under the Guidance of
Computed Tomography for Relieving Sacroiliac Joint Pain:
A Clinical Outcome Study with Two Years of Follow-Up

Sakroiliyak Eklem Agrisi Tedavisinde Bilgisayarli Tomografi Egliginde Eklem I¢i Steroid
Enjeksiyonu: Iki Yillik Takip ile Klinik Sonug Caligmasi
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’Department of Radiodiagnostics, Medical Faculty of Baskent University, Ankara, Turkey

Objectives: The aim of this study was to analyze the effectiveness
of aninjection of a computed tomography (CT)-guided intraarticular
steroid and a local anesthetic for the treatment of sacroiliac joint
(SIJ) pain over a two-year follow-up period.

Patients and methods: Between January 2009 and December
2011, a total of 46 patients (18 males, 28 females; mean age 52.7
years; range 41 to 65 years) with SIJ pain who were scheduled
to undergo an injection with a CT-guided intraarticular steroid
and a local anesthetic were included. After properly prepared,
the mixture of triamcinolone acetonide 80 mg and bupivacaine
hydrochloride 4 cc was injected under CT guidance. The pain
was evaluated using the visual analog scale (VAS) before and
after the injection. The clinical follow-up was performed the day
after the injection as well as at one week, three weeks, and six
months and in the last visit. The differences between the VAS
scores before and after the injections were analyzed statistically.

Results: The mean follow-up was 26.7 months (range 24 to
36 months). Eight out of 46 patients (17.4%) needed a second
injection. Five of them (10.8%) failed to show improvement
during the follow-up after the intraarticular cortisone injection.
The overall success rate of the SIJ injection was 89.2%. The
differences between the VAS scores before the injection and
at intervals of one day, one week, three weeks, and six months
were significantly lower. This response remained significant after
a minimum of two years of follow-up with a median VAS score of
20.5 (min-max: 0-87).

Conclusion: Sacroiliac joint injections under CT guidance are
a sufficient treatment modality for pain and symptom control
in patients suffering from pain due to active SIJ pathologies.
They are safe and effective and can be used as an alternative
treatment of choice for patients with long-term SIJ pain.
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Amac: Bu calismada, iki yillik takip dénemi surresince bilgisayarli
tomografi (BT) esliginde gerceklestirilen eklem ici steroid ve
lokal anestetik enjeksiyonun, sakroiliyak eklem (SIE) agrisinin
tedavisindeki etkinligi degerlendirildi.

Hastalar ve yéntemler: Ocak 2009 - Aralik 2011 tarihleri
arasinda SIE agrisi olan ve BT egliginde eklem ici steroid
ve lokal anestetik enjeksiyonu yapilmasi planlanan toplam
46 hasta (18 erkek, 28 kadin; ort. yas 52.7 yil; dagilim 41-65
yil) calismaya dahil edildi. Uygun hazirlik sonrasi, 80 mg
triamsinolon asetonid ve 4 cc bupivakain hidroklorir karigimi
BT esliginde enjekte edildi. Enjeksiyon Oncesi ve sonrasi
agrinin derecesi gorsel analog skalasi (GAS) kullanilarak
degerlendirildi. Klinik takip enjeksiyon sonrasi ilk giin, ilk hafta,
Gclncu hafta, altinci ay ve son kontrol olarak gergeklestirildi.
Enjeksiyon &ncesi ve sonrasi GAS skorlari arasindaki fark
istatistiksel olarak degerlendirildi.

Bulgular: Ortalama takip slresi 26.7 ay (dagilim 24-36 ay) idi.
Kirk alti hastadan sekizine (%17.4) ikinci enjeksiyon gereksinimi
oldu. Bunlarin beginde (%10.8) eklem ici kortizon enjeksiyonu
sonrasi takipte, agrilarda gerileme olmadigi gorildi. Sakroiliyak
eklem enjeksiyonun genel basari ylzdesi %89.2 idi. Enjeksiyon
sonrasi ilk gun, ilk hafta, Gglincu hafta ve altinci ayda kaydedilen
tim GAS skorlari, enjeksiyon dncesine kiyasla anlamli diizeyde
disltk bulundu. Bu yanit, en az iki yillik takip sonucunda da
ortanca 20.5 GAS (min-max: 0-87) ile anlamli sekilde kalmaya
devam etti.

