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The Agreement Between Blood Pool - Delayed Bone Scintigraphy
and Tc-99m Human Immunoglobulin G (HIG) Scintigraphy

in the Determination of the Presence and Severity of
Inflammatory Arthritis

Inflamatuvar Artritlerin Varlig ve Siddetinin Belidenmesinde Kan Havuzu-Geg Dénem

Kemik Sintigrdfisi ile Tc-99m Human Immiinoglobulin G (HIG) Sintigrdfileri Arasindaki Uyum
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Abstract

Objective: In this study, it was aimed to investigate the agreement between early phase of bone scinigraphy - human immunoglobulin
scintigraphy (EPBS-HIG) and late phase bone scintigraphy - HIG (LPBS-HIG) in the determination of the presence and also the severity of
inflammatory arthritis.

Material and Methods: ~ Twenty-eight patients (23 female, 5 male; between 19 to 80 years of age) with inflammatory arthritis were
included in the study. Tc-99m HIG and blood pool/late phase bone scintigraphies were performed in all patients. In scintigraphic exami-
nations, the joints were scored with the degree of accumulation of the radiopharmaceutical by the semiquantitative analysis
(0=Background activity, 1=Faint uptake, 2=Moderate uptake, 3=Marked uptake) which is called as visually active joint score as severity
index of the disease. To estimate the agreement between EPBS - HIG and LPBS - HIG in the determination of the presence and severity
of inflammatory arthritis, 2x2 kappa coefficients were calculated.

Results: Our results showed good agreement between EPBS - HIG for the presence of inflammation (kappa: 0.72) but not for the severity of the
disease (kappa: 0.29), poor agreement between LPBS - HIG for both the presence (kappa: 0.51) and severity (kappa: 0.01) of inflammatory
arthritis.

Condusion: The blood pool scintigraphy could be used in the investigation of the presence of inflammatory arthritis because the good
agreement with HIG and the lower cost but not for the severity of the disease. (MIRT 2011,;20:45-51)
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Ozet
Amag: Bu calismada, inflamatuvar artritlerin varligi ve siddetinin belilenmesinde erken dénem kemik sintigrafisi - human imminoglobulin
(EDKS - HIG) ve gec dénem kemik sintigrafisi - HIG (GDKS - HIG) arasindaki uyumun incelenmesi amagclanmistr.

Gereg ve Yontemler: Calismaya inflamatuvar artriti olan 28 hasta (23 erkek, 5 kadin; yas araligi 19-80) dahil edilmistir. Tim hasta-
lara Tc-99m HIG ve kan havuzu/gec dénem kemik sintigrafisi tetkikleri gerceklestirilmistir. Eklemler, sintigrafik calismalarda “gérsel aktif
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eklem” diye isimlendirilen ve hastaligin siddet gdstergesi olarak radyofarmasétik tutulum derecesine gére semikantitatif skorlanmishr
(0= zemin aktivite, 1= hafif tutulum, 2= orta derecede tutulum, 3= belirgin tutulum). inflamatuvar artritin varligi ve siddefinin belirlen-
mesinde EDKS - HIG ve GDKS - HIG arasindaki uyumu saptamak icin 2x2 kappa katsayilari hesaplanmistir.

Bulgular: Sonuclanmiz, EDKS - HIG arasinda inflamasyonun saptanmasinda iyi uyum oldugunu (kappa: 0.72), ancak hastalik siddeti icin iyi

uyum olmadigini (kappa: 0.29), GDKS - HIG'de ise hem inflamatuvar arfritin saptanmasinda (kappa: 0.51) hem de siddetinin belilenmesinde

(kapa: 0.01) kétii bir uyum oldugunu géstermistir.

Sonug: Kan havuzu sintigrafisi, HIG ile iyi uyumu ve daha disik fiyath olmasi nedeniyle inflamatuvar artritlerin varliginin gésterilmesinde

kullanilabilir ancak hastalik siddefinin belilenmesinde kullanilmasi uygun degildir. (MIRT 2011,;20:45-51)

