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INTRODUCTION

Bone marrow examination (BME) is the final endpoint to the diagnosis of many hematological 
and non-hematological disorders when all other clinical diagnostic tools have been done 
with. Many times marrow unravels the etiological agent behind pyrexia of unknown origin or 
pancytopenia diagnosed clinically. They are also meant to assess response to chemotherapy and 
staging of lymphomas. Rare instances of occult malignancies or storage disorders only came 
out of a marrow examination.[1,2] Marrow reveals the true picture of underlying hematopoiesis 
which peripheral blood fails to provide. It consists of two tests each of which has its own role in 

ABSTRACT
Objectives: Bone marrow examination is the final endpoint to the diagnosis of many haematological and non- 
haematological disorders when all other clinical diagnostic tools have been done with. It consists of two tests each 
of which has their own role in making a final diagnosis. First bone marrow aspiration and second bone marrow 
biopsy. They complement each other and together provides a complete picture of the bone marrow. The study 
aimed to assess the diagnostic accuracy and to observe the degree of correlation (kappa value) between the two 
procedures.

Material and Methods: This retrospective study was conducted in the department of pathology of our 
institution from July 2021 to August 2022. In 149 cases, both BMA and BMB was performed simultaneously 
and was included in the study. BMA slides was stained with Leishman Giemsa stain and BMB underwent tissue 
decalcification and tissue processing followed by staining with haematoxylin and eosin stain. Other special stains 
such as PAS, Reticulin and Perl’s, ZielNeelson (ZN) stain were also done on all relevant cases. Data were analyzed 
using Graphpad Instat 3 and Prism 5. 

Results: The mean age was 8.23±4.37. Of these, the Male: Female ratio was 1.8:1. The most commonly correlated 
diagnosis in the lower age group were for iron deficiency anemia (100%), Childhood Acute Leukemia (87.2%) 
and in higher age groups, the most correlated diagnosis were for Chronic myeloid Leukaemia (100%) and Acute 
Myeloid Leukaemia (72.72%). Kappa value in our study revealed that there was substantial agreement (0.6295) 
between the two procedures. the diagnostic efficacy of BMA is 77.18% and for BMB is 90.6%.

Conclusion: Bone marrow aspiration and biopsy have upperhand over each other in their respective area. 
Both shows substantial agreement and hence these should be performed together and not in isolation to give a 
complete diagnosis.
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making a final diagnosis. First bone marrow aspiration and 
second bone marrow biopsy. They complement each other 
and together provide a complete picture of the bone marrow. 
This study aims to assess the diagnostic accuracy and to 
observe the degree of correlation (kappa value) between the 
two procedures.

MATERIAL AND METHODS

This retrospective study was conducted in the department 
of pathology of our institution from July 2021 to August 
2022 wherein a total number of 257 bone marrow aspirates 
(BMA) and 192 bone marrow biopsies (BMB) were reviewed. 
This study was approved by the research ethics committee. 
In 149  cases, both BMA and BMB were performed 
simultaneously. Children and adolescents were included 
in this study. Patients who did not undergo bone marrow 
biopsy due to a deranged coagulation profile were excluded 
from the study.

The site for BMA and BMB was the posterior superior iliac 
spine. Jamshidi bone marrow biopsy/aspiration needle with 
Luer lock adapter was used, 13 gauge needle for lower age 
group and 11 gauge needle for higher age groups. BMA 
slides were stained with Leishman Giemsa stain. The BMB 
was fixed in 10% neutral buffered formalin for overnight. 
Biopsies underwent tissue decalcification and tissue 
processing followed by staining with hematoxylin and eosin 
stain. Other special stains such as Periodic Acid Schiff (PAS), 
Reticulin and Perl’s, Ziehl neelsen stain were also done on all 
relevant cases. Data were analyzed using GraphPad Instat 3 
and Prism 5.

RESULTS

During the study period of 1  year 149 BMEs, both bone 
marrow aspirations and BMB were performed for various 
indications. The mean age was 8.23 ± 4.37. Of these, the 
Male: Female ratio was 1.8:1 [Table  1 and Figure  1]. Fever 
was the most common presentation along with gum 
bleeding, hepatomegaly, and splenomegaly [Figure  2]. This 
was followed by anemia which was followed by the need 
for recurrent transfusion. Leukemia, iron deficiency anemia 
(IDA), and storage disorders like Gaucher’s dominated the 
lower strata of the study age group, while hemolytic anemia, 

macrophage activation syndrome hypersplenism, dominated 
the higher age groups [Figure 3].

