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Objective: To evaluate the usefulness of an intra-operative tissue imprint as a role to provide a provisional
diagnosis in patients with musculoskeletal tumors.
Material and Method: 118 patients underwent surgical treatment for musculoskeletal tumors. Tissue imprints
from suspected tissues were conducted in all of the patients and the results were compared with the final
permanent section.
Results: The usefulness of the imprint slides (i.e., the diagnostic yield) was 88.14%. The respective, overall
sensitivity, specificity, accuracy, positive and negative predictive value was 93.75%, 100%, 96.15%, 100%
and 90.90%.
Conclusion: Tissue imprinting is a useful method for intra-operative evaluation of adequacy and provides a
provisional diagnosis of the musculoskeletal tumors lesions.
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Intra-operative diagnosis is one of the
important steps in the management of patients with
musculoskeletal tumors in order to ensure the tissue
taken from the lesion can be diagnosed and to
prevent the need for further biopsy. Frozen sections
have been used for these aims but that method
has some disadvantages such as time, expense and
unavailability at some hospitals(1).

Tissue imprint preparation has been used
extensively for diagnosis of many tumors such as
breast cancer, lymph node metastasis and thyroid
nodules(2-10). It has many advantages such as its being
a simple procedure, less expensive and faster than
frozen section procedure. The disadvantage is it is
more difficult to interpret than frozen section for
non-cytology-trained pathologists(9). The respective
accuracy, sensitivity and specificity of tissue imprint
method is similar to a frozen section(6).

To the authors’ knowledge, the usefulness of
tissue imprint method for intra-operative evaluation of
musculoskeletal tumors has not been reported. The
authors, therefore, performed this present study in
order to assess the usefulness of tissue imprint  method
for intra-operative evaluation of musculoskeletal
tumors, in particular with diagnostic accuracy and yield.

Material and Method
A prospective study was performed in 118

consecutive patients with bone or soft tissue tumors
of the extremities who were to have biopsies. All of
the patients had been treated at the Musculoskeletal
Tumors Clinic, Srinagarind Hospital, Khon Kaen
University between April 2006 and September 2007.

All of the patients had been operated for
either incisional or excisional biopsy. If the specimen
was large enough to be bisected, the cut surface of the
tumor was imprinted on two glass slides. In cases where
small amounts of tissue were obtained, all of the tissue
was touched to the glass slides. The slides were fixed
in 95% alcohol then stained by Hematoxylin and Eosin.
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Results
Among the 118 patients (55 males and 63

females), the mean age was 32.29 years (range, 4 to 77).
A definite diagnosis of benign lesions occurred in 47
patients over against malignant lesions in 71 patients
(Table 1).

There were diagnostic slides for 104 of the
118 patients; thus, the diagnostic yield was 88.14%.
Of the 14 cases in the non-diagnostic slides group,
the causes of non-diagnosis were acellular or hypo-
cellular (13 cases; 3 osteosarcomas, 3 liposarcomas,
2 infection and a case each of plasma myeloma, lipoma,
schwannoma, myxoma and chondroblastoma) and
hemorrhage background (1 case of aneurysmal bone
cyst).

There was agreement between the imprint
slides and the final diagnosis in 100 cases (viz., 60 true
positives and 40 true negatives) (Table 2). In 4 of
the false negatives, the imprint slides were classified
as benign but the respective final diagnosis was

The specimens were also sent for permanent section
procedure to establish the final diagnosis. The imprint
slides and the permanent sections were analyzed by
one musculoskeletal pathologist (JM) to compare the
reading result between the tissue imprint and the final
histopathology regarded as the gold standard.

The imprint slides were reported as diagnos-
able or non-diagnosable. A non-diagnostic slide meant
that there was inadequate tissue for evaluation (i.e.,
no cell or only red blood cells seen). In a diagnostic
slide, the benign or malignant lesions were classified.

Statistical analysis
The usefulness of the imprint slides (i.e., the

diagnostic yield) was: [the number of patients whose
diagnostic slides could be analyzed / the total number
of patients] x 100%.

Among the diagnostic slides, the diagnostic
accuracy (i.e., sensitivity, specificity, positive and
negative predictive value) were all calculated.