Sonug: Bilgisayarli tomografi esliginde SIE enjeksiyonlari,
aktif SIE patolojileri nedeni ile agri duyan hastalarda yeterli
bir tedavi yéntemidir. Bu yéntem guvenilir ve etkilidir ve uzun
dénemli SIE agrisi olan hastalarda tedavi alternatifi olarak
tercih edilebilir.

Anahtar sézcukler: Bilgisayarli tomografi; enjeksiyon; agri; sakroiliyak.
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The sacroiliac joint (SIJ) has been implicated as
the primary source of pain in over 10% of cases
with suspected SIJ pathologies requiring controlled
comparative local anesthetic blocks based on
criteria developed by the International Association
for the Study of Pain (IASP).!* The SIJ functions
anatomically and biomechanically within the weight-
bearing system of the lumbosacral vertebrae, pelvis,
and hip joints and shares the ligamentous structures
and muscles for stability with the posterior pelvic
ring.**! These include the very strong interosseous
ligaments as well as the iliolumbar, sacrotuberous, and
sacrospinous ligaments. Additionally, recent studies
have shown that neural innervations are detected
not only in the joint capsule, but also in the posterior
ligamentous tissues of the SIJ with the presence of
nociceptors for pain.”! As a result it has been widely
accepted in the literature that the SIJ could be the
source of low back pain that might require meticulous
intervention and treatment.

The etiology of SIJ pain varies and includes direct
trauma, unidirectional pelvic shear, repetitive and
torsional forces, rheumatologic inflammation, or
idiopathic onset."*” Although numerous treatment
alternatives have been promoted to reduce the high
morbidity associated with SIJ pain, much controversy
still exists regarding their effectiveness.®*! Sacroiliac
joint injection therapy is one of the available
treatment options for patients with chronic SIJ pain,
and this needs to be carefully evaluated with respect
to its effectiveness for short- and long-term pain
relief. Various studies have analyzed the efficacy
of injection methods for SIJ pain relief.">* These
show that a wide range of guiding methods such
as fluoroscopy, ultrasonography (USG), computed
tomography (CT) and magnetic resonance imaging
(MRI), have been used. These methods have included
local anesthetic agents, especially those with long-
term effects like bupivacaine, Although all were
reported to be effective in the treatment of SIJ pain,
the study populations and the follow-up periods
differed, thus hindering the ability to evaluate the
best treatment option.

In order to overcome this controversy, a
homogenous study population with a single-needle
technique injection must be prospectively evaluated
with a long-term follow-up. Hence, the purpose of this
study was to evaluate the effectiveness of CT-guided
intraarticular steroid and local anesthetic injection
for the treatment of patients with SIJ pain with two
years of follow-up.
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PATIENTS AND METHODS
Study group

Between January 2009 and December 2011, all
patients with SIJ pain who were scheduled to undergo
CT-guided intraarticular steroid and local anesthetic
injection were considered for this study. A presumptive
diagnosis of SIJ pain was established on the basis
of patient history, physical examination, laboratory
findings, and characteristic radiological features
(erosions, subchondral sclerosis with increased bony
density and joint space narrowing),!” and CT and
MRI scans were undertaken if needed. Sacroiliac
joint pain persisting for at least two months with a
failed conservative treatment (failure to respond to
nonsteroidal anti-inflammatory drug (NSAID) therapy
for a period of four weeks) was accepted as the major
indication for injection therapy.

Patients who fulfilled the criteria previously
described by Murakami et al."! were accepted into the
study group:

1. Laterally located pain over the SIJ line

2. Positive findings on at least one of the following
three provocation tests for SIJ pain: (i) Gaenslen’s test
in which the hip joint is flexed maximally on one
side, and the opposite hip joint is extended, stressing
both sacroiliac joints simultaneously),!? (ii) Patrick’s
test [flexion, abduction external rotation (FABERE)
test],1¥ (iii) Newton’s test (thigh hyperflexion test),!"
a negative response to Kemp’s test,!” one of the pain
provocation tests for sciatica (Patient’s trunk rotates
obliquely downward in the affected lumbosacral area.
A positive response is obtained if the lower back pain
radiates into the lower extremities).