The diagnostic findings of BMA, biopsy, and percentage 
of correlation, respectively, for different diseases, are 
summarized in [Table 2]. The most correlated diagnosis in 
the lower age group was for IDA (100%), childhood acute 
leukemia (87.2%), megaloblastic anemia (MA) (83.3%), and 
erythroid hyperplasia (EH) (80%). In higher age groups, the 
most correlated diagnosis was for chronic myeloid leukemia 
(100%) and acute myeloid leukemia (72.72%) [Figures 4-6]. 
Out of the 149  cases, aspirate was diagnostic in 115  cases 
(77.18%) while the biopsy was diagnostic in 135  cases 
(90.60%). The majority (77.18%) of the cases showed 
a significant correlation between the BMA and biopsy 
findings.

Figure 1: Graphical representation of age and sex distribution of the 
cases (n = 149).

Figure  2: Graphical representation of the frequency of the 
symptoms among the cases (n = 149).

Table 1: Age and sex distribution of the cases (n=149).

Age Male Female

<2 3 4
2–5 22 15
>5–15 64 29
>15 7 5
Total 96 53
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We also calculated the Kappa value in the table to find out the 
degree of correlation between these two procedures [Table 3]. 
Kappa value in our study revealed that there was substantial 
agreement (0.6295) between the two procedures, thereby, 
implying that any single one can be used for diagnosis if the 
other is not available or possible due to the scanty amount of 
tissue received. In this study, the diagnostic efficacy of BMA 
is 77.18%, and for BMB is 90.6%.

DISCUSSION

Bone marrow studies are becoming an indispensable tool 
in diagnosis in the present age. Although both procedures 
complement each other, yet there is an emerging need for the 
identification of an accurate one for early diagnosis and the 
start of treatment. Furthermore, since both procedures have 
their pros and cons, this study is an attempt to identify those 
conditions in which each of these has its part to play. The 
mean age was 8.23 ± 4.37. Of these, the Male: Female ratio 
was 1.8:1 which was concordant with the other studies.[1,3,4] 
The results of the study were grouped into diagnosis was 
possible by bone marrow aspiration alone, diagnosis possible 
with combined aspiration and biopsy, no diagnostic clue on 
aspiration but biopsy proven diagnosis and non-diagnostic.

Of the total aspirate smears. some cases were unclassified. 
The reasons for these are diverse. First, hypocellular marrow 
which was followed up till biopsy showed that there was a 
marked increase in reticulin fibers suggesting myelofibrosis 
and resulting pancytopenia with a dry tap. These were the 
cases with acute myeloblastic leukemia (AML). All cases were 
picked up by trephine biopsy which was missed on aspiration. 
Next, there were instances when a biopsy revealed complete 
replacement of hematopoietic cells by blasts. Here, trephine 
biopsy was of utmost importance in diagnosis. These were 
cases of acute lymphoblastic leukemia. About 12% of cases in 
our study were missed on aspiration due to low cellularity or 

Table 2: Diagnostic findings of bone marrow aspirate, biopsy, and percentage of correlation (n=149).

Diagnosis Complete correlation (%) Partial correlation No correlation Unclassified Total

ALL 41 (87.23) 3 1 2 47
AML 8 (72.72) 2 0 1 11
AA 15 (68.18) 0 2 5 22
CML 3 (100) 0 0 0 3
EH 4 (80) 0 1 0 5
MA 5 (83.33) 1 0 0 6
IDA 9 (100) 0 0 0 9
MAS 3 (60) 0 1 1 5
RCA 6 (85.71) 0 0 1 7
SD 1 (33.33) 0 1 1 3
GR 0 0 1 0 1
HS 0 0 1 0 1
HIS 1 (100) 0 0 0 1
MET 0 0 1 0 1
MUD 0 0 0 1 1
ITP 13 (68.42) 0 5 1 19
WD 1 (100) 0 0 0 1
RM 5 (83.33) 0 0 1 6
UN 0 0 0 0 0
Total 115 (77.18) 6 14 14 149
AML: Acute myeloblastic leukaemia, AA: Aplastic anaemia, CML: Chronic myeloid leukaemia, EH: Erythroid hyperplasia, MA: Megaloblastic anemia, 
IDA: Iron deficiency anaemia, MAS: Macrophage activation syndrome, RCA: Red cell aplasia, ITP: Immune thrombocytopenic purpura, SD: Storage 
disorders, GR: Granulomatous inflammation, HS: Hereditary spherocytosis, HIS: Histoplasma capsulatum infection, MET: Metastasis, MUD: Mucinous 
degeneration, WD: Wilson disease, RM: Reactive marrow, UN: Unclassified