Anahtar kelimeler: Romatoid artrit, reaktif artrit, teknesyum 99m HIG

Introduction

Radiopharmaceuticals have been used for detection of
inflammation and to evaluate the activity of the arthritis in sev-
eral arthritic conditions (1,2,3,4,5). Some radiopharmaceuti-
cals accumulate nonspecifically in arthritic joints because of
the increased vascular permeability at the site of inflammation
or particular physicochemical properties (6). In inflammatory
joint disease, the uptake of diphosphonates in bone is either
secondary to increased blood flow to periarticular bone, or is
related to new bone formation with diphosphonate absorbed
on the surface of hydroxyapatite crystals or is a combination
of both factors (1). Bone scintigraphy appeared to be a sensi-
tive method for detecting inflammatory joint disease, however
the disadvantage of bone scintigraphy is its’ low specificity
(1,7,8,9). Other radiopharmaceuticals such as Ga-67
(10,11), radiolabelled leucocytes (12), In-111 chloride (13),
99mTc labelled liposomes (14) were demonstrated to accu-
mulate in inflammed area in arthritis, however these agents
have not been used in routine clinical practice (15). Some
radiopharmaceuticals were considered as specific targeting
agents for inflammation in especially rheumatoid arthritis (RA).
Promising results have been reported with radiolabelled CD4,
E-selectin antibodies and somatostatin receptor imaging (6).
Recently, FDG PET has been used for monitoring response to
treatment in RA (16).

HIG scintigraphy has been suggested as a reliable and
objective imaging method of joint inflammation. The mecha-
nism of HIG accumulation at the site of inflammation has still
to be conclusively determined (1,6). The following hypotheses
have been proposed; increased vascular permeability (17),
specific trapping of IgG by receptors for immunoglobulins
located on inflammatory cells (18), binding of to extracellular
matrix proteins (19) and bacterial offinity (20).

Bone scintigraphy is easy to use and cheaper compare to
HIG scintigraphy in routine use. To date, late phase bone
scintigraphy (LPBS) has been compared to HIG scintigraphy
in inflammatory arthritis. However, there is not enough infor-
mation about the agreement between early phase of bone
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scintigraphy (EPBS) and HIG scintigraphy in inflammatory
arthritis. In this study, we aimed to investigate the agreement
between EPBS-HIG and LPBS-HIG scintigraphy in the determi-
nation of the presence and also the severity of inflamatory
arthritis.

Materials and Methods

Subjects

The study involved 28 patients (23 female, 5 male; age
between 19 to 80 years) with RA (19 patients) diagnosed
according to 1987 American College of Rheumatology
(ACR) criteria (21) and reactive arthritis (ReA) (9 patients).
The range of disease duration was é month-35 years and 1
month-1 year in the patients with RA and ReA, respectively.
Clinical assessment of arthritis activity was performed with ten-
derness and swollen of joints.

Scintigraphy

HIG (Mallinckrodt Diagnostica, Holland) was radiola-
belled by Tc 99m according to the instructions. Imaging was
performed after 4 hours after the iv injection of 555 MBq of
the tracer. Whole body scans and anterior spot views of the
shoulders, elbows, hands and wrists, hips, knees, ankles and
forefeet were acquired at preset times of 5 minutes.

Bone scans were performed by iv injection of 555 MBq Tc
99m Medronate two days after HIG scintigraphy. Blood pool
and late phase static images were acquired at preset times of
2 and 5 minutes, respectively, at the same areas with HIG
scintigraphy. Total blood pool imaging time for each patient
was between 10 to 12 minutes.

Toshiba GCA 602 A gamma camera equipped with low
energy all purpose collimator was used for all acquisitions.

Scintigraphic Evaluation

The scintigrams were evaluated by the consensus of two
experienced Nuclear Medicine physicians (GK, FG) who
were unaware of the patient’s clinical status. In scintigraphic
examinations, the joints were scored with the degree of accu-
mulation of the radiopharmaceutical by the semiquantitative
analysis called “visually active joint score” representing the
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severity index of the disease as follows: 0=Background activi-
ty (Figure 1), 1=Faint uptake (mild inflammation) (Figure 1),
2=Moderate uptake (moderate inflammation) (Figure 2),
3=Marked uptake (severe inflammation) (Figure 3).
Forty-four and 46 joints were investigated for each patient
in RA and ReA, respectively by HIG, EPBS, and LPBS. These

joints were as follows: shoulders (2), elbows (2), wrists (2),

Tc99m HIG

Figure 1. Tc 99m HIG scintigraphy (A) and Tc 99m Medronate blood
pool scintigraphy (B) in the same patient

Faint uptake (VAJS= 1) in the proximal interphalangeal joint (at 3rd phalanx of the
right hand) and normal uptake of radiopharmaceutical at the level of background
activity (VAJS=0) for other joints of both hands and wrists in HIG and Medronate
blood pool scintigraphy
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Figure 2. Tc 99m HIG scintigraphy (A) and Tc 99m Medronate blood
pool scintigraphy (B) in the same patient

Moderate uptake (VAJS=2) in both wrists and metacarpophalangeal joints. Faint
and moderate uptake in proximal interphalangeal joints by HIG and Medronate
blood pool scintigraphy

metacarpophalangeal (10), proximal interphalangeal (10),
distal interphalangeal (8), hips (2), knees (2), ankles (2),
metatarsophalangeal (2) and forefeet (2). Since sacroiliac
joint is not a commonly involved joint, it was not evaluated in
RA. It was also not possible to score the different metatar-
sophalangeal and interphalangeal joints of the feet separate-
ly, so these joints were taken as a single articular segment.