3. No disorders in the hip joint
4. No signs of lumbar radiculopathy

5. No findings suspicious of infectious arthritis on
the laboratory investigation or on plain radiographs

Patients who had previous pelvic or lumbosacral
surgery or a previous fracture history regarding SIJ
were exluded from the study group along with those
with coxarthrosis or those with less than two years of
follow-up. Patients with lumbar disc pathologies and
spondyloarthopathies with no signs of radiculopathy
and no radiating pain were not excluded from the
study group as they had no radiating pain mimicking
any SIJ pathologies.

During enrollment, 51 patients (22 males and 29
females) were found to be eligible. Written informed
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Figure 1. Positioning the computed tomography table. Note
the marker and laser indicator showing the exact location of
the right sacroiliac joint.

consent was obtained from all patients. Five patients
were lost to follow-up; therefore, a total of 46 patients
(18 males, 28 females) were evaluated for the final
analysis.

Injection technique

All injections were performed by one of the
authors at an outpatient clinic according to the
technique previously described by Bollow et al.l'®
The patients were placed in a comfortable prone
position on the CT table. After scouting the pelvis,
the SIJs were scanned with a section thickness of
4 mm and a table advancement of 8 mm while being
viewed in the bone window on a Somatom plus

Figure 2. (a) After local anesthesia, 18-G Chiba needle was placed in an oblique manner into the sacroiliac joint
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CT scanner (Siemens AG, Munich, Germany). The
section position with the most suitable access to the
synovial articular compartment’” on both sides was
set as the table position (Figure 1). After positioning
the table, the definitive gluteal injection sites on
one or both sides were indicated on the skin with a
grease pencil, and the injection area was disinfected
and draped with sterile cloths. After local anesthesia
(10 ml of 2% lidocaine per joint), the Chiba needle tip
(1.2 mm diameter=18 gauge, 50 to 100 mm length;
Angiomed Germany, Karlsruhe, Germany) was
positioned in the articular cavity and controlled by
CT (Figure 2a, b). Then the joint space was confirmed
by at least 3 mls of nonionic contrast medium
(Ioversol, Optiray, Covidien, Mansfield, MA, USA)
injection (Figure 3). Finally, 0.5 ml of 10% hypertonic
saline was injected into the space for the pain
provocation test. This test was considered positive
when it provoked the same pain as the patient’s
symptoms.'") After the provocation test, a mixture
of long-term corticosteroid (80 mg triamcinolone
acetonide, Sinokort-A, IE, Istanbul, Turkey) and
local anesthetic (4 cc levobupivocaine hydrochoride,
Chirocaine, Abbott Laboratories, Abbott Park,
Illinois USA) was injected, and the injection site was
closed. After injection, no additional medications,
including anti-inflammatory drugs, were prescribed
for any patients in order to prevent any bias of
pain evaluation. The patients were strictly informed
about the clinical follow-up period and meticulously
controlled.
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and confirmed by computed tomography. (b) The needle placement was confirmed with axial tomography images.

Note that the Chiba needle is in the sacroiliac joint.
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Figure 3. Axial tomography image obtained after the injection
of contrast material. Note the intrarticular infiltration
of contrast material with dorsal bulging of the posterior
sacroiliac ligament (arrowhead) and without evidence of
extraarticular distribution.

Clinical evaluations and statistical analyses

All clinical assessments were done by one
investigator. To evaluate pain before and after injection,
the visual analog scale (VAS) was used,™ which
consisted of a 100 mm horizontal line anchored at one
end with the words “no pain” and at the other end
with the words “worst pain imaginable”. The research
assistant asked the patient to mark the line at the point
that best represented the intensity of his or her pain.
The VAS numeric value was the distance in millimeters
from “no pain” to the point marked by the patient.!®!
The clinical follow-up with VAS scores was performed
the day after the injection as well as one week, three
weeks, and six months afterwards and at the final
control. As a result, a total of six VAS scores were
recorded for each patient.

The effectiveness of the injection was analyzed by
the VAS scores, and the threshold level was determined
as 50 since it is the midpoint of the pain scale."
Therefore, if the VAS score was below 50, the injection
was accepted as “successful”. The patients who had a
score of greater than 50 points the day after the initial
intraarticular injection immediately received another
one. The effect of this additional injection was also
evaluated in the same manner as described above.
For all patients, their pre-injection VAS scores were
accepted as the scores before any injections performed,
and for those who received second injections, the VAS
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scores after the first injection were discarded in order
to not influence the final outcome.