Figure  3: Graphical representation of the frequency of the cases 
among the different age groups (n = 149).
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inadequate core size or dilution with peripheral blood. This 
suggests the dependency of both procedures on each other. 
Among all the cases, AML (72.72% correlation) and ALL 
(87.23% correlation) showed the highest correlation. This was 
also observed in other studies.[3-8] In chronic myeloproliferative 
neoplasm, both procedures showed equal correlation (100%). 
This was also seen in other studies.[3,4,9] However, to classify the 
stages as acute or chronic, the blast count is important which 
can be better delineated on aspiration. However, the role of 
trephine lies in an assessment of the pattern of involvement 
which determines the prognosis.

In the present study, anemia including the cases of EH (28.19%) 
was the most common benign hematological disorder among 
the subset of cases. The highest correlation observed was with 
IDA (100%). Although micro normoblasts were seen in both, 
yet iron store assessment required aspiration sections as biopsy 
yielded false results due to leashing of iron in decalcification. 
Prussian blue stained slides graded iron stores accurately. Next 
was MA (83.33%), where both aspiration and biopsy gave an 
equal correlation. Our findings were concordant with those of 
Khan et al.[6] and Nanda et al.[10] EH showed a good correlation 
between aspiration and biopsy with a percentage of 80%. These 
were subsequently followed up to look for micro normoblasts 
or macro normoblasts or hypersplenism. A high prevalence of 

nutritional anemia can be seen in a tropical country like ours, 
because of malnutrition and infectious diseases.[3,11]

Aplastic anemia (AA) was a diagnosis established by biopsy 
since it had corrected the assessment of the cellularity of 
marrow. Fifteen out of 22 were correctly established to be 
aplastic on biopsy. Five out of 22  cases on aspiration (22%) 
were diagnosed as unclassified due to dilution with peripheral 
blood. Here, the observed correlation was 68% between 
aspiration and biopsy. This was in concordant with Mahajan 
et al.[12] but this showed a disparity with the study done by 
Gilotra et al.[4] Trephine biopsy imparts further information 
about quantity and distribution of lymphocytes, plasma cells, 
megakaryocytes, and blasts which serve as prognostic markers 
in the follow-up of AA. A  positive correlation in cases of 
immune thrombocytopenic purpura was 68.42%, which was 
coherent with the study of Gilotra et al.[4] and Khan et al.[6]

Granulomatous inflammation was diagnosed only in one 
case. The presentation was an HIV infected individual with 
pyrexia of unknown origin. On BMB, the aspirate smears 
revealed a reactive marrow with mild increase in plasma cells. 
This on biopsy showed a well-formed granuloma suspected to 
be of tuberculous origin. Acid fast bacilli (AFB) showed the 
presence of beaded bacilli. A reverse transcription polymerase 

Figure 4: Leishmania donovani (L.D.) bodies (a) Bone marrow aspiration smear shows a macrophage 
loaded with L.D. bodies and some L.D. bodies are present extracellular (LG, ×400) (b) Bone marrow 
trephine biopsy shows numerous macrophages loaded with L.D. bodies (H and E, ×400) Parvovirus 
B19 infection (c) Bone marrow aspiration smear shows giant proerythroblasts having large size, 
sieve like nuclear chromatin with intranuclear inclusion with cytoplasmic protrusions (LG, ×400) 
(d) Bone marrow trephine biopsy shows giant proerythroblasts with vesicular round oval nuclei and 
intranuclear inclusion (H and E, ×400) Histoplasma capsulatum infection (e) Bone marrow aspiration 
smear shows a macrophage loaded with yeast forms with a distinct capsule and crescentic nucleus 
(LG, ×400) (f) Bone marrow trephine biopsy shows macrophages loaded with yeast forms with a clear 
space of capsule around each nucleus (H and E, ×400).
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chain reaction was performed next which confirmed the 
diagnosis. It is challenging to identify granulomas on aspirate 
smears because of the focal involvement of the marrow and 
fibrosis around the granuloma leads to difficult marrow 
aspiration. Trephine biopsy provides better preservation 
of morphology and more amount of tissue than aspirate 
smears; hence, a better means to demonstrate granulomas. 
Another case was an HIV infected individual with fever 
and pancytopenia. Here, aspiration procedure established 
the diagnosis of histoplasmosis. PAS stain was subsequently 
performed which confirmed the diagnosis.