Before including the study, detailed information was given
to all patients and all patients gave informed consent for the
study.

Statistical Analysis

To estimate the agreement between HIG - EPBS and HIG
- LPBS in the determination of the presence and severity of
inflamatory arthritis, 2x2 kappa coefficients were calculated

(22).
Results

Clinical characteristics and the sum of VAJS for each
patient for HIG, EPBS, and LPBS are shown in Table 1. Even
the total number of joints evaluated for all patient was 1250
(44 joints x 19 patients with RA; 46 joints x 9 patients with
ReA), it was not possible to compare HIG-EPBS and
HIG-LPBS with each other for all joints due fo the variations in
acquisition and technical problems. The number of joints com-
pared with each other in HIG-EPBS and HIG-LPBS were
415 and 473, respectively.

Tables 2 to 5 show the agreement results between HIG -
EPBS and HIG - LPBS in the determination of the presence and
severity of arthritis.

Discussion

The availability of an objective and reproducible method
to evaluate the activity of the arthritis would be of great value

Tc9om HIG
Tc99m MEDRONATE

Blood pool

Figure 3. Tc 99m HIG scintigraphy (A) and Tc 99m Medronate blood
pool scintigraphy (B) in the same patient

Marked uptake (VAJS=3) in both wrists. Normal uptake in other joints of both
hands by HIG and Medronate blood pool scintigraphy
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in management of patients and assessment of therapeutic In the literature, LPBS has been compared to HIG scintig-
effects (6). Many of the studies have shown that nonspecific  raphy in inflammatory arthritis for only in the determination of
polyclonal human IgG scintigraphy is a useful test for localiz-  the presence of inflammatory arthritis (24,29). However, there
ing and detecting inflammatory joint activity and inflammation is not enough information about the agreement between LPBS
(23,24,25,26,27,28,29,30). - HIG scintigraphy in the determination of the severity of dis-

Table 1. Clinical characteristics and the sum of visually active joint scores for HIG, EPBS, and LPBS of each patient

Patient no Age (year) Gender Disease Diagnosis NSJ HIG EPBS LPBS

duration (year)

1 48 F 25 RA 2 17 18 35

2 50 F 4 RA 3 28 30 40

3 46 F 3 RA 2 23 19 34

4 35 F 1 RA 8 16 19 30

5 45 F 5 RA 0 2 2 36

6 57 F 5 RA 0 31 25 30

7 45 F 3 RA 6 15 28 45

8 57 F 11 RA *x 4 4 24

9 39 F 1 RA 6 24 16 36

10 40 F 12 RA 1 13 *x 33

11 80 F 4 RA 0 16 41 46

12 54 M 0,5 RA 0 22 18 31

13 32 F 8 RA 1 15 *x 33

14 53 F 30 RA 1 25 20 33

15 30 F 2 RA 0 33 20 39

16 42 F 14 RA 2 19 21 38

17 53 F 35 RA 7 26 29 43

18 46 F 15 RA 2 16 18 36

19 55 F 5 RA 3 16 13 20

20 48 F 25 RA 1 7 4 9

21 46 F 0,05 ReA 2 15 13 24

22 19 M 0,05 ReA 0 6 4 10

23 42 M 0,1 ReA 0 5 5 18

24 24 F 0,1 ReA 1 14 *x 15

25 30 M 0,5 ReA 0 6 9 35

26 48 M 0,5 ReA 1 3 3 3

27 30 F 1 ReA 1 3 3 6

28 42 F 0,3 ReA B 14 12 11

ReA: Reactive Arthritis; RA: Rheumatoid Arthritis; EPBS: Early phase of bone scintigraphy; NSJ: Number of swollen joints; F: Female; M: Male; LPBS: Late phase of bone scintig-

raphy; VAIS: Visually Active Joint Score;

** EPBS VAJS and NSJ could not be evaluated in patients 10,13,24 and 8, respectively
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ease. In addition, in the literature, the agreement between
EPBS - HIG for the determination of the presence and also the
severity of the disease are not well known, either. The present
study has adressed to clarify this point. Our study showed that
there was a good agreement between HIG and EPBS in the

Table 2. The number of positive and negative joints in HIG and EPBS

HIG
+ _
EPBS + 187 21
= 38 169

Evaluated total number of joints: 415
Percent of overall agreement: 0.86
Kappa coefficient: 0.72