Malignant Number         Diagnostic slides Non-diagnostic slides

Correct Incorrect

Bone
Osteosarcoma     23     17       3 3
Chondrosarcoma       2       2
Metastasis     26     26
PNET       2       2
Lymphoma       3       3
Plasma myeloma       3       1       1 1
Chordoma       1       1
MFH       2       2

Soft tissue
Liposarcoma       4       1 3
Rhabdomyosarcoma       1       1
Synovial sarcoma       3       3
Leiomyosarcoma       2       2
Aneurysmal bone cyst       3       2 1
Giant cell tumor     13     13
Infection/Inflammation     12     10 2
Fibrous dysplasia       2       2
Chondroblastoma       2       1 1

Soft tissue
Lipoma       1       1
Schwannoma       4       3 1
Fibromatosis       2       2
Synovial chondromatosis       1       1
Hemangioma       4       4
Giant cell tumor of tendon sheath       1       1
Myxoma       1 1

Table 1. Tissue imprint results and final histopathology diagnoses of the 118 patients
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malignant (i.e., 3 osteosarcomas and one case of
plasma myeloma). There were no false positives.

The respective overall sensitivity, specificity,
accuracy, positive and negative predictive value was
93.75%, 100%, 96.15%, 100% and 90.90%.

Discussion
Tissue imprint preparation is the study of

the cytology of tumors achieved by touching the
specimen to a glass slide. This method is widely
used for intra-operative diagnosis for many types of
soft tissue tumors as it has a high sensitivity and
specificity (i.e., between 80 and 100 percent(2-10). In
musculoskeletal tumors, however, a cytological
study has been limited to only aspiration cytology
and used in the pre-operative period for diagnostic
purposes(11-15). In the present study, the authors
used imprint cytology as a method for intra-operative
diagnosis of musculoskeletal tumors because it is
safer and faster than the conventional frozen section
method.

Ghandur-Mnaymneh and Paz(4) reported
the use of tissue imprint for rapid intra-operative
diagnosis of metastatic lymph node disease. They
found that tissue imprint method had an accuracy of
99% compared to 98.7% for a frozen section. They
recommended that tissue imprint method replace the
conventional frozen section technique and be used as
the sole method of rapid intra-operative diagnosis of
metastatic lymph node disease.

Shah et al(15) reported the respective diagnostic
yield of the frozen section and fine needle aspiration of
musculoskeletal tumors was 93.4% and 85.71%. Rikard
Wedin et al(13) studied the cytological diagnosis of
skeletal lesions in 110 patients based on fine needle
aspiration biopsy and reported a diagnostic yield of
93%.

In the present study, the diagnostic yield was
88.14% as 14 of the 118 patient imprint slides (11.86%)

could not be evaluated because of inadequate tissue.
The main reason for having a non-diagnostic slide
was insufficient cells (in 13 of 14 cases), which may be
because of insufficient pressure being applied while
imprinting the specimen on the glass slide or because
of morphological heterogeneity of the musculoskeletal
tumors(1,11) and thus the biopsied material was not
representative.

The authors excluded the non-diagnostic
slides before calculating diagnostic accuracy. The

Final pathological report

Malignant Benign

Diagnostic slide
Malignant       60   0
Benign         4 40
Non-diagnostic slide         7   7

Table 2. Summary of the result of diagnostic imprint slide
related to the final diagnosis

Fig. 1 Imprint of osteosarcoma of bone shows mesenchy-
mal cells with prominent atypia and  mitotic figures
(Hematoxylin and eosin x400)

Fig. 2 Imprint of giant cell tumor of bone shows coherent
cell clusters of multinucleated giant cells and dispersed
single cells. The multinucleated giant cells contain a
variable number of nuclei with benign appearances
(Hematoxylin and eosin x40)
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Fig. 5 Imprint of metastatic adenosquamous carcinoma
show atypical, pleomorphic tumor cells with
epithelial features, irregular nuclei and prominent
nucleoli (Hematoxylin and eosin x400)

Fig. 6 Imprint of round cell neoplasm shows malignant
cells with single round nuclei, evenly dispersed
chromatin and inconspicuous nucleoli. Mitotic
figures are present (Hematoxylin and eosin  x400)

Fig. 3 Imprint of fibromatosis shows proliferating of
fibroblasts with uniform, elongated nuclei and
inconspicuous nucleoli (Hematoxylin and eosin
x100)

Fig. 4 Imprint of metastatic adenocarcinoma shows a
cluster of atypical, pleomorphic tumor cells with
irregular nuclei and prominent nucleoli (Hematoxylin
and eosin x400)

authors found no false positive which suggests that a
diagnosis of malignancy by the tissue imprint method
is reliable. There were 4 cases of false negatives (3.85%)
in 3 cases of osteosarcoma and 1 case of plasma
myeloma. In all 4 cases, only benign cells were found in
the imprint slides. The reason for these false negatives
may be sampling errors.