Two types of statistical analyses were performed
for this study. Distributions of the variables were
controlled by the Shapiro-Wilk test, and they were
not normal. For this reason, the median VAS scores
before and after the injections were compared using
Friedman’s test, and then multiple comparisons
between pairs of VAS scores were carried out according
to the Bonferroni/Dunn test. Results were expressed
as number of observation (n), median VAS scores with
minimum-maximum values, and interquartile range
(IQR). All calculations were performed using the SPSS
17.0 software package (SPSS Inc., Chicago, Illinois,
USA), and the significance level was set at p<0.05 with
a 95% confidence interval (CI).

RESULTS

The mean overall length of follow-up was 26.7
months (range 24-36 months), and the mean age of
the participants was 52.7 years (range 41-65 years) at
the time of index injection. There were five bilateral
injections. Eight out of the 46 patients (17.4%) needed
a second injection due to having VAS scores greater
than 50. The median VAS score of these patients was 65
(min-max: 55-93, IQR: 21.50) the day after the injection.
There were no intra- or post-injection complications
such as bleeding, sensorimotor disorders, hematomas,
septic sacroilitis, articular abscesses, or osteomyelitis
recorded in the follow-up period.

Five patients (10.8%) failed to show an improvement
during follow-up after the intraarticular cortisone
injection. Although these patients emphasized that
their pain decreased after the injection therapy, they
declared that complete relief was not established, and
their VAS scores were still greater than 50. Therefore,
the overall success rate of the SIJ injection was 89.2%.
On the day before the intervention, the median VAS
score was determined to be 89.5 (min-max: 80-100,
IQR: 12.25). This median score decreased to 17 (min-
max: 0-93, IQR: 24) after the first day of the injection
and remained low at 19.5 (min-max: 0-87, IQR: 28.25)
in the first weeks following the intervention. The
median VAS scores after three weeks and six months
were 22 (min-max: 0-92, IQR: 27.75) and 23 (min-max:
0-85, IQR: 27.25), respectively (Figure 4). Friedman’s
test revealed a significant difference between the VAS
scores before and after injections, demonstrating the
beneficial therapeutic effect of the injection (p<0.05;
Table 1). Multiple comparisons between preinjection
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Figure 4. The mean VAS scores before and after sacroiliac
joint injection. Note the significant decrease of VAS scores
after injection and note that it remains decreased in the
follow-up. VAS: Visual Analog Scale.

and the first day, first week, third week and sixth month
VAS scores using the Bonferroni/Dunn test showed a
significant decrease in the pain scale. This therapeutic
response remained significant after a minimum of two
years of follow-up with a median VAS score of 20.5
(min-max: 0-87, IQR: 25.5) and a success rate of 69.5%
(32 out of 46 patients).

DISCUSSION

For patients that do not respond to conservative
treatment and for those with severe SIJ pain that
prevents routine social activities, treatment
alternatives, including invasive procedures, must be
kept in mind. The first line of therapy, NSAIDs, are
often not sufficient for disease control or, in some
cases, cannot be applied for a prolonged period of
time due to gastrointestinal and cardiovascular side
effects.”) As a result, in recent years, intraarticular
steroid injections have become more popular.b>121
Hence, in our study, we tried to investigate the
effectiveness of a single-needle technique steroid
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injection under the guidance of CT with a minimum
of two years of follow-up.

To investigate the effects of injection therapy for
SIJ pain in a systematic review, it should be realized
that the content of this treatment method shows a large
degree of variation. The same holds for daily clinical
practice, which underlines the need to make clinically
valid comparisons of injection therapy interventions.