EPBS: Early phase of bone scintigraphy
HIG: Human immunoglobulin

+: positive for inflammation

- negative for inflammation

Table 3. The number of joints (showing positive uptake) in terms of
severity of arthritis in HIG and EPBS

HIG
1 2 3
EPBS 1 29
2 19
3 40

Evaluated total number of joints: 415 (88/415 joints positive, 327/415 joints
negative)

Percent of overall agreement: 0.47

Kappa coefficient: 0.29

EPBS: Early phase of bone scintigraphy

HIG: Human immunoglobulin

1: Faint uptake (mild inflammation)

2: Moderate uptake (moderate inflammation)

3: Marked uptake (severe inflammation)

Table 4. The number of positive and negative joints in HIG and LPBS

HIG

LPBS

Es

141
= 10

104
218

Evaluated total number of joints: 473
Percent of overall agreement: 0.75
Kappa coefficient: 0.51

LPBS: Late phase of bone scintigraphy
HIG: Human immunoglobulin

+: positive for inflammation

- negative for inflammation

determination of the presence of arthritis (percent of overall
agreement: 0.86, kappa: 0.72). This means that HIG and
EPBS are in agreement in 356 of 415 joints. However, the
agreement of HIG and EPBS was poor in the evaluation of the
severity of arthritis (percent of overall agreement: 0.47,
kappa: 0.29). In another words, only 256 of 415 joints
showed good agreement in HIG and EPBS for the determina-
tion of the severity of arthritis. Klett et al (30) also showed
excellent agreement between HIG and EPBS in the determina-
tion of the presence of arthritis but they did not investigate the
agreement for the severity of arthritis. In the present study,
poor agreement was found between HIG - LPBS in the deter-
mination of the presence (kappa: 0.51) and severity (kappa:
0.01) of inflammatory arthritis. In the literature, there is not any
information about the agreement of two modalities for the
severity of arthritis. Many studies also indicated that HIG
scintigraphy, when compared to bone scintigraphy, is a more
specific method to detect synovitis and shows differentiation
between different degrees of arthritis acitivity (2,15,24). HIG
and MDP are completely different radiopharmaceuticals in
terms of uptake mechanisms. Bois et al suggest that two scinti-
graphic techniques reflect different processes. HIG scintigra-
phy measures inflammation and bone scintigraphy measures
bone turnover. The differences between the results of the two
scintigraphic techniques can be explained by the different
uptake mechanisms of the radiopharmaceuticals (15). While
increased vascular permeability (17), specific trapping of IgG
by receptors for immunoglobulins located on inflammatory
cells (18), binding of to extracellular matrix proteins (19) are
factors proposed for HIG, only increased vascular permeabil-
ity and metabolic activity of bone are responsible for EPBS
and LPBS, respectively, in inflammatory arthritis (1). Our

Table 5. The number of joints (showing positive uptake) in terms of
severity of arthritis in HIG and LPBS

HIG
1 2 3
LPBS 1 7
2 6
3 62

Evaluated total number of joints: 473 (75/473 joints positive, 402 joints negative)
Percent of overall agreement: 0.35

Kappa coefficient: 0.01

LPBS: Late phase of bone scintigraphy

HIG: Human immunoglobulin

1: Faint uptake (mild inflammation)

2: Moderate uptake (moderate inflammation)

3: Marked uptake (severe inflammation)
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results showed that the agreement between HIG - EPBS is bet-
ter than HIG - LPBS in terms of the determination of the pres-
ence and severity of the disease. In the LPBS, the main affect-
ed factor of accumulation of tracer is the bony turnover (15).
Even after improvement of synovitis, since neighboring bony
turnover would still continue, LPBS would show increased trac-
er accumulation.

The main drawback of the present study is absence of a
gold standart test for investigation of synovitis of arthtritic
joints. In the present study, patients were diagnosed according
to ACR criteria for RA, and clinical-laboratory data for ReA.
The histologic examination is the gold standart modality for
evaluating synovitis. Because of its invasiveness, there is only
one study comparing the results of HIG scintigraphy with his-
tologic examination (23). In this study, false positive as well as
false negative results are shown with a higher number of false
positive results. However, the present study had addressed to
investigate only the agreement between two imaging modali-
ties for the determination of the presence and the severity of
the inflamatory arthritis rather than the primary diagnosis.

Conclusion

Ovur results showed good agreement between HIG - EPBS
for the presence of inflammation but not for the severity of the
disease and poor agreement between HIG - LPBS for both
the presence and severity of inflammatory arthritis. The blood
pool scintigraphy could be used for the investigation of
the presence of inflammatory arthritis because of the good
agreement with HIG and lower cost but not for the severity of
the disease.
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