The overall accuracy rate in the present study
was 96.15% which is similar to other studies(11-17). The
overall sensitivity and specificity were 93.75% and 100%

which compares favorably with the frozen section
method(1,15). In the present study, however, the authors
did not directly compare between the tissue imprint
and frozen section method. The high specificity of the
tissue imprint method in the present study was similar
to other reports using cytology diagnosis which had
100% specificity for a malignant diagnosis(14,17).

In diagnostic slides, despite a clear cytological
morphology (Fig. 1-6), the authors could not give an
exact diagnosis as per the specific type of bone and
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soft tissue tumors. The present study classified the
diagnostic imprint slide as either benign or malignant
since only the cells could be seen and the authors did
not do an immunohistochemistry study.

To establish the diagnosis of malignancy, the
malignant cells must be found as described by Tribe(5)

and one or more of the following criteria identified:
(i) the cells must be larger than benign cells, (ii) pleo-
morphism, (iii) increase nuclear-cytoplasmic ratio,
(iv) numerous or prominent nucleoli and (v) mitoses.
However, to identify all of these findings accurately, an
experienced musculoskeletal pathologist is needed(9).

In the present study, the authors found that
it was difficult to provide the provisional diagnosis
of some specific type of malignancy such as in
liposarcoma, osteosarcoma and plasma myeloma. So in
these suspected cases, frozen section should be
used in conjunction with tissue imprint to enhance the
efficiency of intra-operative evaluation(10).

The tissue imprint method has some
advantages over the frozen section in that it is less
time-consuming and is cost-reducing. In the present
study, it took under 5 minutes to complete the imprint
slide compared to the 20 minutes required to do the
frozen section method. The cost of the frozen section
method is also greater than the tissue imprint method
(1600 Baht vs. 60 Baht.)

Another advantage of the tissue imprint
method has to do with the small fragments of tissue
obtained. With this method, the specimens were not
lost as in the frozen sections procedure and could be
preserved for a permanent section.

In summary, the tissue imprint method is
useful for intra-operative diagnosis of musculoskeletal
tumors. The authors can use this method to check
the adequacy of specimens, provide rapid, accurate,
reliable and provisional diagnosis, suitable for the
current economic status.
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การตรวจช้ินเน้ือในขณะผ่าตัดเน้ืองอกระบบโครงร่างด้วยวิธี tissue imprint

ทวีโชค วิษณุโยธิน, จุมพล มิตรชัย, วินัย ศิริชาติวาปี, วีระชัย โควสุวรรณ, ชัช สุมนานนท์, พลศักด์ิ จีระวิพูลวรรณ

วัตถุประสงค์: เพื่อต้องการประเมินผลการตรวจชิ้นเนื้อในขณะผ่าตัดเนื้องอกระบบโครงร่าง ด้วยวิธี tissue imprint
ว่าสามารถบอกลักษณะของเนื้องอกที่เพียงพอต่อการวินิจฉัยเบี้องต้นได้หรือไม่
วัสดุและวิธีการ: ผู้ป่วยเน้ืองอกระบบโครงร่าง 118 คน ซ่ึงได้รับการผ่าตัดนำช้ินเน้ือออกมาตรวจ ได้รับการตรวจโดย
วิธี tissue imprint เพ่ือดูว่าช้ินเน้ือท่ีได้น้ันเพียงพอต่อการวินิจฉัยหรือไม่ และสามารถบอกการวินิจฉัย เบ้ืองต้นได้หรือไม่
โดยนำผลที่ได้จากวิธี tissue imprint เทียบกับวิธีตรวจมาตรฐานทางพยาธิวิทยา
ผลการศึกษา: การตรวจโดยวิธี tissue imprint สามารถอ่านผลได้ 88.14%, ความไว 93.75%, ความจำเพาะ 100%,
ความถูกต้อง 96.15%, positive predictive value 100%, negative predictive value 90.90%
สรุป: การตรวจชิ้นเนื้อในขณะผ่าตัดเนื้องอกระบบโครงร่างด้วยวิธี tissue imprint มีประโยชน์ สามารถนำมาใช้
ในการประเมินดูว่าชิ ้นเนื ้อที ่ได้นั ้น เพียงพอต่อการวินิจฉัยหรือไม่ และสามารถบอกการวินิจฉัยเบื ้องต้นได้
โดยมีความถูกต้องและแม่นยำสูง สามารถทำได้เร็วและประหยัด
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