Indication and patient selection

The first source of variation in the content of
injection therapy is the selection of patients and
study groups. Various studies have analyzed the
effectiveness of SIJ injection in heterogeneous
study groups.'?>?] The indication for injection
and inclusion criteria in these studies was not
very clear, preventing any comparative analysis.
To clarify indication and define the study group,
some provocative tests have been described in the
literature.®*?% One of the most controversial topics
is the usage of these tests and the source of the pain.
It is generally accepted that SIJ pain usually confuses
with radiating lumbosacral pain since there is no
specific diagnostic test for SIJ pain.?>?¢! Luukkainen
et al.?””) used criteria comprised of the region of the
pain, tenderness in the SIJ, and positive results on at
least one of three provocation tests: Gaenslen’s test,
Patrick’s test, or Newton’s test. In more recent studies,
it was also indicated that three or more positive
provocation tests involving distraction, compression,
thigh thrust, and Patrick’s and Gaenslen’s tests were
indicative of SIJ pain."!! Nevertheless, to confirm the
exact source of the pain, the gold standard method is
still accepted as the intraarticular stimulation of pain
via injection including 10% hypertonic saline, 0.9
normal saline solutions, or any radiologic contrast
material.?>*! To overcome any controversy, our
study clearly defined the indication for injection
and meticulously controlled the inclusion criteria
for the study population which had previously been
published by Murakami et al.'! Provocative injections

and their statistical outcome analysis

Table 1. Median Visual Analog Scale score values of the clinical follow-up periods with minimum and maximum range

VAS Pre-injection 1t day 1+ week 3 week 6™ month Final control

Median 89.5 17 19.5 22 23 20.5

Min.-max. 80-100 0-93 0-87 0-92 0-85 0-87
Pre-injection vs post-injection VAS scores

p* <0.05

VAS: Visual Analog Scale; Min.-max.: Minimum and maximum values of VAS scores, * P value of Friedman test.
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were performed under CT guidance in our outpatient
clinics, and the steroid injections were only given
after the provocation was considered positive. In
their study, Murakami et al.' reported that the
area of pain and provocative tests are extremely
important for the indication of SIJ injection. We
also used the same tests and criteria. For all of our
patients, apart from clinical provocative tests, we also
performed an intraarticular 0.5 ml of 10% hypertonic
saline injection for pain stimulation prior to steroid
application. In this way, we managed to prevent any
bias of lumbosacral pain and had a comparable and
homogenous study group.

Injection technique

The second variation that must be discussed is
the injection technique. There are several studies
in the literature that describe different techniques
and use various radiological guidance methods,
including fluoroscopy, ultrasonography (USG), and
CT.622300 Tt js commonly accepted that “blind”
injections without any radiological guidance are
unreliable as the SIJ is difficult to enter this way due
to its complex configuration and different anatomic
variations. Rosenberg et al.*!! showed that only 22%
of SIJ injections done without imaging guidance
were actually placed intraarticularly. Although it
has been generally accepted that inserting a needle
into the SIJ space can be done safely and reliably
under fluoroscopic guidance without special manual
skills,?”%? for general orthopedic or even spinal
surgeons, the intraarticular injection may be difficult
as many are not familiar with this procedure, and
the SIJ of elderly patients is mostly sclerosed.'” In
addition, the risk for anatomic variations and complex
integrity also make it difficult to establish a complete
view of the SIJ under fluoroscopic guidance.® It is
curved, and the posterior aspect of the joint is located
medially as compared with the anterior aspect of the
joint which is positioned relatively more laterally. The
obliquity of the fluoroscopy tube in a medial or lateral
direction may give the impression that the joint is
well aligned, leading to missed joint injections.”??! For
these reasons, in recent years, USG- or CT-guided
injection techniques have started to gain popularity.

Ultrasonography is highly dependent on the
physician and has limitations, especially with obese
patients. It also presents limited visualization of
the neurovascular structures.?¥ On the other hand,
CT-guided injection has none of these diadvantages.
Under CT guidance, instruments can be precisely
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placed within the target region, and a controlled
lesion can be caused. This is essential not only for
the therapy outcome, but also for the protection of
nearby vessels and other neural structures.?**! In
the literature, it has been reported that CT guidance
is essential for the effectiveness and safety of
interventional procedures, especially in complicated
structures such as the SIJ.?**%3¢1 Ag a result, in
our study, we preferred CT for injection guidance.
Using this method, we had no injection-related
complications, no neurovascular iatrogenic injuries,
and no missed injections.