Cases presenting with rapidly dropping hemoglobin levels 
had two possibilities. One was pure red cell aplasia (RCA). 
Second was Parvo viral infection. Here, marrow examination 
was of paramount importance. Parvo virus infection (parvo 
immunoglobulin M positive) showed paucity of erythroid 
precursors with giant proerythroblasts having intranuclear 
inclusions on BMA. This giant proerythroblast were 
also picked up on biopsy but the morphology was better 
appreciated on aspiration. Pure RCA on the other hand 
showed complete loss of all erythroid lineage. Macrophage 
activation syndrome (MAS) showed positive correlation 
of 60% and reactive marrow showed positive correlation of 

Figure  5: Megaloblastic anemia (a) Bone marrow aspiration smear shows early megaloblasts with 
open nuclear chromatin and basophilic cytoplasm (LG, ×400) (b) Bone marrow trephine biopsy 
shows erythroid hyperplasia with predominant megaloblasts having vesicular nuclei (H and E, ×400) 
Aplastic anemia (c) Bone marrow aspiration smear shows marrow fragments with marked increase in 
fat (LG, ×100) (d) Bone marrow trephine biopsy shows tiny foci of hematopoiesis and increase in fat 
space (H and E, ×100) Immune thrombocytopenic purpura (e) Bone marrow aspiration smear shows 
increased mature and immature megakaryocytes (LG, ×100) (f) Bone marrow trephine biopsy shows 
erythroid and megakaryocytic hyperplasia (H and E, ×400).
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Figure  6: Acute lymphoblastic leukemia (a) Bone marrow aspiration 
smear shows medium to large sized blasts with variable nuclear size 
with clumped chromatin and basophilic cytoplasm with vacuolations 
(LG, ×400) (b) Bone marrow trephine biopsy shows monomorphic blasts 
cells with coarse nuclear chromatin (H  and  E,  ×400) Neuroblastoma 
metastatic deposit bone marrow (c)  Bone marrow aspiration smear 
shows a small cluster of tumor cells amongst hemopoietic cells 
(LG, ×400) (d) Bone marrow trephine biopsy shows total replacement 
of marrow by metastatic small blue round cells (H and E, ×400).
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Table 4: Comparison of the diagnostic efficacy of BMA and BMB 
with the previous studies.

Name of the study Diagnostic efficacy
Bone marrow 
aspiration (%)

Bone marrow 
biopsy (%)

Aljadayeh et al.[3] 76.2 98.8
Gilotra et al.[4] 72.4 83.9
Khan et al.[6] 73.8 99
Chandra and Chandra[7] 77.5 99.2
Present study 77.18 90.6
BMA: Bone marrow aspirate, BMB: Bone marrow biopsies

83.33%. Few other cases which were included in the study 
were storage disorders (33.33% correlation), hypersplenism 
and metastasis (neuroblastoma metastasis to bone marrow).

In this study, the majority (77.18%) of the cases showed a 
significant correlation between the BMA and biopsy findings. 
This was also observed by Aljadayeh et al.[3] with a positive 
correlation of 76.2%, Khan et al.[6] with a positive correlation 
of 73.8% Chandra and Chandra.[7] with a positive correlation 
of 78%, Gilotra et al.[4] with positive correlation of 87% and 
Ghodasara and Gonsai[9] with positive correlation of 73.8%. 
The diagnostic efficacies of both procedures are compared 
with the previous studies [Table 4].
There were some limitations in our study. In the given 
span of time, the number of cases in the subgroups was 
less, touch imprints were not evaluated in the cases which 
may have increased the diagnostic accuracy. The nature of 
the underlying disease and the experience of the physician 
obtaining the specimen may affect the diagnostic efficacy of 
both resulting in the highest proportion of non-diagnosed 
aspirate and hemodiluted biopsies or inadequate samples. 
The findings of immunohistochemistry, flow cytometry, and 
cytogenetics were not considered in our study.

CONCLUSION

Bone marrow aspiration and biopsy have the upper hand 
over each other in their respective area. While cellularity, 
the pattern of tumor infiltration, and focal diseases are 
better appreciated on biopsy, aspiration is required for 
better cytomorphological details appreciation. Both show 
substantial agreement and hence, these should be performed 
together and not in isolation to give a complete diagnosis.
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