Clinical outcomes

The third variation in the literature regarding
SIJ injections concerns the clinical outcomes
and their measures. There have been numerous
studies concerning SIJ pain and its treatment
alternatives.!>1120:27.301 Nevertheless, the best treatment
method is still a matter for debate, and the data
about the long-term clinical benefits of SIJ injections
is scare and inconclusive. Several investigators
have found that SIJ structures are one of the most
commonly encountered sources of low back pain, and
therapeutic injections are the only standard means
of treatment.*>*”! Currently, image-guided diagnostic
blocks and clinical pain provocation tests seem to be
the only way for confirming the sacroiliac origin of
pain. Due to the complex anatomy, SIJ injections have
a very low success rate of 12-20% when performed
using only clinical judgement.?*** In addition,
radiological imaging as a guidance method has been
recently applied to place the needle into the SIJ space.
An increasing success rate with regard to the correct
positioning of the needle starting from 60% at the first
30 injections and improving to 93.5% with the last 30
injections has been demonstrated, but the therapeutic
efficacy or clinical outcome of this intervention has
not been evaluated.”) Maldjian et al.#! reported that
image-guided injection of steroid compounds into
the SIJ could give beneficial and long-lasting results.
This is comparable to our previous experience and the
data determined from the present study. In another
study by Gevargez et al,! only three out of 38
patients did not respond to injection treatment of
SIJ pain. In our study, we had comparable results.
After meticulous needle placement by CT guidance,
we provocated pain at the SIJ and applied the
therapeutic injection. With this technique, we
managed to reach an 80% overall success rate after
six months of follow-up. This rate remained higher
than 50% (69.5%) after a minimum of two years of
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follow-up. Apart from needle placement, we believe
that proper patient selection was also a positive
factor for these success rates.

Sacroiliac joint pain and the effect of
corticosteroids

In the literature, the role of the SIJ in the
symptomatology of pain in the lower back, the pelvis,
and the lower extremities is not exactly clear."” Up
until now, one of the major limitations of current
studies and published treatment results was the lack
of valid diagnostic standards for SIJ pain and scarce
knowledge about its pathophysiological behavior in
pain generation.>*71°)

Variousrecent publications,®1”226land numerous
anatomic and clinical papers have shown that the SIJ
is thoroughly innervated on the ventral side from L3
to S2 spinal nerves and on the dorsal side from S1
and S2,°7 and the presence of nerves in SIJ tissues
makes the joint likely to be a source of lower back
pain when exposed to abnormal loading, excessive
movements, and inflammation. Several investigators
have also found excessive sensory innervations in
the ligamentous SIJ structures.!'>?’ As a result, it was
concluded that the SIJ could be a source of low back
pain that occasionally radiates into the buttocks or
even into the lower leg on the involved side. Those
findings may also explain the similarity of the
pain from the SIJ to that attributed to lumbosacral
disorders. For this reason, in our study, we tried
to only perform injections for those patients with
pain generating solely from the SIJ. Patients with
any signs of pain originating from other systems
were excluded from the study group. Nevertheless,
with recent publications, it is generally accepted
that apart from its anatomic interactions, the most
definitive way to find out the source of pain is to
make a provocative injection into the SIJ.®! Hence,
in our study, in order to overcome the controversy
about the origin of the pain, we made provocative
injections before corticosteroid and local anesthetic
injections, thus completely confirming the origin of
pain from the SIJ.

The effect of corticosteroids and local
anesthetics is also a matter of debate with regard
to pain relief. Most articles and clinicians find
joint injections of corticosterioids to be helpful
for both diagnostic and therapeutic purposes
of pain relief.l'®*2234 They are used commonly
in outpatient clinics for both orthopedic and
physical treatment. It has also been commonly
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reported that the pain reduction and functional
improvement after therapeutic injections of the SIJ
often is quite significant.?"?*! The reason for this
improvement is believed to be mostly dependent
on the long-term anti-inflammatory effects of
steroids, including the prevention of synthesis of
pain-generating molecules. For this reason, we
used one of the most long-term effective steroid
molecules, triamcinolone acetonide and believe
that this allowed for up to two years of pain relief
to be established in our study group. Although true
intraarticular steroid injections are most effective,
these injections should be considered only as
a part of a comprehensive treatment, and they
should be performed in conjunction with activity
modification, joint mobilization, therapeutic
exercise, and medical management, if needed.

In conclusion, our results demonstrate that although
intraarticular SIJ injections under CT guidance are a
technically demanding procedure, the deposition of
triamcinolone appears sufficient for pain and symptom
control in patients suffering from pain due to active
SIJ pathologies. It is safe and effective and can be used
as a treatment alternative for patients with long-term
SIJ pain. Controlled, randomized investigations with
a greater sample size over a longer period of time are
necessary to judge this technique more closely in future
studies.
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